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EDITOR'S COMMENTS
During the week of October 6-12, 1974, 220 delegates from 35 states,
three Canadian provinces, Greece, and Indonesia gathered in Atlanta to
exchange ideas, present papers, and listen to speakers on many phases of
planetarium education. The results of such a meeting of minds should be
of value to all of ISPE's members, not just those fortunate enough to be
able to attend.
For this reason the ISPE Program Committee, planners of the Atlanta
conference, requested that written copies of each paper given at the
conference be submitted for publication in a special report. k massive
amount of material on many phases of our profession's activities is assembled
here.
As editor my job is more that of a compiler. In order to make the
Proceedings available as soon as possible, and to keep printing costs down,
contributors were requested to submit papers in camera-ready copy form for
printing by a quick-copy process. Thus the reader will notice some difference
in type and composition style. With final copy submitted, no text editing
was possible. Thus the responsibility for accuracy in typing, text, quotes,
references, composition, and originality remain with the individual contributors.
Since our invited speakers and after-dinner speakers were not asked to
contribute written copies of talks, I asked members of ISPE to act as reporters
for these special events. My special thanks go to them for their work.
Natural~ it is impossible to report on all events of such a busy conference. Events such as the display of planetarium art at Atlanta's High
Museum of Art, the workshops in planetarium art, photography, and music, the
business and regional society meetings, social hours, planned activities for
delegates' spouses, and the many small discussion groups must go unreported.
Experiences such as these remain the property of those in attendance.

As a member of the Program Committee, I feel a need to make a few remarks
about the tone of the conference. Lately there seems to have developed a
difference of opinion within the society as to whether ISPE is spending too
much of its efforts on the educational aspects of the planetarium. Indeed,
a glance at the table of contents will appear to verify this opinion. As
one involved in the conference planning, I know that the emphasis on education
did not occur by design. Mr. Julius D. W. Staal, who was in charge of
developing the program, worked diligently to schedule all papers offered by
delegates, and no speakers or topics were excluded. If the tone of the
conference was primarily educational in nature, it is because this is where
the most interest and creative work seems to be occuring at the present time.
Our committee would have welcomed more papers from the entertainment segment
of the society, but such were not offered following the call for papers. I
would challenge critics of our conference to produce more articles and papers
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in the future dealing with other aspects of planetarianism. Certainly, a lot
of work remains to be done to become a true profession. Perhaps future conferences should adhere to stated themes to produce a better balance of topics.
At the ISPE conference, announcements were made concerning a number of
upcoming meetings of planet ari@s. While in the past such meetings have been
attended by people from the local area, invitations were extended to everyone
to attend these meetings. Travel budgets cannot keep up with the expanding
schedule of conferences, all of which have something valuable to offer.
Although we are having more meetings open to all planetarians, we are doing
little to preserve the results of these meetings, or to distribute these
results to what will certainly be a growing number of non-delegates. Publication
of conference proceedings would be a most important contribution to our
profession.
By editing the Proceedings, I hope to start a tradition of preserving and
making available results of planetarium conference activities. This is a
valuable service which can be provided, not only by ISPE, but by the meetings
of the regional societies, independent meetings, and the NASA-related conferences which are now in the planning. Perhaps an ISPE constitutional
amendment to guarantee the preservation of official conference proceedings
should be ta~en under consideration.

My thanks go to those who have contributed, both to the conference and
to the publication of the Proceedings. Comments on this ISPE Special Report
will be welcome.

Robert C. Tate, Director
Harper Planet arium
3399 Collier Drive, N.W.
Atlanta, Georgia 30331

U.S.A.
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AGENDA 1974 CONFERENCE
October 6 - 12
SUNDAY, 6 Oct.

a.m.
p.m.

MONDAY, 7 Oct.

8:00 a.m.
10:00 a.m.
Noon
1:30 p.m.
7:00 p.m.

Arrival of Delegates
Registration
Registration
Opening of Conference
Address by Dr. Karel Hujer
"The Role of a Planetarium in Today's World"
Lunch (Dutch)
Planetarium Art Exhibition, High Museum of Art
(own transportation or MARTA buses)
Buses leave for Fernbank Science Center Planetarium:
"Eine Kleine Nacht Musik" - Julius Staal
"Planetary Configurations for 1975" - Bob Victor
Manufacturers Show of Special Effects Equipment
Telescope Show

TUESDAY, 8 Oct.

8:00 a.m.
Noon
2:00 p.m.
8:00 p.m.

Paper Sessions at the Hotel
Lunch - Dr. Karl Henize, Astronaut, at Hotel
Tour Fernb~nk Science Center
Photography Workshop at the Hotel

WEDNESDAY, 9 Oct.

8: 00 a.m.

Paper Sessions at the Hotel
Lunch - Mr. Donald Carson, Solar Physics, at Hotel
Regional Business Meeting, ISPE Meeting
Buses Depart for Stone Mountain
Model Rocket Launch (Estes Industries)
Barbeque - Von Del Chamberlain, Sky Program

Noon
2:00 p.m.
5:00 p.m.

TffiJRSDAY, 10 Oct.

8:00 a.m.
Noon
1:30 p.m.

8:00 p.m.
FRIDAY, 11 Oct.

SATURDAY, 12 Oct.

8:00 a.m.
10:40 a.m.
Noon
2:00 p.m.
3:00 p.m.
7:00 p.m.
8:00 p.m.
8: 00 a.m.

Paper Sessions at the Hotel
Lunch, Pitty Pat's Porch - Dr. Gerald Soffen, NASA
Viking Science and a Short Overview of Mission Profile
Buses Leave for Harper Planetarium
Special Effects Workshop
Films: Explorations in Space and Time by M. L. Meeks
(Houghton Mifflin)
Art and Audio Workshops at the Hotel
Paper Sessions at the Hotel
ISPE, Business Organization
Lunch (Dutch)
Special Session, Frank Jettner
Panel Discussion, Norman Sperling
Happy Hour
Banquet - Dr. Allen Hynek, "UFO's and Extra Terrestrial
Life. • • ?????"
Closing Address
Door Prizes
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REMARKS BY THE ISPE PROGRAM COMMITTEE CHAIRPERSON

By John Burgess
The success of the 1974 International Society of Planetarium Educators
Conference can be attributed in part to the many months of preparation by the
members of the Program Committee. Their efforts are greatly appreciated by
the Chairperson. Without their help, the job could not have been accomplished.
Credit for the success also goes to the many delegates and invited
speakers who by their efforts presented informative programs. Support by
the many manufactuers also contributed to this most valuable week. Individual
credits would be too lengthy to list.
The accomplishments of this conference will be long felt in our professional
organi zation"
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REMARKS BY THE ISPE PRESIDENT
By Sig Wieser

Atlanta is now a pleasant memorYe From all points of view the ISPE
conference in 1974 can be termed a success. Just to gather a group of individualists such as the planetarians together and to keep them on friendly
terms for one week, and to send them home joyful and talking to each other is
a major achievement. The illuminating feeling of purposes and of understanding
hung over the multitude like a noctilucent cloud.
"We have heard these talks before", was the comment of many in their
initial reaction. But have 'VIle? We did hear Major Schwitters talk about his
integration of academic departments in the planetarium before, but now we know
more about the outcome. We did hear about needed research before, but now we
have seen more people take up the bann.er. We did hear about student involvement, audience involvement, in star shows before, but now we have seen the
concept spreading. Also we witnessed an intense sense of responsibility within
our profession, the teaching of science whether it be in a classroom atmosphere
or in a theatre environment, a teaching philosophy which accepts the task to
make our world a better one to live in.
How much ingenuity was evident in the special effects demonstrated, as in
something as simple as Jim Seebach's expansion effects. How much tenacity
produced Ron Hartman's astounding film processing. How much imagination created
Ken Perkin's "super" teaching methods.
The diversity of our group is inspiring indeed. Just look at the spread
of our interests. From Mrs. Sexton's mini-dome demonstrations to Dan Hall's
super-dome dreams all ranges and shades of presentation method contributed to
stimUlate, often overwhelmingly, one's own concept and intention to create
effective shows.
Not only was the professional aspect satisfying, but the incidental hospitality was impressive. Honestly, how maqy school bus drivers have you met, who
extol the virtues of' their school system and their city? We have in Atlanta,
if you remember. Another impressive thing happened without us aware, perhaps.
There was a conference during which delegates were asked to use the Transit
Bus to go from one place to the next, and what is more the Transit Bus system
could handle this task with minor inconveniences. Now, does that not point
out the fact that we are not married to our street cruisers? Obviously we can
and we are willing to overcome our cities traffic congestion and energy problems.
I am not sure that even the organizers of the conJerence recognized the important
gesture which they have made.
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It is the wealth of details which makes up the total impression. Remember
the trip to Stone Mountain, this magnificent spectacle of rock defaced with
sky tram and memorial? How rapidly these puny efforts of men disappeared from
our attention during Van Del Chamberlain's Out-door Planetarium show.
I believe that I speak on behalf of all my colleagues in the field of
planetarium education, when I thank the Atlanta committee for this worthwhile
experience. When we next meet in 1976 on the campus of the University of
Colorado at Boulder, the tone of the conference will be set by the nearness of
the academic community. Thus Atlanta was the teacher's conference. We shall
remember it as such fondly.
Thank you again, Atlanta.
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SlJMMARY OF THE OPENING ADDRESS
GIVEN BY DR. KARL HUJER
By Julius D. W. St aal
On October 7, 1974, the ISPE conference was officially opened by Dr. Karl
Hujer, professor emeritus in Astronomy and PhYsics of the University of
Tennessee, who captivated his audience with his so well-known and charming
Czecho--American accent in an address called "The Role of the Planetarium in
Today's World".
Dr. Hujer had the honor to be associated with planetariums from the very
beginning, because when he came to the Yerkes Observatory in 1926 he also
came in contact with the Adler Planetarium, which is the oldest of planetariums
in the U.S. Ever since, he has witnessed the growth of planetariums in the U.S.
as well as the energence of a body of people whose profession it became to
conduct the difficult task of bridging the gap between professional astronomers
and the lay public.
Dr. Hujer points out that the planetarium has a most unusual role to
play because, whereas in an observatory one is dependent on the weather and
objective observation of the heavens on a one at the time basis, in a planetarium
one can take in maqy people at any time irrespective of weather conditions, who
C8n feast their eyes on the beauty of the entire heavens as well as additional
projections of fabulous and famous photographs which are the results of modern
astronomical techniqu_es.

To estab~ish good contact with the public Dr. Hujer points out that one
of the first necessities is that the talk must not be given on a highbrow
level for the satisfaction of the speaker, but at a level that can be understood by the lay public. As an example he quotes the following lines from
Psalms, when describing the beauty of the heavens:
"The heavens declare the glory Qf God
And the firmamentshoweth his handiwork. U
The first condition for a planetarium speaker therefore is that he should be
a poet who must bring to the minds of city prisoners, as Dr. Hujer describes
people who live cooped up in high-rise apartments? the beauty of the heavens
in a tasteful and artistic manner.
Secondly, the speaker should be familiar with the mythology of the heavens
which is deeply rooted in man's beginnings of long ago. He should have a good
store of reference works from which he can draw the necessary materials.
Dr. Hujer gives as an example the well-known 'story of Orion versus the Scorpione
He also points out that when referring to historical epochs of mythology, it
is better to say Mesopotamian rather than Babylonian, because the Sumerian
culture flourished 2000 years before the Babylonian. From these early cultures
we have inherited the constellations which could be dubbed "the fossils of
stellar religion" ..
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Thirdly, it is inevitable, Dr. Hujer s~s, that the planetarium speaker
will sooner or later be confronted with questions from the public on astrology~
He should have a scientific attitude towards this and make it quite clear that
astrology is actually mythological astronomy, e:s.pecially since Dr.. Huj er' s
statistical studies on this subject revealed that 90 percent of the lay public,
who knows very little of the ABC's of astronomy, is still heavily steeped in
mythology.
The planetarium speaker should, therefore, capitalize on the inexhaustable
store of legends and thus lead his audience to the realization that out there
is this gorgeous universe of quasars and neutron stars far beyond the Laplacian
astronomy. Laplacian astronomy, with its deterministic version of the Universe
dominated through the 19th century until, with the advent of modern physics,
conceptual ideas such as the electron and quantum in the microcosmos and in the
macrocosmos neutron stars and black holes, whose existence we cannot actually
observe, are induced indirectly. Noboqy has ever seen a neutrino; yet
physicists can tell us that this mystic particle, which has neither mass nor
electrical charge (Dr. Hujer calls is a nperhapsitron") can penetrate through
a layer of 50 light years thickness.
Fourthly, Dr. Hujer believes that astronomical history should find a
liberal outlet in Planetariums. The stirring story of Kepler's struggle for
recognition, handicapped as he was by religious persecution and lack of finance,
or the tribulations of Galileo under the hand of the inquisition, to mention
just a few, should appeal to the general public when under the face of the
serene heavens of the planetarium. Anecdotes and a little humor are quite
permissable in a planetarium. For instance, when Einstein was asked about the
outcome of the third world war he ,said, "I do not know what will be used in
the third world war, but I do know what will be used in the fourth world war
• .. CLUBS! tf
The planetarium has a most remarkable role to play in order to bring
some light of understanding and to awaken an interest in astronomy through any
of the above mentioned means, because for the casual visitor to the planetarium
who has a genuine love for the stars and astronomy--but not necessari~ the
potential to understand it, the old saying of Percival Lowell still holds
good, namely that:
"To see into the beyond requires purity and in order
to see makes him per force a hermit from his kind.
He must abandon cities and forgo plains. He must go
through the fire of purification so that having eyes
he can see and having ears he can hear."
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SUMMARY OF A TALK GIVEN BY DR .. KARL HENIZE
by Max L .. Ary
On October 8th in the Atlanta American Hotel, members of ISPE were honored
during a luncheon with an informative presentation by Dr. Karl Henize.
Dr. Henize is an astronaut and a professional astronomer. He was a member of
the astronaut support crew for Apollo 15 and Skylab II, III, and IV missions.
He is now interpreting information from his Skylab SO-19 experiment which
consisted of the photographing of stars in the ultra-violet wavelengths.
Dr._ Henize t s presentation approached several broad areas dealing with the
past, present, and future of America's manned space program. Beginning with
the accomplishments of Skylab, the talk stressed the fact that man can easily
survive in a zero-g state. In fact, it was found that man is able to do more
in the weightlessness of space than he is able to do in i-g. Out bodies are
able to adjust to this environment quite easily. It is felt that there is no
longer a need to make plans for future rotating spacestations that would
artifically produce a gravity environment. Several of the experiments on board
the Skylab were analyzed. Among these were the student designed projects that
dealt with animal psychology. Film footage was shown of the easy adjustment
two spiders made for the construction of webs in weightlessness. Also shown
was film footage of earth-born minnows that 1 for some unknown reason, were
never able to adjust to zero-g. Interestingly enough though, once born, the
offspring of these small fish did not experience any problem with their unnatural
environment. One of the greatest accomplishments of the Skylab program was the
thorough examination of the sun through a variety of wavelengths. This, too,
was discussed by Dr. Henize, along with a film demonstration of the type of
information collected during the three manned flights. He stressed that for
every question that was answered about the sun, two new questions were created.
It is felt that much of the solar information learned from Skylab will eventually be used in the tapping of the sun's energy for use on earth. It was
pointed out that much of the earth's surface was photographed by the intricate
cameras aboard the orbiting space station. Here again, some very beautiful
film footage was shown demonstrating the precision and power represented by
these unusual cameras. It was easily seen how scientists on earth could use
these photographs for the use of ecological research, mineral resources stuqy,
and geodesic and geographical study. Again using Skylab film footage, certain
principles of liquid qynamics and various physical laws of motion were easily
demonstrated in weightlessness of the spacecraft, making many of us wish that
we could produce a zero-g environment within our planetariums. The highpoint
in the Skylab section of Dr. Henize's speech was the description of the astronaut's own experiment that he had aboard the orbiting laboratory.. His experiment consisted of obtaining the stellar spectra in the regions of ultra-violet
that do not penetrate the earth's at~osphere. oThis consists of the ultraviolet that is in the range of 1500 A to 5000 A. The results of these experiments are still being analyzed and will be available in the near future ..
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From the past and present studies in space, Dr. Henize continued on into
the future planned manned activities in space. He made it complete~ clear that
the space program is far from being dead. Much of the Apollo-Soyuz Test Project,
or the ASTP 7 that is planned for next year was outlined? including many of the
scientific experiments that are planned. These include studies to detect background hydrogen and helium emission in the sky and its distribution. Also,
a continuation of the technological-industrial type of studies will be continued
on this mission. These include metalurgy and crystal growth experiments.
Dr. Henize continued by pointing out that the ASTP is a limited mission
because of its short duration, and the fact that there liLll be o~ one flight.
For this reason, NASA is gearing itself up for the next major program--the Space
Shuttle. Again, the basic principles of the Shuttle were outlined, along with
the estimates of the money that will be saved with the utilization of re-usable
craft. It was interesting to note that close to a 90 percent monetary savings
will be accomplished with this type of vehicle. Dr. Henize pointed out that
the future of this country's space program lies with the Space Shuttle.
In conclusion, Dr. Henize stated that the manned exploration of space was
very necessary, not only from a technical standpoint, but also a psychological
one. He felt that man constantly needs some creative excitement to keep him
striding forward--the type of creative excitement found with the exploration of
space. He also stressed the fact that planetarium educators could 1 and should,
play a very important role in educating the public about what is happening in
NASA.
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THE SUN IN THE CLASSROOM:

DON CARSON

By R. N. Jones

After Don Carson finished his address, you could feel the excitment
rippling through the crowded ballroom of the Atlanta American Hotel. No doubt
about it, here was a man with a message: a message we all wanted to hear more
about; one which was lon~ overdue.
Carson is founder and president of Carson Astronomical Instruments,
manufacturers of solar optical equipment, but he doesn't come across as the
compaqy-president type. Rather his excitement and enthusiasm for observing and
photographing the sun is so intense and so contagious that 7 before he had concluded his talk, I had a feeling of urgency to rush back to the office and
begin planning some of the projects he suggested.
His message-liberally punctuated with breath-taldng slides of the sunwas simply stated: the sun, our nearest star, has been neglected as a classroom topic but it need not be in the future. Now it is possible for nearly
every school to bring it into the classroom for all to see and to study.
It is ironic, Carson pointed out, that until recently, the star we would
like most to discuss with our students has been out of reach. Perhaps it is
better to say it is too close to reach!
Equipment needed £or studying the planets and distant stars is not
uncommon in many classrooms. The problem is to gather enough light from these
objects to form usable images. This, of course, can be done even with modest
instruments and with less than optimum seeing. (For the teacher, Carson
chided, the problem is not so much gathering light but rather gathering students. For those who have tried to arrange night classes, no more needed to
be said)"
Solar observing, on the other hand, has not been available to the modestbudget school. The problem here is not light gathering but light filteringe
Specifically, it is light filtering to isolate a particular spectral line e
And this costs money. It used to cost a lot of money, but not any more.
As Carson pointed out, the Chinese discovered sunspots some four thousand
years ago and Galileo and others studied the sun to some extent but these
observations were done using white light. Our first comprehensive knowledge
came with the invention of the spectrohelioscope, one of the most ingenious
devices ever made. It makes possible the viewing of a particular spectral
line with the result that one can see events in great detail that are occurring
on the sun's surface. The purchase of these instruments for most schools,
.
however, is simply not possible.
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Carson then developed the history of how modern filters were developed and
improved.. "In my opinion", he said, Hone of man!1 s elegant achievements .was the
invention in the 1930's of the birefriD~ent filter, accomplished by a Frenchman
named __Ber~ard Lyot." 1nese consisted of elements made of quartz and calcite
8l1d were- ~e:.r:y difficult to construct f hence not many were built and the high
cost restricted their use to large institutions.
Even as late as five years ago, Carson stated, the cost of eqUipment
necessar,y for solar studies has been estimated to be about $150,000, out of
reach of most school budgets.. In spite of this, however, the sun as an object
of interest has become increasingly important and, for many science educators,
it is the center of attraction. In a recent speech, the President of the United
States emphasized the need to look for sources of energy to replace the const&~t
burning of fdssil fuels.
Carson reported that in the last five years we have seen a major brea1cthrough in the development of interference-type filters ~vhich are very narrow ..
Through this mechanism we now have filters available for under $1000 which are
better than anything previously available for isolating a single spectral
line. That in itself is of major significance. Another breakthrough has been
the recent methods of volume production of the filters ..
l

To take advantage of the availability of these filters, Carson said, we
need more and better supportive curriculum materials and we need teachertraining seminars which will inform us not only of techniques and methods '1
but also of the joy and excitement which putting the sun in the classroom
generates .. *
"You and I," Carson concluded, "need to get busy and get the message out
to teachers and administrators~n
Well, if anyone can, Carson can ..

*The use of the heliostat in the classroom planetarium. was described during
the conference in an excellent paper by Frank Memmer ..
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MOUNTAIN EXPERIENCE

By Albert Shaw

After a bus ride through rush hour traffic from downtown Atlanta, the stone
Mountain Experience started with dinner at the Stone Mountain Irm$ The
cove and twilight projector worked on cue in the world sky theater and by
8 o'clock Jupiter ffild the major star formation for early October were vis~
ible in the warm Georgia sky'!> The I"Sf/PoE@ participants then carefully
made their way to a large parking lot where Von Del Chamberland had a sound
system and slide program on the night sky ready to go. Von Del's purpose
was to expose the group to the value of this unique form of sky show
He
explained that in the National Park System there were over 50 openings for
people to act as naturalist during the summer months
At Stone Mountain we
were seated on a large rock on one side of the parking area, but in many
parks there are open air theaters with projection booths and sOQnd systems
available for the slide part of the program. Using over 150 slides the
delegates were given a full run of sunset picture, telescopic obj ects a."Yld
star formation. It was explained that naturally one would adapt rus slide
program to the time of year? etc. The program ended with Von Del using a
multicell flashlight as a pointer to illustrate how one could be used with
such a group. He suggested that binoculars or small telescopes also could
be used by people when they knew where and what to look for.. As part of
the slide show, a number of Indian sand paintings and rock drawings of sky
patterns were shown to the group to introduce many to this facet of Indian
culture.
<I

<I

To those of us who are currently conducting outdoor programs, Von Del's
presentation was tremendous reinforcement of the c®:rrectness of our actionsll
However, the real value will be realized if more of us conduct such happenings@ Von Del emphasized that we are the people with the expertise to
expose the public to the real night sky"
As a follow-up to the Stone Mountain Experience, a meeting was held 1nursday
evening at which Von Del went into greater detail on just how those inter..,;. ,
ested could become involved in the Volunteer Parks programs he is associated
with" He is presently conducting workshops in each National Park Region on
the night sky programs and supplying each region with kits of 150 slides plus
booklets for use in the region@ If you only plan a short visit to a park and
can't become involved for a month or so ., it was suggested you plan on bringing lots of slides 1 sky maps, flashlight, projectors, screen, booklets, telecope or binoculru~s@ You will be well received for your efforts in any case.
If you are interested in Von Del's program in the National Park System tras
summer, he suggested you write for placement to:
W

Von Del Chamberlain
National Air and Space Museum
Smithsonian Institute
Washington, D~ C$ 20560
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Oh, just a last note on Stone Mountain: Don Lunetta assured us the screen
used for the night sky was very good while George Lovi agreed everything was
in the correct place.
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SUMMARY OF A TALK
GIVEN BY GERALD SOFFEN

By Lee Ann A. Hennig
Following a tasty lunch at Pitty Pat's Porch, we were treated to one of
the most interesting talks of the conference. Dr. Gerald Soffen, a super
speaker, informed us of the latest developments on the Mars Viking probe due
to be launched next summer, and scheduled to land during the Martian Northern
Hemisphere's Summer Solstice in July, 1976. Dr. Soffen's talk focused on two
major aspects of the project: (1) the Viking vehicle, and (2) the biological
experiments. There will actually be two probes launched, spaced six weeks
apart so that information gleaned from the first can be incorporated into the
second mission. Experiments on board the orbiter section of the Viking are
designed to provide information on those sites most suitable for performing
biological experiments. The orbiter will spend three weeks in surveying the
Martian surface for possible landing sites and then the signal will be given
for the lander to descend. A critical part of the mission occurs during descent
because there is just enough Martian atmosphere to burn up the probe, but not
enough to slow it down, so entry must be carefully executed--the margin for
error being extremely small. Once landed, the probe will serve as a monitoring
station to determine the qualities and changes of the Martian environment.
Dr. Soffen then addressed the question of life on Mars, pointing out that
the question should not be, "Is there life on Mars?", but rather, "If there is
life, then was that life instigated and was the process of evolution similar
to the genesis of life on Earth; or, is it of a unique and distinct origin?"
Viking is only the first step in attempting to investigate this question. It
will not be able to fully answer the question of the nature of life on Mars 1
but it might be able to tell if life did once or does now exist there. Furthermore, even if Viking finds no evidence of life, that does not necessarily mean
that Martian life does not exist. As Dr. Soffen emphasized, it might just be
that we chose to land at the wrong place, or at the wrong time, or both!
He spoke briefly about the physical attributes of the lander, characterizing
it as a 500-pound, three-legged probe with eyes--two cameras capable of scanning
360 degrees, arms--like the scoop for retrieving the soil sample; and a nose-the gas chromatograph mass spectrometer to "sniff" the soil sample.
According to Dr. Soffen, one of the most difficult problems encountered
was that of packaging the biology lab into a suitable format so that the experiments could be conducted on board the Viking in an efficient and proper manner.
Such simple human tasks as opening a valve become complicated tasks when the
human element is eliminated. Problems like this are indicative of those which
the Viking personnel had to cope with when designing and testing the all important laboratory. It is this factor of developing space probes which many people
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tend to overlook when assessing the cost of a project, that is, the time and
materials involved in instrumenting and engineering such sophisticated experiments.
Dr. Soffen also spoke on other aspects of the biology experiments and on
the geology and meteorology investigations which should yield invaluable data
about the Red Planet" He concluded his presentation with an interesting
account of "science in action" derived from the Soviet Mars probe which attempted
to soft-land on the planet. Reportedly the mass spectrometer was in operation
during the latter part of the probe's descent to the Martian surface, but only
the engineering data was being transmitted back to Earth. By reconstructing
and analyzing the data, Soviet scientists contend that the mass spectrometer
detected 30 percent of inert gas besides the pure carbon dioxide--a condition
previously unconfirmed. So although the mission was technically a failure,
this one bit of information, if correct, is highly significant.
Dr. Soffen did mention that for the Mars-Viking encounter (Summer, 1976)
there would be an educators-planetarians conference at the Jet Propulsion
Lab center during that time.. So be alert to notices for that meeting.

Dr. Soffen entertained questions afterwards, and it was certainly
regretful that we didn't have a longer time to share his thoughts and obvious
enthusiasm for the Viking project.

COMMENTS ON THE TALK
BY ALLEN HYNEK

by G. L. Verschuur
The overall impression I was left with after listening to Hynek's talk
was the feeling that the scientific side of his study was being swamped by
biases and value judgements which make it hard to swallow the veracity of the
present work of the Center of UFO studies. It is not enough to read in the
headlines of the newspapers that a former sceptic (Hynek) now is no longer a
doubter. So Hynek now believes that there are UFO's.. Speaking personally,
and lest the readers of this report suspect otherwise, I too believe that
there are UFO's, even as defined by Hynek.. That is to say , it is eminently
clear that there are phenomena which, even after careful investigation,
remain unexplained, and the flying variety of those are called Unidentified
Flying Objects. It seems that the point Hynek makes about there not being
unidentified swimming objects (although I would like to know what fish under
the sea think of humans) or pink elephants floating allover the place is
hardly a point in favor of examining only UFO's. After all, people see
ghosts or experience other psychic phenomena which are not understood, and
we don't make a big deal of examining all those cases and there is little
serious effort being put into finding a scientific explanation for such events.
So why all the hulabaloo about UFO's? Probably because there is the underlying belief (or fear) that these things are from outer space. That places
UFO's apart from other unidentified phenomena.
And so, even while Hynek comes across as havi~ a scientifically open
mind, his talk is riddled with (perhaps unconscious) statements about the alien
nature of these UFO's. For example: "They must have some knowledge of aerodynamics that we don't." Who is they? Or "They do not seem to obey Newton's
laws of motion." Again the concept of "they" rather than "it". A subtle point
you might argue, but one that is important, since the problem is not solved
and the use of such words implies a solution.
Hynek states quite correctly that there may be theories for UFO's that
are not even formulated yet, but nevertheless, the rest of his talk ignores
this very important point. Since we do not know what the phenomenon is we
must be especially careful, in a scientific inquiry, to avoid unconscious bias_
Indeed, there m~ be many solutionso Perhaps the daylight disks are one class
of phenomenon and the close encounters of the second kind are quite another
phenomenon.. In his book The UFO Experience Dre Hynek lists the many different
classes of sightings, but still they are listed together as being part of the
same UFO experience. I know of at least one astronomical problem that was
finally solved only when it was realized that there were three distinctly
separate phenomena being observed. They had previously been ~rroneously lumped
together as one problem and that had made it impossible to come to grips with
it. Can this be happening with UFO's?
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But to get to the thrust of the talk given by Hynek. We were told early
on in the piece how bad, how biased, and how useless the Condon report was. We
were told how the summary of that report was "the villian of the piece". We
were not told that you have no hope of getting a copy of that report, unless your
local library has one, since it is now out of print. If that report was so useless why doesn't Dr. Hynek let sleeping dogs lie and forget about it? After all,
the majority of any of his audiences anywhere will never have seen it. Of course
the report is there, like the sword of Damocles. I have started to read it and
as far as I am concerned it appears as an extremely careful piece of scientific
investigation. Indeed the report states that after their investigation they
found no information in the UFO phenomenon which added to scientific knowledge
at that time. They do not say that UFO's don't exist. Clearly they do "exist".
There are events or experiences which, even after careful investigation, are
still un explained. People do experience UFO's. I use the word "experience"
deliberately, because we are dealing with reports made by people who are convinced they experienced something. Often it is a visual experience. It seems
to me that perhaps we have a selection effect here, in that any other experience
which could not be explained but which came through another one of the senses
would not be reported in the way that a "seen" UFO is.
The Condon report also states that if someone has any idea about how to
tackle this UFO problem in the future, an idea that would hopefully lead to a
scientific explanation of the phenomenon, then such persons should apply to the
usual funding agencies for support and such support should be given. Personal~
I have no idea how I would set about seeking a solution to the UFO problem,
being as complex as it is. The question I ask is why Dr. Hynek did not approach
the usual funding agencies for support of his Center for UFO Studies. Should
his plans for explaining UFO's be found to bear great promise then aqy reasonably
open-minded referee of a proposal to a funding agency would have to pass it. So,
why are none of the usual funding agencies supporting Hynek's Center for UFO
Studies?
The impression left with me after this talk was that there was no very
clearly worked out plan of investigation being followed at all. We heard some
stories about visiting the scenes of some recent sightings, of hypnosis of some
witnesses, and even about getting one witness drunk. But too often I heard
Dr. Hynek state that after his interviews these people were judged by him to be
reasonable witnesses ,and sometimes he stated that the witnesses were well
respected members of the community. In one case he stated that the witnesses of
the UFO incident would have been credible witnesses in a court of law. None of
these criteria seem in the slightest bit relevant as a scientific criterion for
defining the credibility of humans. For example, we have just been through a
period of political chaos in this country which revealed that some of the potentially most credible witnesses or even respected citizens have been aqything but
reliable.
This does not mean that the witnesses of UFO incidents are all liars. It
does mean that one does not judge the reliability of witnesses on a personal
impression. It is not sufficient for us to hear about Hynek's vist to Father
Gill and be told that Father Gill is a very methodical Anglican priest and Hynek
has not good reason to call him a liar. It does not add to the story of the Gill
incident to learn that Hynek found Father Gill to be a good gentleman and a scholar.
The UFO phenomenon needs to be studied scientifically, and personal judgements of
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witnesses does not add to the scientific content of the event described. We are
too often deceived by appearances. To me the UFO phenomena are beset with
appearances which deceive.
I believe that the very fact that UFO's are regarded as being primarily in
the realm of experience of an astronomer is fallacious. Why an astronomer? Yes,
an astronomer can help in explaining where the stars and planets are during a
sighting. As a result many strange experiences become explained phenomena, but
what of the remaining sightings. Why is the center for UFO studies run by an
astronomer? Why didn't the psychologists, who are used to dealing with people
and the things people experience, start serious study of these phenomena? Is it
possible that they know something astronomers don't? Is it possible that they
have a better awareness of the enormity of the problem considering our pathetic
knowledge about ltfhat humans are really like, of how humans perceive things, and
all the complexity that entails. I question whether it is astronomers that
should be dabbling in this study. The bias toward astronomy does not only presuppose that the answer lies in astronomy, but implies that astronomers mqy be
supremely capable of tackling any mystery that befalls the human race!
Dr. Hynek reported that the Gallup poll had showed that 15 million Americans
had seen UFO's. Of course, these UFO's would be by the Condon definition (an
observation that was puzzling to the observer) rather than by the Hynek definition of a UFO (which is a sighting that remains a puzzle after carefUl investigation). It is a pity that after Dr. HYnek spends so much time bad-mouthing the
Condon report as well as its definition of a UFO, that he should then quite
blithely quote this Gallup poll result in the wqy he does. Those were 15 million
Americans who saw a Condon-type UFO which is not the same as a Hynek UFO!
The study of UFO's is a fascinating example of the wqy bad science is sometimes practised. It is also a good example of how some scientists have done
their very best to come to terms with the problem from the point of view of
their science. Hynek claims that "the UFO reports do not fit into the established scientific picture". Nor did quasars or pulsars or anomalous OH emission
when they were first dis·covered. But scientists approached those problems in
the "established" ways. They proposed experiments, formulated new theories and
tested them. This doesn't seem to work too well for UFO's. Why not? Are the
UFO's not really in the realm of science? Are" the wrong scientists asking the
TrJrong questions? Is our science too young to deal with the phenomena? Why do
highly trained scientists, respected by their peers, not report UFO's in a
regular way? After all, in a sample of 15 million there should be hundreds of
astronomers, leave alone other trained observers of natural phenomena who must
have seen UFO's. Why is it alwqys some f~sherman (or men) or some other poor
hapless citizens out minding their own business who have the good fortune (or
misfortune) of seeing these events? Why doesn't a good UFO sighting happen
over a meeting of the American Astronomical Society or over Mt. Palomar?
A group of us in Atlanta saw a UFO for a while, over the outdoor sky program
on Stone Mountain. Most realized that it was a distant plane so it wasn't a UFO
for very long, by anyone's definition. But none of us knew what sort of plane it
was, so to that extent it was still an unidentified plane. If we wanted to
investigate that incident further, in order to identify the plane, one of two
outcomes was possible. Either we succeed in identifying what type of plane it
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was, or we do not. Can anything be added to the body
in either case. No! In the latter case clear~ not.
might learn that it was a Cessna, but that is a datum
understand Cessnas or planes. We would have to see a
and take it to pieces and understand how it works and
added t.o our pool of knowledge about planes.

of scientific knowledge
In the former case we
which does not help us
Cessna in the dqylight
only then would we have

The same is true of UFO's. Even if twenty people all see the same UFO
(and if we can assume the_usual bias that the UFO is a solid flying machine)?
then we would need to catch one and analyze it before we could claim that we
have added to the general fund of knowledge that is called science. It is not
enough for us to be convinced that twenty people saw a UFO. So what if they did.
There is little we can do about it isn't there? We can sqy fine, you guys all
saw a UFO. Lucky you,. But so what? And it is this quite frustrating aspect
of UFO-ology that keeps most scientists back in their labs studying the psychology of rats or in their observatories photographing the stars. It is
because no one has much idea what to do with a UFO until it is in the lab or
at the other end of a telescope, or until it is humming over some city for weeks
on end, like they do in science fiction stories, that so little can be learnt
from past UFO experiences. Only when a UFO is available for close study will
the majority of scientists loose any sleep over the problem. In the meantime
Dr. Hy-nek is performing a laudable task in keeping the pot percolating. If
Dr. Hynek is lucky he might see and photograph and tape record one himself one
dqy and then he will be in business. In fact, the ideal wqy to study the
phenomenon, considering the known properties of the UFO's is for there to be
trained scientists at the scene of the experience with only seconds delqy,
but that is hardly practical.
In conclusion I want to stress that I have no doubt that people experience
UFO's. Dr. Hynek's stories are true stories. But what have the people
experienced? How useful are the descriptions that are made? What can we learn
from them except that they saw something that cannot be explained at this time?
Where do we go from here? I don't have the answer. Perhaps Hynek's Center for
UFO Studies is the answer but if it is, I don't know what questions it will
answer. Mqybe we will not have an answer to the UFO problem for years, which
should keep the pulp magazines happy. Too many scientific studies which prove
that UFO's are not necessarily alien spaceships is not good for popular sales.
The Condon report is out of print because no one wanted to buy it, let alone
read it. Why not? Well, it is hardly dramatic news to learn that scientists do
not understand what UFO's are and are at the same time not going to make a
wild guess as to what the phenomenon (or phenomena) might be. The Condon committee
studied many possible hypotheses in as scientific a wqy possible and found none
of them to be tenable. The theory that UFO's are alien spaceships can only be
tested when one finally lands and then allows dailY tours by interested scientists.
In the meantime try to imagine what sort of highly advanced civilization it is
that is flying between the stars and then occasional~ lands and makes fools of
themselves by revealing themselves to some non-comprehending humans. But there
I go again. I am assuming that there might be truth to the rumors, while
believeing deep down that the answer lies in the studies of human beings ,not in
space.
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REPORT ON WORKSHOP ON PUBLICATIONS
ISSUED BY PLANETARIUMS
By Thomas William Hamilton

Chair: Norman Sperling (Duncan Planetarium) r editor of Cluster Panelists;
David DeBruyn (Chaffee Planetarium), editor of Inside Orbit; George Iovi
(Vanderbilt Planetarium), editor of Vanderbilt Skies; Dennis Simopoulos
(Eugenides Planetarium), former editor of Astronomy and Space Science Review.
Reporter: Thomas William Hamilton (Wagner College Planetarium)
Planetarium Monthly.

7

editor of

The Chair invited each of the panelists to present a brief statement on the
goals, content and production of their respective publications.
DeBruyn: Inside Orbit has been appearing for ten years. It is a joint production of the Chaffee Planetarium and the Grand Rapids Amateur Astronomical
Association, which has over 100 members. The pUblication serves to keep
members informed, and is sold to the public at the planetarium. It thus
serves two groups very well in terms of presenting them to the public. The
biggest problem has always been to get a backlog of good art.
Simopoulos: The Astronomy and Space Science Review was started by the
Louisiana Arts and Sciences PlaL'1etarium to fill a demand from local schools
for information on the space program. It was built almost entirely from
NASA releases cut and pasted for better graphics. Each issue is constructed
around a theme, such as Pioneer or Apollo, but also has up to a dozen other
items of shorter and newsworthy nature. This publication appears in alternate months at a charge of $2.50 a year. Printing is offset.
Lovi: One of the most useful services a planetarium can provide the public
is details on the current skies. Experience demonstrates that the public
has very limited retention of explanations of the current skies given in
shows. Vanderbilt Skies is patterned a bit after the Sky Reporter (Hayden
Planetarium) published in the 1950 t s. The cover article is either about a
current astronomical event in the news (e.g., Comet Kohoutek, Easter) or the
current show. The back page has graphs making it possible to read off times
of sunrise and sunset. .Local schools had asked for this. Details are given
on lunar phases to make clear for the public the difference between things as
crescent and quarter moon. The general tone is aimed at the general public,
not a sophisticated astronomical audience. Felt flair tip pens are excellent
for making diagrams which reproduce well in offset. Dry press transfer letters make captions, headlines, and even such shapes as trees and stars.
Printing is handled by the county government printing office.
Sperling: Many amateur astronomical societies offer publications in a wide
variety of formats and printing methods. The Royal Astronomical Society of
Canada has pUblications from several centers" The lehigh Valley Observers
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ovm an observatory and planetarium.
Their pUblication represents both well.
Cluster is unique, but there should be more such publications
Cluster is
sponsored by a consortium of four planetaria and three amateur societies.
There are thus seven strong pUblications under one cover, -even though alone
each would appear weak. Each of the sponsors appoints an editor, who is
responsible for preparing the mimeograph sencils for their ovm pages. They
each run off enough copies of their pages for the entire group - about 450,
instead of the 50 to 100 each would need alone. The editors hold a monthly
meeting at which they exchange the pages. Each assembles the pages into any
order he wishes, so each retains the right to carry his own material first.
The offset cover, however, is identical for everyone. It has the usual publication date type of information, name of the magazine 7 EL.'1d an alphabetical
listing of sponsors, with an astronomical photogrpph provided by a member of
one of the sponsoring groups each month. Every issue runs at least 18 pages,
so even if one e.ditor falls down on the job one month, the membership always
gets a good publication. Such cooperation is urged for groups within l~ hours
of each other
fl
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DeBruyn: Publications can be used for publicity for the local society's
acti vities and for the planetarium if regularly sent to the local press.
LJvi: You should always charge for your publication, even if just a dime as
at Vanderbilt, rather than just hand them out for free at the door. People
just glance at free pUblications and then make litter out of them.
Hamilton: Ours is handed out free at the door to everyone at public shows.
We don't use tickets. Instead, we tell everyone that our Planetarium Monthly
serves as their ticket, and it is a very rare show when as many as two are
left behind. Of course, with school groups we only handit to the accompanying adults.
Sperling:

Cluster is available for sale at the sponsoring planetariums.

Hamilton: The Wagner College Planetarium Monthly is offset on both sides of
two legal size sheets which are folded, giving us eight pages. The cover is
always' a line drawing, which usually relates to the current public show
The
back cover has a small star chart and an announcement of the next month's
public show. The center fold is a sky calendar, although our experience shows
there is limited comprehension, since we list sunrise and sunset for every
Sunday of the month, and teachers ask with distressing regularity how to find
the' same times for other days. Accompanying articles include sidelight s on
the theme of the current public show, news of space and astronomical research,
our own announcements, and the like.. A problem is that we' are aimed at both
a general audience and those with an ll..l1derstanding of astronomy., The mailing
list exceeds 600, including all the schools on Staten Island.
0)

Sperling: In descending order of desirability, the
Offset, litho, mimeo, and ditto. Some groups use a
such as offset for pages with photographs and mimeo
worst not just for poor appearance, but because the
the print fades with time if exposed to light.

methods of printing are
combination of these,
elsewhere. Ditto is the
stencil wears out fast and

Robert Victor (Abrams Planetarium): The Abrams S~Calendar is printed in
2000 copies at Abrams 7 and is reprinted and carried in a number of other publications.. Just write to Abrams for permission. Or the Abrams will sell ~
copies in bulk at· 7~each to other planetaria, which can resell them for
lO¢. Each issue of the Sky Calendar takes many hours to prepare.. It is
written on a level to make it easily usable by the general public.
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Audience: Some local newspapers are highly receptive to carrying an astro-'
nomical column on a weekly, semimonthly, or monthly basis which can be used
for publicity. This will not work with the large newspapers.

25

EXHIBITORS
from the following companies were open for inspection by the delegates
during the week. Contact these companies when you need planetarium services
and equipment. In addition to promoting our conference and our society, these
companies are making exciting advances in planetarium technology. Their
enthusiasm and support in meeting the needs of the specialized planetarium
community are valuable to all of us ..

Displ~s

AZP Associates
128 Crooked Hill Rd.
Huntington t NY 11743
(Henry Blake)

Observa DOME Laboratories Inc.
P.O. Box 885
371 Commerce Park Dr.
Jackson, Miss.
39205
(W. T. Clark)

Carson Astronomical Instruments, Inc.
P.O. Box 5566
Valencia, CA 91355
(Donald Carson)

Science History Publications
156 Fifth Ave.
New York, NY 10010
(Neale W. Watson)

Celestron Pacific
2835 Columbia St.
Box 3578
Torrance, CA 90503
(Gil Wood)

Science Related Materials
P.O. Box 1422
Janesville, WI
53545
(Thomas L. Williams)

Conic Instrument CompaD~
6056 Del Cano, S.E.
Grand Rapids, MI
(Kenneth Mosley)

Sky-Scan, Inc.
P.O. Box 3832
Rochester, NY
(John Paris)

Dimensional Graphics
305 West 74th St.
New York, NY
10023
(John Rapoport)

of New York, Inc.
175 Fifth Ave.
New York, NY
10010

Estes Industries, Inc.
Penrose, CO
81240
(Robert L. Cannon)

STAATS Enterprises
1402 Jefferson Ave.
East Point, GA 30344
(Earle Staats)

Springer-Verl~

Gordon and Breach Science Pub.
One Park Ave.
New York, ~-y 10016
Hansen Planetarium
15 South State St.
Salt Lake City, UT
(John Mosley)

De Van Nostrand Company
450 West 33rd St.
New York, NY
10001

94111

D. A. Hoplock and Company
1346 Clifton St.
Winnipeg, Manitoba, Canada
(De A. Hoplock)

The Technamics Co.
2232 Garden Station
St. Louis, MO
63109
(Ronald R. Sutherland)
Trippensee Planetarium Company
301 Cass St.
Saginaw, MI
48602
( P. Re a Gault)

84111

Holden-D~,

Inc.
500 Sansome St.
San Francisco, CA

14610

R3E2V2

G. Drew Webster and Company, Inc.
One Park Place
1900 Emery St~, N.W.
Atlanta, GA
30318
((!-Y>PO'

TAb},c::+

P-Y> \
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Door Prizes
The following door prizes have been donated by exhibitors and friends and
were given away on Saturday morning. Around 60 to 70 prizes were donated!
Prize
Carson Astronomical Instruments
Celestron Pacific

Solar photography books
Gift certificate

D. Van Nostrand Publishers

Astronomy books
*Everyone got a rocket kit*

Estes Industries

t

G. Drew Webster Company

2

in. reflecting telescope

Gordon and Breach Publishers

Astronomy books

Holden Day Book Company

Astronomy books

Science History Publications

Astronomy books

Springer-Verlag Publishers

Astronomy books

Mrs. Julius Staal

Mary Kay cosmetics
(for ladies only)

Staats Enterprises

Astronomy books

Dr. Garrit L. Verschuur

Astronomy books

Trippensee Plan. Co.

Star Globe

Conic Instruments

$50 check

Dimensional Graphics

Moonscape belt buckle

Dr. Darrell Hoff

Book

The following made donations to the success of the conference:
Carson Astronomical Instruments
Dimensional Graphics
Pepsi-Cola Company
Spitz Space Systems
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By Jerry Baker
CClU:)R

WHEEL-

Amaze your friends!
Bedazzle your audiences!
on your block to fill the sky with moving colors!
Send roughly $6 to.

Be the first

• •

Herbach and Rademan, Inc.
401 East Erie Avenue
Philadelphia, Penna. 19134
(for a Synchronous Motor - 1 RPM or slower).
Send roughly $15 to • • •
Spiratone, Inc.
135~06 Northern Blvd.
Flushing, N.Y. 11354
(for a Type 3C multiple image lens).
Send roughly $ ? to .

. .

Farquhar Transparent Globes, Inc.
5007 Warington Ave.
Philadelphia, Pa. 19143
(for a convex Farquhar mirror - 12" diameter - which you
may cut in half, enabling you to build two projectors).

While you're waiting for all this stuff to arrive, you might
start trying to find a slide or filmstrip projector that will hold
a 750 Watt lamp, a 4" or 5" projection lens, the synchronous motor
you've ordered, and a plexi-glass disc that the motor will turn.
Go to your local craft supply store and buy a few colors of glass
stain. Float a little of the glass stain in a bo~l of water,
swirl it around a little, and (keeping the plane of the disc
parallel with the plane of the surface of the water) dip your
plexi-glass disc down onto the surface of the water. The stain
will adhere to the disc. Repeat the staining process 5 or 6 times.
When all the things you've ordered arrive, put everything
together (see sketch above), run breathlessly to your star
theatre, put the projector up at the spring line, point it
away from the theatre, bounce the light off the Farquhar onto
the dome on the other side of the theatre, sit down, and say
"ahhhhe .. e" (Then go build another one, place it 180 0 away
from the
, and youVll have filled the entire dome.)

THE STRASENBURGH PLANETARIUM OF THE
MUSEUM AND SCIENCE CENTER

~~~~~HOCHESTER

A Naturalist in Grand Teton National Park
Dorothy E. Beetle

During the summer of 1974, I served as the first astronomer naturalist under
the Volunteer-in-Parks program in Grand Teton;National Park. This program
brings to the national parks the services of people with various talents to
assist the parks in serving the public.
For the evening campfire programs in astronomy, which I gave two nights a week,
three different talks were developed. One, for clear nights, was ahout constellations and the objects found within their borders. Another, about the moon,
was given on bright moonlit nights. The third was reserved for the rare cloudy
nights and described differences between various celestial bodies.
Each talk began with audience participation, demonstrating finding directions
by the sun and using fist measure to determine elevation above the horizon

and distance between objects. Billed as a star walk/talk each was illustrated
with slides and lasted about 45 minutes. Each ended with thoughts on the
fragile ecology of the earth and the need to preserve this, our home, in space.
At this point a break permitted tourists who wanted to go to bed to leave easily.
The remaining group then moved to a clearing to star gaze. Constellations were
pointed out with a flashlight and questions answered. In spite of the chill and
late hour, people usually stayed an hour or so watching the sky. Two nights. in
response to a notice at the visito~ center, a group stayed into the wee hours to
count meteors. The program was well received and attended, judging by audience
interest. It is well worth expanding into other parks, from the national to the
local level.
In addition, my weekly schedule included leading a 3 hour photography hike,
twilight walks to observe animals, plants, clouds and rocks. One afternoon
I assisted at the Environmental Education Center, a school where young people
study the environment. One day I patrolled a canyon assisting tourists and
answering questions, another was spent at the Visitors Center.
With all the activities offered to tourists, a naturalist should expect to
engage in a wide variety of programs. The work is fascinating and rewarding.
If you have the time to contribute, I heartily recommend life in the outdoors.
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MINI-RESEARCH IN THE PLANETARIUM:

DEFINITION AND GUIDElINES
By Jeanne E. Bishop

I would like to make a case for what I have named "mini-research" in the
planetarium situation and recommend how it might be accomplished.
Most of us in both school and museum facilities do not have time, energy,
or even inclination to carry out research projects which have broad scope,
require much time, or involve detailed attention to external and internal
validity. Projects of this type are needed, of course, and can best be
accomplished by one who is engaged in a master's or doctoral research program.
Results of this type of research have wide application.
However, mini-research may have a place in every planetarium. I define
this as a small problem, studied in a short time or with limited effort,
selected by a particular planetarium instructor because the results wo~ld be
helpful to that instructor in his particular facility. It could help his
program improve--either by changing a given method or by confirming the wisdom
of continuing to use another which has been employed for some time.
I have just completed a mini-project, which may serve as an example.
We asked, "Do fourth grade students in Westlake Public Schools learn the
patterns of the north circumpolar constellations and directions better by one
of these two methods: (1) drawing them in the planetarium setting (lapboards
and red flashlights) or (2) lecture with time spent on the mythology of the
constellations and directions repeatedly pointed out." The method of determining learning was a pencil-paper quiz then next morning in the classroom.
Half of the fourth grades in our district attended a presentation based
on each of these methods. Each teacher had agreed to participate in the project
and complete a given preliminary vocabulary and concept orientation in the
classroom prior to the visit. (I have found that a more controlled situation
can be achieved by the planetarium instructor preparing a lesson on video-tape,
but this was not used for this project).
In spite of a number of recognized variables, I feel confident in applying
the results of this research to our planetarium curriculum in Westlake during
the next school year. It appears that students in the participative group
learned directions relative to the stars better, but both groups did equally
well at identifying the five sketched noth circumpolar constellations. The
participative group gained skill in recording which the traditional group did
not, but this had not been a stated objective for this program. The traditional
group answered an affective; question, "Would you enjoy looking at the stars in
the real sky," with more "yes's" than the participative group-a surprising
sidelight, yet an important one, to the stated problem.

As a result of the project, reqUlrlng little extra time (initial request
of teachers that "we discover together what methods are best," preparation of
a study guide and the follow-up quiz, and tally of answers on quizes sent back
to me), our next year's 4th grade program on north circumpolar constellations
will involve some drawing and some mythology for all and stated objectives that
students will increase their drawing-recording skills and their interest in
observing the constellations in the real sky.
I don't expect that these results can be extrapolated to other planetarium
facilities and other instructors. But it was good for our district. We shall
go ahead with some justification that we have selected ~ (not necessarily the
best) good technique. The teachers were involved, an important aspect of a
good planetarium curriculum.
I am aware that small planetarium research projects have been done by
others, such as the Open-Sky Test Research of Norman Dean and Gregory Lauck
(article in Autumnal Equinox, 1973, GLPA Newsletter, Reprinted from The Science
Teacher, Mqy, 1972). My thought is that all of us can and should consider
mini-research problems, which will improve our presentations. Planetariums in
museums, public schools, and institutions of higher learning can all benefit
from knowledge of "the better wqy" to accomplish given objectives.
It seems the following criteria and considerations might best be kept in
mind in determining problems suitable for mini-research:
1.

The problem should be stated as a question. It should be specific,
rather than vague. Only one method or procedure factor (grade
level, time of introducing technique within demonstration, etc.)
should be varied within the one project. Indirect variables
should be controlled as well as possible (time of dqy, particularly in relation to lunch period, preparation for demonstration
if this is not itself the thrust of the project, approximate size
of group if methods involve student interaction with planetarium
teacher, etc.).

2.

If, after considering the procedures it appears to be too difficult
or time-consuming, the problem should be abandoned. Also, if it
seems that an answer cannot be found to the question (results too
vague), it is unsuitable.

3.

It should be possible to complete the project in a reasonably
short period of time--a few weeks to a few months in most cases.

4.

One should consider how achievements (facts, concepts, appreciations
are all possibilities) in relation to objectives will be measured
in the project. Possibilities are:
A.

A written quiz or respose
1.
2.

3.

In the planet arium
a. Immediately following the
b. At some specified time(s)
In the classroom
a. Immediately following the
b. At some specified time(s)
Some other setting, such as a

demonstration(s).
after the demonstration.
demonstration(s).
after the demonstration.
take home response.
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B.

An oral response--individually or by strength of group response
1.

2.

3.
C.

D.

In the planetarium
a. Immediately following the presentation of an item, a
group of items, the program, or a group of programs.
b. At some specified time(s) after the demonstration.
In the classroom
a. Immediately following the demonstration.
b. At some specified time(s) after the demonstration.
Some other setting, such as outdoors.

Motor-related responses--pointing out as directed orally or in
writing
1. In the planet arium
a. Immediately following the presentation of an item, a
group of items, the program, or a group of programs.
b. At some specified time( s) after the demonstration.
2. Some other setting, such as outdoors.
Combinations of the above methods
Individual oral ~ pointing out (motor-related) as
directed ..
~:
A written quiz in the planetarium immediately following
the presentation of a group of items and a written quiz
in the classroom at a specified time after the demonstration.
~:

5. The selection of topics by planetarium personnel for mini-research should
be based upon the desire to learn the answers to those questions ~ the
planetarium involved in the research. The main purpose of the project
should be to aid that planetarium curriculum, whether it is located in
a museum or school.
Although a report to other planetarium educators is desireable, this
is of secondary value. If different planetariums decide to do the
same mini-research topic, results may be very different due to different
unwanted variables and their strengths at the different facilities.

6.

The results obtained by Dennis Sunal and others in major research
projects should be consulted, so that time is not wasted in doing
projects to get answers we already have-unless testing is to be
done by another method than in these major projects. (Dennis Sunal
used a pencil-paper evaluation). The Open-Sky Test Research of Dean
and Lauck indicates that method of testing is an important consideration.

7.

It would appear that the possible number of mini-research topics is
practically endless.

Some additional examples of topics: "Do the majority of _ _ _ _ _ __
University Astronomy I students learn the concepts of right ascension and
declination with less class time when the class teacher presents some of the
material in the planetarium instead of entirely in the lecture room--as determined by pencil-paper responses given in the planetarium and lecture room at
approximately 20-minute intervals of class time?"
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"Do the majority of sixth grade students in
School District,
when introduced to the-geocentric concepts of the phases of the moon in the
planetarium show a better understanding of the same set of concepts, introduced
in the same wqy, than the majority of fifth grade students--as determined by a
combination of oral response to questions asked in the planetarium following
a demonstration and a pencil-paper response given the next morning in the
classroom?"
"Does the telling of myths to students in the 1975
High
School Astronomy class, as the constellations are pointed out and discussed
in the planetarium, increase appreciation for the study of astronomy (individu~
ally and by majority of group)-as determined by open-ended appreciationrelated questions answered in writing at the end of the 'Star and Constellation
Identification' unit?"
As Chairman of the Research Sub-Committee of GLPA, I
gestions on these ideas and would appreciate hearing from
like to work on this committee. I see the possibility of
near future if there is sufficient interest of people who
time and effort:

would welcome sugothers who would
the following in the
are able to give

1.

Many planetarium instructors engaged in mini-research projects
of their choice.

2.

Report of mini-research in planetarium publications.

3.

Compilation of extended and mini-research in planetariums in a
central resource file.

In this Age of Accountability, I believe mini-research can provide worthwhile
direction for the planetarium community.
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THE

P~~TARIL~

- ARTISTICALLY SPEAKING

By R. Lynn Bondurant 7 Jr.

Introduction
Noti vating students to do "original" works of art is most difficult
Yet,
for all of us employed in the field of plruletarium education, one of the best
motivating tools that we could ever hope to use is the planetarium instrument.
The various types of equipment in the planetarium chamber have the possibility
of producing the "right" atmosphe~e to make students desire to produce original
art.
It

The Lesson
Recently, this writer involved 630 fifth and sixth grade students in the
Coldwater Community School System - Coldwater, Michigan - in an art project
employing the use of the planetarium. The students visited the planetarium in
groups of approximately 30 to do their art lesson. The lesson was divided into
two parts, the presentation and the work session. The presentation lasted
approximately fifteen minutes and during the work session, which lasted approximately 40 minutes, the students were involved in doing their "creations" in the
planetarium chamber.
Before the students made their field trip to the planetarium, this writer
met T~th all of the teachers involved in the project to discuss the topic of
the lesson and the type of media to use. Ideas for the art techniques used and
materials necessary for the students to do their assigIlJrlent for each presentation was provided by a local artist. It was planned that during the project each
fifth or sixth grade student would visit the planetarium only once. He or she
would bring his own materials to the planetarium to develop his idea of the
topic.
The Topics
During the art unit, five topics were presented. Nearly 120 students were
involved in each of the topics. The first topic presented was the Creation Story.
The students began the lesson in complete darkness. As the Creation Story progressed, the stars, sun, and moon appeared in the sky overhead. The -lesson ended
with sunrise. For this lesson the students were to imagine that they lived in
the center of the earth and were permitted to visit the surface of the earth to
see all of the creations of nature for one day and then had to return to the center
of the earth. The students were to then draw the most beautiful thing in the
universe that they observed.

Motion was the emphasis of the second topic.. After the stlJ.dents had seated
themselves and the lights dirmlled in the planetariwn chaJnber t the presentation
of motion unfolded& The students observed a sunset.. Whereupon the
of
fOli..YJ.d that the stars were marching their way across the heavens from east to west
Next t the moon appeared against the starry background and proceeded to move
through the zodiac. Alter alerting the students to the fact that they were to
watch the sky for various kinds of motions, there was no talking. The onJy
sound heard was the background music from the motion picture "The Yellow Submarine"" The a..-rt lesson involved the students in depicting their ideas of the
universe.

fj

Lesson three was dependent primarily on the reception of auditory stimuli
by the students. With stars shir~ng overhead, the students were presented a
series of space sounds-various satellites transmittifl~ their messages to earth
and rockets ta1{ing off
Immediately after this presentation t the students were
to describe in their creations the development of one of these two ideas:
(1) ~Ihat \vas malting the sound? (2) How did the sounds make you feel?
to

The fourth lesson required that the students involved in this aspect of
the unit imagine that they were illustrators. With the heavens illuminating
in their full glory, the students were told several of the mythological constellation stories
It

The concluding topic of the unit centered around the idea of "Life in the
Universe"" With the use of the stars, the students were told about the vastness
of space and probabilities that life might exist elsewhere in the universe.
The

ft~t

Technique

Various art techniques were used by the students to develop the topics ..
Crayons and chalk were employed by the students to create their ideas of beauty
in the ur~verse while yarn glued onto construction paper represented motion.
Illustrations of the constellation~stories were made by using the technique of
crayon resist. For the idea of space sounds, the students painted the sounds
onto white construction paper using black tempra paint and sticks of various
sizes. Collages were designed by the students to represent their various ideas
of life in the universe.
A local artist assisted in the planetarium presentation by explaining to
the students of the different classes the "how to" aspect of the project ..
During the work session, the students worked on the floor, stairs, or at some
of the desks in the planetarium. If the student's (Nork was not completed at
the end of his visit, he took his work to the classroom to finish.. The students
were told at the ,beginning of the lesson that anything they created was correct
and they would not be graded on it, but that their art work would be on display
at the art show ..

Results
In retrospect, this urn.t was a great success! There is an effable quality
about the enthusiasm that each child reflected in his space-related works of
art.. In fact, one teacher said that this was the best art lesson her students
had ever had& The unit in the planetarium was climaxed with an art shovv vihich
included over 600 different 1rJOrks of art depicting ideas related to space ..
300 persons from the commlmity visited the art Sh01'IT on a
afternoon and were very enthusiastic about the resultsq;
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ASTRONOMY IN THE SUNSHINE
Howard L. Cohen, Associate Professor of Physical Sciences and Astronomy,
University of Florida, Gainesville, Florida 32611
Except for solar astronomers who often do their best work during morning
hours, astronomy is usually not practiced in the sunshine. Indeed astronomy
sometimes appears to be an almost secretive art performed nightly on tops
of high mountains or in backyards long after the midnight hour.. However,
given an opportunity to come under its spell, astronomy frequently becomes
a captivating, exciting and inspirational adventure. It is therefore no
enigma that astronomy has been the focus of planetarium-science centers.
However, this paper is neither directly concerned with solar astronomy
nor with planetariums themselves. Its subject is, in fact, the Observatories
of the University of Florida. Hence "astronomy in the sunshine" may now
seem more appropriate. Nevertheless, its meaning is actually even more
subtle. For in the interest of the public's understanding of science, it
is important that planetarium educators establish a meaningful dialogue
between science and society. Consequently it is also vital that planetarium
educators and research astronomers become better acquainted with each other.
For example, contrary to impressions often left by the popular
press, a major portion of today's astronomical research is not carried out
by 200-inch telescopes or lOOO-foot radio dishes. In fact, sophisticated,
smaller instruments operating at several dozen sites scattered throughout
the United States are the workhorses of much of this country's observational
astronomy.
The principal astronomical research centers of the United St.ates are
not, however, uniformly distributed across the countryo Many astronomy
programs are found in the Northeast and Midwest because of the historical
development of the American population. In more recent times climatic
considerations have spread astronomy to the Southwest and Hawaii. The
Northwest and Southeast have lagged behind. Recently astronomy has begun
to develop in the Southeast. Indeed astronomy on a large scale began in
the Sunshine State only ten or fifteen years ago. Today the optical and
radio observatories of the University of Florida are the principal research
facilities of Florida and one of few institutions having large commitments
to astronomical research in the Southeast.
Unfortunately the role of the University of Florida Observatories
as an important contributor to modern astronomical research is unknown
to many planetarium educators. Certainly this is partly due to the
newness of the program, but the traditional barriers between research
scientists and educators must also be blamed. An introduction to astronomy
at Florida should therefore serve as a useful introduction to one of the
several dozen "workhorse" observatories of the United States ..
Initially Florida would probably not be considered a region where,
at least, optical astronomy could thrive. Gainesville, county seat of

Alachua
and home of the
Florida, is, for
located in the lime sink
central part of the state~
Most of the area
base v..:rhere sinks,
lakes and
rivers characterize the topographyo Gentle,
hills, flatlands s croplands and forests covered with pine, oak, elm and bay
are typical of the area@ Swamps and marshlands are also occasionally found.
The climate is a humid su.btropic, but unlike Sou.thern Floridal" a strong
seasonal change in weather and vegetation takes
frosts can
occur several times each winter making the region unsuitable for citrus growing.
At the same time there is not enough cold weather to grow apples! Nevertheless,
beef cattle, poultry and the tremendous variety of vegetables grown in the
area make Gainesville the
hub V! of Florida.
averages 50 inches per year with about 50% of the rainfall occuring during
the June through September monsoon o Nighttime humidity is typically about
90%0
Yet, at least on a comparative basis, Florida is probably not badly
situated for a variety of observational progratlls. Of course the Southwest
and Hawaii are now generally recognized to be the superior locations in
the United StatesG However~ compared to the Northeast and Midwest~ which
are perpetually under the control of frontal weather~ and portions of the
Northwest, which suffers from marine west coast rains, Florida has only
weak frontal activitY$ Spring and fall have relatively dry, clear weather
and even during the summer monsoon useable data can sometimes be obtained
after the afternoon and evening thunderstorms have dissipatede Winter nights
vary between very good and very bad when a cold front moves inG However,
bad frontal weather is usually shortlived0
Although detailed weather data have not been kept at the optical
observatory, entries in the
book have substantiated expectations
Table 1, for example, contains weather statistics for the past year ..
The column labeled full or partial nights shows the percentage of nights
on which some data were recordedQ These values are probably lower limits
because only clearly annotated entries in the log book were counted~ The
last column represents the hypothetical percentage of full nights which would
have contained an equivalent amount of data~ On the average probably onehalf or more of the nights each year are useful. Finally, although the
"seeing" quality of the air is usually not superb, it is frequently good
and rarely very bado It is therefore likely that North Central Florida
skies are probably better than most locations in the United States, especially
those east of the Mississippi River.
Astronomy at the University of Florida had its first real
back in the late 1950 ws when Drs. A~ Go Smith and To D. Carr began their
pioneering studies of the decametric radio radiation from Jupiter. During
the early sixties longwavelength radiation studies of the planets,
cipally
, continued to be the major interest of Florida astronomers.
Equipment included a number of antennas operated both in Gainesville, Central
Florida and Chile. Long base line interferometry was also begun. Additions
to the staff included Dr. K-Y. Chen, who helped
the optical section
of the department with his photometric studies of
binaries.
i
Thereafter the increasing science budgets of the 1960 s, a National Science
Foundation development grant, and bequests of land to the University allowed
the
program to develop both bre.adth and s
Today the new Thomas W. Bryant Space Sciences Research
houses
15 to 20 astronomers and over 30 astronomy graduate students. Although

astronomy at the Universi
j.B a joint department with
,
offers its own graduate degreeD including the only astronomy doctoral program
in the state", In terms of nm:nhers of astronomy
students
and Ph.D. production~ Florida is currently in the
8 top 20%
1974)0 Recently seven Southe:rn states* have designated the
at the University of Florida for sharing
the Academic Common Market
of the Southern Regional Education Board@ Residents of these Southern
states can obtain graduate degrees in astronomy at Florida on an in-state
tuition basis. Recognizing that Florida already possesses a broad, on-going
astronomy program, these states will consequently avoid unnecessary duplication
of a graduate astronomy program.
For administrative purposes the University of FloridaYs astronomy program
continues to be divided into radio and optical divisions under the directorships of Drs. F. B. Wood and A. G.. Smith respectively. Areas of spE>cialty
include observational and theoretical work on close doubl.e stars, photography
of quasars, planetary radio astronomy, extra~galactic radio astronomy and
cosmology. Many other varied research programs ar~ also carried out~ For
example, Dr. J. Ee Merrill has been extending the usefulness of eclipsing
binary reduction tables by considering the effects of ec.centric binary orbits.
J. P .. Oliver and W. E. Ludington have been observing Jovian satellite
eclipses and occultations, including lunar occultattons of stars with a high
speed electrometer. Meanwhile, a 45-MHz array is being constructed in
F'lorida for radio occultation ,,,ork. Recent examples of theoretical work
has included computer models for the advanced evolution of 15 solar mass
stars (Endal 1974) and the radiation fields in circumstellar dust shells
(Harvel 1974)
Host data acquisition occurs off-campuse A student observatory on
campus, nevertheless, is used for undergraduate courses. A Clark 8-inch
(2~0-cm) refractor, a 6-inch (1.5-cm) refractor and several Celestron 5
Schmidt-Cassegrain telpscopes are contained in and around a roll-off roof
observatorY0 A concrete pier awaits installation of a small radio dish.
Also at Biven's Arm~ a lake on the south edge of the campus, is a fully
steerable, 28-foot (805-m) radio dish presently useable for 183 and 920 MHz
observationse
The principal research observations in Florida are located bet\'\iee.n
Gainesville and the Gulf of Mexico. Fifty miles west of Gainesville on a
60 acre tract near the Suwannee River is the Dixie County Radio Observatory.
Radio observations are also collected at other sites,
in Chileo
Out in the so-called Hsand country" thirty miles southwest of Gainesville
is the optical research facility. Here on 80 acres of land in
County
is located the Rosemary Hill Observatory. Additional work is carried out
at the Mount John Observatory at Lake Tekapo, Ne\v Zealand, \'\ihich is jointly
by the Universities of Canterbury, Florida and
and
at various national centers such as Kitt Peak National
Arizona
Drs Chen, Herrill, and Wood have also
ultraviolet observations of eclipsing variables made from the Copernicus
satellitee Construction has also been finished on
antennas
i.n Florida and Chile for backup operation with the RAE=2 radio astronomy
0

e

*
Alabama~ Arkansas, Georgia, South Carolina and Tennessee have entered
into the Common Market agreement with Florida for master's and doctoral
degrees in astronomYe Kentucky has agreed for the doctoral
West
has given tentative approval for both the master's and doctorate
(Academic Common Market 1974-75).

satellite"
Since most of the radio observations made at Florida utilize very long
wavelengths (about 50 feet or 15 meters), the radio
at Dixie
County use dipole antennas. The samller telescopes are usually
antennas
mounted on top of telephone poleso One element of the Yagi is connected
to the receiver while all other elements guide the radio waves So that they
are received by the main element in proper phaseo The principal instrwuent,
however, is a large broadside arrayo On a field 300 feet by 900 feet
Florida astronomers have placed 640 half-wave dipole antennas! Each of these
dipoles had to be individually planted in the ground and connected to the
main receiver in the observatory building. At the
of Florida
a Ph.D. degree in astronomy has thus become synonymous with Hpost hole
digger!" The effective aperature of the broadside array is therefore about
eight acres!
Its field of view at the zenith is approximately 2 degrees
in the north-south direction and 6 degrees in the east-wast direction. The
telescope's beam can be steered over ±20° by automatic phasing networks
and over any larger range by manual insertion of cables. Operating at 26.3
MHz this array is the largest of its kind in the United Stateso It is being
used for studies of flare stars, pulsars, low-level bursts from Jupiter and
will also form one terminus of several very long baseline interferometer
(VLBI) networks for investigations of decametric sources$ Indeed such
networks with stations a thousand miles or more apart were originally pioneered
at the University of Florida.
Meanwhile, 40 miles to the southeast of the radio observatory, optical
work is carried on at Rosemary Hill Observatory.. Believe it or not Florida
does have hills and this one is 130 feet (40 meters) above sea level! A
small dormitory provides living quarters for the night observers~ The prime
instrument is a very well equipped 30-inch (76-cm) Newtonian-Cassegrain
reflector built by Tinsely Laboratories and installed in 1968~ The 30-inch'
telescope is housed on the second floor of the main observatory building ..
The first floor contains a small lobby and office, a workshop, darkroom and
bathroom.,
The Newtonian focus of the 3D-inch telescope has a focal ratio of f/4
and is used only for photography, esp~cially quasar photography. The
Newtonian camera (designed by R~ L. Scott) incorporates a four-element lens
which yields good images over a one degree field. In less than ten minutes
the Newtonian flat can be interchanged for a Cassegrain secondary providing
a f/16 focal ratioo A Cassegrain camera has been built for planetary
pho
in order to detect Jovian auroral emission, which !fiay be
possibly associated with Jupiter's decametric radiationo
About one-half of 30-inch telescope time, however~ is devoted to photoelectric photometrY0 Both two and three channel
photometers
are available and can make simultaneous measures of stellar magnitudes in
up to three different wavelength regions or colors of the spectruIDe The
output currents of the photomultiplier tubes are sent to DC mnplifiers and
voltage-to-frequency converters.. The data can then be both recorded on a
paper chart recorder and on a digital data taking
which includes
a magnetic
drive for recording the observations. A WWV receiver and
digital clock insure accurate times of observation9
of
variables and flare stars continues to be
A Cassegrain spectrograph built by the Boller and Chivens Division of
Perkin-Elmer is available for spectroscopic observations down to

dispersions of 60 A/rr@ in the blue region of the spectrum.
During the last year an l8-inch (46-cm) Ritchie-Chretien
was installed in a dome one hundred yards north of the 30-inch
Photographic photometry is currently being made at its f/lO.5 focus and
photoelectric equipment is being installed for future use.
Finally, the department's first research telescope, a 12 l/2-inch
(32-cm) Newtonian reflector, which was originally located at the Bivenvs
Arm Observatory in Gainesville, is being re-erected at Rosemary Hill for
laboratory use by students.
Data obtained at all the observatories are returned to the Space
Sciences Research Building in Gainesville for reduction and analysisQ For
example~ in the radio reduction room Jovian outburst tapes are slowed
down hundreds of times to allow detailed study of the complex spectral
structure of our giant planet's decametric radiation. Interferometry tapes
are also processed here and a sophisticated analog~to-digital system (built
by Me A.. Lynch) for interfacing astronomy experiments with large computers
is now operational. Radio data available to Florida astronomers are
considerable since they work with observations made not only in Dixie County
and Biven v s Arm but also in Chile, Puerto Rico, Greenbank (VJest Virginia),
and elsewhere"
The department's darkroom is located by attempting to find a way
through the electronics shop (no easy chore!) where most of the electronic
equipment is built. Besides the usual activities generally done in
darkrooms, Dr Smith's photographic group practices the art of 91 p l a te
baking
Here he and his group have done important work concerning plate
hypersensitization of scientific emulsions. For instance~ Kodak Spectroscopic
Plate, Type IIIa-J, baked in a controlled, dry nitrogen atmosphere for 16
hours at 65°C, was found to show speed gains of about five times! Best
results are achieved when the plates are also stored a.nd exposed while still
in a dry nitrogen environment (Smith, Schrader and Richardson 1971)Q
The optical data reduction room contains a large assortment of star
atlases and catalogues including one of the precious editions of the
Palomar Sky Survey. Equipment used here includes a Photovolt Corporation
Densitometer for determining photographic emulsion characteristics, a Cuffey
Astro Mechanics iris photometer for determining photographic magnitudes,
and a Hewlett-Packard 9810A calculating system capable of recording and
reducing iris photometer measurementso In this way Florida has been able
to maintain a monitoring program of about 200 quasars.
The H-P calculator is also used for photoelectric reductions" vlhich
often saves money by reducing computer usage on the University's big IBM
370-165 computer" Across the room is a Boller and Chivens spectra comparator
which is used to view and compare two specta simultaneously. Single and
double screw measuring machines are also available for precise measurements
of positions on spectrograms and direct photographs. Finally, a "galaxy
counting microscope-rack" stands on the floor and a blink comparator for
variable star work is under construction$
Down the hall outside of Dr. Wood's office is located a f
system
for a unique and priceless catologue called uA Finding List f,er Observers
of Eclipsing Variables.1! Begun at Princeton by R .. S. Dugan in the 1920's
and later moved to the University of Pennsylvania, this finding list was
brought to Florida by DrG Wood when he left the chairmanship at Pennsylvania
0

0

"
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in 1968. This catalogue is an invaluable bibliography of all known eclipsing
variables down to at least the thirteenth magnitude at minimum brightness.
Anyone desiring to study a particular eclipsing binary system can contact
the University of Florida in order to obtain an up-to-date list of references
and people interested in the same system.
Indeed, within the ranks of professional astronomers, astronomy has
remained a close, cooperative and personal profession. Unfortunately
astronomers have sometimes also appeared as an uncommunicative and even
secluded group in the public's eye. This should not continue. Astronomy
is too encompassing, too impelling to be kept hidden on the tops of high
mountains, even the "mountains" of Florida!
Therefore astronomy in the sunshine means much more than simply
astronomy in the Sunshine State. It is astronomy done out in the open.
It is a science ideally suited for communication between people. It is
a science wonderfully made for sharing.
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Table 1.

MONTH

Jan-Mar

Apr-Jun
Jul-Sep
Oct-Dec

TYPICAL
NIGHT
TEMP ..

45-60
65-75
70-80
50-65

o

F

ROSEMARY HILL WEATHER STATISTICS
(1973 August - 1974 July)
TYPICAL
LOWEST
HUMIDITY

50%
60
70
60

FULL or

PAHTIAL
NIGHTS

EQUlvAL.
FULL

NIGHTS

60%
50
30
60

45%
40
25
45

50%

40%
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A TOTAL PLANETARIU1v1 PROGRAM
Sune Engelbrektson

The total educational program of a planetarium requires a staff with
skills in astronomy and related earth sciences as well as pedagogy. The
persons involved in the design of programs should possess professional competence in the subject matter and of equal importance, an understanding of
the learning process and the ability to convey the subject to all persons regardless of age or rnaturity. In addition, this rare individual must design a
total program from an entertaining public presentation to courses in astrophysics. The total prograrn rnay be categorized as follows:
1. Sky shows: public presentations.
2. School programs: elementary, secondary and collegeQ
3. Off-campus courses: in cooperation with local universities where
a planetarium is not found on carnpus.
4. Teacher's courses: in-service prograrns.
5. Evening extension programs: adult avocational prograrns.
6. Special interest prograrns: scouts, advanced placernent, clubs.
The development of a total program for the planetarium should be
thought of as a procedure rather than a goal, continually being upgraded and
rnodified to rneet changing conditions and needs. Each of the above categories
must be considered in terms of the educational requirements of the participants. The time is long passed when a particular prograrn scheduled as the
current "show" can be all things for all people. However, all presentations
in every category should be entertaining as well as scientific and educational.
The Sky Show.
This category is the most familiar type of planetarium presentation and enjoys
universal acceptance. It was only natural from the very beginning that the sky
lecture follow this familiar format. It has its roots in earlier scientific
lectures using lantern slides. In time, the visual aids evolved into horizons,
dissolvers, dual projectors, rnoving mirrors and other devices unfamiliar to
the planetarium pioneer. With the developrnent of audio tapes, sound as well
as visual effects could be controlled with precision and finally the computer
provided complete control. There are mixed feelings regarding the automated
prograrn with valid arguments on both sides of the aisle. Personally, I believe that the new techniques will prove to be superior for the public sky show.
However, we are remindful that the content of the tape is by far more important than the technique. Our purpose is to impart knowledge. The presentation should be carefully designed to educate the public in the sciences in an
entertaining way_

School Prograll1s
A planetarium. visit by a class ll1ay be a field trip - an activity away from
clas s in connection with clas swork or a clas s outing - a recreational activity.
This holds true whether or not the planetarium. is part of the school district,
college or a ll1ajor installation in a large city. Both the field trip and class
outing serve a useful purpose but from an educational point of view, the field
trip must be rated as the most effective approach. The planetarium visit
should provide learning experiences that relate to planned activities in the
classroom. This requires a correlation of the planetarium presentation with
the science curriculum. at a given grade level. The small planetarium can
gear its program to the particular class in attendance. The m.ajor planetarium can approach this ideal with offerings by grade level or with programs
at the primary, intermediate, or secondary levels of instruction. College
programs can be integrated with clas s room instruction. Elem.entary school
planetarium programs can be developed from local and state science syllabi.
High school presentations can rely upon national science programs currently
in use.
Off-campus Courses
These programs are designed to serve colleges and universities that do not
possess a planetarium. In fact, high schools with unit courses in astronomy
may be included. The off-campus course can be a regularly scheduled clas s
at the planetarium taught by the planetarium staff member as adjunct professor. This arrangement is mutually beneficial for the college as well as
the planetarium since the school can broaden its program without the need of
a full time staff member. Another approach might be to teach the course at
the college with periodic visitation to the planetarium. In any event, more
than one visit will be necessary and each planetarium. presentation should be
related to class work. By no means can a popular sky show be substituted
for the school - planetarium integrated program. If the same care used in
creating sky shows cannot be applied to the courses the solution will not be
found in an adjacent clas s room.
Teacher's Courses
Courses for teachers are divided into two categories - inservice programs
for science teachers who plan to teach astronomy at their local schools and
programs for grade teachers who plan to enrich their present program of
studies. In either case, the courses should be comprehensive and extend
for two semesters or through the academic year. The exception might be
programs for science teachers that can be concentrated in a summer workshop. However, experience has shown that retention is a problem when too
much is offered in a limited period of time. The author taught a graduate
level NSF inservice course for teachers which provided three hours of instruction per week for thirty weeks. Some of the participants had just completed a teacher t s workshop at a large planetarium and found the more
comprehensive long term program at the college to be superior to the planetarium workshop.
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Courses for elementary teachers must follow another approach. Here
the planetarium instructor can as sume that teachers have had very little if
any preparation. The course to be taught for these teachers should include
subject matter as it pertains to the elementary clas s room. State and local
curriculum bulletins should constitute the res ource material for the construction of teaching units. In order to present astronomy and related sciences to
elementary school teachers, it is imperative that the planetarium instructor
understand the learning process, methods of teaching and course construction.
Too often the program is a watered down version of the subject matter content
of the standard introductory textbook.
Evening Extens ion Program s
This planetarium program is strictly avocational and is as varied as the
people who attend. In general, the evening extension programs have been
very successful where popular topics are presented and a series meets a particular need. In each case the offerings should be student oriented, enlightening 'as well as entertaining.
Special Intere st Programs
These planetarium programs are very similar to the avocational programs
described above. They may include children's courses during the weekend as
well as evening courses on a week day. Usually the program is more structured than the extension courses. The class may represent a group with
common interests and special identification such as a club, power squadron,
scouts or astronomical society. The planetarium presentation is an integral
part of the work carried out by this special group_ Therefore the special interest program must be planned in advance together with the leaders of the
various groups to be served.
To achieve their full potential, all planetarium programs should receive the same careful planning and evaluation as the public sky show. No
limit should be placed upon the dralllatic approach. It is the content that
counts and each program might be judged by asking?
1. Is it scientifically accurate?
2. Does it serve a useful purpose?
3 .. Does it fit into the sequence of learning experiences to be presented?
4. Is it appropriate for the age level of the audience?
50 Doe s it provide a meaningful lea rning expe rience?
Science Fiction and the Total Program
The curriculum content of the total program is more important than the
classification into the categories described above. This is especially true
today with the increase in the number of presentations using a space travel
theme. In an editorial in Science Abelson 2 writes that a large number of
people, especially young adults have turned to pseudoscience which he defines as a mysti8ism that creates the impression of scholarship. Fiction

using scientific lllaterial to convey authenticity have appeared in books such
as Chariots of the Gods? These sensational speculations are remindful of
ps eudoscientific astronom.ical theories expounded in the 1950' s that continue
to be mentioned in the press. There is danger that pseudoscience ITlay find
its way into the planetariUITl prograITl. Today it is pos sible to purchase taped
shows with the space sciencefiction theITle. The better programs allude to
the superb writings of Asilllov and Clarke who are scientists as well as gifted
science fiction writers. We are relllinded that in 1945, Clarke proposed the
launching of synchronous earth satellites when m.ost people including planetarium educators cons idered the plan in the realm of science fiction. However
when prograITls are developed, caution must be exercised and great care
taken to stay within reasonable bounds. In describing the current progralll
- '2
at the Vanderbilt Planetarium - ASllnov's The Last Question - Lovi J justifies the science fiction theITle in terms of its educational value. He goes on
to say that too often science fiction is Ilpure trash" which gives good :material
a bad nallle. Wagner College 4 reports a science fiction cours e in their
planetariUITl for the general public.
Contrary to practises of a few years ago there seerr.s to be a general
trend within the profession to excite the public with manls possible future
role beyond the earth. But no matter how fascinating and stimulating or attractive it might be at the box office, the planetariurn must guard its educational and scientific interests from speculations that are not subject to very
careful examination. What other scientific discipline gives support to imaginary characters and incidents when describing its advances to the public?
5
In the September issue of Physics Today O'Nei1l
writes that large space
stations could offer mankind an improved quality of life. Space can be colonized without pollution; nearly all industrial activity could be moved away froITl
earth; self-supporting systems would be encouraged and finally the problem
of overpopulation would be solvede These exciting prospects deserve a closer
look. First of all, the earth will be reduced to an agricultural state if all
industry were transported into space. Experience on earth has shown that
large populations are required to run industrial centers. Will this be true
in space? Shall we abandon the earth to a relatively small number of farmers who reITlain to till the soil? No doubt robots v/ill be used to run the industry in space while we rernain on earth to enj oy our unpolluted planet.
It is reasonable to aSSUITle that all three or four billion meITlbers of the
species will not take part in this cosmic adventure. Will some great and
powerful leader :manage these stations and rnake decisions for all of us back
on earth? Surely in our rational moments s orne other solution can be proposed. Man I s future is with the earth and although we might entertain ourselves with flights of fancy, let the major part of our effort be to grapple
with the realities of tornorrO'N I s problerns.

An Interdisciplinary Approach to the Total Progr(;t!Il
In 1957, the IGY progrruTIs provided planetarimTI
s
scientific
and educational data used to create sky shows and courses
exploration of space.. Although the IGY derrlonstrated
inter
among all the earth sciences~ in general, planetarimu presentations were restricted to astronomy and space exploration. Todayl s science fiction shovvs
represent the next generation or extension of the
programs which
Were based upon space exploration carried out at that tL."TIe.. Unfortunately,
the related earth sciences which were also studied
the IGY have not
received equal treatment in the planetariume
It is my conviction that the total planetariuHl program. is one that includes man I s total environm.ent - earth, air and space~ I do net suggest that
entertaining fiction should be taboo; treat it with discrL."'Ylination"
dedicated, disciplined educators we owe it to the public, to young people and ourselves to utilize the planetarium. for the study of the earth as a planet, its
profusion of life, and the need for an international effort to guarantee its
future as a habitable world. Suppose an earth-like planet ·were discovered
revolving around another star. Think of the scores of creative planetarium
program.s that would be produced de scribing this exciting find.. The earth
deserves equal billing ..

The total planetarium program. based upon fact -':Nill reap greater rewards
than another dealing with fancy. We are dealing with our own survival and
ways in which we might educate this generation for the protection of future
inhabitants of the planet. With planetarium.s distributed worldwide ll our
efforts in this direction will have global irn.pact. Let us join forces to create
scripts, tapes and effects to promote the them.e of earth, air and space with
the same enthusiasm. that we approach the exploration
other ·worlds*
There are more irnrnediate and pragm.atic arglunents worthy of consideration" If the planetarium with its dram.atic presentation can educate the
public in earth science more effectively than other Inedia, then tnany more
installations are needed requiring huge expenditures
funds. It is rny conviction that the planetarium can convey the environm.ental theme and will receive the financial support necessary to show ho·w oU.r
into the space
age will help us find solutions for problern.s here on
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The Planetarium, An Instructional Failure
by Dale A. Etheridge

"What a pessimistic thought!"
"How can you be so negative?"
These are typical reactions to the title of this article. Actually I
am very optimistic about the value of the planetarium. I know that
most ISPE members are convinced of the intrinsic value of the planetarium, but let us look into the near future.
Assume you have just joined the faculty of a school that does not have
a planetarium. You are going to be teaching the astronomy courses.
You go to the president, principal, or superintendent, whatever the
case may be, and propose that a planetarium be built. You show him
the literature from Spitz, Viewlex, etc. You describe in glowing
terms the many other schools that have planetariums, stressing the
variety of uses for a planetarium. He responds that it sounds just
great, but what evidence is there that the manufacturers' propaganda
is correct? How effective are the different programs in use elsewhere?
Has there been any formal research to support these conjectures?
Money is scarce; large sums for projects like this are hard to come by.
Can you prove that the planetarium is necessary to effectively teach
astronomy? Think about it, can you cite any research_that supports~the
contention that a planetarium is a needed and valued resource in teaching
astronomy? Astronomy has changed dramatically in recent years, yet much
of the material taught with the aid of a planetarium has been part of the
field for at least several decades. Can you prove that the planetarium
helps you teach it significantly better than, or in considerably less
time than, the traditional classroom approach?
If you mention the great motivational effect of the planetarium to your
administrator, he might ask what is wrong with your teaching that you
need a $50,000 to $100,000 crutch to motivate your students!
With the tightening of the purse strings, more administrators are taking
a careful look at instructional costs with an eye towards cost effectiveness. An instructional product, using the term in its broadest sense,
must meet at least one of these criteria to be acceptable:
(1) it costs
less to do the same thing as other products, (2) it does more at about
the same cost, (3) its greater effectiveness outweighs its greater cost,
(4) its lower effectiveness is outweighed by its significantly lower cost.
This last case would be considered only if the effectiveness still fell
within acceptable limits.
"Costs" includes time and personnel, as well
as expenditures for the product materials.
"Effectiveness" is measured
in terms of student performance.
In the planetarium field, the third
case is the most important. Is the planetarium sufficiently more effective than other "products" to justify its greater cost?

This brings us to what is probably the most pressing question in the
field to datee What evidence exists that demonstrates the effectiveness
of the planetarium? It is worthwhile to take some space to review the
types of studies that have been (or should be) conducted~
Report #2 lists most of the studies that have been done so
need to detail the individual works.
There are three broad categories of interest: cognitive, affective, and
extra-curricular
The third category is the most fruitful for supporting
the usefulness of the planetarium.
In the vast majority of cases where
planetariums have public or community service programs, they have met
with considerable success. Little or no advertising is usually sufficient
to produce an adequate regular attendance~ This demonst£able public
popularity is adequate justification for a public planetarium~ There
would be no need to cover any additional data sources if all planetariums
were public. The problem is more complicated for a school planetarium ..
While the extra-curricular aspect may be important for fund raising,
you must also show a curricular justification e
0

Looking at the affective or attitudinal area, there is virtually no
formal research from which to draw. We all know that it is impossible
for a teacher to highly motivate a whole class at the same timec The
individual differences among the students are just too greato What we
would like to prove is that wi th 'a planetarium more students become
interested in astronomy, or at least have a more positive attitude
towards astronomy, than when a planetarium is not available e
There are several ways this could be accomplisheds One could look at
the number of amateur astronomers per capita in a large number of
demographic areas
If it could be shown that the relative number of
amateur astronomers is roughly proportional to the number of planetariums, we would be on our way_ This, by itself, would not be sufficient
to call it a cause and effect relation. It could just as easily be
argued that more amateur astronomers in an area make it more likely
that a planetarium will be built. A longitudinal study along this
same line would be useful. It would be revealing if the relative
number of amateur astronomers increased after a planetarium was built
in a community.,
o

We could also look at high schoolso What proportion of the students
major in astronomy when they enter college? Is it greater if the high
school (or its community) bas a planetarium?
These proposals are aimed at studying interest leading to involvemente
At a lower level of interest, we might conduct an experiment to get a
feel for casual interest. One possible approach Nould be to pick a
sample of junior colleges at random from all the junior colleges with
planetariums. We would also pick another sample of equal size from
the colleges without planetariumse We could then look at such factors
as the number of astronomy related materials checked out of the school
library~
Of course, we would have to control for such additional factors
as the relative number of astronomy students and the resources of the
libraries in each school
To keep from artifically inflating the
e
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the astronomy instructors involved would have to agree not to assign
term papers during the experiment!
To get sufficient data a study
like this would have to extend at least one yeare
Needless to say,
this could be an expensive study to conduct. However, the results
would be interesting.
These are just an example of the many types of attitudinal studies
that could be done. Of equal, or greater~ importance are studies in
the cognitive area. Here we have numerous extant studies to refer to.
A cursory study of the conclusions in a random sample of these studies
is what led to the title of this article o
Many of these are comparisons betwe:en a planetarium presentation and an equivalent classroom
presentation. More often than not, the results went either to the
classroom or showed no difference. A few studies showed some· superiori ty for the planetarium .. Unfortunately they are far fromb-eing
a majority and I have yet to see a study proclaim the planetarium to
be vastly superior.
(I can just see that administrator:
"For
$100,000, it had better be good!") All is not lost, however, as this
is just the dark before the dawn
0

These studies are virtually all in one category of research: mediamedia comparisonso Most of them are hardly worth the time spent on
them.
The primary danger in media-media comparisons is that it is
impossible to generalize beyond the immediate experiment
As an
example, just because film IVAI! is more effective than television
presentation "BfT does not mean that films are superior to television ..
It only means that "A" is better than tlB" under conditions of the
experiment.
Even if you could prove that HAH was the best possible
film presentation and HB" the best television presentation, which is
highly doubtful, you could not generalize across subject areas.
Such an experiment can be worthwhile if you must decide whether to
buy film "AU or videotape nBt!, but it is useless to you if you are
trying to decide whether to establish a film library or a videotape
library.
0

A more pertinent example of a media-media comparison in the planetarim
field is one I conducted a few years ago at Mto San Antonio College.
It was a rather typical planetarium vS classroom study with a Latin
Cross design.
The conclusion was that the planetarium students did
better on predominantly visual material and the classroom students
did better on predominantly verbal material. While the differences
were statistically significant (p<.05), they were not large.
It
is highly probable that this result was due, to a large extent, to my
teaching stylee
The study was useful in that it supported my teaching
strategy of conducting most class sessions in the classroom and meeting
in the planetarium when the subject matter warranted ito That is the
total extent to which the data can be appliede
It cannot be generalized
to other schools, planetariums, or teachers, except as a guide to
repetitions"
Considerable variations in results would be expected.
G

The planetarium field is currently on the horns of a dilemma.. Most
of the extant research is not generalizable
Most of the contentions
about the planetarium are unsupported@
Yet, these are the types of
data necessary for the field to advance" The way out of the dilemma
Q
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is to conduct carefully controlled experiments on the variables that are
intrinsic within the planetarium. In essence, we should compare planetarium technique "X" with "not XU to see if that technique has any effect.
All other variables would be controlled over the two treatments. This
type of experiment would yield generalizable information.
A study currently under way can serve as an example of the type of
research needed. Most teaching with the aid of a planetarium is
predominantly visual in nature.
It capitalizes on the ability of the
planetarium to simulate the sky.
It is my contention that this simulation
capability is the strongest point in planetarium instruction.
It may be
particularly important for students who have difficulty vlsualizing
geometrical relationships.
Basically, the experiment is a comparison of two modes of visual presentation (simulation vs. representation). The effects of each of these
modes and their interaction on teaching two highly visual SUb-topics in
astronomy (If Phases and Motions of the Moon" and "Seasons and the Motions
of the Sun") are being investigated.
Under the simulation mode, the planetarium will be used to present all
positions and motions of celestial objects. The Fepresentation mode
will not use the planetarium instrument. Numerous celestial sphere
diagrams similar to those found in most textbooks will be shown on the
dome to represent the relative motions and positions of those
objects. The narration accompaning each presentation will be on tape
and carefully edited to fit both modes of visual presentation. The net
result is that all students will receive exactly the same treatment
except for the experimental variable.
If the experiment were conducted only as described so far, and subjected
to an analysis of variance, treatment related differences would probably
not be particularly large. The reason for this is that individual
differences in the students would contribute considerably to the error
term (unexplained variance). By measuring the students' verbal and
spatial abilities, and allowing for an interaction between the experimental variables (treatments) and these abilities (aptitudes), it is
possible to reduce the unexplained variance. This, in turn, will
greatly increase the sensitivity of the experiment to the effects of
the experimental variables.
This type of study is what is called an aptitude-treatment interaction
(ATI) analysis. One of the most powerful statistical tools for studying
ATI is the general linear hypothesis.. Fundamentally, this approach is
to devise a linear equation (linear model) relating post test scores
(dependent variable) to all the possible combinations of treatments and
aptitudes (independent variables). The best coefficients for this
equation are found by a regression analysis (least squares fit) of the
data. After the general linear model has been found, simpler models
can be tested by selectively deleting terms singly and in combination
to find a simplest model which can predict post test performance with
an accuracy not significantly less than the general modelo The terms
in this simplified linear model will be only those factors which
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significantly effected student performance. Partial derivatives of
this equation will give the relative importance of the factors.
There are several relationships that are expected to exist. It is
expected that students with a high spatial aptitude will do equally
well in each visual mode. On the other hand, low spatial aptitude
students are expected to perform better under simulation that representation. High verbal students should do better than low verbal
students regardless of treatment.
If these relationships do exist, we could then say that the planetarium
is useful in instructing the large proportion of low-spatial students
without adversely effecting the high spatial students. I hope to be
able to report the actual results to the ISPE soon.

As more is learned about the techniques of planetarium instruction,
the planetarium field can only improve in quality and effectiveness.
I sincerely hope that the concepts presented here will stimulate a
worthwhile dialogue among planetariums.

PUBLIC PLANETAHIDM PHCGRAMS

Alan J& FrieQ~an, Director of Astronomy Education, LavITence Hall of
Science, University of California, Berkeley, California
94720
The Vidiscovery-approach" to learning-substituting hands-on experience
for reading and listening--is receiving increasing attention from teachers at
every grade level. Hands-on teaching has been found to work well in many
cases, from self-paced instruction in Keller-plan courses at the university to
elementary school curriculum projects like the Science Curriculum Improvement
Study. Planetarium directors too have sho~n an interest, and the planetarium
is being used as a laboratory for astronomy classes, as L."1dicated by articles
in the Planetariau s and excellent collections of laboratory exercises such as
Under Dome, Roof, and Sky ..
Wt'1en a new planetarium was completed at the Lawrence Hall o~ Science on
the campus of the University of California in Berkeley, we decided to devote
this facility to experiments with audience participation programs. The
William K. Holt Planetarium has a 2D-foot diameter dome, a used GOTO Mercury
projector, and bench-type seating for 27 people. The modest nature of the
facility, by present standards, makes it typical of the majority of planetariums in use today, and our experiments do not rely on elaborate or expensive equipment to provide for audience interactione Thus I believe the activities I will be describing can, and indeed should," be considered by every
planetarium director.
The staff of the Holt Planetarium has developed five separate 50 minute
"participatory" programs. These are not just classes, but are programs we
present to the general public, and to single-visit school groups~ Audience
response, as determined by evaluation cards given to each visitor, teacher
re~ctions, and attendance at public programs, has been excellent.
Detailed
evaluation instruments are being planned, includL~g pre- and post-testing,
but our preliminary judgment is that these programs are just as attractive
and "fun" as a non-interactive program on the same topic would be, and that
the amount actually learned is significantly greater for the intera.ctive
show.
"Black Holes in Space" is a good example of the programs we are developThe show begins with a brief conventional lecture/slide presentation
about stellar evolution, concluding with the possibility that something very
strange, a black hole, might be the end-point for some stars
"But why did
astronomers believe in such fantastic predictions? Ho'tv did they develop such
confidence in red giants and white dwarfs, when no one has ever seen such
things directly, and mankind has not been around long enough to watch one
star go through the process?"
0

Now the program focuses on a new topic--the £!ocess of learning about
stars3 The audience is asked to suggest specific information they would need
to know to understand what stars are, and how they might evolve. The
planetarium teacher makes a list, and then asks how the necessary information
(a star's size, distance, temperature, composition, age) could be determined.
In general~ none of the audience knows how astronomers can determine these
traits. Now the real audience involvement begins. "How could we determine
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temperature from color?" A light bulb is slowly brought from off to halfbrightness--and the audience is asked to keep track of the color changes.
Then a var iable star is demonstrated. "Could we learn anything from
carefully watching how the brightness of such a star varies? Let's try it."
Every member of the audience is given a piece of simple, wide-spaced graph
paper and a pencil. For convenience, all the stars in the planetarium are
turned off except for six. These are projected from slides, one with five
dots of identical size but different brightnesses, and one with a single
dot from a projector that can be adjusted in brightness$ Dim magnitude numbers are projected next to each of the five fixed stars~ and the teacher describes the magnitude scale to the audience. "Now we would like for each of
you to estimate the brightness of this variable star~ by comparing it to the
fixed stars--which of the fixed stars is the variable most like? Then mark
your result by placing a dot on your graph paper, above day one, at the level
of brightness you have estima ted." The cove lights are turned up for data
recording. This process continues for twelve "days,1I twelve separate observations by each member of the audience, while the teacher adjusts the variable
star brightness in a predetermined pattern.
When the lights are turned up on the final day, everyone is asked to compare his or her results with the people sitting on either side. People are
impressed with how good the agreement is, since they were working by individual visual estimates. Most of our audiences have never recorded data and
have rarely plotted a graph before.
The teacher asks some questions: what day was the star dimmest; how dim
did it get; when did the brightness start to dip the second time? There is
general agreement on the answers, including magnitude, + one unit on our
arbitrary scale. Now the most important question: "What might be happening
to make the star's brightness vary like that--first a big dip, then a smaller
dip--just like clockwork, every 13 days, for years?"
The teacher treats each suggestion from the audience as a serious possibility--that the star is moving toward and then away from us; that it is
swelling and shrinking (a possibility suggested by the description of stellar
evolution that was given); that a planet is going around the star, and periodically blocking our view. Eventually, with as few hints as possible from
the teacher, someone comes up with the idea of eclipsing binary stars, although binary stars had not been m&ltioned, and few members of the general
public or non-astronomy school groups have ever heard of them. Then the
teacher leads the audience through interpretation of the eclipsing binary
variable star light curve--"Can you figure out from your graph if the stars
involved have the same magnitUde or not? How much brighter is one than the
other? Which star was being eclipsed on day 5? How about size--are they the
same size, ot very different?
The majority of people in the audience respond to these questions; and
even those who do not have their own graph to consult while the dialog is
going on. When the program finally returns to a lecture format for the last
few minutes, the audience has a real appreciation of how astronomers can
talk with confidence about the existence of giant stars, dwarf stars, and

other strange beastso When the program ends with a description of the behavior of Cygnus X-l, the audience immedia tely recognizes the possibility
that the x-ray source is part of a binary system, and the arguments in favor
of that source being a black hole can be followede
"Black Holes in Space" lasts between 50 and 60 minutes 1I depending on the
particular audience and teacher. It is presented several ti.mes every weekend
for the general public, and during the week for school groups from the 7th
grade up; although we have tried it as young as the 4th grade with occasional
success. The public programs are normally sold out.
Other programs we offer cover the age range down to 2nd gradeo Topics
may be conventional, like "Comets" and "Stonehenge," but the emphasis is on
the audience participation, which occupies about half of the show for "Black
Holes" to about three-fourths for "Stonehenge." For that program, each member of the audience is given a wood pointer that can be hung anywhere around
the cove; and the audience establishes the rising or setting points for
celestial objects, and their possible correlations with the Stonehenge construction. Other techniques we use for audience involvement include measurement of parallax, using diffraction gratings to view spectrum sources, and
plotting the changing orientation of a comet with respect to the sun.
We have been encouraged by the audience response to these programs. A
few people do not want to participate and a few decry the underemphasis we
place on "realism" and special effects ("I savl the Stonehenge show at another
planetarium, and when the sun set there, the sky turned red~ the birds
started singing, and the room grew distinctly cooler."). So there will
always be a place for the planetarium program that intends principally to entertain, and to cultivate the "Oh, Ahh" response. But we are so impressed
with the possibilities of interactive programs, that we encourage each of you
to try them out on general audiences and one-shot visits, and not to save
them for your continuing classes or special occasions only. I know that
several planetariums have also been trying experiments like ours in their
programming, and I would appreciate hearing from anyone else who has results
to share.
Finally, we are trying to extend the concept of interactive astronomy
education to the area of public exhibits. Under a grant from the National
Science Foundation, we are developing an exhibit called "Astronomy in
America" which will feature an array of small telescopes, and a variety of
challenges for people who want to use them. Shadow boxes and an indoor sky
field will provide different kinds of "stars" to be discovered and investigated under different magnifications, light conditions, and with diffraction
gratings and polarizers.
This program should be open to the public at the Lawrence Hall by next
summer, and I hope to report on its success at the next meettng of the
International Society of Planetarium Educators.
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TP,E VIEWSCREEN MlJ THE DISEMBODIED

Philip Groce and Carole K. Looney

Carousel with
rect angular
progr am slide

vievvscreen

slide
Carousel for
viewscreen with
5 to 1 zoom lens
(4 to 6 in .. f .. l.)

1----1

Ed.. note:

Philip Groce has devised a wqy to hang a frame ffi~ound thpse slides we
project into the dome. He and Carole Looney have designed a viewscreen which looks
the edges of a story book f with each new slide representing a new page of the
book, lli1d a viewscreen with buttons and blinking lights around the edges like might
be found around the video read-out in a spacecraft.

Pro,jection set-up for Disembodied Voice
Projector with pinhole s1

Speaker placed
across sound
system or
auxilIary
output

rubber diaphragm

-......
first surface

---

--

mirror

'---'

image vibrates
with sound-stimu
mirror movement

Cost: Edmund sells a Music Vision Kit for
$19695, but front surface mirrors are not
necess ary and you can make an old inner-tube into
a diaphragm.. Speaker costs about $7.00 ..

The Disembodied Voice is a nice touch when you carry on conversations with
unseen space beings, or with a computer.. Let the image float among the stars, or put
inside a viewscreen ..
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WHO COMES TO THE STRASENBURGH PLANETARIUM
(A Summary of an Audience Survey)
by Donald S. Hall, Director
Strasenburgh Planetarium,
Rochester Museum & Science Center
Rochester, New York
Through a grant from the New York State Council on the Arts,
the Rochester Museum and Science Center was able to survey
visitors in its two major buildings, Bausch Hall (the museum)
and the Strasenburgh Planetarium.
The survey was conducted by people who live near the Planet~rium who might find it convenient to come in for short periods
of work as public show audiences were leaving the building.
The interviewers selected people at random from the crowds who
had just seen the show, keeping in mind the need to talk with
representative samples of different ages, races and both sexes.
Care was taken in setting up the survey workers' time schedule
to make sure that the survey would be conducted during weekday
and weekend evening shows and during matinees on the weekends
and matinees during the summer months which are held on weekdays.
From October 7 through November 17, 1973, 550 people
were interviewed which represents about 4% of the people who
saw public programs at the Planetarium during that time period.
The survey was repeated from January 20 through February 23,
1974 with a sample of 390 visitors, or about 3.6% of the audience. The final survey period was from July 20 through August
2, 1974 when 101 members of the audience were surveyed.
This
represented about 1.3% of the audience.
Results of the survey show few differences among the audiences'
responses for the three time periods. Where those differences
were numerically significant, they have been summarized separately by season.
The questions and their responses:

Where do you live?
City
Monroe County
Out-of-County
Out-of-State

Fall
33
33
26
8

Winter
31
42
23
5

Summer
22
34
29
16
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Do you personally have any sense of
owning the Planetarium?
Yes
No
Not sure

24
66
10

Where do you feel the main sources of
financial help for the Planetarium
shoud originate?
Federal gov't.
N.Y. State
Monroe County
Private endowments
& gifts
Combination of all

6
8
13
8
65

Did you know the name of the show
before you arrived?
Yes
No
Not sure

57
40
3

Would you mind telling your age?
Under 12
13 - 18
25
18
25 - 40
40 - 65
Over 65

Fall
2
12
36
30
18
2

Winter
2
12
34
32
20
1.5

Summer
4
12
19
30
34
2

Have you ever visited the Museum
Yes
No

72
28

59

Was your visit
Very satisfying
Fairly satisfying
Somewhat disappointing
Very disappointing
Not recorded

Fall
58
31

winter
61
33

7

7

1

1

Summer
75
20
6

2

Have you ever been to another
Planetarium?
Yes
No

52
48

Would you describe the show you have
just seen as
Too scientific
Not scientific enough
Just right

13
19
68

How would you compare the Strasenburgh
Planetarium with others you have visited?
Better
The same
Not as good as others
I've visited

60
24

16

How many people visited with you?
Adults
Children

2.8
1.6

Do you think of the Planetarium as a
public or privately owned institution?
Public
Private
Combination
Not sure

56
6
32
6

o

60

Has any member of your family taken
a course in the School of Science
& Man here?
Yes
No

8
92

The Rochester Museum & Science Center
has an organized annual membership
program costing $25 per family for the
year.
Are you a member?
Yes
No

10
90

Have you ever taken a course in the
School of Science & Man?
Yes
No

6
94

Where do you get most of your information about Planetarium activities?
Newspaper
Radio

46

TV

3
9
37

Newsletter
Other

5

Is this your first visit to the Planetarium?
Yes
No
Not record,ed

Fall
29
70
1

Winter
28

71
1

Summer
42
59

How many times have you visited the
Planetarium this year?
Fall
First visit
Second visit
Third visit
Fourth visit
More than 5

Winter

48

49

20
14

20
11
8
11

6

12

Summer
66
16
5

Are you
Married
Single
Divorced
Widowed

51
45
2
2

What do you do?
Student
Teacher/educator
Homemaker
Professional
Executive
Blue Collar
White Collar
Military
Artist/music/writer
Retired
Other

28
9
14
9
2

14
16
.5
2
2
4

How did you get here?
Walked
By car
By bus

4

91
5

Do you have any creative interests
outside of your profession such as
Painting
Writing
Photography
Dance
Playing an instrument
Other

18
16
24
8
28
6

6
6

Do

think of yourself as

An

stic person
person
person
Not a scientific person

25
26
25
24

belong to any hobby or
ssional clubs?
Yes
No

27
73

All of the data were of interest and some held surprises. We
of the Strasenburgh Planetarium as serving a relatively
small metropolitan area of about 750,000 people, yet more than
a third of our public audience is from outside the county.
evenness of the response to the questions about visitors
thinking of themselves as being artistic, or scientific, was
stinge
It is obvious that the Planetarium appeals to
other than astronomy buffs.
newspaper played a substantial role in letting people know
about events at the Planetarium, but well over a third of
Planetarium visitors learned about activities there through
some means other than the mass media and newsletter mailings.
Does this third represent word-of-mouth?
By far the majority of visitors are repeaters which means they
like what they receive at the Planetarium. This is essential
for a Planetarium which is in a city which does not attract
large numbers of tourists.
It is interesting to note that about 40% of the people surveyed
didn't know the name of the show they were going to see. This
might mean that they attend the Planetarium for the experience,
r than for wanting to hear about a specific topic. This
statistic might be of interest to planetariums which produce
more than six public shows a year with the idea of attracting
attendance.

63

ARCHAEOASTRONOMY - SOME NEW TECHNIQUES FOR THE PLANETARIUM OPERATOR
by
Hubert E. Harber
At present archaeoastronomy is still an informal organization of man's
interest studied ancient history, scholars from many different fields
have made astronomical interpretations of their findings. Now there is
a movement to bring this group together to compare notes and separate
fact from myth. Archaeoastronomy is a combination of three major areas
of investigation. One area of study is related to building and monument
alignments. That is, sight lines that point to places of special astronomical
events (usually on the horizon). For example, the rising of a bright
star just before sunrise (helical rising) or the rising of the sun on
a solstice or equinox date. Other scholars have been spending long hours
over the ancient documents searching for astronomical tables, almanacs
and calculating date conversions between the various calendars. Attempts
are being made to show that these early astronomers recmrded eclipses,
comets, nova stars, and perhaps even lunar occulations. A third group
in this new field of archaeoastronomy are searching for pictographs,
petroglyphs, and effigy mounds that reflect an understanding of astronomical
phenomena by ancient watches of the night sky.
The interest in t+ying to organize this information was in large
part, the result of the publication of Stonehenge Decoded by Dr. Gerald
Hawkins in 1965. The techniques that Hawkins applied to Stonehenge are
now being used on many primitive structures around the world.
The research techniques that are used to definitely establish
astronomical alignments and events must be done very carefully and with
a great deal of precision - some of the techniques described in this
paper are not of such quality. However, this discussion will provide
the planetarium operator with a means of making many determinations
without having to.~·£ely·. on others.
The problem of determining an azimuth angle of a sight line has
been solved by a unique method described by Charles H. Smiley in August,
1965 issue of Publications of the Astronomical Society of the Pacific.
The article entitled "Orientation by Sextant and Sun" uses an old celestial
navigation technique that requires the observer to have a sextant, and know
the time, longitude and latitude of the observation. By measuring the
angle between the sight line and the sun with a sextant, one can determine
the azimuth of the sun at the time of observation and calculate the difference
in azimuth to the sight line. The azimuth angle is an angle in the plane
of the horizon, starting at true north = 0° and going eastward through 360°,
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East = 90°, South = 180°, West = 270°, and so on~ Once the azimuth
direction of one line is established, other directions can be determined
by measuring azimuth angles from the first line while holding the sextant
in a horizontal position.
After having established horizontal sight lines, one now tries to
fit them to rise/set points of celestial objects. An~hony F. Aneni at
Colgate University has developed a set of computerized tables of 49
objects at 7 epochs separated by 500 year intervals. The values are given
for each whole degree of latitude from 60 0 N to 60 0 S. From these tables one
can determine the azimuth rise/set points for the celestial objects
listed. For plotting star positions refer to Gerald Hawkins "5,000 and
10,000 year Star Cataloguer! (Smithsonian Contributions to Astrophysics,
Volume 10, Number 2). H.O. Publication No. 260 Azimuths of the Sun
will provide the azimuth of the Sun (or any other celestial body whose
declination is between 0° and 23°) at any time of the day for any degree
of latitude between 0° and 70°. One could use H.O. 260 if they were
interested in solar alignments only and had some azimuth lines already
determined.
Planet (and Solar) positions can be determined from -2500 to +2000 by
using the Stahlman and Gingerich tables: Solar and Planetary Longitudes
For Years -2500 to +2000. These tables give celestial longitudes only
but this information is quite adequate for setting a planetarium machine.
By plotting positions of the celestial objects of interest and using
the above mentioned tables, one can determine riseket points, times
of transit and times of zenith passage. All of these observations were
no doubt noted by ancient astronomers.
The deciphering of ancient tables almanacs and calendars can be
accomplished by knowing when outstanding celestial events occured in
the past. The most striking, no doubt, was that of eclipses. Oppolzer's
Cannon of Eclipses list 8000 solar eclipses and 5200 lunar eclipses from
1200GB.C. to 2161 A.D. For each solar eclipse, geographical coordinates
for the beginning, middle and end points are listed. These three points
plotted on a mercator projection of the world give.a rough idea of the
path of totality of the eclipse. Estimations of partial views of the
eclipse oan be made as a function of the distance of the observer from
the path of totality.
Comets and Nova dates can be determined from catalogues by Humbo1t,
Lundmark, and Tse-tsung. These lists provide approximate dates, positions,
and the length of time these objects are visible.
A new catalogue by H.H. Goldstine, New and Full Moon 1001 B.C. to
A.D. l65l,will provide the Archaeoastronomer with the. age and phase of
the moon for any date between 1001 B.C. and l65l.A.D.
To facilitate in date conversions, it is convient to use the Julian Day
Number(JDN) convention. This number is simply the number of days that have
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elapsed sinee January 1, 4713 B.C. It is a sequential numbering system
that covers the time span of interest to most people who are studying
ancient astronomies. Once a JDN can be associated with the recording of
an ancient astronomical date, it can then be translated into a western
chronology, Again, the Stahlman and Gingerich tables can be used for
this purpose.
Archaeoastronomy is a new science that accepts information from
many points of view. It is an excellent opportunity for the planetarium
operator to get involved in a problem solving situation, there may be
some ancient structures near you that contain astronomical alignments.
or you may be doing a production for which you need to know this type of
i.nfornation.

El1bert E. Harber
Associate ProfessoT
Department of Earth Sciences
West Cbester State College
West Chester, Pennsylvania
19380
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ROTATING BODY PROJECTOR (EQUIATORIAL VIEW)

John Hare, Abrams Planetarium

~

-0
light

mask

Projector:

Motor:

rotating
Transparency

projected rotating
image

T.M.C. Single Slide
Lamp
100 watt

Lens
3" f/2.5
Hqydon Timing Motor 1/3 R.P.M.

Disc

olt with hole
drilled thru,
slipped on motor
shaft, nuts hold
disc

Shape of rotating body is determined
by the mask mounted in a slide in
focal plane"
Rotating disc and mask should be as close as possible so as to both
be relative~ in focus.
Ed. note: See the paper by William Rush for ideas on making the disc.
This projector can be used to show equatorial views of Earth, Jupiter,
Sun, etc. I would like for someone to publish or make available masters
for these discs which all of us could ~Bproduce photographically_

A CINEMATOGRAPHIC APPROACH TO THE PRODUCTION OF FRAMELESS
SPECIAL EFFECTS FOR PLANETARIUM PROGRAMMING

Ronald N. Hartman
Planetariums utilize a variety of film materials in creating the many special effects which enhance the
dramatic element of programming. These effects are especially effective in programs presented to children
in primary and secondary grades. Motion, color and the simulation of realism aid in holding their attention
and sustaining their interest.
Frequently, these effects are produced by slides. Specialized equipment makes the image rotate, zoom
or move across the dome. In order to create the illusion of the special effect floating in the sky, it first
must have been photographed with a black background. Under conditions where the eye has reached nearly
total dark adaptation, even marginally visible light transmitted through the black background of the film will
reveal the frame and spoil the effect.
There are no color emulsions capable of rendering a background one hundred per cent opaque when
projected. However, some black and white films, such as Kodalith, as well as less contrasty emulsions processed by special techniques, approach this criterion.
The difficulty is normally solved by sandwiching two layers of film together.
carrying the image; the second is the high contrast black and white mask (matte).

The first is the slide

Cinematography has been generally avoided in sp2cial effect work because of the difficulties inherent in
making the mask. A 100 foot roll of 16 mm motion picture film would contain 4000 frames to mask! The problem
is further complicated by projection equipment which is not designed to accomodate motion picture film in this
format.
The essence of tne problem is to develop a method of producing frameless motion pictures for planetarium use
at a reasonable cost, using existing technology. The most dense blacks will transmit about 1/1000 of the incident
light projected through them. This is not a sufficient degree of opacity because the human eye under conditions of
total dark adaptation will respond to a remarkably low level of illimination. [The eye's range from total light to
total dark adaptation is about 750,000!J
Photographic densities are logarithmic. An opacity of 1000 corresponds to a density of 3.0. An opacity of
1,000,000 corresponds to a density of 6.0. The latter would result from a combination of the black background of
the image frame plus a mask overlay. As multi-layered, or thick emulsions, chemical intensifiers, special processing
techniques, etc. might be developed, these ali required special technology and suggested a costly approach. Thus,
the obvious choice, was to consider the development of a masking technique. An overlay for motion picture film
would require not only perfect registration between each frame of the mask and corresponding frame of the color
film, but the development of a method to combine them together for projection.
After extensive research, a technique was developed. The first subject made was that of a tumbling asteroid.
This was demonstrated at the ISPE - Atlanta conference. The asteroid fades in (as if at a distance), grows to full
frame (5: 1 zoom sequence) and receeds into the distance. [Making the effect was simple. The asteroid - a 12 pound
Canyon Diablo meteorite, was positioned on a rotating phonograph turntable, and photographed using a Carousel
Slide projector with appropriate filt.ers over the projection lens. The background was carefully blackened, and there
was no light spill beyond the object.] It is essential that Kodachrome film be used, as it has a more dense background
than Ektachrome emulsions.
From the original, a projection copy is made. Also from the original, a series of three intermediate printing
steps are necessary. This process was developed to render a film having black background, but transparent image.
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That is, a bleached-out image. This was done by special techniques using a Bell & Howell, Model J, contact
motion picture printer. A modification was made to use lamp intensities not normal to the printer's operation.
The film used to make intermediate prints is Eastman Type 7387 reversal print film. At the end of the sequence,
all parts of the original picture, except the black background, are transparent, even brown and dark regions. The
black background, though, is not lightened (reduced in density). The last print may be used directly as a mask
(travelling matte) or printed onto Eastman High-Contrast Reversal film, type 7362 - a hi-con black and white
film. This makes an ideal mask. [The hi-con B & W matte was used in the Atlanta demonstrationJ The combination
black background of the color film and matte give a total photographic density of 6.0 [light-transmission of

1/1,OOO,OOOJ
The result of the process is that, after projection with 20-minutes of dark-adaptation by the eye, the effect
tumbled in a total void, without the slightest suggestion of a visible frame or background. Tests revealed that
projected from a distance of one-foot onto a beaded screen, using 750 watts of illumination, no frame is visible!
Projection involves a new but simple technique. Picture and matte ro lis must be, of course, in frame-byframe sync. Sync marks should be made at the beginning and end of the ro lis. With tail (end) sync marks superimposed, the films can be wound together, onto a common reel. Fully wound, the head (beginning) sync mark
on the picture roll will be found to preceed or trail the corresponding mark on the mask by about six inches (for
a 100 foot roll). [This is 1 result of differential circumferences as both films are wound together, and not of mispositioning sync marks.] After sync threading the films ~.!~J.!l~J!~!' and engaging sprockets in the claw to
prevent slippage out of sync, the length of excess film (between sync marks) forms into a small loop between the
feed reel and the first upper sprocket wheel. As the films pass through the projector, the upper loop gradually
disappears, and a corresponding loop forms between the lower sprocket wheel and take-up reel.
Not all 16 mm projectors can take the two films together. 16 mm Bell & Howell, model 173 (silent) and
RCA model 400 projectors were used without modification, and gave precise registration between film picture
and mask in the film gate. Some projectors can be made to work using simple and inexpensive modifications in
the pressure plate and claw assemblies. There are models which are not adaptable to the method. Included are
all auto-thread machines.
Methods described here have been employed at the MT. SAN ANTONIO COLLEGE PLANETARIUM for
one year. Several films have been made and they all work with excellent success. Some have been used daily,
at least once and sometimes several times. They remain in good condition and show minimal wear. Occasional
cleaning of both film and projector is desirable. Normal care should be exercised so as not to tear film or
sprocket holes, or scratch the film. After some initial practice, films can be threaded as quickly as with conventional films.
In conclusion, it can only be said that audience reaction to the new technique is very positive. We have
had many favorable comments made after presentations. The degree of realism is unequalled to anything we
have previously been able to create on the dome.

t Please note, a detailed description of the methods of creating the matte and projecting films cannot be
given here due to lack of space. A complete description will be forthcoming. In the meantime, additional
information and/or assistance can be obtained from the author.

THE THIRTY SECOND TITLE SLIDE
by Jack Howarth
The production of title slides for a planetarium show is usually a long,
expensive, and sometimes a very complicated process.. Our planetarium staff
decided that "there must be an easier and faster way to mal-ce title slides".
So, our staff set up a criteria of trying to produce cheap and easy title
slides in at least one half hour. This fast method of producing title slides
would hopefully cut down on production time, effort, cost, and could be used
in emergency situations--one hour to show time and your title slice burns up.
After many experiments with film processing, the photocopying technique
was abandoned. Many types of film and developing processes (Kodalith, Ortho,
Unicolor, etc.) were speeded up to cut down on developing time, but even with
all of our chemicals mixed and ready to go and all of our other short cuts?
we still could not get the process down within one half hour. So we looked
for a more direct way of putting letters and numbers on the

Our first attempts at trying to directly put letters on a slide were, to
say it kindly, a flop_ We tried writing on a clear piece of plastic and adding
color filters with dismal results.. Next 1 we tried typing on paper and mountin..g
the paper on a slide. The slide was so dark one could hardly see the printing.
Next, we tried typing on colored and frosted plastic and mounting it in a slide
but the carbon or ink from the typewriter would smear or not show up very well
on the plastic. Next, we tried a Leroy Lettering Set with a special ink that
would stick to plastic. The results were not very satisfactory. It still
took time and tedious work to put the letters on the plastic, and slides were
usually too bright to use in the planetarium.
Finally someone (no one will confess to originating the idea) found the
right process. As usual, the idea is so simple you wonder why no one has
thought of it before. The heart of the process is to simply type on a stencil,
cut it out, and mount it in a slide. When projected, the letters have a silver
quality against a blue background. With a stencil in the typewriter and
several slide mounts ready, you can make a title slide in less than thirty
second!! !
Now that we had a quick, cheap, simple process to work with we began to
experimente First we varied the positions of the typed letters: across, up
and down, angles 1 peaks, and haphazard lettering.. Next, we tried different
kinds of type and typewriters: upper case, lower case, elite, pica, script,
and various forms of an IBM Selectric. We found that it is best not to use the
part of the stencil that has white marks on it and not to use a torn or wrinkled
stencil. We also discovered that we could draw lines, geometric figures, and
graphs directly onto the slide using a stencil instruments or a ball point pen@

As soon as everyone became experienced with this new process f we decided
to try and do something about the background. First we used Kodak
Black1
which is available at any photo supply store. Be sure that the Opaque
is very thick when you brush it onto the slide. We tried to
the square
format of the slide into circles, clouds, and other patterns. This worked out
so well that we added colored plastic to the slide and got beautiful results.
Red plastic changed the background to purple v-lith red, letters
Yellow plastic
changed the background to green with yellow letters. other color combinations
were even more beautiful.
3

Now someone decided to try and eliminate all of the background and
use the letters. First we tried black tape to simply block out all of the
background. This works fairly well, but only with straight, very closely
spaced capital letters. We also tried sandwiching several lqyers of the
stencil material together, but the background simply turned dark blue. Believe
it or not, the easiest and fastest method is to paint the backgrot4~d with
Opaque Black. Even the non-artist on our staff found this to be the easiest
and best method. By elimination the background and using varianc~ of type,
type setting, colored plastic, and drawing on the slides one can obto..:...·spectacular results.
Even the smallest planetariwn has the material, equipment, and skill to
produce these fast, cheap, and beautiful title slides for their own planetarium
shows.
Now that you know the process, start experimenting and you c&~ achieve
even more fantastic results--you are only limited by your imagination.
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Frank C. Jettner
Department of Astronomy & Space Science
State University of New York at Albany
Albany, New York 12222
RESEARCH FIELDS IN PLANETARIUM EDUCATION
In a previous paper we called attention1to the emergence of planetarium
education as a discipline in its own right. Roughly 1000 individuals in North
America and perhaps another 300 elsewhere do not claim to be professional
astronomers, nor are they simply classroom teachers, or museum
, or
college professors, or theatrical producers. Their contemporaries - th~ ?eople
they serve and their professional colleagues - do however often look upon them
as the local community astronomers. These people mu~t possess the qualifications of multi-media specialists (for that's what the modern planetarium is
about)t public relations specialists for astronomy and related science, science
education speCialists, and they must possess some astronomical knowledge.
One measure of respect which any discipline commands is the number of
doctoral dissertations and master's theses which are produced concerning it.
During the last decade we have been impressed by the increasing number of
such works t and we have tried to reply in a sincere fashion to the young
graduate students who have lately asked for guidance about research areas in
planetarium education where work is needed the most. Such recent communications have prompted this paper today. There certainly isn't time here to make
an exhaustive analysis, but we can suggest some areas that are needy of educational research.
Let's briefly review some of the work that ha~ been done as seen in· the
outstanding bibliography compiled by George Reed.
The first doctoral dissertations were completed in 1963. Joseph Chamberlaintnow director of the Adler Planetarium in Chicago, wrote a paper at
Columbia University, entitled lithe Administration of a Planetarium as an
Educational Tool". It reviewed the recent history of the projection planetarium and especially the development of the major American museum installationse
He concluded that such installations can reach their greatest potential when
administered by professional staffs trained in both astronomy and education9
Parenthetically, it must be said that distressingly little has been further
done on either the most desirable content or the extent of such training.
We'll return to this shortly.
Of historic interest that same year, Ruth Ann Korey at Fordham University
presented "Contributions of Planetariums to Elementary Education". It was a
descriptive survey, using questionnaires, which gave information about thenexisting facilities and practices.
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I shall call the contributions of
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in Flint, Michigan
Planetm.).
His paper described differences between adults who attend and do not attend
such functions in terms of attitu.des and content knowledge. No or~'C ~lse to my
knowledge has pursued this
of
as related to the planetar ....:.:1'.
Continuing Education has, of course, now been widely established in hundreds
of planetarium institutions,
covering introductory descriptive
surveys of
and
space science and "how-to" courses in navigation ..
Perhaps an enterprising researcher will be interested someday in analyzing
the common contextual, instructional, and administrative problems of these
various programso Standards of
and the means to discern them
should be conceived and then
our literatureG We should be concerned not
with
v s knowledge but of changing their
attitude toward modern
as well.

1966 saw the first of many dissertations which were concerned not with
just the use, but rather the effectiveness of the planetarium as a
environment. It 'lilaS
A., Smith at Arizona State University ..
Basically the
has been to compare test results bet'ween experimental and control groups of
to the same material in the
classrooIDe Smith employed sixth
planetarium and an otherwise
students and found
higher test scores in the classroom!
The next year

a similar study with sixth graders
process was slightly more involved
of
than Smith's, and utilized three groups, two of which had varying amounts of
classroom and one control group all
exposure
classroom. He found

at the
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George Reed continued this theme in 1970 at the University of
with his doctoral dissertation, ViA Comparison of the Effectiveness of the
Planetarium and the Classroom Chalkboard and Celestial Globe in the Teaching
of
Astronomical Concepts" .. He conducted his research while
758
students over a two semester period and concluded that the
chalkboard-globe combination was statistically significantly superior to the
planetarium for the immediate attainment and retention of the stated objectivesG I think it fair to include here the private communication with
Reed that at that time he personally favored teaching in the classroom
although he consciously tried to avoid permitting this attitude to interfere
with his
There have been other such tests, some still ongoing. It is my belief
that the scattered results are largely dependent on the fact that the experimenter has normally been the sole teacher involved .. I suggest that no
matter how hard the experimenter might try to remain motivationally neutral,
that is not only subconsciously difficult but can serve as a repressant on
his normal teaching enthusiasm in either of the tested environments,. This
should be particularly true in those experiments where the same students
receive both planetarium and classroom instruction from the same person.
One could, I suppose, go to some lengths to devise an
to show
the relative
iveness of the planetarium in which many teachers~ not
previously advised of their role, are used. This could
cancel
out the motivational factor, and perhaps prove the
. However, I think
it's a moot
now, and I would question such a project. We are no
concerned with the reality of the effectiveness of the multi-media environment for learning - what shouZd concern us is the strength of motivation of
the instruator and his students to succeed in that environment. Therefore I
would like to see these past experiments concerned with effectiveness and
any future ones calibrated in terms of the experiences and attitudes of the
instructors ..
Is it fair to say that the effectiveness of any teaching environment
depends primarily upon those who program its use? Can an effectiveness gauge
of some sort be constructed which is made known to the planetarium educators
during their early formal training?
This brings us to the question of the formal training which is needed for
planetarium educators. A number of institutions are now offering coursework
of some kind in planetarium education. I refer you to the directory of such
institutions published annually in The PZanetarian. There are certainly no
curriculum standards, nor even any commonly accepted norm of what the planetarium educator should know. Some would have him an astronomer with a few

education

courses~

others a pure education
,
, etc. Dissertation research and
detailed analysis of the
ppospeative job market, is
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research in the university planetarium. (As an
Note,
program has never been implemented at SUN~ at Albany because of lack of
construction funds to achieve the Henry Hudson Planetarium. Such funds are
still
*)
An alternative program would have the undergraduate student take the
broad coursework normally offered in science education at the BQS~
level to obtain a teaching certificate and then to follow up by
and planetarium administration at the M.S. level. This has the
that he would ordinarily have to take some makeup undergraduate
work in astronomy and physics as
of the graduate program, thus increasing
its
In still another area, Norman Dean completed a doctoral dissertation
the
of Maryland in 1971, entitled V1 Guidelines in the Selection
of Planetarium Instruments". It marks the first effort on a
which
should command much further attention. Dean did develop a short useful set
of
, but in so doing, he barely touched on the massive amount of
raw data he collected from 260
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characteristics and related problems. Any number of
between such characteristics
analysis remain to be seen.
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The final area I want to
concerns the general
of
student response systems. One
the
teacher has, unless
he is with a small group, is to obtain direct immediate feedback fr01.T! the
studentsb In the blackened room after all, there can be no raised hands for
questions or individual answers. The
response system,
its sophistication t allows the teacher to use multiple-choice
questions, to see how each student responds by seat location,
may even
give some analysis of the class results if interfaced with a
Such systems are now commercially available, but perhaps because of their
relatively high cost are seldom found in planetariumsG This whole matter needs
to be explored, relating to its advantages and disadvantages, attitudes of
instructors and students towards such systems~ cost analysis between
systems, possible do-it-yourself systems, etc. I dare say most persons in the
field know relatively little about student response systems or
consider
them an expensive frill .. An appropriate academic study could well s~~ ~'-.y this
attitude is unjustified.
In conclusion there are numerous areas for dissertation research in
planetarium education. One could dwell, for example, on the selection criteria and desirable characteristics for automated programming - or on desirable
curriculum standards for various learning levels - or on determining the levels
of true understanding of scientific matters by the lay public - or on an objective analysis of the various seating configurations (apart from manufacturers claims) - or on the validity of the claims made by proponents of tilted
hyperhemispheres - and so on. Clearly, as our new discipline matures, ideas
such as these will be explored. Our future is governed by our imaginations.

-0-
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THE
Existing research on the effectiveness of
e
tar
as a teaching aid can appear both misleading
contradic
\·li thin the last several years extensive research stud les
been undertaken in this area only to yield results quite puzzling to t~e intereste~ reader.
For
e, reports by
and Lauck,l and Wright~ offer conc
ions i
1
the planetarium to be more effective in teaching select
astronomy than ~ classT80m and celest
globe t
Meanwhile Reed, Smith, and Rosemergy each lndepend
ew
the conclusion that the planetarium was no more effective ~
a
teaching aid than the typical classroom~ chalkboard and/or
celestial globe.
A careful review of a sampling of these
t projects may
reveal research design characteristics which could tend to
jeopardize the external validity of part or all of these
Recall that validity r
rs to the extent to which an ins
(or design) measures what it purports to measure. 6 More specifically here, external validity asks the question of
1zability:
To what populations, settings, treatment va~1ablest and
measurement variables can this effect be generalized?(
Some general factors jeopardizing external validity of behavioral research include~
1. the reactive or interaction
t of testing
2. the interaction effects of selection biases and the
experimental variable
J. reactive effects of experimental arran~ements
4. multiple treatment lnterference~7
~
In other words it is implien
a study may be very carefully designed, administered and
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unique local experimental
s (#3 above) the results of
the study may be valid only for the one set of circumstanc s
under which it was administered.
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The existance of
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of
the aforementioned studies in the
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iction between the re
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of researchers who are searching
que
one
At this point a brief review
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order.
E S
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specialists in Bel Air, Maryland t ~rew skeptical of published
research results disclaimin~ the effectiveness of the planetarium.
They noted that in most cases, experimental results were derived
from flat two-dimensional paper-and-pencil tests. It was their
impression that more satisfactory criteria for assessing learning
of elements of observational astronomy would be a real sky test.
Control and experimental groups of sixth grade students were
selected. The control class was taught three consecutive lessons
on observational astronomy in a regular classroom, with the teacher
using the chalkboard and celestial globe.
The same teacher presented the same lessons to the experlmental class during three
planetarium sessions.
E~v'aluation conSisted of a seven element
individual oral examination under the real sky.
They found that for the teachin~ of those selected aspects
of observational astronomy, and within the limits of their project, the planetarium was statistically clearly and Significantly superior to the classroom. chalkboard, and celestial
globe.
\lJright was another researcher finding the planetarium to be
more effective than th.e classroom and celestial globe. The
following are excerpts from Dr. ~right's dissertation abstract:
"The purpose of this study was to determine
the effectiveness of teaching an astronomy unit
when it is supplemented by (a) a planetarium
program; (b) a nlanetarium program. preparation
by the teacher, and a follow-up exercise; and
(c) a planetarium program, preparation by the
planetarium l.ecturer, ann a follo 1fl-up exercise. ,.
"Eighth ,q:racte earth science classes in the
Lincoln Fublic Schools in 1966-1967 were randomly
assigned to four treatment Q';roups.
These classes
had completed an astronomy unit.
Twenty-seven
classes in Group I were tested before attending
the planetarium; sixteen classes in Group II
attended the planetarium before being tested;
eight classes in Group I I I had preparation by
the teacher, attended the planetarium, had a
follow-up exercise before bein~ tested; and
eight classes in Group IV had preparation by
the planetarium lecturer, attended the planetarium, and had a follow-up exercise before
being tested.
Thp teacher and planetarium lecturer used
the same outline of topics for discussion for
the preparation activity_
A written follow-up
exprc ~_ Ge waS &(:lven all stud ents in Groups III
and I • fi'he planetarl um lecture was recorded
to insuTP uniformity.
The Astronomy Achievement Test was and
eighty "\ tern. true-,false test conslsttng of a
seventy-five item test constructed by Barnard
plus five items constructed by a committee of
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three Lincoln eithth grade earth science teachers.
A ri~hts-minus-wrongs formula was used to correct
for guessing."
One of Wri~htts primary conclusions was that
"Students who attendec1 a planetarium program made
significantly larger gains on an Astronomy
Achievement Test than did those who had not
attended the program. u'
Reed. while completing a doctoral dissertation for the
University of Pennsylvania found the planetarium to be less
effective than the chalkboard and celestial globe. The
followin~ are excerpts from Dr. R~ed·s research abstract:
"The formal research problem was:
Is the
planetarium a more effective teaching device
than a combination of the classroom chalkboard
and celestial globe in the teaching of selected
astronomical concepts in terms of the immediate
attainment and retention of specified cognitive
behavioral objectives and the attainment of specified affective behavioral objectives?
The basic design of the experiment was the
Posttest-Only Control Group Design with the
Randomized-Group technique.
The study was
conducted over a two semester f period. using
different subjects and astronomical concepts
each semester.
The subjects consisted of 758
West Chester State (Penna.) students enrolled
in a one semester, four credit, basic physical
science course durin~ the Fall semester of 1969
and the Spring semester of 1970. The behavioral
objectives were in the affective and cognitive
domains.
They were concerned with specific
concepts concerning the motion of the stars,
superior planets, and the sun during the Fall
semester, and specific concepts concerning the
celestial sphere and precession during the
Spring semester.
One instructor did all the
teaching.
In each semester, the students were randomly
divided into two groups.
One group received the
chalkboard-globe presentation while the other
group received the planetarium presentation of the
same astronomical concepts.
Following the presentations. the students of each group. were randomly
divided into four sub-~roups.
The sub-~roups were
administered the Selected Astronomical Principles
Test immediately following the presentation, or
after a time interval of four. eight. or twelve
weeks.
The Selected Astronomical Principles Test
was a valid and reliable measuring instrument
developed expressly for the study.
The results of the cognitive behavioral

objectives were analyzed
the use of
student~
t distribution and the t ratio.
Tests were
significant differences between the means of
planetarium group and chalkboard-globe groups as
measured immediately following the
s
ion
and between the two groups after periods
eight II and twelve weeks. Toe chalkboard
mean on the Selected Astronomical Principles
was higher than the planetarium mean at
1 eight
testings. It was significantly higher at six of
the eight testin~s.
The affective behavioral objectives were
yzed by means 6f relative frequency graphs. The
analysis showed large similarities with
differences between the chalkboard-globe and planetarium
groups.
It was concluded that:
(1) the chalkboardglobe teaching situation is signicantly superior
to the planetarium teaching situation with respect
to the immediate attainment and retention of specific
cognitive behavioral objectives; and (2) there 1s no
difference in the affective domain between the
chalkboard-globe teaching situation and the planetarium
teaching situation.~
Rosemergy found the planetarium to be no more effective
classroom techniques in a dissertation for the Doctor of Philosophy
Degree at the University of Michigan. The following are excerpts
from Dr Rosemergy's dissertation abstract:
" ..• The chief purpose of this study was to determine whether sixth-grade children develop a greater
understanding of selected astronomical phenomena
from instruction which includes the use of a
tarium than from instruction which does nott Additional subproblems were: (1) to compare
ness of two teaching arrangements which differ
amounts of time in a planetarium; (2) to c
effectiveness of the three teaching
boys and for girls; and (3) to compare
ness of the three arrangements for chi ren of
intelligence and for those of low intelli
Three teaching arrangements were provid
n
each, children received five 4S-minute
instruction. One group received four periods
classroom instruction followed by one period
instruction in the planetarium. Another
received the first and the last of the
s
of instuction in the planetarium. A control
had all five
ssons in
sroom.
The phenomena selected for instruction were:
(1) the apparent daily and annual turnin~ of
sky, and (2) phases of the moon,
neteen cone
s
leading to understanding of the two
were

identified. A multiple-choice examination
forty questions was developed to test for understanding of the nineteen concepts~ This
ation was used both as a pretest and as a postteste
The investigator did the teaching and adml B
the astronomy tests. Active student involvement
was a part of each period of instruction, includ
those in the planetarium. The study was conducted in
the Ann Arbor, Michigan, Public Schools, with a
sample of 339 children."
uEach of the three teaching arrangements was
effective. The apparent differences among the
arrangements could be easily accounted for by chance.
Further. it was found that sixth-grade boys have
Significantly greater understanding than sixth-grade
girls have of phases of the moon and the apparent
turning of the sky before formal instruction in
these phenomena. No significant differences in
effectiveness were found among the three arrangements, when considering the total groups or the
sub-groups based on sex or on intelligence.
It 'was concluded that sixth-grade children do
not achieve a greater understanding of phases of
moon and the apparent turning of the sky from instruction which includes the use of a. planetarium than from
instruction which does not.~

THE INTERPRTATION OF DIFFERENCES
A comparison of the above stUdies reveals many circumstances which could tend to make each study very restric
in its generalizability. The most obvious difference
as the fact that the studies are constructed and executed by
different people. It is theoretically possible for each of
these researchers to exhibit behaVioral tendencies potenti
y
capable of influencing the experimental outcome toward preconcet ved judgments.
Another possible difference in these selected experiments
involves the reaction of the trea.tment groups to being
an experiment. In each case the subjects may have reac
differently to the fact they were involved. This famil
concept referred to as the Hawthorne effectS must be taken
into account when deSigning behavioral experiments and
tlng research results.
A third difference in the studies lies in the fact
the
subjects of the treatments varied grea.tly in age. Perhaps one
could possibly pursue the implication that the effectiveness
the planetarium corresponds to patterns of age.
Next, the treatments applied to the subjects were not
same. It can be observed that the planetarium exposure
from a limited number of visits for some subjects to major por ons,
of entire college courses for others.

Finally, note that the concepts used in each experiment
were not the same and the means of evaluatto!1 were un~que to
eac.h stud y.
Thus it becomes apparent that each study discussed here
does indeed exhibit very specific local circumstances which
may tend to restrict

~enera11zabl1ity.

THE PROS pr:;:c'rs

Hence the planetarium education community is in a situation at present of being uncertain about the genuine universal
potential of the planetarium BS R teaching aid. It would appear
from the preceri 'i. n~t d t Be ustdon th~:1 t further research t n the area 1 s
n(~r~ded.
PArhnp~~ of even ,o:reatlt.'t' importance is that cooperative
proJects spannlrHr, wtde n/J:f.". rAnp-es, covf.~r1nP': diverse top1c and
concApt presentations, nrul lnclurtlng institutions of varyln~
size an~ operattonal capac1ty may be extremely beneficial.
Throup;h prof~ss1or.~ll ol'p:.qnlzA.t'ons such as the InternatlonFll
Socjet.v ()f F']anetarlurnEduco.torB, perhHps such cooperatlve
research concerts ere possible.
Certainly this is an ideA
whose development 1s our responsib11tty and whose time has
arr1"ed.

Editor's Note: If you would like to participate in future studies, or
would like summaF,Y results of research studies, send name, title, address f
and phone number to Mr .. Leslie King, Planetarium Chairman, Boyertown Area
School District,. Boyertown, PA
19512.
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MODELS ON A SHOESTRING
Richard S. Knapp

liKing Kong,1I 1'2001," liThe Greatest Show on Earth;" these, and literally
thousands of other cinema productions have relied on the use of three-dimensional models to put audiences into the middle of scenes and action which
would be too costly, tOQ dangerous, or otherwise impossible to film in lifesize. Hollywood's Merlins weave their celluloid magic so skillfully that we
seldom notice the "sleight of lens" that shifts the action from real to model
and back. No less effective are the miniatures built to explain, to sell, and
to inspire interest, such as are seen in the museums, trade shows, and sales
rooms of the world.
The ability of models to enhance programs, exhibits, and classroom
demonstrations is well known to most planetarium professionals. Their superiority to two-dimensional illustration in many applications seems to be
generally accepted. This paper simply offers some ideas on obtaining acceptable models economically, recognizing that the hundreds of model kits lining
hobby shop and dimestore shelves offer very few which are suitable to
planetarium needs.
Movie studios, corporate exhibitors, and museums employ professional
model makers to supply their needs. However, they pay handsomely for the high
quality miniatures they obtain, and few planetaria will be able to justify
this kind of expenditure often, if at all. Nevertheless, it is sometimes
possible to enjoy the impact of such beautifully executed models through a
temporary loan, usually at no cost other than shipping and insurance. This
is easiest to arrange when the model is needed simply as a source of program
visuals (still or motion picture photography), since this involves a minimum
disruption of the model's customary service to its owner. Often, a model
can be photographed at or near its accustomed display site, saving time,
shipping, and liability costs. Museums, especially, are accustomed to
providing for the photography of their models for publication, research, and
documentation purposes, and will frequently allow a model to be removed from
its display and properly staged and lighted to meet the requirements of
any reasonable and legitimate request.
Obtaining models for public display is more difficult. A decade ago
traveling exhibits and models were plentiful. Today, far fewer are being
released. Those that are available go where they will get maximum exposure.
Planetaria which find their facilities and audience drawing power unenticing
to exhibit booking offices might seek ways to offer a more attractive package
by arranging for cosponsorship with other appropriate community organizations,
or display in conjunction with events of wide public appeal and suitability_
Realistically, though, traveling exhibits have become a very marginal source
of supply today.
While the commercially built model is usually unsurpassed in quality, it
is neither the last nor~ I think, the best word in obtaining three-dimensional
representations for the planetarium. Local talent has much to recommend in
this regard, not the least of which are the good will, added local interest,
and low cost which accompany this source of supply. Almost all communities
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have hobbiests who have long since surpassed the levels of skill required to
put together plastic kits. If these people are not known to you, they
should be. Local hobby dealers will be able to recommend craftsmen skilled
enough to assemble accurate models without kits, or even plans. The need for
a particular model must be recognized early enough to allow the model-maker
to take his time at the task. The planetarium must also take responsibility
for providing a good selection of clear illustrations, an adequately detailed
description, and some key dimensions. (Plans are better, but are seldom
obtainable.) On these ~onditions it is quite possible to have custom-built
models at very low cost. Many modelers will undertake projects like this
simply for the challenge and pleasure they derive from it. If your demands
do not exceed the reasonable limits of a pastime pursuit, it should be quite
possible to have your required model at nothing more than the cost of materials, and the ego-flattering techniques which are normally associated with
securing volunteer support.
Local hobby talent can become an exciting focus for community interest in
the planetarium through the contest fever that seems to afflict most of us.
Model building contests are a natural way to obtain either a large collection
of different kinds of models, or to hedge a bet on getting a top quality
model of one particular subject. For example, if the need is for an exhibition of interplanetary spacecraft, a contest might be organized around two or
three prototypes of special interest, such as Mariner 10, Pioneer 10, and
Viking, with prizes awarded to the best representation of each prototype.
If an especially good model of Viking is the need of the moment, the contest
should be one receiving entries of only that spacecraft. (This is a good
place to note that models need not be limited to spacecraft. The instruments
of Tycho Brahe, the arrangement of Stonehenge circa 1700 B.C., and an eclipsing
binary star system are examples of diverse prototypes which lend themselves
to replication in model form.)
Again, hobby shop dealers are good persons to know in this regard.
Consult them before setting up a contest. Their interest and expertise will
be invaluable in establishing contest rules and arranging for judging and
prizes. Remember, too, that the incentive to enter a contest is usually
proportional to the attractiveness of the prizes and the number of opportunities to win. However, the planetarium need not go broke on this, either.
Any event whi ch can offer to produce a !lv'li nner!l a lways manages to get good
billing in the news media. One of the advantages of that fact of life is
that it enhances the possibility of donations for prize money from local
businesses and individuals. People with money to spare
public service
activities generally have a well developed sense for the promotional possibilities inherent in any particular project. Like a d-i ning stick in search
of water~ they seem invariably to zero in on the same programs and projects
that capture the attention of the media.
Yet another avenue to explore in obtaining models and dioramas lies
within the local school system's industrial arts and graphic arts curricula.
Shop and art students are often in need of project ideas, and the planetarium's
need for three-dimensional visuals offers the possibility of mutually rewarding cooperation. The National Aeronautics and Space Administration has
exploited this same source with good results, providing challenging and
instructive shop experiences to students in Fairfax, Virginia, and Los Angeles~
California, while obtaining high quality models of Mariner and Viking for

their exhibit requirements.' NASA has also prepared a publication which
provides the necessary plans and instruc~ions needed to support industrial
arts projects in spacecraft modelmaking.
When it comes to diorama work, the model makers talents may need to b~
supplemented by those of the artist. From original design through all phases
of execution the diorama represents challenging problems in composition,
perspective, color, light and shadow--the same problems which an artist
struggles with in two dimensions.
When all else fails, and the model still needs to be made, there remains
one last possibility--you. Good, serviceable models can be made under
painfully limited amounts of time, money and talent by the judicious use of
believable looking "junk." Never, in the entire history of man have the
trash cans and closet shelves been as burdened down with the cast-off
trappings of ilciviliation as today, and imagination is all it takes to put
this stuff to work. Train you eye to see the possibilities in an old
L'eggs container, or an aerosol can, and keep a well stocked scrapbox in
your shop.
l1

Once obtained, models possess intrinsic viewer appeal, have lengthy
useful lives, and are available for repeated and diverse applications, as
for example in the considerable free publicity which can be obtained by
displaying the models in hobby shops, shopping center exhibit windows, and
other public areas outside the planetarium.

'INASA Report to Educators.1!

(r~ay,

1974).

2 Model Spacecraft Construction: Units for Secondary School Industrial
Arts. (Washington: National Aeronautics and Space Administration, 1966).
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Modern Astronomy Topics for Secondary School Courses
Paul H. Knappenberger, Jr.
Director
Science Museum of Virginia

Teaching modern astronomy topics in secondary school science courses was
the subject of a three-day workshop held in June 1974 at the University of
Richmond. The workshop was sponsored by the Task Group on Education in Astronomy of the American Astronomical Society ~nd flli~ded by grants from the
National Science Foundation and National Aeronautics and Space Administration.
The 37 workshop participants included high school science teachers, science
supervisors, planetarium persormel, and professional astronomers. The small
working groups and the general discussion sessions throughout the 'vvorkshop
all pointed to the need for better commlli~ications and cooperation in the
development of new materials for teaching astronomy. Many suggestions for
improving high school astronomy education were considered, and six methods
were developed in sufficient detail for further implementation.
It was generally agreed that for astronomy materials to be useful in
the classroom, student-oriented activities ~nd periodic updating to interpret recent developments are needed. Planetariurrl personnel can playa
significant part in meeting both of these objectives and are urged to JOln
with classroom teachers and astronomers in implementing the following six
programs:
1.

Conduct a sequence of four types of workshops to: identify,
collect, or catergorize currently· used materials for teaching
astronomy; review, collate, and identify gaps in the existing
materials; develop new materials to fill the gaps; and help
astronomers around the country introduce the materials to
teachers in their area.

2.

The production of a newsletter for high school teachers, with
lab activities, course outline·s, new texts" films, articles in
current journals, workshop announcements" etc.

3.

AAS participation in NSTA
through mini-workshops, an
exhibit booth and program speakers.

4. The development of new
students.

5.
6.

materials for high school

.----~--,~-------~-----

Writing and evaluating single
brochures which include
student activities for direct use in the classroom.
in the form of a

At the June workshop, four
topic astronomy brochures for high
school science teachers were critically evall1ated. These brochures were
funded by NASA and written by astronom.ers with input from secondary school

teachers throughout their development. The brochures entitled The Supernove:
A Stellar Spectacle, Atoms in Astronomy, Chemistry Between the Stars, and
Extragalactic Astronomy were revised for a final time following the workshop
and are now being published by the National Aeronautics and Space Administration. The brochures include: background information, student reading materials and student oriented activities for each topic.
Further information on the workshop and how you may contribute to subsequent activities may be obtained by contacting the author.
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FIVE PLANETARIUM PROJECTS
by George Lovi
Here is a group of five selected projects--out of hundreds--that lend
themselves very nicely to planetarium instruction. In addition to reproducing
the appearance and aspects of the heavens as required by each procedure, the
instrument is also used as a laboratory device to solve astronomical problems.
Because planetarium projectors vary greatly in complexity and accuracy 1
these projects were devised in a manner that permits them to be performed with
virtually all instruments, regardless of size or sophistication. Those who
possess larger, more e+aborate machines can refine these procedures in whatever
wqy they see fit.
Note that among these five topics all the major projections of the planetarium are used: Sun, Moon, planets, stars, and coordinates; as well as all
motions: daily, latitude, annual, and precession.
I.

Length of Dqys at Different Seasons

Certainly one of the most noticeable of astronomical phenomena is the wqy
the days vary in length during the year. Using our planetarium projector, we
can obtain a fairly good idea of just what these variations are.
We should point out, however, that the intervals considered here are simply
the period of time the sun is above the horizon. "Dqylight" as such is often
regarded as the additional twilight intervals before sunrise and after sunset.
Procedure:
1.

Switch on the Sun, ecliptic, equator, and meridian.

2.

With annual motion, run the Sun along the ecliptic to the date in
the year (marked on ecliptic) at which we wish to find the length
of day.

3.

With daily motion, bring the Sun to the eastern horizon so that its
disk is just half above the horizon-"rising""

4.

Note the hour and minute value along the celestial equator at
which the meridian intersects it; jot it down.

5. Run daily motion westward until the Sun reaches the western horizon,
the stop daily motion.

6.

Note again the value where the meridian intersects the equator.
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7.

The difference between this last value and the first is the length
of daylight on the selected date.

Additional Activities:
An interesting and instructive project would be to plot a graph of the
length of daylight throughout the year, with determination being made at, sqy,
ten-day intervals"

Moreover, this can be extended to include latitudes gther than our home
latitude. For example, repeat the procedure for every 10 of latitude (here
is an excellent student participation activity where, for example, different
students can take different latitudes). Plot the daylight periods for each
latitude.. In addition to a separate graph for each, a rather interesting
set of curves can be obtained if all are place on one sheet.
If your planetarium instrument permits it, extend this to locations
south of the equator. What do you find?
(Note: Using the celestial equator calibrations to measure daylight
intervals is not absolutely correct, since the equator has on it sidereal
instead of ~ hours. However, since the two differ by only four minutes
per day, the values obtained in this project are close enough and certainly
within the accuracy limits of most planetarium projectors.)
II.

Land of the lYddnight Sun

"Land of the Midnight SunH-a term much heard, little understood.. HOvJ
often do we hear and see statements to the effect that in the polm~ regions
there is "six months day and six months night. If This is a highly misleading,
generalized oversimplification which implies that this is so everywhere above
the Arctic and below the Antaractic circles. This is not true, as the planetarium can prove.
To begin with, we will establish just where on Earth midnight suns can be
seen, and then proceed to find the period-or span of dates-during the year
when there is continuous daylight; i.e., the sun never sets. Here, as in the
first project, we will treat daylight simply as the time the sun is above the
horizon.
Also, we shall confine our experimentation to northern polar regions~
Those wishing to try the southern can do so using essentially the same procedures .
Again, this can be done only if your planetarium instrument allows it ..
Procedure
i.

Switch on the equator, ecliptic, and meridian.

2.

Run diurnal (daily) motion until the 10 hour mark on the equator is on
the meridian.

3.

Run latitude motion north until the ecliptic appears above the northern
horizon--where the meridian meets ite Note the latitude at
this
occurs. (Latitude can be read by noting the height in degrees of the

north celestial pole on the meridian-with a pole pointer if your instrument has it--or approximately by the height of Polaris along the
or by the height of the celestial equ8tor where it crosses the southern
meridian; subtract this value from 90 to get the latitude~)

4.

The portion of the ecliptic that appeared above the northern horizon
should be around June 22--this is the date of the summer solstice, when
the sun is farthest north or closest to the north celestial pole~
(Alwqys remember that the ecliptic line represents the sun's apparent
path in the sky resulting from the Earth's revolution around it. More
precisely stated, the ecliptic is th extension of the plane of the
Earth's orbit to the sky.)

5.

If the machine is properly aligned, the eclipti8 at its June 22 position
should appear above the northern horizon at 6~ N. So. ~ • since the
ecliptic is the sun's apparent path in the sky, if it appears above the
northern horizon at a certain location on Earth, the Sun will appear
above the horizon at that time and place too. Finally: the Sun's midnight position--whether or not it is visible--is on the lower, or belowthe-pole, portion of the meridian. Its noon position is obviously on
the upper, or above-the-pole, portion of the meridian. Hence, if the
Sun is above the horizon while on the lower meridian, you have a midnight sun.

6.

At latitude 6~0 N. the ecliptic should just peek above the northern
horizon on the meridian at its June 21 position. Hence,
demonstrates
that one has to travel at least as far north as that latitude to have a
midnight sun.

7.

Having established this, we now would like to know just at what dates
during the ye ar there are midnight suns in the polar0 regions e For this ~
we will take readir~s at 5 degree intervals from 70 north latitude to
the pole (900).

8.

With the machine set at the desired latitude, run daily motion westward
until the ecliptic first touches the meridian on the northern horizone
Note the date position on the ecliptic which touches the horizon. This
is the first date at which that latitude sees a midnight sune
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Now continue daily motion westward as the ecliptic keeps intersecting
the northern meridian. (Note that it does this at its maximum altitude
on June 21sto Why?).

10.

When the ecliptic again touches the northern horizon where the meridia~
meets it, note the.date on the ecliptic at that point. This is the last
date on which that latitude sees a midnight sun.

11"

What happens when this experiment is performed at the pole? From when
to when is there a midnight sun? Answer: From about March 21 to September 22. Since these dates are the vernal and autumnal equinoxes,
representing the begiDxdngs of those seasons, that is the period between
which the North Pole has continuous dqylight" Since this is a six-month
span, what can be said about "six months dqy and six months night TV at
the pole? Based on your planetarium experimentation, does this
at places, even though in the Arctic regions, other than the
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Additional Activities:
Since we found something significant about latitude 6&~o, why is it of geographical importance? Look in an atlas.
Here, again, it would be very interesting to graph the data; also, to have
several students participate.
III.

Moon in the Daytime?

Youngsters are particularly apt to be surprised at seeing the moon in the
daytime sky and are likely to ask why this is possible~ This provides an excellent opportunity to launch into a description of the moon's motions and how it
relates to its visibility.
Some of this can be demonstrated at a laboratory table, but the planetarium
is unexcelled for recreating the moon's motions, positions (as well ~~ showing
the phases corresponding to the various positions), and when and where the moon
can be seen in the daytime.
First, we will determine the moon's visibility at various times during the
lunar month (the period from one New Moon to the next). During each d~ of the
lunar month the moon has a unique phase. For example, the first quarter moon
occurs on or around the 7th day; full moon, the 14th, and so on. Indeed, such
lunar calendars as still exist today-most notably the Hebrew and Mohamrnedanuses this very principle.
Using this lunar month concept, we will attempt to locate the moon during
different portions of it.
Procedure:
1.

First we shall verify
sun. To do this, run
of the vernal equinox
Then bring the sun to

that the moon's phasing is correct relative to the
annual motion until the sun reaches the vicinitYh
(where the equator and ecliptic intersects at 0)
the western horizon.

2.

With the equator, ecliptic, and meridian switched on, bring the moon to
the meridian. Its phase should very nearly be first quarter; this is
a "half moon", with the straight edge-or terminator--on the left.. If
the moon's phase is not correct, adjust it without moving the instrument
or any of its projectors.

3.

To further verify the phasing, annual motion might be continued until
the moon reaches the eastern horizon; it should then be full.

4. With the phasing correct, run the moon with annual moti08 until it
appears as a waxing crescent.
(left) of the sun.

It should appear about 45

to the east

0
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5.

Starting with the crescent
r we will note the local time at which
each of the seven discrete phases (waxing crescent, first quarter waxing
gibbous, full, waning gibbous, last quarter, and \rJaning crescent) rises
and sets. We have omitted New Moon because it is invisible lli~d lined up
with the, sun. The procedures described for the waxing crescent will be
used for the remainir~ phaseso

6.

Bring the sun to the meridian with daily motion. It is now 12 noon,
local time. Note the hour and minute value on the equator at this instant"

7.

Run daily motion westward until the sun reaches the western horizon.
Note again the value on the equator. The difference between this and
the first is the number of hours since noone Add this to noon to get the
time of sunset; e.g., if ~ hours have elapsed it is 6:30 pem. for the
time of sunsets All these times should be recorded.

8.

Continue daily motion westward until the crescent moon sets~ Note the
value on the equator when this happens. Again, the differencv 1,etween
this and noon is the time of moonset.

9..

Again continue daily motion westward until the sun rises in the east ..
Run it further until the crescent moon rises. Record the time, as instructed.

10.

Repeat this experiment with the remaining phases outlined.

11.

Then, repeat all this at different times during the year (when the sun is
at various places along the ecliptic). Student participation is strongly
suggested.

12.

After this project is completed, it should be possible, based on the
extensive collected data, to draw general conclusions on the visibility
of the moon during the day-. It should be remembered, of course, that
dqytime in the planetarium is whenever the sun is above the horizon;
hence if the moon is also above the horizon simultaneously, you have a
"daytime moon". Question: What is the only lunar phase that cannot be
seen in the daytime? Why?

Additional Activities:
There is much lore on the moon as the basis for calendars. Look up such
material in the library. As mentioned, two major faiths use lunar calendars t
but each of these calendars have a significant differencee Find out what it is.
Almost everyone has heard the term "Harvest Moon". It is the Full Moon that
occurs in September. It received that name because in olden times f8~mers found
that during the time of the Fall Full Moon, there was bright moonlight early in
the evening for several nights in succession. The moon rises later each night,
but at this time the night-to-night rising delay- is minimum, so moonlight could
be used to gather in the harvest. There is a very interesting astronomical
reason for this phenomenon which the planetarium can show better than anything
else. If your data is correct, the minimum night-to night rising delay- should
be revealed, but the physical reasons for this can be clearly revealed by your
instrument. Try it and see.

IV.

The

of a Planet

A fairly elementary astronomical concept is that a year on Earth is the
time it takes to revolve around the suno other planets in our
system
also revolve around the sun, but requiring different periods:
than
Earth's if closer to the sun than us; greater, if farther out.
the result of the laws of Kepler and Newton, which all astronomy
Therefore, each planet has its own "year".
to get an idea of what it is?

How can we use our planetarium

Astronomically speaking, a planet t s period of revolution--or its year-is called its sideral period. This is because, as seen from the sun, the
planet's position relative to the virtually fixed, extremely remote background
stars become the sa~e after it completes a revolution. Yet this is not the
case for an Earthbound observer, since our position relative to the planet in
question can vary indefinitely when it completes a revolution.. Hen(:a the
line of sight from Earth to the planet can be directed anywhere along the
zodiacal region.
So, how can we determine its sidereal period--its period of revolution?
There is an elegantly simple formula based on observing another of the planet's
periods: its synodic period. This can be directly observed from Earth.
Briefly stated, it is the interval between which the planet is in conjunction
with the sun. In the planetarium, the planet in question would appear direct~
above, below, or superimposed on the sun's image.
Of the five naked eye planets a planetarium portr~s, Mercury and Venus
are inferior planets; this is, the orbit inside the Earth's orbit. The three
others, Mars, Jupiter, and Saturn, are superior planets: they orbit outside
the Earth's orbit. (there are three other superior planets--Uranus, Neptune,
and Pluto-but they are not shown in the planetarium; the first is barely
visible to the unaided eye, the last two require a telescope).
It must now be remembered that an inferior planet can have two kinds of
conjunctions: inferior or between Earth and sun, and superior, or opposite
the sun from the Earth. A superior planet can have only one kind of conjunction; it is clearly a superior conjunction, because such a planet can obviously
not get between the Earth and the sun.. (It would be well to review these
concepts in an astronomy text).
For the two inferior planets, select one of the two types of conjunctions
for this project and stick with it. An inferior conjunction occurs when the
planet passes the sun from east to west; a superior conjunction is the opposite ..
For the single type of nonambiguous conjunction of a superior planet, simply
note when the sun overtakes it; these planets will then be moving from west
to east near the ecliptic at a slower rate than the sun ..
With these parameters clarified, let us proceed:
Procedure:
1.

When the planet being worked with is at a conjunction, note the date
at the sun's position on the ecliptic@
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2.

Run armual motion forward, and
it going
the planet returns
to conjunction; remember--the same tYRe for an inferior planet$

3.

the date again from the sun's position. Also, note if it is in
a succeeding year (if the sun passed January 1). Compute the interval
in d~s between these conjunctions.

4.

Run annual motion forward again until the planet returns to conjunction
once more. If there is a difference in the interval, note ito On
larger, more accurate instruments which reproduce the nonuniform Kepleriar
or elliptical motions of the planets, there almost certainly will be a
difference, and here it might be useful to take additional intervals to
obtain a mean. In any event, these intervals represent the planet's
synodic period.

5.

Having obtained this, we can compute its sidereal period or year? using
the following formula:
where P equals the planet's synodic period,
E is Earth's year, and S is the sidereal
period of the planet--which we are seeking.
(Note:

All values are in d~s)

Additional Activities
One wqy the concept of planetary synodic and sidereal periods might be
clarified for students would be to have them consider a racetrack with two
racing cars of different speeds. Whenever the faster car overtakes the slower
one, they have completed' a synodic period with respect to each other. Yet
whenever each car passes a particular point along the grandstand, it completes
a sidereal period with respect to itself; e.g., it traveled around the track
once.
Notwithstanding what has been said on the previous page, there is a
sophisticated method by which a planet's sidereal period can be obtained from
the earth. It involves observing when the planet passes one of its two nodes:
these are the points where the plane of the planet t s orbit intersects that of
the Earth's orbit (plane of ecliptic). Each planet has, therefore, an ascending
and descending node. When the planet is at a node, it is exactly on the ecliptic.
The interval between the passage of a planet past one of its nodes--the ~
node--is its year. However, for this method to work, an extremely accurate
planetarium projector is required.
The planet cages of a planetarium instrument is an excellent teaching
machine in its own right; that is, even as a non-projecting device. These units
are scale models--or orrieries--of both the earth's orbit and that of the planet
represented in the cage compartment; models of both planetary distances and
speedse Accordingly, they can be used to teach maqy concepts pertaining to
planetary motions, concepts that the immobile pages of a book cannot do quite
so effectively. This application is limited only by the imagination of the
instructor. Moreover, when their training is advancing, students can be taught
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how to set the planets; mastery of this technique is virtually an unexcelled
w~ to grasp the subtleties of planetary motions--a very good exa~ple of the
"Ie arn-by-doing" educational technique.
The history of how man began to grasp the true nature of his universe,
largely through the observational and theoretical discoveries of how our solar
system works, is one of the greatest single intellectual feats in his history.
It is &~ exciting story, involving such scientific giants as Hipparchus, ptolemy,
Copernicus, Tycho Brahe, Kepler, Galileo, and Newton, and none but the most
superficial curricula should skip this. Perhaps one of the best books for this
is The Project Physics Course, Text and Handbook, Unit 2, "Motion in the
Heavens", Holt, Rinehart, and Winston, Inc., New York, 1970. It is a copiously
illustrated, complete, concise work which covers this material better than
virtually all standard astronomy texts, even at the college level. In this
book the reader can follow the scientific blind alleys of the early astronomers,
and the triumphs of those of later eras. In addition, this book is an excellent
treatise of planetary movements, one which the planetarium operator can sink
his teeth into.
V.

THE FOUR ROYAL STARS OF PERSIA

In the fertile valleys of the Tigris and Euphrates rives of what is now
Iraq (formerly Persia), some of man's earliest civilizations first made their
appearance. These ancient people were attentive observers of the skies, albeit
mostly for astrological and religious purposes.
In ancient Persia some five thousand years ago, four first magnitude stars
--Aldebaran, Regulus, Antares, and Fomalhaut-were regarded as "Royal Stars" ..
Although, as indicated, all are first magnitude, they are not exactly among the
brightest stars in the sky; stars such as Sirius, Canopus, Vega, Capella, Arcturus,
are brighter. So what is the significance of these four stars that caused them
to be given such regal recognition?
Well. . • we are talking about the skies as the ancient Persians saw them.
Were these skies any different from what we see tod~? Yes and no. The same
constellations and star patterns we see tod~ shone from the far-Iess-polluted
skies of five millenia ago--but: they were in drastically different positions.
However, relative to each other their placements were alike. What does all
this mean?
Brought into pl~ is the most subtle and least understood of the Earth's
major motions: the precession of the equinoxes. Caused by the gravitational
pull of the moon and sun on the Earth's equatorial bulge, it causes the Earth's
axis to wobble like a dying top once every 25,gOO years. This wobbling results
in the axis pointing to different portions of the celestial sphere during this
cycle. By coincidence, at present the northern extension of the axis points
near a second magnitude star we call Polaris, because it so well defines the
north celestial pole.
While precession gives us different pole stars over spans of many hundreds
and thousands of years, it also causes the positions of the celestial sphere of
stars to drift generally eastward in relation to the equatorial grid of hour
and declination circles.
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Because of precession's very long time span, we carlilot observe its
or
effects in a lifetime 1 urJ..ike the Earth 's rotation and revolution" Here is
where our planetarium permits us to travel backwards and forwards in time, earning
it the name of "time and space machine".
Using the precession function on your instrument, the mystery of the four
royal stars of Persia can be explored, an example of one way in which "itle can
delve into astronomical--and other--history in the planetarium.
Procedure:
Note: The method by which precession is controlled and read varies from
instrument to instrument. Some of the smallest machines have a manual
control and no precession circle projector, larger, more elaborate units
have motorized precession as well as a projected precession circleG Here
we will give setting instructions simple enough to provide for all machines;
however, check the procedure for your particular unite
1.

Rotate the precession so that the star Thuban in Draco is closd3t
to the pole (see star map at the end of this paper).

2.

Switch on the ecliptic and equator.

3.

Look at the vernal equinox position (0h on equator, March 21 on
ecliptic; they mutually intersect). Can you find the Hyades cluster
in Taurus as well as the star Aldebaran in the general vicinity?

4.

Now look at. the sumrner solstice area (June 22 on ecliptic). Do you
notice the constellation Leo straddlin~ this point? Its brightest
star is Regulus.
Adjust daily motion to bring the autumnal equinox (Sept" 23) above
the horizon. You should see the constellation Scorpius--containir~
Ant ares-right there"

6.

Finally, look at the winter solstice (Dec. 22). Notice that somewhat below and to the right is the star Fomalhaut; it may be necessary
or advisable to adjust latitude southward to better see its Formalhaut
is the Alpha star in the relatively little known constellation Piscis
Austrinus, the Southern Fish.

7.

We have adjusted our instrument to approximately 3,000 B.C. and have
observed the equinox and solstice positions. At the same time,
attention was drawn to a bright star in the vicinity of each of
these season points.

We now see that in the historical era centered around 5,000 years ago,
there was a first magnitude star near each of the season points. To the ancient
Persians this was of special significance, so they designated them as Royal
Stars, rulers of the seasons and guardians of the special points in the s~
marking their beginnings.
It is also interesting that back then the constellation marking the highest
point on the ecliptic--at the summer solstice--was Leo the Lion* Regarded as
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king of the beasts, it is hardly coincidental that it was given this commanding
position which also marks the beginning of the fierce heat of summer. Although
the name of Leo's brightest star, Regulus, was not assigned until some time
later, it apparently commemorates Leo's special position at one time; the word
"Regulus" is Latin for "little king" or "princen-it is a diminutive of "Rexu •
Additional Activities:
In adjusting the machine for this distant-past era, we set the star Thuban
(Alpha Draconis) closest to the celestial pole. This is a story unto itselfs
There is a wide boqy of lore about the alleged fact that the Great Pyramid at
Gizeh, Egypt, was built in such a way that a tunnel that Thuban (then the pole
star) might shine down the tunnel into the sacred burial chambers of the king.
However.
for some surprising facts about this tale, see the March, 1969,
issue of Sky and Telescope, Pages 168-170 ..
A good way to set precession is to use Regulus as an index pointer; at
the present time it is just above the~ August 23 position on the ecliptic. For
adjusting precession for past epochs t count 1 calendar day alor~ the ecliptic
westward (backwards in the calendar) for each 71 years. For the future, go
eastward along the ecliptic 1 day per 71 years. This procedure is especially
useful for those instruments withollt a precession circle' .. ' Also: Delta Orionis
(Mintaka) should currently be at 5h 3011i along the equator.
As we indicated, precession changes the positions of constellations; it
also changes the visibility of groups from locations on Earth. For example,
at the time Jesus was born, the Southern Cross was visible from what is now
the United Sates. Also, back in the remote days of the Royal Stars, Orion and
Taurus were autumn instead of winter constellations, and all remaining grovps
were generally in the skies of the season previous to which they are in tod~y.
An interesting stUdent-participation project here would be to record the
positions and visibility of some of our better kno~~ star patterns at various
epochs during the precessional cycle.
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The Other Astronomical Associations,
How They May Help The Planetarian
By: Russell C. Maag
During the August of 1974, it was my good fortune to attend the Spitz
Space Systems, Summer Institute, held annually at Chadds Ford, Pennsylvania,
and West Chester State College.
Of the more than 100 planetarians attending this institute a probable
60% were unfamiliar with several of the amateur and professional astronomical
associations existing today_
In view of this situation, I felt compelled to list several of these
groups, tell a little about their work, history and accomplishments and to
list a correspondant so that people in the planetarium field might contact
them for further information according to their interests.
THE ASTRONOMICAL LEAGUE
The Astronomical League is a national federation of Astronomical societies
arranged in nine major regions throughout the United States and its possessions.
These nine regions roughly encompassing the regions of the ISPE, are governed by
a regional chairman, vice-chairman, regional representative, secretary and
treasurer.
The corporate headquarters is now located with an executive secretary, who
operates the national headquarters office. The national officers are president,
vice-president, secretary and treasurer in addition to the executive secretary_
The national council is composed of the above elected officers plus the
chairman and regional representatives of the nine regions. Each of the nine
regions hold annual conventions as well as an annual national convention.
The purpose of the Astronomical League is to promote the sicence of astronomy;
to encourage and coordinate activities of amateur astronomical societies; to
foster observational and computational work and craftsmanship opportunities in the
various fields of astronomy; to provide a medium of coorelating amateur activities
with professional research in astronomy.
The Astronomical League is a non-profit corporation and publishes a quarterly
Journal of the Astronomical League called Reflector.
The current Executive Secretary is Mrs. Wilma A. Cherup, 4 Klopfer Street,
Pittsburgh, Pennsylvania 15209 and editor of Reflector is Mr. Charles I. Gale,
440 Houze Way, Roswell, Georgia 30075, each of whom can supply additional information concerning activities of the League.
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THE INTERNATIONAL UNION
OF AMATEUR ASTRONOMERS
This is an international union of Astronomical societies mostly those
national societies of a particular country around the earth. Provision is
also made for individual membership.
Write to Mr. Ken Chilton, Secretary, 93 Currie Street, Hamilton 57,
Ontario, Canada, for further information. This organization publishes a
quarterly BULLETIN.
THE ASSOCIATION OF LUNAR
AND PLANETARY OBSERVERS
This is an association of amateur and professional astronomers whos2
interests lie chiefly in the fields of lunar and p::netary observation and
is more or less international in scope.
The Journal of the Association of Lunar and Planetary Observers and
known formerly as The Strolling Asttonomer is published monthly.
Walter H. Haas, Director, Box 3AZ, University Park, New Mexico 88003,
will supply additional information.
THE AMERICAN ASSOCIATION OF
VARIABLE STAR OBSERVERS
The AAVSO is probably the oldest organized group of specialized observers
in the United States today. Founded in 1911, at Harvard College Observatory,
with W.C. Pickering as the first director, this group, international in membership, observes stars which change their light output over a period of time.
Visual, photometric and radio techniques are employed to determine fundamental
light curves for hundreds of variable stars. Reduced data is used by many of
the major and professional observatories throughout the world.
Further information on the AAVSO may be obtained by writing the currect
Director/Recorder: Mrs. Janet Mattei, 187 Concord Avenue, Cambridge, Massachusetts
02138.
THE WESTERN AMATEUR
ASTRONOMERS
This is an association of amateur and professional astronomers, mostly within
the states of California, Arizona, Nevada, and Hawaii, for the study of astronomy
and telescope making. The group usually holds an annual meeting. Further information may be had by writing: Clyde Tichenor,15524 Cohasset Street, Van Nuys,
California 91406.
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THE

ASTRONOMI
SOCIETY OF CANADA

The Royal Astronomical Society of Canada is comprised of Astronomical
Centres representing each of the 18 provinces of Canada, with the national
headquarters residing in Toronto. This organization consists of the national officers and two of the past presidents.
The RASC published a JOURNAL which is now in its 68th volume of publication and is bi-monthly_ In addition their annual Handbook of astronomical
events has become a favorite publication for all astronomers in the western
hemisphere. Further information may be obtained by writing the Executive
Secretary, RASC, Miss Rosemary Freeman, 252 College Street, Toronto, Ontario
M5T-1R7, Canada.

EeL No!~: I would like to add another association to I'1r. Maag t s list ..
The Astronomical Society of the Pacific is a society of research astronomers,
plan8t,:3.rian~), amateur astronomers, and others interested in astronomy"
The
Soci('ty
two journals, the Publication\> of the Astronomical Society
of tht' P3~ific, \vbich cont(lins rCi3earch papers 1 and M.,ercury, a popular journal
of a~:;troncJnw. Under thu editorial leadership of Dr. Hichard Hei~) 1 Mercury i~)
placing an emphasis on a:3tronomy education at all levels. This emphasis, plus
the
s public lecture programs should be of interest to planetarians.
For more information, contact Astronomical Society of the Pacific, 75 Southgate
Ave., Daly City, CA
94015.
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THE HELlOS TAT IN THE CLASSROOM
By:

PL~\~TARIUM

Frank Memmer

Sometimes something is so obvious, so familiar and so accepted
that it is ignored. Such is the case with Old Sol. The sun is so
universal that we tend to ignore it. While much of the science of the
universe centers around our planets or the distant stars, our own star,
the sun, provides, either directly or indirectly, nearly all of our
energy. One can only conclude, then, that if man is to solve his energy
problems, he s'hould be concentrating his efforts toward understanding
the sun and its effect on our planet. Unfortunately, the sun is almost
forgotten in most educational institutions due to the lack of developed
curricula qualifying teachers and laboratories equipped to observe or
display solar phenomena. Over the past decade or so, I have observed a
lack of dissemination of information regarding the sun at the elementary,
secondary, and some college levels. Simultaneously, students, adu1ts f
and society in general, are floundering, frantically seeking information
that will enable them to solve their ever-increasing energy requirements.
Because of these observations, over the past few years 7 I have written
what I consider to be a list of four important need assessments regarding
solar astronomy in education.
They are:
1)

In schools the sun is the most universally ignored astronomical
body, ,yet it is the most important. Pupils, kindergarten
through college, can relate to our near star 1 yet are seldom
afforded the opportunity.

2)

Few pupils have ever seen the dynamics of the solar disc. An
important are.g. in the study of science and astronomy at all
levels is, therefore, being neglected.

3)

The sun may serve to create astronomy and physics lessons
which stimulate inquiry and intensify the search for knowledge.
It is a universally observable phenomenon which is ever present
and readily accessible.

4)

Recent advances in filter technology make heliostat video systems
available for use in solar studies in elementary and secondary
education.
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There are a variety of approaches one may
to meet the stated
needs.. However? for my purposes, I have chosen to use the heliostat. The
heliostat is a system of reflecting mirrors which, with one mirror being
the primary 1 may track the sun at the mean solar rate and reflect its
light into the interior of a planetarium or any suitable area for utilization. (Fig. 1) Heliostats are inherently reliable; they are rugged and
have great longevity. They may be mounted in places inaccessible to
students but with the light beam readily available for use. The use of
the heliostat in the planetarium brings the real sun into the planetarium
classroom and laboratory. The sun may be viewed directly in white light
and real time? or with more sophisticated methods and instrumentation.
The white light image may be viewed by all who are pres~nt. Spectral
phenomena, as well as principles in optics? may be Vlrell illustrated for
large groups with a powerful light source. An example of such displays
might be molecular bands of absorpotion such as those presented by
chlorophyll, oxyhemoglobin or corr@on food dyes. The controlled environment of the planetarium makes the heliostat and planetarium an ideal
combination. Since most solar observing and optical experiments, as
well as optical displays, require darkness for the observer 1 the planetarium chamber may pro,nde this darkness to any desired degree. In
addition, our star, the sun, is readily available when students are in
class. Heliostats 1 therefore, may be used in cities and in regions
where nighttime observation is nearly impossible. When one views and
studies the sun, he is stUdying a typical star and much of what is
occurring in the rest of the observable universe~ In order to utilize
the heliostat in the planetarium classroom, it must be mounted in either
a vertical or horizontal position. If a horizontal mOlli~ting is used, it
is generally installed on a south-facing exterior wall. Most frequently
used, however, is the vertical installation. In this method the heliostat
is usually roof-mounted above the ceiling immediately adjacent to the
planetarium dome. In some instances the heliostat may be used as a
portable item. " In addition, not all heliostats, whether vertically,
horj,.zontally or mounted in a portable manner, need reflect their light
into the interior of the planetarium. A rear-view screen method iJlrill
work very well, or the light may be utilized in a
of seminar room
near the planetarium. In my situation I employ the heliostat as part
of the planetariurn system which encompasses all grade levels as well as
adult education and visiting college classes. utilizing the heliostat in
the planetarium gives occasion for additional stl.ldent participation.
Almost always there is a need for
students of all ages
become involved in demonstrations ·and the lesson itself when given the
opportunity. Such lessons as white
of the sun, sun spots,
in particular, make very good illustrative lessons. Hydrogen-alpha filters
11l]ith video displays show the solar disc beautifully.
displays and
optical displays have a great deal of illustrative value. Solar collectors
in the form of flat
, focusing devices such as fresnel lenses and
parabolic troughs and dishes as well as solar cells of various types may
also be beautifully illustrated. .A typical lesson with the heliostat in
the planetarilllll classroom might be that of observing the sun for sunspots.
After the heliostat has been adjusted and a sharp solar disc put in focus the students should have
do this - the image of the solar disc may
be examined for sunspots
"VIllien students find the spots 1 ask them how they
may check to be sure the
s are not marks on the screen or the images

of dust

on the lenses
are not very
a few hints.
, have them
the
such that the SUI1? s
oJ_ ,;ne
The
track may
screen
from which one may
record
s, or one may
and
the
transparency or gr&ph paper on it. There is
of
and the
sunspots may be traced
on
material. Students may also
have their own ideas about how the
recorded. The copy
mechanism should
continue this
and data
of five
successive days. HOV-Iever, if this is
classes may
integrate their data and a collective issuance of it may be made available
to all students. This works very well ~Qth
CL.1J.d
students. Another descriptive lesson that
be utilized
laboratory is that of video
of
In order to do this
a video system must be employed behind a
filter and a.
objective lens. In such a video
most of the
in white light comes into fine contrast. Such sub
mu.ch
becomes quite structured and
detail. The umbra
around the sunspots becomes much more defined. The flocculi or plage
of the solar disc become visible
the
of the solar
disc becomes very
on the
are present and visible, sometimes 1
rOlt,]
like structures are visible
shovm filaments which are the
prominences make displays. The disc
dark and smoke-like in
overhead view of the
When the sun is rich in
areas,
from a
area an
energetic spurt of solar energy is liberated vJhich is called a flare vJithin
the hour the earth environment is
These are a feli'J of the more
prominent features of the sun vvhich may be viev-red in a classroom situation
by all who can see the video monitor. This lesson has its chief value in
vocabulary development and nmN
for students who have never seen
solar
before.
are the titles for a series of lessons
designed specifically for use in the
If the reader wisheS
copies they will be sent at no cost?
to the vreiter
Each
lesson is designed to be used in the
with the heliostat
P

consist of title 1 areas for
teacher preparation, classroom

and the

The titles are:
1.
2.

3.

4.

The Sun
Filters.
Solar Cells
and

One of the best features of these lessons
which are
magnificant spectral
the order of
bright
the
may be viewed.
may be pro

Various

+1

agueous solution to illustrate the
CoC1 , as well as gases in containers
2
wide, two to eight h u n d r e d .
are not
higb~y dispersed, a five hundred angstrom band may cover
of the
spectrum. (Fig. 2) The comparison
shows exactly what is missing.
A little experimentation enables one to
his requirement.s. In addition
to regular programs for classes in the
1 ill"u.ch excitement may be
generated using the heliostat as a lunarstat for tracking the moon. Although
the lunar image is not as bright as the white light solar image j it may still
be observed, especially with a video system. HmrJever, excellent photographs
may be taken through the heliostat
using
or white light. (Fig. 3)
A little experimentation a...'1d reading and research soon enables amateurs to take
very satisfactory lunar and solar photographs. Minor vibrations 1 the prime
cause of bad lunar? astro and solar photography are virtually eliminated.
The solar observatory during the daytime becomes a very exciting place as
students begin to analyze the plage areas on the solar disc when they are
about to produce solar flares$ No other astronomical body so directly and
immediately affects our earth t s environment. Daytime astronomy Cal; be a
valuable addition to the planetarium.
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The SCIS Elementary Science Program
and the Planetarium
Arnold C. Nelson
The Science Curriculum Improvement Study (SCIS) began in 1962 at the
University of California, Berkeley, as an effort to study young children as
they solve problems. The program, with ESS and SAPA, was federally assisted
and developed in trial centers with many involved in development. seIS has
been well received as it is now taught in many elementary schools in several
countries.
There are two purposes for this paper. The first is to point out ideas
for planetarium programs which can be an extension of teaching already going
on in schools which are using the SCIS program. To accomplish this, a brief
description of possible programs for each level and terms that students could
be expected to know follows.
The second purpose is discussed at the end of the paper because it is
most important and I have a theory that busy planetarium people read the first
paragraph of a paper to see if it is worthwhile and the last paragraph to see
what they missed. That last paragraph will discuss teaching ideas from the
SCIS program which can be used in preparation and follow-up for regular
planetarium programs.
I.

First Grade - Properties - (Best to follow Unit lIon Sorting).

Learners would describe properties of the Sun, a quarter moon, a planet,
and then the stars as they see a "normal" sunset. Learners would order stars
in brightness and sort them in color.
Terms:
II.

Properties

Second Grade - Interaction and Systems - (Best after Unit 17
"Interaction at a Distance").

Learners observe a natural sunset and identify one star pattern to
watch in coming weeks. Daily motion is introduced for six hours with four
teams of "experts" observing at cardinal directions. Together they build the
system of the "celestial sphere".
Learners observe planet motion with the orrery and give evidence of
interaction. The system is compared to that of the magnet in the classroom.
Conflict between the two systems is hinted at but not solved.
Terms:

Interaction System
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III.

Third Grade - Subsystems and Variables - (anytime in year)

After seeing enough of the evening sky to recognize it outdoors on
coming nights, daily motion is introduced and reviewed. Learners then
look at the sky from night to night and sort objects by their motion.
Learners observe the orrery and review the solar system with the
Earth-Moon and Jupiter-Moon subsystems. They attempt to link the period
and distance.
Terms:
IV.

System Variable

Fourth Grade - Coordinates - (After Unity 18 on Polar Coordinates)

After watching a sunset, learners are asked: Where are the stars?
The azimuth idea from the classroom is reviewed and altitude added as
needed. The equatorial and galactic coordinate systems are built as they
are needed.
V.

Fifth Grade - Motion and Position

"Mr. a" travels around the sky looking at relative position and motion.
The program is a review of the solar system with the link between how it
looks from Earth and how it actually is.
VI.

Sixth Grade - SEace Travel and the Ecosystem

A space flight is simulated and planets and the space craft itself
are discussed as an ecosystem. Energy sources are discussed.
The SCIS program has incorporated some teaching ideas which may be
useful for planetarium preparation and follow-up. The units are planned
for packaged kits which could be easily improvised in most cases. The first
grade unit, Material Objects, has some good ideas on grouping and serial
ordering that may be good preparation for magnitude studies. In the fourth
grade unit, Relative Position and Motion, the marvelous invention of "Mr. 0"
is made. "Mr. a" is a stick man gentleman just detailed enough so students
can tell right from left and front from back. Students describe what "Mr. a"
would see in different positions and as motion takes place. These would
make good introductions to planetary motion work. There are a series of
games that do an excellent job of developing a need for a coordinate system,
then practicing with the coordinate system. Any of these could be easily
developed for use in planetarium preparation or the ideas used for games
directly related to astronomy.
References:

Karplus, Robert, "Meet Mr. 0"
Science and Children, November, 1963
Science Curriculum Improvement Study,
Relative Position and Motion: Teachervs Guide,
(Rand McNally and Company, 1972)

III

liThe Science Curriculum Improvement Study,
Material Objects: Teacher's Guide,
(Rand McNally and Company, 1972)
liThe Science Curriculum Improvement Study (SCIS),
Science for Society: Education Review,
Vol. 1, No. 3 (September, 1971)
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"Students:

Would You Please Talk!1i
Arnold C. Nelson

Planetarium teachers are (and should be) champions of visual instruction.
The opportunity is ours to emerse the learner in visual and audio stimulus
and we know we have an excellent learning environment. However, we also know
that more that is seen and heard will be learned and retained if "looking"
and "lis tening" can be turned into lit rying" and II doing" .
This paper includes ideas found effective in encouraging "trying fl and
"doingll on the part of elementary school students. When the response required
is verbal, it will be much less effective wi th secondary students ,;111ess the
group has been together long enough to learn that responding is the "llt. thing"
among peers and safe even if it may be wrong!
Starting response may be important as students are uncomfortable with
"the big man who talks in the dark", and may not be experienced in responding
in their own classrooms. I have used one of two introductory questions:
"What is a projector?" (They are familiar with this word and like to define
it.) And, "did you see any s tars on the way to the planetarium today? ".
During the program learners repeat star names, ("We are
Arabic
and need to speak it") , count off the "hops" from the pointer stars to the
north star, and stand to face north after being lost in the dark.
In the third grade program (see objectives below), learners in four
teams of nexperts" observe at cardinal directions for six hours, then pool
their research. In the moon program, learners point toward the sun position
from the crescent moon. In the daytime, sky learners watch the sun for six
hours, then predict where the sun would be after a cloudy hour and point to
that position (the one hour daily motion takes practice). They also predict
sunset positions. Von Del Chamberlain, while at Abrams Planetarium, had tin
can-reflector-numbers placed behind the dome to mark sun position each hour
as student's predicted time change.
Our most effective response technique has involved portable, batterypointers. The pointers are color filtered and masked with tubes
to prevent stray light. Four pointers are used at a time with students
the pointer around a group. When groups are sma.ll, teams are
selected with competitive scores recorded. Students also use the pointers
to ask questions. Older students who a.re reluctant to respond verbally,
well with the pointers. Students who do poorly on any paper and
test often excel when tested in this way. While I am sure many
companies have the pointers available, ours were obtained from Edmund Scientific
Company at a 1974 price of $6.95. They are slightly brighter than needed
for a 30 ft. dome.
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At our school forest, we work with the real sky, using a five cell
flashlight. The flashlight is masked with a tube to cut stray light and
learners can follow the beam as it shines on dust (providing the sky is
Milky Way dark). Spitz planetarium operators will not appreciate these
flashlights because they use PR12 bulbs.
The planetarium program objectives follow as they are submitted to
teachers. The pronunciation comes from the Illinois Astronomy books listed
under rererences. It is our feeling that teachers can get pronunciation
raster (just by a quick reading) with this method than with dictionary
type respelling.
Objectives of Programs at Each Level:
KINDERGARTEN - "Knowing and Using the Sky Today".
1.

After viewing the sun at different times of day and the Big Dippc~
and North Star at night, the learner shall together with his classmates
be able to stand and face a given direction (~ or S).

2.

As the planetarium duplicates the sky on the night following the visit,
the learner shall, together with his classmates recognize when pointed
to and name the Big Dipper, the North Star, and seasonal patterns and
stars selected from:
Fall
The Summer Triangle
Orion (oh-RYE-un)

Winter
The Winter Triangle
Orion
The star Sirius

Spring
The constellation Leo
The Twins

FIRST GRADE - "The Sky Tonight and Its Change".
1.

Given the time of day and directions, the learner shall together with
his classmates point (within 5 degrees) to the sun's pOSition one hour
later than given time.

2.

In the sky as it will be on the night following the visit, the learner
shall name or point out (using portable pointers) the seasonal stars
or patterns selected from "Kif above plus the Milky Way and any bright
evening planet.

SECOND GRADE - "The Seasons - Why?".
1.

After viewing the sun at noon, sunrise or sunset the learner shall state
whether he has viewed a spring, summer, or winter day.

2.

When pointed out in the sky of the proper season, the learner shall,
together with his classmates name all of the stars and patterns listed

above and the star Arturus or point them out with portable
under
pointers when they are named.
3.

Learners shall s tate direction and relative speed for the common apparent
daily motion, the moon's motion among the stars, and the apparent motions
of the sun and planets (not retrograde) among the stars.

THIRD GRADE - IiSkies Around the World".
1.

Learners shall identify seasonal stars and patterns selected from those
lis ted under "K" and in addi tion the southern cross and the s tar Alpha
Centuari (Rigel Kentaurus).

2.

After viewing the sky for 5 hours in a location, the learner shall,
together with his classmates, state whether he is at North or South
Pole, South or North middle latitudes, or equator.

3.

Given a location on the earth and an object in the sky, learner WiLl
point to its location after 6 hours of time (.~.::, thin 20 degrees).

FOURTH GRADE - liThe Changing Moon"
1.

In the sky as it will be
shall, together with his
planets, the Big Dipper,
constellations and stars

on the night following the visit, the learner
classmates, name (when pointed out) the visible
the Little Dipper, Cassiopeia and seasonal
selected from:

Fall
The Summer Triangle - Vega (VEE-gah)
Andromeda (an-DROM-uh-duh)
Winter
Orion - Rigel (RYE-jull)
Taurus - Aldebaran (al-DEB-er-un)
- Capella (kuh-PELL-uh)
Gemini (GEM-eh-nigh)
"Large Dog" - Sirius (SEER-ee-us)
Spring
Leo
Bootes (The Ice Cream Cone)
Gemini
The Stars, Arcturus (arc-TOUR-us) and Spica (SPY-kuh)
2.

Given the moon in the sky, learners shall point to the correct position
for the sun (within 30 degrees).

3.

Learners will point out posi tion (wi thin 30 degrees) and name the phase
the moon would have a week after it is seen.

4.

Given the path of the moon and the calendar apparent path of the sun,
the students will state the time of a possible eclipse and the
requirements (phase).

FIFTH GRADE - "Space Travel and the Planets".
1.

The sky tonight (as in "I" above - fourth grade level) plus all visible
planets (through the night).

2.

The learner shall be able to describe a planet's relative motion among
the stars over a year's time. His description will include relative
speed and direction.

3.

wilen viewing the planet orbits from above, learners will state
approximately (wi thin 15 degrees) when retrograde motion Vlould occur if
viewed from a planet.

4.

Learners will name, when pointed out, a galaxy, star cluster and the
Milky Way. They will be introduced to relative distance.
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You enter a dimly lighted circular room. Music from Gustav Holst's
"Planets" is heard playing softly. Overhead is an immense domed screen that
seems almost infinite in extent and glows with a pale sky blue aura. The
center of the domed theater is occupied by a huge machine looking more like
a creature from another world than a delicate instrument capable of
producing a universe indoors. A hush falls over the crowd that has gathered
as a distinguished-looking gentleman enters the control console, the nerve
center of the planetarium. The lecturer adjusts his microphone and with an
authoritative deep, God-like voice, says, "Good evening and welcome to the
planetarium." With those words, he begins the sky show for the evening.
The blue of the dome slowly fades; sunset colors appear. The planet Venus
is noted by the lecturer as is the crescent moon. Time flies by. The
crescent moon and Venus approach the western horizon and the stars;"',~,::in
to appear. Out of nowhere, Bach I s "Air for the G String" can be heard
heralding the coming of night. The audience stirs as the heavens display
their full glory. A Milky Way stretches across the sky. Meteors streak
here and there, barely glimpsed out of the corner of the eye.
As the music fades, the "voice" interrupts the serenity. A mysterious
arrow appears that magically guides hundreds of pairs of eyes from star to
star, constellation to constellation, just as the voice describes each in
succession. An occasional slide appears to illustrate an astronomical
principle, disturbing momentarily the fantasy of the manmade universe. And
on the sky show proceeds, now an arrow, now a slide, then a special effect,
mood music, the voice, all carefully integrated like the instruments of a
celestial symphony. Finally, with a dramatic vocal coda, a concluding
statement is made by the "voice," and strains of Strauss' "Death and
Transfiguration" bring on the glow of dawn, the flame-colored sunrise colors,
and then the sun itself. You are suddenly brought back to reality by a
cheery "Good morning" by the "voice," turned again into a distinguished
gentleman by the gradual brightening of houselights. Your trip through the
universe is over.
This description, admittedly rather stylized and a bit staid, represents
a typical planetarium show of the fifties and early sixties. A "sky show"
it was indeed. Certainly no other science could boast of a creation so well
suited to the public's edification, understanding, and appreciation of that
science, Astronomy. Through the hundreds of planetariums around the world,
millions of people have been exposed to the astronomer's domain. Most major
cities in the United States today can boast of a planetarium and many smaller
cities have joined the "club." In the United States alone, the number of
planetariums of all types approaches 1000, all doing their part to serve
astronomy and the public. At no other time since the planetarium's invention
in 1923 had its popularity been as high as in the late fifties and early
sixties when the American and Russian space programs were going full steam
ahead. But even before we reached the moon, public interest began to wane.
There were more important problems here on earth to attend to. There was
population, pollution, inflation, and other "tions" to occupy our most
critical attention. "Enough of this space business, let's get back to the
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milestone in the philosophy of research astronomy~ The importance of a
responsive public to the successful continuance of research in as
was
recognized, perhaps for the first time, by a major observatory and department.
(At the time of this writing, the University of Colorado's Department of
Astronomy is likewise constructing a major planetarium, illustrat
the rapid
of this new philosophy.)
This was only number one of a series of "firsts" in the planetarium field.
Let us look now at the Flandrau Planetarium to see the changes that have been
incorporated in its design. The planetarium, now under construction, covers
almost 13,000 square feet on the ground floor and rests over a basement area
the same physical size and sh~pe. It is hard to imagine a more ideal environment for the location, totally surrounded by world-renown astronomical
facilities -- Steward Observatory to the west, Kitt Peak National Observatory
to the north, the Lunar and Planetary Laboratories to the east, and the Optical
Sciences Center to the south. To understand the program philos
it is
important to examine the physical layout of the dome theater and the tLI~'ipment
installed therein. The dome theater dominates the center of the build
It
is covered by an outer dome of copper and an inner dome made of perforated
aluminum that acts as a projection screen 50 feet in diameter. In the center
of the theater is a Series IV planetarium projector of Zeiss-type design
manufactured by the Minolta Camera Company of Osaka, Japan, and Viewlex, Inc
of Holbrook, New York. The design criteria for this instrument developed by
the astronomers at Steward Observatory stresses realism and accuracy. It will
project some 9,000 stars with unprecedented accuracy of position and magnitude.
The brightest star images will be no larger than 10 millimeters in diameter,
just on the limits of the eye's resolution viewed from 25 feet. Thus, the
star images appear as points, not solid circles. The accuracy of the instrument is required for the academic program involving the astronomy students at
the UniverSity of Arizona. More will be said of this later. Like all
planetarium projectors, this instrument will reproduce the motion and position
of the sun, moon, and planets over any period of time in the past,
or
future. Numerous circles (R.A. and DEC, altitude and azimuth, etc.) may be
projected for a direct measurement of pOSition and time.
A number of design criteria were established that will great
increase
the realism of the projected sky. The most important of these involves the
horizon level. Most major planetariums have been designed to
ct B horizon
level 8 to 10 feet above the floor of the dome theater. This does little to
impart realism since the spectator must look considerably above the horizontal
level to see the horizon, giving the unwanted impression that he is situated
below ground level. Ideally, the seated observer should be able to view the
horizon from a horizontal level coplanar with his IIseated ll eye level. We come
very close to accomplishing this by designing the edge of the domed projection
screen to rest only 6 feet above the floor. To enter the planetarium, visitors
will walk up ramps until they are at the floor level of the theater.
The planetarium projector rests on a hydraulic lift that can lower the
one-ton instrument into a basement chamber below the floor level. This
facilitates the use of the second major instrument housed at the Flandrau
0
Planetarium, a 180 motion picture projector called the A
rium. This
ctor can project a motion picture that will cover the entire dome surface,
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thus surrounding the audience with the scene. With this projector any environment or phenomenon that can be recorded on film may be recreated in the hemispherical theater. The implications of this capability are far-reaching and
will be discussed later.
The Atmospherium is not an original idea. The first such device to be
housed and operated in a planetarium was designed and operated by the author
in a 30' dome at the University of Nevada in Reno in the mid-1960's. A
number of important design changes have been incorporated in the University
of Arizona's Atmospherium that will lead to substantial improvement over
earlier designs. The 35mm projector uses as-perforation pulldown instead of
the standard 4-perforation system, resulting in a 50% increase in film/image
0
size and a correspondingly greater resolution.
180 projection lens to
project a 23mm diameter circular image was not available and had to be designed
especially for the Atmospherium. Richard A. Buchroeder, a talented lens
designer at the University of Arizona's Optical Sciences Center, tackled the
problem of designing the unique IS-element projection lens and produl~,_;j a
0
system that promises to project the best 180 image thus far produced in 35mm
format. To reduce the amount of distortion and lack of resolution at the
extreme edge of the field due to the compressed state of the circular image
a
on the flat film at that point, the entire projector is tilted 20 off the
0
vertical. This brings the edge of the projected field 20 below the dome
horizon. This portion of the projected image which would fallon the wall
below the dome edge is cut off by a horizon stop. By tilting the camera like0
0
wise, the horizon is filmed 20 higher or 20 closer to the optical axis thus
o
producing a sharper horizon line with less distortion. Blocking this 20
creates a shadow 3 feet below the dome horizon into which one of the two star
globes of the planetarium will neatly fit, allowing the planetarium stars to
be projected in conjunction with the Atmospherium without the planetarium
interfering with the Atmospherium projection.
To the west side of the theater is the master control console where all
equipment is controlled and programmed, while opposite the console, on the
east side, is a small stage upon which a performing artists series using live
performers will be featured. Between the dome theater and the science exhibit
halls is a projection gallery. Here, some 200 auxiliary projectors are located
that can project a large variety of phenomena into the dome through a continuous slit in the wall that completely surrounds the theater. In the past,
special effects projectors were placed in the center of the dome theater
behind a fence surrounding the planetarium projector. Other projectors were
placed in a cove area that extended out in front of the dome edge. This cove
facilitated the dome lighting. Problems of fan noise and light scatter were
critical in this arrangement, however. It is essential, to maintain the
criterion of realism, that all projection effects be placed so that the
audience is not aware of the hardware producing the effect. A projection
gallery provides the cover necessary to protect the illusion. A control room
behind the console contains the computer and electronic components that automatically control the projection and sound equipment. Programs in the theater
will generally be of such a complex nature that automation will be necessary
to control the various projection effects on cue with the sound.
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The sound system is "omniphonic," that is, the sound may be moved to any
point in the theater. Through a gyrophonic control device on the console the
sound can be moved around the theater in any random pattern. This pattern is
then recorded in a memory built into the sound system. The system then plays
back the sound exactly as the operator has patterned it. Essentially, then,
it is possible to follow any moving projected object on the dome screen with
"moving sound. II Thirty-three speakers mounted against the backside of the
projection screen arranged symmetrically in concentric circles extending from
100 above the dome horizon to the zenith make this moving sound possible. The
tape system utilizes five channels on 1/2" tape: two for music; one for voice;
and two for music and projection effects digital data for the automated programs.
Another necessary component of the sound system is a sound studio where
scripts may be recorded. Thi~ soundproof studio is adjacent to the control
room. As many as five "actors" may record program scripts at one sitting.
A 5-foot wide space between the outer and inner domes is prov~~
for
access to backlighted dioramas and special projection effects that can
seen through the perforated aluminum projection dome.
The seating arrangement in the dome theater was especially critical, the
criterion being not numbers as in the past, but maximum viewing comfort.
Since the Atmospherium projector is tilted in one direction and the performer's
stage is located in the same direction, it was logical to face the audience in
that direction. Even though the projection effects will utilize the entire
dome surface, the center of attention is always directional and the direction
of this point of maximum interest can be controlled in any given program. In
the past, unidirectional seating, that is, seating in one direction in the
planetarium, was arranged so that all the seats formed concentric arcs around
a point on one side of the theater. This type of "epicentric lf seating tends
to compromise the academic program where it is more desirable to have seating
concentric with the planetarium projector. Thus, a compromise was reached
between concentric and epicentric seating. The seating arrangement is circular
on either side of the control console and epicentric around the stage, a most
unique seating arrangement for a planetarium. Those chairs closest to the
0
stage are tilted back as much as 45 to facilitate a view of most of the dome
screen without an uncomfortable turn of the neck.
The physical design of the dome room and concomitant equipment necessarily
reflects the new approach to planetarium programming philosophy. The very
nature of a domed theater environment immediately suggests a total environment
rather than one restricted to the celestial sphere. We human beings live in a
real world of multiple environments, all of which are interwoven into a comp te picture of the world. No environment can be singled out as
of any other environment. The planetarium theater is an excellent place to
"put it all together," so to speak. Before 1963 this would have been difficult,
but with the development of the Atmospherium, such a goal became practical.
Another factor of considerable importance to the planetarium resulted from
the inclusion of the atmospherium concept and the multiple environment approach.
Not everyone is so inclined to attend a planetarium program simply because not
everyone finds an interest in astronomy. But virtually everyone is interested
in some aspect of the total world environment, be it ecology, ge
teor-

121

ology, astronomy, etc. By combining the various disciplines that study these
environments and demonstrating their interdependence, the planetarium production becomes something for everyone. Thus, the programs at the Flandrau
Planetarium will involve many aspects of the world environment. We may produce a program around the great geological structures of the solar system in
which we may explore the Grand Canyon of the Colorado and then journey to
the moon or Mars to study their canyons. We may vie\v a. day's weather at
various points around t~e world and then travel to Venus or Jupiter to contrast their atmospheric circulation patterns with those of Earth. The
possibilities of developing new and different programs to suit ever.yone's
taste are endless.
But how do we communicate these ideas to a non-science oriented public?
I believe the answer is by crossing that vast dichotomy that has for years
separated the arts and sciences. Virtually everyone has been involved with
some art form as an avocation. In many ways art is a universal language and
as such can be used as a mode of communication. A planetarium is an excellent
environment for the interplay of the arts and sciences. Those inclined to the
arts may well attend a science program for the artistic value, while those
people with a flare for science may find the programs valuable for that aspect.
We should hope that each in his own way will discover value in the combination.
Theatrical techniques will be extensively used to highlight the drama of the
subject. Extensive use of music and fine art will always color the productions.
The arts and the sciences are human activities; therefore, the human element
will be stressed so that each visitor will take with him a personal experience
rather than sterile facts and figures.
Monthly productions in the performing arts will be held in the
planetarium through the joint sponsorship of several University departments.
Live performances of instrumentalists, vocalists, poets, and dramatists within
the dome theater will be featured. Each performer will be supported by the
audiovisual technology available to him in the planetarium environment. A
reading of Shelley's "Clouds" flavored by towering cumulus overhead, or a
Wagnerian score supported with scenes projected by the Atmosp~erium, or the
full moon appearing serenely from behind the distant mountains intenSifying
the magic of a piano soloist's rendition of the "Moonlight Sonata," serve as
examples. Clearly, the planetarium is now, at last, broadening its spectrums
of human involvement.
When planetariums are constructed, a great deal of effort and expense
goes into design of the planetarium theater, and rightly so. But this is
usually at the expense of the surrounding exhibit halls. The role of the
Flandrau Planetarium as a center dedicated to the public's understanding of
science dictates that an equal effort be made in the science halls surrounding
the planetarium. The exhibit halls are divided into three dist~nct areas
involving Optical Sciences, Space Sciences, and Stellar Astronomy, the three
areas under intensive study at the University of Arizona. The underlying
theme in the exhibit area is personal involvement. Each display is operated
by the visitor. With the exhibits, actual measurements can be made, data
gathered, and conclusions drawn. During the school year the exhibits will
become experiments to be performed by school children under the supervision
of student assistants from the University.
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The Optical Sciences Hall contains exhibits illustrating the electromagnetic spectrum, interference, polarization, thin films, lasers, holography,
geometric optics, and communication by light beam. These d
were
originally designed by Dr. Stephen F. Jacobs of the Optical Sciences Center.
Also included in this section is an l8-inch Cassegrain telescope in a l6-foot
dome. This telescope will track the sun daily and, through a closed circuit
TV system, will produce a solar image on a monitor in the Galaxy Room. The
telescope will be available every clear night for public observation.
Between the Optical Sciences Hall and the Galaxy Room is a self-operated
planetarium under a lO-foot projection dome. Here, visitors activate a
programmer that turns on the stars, sun, and moon to illustrate the current
Tucson evening sky.
The Galaxy Room features a lO-foot diameter model of the Milky Way Galaxy
suspended from a 22-foot high ceiling. Scaled to the Galaxy are the Magellanic
clouds suspended around it. The Galaxy can be examined face-on from the floor
level or edge-on from a mezzanine level on the north side of the Galaxy Room.
A 25-foot long Milky Way panorama, probably the world's largest, is mounted
along a promenade interrupted here and there by an "eyepiece" through which
the visitor can peer to see an enlarged color view of objects along the Milky
Way. A large variety of working astronomical displays are being constructed
that illustrate many concepts in classical as well as modern astronomy. On
the walls throughout the building are many realistic paintings of astronomical
objects. The thought here was, again, to feature the arts in the realm of
science. These exquisite paintings by the astronomical artist, Evelyn Sisemore,
provide the human touch to otherwise intangible objects.
The Space Sciences exhibit area has been designated the "Gerald P. Kuiper
Hall" in honor of the late Dr. Kuiper who was the first director of the Lunar
and Planetary Laboratory. In this hall may be found a working model of the
solar system in which the student can measure the relative periods and distances of the planets and thus derive Kepler's third law. Recent spacecraft
views of the planets Mercury through Jupiter may be found here along with the
remarkable photographs made by Steve Larson with the 61-inch Catalina telescope. A working model of that telescope is also on display as is a 72-inch
test mirror for the Steward Observatory/Smithsonian Institute multiple mirror
telescope. There are meteorite collections, computer games, and games in
orbit theory also being planned.
The lobby area is an astronomical art gallery. On one wall is a 9-foot
by l6-foot mural depicting the major events and personalities in the history
of astronomy from prehistoric times to the present. This mural is currently
being painted by the scientific illustrator and Tucson artist, Donald Cowen.
A bookstore is also available to the public in the lobby. Behind the bookstore is a brilliant stained glass mosaic of an abstract multicolor design
that lends color to the lobby.
Of equal importance to the total program at the Flandrau Planetarium is
the academic program. I earlier mentioned that the planetarium sky was
unusual in its accuracy and realism. The Department of Astronomy intends to
use the planetarium as a demonstration laboratory in which the students will
perform experiments in classical astronomy. They will make measurements,
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take photographs, and use the projector as an analog computer to solve problems.
There are twenty seat positions arranged to serve sixty students at one time
where remote control devices can be used to operate the planetarium from those
locations. The students will therefore be able to work with the planetarium
much as they work with the telescope. This personal touch should go far to
increase the student's understanding of the basic concepts in astronomy as
well as to help maintain his interest on a high level. A curriculum is being
developed that will give students an opportunity to develop skills in planetarium
management and technology leading to careers in the planetarium field.
All of this sounds very elaborate and expensive and indeed it is. But it
is happening. Already architectural plans are turning into steel and concrete,
exhibit drawings into working exhibit cases, and special effects projector
drawings into projected images. There is much to be done to realize the goals
set forth here. But half the job is already done, for we have seen the need
and have begun.
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CELESTIAL AIR NAVIGATION IN THE PLANETARIUM
by Captain John R. Pond

The planetarium is probably one of the best and least used aids in teaching
navigation. Not only is ~t useful in teaching nautical navigation (as is
done, for example, at the Morrison Planetarium), but it is useful, as well,
in teaching air navigation. (The USAF Academy uses their planetarium for this
purpose.) Within certain limits, it can be an aid to teaching land navigation.
The features that tend to make the planetarium the useful teaching h~~ in
this endeavor are based on the fact that it gives the students a lIgeocentric"
look at the heavens. This, of course, is the waYL.f.lat the skies are viewed
by navigators, from the inside of the celestial sphere. When teaching coordinate systems, star and constellation identification, the concept of the
astronomical triangle as used in navigation, and the motions of the heavens,
this geocentric position is essential. It is difficult to try to demonstrate
these concepts by drawing them on a chalkboard or by using a large plastic
sphere. Even with these methods, the instructor must emphasize to the students that they are really on the inside looking out.
At the Air Force Academy the emphasis is on air navigation, where some 350 to
400 cadets per year take the basic navigation course. An introduction to many
aids of air navigation is taught with about one fourth of the semester devoted
to celestial navigation. After both classroom and planetarium lessons, the
cadets take to the air to demonstrate their skills. Since it is only the
basics of air navigation that are taught, they are graded primarily on procedures rather than positional accuracy.
The body of this paper will contain the celestial navigation lesson that is
taught Air Force Academy cadets in the planetarium. Since this course is very
basic, only day celestial is covered. The celestial theory presented applies
only to the sun. (Note: These concepts also apply to the moon and planets.)
It can be shown that night celestial principles are only slightly different.
The stated objective is: "The cadet will understand the relationships among
the astronomical triangle, celestial observations, and his position." 1
The lesson begins with a slide presentation to define some terms
Included
are parallax, circle of equal altitude, subpoint of a celestial body, altitude
(i.e., in horizon coordinate system), and co-altitude (the complement of altitude). The relationship among these terms is also explained. For example,
co-altitude is shown to be the number of degrees along the earth's surface
from the observer to the Hubpoint of the celestial body, This can be converted to nautical miles (zenith distance) by noting that one degree
60 nautical I1ltlt~I-;. A Hl~xtl.lnt can measure altitude, from which co-altitude can
be determined. But it is pointed out that a navigational chart "7ith a suitable
scale for accurate navigation would be extreme
large and cumbersome if it
were to be used in plotting large zenith distances. (Table 1)

The
ianow switched from the slide
sky. Celestial air navigation uses a combination of two
the horizon and the hour angle
Without
these systems in
detail, certain definitions of terms COlllmOn to these systems are necessary.
In the horizon system, these terms include zenith axis, cardinal
(in
north point as a zero point for azimuth), horizon and altitude.

In the hour angle system, celestial sphere, celestial
~ and celestial
pole are included. These terms are demonstrated by use of lines
ectors that are part of most planetariums. Moreover, the daily motion of the
heavens applicable to the definitions is displayed. These motions are viewed
in all northern latitudes. It is further observed that
motion of the
stars relative to the horizon is maximum at the equator and zero at the north
pole.
From here the lesson moves to the concept of the "astronomical
II
The
position of the sun can be predicted for any particular time
its
Greenwich hour angle and declination from the Ai-r: Almanac. From this ~,'~i. tion,
the astronomical triangle is constructed. Constr1J.ction is based on three
known parts of the triangle: co-declination, co-latitude, and local hour angle.
(Figure 1) The triangle is based on a prearranged position of the
sun and the concept of an "assumed position." (If it is assumed that at one
particular time the aircraft is located at a specific latitude and
tude,
then co-latitude and local hour angle can be obtained.) Brute force line projectors for the astronomical triangle and local hour
are used here.
It is now explained that solving the astronomical triangle lidll
a value
for altitude and azimuth based on
assumed position. Tables can
consuIted to gi.ve these values readily. At the given time, the sextant value
is read for azimuth and altitude. These are compared with the
values. The differences are the differences between the assumed
and the actual position of the aircraft.
Important to reemphasize in the concept of teaching celestial air
in the planetarium is the geocentric
From this
dinate system lines including the celestial equator, local celestial
Greenwich celestial meridian, the sides of the astronomical
angles needed in the triangle can be
and usefully
the
celestial navigational problem is displayed and
taught.
This celestial theory lesson is the
celestial lesson
to navigation students at the Air Force Academy. It is followed with four classroom
and simulator lessons, making a total ten hours of instruction. Th.e students
are then
on their procedures
a
mission.
of lesson could be instruction of
the Academy
star identification. Although not
in this endeavor~ Star and
the value of a planetarium is readily
of
perconstellation identification are a major
haps it could be a starting point for a course

In conclusion, the final phase of this

Figure 13-3.
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TABLE 1 - AIR NAVIGATION CHART SCALES

1.

Global Navigation Chart - 1:5,'000,000

2.

Jet Navigation Chart - 1:2,000,000

3.

Operational Navigation

4.

Tactical Pilotage Chart - 1:500,000

Ch~~

2

- 1:1,000,000

FOOTNOTES

1.

Instructor Handbook - Nav 470, p. 20-1. (An unpublished booklet
of lesson plans written by members of the Navigation Division, USAF
Academy, Colorado).
'

2.

AFM 51-40, Air Navigation, Departments of the Air Force and
the Navy, 1 July 1973, pp. 3-39, 3-40.

3.

AFM 51-40, Air Navigation, Departments of the Air Force and
Navy, 1 July 1973, p. 13-3.
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Aristotle as an
Howard L.. Poss
Physics Department, Temple
Philadelphia, PA 19122
Aristotle is usually regarded as a
making his own scientific observations, except in biological SLllUl!~o"
of interest to be able to conclude that an astronomical event
by
Aristotle in his Meteorologica was very likely observed by himself and that it
can be dated. The validity of the observation is of interest to classical scholars
since it is indicative of Aristotle 7s empirical outlook. The date
supports
the contention that this work assumed its final form during the period of Aristotle's
second residence in Athens"
The pertinent passage, Meteorologica 1. vi 343 b 30, states"...
we
ourselves have seen the star of Zeus (twice) COn:8 together with one of the
stars in the Twins and hide it, but no comet resulted." The passage seems
clearly to refer to an occultation by Jupiter of a star in the constellation Gemini,
the implication being that Aristotle hirnself observed the event. In the context
of the chapter in which this passage occurs, the reason for Aristotle taking
notice of the occultation is that it supports his rejection of the view that comets
resulted from such conjunctions. The word "twice" is omitted in some of the
extant codices .. 1
which can
The occultation of a hright star by a planet is a fairly rare
be dated if the star can be identified. The star catalog in Ptolemy! s AIm.agest
indicates that the present constellation Gemini has essentially the same boundaries
as in ancient times.. We can thus restrict consideration to the naked eye stars
in the constellation which are close enough to the ecliptic so that they can
occulted by Jupiter .. There are four such stars@ Calculations
into account
the precession of the equinoxes and the proper motions of the stars
that
only one of them, 1 Gem (Yale Bright Star Catalog No. 2134) was in a
to have been occulted by Jupiter during Aristotle's lifetime.. 2 On account
naked eye nature of the observation, a close approach could not
distinguished
from an actual occultation.
iJV.:JA. ...JlV,LL

Point sources of light viewed against a dark background
appear to have a finite angular diameter, the brighter the source
angular diameter appears to be .. Bright stars and
this effect, known as irradiation3.. My own naked eye
made using apertures wide enough so as not to limit the
for otherwise the effect is reduced, lead me to conclude
irregular angular diameter is in the range of O. 1 to O@ 2 n'O" .... "V'L:'nc
sky, the more pronounced is the effect. Thus, stars
naked eye would appear to be occulted by Jupiter if their angular
the planet is of this order or less. Confirming evidence
this view is
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by Ganymede, the brightest satellite of Jupiter. It is in principle a naked eye object,
its magnitude at opposition being 4.5 (0.3 magnitudes fainter than 1 Gem). Although
its maximum separation from Jupiter of 0.1 degrees is ordinarily well within the
resolution capability of the eye, it remained an unknown object prior to the
telescopic era because of the irradiation effect.
The most favorable approach of Jupiter to 1 Gem is calculated to have
occurred in December of 337 B. C. when the planet, in retrograde motion,
passed 0.1 degrees south of the star. Jupiter was then favorably placed for
observation in the night sky, crossing the meridian at 11 p. mIll at an altitude of
690 • A latitude of 41 0 N is assumed, being' that of Pella or Stagira, the two most
likely places where Aristotle was living during this period of his life. Several
months later, in March of 336 B. C. ,Jupiter having now resumed direct motion,
passed O. 2 degrees north of the star under reasonably favorable conditions.
Jupiter was then in the western sky at twilight at an altitude of 50°. In July of
337 B. C., prior to the close approach in December, Jupiter in direct motie:'"
passed o. 2 degrees south of the star but under less favorable conditions than
the other two approaches. It then rose before the sun, reaching an altitude of
24 0 at dawn.
My conclusions are that because of the favorable nature of the close
approach of Jupiter to 1 Gem in December of 337 B. C., Aristotle is most
likely referring to this event. I believe that it is reasonable to assume that
the retrograde motion of Jupiter at the time would have caused it to be under
closer scrutiny than usual. Aristotle might then have continued to observe
the planet and noted the apparent repeat of the occultation that occurred
several months later. My interpretation, then, favors the reliability of the
codex in which the word "twice" appears.
A fuller account of this work will be published elsewhere.

IF., II. Fobes, Aristotelis Meteorologicorum Libri Quattuor (Harvard University
Press, Cambridge, 1918)
2B. Tuckerman, Planetary, Lunar, and Solar Positions 601 B. C. to A. D. 1 ,
(American Philosophical Society, Philadelphia, 1962) was used for the
positions of Jupiter.
3J • p. C. Southall, editor, Helmholtz's Treatise on PhysiolOgical Optics
(Dover, New York, 1962), vol. IT, p. 186.
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THE PLANETARIUM IN AN ENVIRONMENTAL STUDY CENTER
By Robert L. Rigalo
Traditionally, planetariums have been associated with either museums or
school districts. Occasionally, there is found a planetarium that exists by
itself. Tod~, we are witnessing a new alliance and use of a planetarium--the
Environmental Study Center.
Located on a hill, just south of Fishkill, New York, is the Fresh Air
Fund's Sharpe Reservation. On the reservation's 3,000 acres are 4 man-made
lakes, 4 major camp areas complete with cabins, dining hall and infirrno.::.~y, a
model farm and many- nature trails. It was in this setting that the Gustafson
planetarium was constructed.
The planetarium and an environmental study can offer much to the occasional
visitor as well as the student. With school groups, a day at the environmental
study center can both arouse the student's interest and also relate to classroom
studies. During a well-planned day, it is possible for a classroom or many
classrooms to directly study geology; botany; pond life; animal life, both
domestic and wild; and astronomyo The studies of the students can be done both
in the field with pre-Iabing and post-Iabing in a nature center building. The
role of the planetarium can become very important in these circumstances. The
planetarium can serve a single function of introducing the student to both the
day and'or night sky. A single concept presentation can be given to the students.
While there are some that prefer a straight presentation, it has been found very
worthwhile to plan and present a planetarium session that has active student
participation. The exercises presented in Under Roof, Dome, S~{ lends itself
very nicely to such a session. The next step is to transfer the planetarium
to the natural sky.
A telescope can be a big asset to the planetarium. If the planetarium
session has included information on the sun, it is only natural to use a solar
filter eyepiece on the telescope. Naturally safety precautions must be taken,
especially if there are a lot of young children around. A well-installed heliostat would be of better use. With high school students, photography can be
very well incorporated into the planetarium-telescope session. Should a school
district offer photography as an elective, the student can avial himself/herself
of the opportunity for both d~ and night astronomical photography as well as
nature studies for a subject.
Should the nature building be adjacent to the planetarium, related student activities can be conducted in this building as well as outside. The
children can investigate any number of topics ranging from the construction and
use of a sun dial to the determination of the sun's path by use of shadows. It
is then possible to return to the planetarium for either a follow-up or clarification of ideas presented. A more formalized laboratory session could be included.
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Should time and staffing allow, it is more than possible to plan and
present a planetarium session that is inter-disciplinary. A session could
include topics such as geology, geography, meterology, local history, or even
the environment itself. Just completed at the Sharpe Reservation is a wildlife refuge observation booth. By utilizing a near duplicate p&"Lorama of the
view from the booth, and with the use of some special effects projectors, a
unique planetarimn show can be presented. Such a show would involve sunrise,
sunset, diurnal motion of the sun, a study of interrelations between the pond,
the atmosphere, the season(s) and natural wildlife. Should the facilities
exist, multi-panorama projection of the refuge area through four seasons can
be incorporated.
The proximity of a model farm offers an opportur~ty to combine many aspects
of astronomy, as presented in the planetarium, with actual familiarization of
many domesticated animals essential for food. A presentation based on seasons
on the farm becomes very simple. Whether one panorama or a multi-panorama is
utilized for effects, the children can be introduced to the effect of seasons
on both plant and animal life. Super 8 filmloops ':)n seed germination .. nd plant
growth can be easily utilized. The effects of the tilt of the earth's axis on
plant growth can be explained. If the presentation .Lo done live, questions and
answers can be handled during the presentation. Try combining slides of one
section of a garden, both above and below ground with a display of the prominent
constellations of that season. Further planetarium activities can be conducted
by changing the latitude of the star field projector and asking students what
effect this will have on insolation and plant growth.
There is another aspect of the school, the environmental study center and
the planetarium: put them together for a week. If camping/housi~~ facilities
are available and school districts are both interested and cooperative, create
a learning situation whereby the students spend a week at the center. At the
Sharpe Reservation, facilities are available whereby "traditional classroom
studies" can be conducted. In addition such esoteric applications of mathematics
such as map making, scale measuring, and height finding can be accomplished.
The planetarium can very nicely double 'as a classroom, via its media approach.
(Do I detect a few winces?) Try creating a presentation and during it try to
explain to elementary school children how man will measure and map out details
of the moon. Again, combining sky laboratory exercises, present the children
with many facts of astronomy.
In an outdoor classroom atmosphere, the planetarium provides a good
transition from the dome to the actual sky. A constellation shown takes on more
meaning when an opportunity is present to go directly from the dome to the actual
sky. Visual observations are made easier when students are able to proceed first
Through a constellation show, shown with slide outlines the prominent constellations of that time of the night, then allowed to go outside into the night sky.
Of course it is more than recommended that the students be allowed to wander
back and forth--from the actual sky to the outlined planetarium sky and back.
The next logical step is to provide for deep
observation. Galaxies, nebulae
and clusters can be shown during the planetarium presentation and then viewed
through a telescope. If the students are older, astrophotography can again be
emphasized. What is a more logical follow-up to a presentation on comets and
meteors than a meteor shower watch. The dates of many showers are known. This
particular presentation is very effective if offered to the general public.

There is another aspect of the utilization of the
in a setting
such as
Scouts and Girl Scouts.
scout districts have taken
advantage of the reservation for campi~g, hiking, boating,
when in
season, nature studies aYld naturally enough, a trip to the planetarium. Our
staff is on record as being merit badge counselors in astronomy as
as a
few other fields. A sky show based on the requirements of the astronomy merit
badges is presented. If the presentation is given at night, outdoor observation
and examination is given, weather permitting.
In conjunction with a local school district, the planetarium will be
involved in adult education. Sessions are to be held in a classroom at the
planetarium and outdoors. Starting with simple observational astronomy, the
adult education program can be developed into many specialized fields@
When working with school groups it becomes very apparent that many teachers
have not been able to obtain the knowledge and skills needed to teach astronomy.
This is not to reflect on the teaching profession. The Gustafson Pl&~etarium
has been the originator and focus of several teeJ>her in-service
workshops. The teachers are given an opportur~ty to imporve their knowledge in the
field of astronomy by being able to question and rv~3ive an immediate and
direct answer in the planetarium. In classroom sessions, the teachers are
placed in the role of students and are given the opportunity to conduct investigations, just as their students would
Also an opportunity to discuss
curriculum is made available. By conducting these workshops, valuable input
as to which presentation topics, which portions of the presentation, which
sequence of topics are the best received by students and what areas were not
too important.
$

The keys to a successful planetarium program in an. environmental study
center is planning and flexibility. The planning first calls for a plan of
study
the attending group. If any group is brought to the center without
defirite
or goals 1 there is general chaos. Members of the attending
group leave not with a sense of accomplish~ent but rather of a session wasted~
The
Reservation does require the equivalent of lesson or unit plans by
any attending group.. The second
of pla..1'Jl1ing involves the planetarium
directly. Careful consideration must be given to the scheduling of shows,
the utilization of equipment, and
for related follow-up activities.
Additionally, planning must consider any activities involving the center.
It can be embarassing to have several different groups arrive from different
parts of the center simultaneously at the planetarium. One big advantage is
to have a nature lodge/entrance <mea next to the planetarium.. Besides doubling
as a classroom, this building can serve as a museum/display area, especially
in bad weather.
The
arium and staff should be extremely flexible" If the presentation is
done live, desirable with younger children, it is possible to
slow
speed up or even change the topic if the children's interests are
going in that directiono To this end, the Gustafson Planetarium keeps several
reel slide projectors always "on circuitU~ One projector contains the outlines
of the zodiacal and circumpolar constellations. The second projector contains
a slide sequence, in evolutionary order, of galaxies, while the third projector
contains slides of orbital paths 1 spectrums, star sizes and H.. R..
Since a question and answer session is usually allowed for at the end of a
presentation, this planning ahead has proven most beneficial ..
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During the months of July and August, the Gustafs'on Planetarium is an
important part of the Fresh Air Fund's summer camping program for underprivileged
children. Each camper is given an orientation show at the planetarium. The
return visit to the planetarium usually requires a quickly assembled show as the
campers' requests vary very highly_ If a constellation show is requested, the
follow-up activity is either with a telescope or by one of the staff accompanying
the campers on an overnight hike. The last is particularly effective if the
camper(s) is used to viewing the sky through canyons of concrete. Next summer's
plans call for a mini-course in astronomy for these campers.
As shown, the planetarium serve a vital role in an environmental study
center. If properly planned and utilized it fills many purposes. No one has
ever yet described the parameters of an environment •.
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THE DESIGN AND CONSTRUCTION OF A LUNAR
ECLIPSE PROJECTOR
William F. Rush, Michael W. Johnson, Rebecca R. Katzenmeyer
and Anthony G. Pisano

RITTER ASTROPHYSICAL RESEARCH CENTER
I.

I NTRODUCTI ON

In this paper we present the construction techniques employed in building
a lunar eclipse projector., The lunar image is gradually occulted by a reddish,
circular penumbra~ followed by a much darker umbra, followed by a trailing
penumbra and a return to the normal lunar image. Total s partial, penumbral, and
annular eclipses can be produced either singly or in sequence. Complete plans
for duplication of this projector are presented in the next section for those
who wish to make an exact duplicate. The $65 cost of this projector may be
reduced considerably, if the builder uses IIjunkbox equipment. To assist in
making modifications, the third section contains suggestions on the use of
different projectors~ drive rates, and components arrangements. An appendix
gives the formulae used to determine umbra and penumbra dimensions for those
interested in producing annular or other unusual eclipses.
lf

The basic principle on which this projector operates is that a 35 mm
slide of the moon is gradually occulted by a moving, translucent mask. See
Figure 1. The construction techniques do not require a professional machine
shop. The most unusual tools required are an electric hand drill and a hand
hacksaw.

II.

CONSTRUCTION TECHNIQUES

A. The projector
The projector used was a Telesar model 35 single slide projector. This
is a 100 watt unit which proje~ts a iingle 35 mm slide. However! any equivalent
projector which is available coul~ be used.
B. The 1una r s 1ide
The lunar image is produced by projection of a 35 mm slide of the full
moon. In this projector the size of the lunar image on the slide was 1/16",
although dome sizes other than 40 feet and other projectors may require
different image sizes. (See section 3), The photography of such a small image
may require that the book or photograph being reproduced be located at a large
distance from the camera. This gives a lunar image which is slightly larger 0
than the true moon as seen from the earth, our image being approximately 1 1/4
on the planetarium sky_
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The lunar image must be carefully and completely opaqued by any standard
technique used for preparation of planetarium slides. We used Kodak1s opaque
paint, available at photographic supply stores.
C. The drive motor
The motor used to drive the occulting mask is a 1/15 rpm Bristol synchronous
motor, originally from Edmund Scientific Company. However, this motor is no
longer available through Edmund. An alternate supplier of a slightly different
motor is listed in the fourth section of this paper. The specifications given
here for the disk-motor combination produce an eclipse of approximately 20
second dura on. If a change in eclipse duration is desired, consult the
modifications section. Purchasing a synchronous motor with a threaded shaft of
approximately 1/4 inch diameter is recommended.
The motor must be mounted so that the glass disk which will be affixed to
its shaft rotates in front of the lunar slide and very close to the focal plane.
Figure 1 indicates the mounting method used. The ill" shaped brackets were cut
from a piece of 3/4 inch aluminum right angle stock with a hand hacksaw. Small
holes were drilled in each of the arms of the "l" shaped brackets. The bottom
holes fix the brackets to the projector while the top holes support the motor.
If machine shop services are available) we recommend that the holes be changed
to milled slots so that the glass disk can be adjusted more easily. Alternatively,
slots could be cut with a hacksaw. However this is not essential.
D. The glass disk
The glass disk on which the umbra and penumbra are painted is the most
difficult part of the projector to construct. The disk itself may be obtained
from any large glass supplier. We used 1/4 inch plate glass with a seamed edge.
The diameter of the disk was 5 1/2 inches with a quarter inch hole in the center.
Our glass supplier provided two such disks for $6.00.
Although plastic is easier to work with than glass, we found that it
scattered light so much that there was a noticable reduction in image brightness
and a loss in image sharpness when projecting through a clear plastic plate.
Glass is recommended.
The umbra and penumbra were painted on
glass disk with glass paint.
Such paint is available from many science supply houses and most 1
hobby
shops for about $.50 per bottle. We used Fibreglass-Evercoat Company, Inc.
glass stains. To paint the penumbra, we used one coat of flesh color and one
coat of orange paint. The umbral center was a coat of red paint over the other
two coats. We highly recommend experimenting with this stain on a p ece of
scrap glass. The paint must be flowed on rather quickly. It begins to thicken
in a short period of time and stroking the sticky paint produces "wavesli in the
image of the moon. Also, bubbles in the glass stain should be avoided, since
they look very peculiar in a lunar eclipse. If bubbles in the umbra become a
pro?lem, the umbra can be made completely opaque, resulting in a totally da
ecllpse, rather than a very dark copper color.
.

The dimensions of the umbra and penumbra circles depend on the dimensions
oft he 1una r i rna 9eon the 35 mm s 1ide. I n 0 urca s e ,
pen umb r a wa s 5/ 16
inch diameter and the umbra was 5/32 inch diameter. In general, the umbra should
be 2.65 times as large as the lunar image and the penumbra should be 4.7 times
as large as the lunar image.
The procedure which we used to paint the umbra and penumbra circles was
to first draw a 5 1/2" circle representing the glass sk. We then drew an
inner circle of radius 2 1/4". This 2 1/4 inches is the distance between the
center of the synchronous motor shaft and the center of the lunar image. In
order to have a total eclipse, it is necessary that the center of the umbra
pass rather near the center of the lunar image. Therefore,
is 2 1/411 circle
(hereafter called the guide circle) can be used in positioning the umbra and
penumbra circles. To produce a total eclipse the center of the umbra circle
lies on the guide circle. This was drawn on the piece of paper. It Q partial
eclipse is desired, the edge of the umbra circle ~as drawn tangent to the guide
circle. Umbra circles for total and partial eclipses were placed along the
guide circle, spaced so that the distance from the edge of one penumbra circle
to the edge of the next penumbra circle was slightly larger than the diameter
of the moon image on the 35 mm slide. This guarantees that the penumbra of one
eclipse will be well clear of the lunar image before the next penumbra begins
to appear.
We used a series of
eclipses, first a total eclipse; then, a partial
eclipse with the moon north of the umbra; then) another total eclipse, followed
by a partial eclipse with the moon south of the center of the umbra circle.
We did not produce any penumbral eclipses, although to do so one need only place
rcle in such a position that it does occult the lunar image
the penumbral
while the umbral circle does not. We had a sequence of 24 eclipses on our
projector, with one additional total eclipse.
After the circles are drawn on paper (see Figure 2) the paper is taped
to the back of the glass disk. The painting should be done over a light table
or a sl;
sorter. The reason for this is that the light should come from behind
the disk or else multiple reflections within the glass disk make it nearly
impossible to correctly paint the circles.

E. Motor Override
Since the dura on of the eclipse is only about 20 sec.,
the lecturer should have the opportunity to stop e progress
This was done by placing the power supply for the synchronous
switch which is normally closed. Thus depressing this switch
lecturer to stop the eclipse at any phase he desires.
II.

it was felt that
of the eclipse.
on a separate
allows the

POSSIBLE MODIFICATIONS
Many modi cations are possible in this particular design. The only
requiY'ement on the 35 mm slide projector is that one must be able to place the
glass disk near the focal plane of the slide projector. If other projectors
necessary to determine the size of the image
the moon which
are used, it will
is requi
on
mm slide.
is can be found
ther trial
error
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or by inserting a transparent ruler in the focal plane of the slide projector.
This then enables one to produce a calibrated scale on the planetarium dome.
By determining how large (on the planetarium dome) an image is required, it is
possible to read directly from the projected scale how large an image on the
slide will produce the desired size image on the dome.
For an eclipse of reasonable duration, it is necessary to have a slow
synchronous motor. One fifteenth rpm is about the fastest motor which can be
used. If different motors and dimensions are employed, the time of eclipse
duration can be calculated from the formula
1)

T = Dp . F
2~

. Rg '

where Dp is the diameter of the penumbral circle; F is the frequency of the
motor (for example, 1/15 for a 1/15 rpm motor); arid Rg is the radius of the
guide circle (i.e. R = the distance from the shaft center to the center of
the lunar image on t~e 35 mm slide). Notice that the duration of the eclipse
increases as Rg is made smaller. Keeping the glass disk small has the additional
benefit that it requires the painting of fewer circles.
It is not necessary to paint circles completely around the disk if you
are willing to manually reset the projector before each operation. Manual
resetting means that the glass disk is arranged so that the umbral circle is
about to begin crossing the lunar image. This greatly reduces the amount of
effort required to produce the glass disk.
The use of lunar images of different sizes than those specified will require
different dimensions for the umbra and penumbra circles. The equations giving
the dimensions of the umbra and penumbra circles are
and,
3)

Dp

= 4.7 x Dm,

where Du is the diameter of the umbra, DR is the diameter of the penumbra, and
Om is the dimension of the lunar image of the 35 mm slide.
It is possible to carry out several additional modifications on this
projector to show unusual eclipses. For example, once a person understands the
cause of a lunar eclipse, his understanding might be broadened by considering
the question of what would happen if the moon were much larger. For example,
if the moon were approximately three times its present diameter a total eclipse
would be a very rare occurrence since the diameter of the moon would then be
almost exactly equal to the diameter of the umbra. If the moon were larger than
3 times its present diameter, it would then be possible to have annular eclipses
under the conditions from which we now get a total eclipse. (Planetarium
lecturers must be careful, for eclipses which involved a moon four times the
diameter of the present moon at its present distance are not equivalent to
eclipses involving our present moon at only one quarter i~present distance from

the earth. This is demonstrated in the appendix). To produce these annular
eclipses, it is only necessary to replace the lunar slide with another slide of
the moon which is four or more times larger than the original lunar slide. It
is also possible to replace the image of the earth's moon with an artist's
conception or actual photograph of another planet's moon. Photos are available
of Martian and some Jovain moons, and there are many artist's conceptions;
however, make certain that you use a view of a full moon.
IV.

SUPPLIERS
Most required materials can be purchased locally. It is highly recommended
that local suppliers be used to make the glass disk because it is difficult to
find a commercial supplier and cutting your own circle is nearly impossible.
Edmund Scientific (150 Edscorp Bldg., Barrington, New Jersey, 08007) can
supply paints for glass. Low RPM synchronous ~otors may be obtained tlC~
Minarik Electric Company, 224 East Third Street, Lns Angeles, California 90013.
APPENDIX
For those interested in producing eclipses which would result from having
the moon at other than its present distance and/or having the moon a different
diameter from its present diameter, the formulas which are required are presented.
If the subscripts u, p) s, and m respectively denote umbra, penumbra, sun, and
moon and the symbols R, TI, and 0 respectively denote angular radius, parallax,
and angular semi-diamete~ Link (1969) gives
V.

A1 )

°u : :

A2)

o

and

TI m+TI s -R s

= IT m+n s+R s .

P

Approximate values for these quantities are
TIm 57
I ,

9",

TIs
and
Rs

:::

16 I .

N,.OntetertmhastOTIfSthieS negligible. For determination of umbra and penumbra dimensions
moon image diameter, divide equation Al by 0m
1T +R
m S
°u
A3)
e

I

om
where TIs has been neglected.
TIm+Rs
A4 )
:::

om

°m

Similarly, we find
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It was remarked in Section III that chanqes in lunar dimensions are not
equivalent to changes in lunar distance, as can be seen in equation A4). Note
that annular eclipses become possible only when
<

1.

Note that if the actual diameter of the moon is held constant and the distance
to the moon increases, both TIm and am increase proportionally and equation A4)
prohibits inequality A5) from ever being satisfied. However, inequality A5)
can be satisfied if am is increased while TIm and Rs are held constant.
REFERENCES
F. Link, Eclipse Phenomena in Astronomy, (Springer-'!erlag, New York, 1969),
pages 1-3.
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Integration of the Planetarium into the University Curriculum
Major Michael T. Schwitters
USAF Academy Planetarium
USAF Academy, Colorado
October 10, 1974
This program describes the program of the United States Air Force Academy
Planetarium to integrate that facility into the academic activities of the
United States Air Force Academy. It will first present an introductory look
at the Air Force Academy and the Academy Planetarium. The prl;",_om of
attaining relevancy of the Planetarium at the Academy and the developl'nent
of a solution to this problem will then be discussed. Finally, a historical
analysis of the evolution of a program to incorporate the planetarium interdisciplinarily will be presented. This analysis will look at specific academic planetarium programs, some of the problems encountered and their
solutions.
INTRODUCTION
The United states Air Force Academy is located at the foot of the Rampart
Range about 15 miles northwest of Colorado Springs, Colorado. It is the
newest of our nation fS military academies and has as its mission the academic education and military preparation of young men to serve as career
officers in the United States Air Force. The student body numbers approximately 4, 000 and represents all areas of the country. Graduates receive
a Bachelor of Science degree in one of many major areas and a commission
as second lieutenant in the U. S. Air Force. The academic curriculum
oriented toward the sciences and engineering.
The United States Air Force Academy Planetarium is collocated with the
Air Force Academy and administered by the Academyfs Navigation
It opened in 1959 as a training device to teach star identification and the concepts of celestial navigation. Its role soon expanded to include basic
amy instruction and presentations to the general public and school groups.
The Planetarium includes the 50-foot diameter star chamber seating some
300 persons
bench style concentric seating, a small entrance lobby,
office, shop and storage space. The proj ector is a Spitz Model B, one of
three manufactured by Spitz Laboratories. Presentations are enhanced
with a large variety of special effect devices which proj ect from the
etarium cove and large proj ection pit located below the star
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The lecturing staff includes three officers who divide their time between
teaching astronomy courses and planetarium duties. The technical staff is
composed of three people assigned full time, a civilian electronics technician and two Air Force Noncommissioned Officers.
The Academy Planetarium presents a wide range of programs. Public programs are presented to the many visitors to the Academy. During the academic year shows are given on Saturday and Sunday afternoons. During the
summer, when the tourist season is at its peak, five shows a day, seven
days a week are presented.
Public attendance in calendar year 1973 was 93, 784. Special groups and
distinguished visitors to the Air Force Academy add more attendance to the
statistics, some 1, 832 in 1973. The schools from the surrounding area
have found that the planetarium is a valuable source of science enrlL-~1ment
for their curriculum--11, 248 school children received a program in the
Planetarium last year. Finally, planetarium presentations are given to a
wide variety of cadet activities during the academic semesters. During
1973, 8,677 hours of cadet instruction were presented. It is this last aspect
of the planetarium's activities, cadet instruction, that this paper will deal
with in detail.
THE PROBLEM
Late in the 1960 's the Academy Planetarium took a hard look at itself and
identified a problem. The planetarium had been constructed at the Air
Force Academy as a teaching device for cadet instruction. Yet at that point
in its existence only a small amount of its programming centered around the
Academy's academic curriculum. Compounding the problem was a growing
environment of austerity within the federal government and especially the
military services. In short, if the Academy Planetarium were to continue
in existence it would have to become a more viable, relevant part of the
primary mission of the Academy. The planetarium staff set out to develop
a program that would more closely align the facility with the Academy's
instructional program.
The first step in the development of this program was to determine how a
planetarium could be used within a college curriculum. Two approaches
soon became apparent. First, astronomy and space science are highly
interdisciplinary; these disciplines draw heavily upon the sciences and
mathematics for their development. Additionally, within many fields of
study, astronomy represents an area where concepts can be applied, where
the sometimes obscure concepts of the classroom can gain relevance.
Secondly, a planetarium represents a unique three-dimensional. multimedia
theater in which modern instructional techniques can be developed and presented irrespeeti ve of the subj ect.

To develop the potential of this interdisciplinary approach to college planeducation, the Academy sought help from the rest of
planetarium
community_ This research showed that the approach was not new, the planetarium literature contained a wealth of information on interdisciplinary
techniques. Commercial firms, including Spitz and Viewlex, had
developed listings of program applications and prepared program materials
that illustrated many of the broad'er uses of the planetarium. Further,
approximately 150 questionnaires were sent to major planetariums and planetariums at institutions of higher education. From the replies, a comprehensi ve "idea list was compiled which has served to stimulate program
concepts and lesson construction. Most of this formative work was reported
by Major Stanley W. Powers in a paper entitled TfThe Planetarium in College
and University Education" which was presented during the 1972 convention
of the ISPE and was subsequently published in the 21 June 1973 i:::sue of the
P lanetarian.
",,-,,,..,'VA ........,_
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THE PROGRAM

The Air Force Academy Navigation Division embarked on a program to integrate the Planetarium into as many academic courses and cadet activities
as possible. The program had several objectives:
1. Use of the planetarium should be expanded within the courses
taught by the Navigation Division.
2. Develop, with the academic departments, planetarium lessons that
would integrate into specific courses.
a. To obtain maximum student exposure these shows should be
gi ven to core curriculum courses.
b.

The programs should be given each time the course is taught.

3. Special activities that involve cadets should be pursued and carried
out to the maximum amount possible.
Expanded Use by Navigation Division Courses:
Lessons presented to the Navigation Division fS descriptive astronomy course
has expanded to the point that eight lessons are conducted in the Planetarium.
Topics include: planetarium introduction, aspects of the sky, coordinate
systems, time and the calendar, night observations, introduction to stellar
astronomy, star and constellation identification, and stellar evolution.
A new astronomy course was developed in 1971 entitled Introduction to
Applied Astronomy~ Students in this course receive two classroom. hours
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of planetarium instruction and carry
two laboratories in the planetarium.
Additionally, students are encouraged to pursue course
topics that
relate to the pianetariun1.
The Division!s navigation courses also use the
. The theory of
celestial navigation is presented in the planetarium to students in the basic
air navigation course. Each instructor becomes proficient
planetarium
operation and teaches his own classes. The advanced navigation course presents a block of instruction dealing
space navigation
the planetarium.
The Division offers to cadets who are highly D.1otivated toward navigation the
opportunity to become student instructors. One
the areas where cadets
teach is the planetarium; they present public and cadet programs. This gives
the pubHc an opportunity to come in contact with a cadet and provides valuable public speaking experience to the young men.
Interdisciplinary Courses:
The main thrust of the effort to integrate the Planetarium into the curriculum
was in the area of interdisciplinary instruction. Discussions and negotiation
with numerous academic departments have resulted in a number of planetarium lessons that are incorporated into the courses content. The complexity
of these lessons vary from straightforward sky shows using the planetarium
projector functions, to sophisticated productions involving considerable use
of special effects and music. The majority of our interdisciplinary lessons
fall into
latter category.
I

After the instructional programs are developed, they are then repeated each
semester that the course is offered. As might be expected, the development
of the interdisciplinary programs has been an evolutionary process. One or
two new lessons are added each academic year as production capability
permits.
Below is a listing of the academic programs that have been developed to
date. It contains the title, academic departm ent, and
content of
each prograln. The list duplicates and extends a similar listing in the previously mentioned
by
or Powers~
-l\ Revolution

Astronautics

This program is a historical introduction to
in scientific endeavor: The Grecian period, the
Age. Great experiments in
presented.

three great revolutions
the Space
are
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the Zodiac

The Planets-- \Vanderers

Astronautics

This program describes each planet in detail from both historical and
modern viewpoints. Problems of distance and time are discussed as they
pertain to space navigation. Current and planned planetary probes are
discussed.
The Crisis of Climate

Geography

This program traces man's attempts to control
weather and change
his climate. Astronomical theories of long range climate change are discussed. Theories of the causes of ice ages are discussed. Man '8 role in the
accelerating ruin of the environment on "space ship earth" is related to
theories of weather and climate disturbance.
A Search for Unearthly Life

Life Sciences

Potential life in the universe is surveyed from a Martian obser vatory.
The nature of life and the clues from space are discussed including pulsars,
meteorites, and molecular structures.
Flight

Military Instruction (Heritage)

f!Flight is a multimedia program of sound and light. It recreates the
sights and sounds as "veIl as the beauty, triumph, and tragedy of man Vs
quest to master the heavens. "Flight" is a show without words that uses
nine fully loaded Carousel slide projectors and six motion picture projectors
to retrace the history of flight.
IT

Space Orbits--The Universe in Motion

Engineering, Mechanics

This program is concerned with motion and gravity, two factors that
span the uni verse; their unity results in orbital motion. The program
investigates the workings of space orbits; retraces the steps of the ancients
as they sought to understand the harmony of the spheres; and explores the
application of space orbits to spacecraft missions.
The Dramatic Uni verse

English

This program examines man's concept of himself and his celestial
environment during the time periods covered in the freshman English course.
The presentation contains the readings and analysis of the literary efforts of
selected poets and writers.
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Launch Windows

Astronautics

This lesson reviews concepts of the motions of the sky and time. It
looks from the Ilinside out!l at the primary coordinate system used in the
cor e astronautics course- - the geocentric equatorial system. A satellite's
orbit is examined within this reference frame and in relation to the rotating
earth so that the meaning of launch windows can be understood. The calculation of the time and azimuth of launch at a launch window is introduced.
Worlds Beyond Experience

Physics

This program introduces the concepts of special relativity. The nature
of the universe is beyond the understanding of most of us. Vast distances
separate unusual objects: red giants, white dwarfs, neutron stars, and black
holes. It is a uni verse that requires an undc:'standing of the theory 01 i"'elati vity. Against this setting Einstein's concepts of t.~me dilation and length
contraction ar e developed in descriptive terms.
Man's World and The Sky

Geography

This lesson develops the concepts of the earth fS place in the universe.
latitude and longitude, time keeping and causes of the seasons. Using the
planetarium IS capability to travel to various latitudes and experience the
seasonal motion of the sun, a deeper understanding of physical consequences
of geographic location is obtained.
The degree to which these lessons have been successful has varied widely_
Some programs have been given only one semester whereas some lessons
have been repeated many times. The key to a program fS success seems to
be the degree to which it meets learning outcomes assigned by a particular
academic department. Figure 1 is a display of the history of the Academy
Planetarium fS academic programs.
Special Activities:
In addition to the formal planetarium lessons presented to Navigation Divi-

sion and interdisciplinary courses, every effort has been made to incorporate the planetarium into the cadet way of life at the Air For ce Academy.
Some of these activities are listed below:
1. Space navigation research. Major Powers was a co-principal
investigator for the Skylab corollary experiment T-002, manual space navigation sightings. The Planetarium supported this research program in two
ways. First, Academy cadets served as "astronauts" to develop and test
techniques for teaching the skills of the manual sightings. Secondly, the
primary and backup Skylab crew members came to the Academy to receive

the actual

...................u.h

for the sighting tasks in

dynamic

of the

2. Cadet commissioning ceremonies. As a
acti vHies
year each cadet squadron holds a commissioning
These
ceremonies have been held in the Planetarium. They
employed the
"space environment" and the stereo sound system to give added meaning to
the occasion.
3. Saturday morning training. As part
fS program on
Saturdays, several cadet squadrons have sought the planetarium for informal
sky shows. Motions of the sky, star and constellation identification. and the
are presented.

4. Cadet clubs. The Cadet Astronomy
Planetarium as a meeting rOOlU.

:Navigation Clubs

USt

the

5. Astronautics special research project. An advanced astronautics
student has developed an exercise that would use the planetarium as a laboratory
an astronautics course whereby a "satellite!! would
photographed
against
star field. These photos would be analyzed to obtain
the
6. Other special events. The potential exists for using the Planetarium as a theater for such events as rock concerts, light shovvs theater-intheThis potential has not yet been realiz,ed,
will
explored
the
j

EVALU.A.TION

PRCGRAM

program
integrate the
, a substantial
shown in Figure 2. To
years
a cadet may have
never have set foot in the Planetarium.
r
the
academic career and several more . . . . . "'''''-''-'

cadet's
has
has been

in

were enother
this
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Four major problems were encountered:
1.

Curriculum changes.

2.

Technical problems associated with frequent show setups.

3.

Conflicts with public programming.

4.

Large output of effort for a small attendance return.

Curriculum changes: As new course administrators take control of a particular course, philosophy and objectives change and each new course director
critically evaluates the value of the Planetarium. For this reason each
planetarium lesson undergoes a continuous evolution. Changes may be small,
require major revision, or the lesson may be ,1ropped altogether. ObV10ilSly,
this evolutionary process requires considerable ti:::2 and effort to coordinate
and to make the required changes. Additionally, the dropping of planetarium
lessons by the academic departments would soon result in the loss of the
Planetarium fS interdisciplinary program.
The solution to this problem, if indeed there is a solution, is lots of hard
and continuous work. Continuous liaison must be maintained with the academic course directors, and the willingness and ability to modify the planetarium lesson must be demonstrated.
A good working relationship between the planetarium
staff and the academic department must be maintained in order to continue
the planetarium lesson.
Technical problems associated with frequent show setups: Supporting an
active schedule of academic shows, sometimes five or six per semester, as
well as regular public, school groups, and less formal cadet lessons
imposes severe technical demands on the Planetarium. Steps needed to be
taken to reduce the time required to install a program.
One approach was to package the academic shows. All show materials were
organized and stored in a looseleaf binder. Included in the program package
were all the slides, the lecturer's and technician's scripts, drawings of the
projection pit showing the location of special effect projectors, and patch
panel wiring diagrams.
Another technical innovation was the exploitation of the cove area at the
periphery of the dome. An enclosed space about 16 inches deep and 20 inches
high projected from the chamber wall at the lower circumference of the projection dome. Although ideally suited, it had never housed special effects.
This area was n10dified with fiberboard front panels replacing the original
steel face plates and electrical cables were laid. Many special effect devices
used in the academic shows are now permanently
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A third innovation to reduce program installation time was the design and
construction of a new panorama system. The goal was to develop a system
in which all of our panoramas could be permanently installed and accessed
randomly to meet program requirements. Such a system has been built. It
consists of two, eleven proj ector systems, each system being capable of
randonlly accessing any of 36 panoramas. These new projectors are now
awaiting installation.
With these technical innovations and a great amount of hard work and overtime from the technical staff, program setup times have been reduced to
nearly one-third the tin1e previously required. The often demanding programming schedules have always been met.

Conflicts with public programming: With an academic program installed for
cadet instruction it would be anticipated that the regularly scheduled h-2~kend
public program would be preempted. In most caSAR this has not happened due
to several reasons.
Early in the history of the cadet programming the Planetarium IS fall progran1
was billed as a f1Festi val of Sky Dramas. II As each cadet lesson was presented it was also given to the general public. In later years the technical
advances referred to above have made it possible to set up the cadet lessons
and to keep our public show installed.
Large output of effort for a small attendance return: To prepare an elaborate planetarium program for a cadet course that would be seen by perhaps
only 1,000 people a year would seem to be a very inefficient process.
To overcome this, cadet lessons are given to the general public. Usually
they must be modified to reduce the rigor of the cadet version. This can
easily be done with some minor script and slide changes. In general, the
same special effects and music will be used in both the public and cadet versions. Thus, a program will be written as the spring, summer, or fall
public show and also given to the appropriate cadet class at the same time.
Thereafter, the program will be packaged and given to the cadets in succeeding semesters. A benefit of this programming philosophy is that public
visitors gain some astronomy and space education, and they also obtain some
understanding of the Academy's academic environment.
CONCLUSION
The Air Force Academy Planetarium has succeeded in integrating its operation into the overall mission of the USAF Academy_ This has
accomplished through, and rpquires for its continuation, hard work, technical
innovation, and cooperation between the faculty and planetarium
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USAF ACADEMY PLANETARIUM
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SIMULATION OF EXPANSION PHENOMENON
by
James He Seebach
Charlotte Nature Museum
Charlotte, North Carolina

Introduction
One of the most dramatic effects in nature is a nova or supernova explosiana violent and sudden release of tremendous energy as nuclear processes become un....
stable in a star's interioro The initial stage of this event--the sudden brightening of
the star followed by a less rapid decline in brightness-poses no problems for simulation in the planetarium" A slide with a precision pinhole placed in a projector having
a variable intensity light source is nlost effective o Many planetariums use a glowing
grain-a-wheat bulb with similar results. The nebular stage of a nova or supernova is
characterized by an expanding shell of fluorescing gases. Since the line of sight optical path length through the gases is greatest near the periphery, the shell frequently
appears as a two-dimensional expanding ringo
Simulation of the nebular stage is conSiderably more difficult, for in addition
to an expanding ring, a gradual thinning of the ring should occur to simulate differential braking due to the pr~sence of interstellar material.. Several approaches might be
considered:
'
Zoom Projection
The trouble with this approach is that the viewer gains the impression of
drawing closer to a static ring.
(1)

Dissolve Sequence
This can be an effective approach provided there is artistic talent available
to render the many accurate paintings required
(2)

o

Movie Segment
This method suffers primarily from the introduction of an objectionable
film formaL
(3)

Stylized Approach
In view of the difficulties of the preceeding approaches, some planetariums
use a Technimated slide in combination with a rotating polaroid to suggest an expansion.
(4)
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Recently a special effect projector has been developed at the Charlotte Nature
Museum which realistically simulates the nebular stage of a nova or supernova.. This
nebular projector is fairly simple in operation and inexpensive ..
Nebular Projector - Design and Theory
The nebular projector utilizes collimated light shining down an internally reflecting cylinder subject to varying angles of incidence by means of a slowly rotating
plane mirror" A schematic diagram appears in Figure 1" A G" E .. No" 1076 lamp
operating at 12 VAC, provides a light level corresponding to about 20 watts., Collimation is achieved with a pair of short focal length condenser lenses.. The lamp filament
is at the effective focal length of the lens pair with its length facing the lenses.. Light
output is increased by placing a small concave reflector behind the lamp filament at
the distance of the mirror's focal length. The rotating plane mirror assembly is located well ahead of the condensers so as to receive e6sentially parallel light ray;:,,, As a
rough guide, the distance from the filament to the mirr-:::.- should be about six times the
distance from the filament to the condenser system center. The internally reflecting
cylinder is mounted at a right angle to the optical axis.. The lamp filament and cylinder axis lie in the same plane while the mirror axis is at a right angle to this plane"
This orientation will minimize the presence of the filament in the final effect. For efficient operation, the ins ide diameter of the cylinder was chosen to be slightly larger
than a 35mm slide aperture.
The conlbination of the lamp, short focal length condensers, and concave reflector produces an intense source of collimated light capable of fully illuminating a super
35 slide placed in the slide gate. Perfect collimation is not achieved, of course, due
to significant off.... axis contributions from the extended filament of the lamp" In Figure
2A, the plane mirror is shown at its reset position of 45 degrees to the optical axis.
Incident light rays parallel to the axis are reflected through 90 0 to emerge parallel to
the cylinder's axis" Slightly non-parallel rays, however, encounter the cylinder walls
at very large angles of incidence (i)., The net effect on the planetarium dome isa
bright ill-defined image surrounding that of the filament.. A way to disguise the filament
image is discussed later ..
As the mirror rotates from the reset position, the light rays comprising the
filament image gradually encounter the cylinder wall, producing the first indication of
a ring structure on the dome.. The effects of further rotation are shown in Figure 2Be
The angles of incidence on the cylinder wall are now smaller with a greater divergence of emerging light rays.. Owing to the geometry of the mirror and cylinder, light
rays falling on the lower portion of the mirror are reflected away from the cylinder
aperture. A progressively larger area of light originating from the lower portion of
the slide gate is diverted as the rotation continues. This produces a very desirable
thinning of the ring as it expands accompanied by a decrease in intensity.. Thus the
light emerging from the slide gate is, in effect, laterally selected or filtered. This
can be used to advantage by placing lateral strips of colored gel in the slide gate. The
result is a gradual and automatic color change of the ring as it expands and thins.,
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Rotation to the extreme position results in a faint thin ring with an angular diameter exceeding 90 degrees~ Only light falling on the uppermost portion of
n~irror emerges from the cylinder" The faintness of the ring is now largely due to the
cumulative attenuation of light by the numerous reflections in
For this
reason, the material lining the cylinder must be highly reflective, such as mylar or
aluminized film"
Nebular Projector - Construction and Operation
The nebular projector is constructed basically of almninum and Plexiglas"
Both materials can be easily machined" A list of parts and suppliers accompanies the
diagram in Figure L. All optical components are housed in a Bud minibox.. An Lshaped aluminum bracket secures the reflector in place.. The larnp socket is mounted on standoffs to enable precise positioning of the lamp filament.. Retainers for the
condenser lenses are fashioned from 0 .. 005 inch sheet brass" Spacers of i/<L·inch
spruce sheet are placed on the sides and top of the fram to prevent excessi.ve shifting
of the condensers" The side spacers also serve as supports for the l/8-inch brass
channel which forms the slide gate.. The mirror support consists of two spacers made
from lengths of Plastistrut rectangular tubing which are secured to a square of sheet
aluminum Contact cement is used to bond the plane mirror to the spacers" The projector frame which houses these components is mounted via two 1/4-inch Plexiglas
spacers to a l2! x 6~ inch Plexiglas base.,
0

The mirror shaft is machined from 1/4-inch aluminum stock A r.ailled flat
on the shaft provides a firm support for the n1.irror assembly.. Tapped holes in the
flatted area of the shaft permit easy installation and adjustment by means of two
screws.. It is recomme:q.ded that aluminum of the type specified be used for the mirror shaft" The T3 suffix denotes grade A++ machinability, the highest available .. If
alun~inum rod of the type commonly found in hardware stores is used, be prepared
for rapid dulling of machine tools, for it is surface tempered for hardness and has a
very low machinability rating o
o

A carefully drilled and reamed 1/4-inch hole in a piece of Plexiglas supports
one end of the mirror shaft.. The motor shaft supports the other
Another piece
of 1/4-inch Plexiglas is used for the motor support. Careful machining and alignment of the supports and motor results in a mirror shaft which is very free turning"
When clamped to the motor shaft with a small set screw the mirror assembly will
rotate under power with precise smoothness.. A reset mi.croswitch is mounted on a
separate piece of Plexiglas which in turn is bolted to the motor support.. In this way
the sensitivity of
microswitch leaf roller can first be set and then the assembly
pOSitioned so as to be activited by the reset carn o Wiring for the reset function,
motor and lamp is brought out to a 5 terminal barrier strip mounted on the base"
The acrylic cylinder is mounted on the projector frame with its axis slightly
behind that of the mirror shaft.. This makes the cylinder axis nearly coinci.dent with
the reflection of the optical axis when the mirror is at its reset pOSition of 45 degrees"
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The 6-1/8 inch length of the cylinder is not especially critical" A significantly shorter
cylinder, however, will increase the angular travel of the filament image on the dome.
Severe light attenuation occurs if a significantly longer tube is" used"
When installing the reflecting film, a vertical seam must be avoided as it will
be projected as an obvious flaw in the final effect.. Instead, cut the matting edges of
the film at the sharpest angle possible.. When properly installed the film seam takes
on a "rifled" appearance much like the inside of a gun barrel. The technique will per ....
fectly disguise the presence of the seam"
Preparation of the slide in the slide gate was hinted at ear Her. Either a standard 35mm or super 35mm film mount can be used. Double glass slide mounts are
perferred" Three strips of colored gel are arranged laterally on the slide, that is,
parallel to the mirror shaft. If the strips are arranged vertically, the colors are
essentially mixed and little color change occurs" 8tJ.rting from the bottom, a h.l:":'row
medium blue strip is followed by wider strips of amber:--""d medium red. The glass
of the slide mount is streaked vertically with Duco cement and allowed to harden"
This serves to disguise the filament image and softens the color boundaries. The pre ....
pared slide is placed with the blue at the bottom of the slide gate. When the mirror is
rotated counterclockwise, blue appears along the ring's inner edge with red at the outer edge as in the case in nature" A clockwise rotation requires inversion of the prepared slide in the slide gate" A rotation rate in the range of 3 to 6 revolutions per hour
is appropriate"
The nebular projector should be aimed squarely at the planetarium dome from
a location near the center of the chamber. Projection across the chamber will result
in an effect somewhat out of proportion to the size of the dome., Planetariums having
access behind the dome may find· this projector an effective rear-projection device.
The final effect achieved by the nebular projector has already been described. As an
accompanying musical selection, the author has found a portion of a composition by
Vladmir Ussachevsky to be most effective. The selection occurs about one-third of
the way through his composition entitled lIA Poem in Cycles and Bells for Tape Recorder and Orchestra. 11 It is available in mono only on the Composers Recordings
Inc. (CRr), number 112"
Conclusion
While the nebular projector has been designed to simulate the nebular stage of
a nova or supernova explosion, several other effects are possible A second piece of
aluminized fihn in the shape of a frustrum of a cone inserted in the top of the cylinder
produces an effect best described as a compact evolving lumia o In this case, the projector is located at the cove and aimed at the dome directly above By placing a suitable opaque mask over the cone, it is possible to simulate eruptive solar prominences"
Other effects are achieved by smearing Duco cement on the inside of the reflecting
cylinder, substituting a wrinkled piece of aluminized film for the plane mirror, using
a faster motor and introducing off....axis rotation of
mirror"
g

g
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The principle of operation of the nebular projector can be extended to commercial projectors on hand o For best results, however, the light source should employ a
small filament lampo Some experimentation and lamp substitution may be required o

FIGURE L
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LIGHT YEARS, CONSTELLATIONS, HYTHS, A1,TD

LI~GEl\IDS-~~

By Osceola C. Sexton, Brookmont Planetarium, Hontgomery County, Md.

The Brookmont Planetarium is located in a classroom next to an outside
entrance of an Elementary School by the same name. As you enter the Planetarium, you view the dome which is fourteen feet in diameter, suspended by
chains from the ceiling, and raised only five feet from the floor. The
projection unit has been adjusted to the proper height for the dome.
The globetree just outside the dome holds the four plastic globes which
are interchangeable on the unit--a stel1arium globe or night sky; a star map
globe; a mythology globe; and a grid globe.
The stell'arium globe has eleven hundred stars
stellations.

showin~~

eighty-eight con-

The star map globe is a clear globe showing: (1.) the celestial coordinates, (2.) the eighty-eight constellations drawn in stick figures and
each region, (3.) light year distance of the stars, (4.) the celestial
equator, (5.) the ecliptic, (6.) the milky .."fay, and (7.) a sun pointer to
indicate the sun's position. each day of the year. Using the ephemeris,
planets can be drawn on the globe 1vith a wax penc il ..
The mythology globe shows an artist's view of forty-four characters
representing the constellations kno1rJn in anc ient times.
The grid globe is used for plotting constellations, studying time, and
other activities.
All of the globes can be positioned to any latitude needed to demonstrate how the viewer sees the celestial hemisphere visible at that position.
The interior of the dome is
by li~hts mou.'Ylted on the projection
unit which are controlled by a dimmer s"l"<Titch.. Chairs arranged in a circle
are used for seating thirty small. children or twenty-five larger children
comfortably under the dome.
In the room across thf3 hall from the Planetarium, a laboratory has been
set up with a variety of transparent earth-in-space globes, pictures, slides,
and models which are used forpre-planetarillrrl and post-plaJ1etarium lessons.
Five telescopes are available for skY-Hatching each r.~'1l8Sday night and
for studying sun-spots and the moon in day-time activities"
~1'his

was a slide presentation demonstrating the use of the Farquhar
Planetarium in Brookmont'-~lementary School, }Iontgomery County, }\Id ..
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STARS FOR OAXACA
~

Marvin Vannt Foothill College Observatory

In March, 1970, an expedition by the staff of the Foothill College
Observatory f Palo Alto, California, was organized and conducted to Mexico to
observe the total eclipse of the sun in the town of Mitla. This expedition
found great favour by the local inhabitants. The director of the National
Astronomy and Science Foundation promised a telescope for the town of Mitla
providing they would be prepared to build the observatory building.. After
a while it became evident that the observatory would not materialize. 'fIhe
dream, however, remained.
It was learned that Palo Alto, California, and OAXACA de Juarez,
Mexico, were sister cities and after several planning sessions sufficient
funds were raised to crystallize the dream. On February 10, 1973, the
new observatory was dedicated with a plaque saying, "The result of brotherhood between people to people."
The natural extension to the observatory project would, of course, be
the addition of a planetarium. Plans are now well in hand and the tentative
date for the inauguration should be some time in mid-1975.

tao Note: :Mr. VaTh."1. has an interesting project going, and can use some
help. If your planetarium would like to become involved, either by donating
a pla.l1etarium proj ector, providing a few duplj,cate slides, or helping to
train some staff, contact him for additional details.
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CHECKLIST OF PLANETARY CONFIGURATIONS, 1975
With remarks on visibility 3...Yld suggestions for photography
Robert C eVictor, Abrams Planetarium, Michigan State University
The following table of events can be used to check the performance of annual
motion systems of planetariums and, by using solar conjunction dates, for setting
these systems. 1 For each event, the table lists the civil date in Eastern Standard
Time, the elongation expressed as angular distance east or west of the sun, the
magnitudes of the objects when visible, and remarks on visibility for an observer
at latitude 40 0 north.
Planets move relatively slowly against background stars, so mutual conjunctions
of planets or of planets with stars will be of interest for several days before and after
the actual event. The remarks on visibility should help the teacher select the best
events for student observation. Much of the content of those remarks was tierived from
the 1975 Graphic Time Table of the Heavens 2 , a valuable aid for the planet walcher.
The checklist includes: conjunctions, oppositions, and quadratures for superior
planets; inferior and superior conjunctions and greatest elongations for inferior
planets; greatest brilliancies of Venus; the two lunar eclipses visible in North America;
and mutual conjunctions of planets and of planets with stars in celestial longitude
(not right ascension). Conjunctions in longitude generally coincide with the appearance
of closest approach, since planets usually move nearly parallel to the ecliptic.
Of special interest will be the close approach of Mercury to Venus during January;
for six consecutive evenings (January 15-20) they appear less than 10 apart. This
event does not appear on the list of configurations in the American Ephemeris and
Nautical Almanac, because there is no conjunction in right ascension; Mercury gets
within: 1m in R. A. of Venus but then slows down and backs off.
From February through early July Venus sets after the end of astronomical twilight (sun 18 0 below horizon) and is visible against a dark sky. It will be possible to
obtain an interesting series of photographs of Venus against background stars as it
passes, in succession, Jupiter, the Pleiades, Aldebaran, Saturn, Pollux, and Regulus.
From mid-September 1975 until mid-February 1976 Venus can be photographed
against a dark background in the predawn sky. Watch it pass Regulus, Spica, and
Antares.
For constellation photography, or a series demonstrating the change of position
of a planet, try 15- to 30- second exposures using High Speed Ektachrome and a fast
lens (50mm f/l. 2 to 2.8) wide open when the sky is dark. Photograph Venus at
intervals of about a week, Mars twice monthly, and Jupiter and Saturn once monthly.
Mercury against a twilit sky is a tricky subject to photograph; bracket your
exposures to be safe. The visibility of Mercury at its various elongations is well
illustrated by the Graphic Time Table. By marking Mercury's rising and setting
curves with the planet's magnitudes from page 4 of the Ephemeris, you will be
better able to estimate the first and last dates of visibility of Mercury at each apparition.

161

It might be very instructional to obtain a long series of slides showing Mars
beginning with its emergence from morning twilight (December 1974), continuing
through opposition (Decen1.ber 1975), and ending with Mars' disappearance into
evening twilight (July 1976). Unfortunately, until after mid-May 1975 Mars will be no
more than 50 above the horizon as morning twilight begins. It will be difficult to get
background stars until then. The current visibility cycle of Mars will be a very interesting subject to photograph from September 1975 through March 1976, when the
planet goes through a direct-retrograde-direct sequence in Taurus and Gemini (see
diagram). With careful planning, all your photographs taken during that 7-month interval can show the same star background in the same position in the camera's field
of view, with the position of Mars as the only difference. I suggest orienting your
camera so that the ecliptic runs midway between and parallel to the top and bottom
edges of your frame, with 3rd-magnitude Zeta Tauri midway from left to right but
0
0
2 • 2 below the center of view. In this way the retrograde loop of Mars, 18 in length,
will be neatly centered with plenty of room to spare; my 50mm lens can photograph
a field 35 0 in width.
Observe Jupiter through its synodic period beginning with heliacal rising (emergence into morning twilight) in early April 1975. Unfortunately, during retrograde,
Jupiter will appear against the faint background of Pisces. Take a series of photographs showing Jupiter's direct-retrograde-direct sequence from mid-June 1975
to mid-February 1976; center each photograph on 5th-magnitude Zeta Piscium, with
the ecliptic running horizontally as in the Mars series. Jupiter retrogrades only
10 0 , from August 15 to December 10, 1975.
Saturn's next complete cycle begins with heliacal rising in early August 1975
and ends with heliacal setting in early July 1976. Take a series from late August
1975 through late June 1976 . Center each photo 10. 4 south of l\1u Cancri (about midway between Delta' Geminorum and Delta Cancri) to center Saturn's retrograde arc,
7° in extent.
Finally, in taking a series of photographs illustrating planetary motion, avoid
times when the moon at or near full would brighten the sky, and avoid dates when the
moon would be in the star field. The moon's image would be greatly overexposed in
time exposures long enough to record faint background stars. Also, choose times
when the planet is at least two hours from rising or setting. The GraphiC Time
Table would be very useful in planning your photographic program.

1 For details of this procedure for setting planets, see THE PLANETARIAN,
Volume 1, Number 3 (December 1972), page 84.
2

Published by the Maryland Academy of Sciences, 119 S. Howard Street,
Baltimore, Md. 21201.. Also appears annually in the January issue of Sky and
.1'elescQ£~.
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CHECKLIST OF PLANETARY CONFIGURATIONS, 1975
DATE
1975 Jan 6
20
22
23
Feb 8
17
Mar 6
21
Apr 2
7
13
18
21
May 4
10
16
24
24-25
30
Jun 10
16
18
Jul 4
8
15
16
18
21
24
25
Aug 1
11
14
17
27
30
Sep 3
5
13
22
30
Oct 3
3
9
13
24
26
Nov 2
7
IS
2S
30
Dec 1
15
1976 Jan 7
9

ELONG
EVENT
180°
at opposition
Saturn
E 18°
Mercury 0°.7 N of Venus
E 18°
Mercury 1°.1 N of Venus
Mercury greatest elongation E 19°
0°
Mercury 3°.6 N of Sun
E 24°
0°.2 S of Jupiter
Venus
Mercury g~eatest elongation W 27°
1 .1 S of Sun
0°
Jupiter
E 90°
Saturn
at quadrature
W 12°
Mercury 0°.9 S of Jupiter
E 37°
2°.8 S of Pleiades
Venus
0°
Mercury 0°.6 S of Sun
7°.2 N of Aldebaran E 38°
Venus
Mercury 2 0. 1 S of Pleiades
E 16°
Mercury 7°.9 N of Aldebaran E 20°
E 22°
Mercury greatest elongation
E 44°
2°. 7 N of Saturn
Venus
180°
Moon
total eclipse
E 44°
4°.1 S of Pollux
Venus
0°
Mercury 3°.1 S of Sun
W 6So
0°.5 S of Jupiter
Mars
E 45°
greatest elongation
Venus
W 22 °
Mercury greatest elongation
E 43°
0°.3 S of Regulus
Venus
OO.OSofSun
0°
Saturn
Jupiter
Saturn
Venus
Mercury
Mercury
Mercury
Mercury
Mars
Mercury
Venus
Mars
Venus
Mars
Mercury
Mercury
Mercury
Venus
Venus
Mercury
Jupiter
Mercury
Saturn
Mercury
Venus
Moon
Mercury
Meroury
Venus
Mars
Mercury
Venus

W 90°
at quadrature
W 2°
6°.7 S of Pollux
E 39°
greatest brilliancy
,W 9°
5°.7 S of Pollux
W SO
1°.1 N of Saturn
1°. 7 N of Sun
0°
E 11°
1°.1 N of Regulus
W Sl°
5°.4 S of Pleiades
SO.2 N of Venus
E 15 °
8°.4 S of Sun
0°
4 °. 4 N of Aldebaran W S7~
SO.9 S of Regulus
W 110
W 90
at quadrature
E 27°
greatest elongation
E 24°
1°. 5 S of Spica
1 0 .6 S of Spica
E 16°
W 40°
greatest brilliancy
0
4°.4 S of Regulus
W 40
0°
1°.9 S of Sun
0
at opposition
ISO
°
greatest elongation
W ISo
at quadrature
W 90
4°.0 N of Spica
W 16~
greatest elongation
W 470
ISO
total eclipse
0°
0°.7 S of Sun
3°.6 N of Antares
E 1°
4 °. 2 N of Spica
W'15 °
180°
at opposition
0
greatest elongation
E 19 0
0
W 39
6 .5 N of Antares

MAGNITUDES
-0.2
-0.6, -3.4
-0.4, -3.4
-0.3
-3.4, -l. 6
+0.4
+0.3
-3.5
-3.5, +0.9
-0.7
-0.1, +0.9
+0.6
-3.7, +0.4
-3.8, +l. 1
+0.8, -l. 9
-3.9
+0.6
-4.1, +l. 3
-2.0
-4.2
-l. 4, +l.1

+0.4

+0.2, +0.9
-3.5, +1. 3
+0.2
+0.4
+0.7, +1. 0
-4.3
-4.3, +1. 3
-2.5
-0.3
+0.4
-0.8, +1. 0
-4.0

-3.9, +1. 0
-1. 6

-0.3
-:3.6, +0.9

REMARKS
In Gemini. Visible all night.
~Within 0°,5 of each other on evenings of Jan. 17 & 18.
Pair sets 1h23 m after sun Jan. 17.
Favorable. Sets as twiLight ends.
Inferior conjunction.
Spectacular! Pail sets 2h after sun.
Fair. Rises 1h 08 m before sun. Look 16° lower left of Mars.
Conjunction.
In Gemini. Sets 7 h after sun.
Not visible.
Venus sets 3 h after sun.
Superior conjunction.
Venus sets 3!h after sun.
Mercury sets shortly before twilight ends.
Mercury sets after twilight ends.
Year's best evening a~parition. Sets after twilight ends.
Pair sets more than 3 " after sun.
Mid-eclipse 1:38 a. m. EDT May 25.
Pair sets more than 3 h after sun.
Inferior conjunction.
In Pisces. Pair rises 3th before sun.
In Cancer. Sets nearly 3 h after sun.
Unfavorable. Rises 1h17 m before sunrise, in bright twilight.
Pair sets just after twilight ends.
Conjunction.
In Pisces. Rises 5 h before sun.
Not visible.
Sets shortly before twilight ends.
Difficult. Mercury rises 4S m before sun.
Not visible. Saturn rises 40 m before sun.
Superior conjunction.
Not visible.
Mars rises 4~h after sunset.
Not visible; Venus sets before sun.
Inferior conjunction.
Pa.ir rises within 4!h after sunset.
Difficult. Venus rises 3S m before sun, Regulus 50 m .
In Taurus. Rises 4h after sunset.
Unfavorable. Sets 4S m after sun.
Difficult. Mercury sets 38 m after sun.
Not visible.
Spectacular! Rises 3!h before sun.
Pair rises 3!h before sun.
Inferior conjunction.
In Pisces. Visible all night.
Year's best morning apparition. Rises before twilight begins.
In Cancer. Rises 6li after sunset.
Mercury rises shortly after twilight begins.
In Virgo. Rises nearly 4h bofore sun.
Mid-eclipse 5:23 p. m. EST.
Superior conjunction.
Not visible.
Venus rises nearly 4h before sun.
In Taurus. Visible all night.
Favorable. Sets just before twilight ends.
Venus rises nearly 3 h before sun.
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REGISTERED DELEGATES, ISPE MEETING, 1974, ATLANTA
John Alexander
176 Booth Road, Apt. A-4
Marietta, GA 30060
Valdoris G. Alexander
175 Booth Road, Apt. A-4
Marietta, GA 30060

Fran Biddy
Strasenburgh Planetarium
663 East Ave.
Rochester, NY 14607
(wife)

Mrs. Betty Arthur
R. R. #7, 22 Brindale Dr. (wife)
Muncie, IN 47302
F. H. Arthur
Muncie Community School Plane.
801 North Walnut Street
Muncie, IN 47305
Max L. Ary
Charlie M. Noble Planetarium
1501 Montgomery
Fort Worth, TX 76107
Jerry Baker
Strasenburgh Planetarium
663 East Ave.
Rochester, NY 14607
Robert J. Ballantyne
McLaughlin Planetarium
The Royal Ontario Museum
100 Queen's PK Crescent
Toronto 5, Ontario, Canada
Jeff Baskin
Human Resources Planetarium
Albertson, LI, NY 11507
Elmer Bataitis
Strasenburgh Planetarium
663 East Ave.
Rochester, NY 14607
D. David Batch
Abrams Planetarium
Michigan state University
East Lansing, MI 48824
Dorothy E. Beetle
Norwood High School Planetarium
2020 Sherman Avenue
Norwood, OH 45212
Rebecca M. Berg
strasenburgh Planetarium
657 East Ave.
Rochester,NY 14603

Leslie E. Birkmaier
Museum of Art, SC e & Ind.
4450 Park Avenue
Bridgeport, CT 06604
Jeanne Eo Bishop
Westlake Public Schools Plane.
24525 Hilliard Road
Westlake, OH 44145
Henry Blake
128 Crooked Hill Road
Huntington, NY 11743
Robert M. Blake
2280 Campbellton Road, #109
Atlanta, GA 30311
Mike Blakesly
Ontario Science Center
770 Don Mills Rd.
Toronto, Ontario, Canada
Allen Blocker
University of WI at Steven Point
Stevens Point, WI 54481
Lloyd L. Bodie
Allen Memorial Planetarium
Terre Haute South Vigo HS
3737 South 7th st.
Terre Haute, IN 47802
Lynn Bondurant
National Air & Space Museum
Smithsonian Institute
Washington, DC 20560
Paul Boston
Prince George's County Planetarium
4000 Varnum st.
Bladensburg, MD 20710
Pat Boston
Severn, MD

(wife)

David Bradstreet
Eastern College Planetarium
st. Davids, PA 19087

Philip E. Branhart
Weitkamp Obs. & Plane.
Otterbein College
Westerville, OH 43081

Ron Cobia
Abrams Planetarium
Michigan state Univ.
East Lansing, MI 48823

Ken Brown
Hall of Science Planetarium
P. O. Box 1032
Flushing, NY 11342

Dr. Howard L. Cohen
Dept. of Physics & Astronomy
University of Florida
Gainesville, FL 32611

John Burgess
Fernbank Science Center
156 Heaton Park Dr., N. E.
Atlanta, GA 30307

Mrs. Marian Cohen
1501 N. W. 28th Street
Gainesville, FL 32605

John A. Calabrisi
Education and Culture Center
Chatham, VA 24531
H. Rich Calvird
El Paso Public Schools Planetarium
6531 Boeing Street
El Paso, TX 79925
Paul Campb ell
Harden Planetarium
Western Kentucky Univ.
Bowling Green, KY 42101
Thomas John Carey
Vanderbilt Planetarium
178 Little Neck Rd.
Centerport, LI, NY 11721
Mitch Carucci
Human Resources Planetarium
Alberton, LI, NY 11507
Von Del Chamberlain
National Air & Spqce Museum
Smithsonian Institute
Washington, DC 20560
Rolfe Chandler
Herdon H. S. Area III Plane.
200 Bennett Street
Herndon, VA 22170
Tim Clark
Strasenburgh Planetarium
663 East Ave.
Rochester, NY 14607

Julius Cohn
Falls Church High School
Jaguar Trail
Falls Church, VA 22043
Peter F. Conners
Half Hollow Hills Plane.
Dix Hills, NY 11746
Jo Ann Coplin
Bassett Planetarium
Amherst College
Amherst, MA 01002
Vic Costanzo
Strasenburgh Planetarium
663 East Ave.
Rochester, NY 14607
John L. Cotton, Jr.
Dallas Health & Science Museum
Fair Pair, Box 26407
Dallas, TX 75226
Frank Creasy
View lex Planetariums
Rustberg, VA '24588
Dr. Norman Dean
Bel Air Planetarium
Moore's Mill Road
Bel Air, MD 21014
David DeBruyn
Chaffee Planetarium
233 Washington, SE
Grand Rapid, MI 49502
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Dr. Robert J. Doyle
M. D. Anderson Planetarium
Lambuth College
Jackson, TN 38301

Jack K. Fletcher
Portsmouth Planetarium
1401 Elmhurst Lane
Portsmouth, VA 23701

Carl Dziedziech
Strasenburgh Planetarium
663 East Ave.
Rochester, NY 14607

Doris J. Forror
Lake Erie Jr. Natur'e & Science Ctr.
28728 Wolf Road
Bay Village, OH 44140

Guy Eastman
Navigation Department
U. S. Naval Academy
Annapolis, MD 21402

Reuben Fox
Hansen Planetarium
15 South State st.
Salt Lake City, UT

Al Eftink
National Air & Space Museum
Smithsonian Institute
Washington, D.C.
20560
Dr. Paul Engle
Dept. of Physical Science
Pan Amerjcan University
Edinburg, TX 78539

Dave Franz
Detroit Science Center
52 E. Forrest Ave.
Detroit, MI
48201

Carolyn Erickson
Williamsport, PA

17701

Dr. Richard R. Erickson
Detwiler Planetarium
Lyccming College
WilliamEport, PA 17701
Dale A. Etheridge
12600 Braddock Dr. #229
Los Angeles, CA 90066
William L. Fagan
7402 Roxbury Ave.
Manassas, VA 22110
Tom K. Fagon
Middletown Planetarium
1415 Gir.ard Avenue
Middletown, OH 45042

84111

Dr. Alan J. Friedman
William K. Holt Planetarium
University of Calif., Berkeley
Berkely, CA 94720
Thomas M. Gates
Foothill College Planetarium
12345 El Monte Rd.
Los Altos Hills, CA 94022
Michael Gardner
Longway Planetarium
923 E. Kearsley st.
Flint, MI 48502
Rea Gault
Trippsensee Planetarium Corp.
301 Cass st.
Saginaw, MI 48602

Charles Feldman
1690 Watson Ave.
Bronx, NY 10472

Jane P. Geoghegan
Thomas Jefferson High School
4100 West Grace st.
Richmond, VA 23230

Tom Fleming
Columbia Science Museum
1519 Senate st.
Columbia, SC 29201

Philip Groce
Bays Mountain Park Planetarium
Route 4
Kingsport, TN 37660

Bill Gutsch
Strasenburgh Planetarium
663 East Avenue
Rochester, NY 14607

Robert R. Hayward
Fernbank Science Center
156 Heaton Park Dr., N. E.
Atlanta, GA 30307

Mary Gutsch
Strasenburgh Planetarium
663 East Ave.
Rochester, NY 14607

David Heil
124 Meadow Lane
Mankato, MN 56001

Larry Gwiun
Chaffee Planetarium
233 Washington SE
Grand Rapid, MI 49502
Donald Hall
Strasenburgh Planetarium
663 East Avenue
Rochester, NY 14607
Sandy C. Hallock
Battelle Planetarium
280 East Broad st.
Columbus, OH 43215
Thomas
Wagner
Grymes
staten

Wm. Hamilton
College Planetarium
Hill
Island, NY 10301

Hubert Harb er
West Chester State College
WestChester, PA 19380
John Hare
Abrams Planetarium
Michigan State University
. East Lansing, MI 48824
David C. Harland
Minneapolis Public Library
Sc ienc e Museum and Planetarium
300 Nicollet Mall
Minne apolis, MN 55401
Ronald N. Hartman
Mt. San Antonio College
1100 North Grand Avenue
Walnut, CA 91789

Lee Ann Henning
Fort Hunt Planetarium
8428 Fort Hunt Rd.
Alexandria, VA 22308
Jean G. Henry
Highland Park Planetarium
4220 Emer son
Dallas, TX
7520 5
Kay Hill
Mankato High School Planetarium
Mankato, MN 56001
Phillip Hill
3700 North 140 Ave.
Holland, MI 49423
Robert S. Hillenbrand
Daytona Beach Planetarium
1040 Museum Blvd.
Daytona Beach, FL 32014
Robert J. Hitt, Jr.
Chesapeake Planetarium
300 Cedar Pk.
Chesapeake, VA 23320
Dr. Darrel Hoff
Dept. of Earth Science
University of Northern IA
Cedar Falls, IA 50613
Jame s A. Hooks
Robeson County Planetarium
Resource Center, Board of Education
Lumberton, NC 28358
Donald Hoplock
D. A. Hoplock Co., Ltd.
1346 Clifton st.
Winnipeg, Manitoba R3E 2V2
Canada
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Jack Howarth
Amarillo Public Schools
Planetarium
910 West 8 Ave.
Amarillo, TX 79101
Regis F. Huschak
Altoona Planetarium
Altoona Area School District
Altoona, PA 16601
Alan Izzo
Roger Williams Planetarium
Roger Williams Park Museum
Providence, HI 02905
Carol Jacobs
740 Duncan Ave.
Washington, PA 15301
John R. Jacobs
Mt. Lebanon High School
7 Horsman Dr.
Pittsburgh, PA 15228
Frank Jettner
SUNY at Albany
Dept. of Astronomy
1400 Washington Ave.
Alb any, NY 12222
Richard N. Jones
Northside Planetarium
2875 Northside Dr., N. W.
Atlanta, GA 30305
Joy Josey
Valdosta State University
N. Patterson st.
Valdosta, GA 31601
Edward Kashuba
Bishop PlanetariuIT,
South Florida Museum
201 loth st., West
Bradenton, FL 33505
Robert Keener
Woodward Academy
325 East Rugby Ave.
College Ave.
College Park, GA 30022

Leslie King
Boyertown Area School District
Boyertown, PA 19512
Donald O. Knapp
Loren S. Neblitt Planetarium
230 S. Marr Road
Columbus, IN 47201
Richard Knapp
Morehead Planetarium
Chapel Hill, NC 27514
Dr. Paul Knappenburger
Science Museum of Virgina
217 Governor st.
Richmond, VA 23219
Eloise Koonce
Skyview Elementary School
400 S. Greenville
Richardson, TX 75080
Ronald Kuhn
Northrop High School
7001 Coldwater Road
Fort Wayne, IN 46825
J"3ill Lazarus
Columbia Science Museum
1519 Senate st.
Columbia, SC 29201
Mark Levine
Vanderbilt Planetarium
180 Little Neck RORn
Centerport, LI, NY
11721
Carole Looney
Nature and Interpretive Center
Bays Mountain Park
Kingsport, TN 37660
George Lovi
Vanderbilt Planetarium
178 Little Neck Road~
Centerport, LI, NY 11721
Donald M. Lunetta
64 Pinecliff Road
Chappaqua, NY 10514
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Russell C. Maag
Planetarium Coordinator
Missouri Western College
st. Joseph, MO 64507

Ken Mosley
Conic Instrument Co.
6065 Del Cano Drive, S. E.
Grand Rapids, MI 49506

Dennis Mamanna
Strasenburgh Planetarium
663 East Ave.
Rochester, NY 14607

Mike Myers
Central Piedmont Community College
Charlotte, NC 28204

Fred Marschak

Joan Myers
Bladensburg, MD

Hollid~sburg Planetarium
N. Montgomery st.

Hollid~sburg,

FA.

16648

Morton E. Mattson
Lansing Comma College Planetarium
419 N. Washington Ave.
Lansing, MI 48919
Arthur 4.. M~ard
West Islip Public School Planetarium
Higbie Lane.
West Islip,LI, NY 11795
Bill McDow
Mavigation Dept.
U. S. Naval Academy
Annapolis, MB 21402

Arnold C. Nelson
Wausau West High School
1200 West Wausau Ave.
Wausau, WI 54401
O. Richard Norton
Grace H. Flaundrau Planetarium
Steward Observatory
University of Arizona·
Tuscon, AZ 85721
James O'Leary
Fels Planetarium
Frnaklin Institute
20th & The Parkw~
Philadelphia, PA 19103
Ron Olowin
Kirkpatrick Planetarium
3000 Pershing Blvd.
Oklahoma City, OK 73107

E. B. Miles

Dept. of Navigation
U. S. Naval Academy
Annapolis, MD 21402
Ron Miller
National Air & Space Museum
Smithsonian Institute
Washington, D. C. 20560

Gerard Onsorge
The Newark Museum
43-49 Washington st.
Newark, NJ
07101

Rick Mlady
Spitz Space Systems
Chadds Ford, PA 19317

John Paris
Sky Skan, Inc.
P. O. Box 3832
Rochester, NY 14610

Lynn Moroney
Kirkpatrick Planetarium
3000 Pershing Blvd.
Oklahoma City, OK 71307

David E. Parker
Tipton Middle School Planetarium
817 South Main st.
Tipton, IN 46072

JOM Mosley
Hansen Planetarium
15 South State st.
Salt Lake City, UT

JOM Paterson
Spitz Space Systems
Chadds Ford, PA 19317

84111

William D. Patrick
West Florence Plane.
Beltline Drive
Florence, SC 29501
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Ted Pedas
Youngstown state Univ.
Planetarium
410 Wick Ave.
Youngstown, OH 44503
Charles Percival
'rhe Sudekum Planetarium
800 Ridley Ave.
Nashville, TN 37203
Ken Perkins
528 Bennert Dr.
Vandalia, OH 45377
Richard D. Perry
State Museum
West. State st.
Trenton, NJ 08625
Bill Peters
McLaughlin Planetarium
The Royal Ontario Museum
100 Queen's Park Crescent
Toronto 5, Ontario
Canada

Capt. John R. Pond
USAF Academy Planetarium
USAF Academy, CO 80840
Alma M. Powell
Iroquois School Planetarium
Main st.
Erie, PA 16511
Kenneth Powell
2633 Vandalia Ave.
Erie, PA 16511
Harriet Poss
Philadelphia, PA
Howard Poss
A225 Barton Hall
Temple University
Philadelphia, PA 19122
Mary Jayne Prude

Fulton Planetarium
2025 Jonesboro Rd. S. E.
Atlanta, GA 30315
P at Quarterman
Valdosta State University
N. Patterson st.
Valdosta, GA 31601

Richard Phillips
Moon Senior High
904 Beaver Grade Rd.
Coraopolis, PA 15108

Mrs. Barbara Rigalo (wife)
31 Carmen Drive
Poughkeepsie, NH 12603

Dennis Phillippy
Central Dauphin Schools
4600 Locust Lane
Harrisburg, PA 17109

Robert Rigalo
Gustafson Planetarium
Fresh Air Foundation
Sharpe Reservation
Van Wyck Lake Road
Fishkill, NY 12524

Linton Pitluga
Eugene Cernan Space Center
Triton College
2000 5th Ave.
River Grove, IL 60171
Phyllis Pitluga
Adler Planetarium
1300 S. Lake Shore Drive
Chicago, IL 60605

CarlF. Rump
Fred G. Dale Planetarium
Box 149, Wayne State College
Wayne, NB 68787
Elaine Rump
706 Sherman
Wayne, NB 68787
Dr. William F. Rush
Ritter Planetarium
University of Toledo
Toledo, OH 43606
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Bruce Salmon
John Young Planetarium
810 E. Rollins Ave.
Orlando, FL 32803
Den Savary
Andrus Planetarium
Hudson River Museum
511 Warburton Ave.
Yon\:ers, NY 10701
Mrs. Joan Sawyer
302 Stonewall Road
Baltimore, MD 21228
Robert L. Sawyer
Catonsville Community College
Planetarium
800 South Rolling Rd.
Baltimore, MD 21228
Howard Schriever
Mayo Planetarium
1420 11th Ave. S. E.
Rochester, MN 55901
Ora Ann Schultz
Newark School Dist. Planetarium
Christiana High School
Newark, DE 19711
Herb Schwartz
Des Moines Science Center
4D3 42nd st.
Des Moines, IA 50302
Maj. Michael T. Schwitters
USAF Academy Planetarium
USAF Ac ademy, CO
80840
Jim Seebach
Charlotte Nature Museum Plane.
1658 Sterling Road
Charlotte, NC 28209
Osceola C. Sexton
Brookmont Planetarium
4800 Sangamore Road
Washington, DC 20016

Paul C. Sharrah
University of Arkansas
F~etteville, AR 72701
Albert L. Shaw
Marie Drake Planetarium
1250 lGlacier Avenue
Juneau, AK 99801
Erik Simonsen
Hialeah Miami Lakes Sr. H. S.
7977 W. 12th Ave.
Hialeah, FL 33014
Dennis P. Simopoulos
Eugenides Planetarium & Obs.
Amphithea, Athens, Greece
Dr. Billy A. Smith
Chabot College
25555 Hesperian Blvd.
Hayward, CA 94545
Charles D. Smith
Science Museum of VA
217 Governor st.
Richmond, VA 23219
Bryan Snow
San Antonio College Plant.
1300 San Pedro Ave.
San Antonio, TX 78284
Robbi Snow
(wife)
1323 Alhambra
San Antonio, TX
Norman Sperling
Duncan Planetarium
Princeton Day School
Box 75
Princeton, NJ 08540
Jack Spoehr
Spitz Space Systems
Chadds Ford, PA 19317
Julius D. w. Staal
Fernbank Science Center
156 Heaton j?ark Dr.,-- -N. E.
Atlanta, GA 30307
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Dr. Jon Staib
Madison College
Harrisonburg, VA

22801

Fred stutz
Prince George's County Planetarium
4800 Varnum st.
Bladensburg, MD 20710

Herbert D. Teuscher
Virginia Beach City Public Schools
Planetarium
Plaza Jr. High Scheol
3080 .Lynnhaven Road
Virginia Beach, VA 23451

Lynn stutz
(wife)
Upper Marlboro, MD

Thomas Tomasik
Longway Planetarium
923 E. Kearsley st.
Flint, MI 48502

Ronald K. Suga
Brockton Planetarium
Brockton High School
Brockton, MA 02401

G. Robert Thomson
Vollbrecht Planetarium
19100 Filmore
Southfield, MI 48075

Darsa Sukartadiredja
Jakarta Planetarium
Jlcusing Raya 73
Jakarta, Indonesia

Sally Thomson
(wife)
27700 Lexington
Southfield, M1 48075

Jim Summers
Fernbank Science Center
156 Heaton Park Drive, N. E.
Atlanta, GA 30307
Mark Sunntag
Ross Township Planetarium
199 East 70th st.
Merrillville, IN 46410
Ronald N. Sutherland
The Technamics Co.
2232 Gardner Station
st. Louis, MO 63109
Gary B. Swangin
The Newark Museum Planetarium
43-49 Washington st.
Newark, NJ 07101
Mark T. Sylvestre
Plymouth State College
Plymouth, NH 03264
Robert C. Tate
Harper Planetarium
3399 Collier Dr., N. W.
Atlanta, GA 30331
Walt Tenschert
Thomas Jefferson H. S.
6560 Braddock Rd.
Alexandria, VA 22312

Nancy Topolewski
Elgin Ob s. & Planetarium
4S Gifford st.
Elgin, IL 60120
Tom Tosti
Strasenburgh Planetarium
663 East Ave.
Rochester, NY 14607
Donald R. Tuttle
Elgin Obs. & Planetarium
4 S Gifford st.
Elgin, 1L 60120
Marvin J. Vann
Foothill College Obs.
Los Altos, CA 94022
Gerrit L. Verschuur
Fiske Planetarium
Univ. of Colorado
Boulder, CO 80302
Robert Victor
Abrams Planetarium
Michigan State Univ.
East Lansing, MI 48824
Chuck Vukin
Alexander Brest Planetarium
1025 Gulf Life Dr.
Jacksonville, FL 32207
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Charles W. Walker
Hartford Public High School
55 Forest St.
Hartford, CT 06105

Rick Williamon
Fernbank Science Center
156 Heaton Park Dr., No E.
Atlanta, GA 30307

Karen Wamb augh
707 Jennings Ave.
Scottdale, PA 15683

Forrest Wilson
Fernbank Science Center
156 Heaton Park Dre1 N~E.
At 1 ant a, Ga 30307

Robert Wambaugh
North Fayette Apts.
Locust st., Ext.
Connellsville, PA 15425

Charles Wise
Greenfield Central School
N & Broadway
Greenfield, IN
4614.0

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

Judith Wise
Greenfield, IN

Dr. John Wells
Madison College
Harrisonburg, VA

Arthur S. Wolfe
Lower Merion Sr. High School
301 Montgomery Ave.
Ardmore, PA 19003

22801

(wife)

Gerald Welsh
Longway Planetarium
923 E. Kearsley st.
Flint, MI 48502

Bonnie Woodling
Shepaug Valley Middle High School
Pickett Rd.
Washington, CT 06793

Siegfried Wieser
Centennial Planetarium

Howard Wright
Goddard Planetarium
Ro swell Museum
Roswell, NM 88201

P. O. Box 2100
Calgary, Alberta T2P
2M5 Canada
Kingsley W. Wightman
Rotary Chabot Planetarium
4917 Mountain Blvd.
Oakland, CA 94619
Charles Williams
Charles County Planet.
Indian Head Ele. School
Indian Head, MD 20022
John O. Williams
Richland College Planetarium
12800 Abrams Rd.
Dallas, TX 75231
Thomas LQ· iAJilliams
Science Related Materials, Inc.

P. o. Box 1422
Janesville, WI 53545

Roy Young
Valdosta state College
Dept. of Astrononw and Physics
Valdosta, GA 31601
Warren Young
Youngstown State Univ~ Plane.
410 vvick Ave.
Youngstown, OH 44503
Erik Zimmermann
Robert J", Novins Planetarium
Ocean County College
Toms River, NJ 08753
David Zirpoli
Davis Planetarirun
Maryland Academy of Science
119 S9 Howard StG
Baltimore, MD
21201

