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LETTERS TO THE EDITOR

e Edi

Side

It

Dear Editor:
When Vol. 7, No. 2 of Planetarian carne out, I was
flabrergasted to learn that my name had been omitted
from the article, "Here Comes the Sun," page 21. I am
assuming that this was a result of the change in the
editorial office and the format.
Enclosed you will find a copy of my original letter
to Bill Fagan (11-10-77), the title page of the original
manuscript with both authors' names, and Mr. Fagan's
letter of 2-24-78. When the article appeared without my
name, it produced professional embarrassment.
Sincerely yours,
Authur C. Meyers
Director, Solar Project
Navarro College
Corsicana,
Texas
75110

Since the Executive Editor is fully responsible for
what does, and for what does not, appear in the
Planetarian he deeply apologizes for the oversight.

D. H.

•••••••
Dear Editor:
The question asked in the Autum, 1978 issue, about
the exact time of sunrise and sunset at the equinoxes is
an interesting one, but the answer did not go far enough.
One point that can add or subtract a couple of
minutes is atmospheric refraction, which makes the
daylight seem longer than it would be if there were no
atmosphere.
Another point has to do with the definition of
sunrise and sunset. They are defined for the top of the sun
reaching the horizon whereas the equinoxes are defined
for the middle of the sun. It takes a couple of minutes
for the top half of the sun to rise and set (15 0 /hour
means 1/4 0 in 1 minute; so 1 minute in the morning and
1 minute at night).
These two effects lead to the days of equal day and
night coming after t~e autumn equinox and before the
vernal equinox by a few days. Marc Kutner and I discuss
this in our text University Astronomy.
With best regards,
Sincerely yours,
Jay M. Pasachoff
Director
Hopkins
Observatory
Williams College
Williamstown,
Massachusetts 01267
•••••••••••••• CORRECTION••••••••••••••••

"A Matter of Time," Planetarian 7, No.2, 7-20; the script
was the effort of the entire staff of the H. R. MacMillan
Planetarium, with Mr. David A. Rodger the principal
author.

To all of you, everywhere, let me wish you Season's
Greetings and a Happy New Year! My gift to you now
the absence of my usual, full-blown purple prose .... u"~,,,•.'. . . ,
I'd like to share some announcements I have received
with you.
The Trustees of the John Motlet Morehead Foundation
announce the Morehead Internships in Planetarium
Administration and Education. The
support for a two-year course of study at the Graduate
School of the University of North Carolina at Chapel
leading to a Master's degree. Each Morehead
currently has a value of $4,000 a year with a $400
travel allowance for attending professional conferences.
The Intern's full tuition and fees for study at the
Graduate School are also paid for
the Foundation. For
more information, write to the Morehead Intern Selection
Committee, Morehead Planetarium and
University of North Carolina, Chapel Hill, North Carolina
27514. Applications are being accepted until February 15.
The Astronomical Society of the Pacific is
compiling a set of regional astronomy directories,
planetariums, observatories, amateur astronomy groups,
astronomy courses open to the general public, lecture
series, and stores carrying astronomical equipment.
need your help in sending them a list of such services in
your local area. Write to: Directories, ASP, 1290 24th
Avenue, San Francisco, California 94122.
A new series of astronomy and physics articles written
by scientists and which has been
in San Francisco
area newspapers for over a year, has become available for
general distribution in the U. S. and Canada. The series
called Exploring the Universe, and each article is about
500 words in length and presents a
idea without
the use of jargon or mathematics. The project carries the
endorsement of the Task Group on Education in
Astronomy of the American Astronomical Society, and
the Astronomical Society of the Pacific. They would like
to syndicate the column and would appreciate your
breaking the ice with the editor of your local paper. If
you are willing to help out, send for an information
packet which contains sample columns, and include the
name of your local paper and its editor's name. Write to
of address as above).
Andrew Fraknoi, % ASP
An finally, in order to qualify for the IITime Material"
stamp used on the outside of the Planetarian's
envelope, it is necessary to include notices and dates of
specific meetings in future issues. Organizations wishing to
be listed must send the information directly to PUI)ils:hlrag
Director Ron Hartman. Keep in mind that we work on a
three-month lead time.
Now, go on to the rest of this issue-and enjoy!
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It was 21 years ago that the "golden age" of space exploration
began. In that time, many things have happened. Sputnik began
o'n October 4, 1957. Many of us in the planetarium community
remember the event. Many of us, because of age
only read about it. Sputnik was followed by Laika, the first dog
space and a series of American space disasters. Then came the Gemini
program and the Apollo program that put a man on the moon.
Eagle has landed." "That's one small step for man, and one giant leap
for mankind."
The successful Mariner spacecnift projects have shown us
and Mercury. Viking has taken us to Mars. Pioneer has taken
Jupiter and Voyager will soon take us to Saturn.
Other exploration adventures have included an Orbiting
Astronomical Observatory, communication satellites, weather satellites
and the Landsat satellite. In the last 21 years, the time it takes for
child to be born and grow old enough to vote, we have left the earth
to seek information about where we are in space and time and where
we came from.
The events of the last 21 years have occurred quickly. So quickly,
in fact, that it is often difficult to assimilate and synthesize the
information produced by our space adventures. If you have
experienced this difficulty, then you will in all probability be
interested in a new Macmillan Publishing Company astronomy
textbook written by William J. Kaufmann; III. It is appropriately
titled, Exploration of the Solar System.
The text was written to be used for a one-semester solar system
astronomy course for liberal arts majors at
colleges
universities. In spite of its title and purpose, the text also contains
of the stellar and galactic material usually found in the conventional
astronomy textbook written for undergraduate liberal arts majors.
This extra matet'ial was probably the idea of the publisher. Textbooks
are traditionally "middle-of-the-road" products that
will
appeal to anyone in any situation. The result is a thicker and more
expensive book.
The narrative is written, and the concepts are developed, in a
highly readable and comprehensive manner. The charts and diagrams
are well done, and numerous. A complete NASA Lunar and Martian
surface map is included. The photographs, many of which are in
color, are excellent in quality and generously abundant. The text is
also commendable for its inclusion of some of the history of our
ideas and discoveries about the solar system. The story of
Schiaparelli, Lowel and the canals of Mars, is treated with much more
than just a condescending one-sentence brush off. The same is true
about the Adams-leverrier controversy concerning the discovery of
Neptune.
Kaufmann's treatment of the events of the last few years is such
that he gives the reader the impression that he was involved in what
was happening and was excited by his participation. This is rare in
textbook writing since most astronomy textbooks have a tendency to
tell the reader about astronomy in a somewhat cold and detached
manner. Kaufmann partially accomplishes his feat by stating the
names and affiliations of the major scientists: involved in the
experiments that have added so much to our recent knowledge of the
solar system. His own affiliation over the last few years with the Jet
PropUlsion Lahoratory has obviously been an invaluable aid in
producing an excellent textbook.
Continued on page 22, column
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Paul T. Davis
Rauch Memorial Planetarium
University of Louisville
Louisville, Kentucky 40204
This is the first study done at the Rauch Memorial
Planetarium on the campus of the University of Louisville
concerning what young children learn from a visit to the
planetarium, and what effect a previst classroom
presentation by a planetarium lecturer has on what the
students get out of their visit. I am indebted to several
people who helped me in one way or another. Most of all
to my wife, Jane, who authored and helped administer
the post-test used; and then to my' good friend and
colleague, Mark Webb, who served as an advisor for the
statistical analysis of the data.
METHOD
Two groups of kindergarten children were chosen at
random from the schools that had already made
reservations to visit the planetarium in early March of
1978. The groups chosen were Springdale Pre-School and
Watkins Memorial Pre-School. Both schools are located in
Jefferson County within five miles of each other. Both
schools were private church schools and both kindergarten
classes had a mixture of five- and six-year-old students.
At- Springdale, 52% of the class was five years old. At
Watkins, 64% of the class was five years old. The
remainder of both classes were six-year-olds.
Springdale served as the control group. The students
attended a lecture at the planetarium on March 8, 1978
and were administered the post-test on the morning of
March 9th.
Watkins served as the experimental group. On March
14, a talk and slide presentation was made to them at
their school by a planetarium lecturer. They visited the
planetarium on March 15th and viewed a presentation
identical to the one seen by Springdale. On the morning
of March 16, the children were given the same post-test
that Springdale took.
The presentation the students saw was produced by the
author during the months of January and February. The
program was completely automated using the Spitz Space
Systems 512 Projector with ATM-2 automation unit. The
voice for the soundtrack was done by a professional
announcer. By using a neutral professional announcer and
having the machine run itself the variables of operator
error and different voice inflections during different
presentations were eliminated. This did, however, side-step
the issue of which means of presentation is the most
effective-live or taped.
Both teachers involved prepared their students the way
they would have done had they not been part of a
research project. It was desired that both groups be as
much like a typical group visiting the planetarium as
possible. Normally the planetarium does not get involved
with previsit classroom presentations done by the teacher.
This was not changed for this study.

In the case of Springdale, their classroom
was a long and detailed processing covering a
nine days. In the case of Watkins, their
minimal due to poor attendance because of the
weather during January and February.

DISCUSSION
The presentation seen by the two groups dealt with
ideas of the motion of the sun, some effects of the sun
on the earth, sky mythology, and constellations,
elementary introduction to cosmology, and an
trip to the moon. (The complete script is available from
me upon request. Please include a
In
what to include in the script, the author's experience with
kindergarten planetarium presentations was combined
with materials found during Iibrary research. Smith
(1974) cites a survey done by Howard and Sunal (1968)
concerning what teachers wanted in a planetarium
program. He states:
"Howard and Sunal stated that in
the
kindergarten teachers wanted the planetarium
illustrate the sun's daily motion, demonstrate day
and night, briefly introduce the moon, and to point
out that the earth is only a small part of the
universe in which the children live."
The lecture included many of these concepts.
The program was "hosted" by the machine,
itself Mr. Spitz. This concept was used in order to let the
children hear an explanation of what was about
happen to them. Mr.
showed the children how he
could move in a circle and bow.
his bow, the
arc-lamp was turned on and the children were told that
the stars came from inside his head, and they.they would
be let out the rest of the way later.
doing this the
children were introduced to the idea of how the machine
worked. After the bow, the machine explained to the
children that the stars are fun to look at and that there
are many stories about the stars. This served as an
introduction to the first story.
The first story told was the story of "Sam and the
Sun," an adaptation of a story by the same name that
appeared in an article in Science and Children in
1974. The original story was designed as a fiannelboard
demonstration. Slides and the movement of the machine's
sun
substituted for the flannelboard. The story
demonstrated a concrete, observable idea-the sun moves
across the sky during the day. In their article from which
the story was taken, Alice Stengren, James
and William Hackos, Jr. talk about the
this:
'1"1r-.':lTY'''-'

"We Iimited the first introduction of science to
pupils by presenting only non-abstract material. We
included only those aspects of astronomy wh ich
would be directly perceived by the children. We
presented, for example, the movement of the sun
across the sky rather than that of the earth around
the sun."
By using the story of Sam and the sun as the first
demonstration, two important things were accomplished.
First, the children were given an idea that the important
things they were going to see were taking place in the
sky-a star (the sun) was up on the ceiling (the sky). A
story was being told to them and pictures were appearing
at certain points in the sky that went along with the
story. Additionally, this was all happening with the lights
on. The children were able to adapt to the format of the
entire presentation without being further confused by
darkness.
The story was presented using the original script from
the magazine article. As in the original script no
distinction was made between the motion of the sun
being due to 'the movement of the earth or the movement
of the sun. My experience with kindergarteners agreed
with Stengren et ai's (1975) statement:
"Some teachers felt that this would confuse the
ch i Idren when the rotation of the earth was
presented later in the higher grades. We felt that the
children would not be able to understand such an
abstract concept at this age. We considered of great
importance
their ability to grasp fully the ideas to
wh ich we restricted the program '."
In the post-test, the children were asked if the sun
moved across the sky during Sam's walk. Sixty-seven
percent of all the children asked answered that it did not
move. This is in direct contradiction to.what;they had
observed with their own eyes and had been pointed out
to them by Mr. Spitz in the story. I cite this as evidence
that the present practice of emphasizing the non-motion
of the sun can cause confusion. It teaches the children
not to believe the evidence of their own eyes. The
question did not ask if the sun really moved during Sam's
walk. It asked only if the sun moved in the sky during
Sam's walk, which it certainly did.
A sunset
lasting approximately two-and-one-half
minutes followed the story of Sam and the sun. During
this time the children were instructed to watch for the
appearance of the stars. Then they were allowed to do as
they felt. The groups tended to talk a lot among
themselves during this time, but quieted down instantly
when the narration began again.
The next segment of the program was an attempt to
introduce the children to the night-time sky. The
narrator, Mr. Spitz, listed some of the things visible in the
sky at night, introduced an elementary cosmology of the
solar system, showed. pictures, and named five planets. It
was intended to be, visually interesting to the students.
The slides appeard in the same places as they had in the
story of Sam. They were being shown something new in a
way they had seen before. Also by mentioning the
concepts of the constellations, stars, planets, and the solar
system, Mr. Spitz was aiming at the more sophisticated in
the group. The popularity of many science-fiction movies
and television shows has made many young children very
familiar with the vocabulary of astronomy. This segment

tried to be comprehensible to this group while
same time interesting to all.
The idea of what a constellation is was introduced
using an American Indian legen taken from the
Planetarium's production of The
American Indian. The narration from the
production was used to vary the stimulus.
story the stars were turned off as part of the
was an ultimate test of how comfortable the
were in the planetarium setting. There was no on.o,-' ...
measure of the student's feelings
but both
seemed relieved when the stars came back on.

I\.IO

After the story the real origin of constellations
given and several pointed out. An effort was made
the children the difference between what was a story
what was real. Each major star in Ursa
Cassiopea was pointed out, and then the overlay
the constellations was turned on. This allowed
children who could not figure out the
them clearly.
The moon was then introduced in the same manner
the constellations. First there was a story about how
moon had gotten the marks on its face, and then the
reason was explained. The story was again taken
The People.
The program ended with a count-down and blast-off
for an imaginary trip to the moon. During the "trip,
pictures of the earth, astronauts, space-ships, and the
moon were shown and briefly explained. The young
astronauts were given the illusion of motion
the star field during blast-off. After a brief
moon, they were brought back to Louisville for sunrise.
The entire production lasted approximately
minutes.
The post-test was based entirely on the content of
lecture. It consisted of eleven multiple-choice questions,
four open-ended questions, and one final one
the child to draw a picture of what he/she liked best
the planetarium.The test was administered
children pointed to pictures to answer the multiple-choice
questions, and orally answered the
questions.
Each question was designed to probe
understanding and memory. (A
available upon request from me. Please
The pre-visit presentation made to the experimental
group, Watkin's Memorial Pre-School, consisted of the
presentation of two areas-what the planetarium was like
and what we did there; and secondly, a brief preview
astronomical ideas. During the introduction of the
speaker, the teacher reminded the students of where
were going the next day, and told them that they would
already have a friend at the planetarium because their
speaker would be there. She also told them that because
of what they were about to do they would know what
was going to happen to them when they got to the
planetarium. These two ideas were the objectives of the
visit. The teacher setting the stage in this manner gave
them their best chance for success, I bel ieve.
The children were shown what the planetarium looked
like. It was discussed and pictures were shown of the
outside of the building, the inside' of the chamber with
young children in the picture, and a picture of the
starfield being projected with constellation
present. The presence of these overlays allowed

introduction of the concept of constellations or star
pictures. The physical appearance of Mr. Spitz was shown
along with a discussion of how he worked and how he
moved. Analogies were drawn using the slide projector as
an example.
The next part of the presentation dealt with the sun,
stars in general, and a brief introduction to the solar
system. The children were told about, and discussed, the
sun's apparent motion across the sky during the day.
They were told that we see the sun move across the sky
as the day goes on.
The presentation lasted about thirty minutes. It used
the format of questions and discussion. The children were
encouraged to ask questions about anything covered or
anything they were interested in.
DATA
The grades on the post-test were split into two
divisions:-the multiple-choice (closed-ended) questions,
and the open-ended questions. The grading of the
multiple-choice questions was straight forward. Grading
the open-ended questions was more difficult. Credit was
given if a child responded with a correct story line
segment, a correct version of the entire story, considering
a non-fiction story as correct, a correct character or
event, or a correct word where appropriate.
Analysis of the test results indicated that the
experimental group scores were significantly lower than
the control group scores. The selected level of significance
was 0.05 which indicated that differences between the
two groups were statistically reliable only for the
closed-ended
questions scores
and
the
combined
multiple-choice and open-ended questions scores. A
one-tailed T-test was run and the results are listed in
Table 1.
CONCLUSIONS
It does not seem correct to assume that the visit to the
classroom by a planetarium lecturer caused the poorer
performance of the experimental group. The poorer
performance can just as easily be explained by a
confounding variable. The one that operated in this case
was teacher preparation.
The teacher of the Springdale group had spent a great
deal of time preparing her students for their visit. She had
the children make models of the solar system, and
prepared take-home quizzes for the children to have their
parents give to them. At least nine days were spent in
these activities. One day was spent studying each planet.
The take-home quizzes were based on the planet covered
that day in class. The children seemed very excited about
astronomy. There were student-made models of the
planets and the sun on tables and hanging from the
ceiling. All of the bulletin board space was taken up with
drawings about outer space. Several of the children knew
a great deal about astronomy. After the post-test, several
of the children indicated that they were aware of the
recently discovered rings around the planet Uranus (which
had not been mentioned in the lecture they had seen).
The teacher of the Watkins group had prepared her
students, but not to the same extent. During the months
of January and February 1978, there had been a
near-record snow fall in Louisville and the surrounding
areas. Many school days were missed. Apparently Watkins
was hard hit by absenteeism even when they tried to

open. Most of the class time had been devoted
catching up on regular material at the expense
astronomy.
It was fortunate that the Watkins group was selected
the experimental group, because if
had been
control group, a serious flaw in the experimental
would not have
so clearly. The "+..,+, ... ,h",,
indicated that it was
valid
say
Springdale's scores were higher for a reason. This
have given overwhelming support to the
believe that the hypothesis was correct
can be
if this confounding variable is taken care of in the
In his study, Ridky (1975) tested e
students on what they learned from a
presentation.
He
was
interested in whether
planetarium is an effective tool for teaching
His study was very similar to this
"One group was
intended
to
familiarize
construction and
a planetarium.
this session three aspects of
discussed: the purpose
the domed ceiling,
function of the
components fo the ....... ',",'0,<,+'
equipment, and the purpose of the red
system."
R idky pre-tested and
his groups. He then
analyzed the data to determine if defusing the
effect with the pre-visit orientation had an effect on
scores.
" . . . Over 40% of the variance of the post-test
score could be accounted for
the orientation
session.
"These results support the claims that a
effect is in operation which can significantly affect
the attainment of content
. . . Numerous
factors, such as familiarity with the instructor
be the major contributing variable."
Ridky concludes: "The
does however indicate
that a mystique effect is in operation and that it can
controlled for with an orientation session."
It is proposed that this
be done again at a future
time with several modifications:
1) Design a
to be used by the teacher of the
control group and by the teacher of the experimental
group. Both teachers should agree to use
the
curriculum
and to cover it
should be complete and
for the needs of all
kindergarten teachers. Once
it could be
provided
to
all
area
that
are
contemplating a visit to the
as a service
of the planetarium. This would allow all
teachers to see what
astronomical
educators consider a proper unit on astronomy.
2) Both groups should be pre-tested as well as
post-tested. This would allow the experimenter
measure improvement within the group which was
measured in this study.
3) Various types of orientation sessions should be tried.
The most acceptable would be an orientation session
held in the planetarium itself. I n his
(1976) provides suggestions for
students
achieve more in the planetarium. He states:

4) Many groups be tested in this way to increase the
reliability of the statistics.

And lastly, this study has
corrections and interesting related areas of
versus live lectures as being most effective, types
orientation visits, the role of the classroom teacher
preparing the students for the visit to the planetarium,
and the children's ability to understand certain
concepts, such as the motion or non-motion of the
What is it doing to their conception of the world
the sun move over a period of time in the real
be shown the sun moving at a visible speed in
planetarium sky, and yet be told that the sun does
move at all?

5) The manpower to conduct any future studies in this
area should be increased to at least five full-time
workers.

This study has shed some light on these
led to some very good questions that need
answered.

"Effective strategies for producing greater student
performance than traditional planetarium use are
combined planetarium-classroom instructional units,
scheduled classroom unit, and orientation visits."
This, and the previously mentioned Ridky study,
indicates that bringing the children to the planetarium
for the orientation session would be beneficial.
Unfortunately, monetary and time constraints would
usually prohibit this in the Jefferson County area.

SUMMARY
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SKY
Jack Dunn

Music is an integral part of most planetarium programs.
The Planetarian has in past issues published several articles
on the use of such music. Having been appointed Editor
of this column, I would like to solicit articles from
Planetarian readers thereby continuing the flow of this
kind of information .. However, in order to be an Editor, I
must have something to edit. Therefore, those of you out
there with opinions, experiences, or even idle thoughts on
planetarium music-send them to me. I will be twisting
some arms (and noses, too, if I can reach them) of
individuals I think might have something to contribute.
So, be forewarned. You may be hearing from me if you
have spoken or written on this subject.
It will be my duty to remain unbiased and objective. I
will, though, further state my own conviction (bias?) that
the hest music for any program is whatever works in the
context of that program. This means that the music may
or may not have any artistic value of its own. "Good"
music is not necessarily good for all applications in the
planetarium. Likewise, music that is artistic, manure may

be just what you need in certain applications. What
saying is: If you can find some context for Donnie
Osmond singing the music of Jerrry Garcia or
played with kazoos, there is nothing wrong with this.
Having gotten this off my chest, I will repeat
Plane tarian needs your thoughts and experiences to share
with its readers. My address is listed below.
In addition to what other people send me, will try
contrihute hy keeping you up to date on new recordings
and upcoming commercial releases that you may want to
check out. An example is Tomita's new
"The
Bermuda Triangle" which will be out early next year.
record company is also attempting to persuade him to
a more "rock-flavored" album. Just out on Passport
Records (Ptl6000) is the new Synergy
"Cords."
And finally, of dubious quality but worth a
is
"Battlestar Galactica" soundtrack on MCA
3051).
So much for this time.
I am
your thoughts, ideas, etc. Write to me, Jack
Mueller Planetarium. 14th and "U" Streets, Lincoln,
68588. '"
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EDITOR'S NOTE
The first part of this address is entitled: Scientific
Returns of Space Missions to Cornets. It was a summary
of the talk given on October 17, 1977, at NASA's
symposium on Space Missions to Cornets, Goddard Space

Flight Center, Greenbelt, Maryland.
The second part of the address describes the
and the orbits for the first cornet mission. It is given
hereafter.

NASA's planetary program has set as a long-range
goal, the space exploration of all the bodies in the solar
system; or at least, all of those for which a mission can
be justified by both strong scientific and public appeal.
What has been achieved so far? The exploration of
the moon and the terrestrial planets has had a good start;
that of the giant planets has barely begun, and that of the
minor bodies of the solar system has not yet really
started.
Among the opportunities of the 1980's, NASA is
now contemplating the feasibility of a comet mission
program. I have reviewed before whether such a program
can be justified and why it is really worth doing. I will
discuss now how to do it. However, before discussing this
matter, I would like to clarify the question that is most
often asked by laymen about comets. Most of our parents
or grandparents spoke about those bright comets that
they had seen, for instance comet Halley in 1910. Why
haven't we seen any more of these bright comets in the
recent decades? The answer is that we have; at least,
astronomers have; but the rest of us live in an increasingly
artificial world; we are no more in direct contact with
nature; in particular, we "protect" ourselves with more
and more artificial lights, and the darkness of the night
sky is now hidden everywhere by a milky canopy, even if
we do not notice it any more. When the night is dark
enough, and when no streetlights are brightening the sky
within a radius of at least ten miles, the eyes become
slowly "dark-adapted" (in 15 to 20 minutes). In the
wilderness, far away from city lights, comets Bennett
(1970) and West (1975) were as bright as comet Halley
(1910); comet Kohoutek (1974) although fainter, had for
a few days a (naked-eye) tail twenty times the size of the
moon. I imagine that 50 years ago, hundreds of millions
of people would have seen comets Bennett, West, and
Kohoutek, just because there were no streetlights. For
comet Halley's next passage in 1986, the geometry is such
that we will be able to see the comet a long time before
and a long time after perihelion, but we will not see it at
perihelion when it is at its brightest. Let's face it; people
who expect to see comet Halley in 1986, without
accepting to make the effort of finding a dark place in
the country, are going to be disappointed.

New Space Propulsion Systems
The availability of the Space Shuttle early in the
1980's opens up a new class of planetary
missions that were otherwise not feasible. In particular, it
can put into orbit new propulsion systems that do not
develop a thrust large enough to leave the
unassisted.
Contrarily to the chemical rockets that burn their
fuel in an extremely short time (minutes, not
some of these new exotic propulsion systems can
for years. Despite the weak accelerations, their
specific impulse can therefore be several orders of
magnitude larger than that of chemical rockets. The two
competitive low-thrust propulsion systems that have been
considered so far for a cometary mission are the solar sail
and the ion drive. Since comet Halley is on a
orbit, a rendezvous with it represents one of the most
difficult missions that can be dreamt of within the whole
solar system, and for this reason it has been used
PropUlsion Laboratory as a critical test to compare
two systems. A rendezvous with comet Halley in 1986
implies a 1982 launch for both systems. Therefore, the
project must start in fiscal year 1979.
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Solar Sail
The basic design of the solar sail uses an extremely
thin (0.1 mil; i.e., 2.5 micrometers) aluminized
sheet (of the
Mylar type, or better, like Dupont's
Kapton) that is rigged on a very light frame to cover an
area of the or-der of half a mile by half a mile. Meteoritic
damage would diminish its efficiency by a few percents
per year only. Figure I shows a solar sai I unfolded in the
earth's orbit. The unfolding in space of such a
umbrella is not one of the least difficulties of the project.
Figure II shows the basic principle of the sail, which is
entirely comparable to that of the sailboat, with the
difference that, instead of a wind pressure, the radiation
pressure of the solar light is at work here. The radiation
pressure per unit area is very weak, which explains the
large size of the sai I. Another difference comes from the
solar attraction which keeps the sail from flying away.
Because the motion takes place in the potential well of
the sun, no keel or centerboard is needed to cancel or

diminish the motion "Ieewards," that is away from the
sun. When in solar orbit, if the sail is slanted to obtain a
force component in the same direction as the spacecraft
velocity, this velocity is going to grow and the spacecraft
will spiral away from the SUfi. If the force has a
component opposite to the velocity, the velocity is going
to diminish and the spacecraft will spiral sunward. The
force component in the direction perpendicular to the
velocity does not produce any work and therefore does
not change the binding energy of the orbit. We maneuver
the sail with smaller sails (at its four corners) that are
themselves oriented with small jets that do not use much
energy.
In order to go to comet Halley, the sai I fi rst spi rals
out of the potential· well of the earth. When it is far
enough away "from the Earth it still is (like the Earth) on
a solar orbit. The first task is to crank the orbit to make
it retrograde, in the plane of comet Halley. However to
make this maneuver in a time which is not prohibitive, we
need more pressure on the sail; i.e., more light. For this
purpose, we spiral sunwards during the first ye~r- (Fig.
III). When we reach some 0.3 astronomical unit, the sail
is oriented with its normal out of the plane of its orbit,
alternately on each side for each half orbit, so that the
whole orbit is cranked in almost two years (Fig. IV) into
the plane of comet Halley's orbit. Finally (Fig. V) we
spiral away from the sun, so that we can transform the
spacecraft orbit into the orbit of comet Halley, and we
make rendezvous roughly two months after its perihelion
passage, and four years after having left the earth.
A solar sail launch in late 1981 could achieve a
rendezvous with comet Halley, about two months after
perihelion; later launches would of course yield
rendezvous later, at larger solar distances, whereas no
earlier launch could achieve any rendezvous before or at
perihelion.
Our working group on the Science Return of a
Comet Halley mission took note with regret of this
situation.
Weighting our opinion with different
technological considerations (one of them being, I am
sure, the difficulty of testing in space, early enough, the
unfolding of the big umbrella), Jet Propulsion Laboratory
decided, in August 1977, to drop the solar sail from
consideration for the first comet mission. This does not
diminish the big potential interest of the solar sail to
shuttle, eventually, large masses from orbit to orbit within
the solar system.
Ion Propulsion
In the ion propulsion system, mercury is vaporized
by heat and ionized by an electron beam. The mercury
ions are accelerated to very high velocities by means of an
electric field between two grids put at a very different
electric potential, and ejected into space. The specific
impulse could be up to two orders of magnitude higher
than that of conventional chemical rockets. The effective
diameter of the ion engine is one foot; it has been
developed and is being tested at NASA's Lewis Research
Center, near Cleveland, Ohio. Anoth~aller engine was
put in orbit around the Earth in the late .Sixties, and is
still working, on and off, in space with a perfect record.
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The amount of electric power required to ionize
accelerate the ions is rather large. In the future, a
nuclear reactor c;uld provide enough electric power
reach the nearby stars in a moderate number of years.
(The nearest to Star Trek! say the space
Provided we do not leave the inner solar system, the
best thing to feed the ion drive is a large
photoelectric celis, transforming solar light into
electricity. This is what has been proposed for a
Halley rendezvous. It is called, in short, the Solar-Electric
Drive, Its launch mass is more than three metric
with almost two tons of mercury as propellant. It can
produce 100 kilowatts of electric energy at 1
two wings of solar cells totalling 1200 square meters.
is enough to feed twelve 30 cm. thrusters, mounted
by two. There is room for a science payload
approximately 120 kg that we (the Science
Group) have proposed to distribute according to
VI. You will recognize the instruments already mentioned
in Part I, with their weight, their electric power
requirements in watts, and the data rate requirements
the radio link, in binary units (bits) per second. With
launch date in March 1982 with the Shuttle, it is
to make a rendezvous 50 days before perihelion.
VII shows the type of trajectory used. To save
considerable amount of energy, the spacecraft is launched
(in 1982) four years before the comet's perihelion, on
trajectory that is almost along the orbit of comet
but in the direction opposite to its motion.
spacecraft goes on, almost up to the orbit of J
during about two years, but it is slowed down
action of the sun's gravity, exactly as a stone thrown
in the air is slowed down by the earth's gravity.
exactly as the stone, the spacecraft stops eventually
falls backwards to the sun, this time in the same direction
as arriving comet Halley, which overtakes it just in
to make a rendezvous for Christmas 1
that is,
two months before perihelion.
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Figure 5
Typical Science Payload for a Rendezvous Mission
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In order to produce enough electric energy when
the spacecraft is far away from the sun, the surface area
of the two wings covered by photoelectric cells is very
large, and one of the major items in the total price of the
spacecraft has become the price of the photoelectric cells.
To diminish the price tag, it would be possible to
concentrate, by mirrors, the solar light onto the cells, at
the price of some more complexity in the wings'
unfolding.
Alternate Missions and Trade-offs
With NASA's present budgets and commitments, it
is becoming more and more unlikely that we will meet
the 1982 launch deadline for a rendezvous with comet
Halley. If we accept to make a flyby of comet Halley
instead of a rendezvous (Fig. VIII), we could 'launch in
1983 or 1984, that is one or two years later, and make a
rendezvous with comet Encke with the same spacecraft,
after its flight by comet Halley. The optimization of the
orbits is being studied by JPL right now.
Production of a Planetarium Show
Approximately eighty slides, most of them in color,
half of them produced from J PL documents, and a movie
produced by JPL to illustrate the ion drive could be
available at cost, either from JPL or from the Ritter
Planetarium of the University of Toledo, Ohio, to prepare
planetarium shows. Alternately, Ritter Planetarium is
considering the possibility of producing a complete show
on this particular subject that could be sold at nominal
cost to planetarium directors.
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John Stocke
Department of Astronomy and
American Indian Studies Center, UCLA

Peggy Scott and Alan
Navajo Community College

Mark Peterson
Gates Planetarium, Denver

This research note has two distinct purposes. First to
describe work already in progress to record ana
preserve traditional Navajo starlore and constellations and
secondly to interest planetarium people in this type of
work so that it can be done for other Native American
tribes if they so desire. The second purpose is really a
plea because today we are part of a generation which is
witnessing the passing of many of the ancient customs
and traditions among Native Americans as more and more
of them are trained in Anglo-American schools. The
present group of elderly Navajo medicine men, for
example, are the last in a long line of traditional men of
wisdom and healers in their tribe who have been
exclusively trained in accord with the old ways. What we
are saying is that this work has a sense of urgency about
it because the preservation of these traditions and stories
will not occur at all if it does not occur soon. You can
help by doing similar work with Native Americans in your
area, if they so desire, before this information is lost to
all of us.
These constellations and related stories are not only
important in themselves but also because they seem to
directly reflect the philosophical attitudes of the ancient
culture that created them. These attitudes can in turn
manifest in religious ceremonies., tribal customs, or
relationship toward nature in generaL The growing
interest in the relationship betweeen ancient cultures and
astronomy requires a better understanding of the cultural
basis for this interest which the investigation of starlore
can provide. Besides the classical Greek constellations and
a recent detailed study of Polynesian Astronomy (The
Morning Star Rises, Maud Makemson 1941), little starlore
information exists for other cultures. We believed that this
situation should be remedied not only to better
understand those ancient cultures but also to enrich our
own cultural heritage.
For the last year we have been part of a group at
Navajo Community College, Tsaile, Arizona and at the
Gates Planetarium in Denver investigating traditional
Navajo starlore. Our main consultants (generally called
informants by anthropologists) are Mr. Ray Winnie and
Mr. Hosteen Begay No.2. Both are Navajo medicine men
trained orally in the tradition of their ancestors. We
would like to make it quite clear that this work proceeds
only because these men, and other Navajos with whom
Figure

1: Mr. Ray Winnie (left) and Mr.
Hosteen Begay No. 2 at the Gates
Planetarium, Denver, Colorado, where
they
related
their
knowledge of
traditional Navajo starlore to us.

we have had contact, wish it to
lost for future generations of
to be as accurate with the star identifications and stories
as possible and we will interview more medicine men
obtain as broad a representation of Navajo beliefs
concerning the stars as is possible. In fact, it should
remembered that we would be presumptuous to represent
the traditions of only a few individuals as the beliefs of
the Navajo people as a whole. With these caveats in
we would Ii ke to briefly describe how this work was done
using a planetarium; both the great advantages in
planetarium and some of the possible problems you
encounter if you wish to embark on such work.
results of our work with the Navajos, the constellation
identifications and the stories surrounding these
constellations, will only be recounted in the
in accordance with Navajo traditions. In conjunction with
the recordings, the Gates Planetarium is
producing a planetarium show which will
sometime this next winter season and hopefully
available for distribution shortly thereafter.
The
reasons for
identifying Native
American
constellations in a planetarium are largely obvious:
1. Independence from weather allowing work to
on a schedule and under comfortable
conditions.
2. The ability to point directly to stars so there is
questio~ of ambiguity.
3. The ability to identify any constellation at will
controlling the time of night and season of the year.
This last ability was crucial in our work with the
medicine men due to a Navajo custom requiring that
stories, especially religious stories, be told only between
the first Fall frost and the first Spring thunder. These
sessions, therefore, represented the first time that all of
the Navajo constellations were identified and discussed
simultaneously. It wasn't all that easy, however. The
problems involved can be lumped into three categories:
1. Differehces between the planetarium and the real
2. Problems involved in translation and interpretation.
3. General arrangements and philosophical problems.
The problems with the hardware of the planetarium
were:
1. The relative brightness of stars must be as accurate as
possible.

As a rule-of-thumb, all stars should be accurate to at
least 0.5 magnitude down to at least 4th magnitude.
Since this accuracy is far beyond the limits of all but
the finest planetaria, great care must be taken to
insure that the planetarium is as accurate as you can
make it. An incident the first day of our work
showed us how important this could be. Because a
Navajo constellation Nahokos Ba'adi (Revolving
Female) had been previously identified with the stars
in the Little Dipper, these stars had been checked
for accurate brightness. It turned out that this
identification was incorrect, stars in and near
Cassiopeia being the correct id. But because the
Cassiopeia stars had not been checked for accuracy)
the megicine men had great difficulty in locating this
constellation.
2. The horizon in the planetarium is usually over our
heads which is certainly not the case if we stand on a
hill and look at the sky.
This perspective problem is particularly acute for
constellations near the horizon. The medicine men
frequently requested that the sky "be moved up"
(i.e., move out latitude south) to see stars which
they believed to be below the horizon. The stars
sought were eventually found above the original
horizon but seen too high due to this perspective
problem.
3. Distortion of the sky due to the proximity of the
cel estial sphere and the lack of color in the sky as
represented on the dome are two minor problems
which can be largely corrected by placing the
consultant as close to the dome's center as possible and
supplying the right amount of lighting to mimic the sky
more precisely.
The ·exact shape and brightness of the Mil ky Way is
oftentimes not precisely represented in all planetaria
and maybe important in locating a star grouping near
or in the Mil ky Way. An extreme example of this
problem involves a "reverse constellation" in the
southern hemisphere called the Emu by Australian
aborigines consisting only of dark areas like the
Coalsack and dark rifts in the Milky Way. Such a
constellation would probably be impossible to locate
in a planetarium. Many if not all of the above
problems can be solved by having in attendance,
someone who is very very familari with the way the
sky looks. The more experience the better since the
individual stars of concern to the groups or tribes
you may deal with will not always be coincident
with the traditional Greek constellations in use
today. It is very helpful to have a good set of star
maps at your side during the work. Norton's Star
Atlas, is good but perhaps a bit too detailed. We
recommend Seasonal Star Charts, a large blue and
green looseleaf collection of maps available through
Astronomy magazine ($6.75 ppd).
Since our consultants spoke little or no English we
required translators to communicate with them and tapes
to record transactions which could later be more carefully
translated. This may well be true of any Indian group
with which you have the opportunity to deal. Since we
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were extremely dependent on the translators we
three different translators during the sessions and the
tapes were subsequently translated and transcribed by two
additional translators. This overabundance of translators
not essential but relying on just one translator is not
desirable either since the translator can be a filter
especially if he or she is not familiar with the sky and
stories. The recording was done out of necessity but the
tapes themselves are very important as they contain
actual words of the consultant, and therefore, should be
archivable. Oral history museums or the tribe involved
may well be interested in retaining these tapes
permanent records of the consultants.
We interviewed each medicine man separately in the
planetarium not only to verify what each had to say but
also to note any differences in interpretation between
medicine men. This is extremely important especially
you wish to attribute the information you obtain to an
entire Indian group. Even if you do interview many
consultants this is still a suspect practice and it is
more precise to actually name the consultants if
desire to be named. While one medicine man was busy in
the planetarium, the time of the other medicine man was
not wasted. At these times traditional songs relating to
the stars were recorded as well as discussions of sand
paintings involving star depictions and how they differ
according to the ceremony and consultant's traditions.
We experienced very few problems with the mundane
arrangements necessitated by this operation largely due to
the energy of the N.C.C. and Gates Planetarium staffs.
This, however, can be the largest stumbling block for such
an operation if these arrangements are not thought
true if your
thoroughly _ahead of time. This is
consultants are traveling from rural areas
reservations) to a large city for this work. We located
arranged for Navajo families to house the medicine
Diet
and take care of their needs when
surroundings can be crucial to the successful outcome
such an operation and native homes are the most
with this idea we
desireable, if available. In
often became aware that we were
to
much work into too short a space of time due to our
enthusiasm. This seems to be an easy way to disenchant
the consultants with the work and should be
avoided.
There are two final
should always. be
foremost in mind.
First when
with Indian starlore we are often
These
dealing with the religious beliefs of a
beliefs are not ours and we do not have the
interfere with them. We have been very careful to say
that this work is important and should be done but
should be done only if the tribe and
the
consultants involved want it to be done. There may
times during the interviewing when very sensitive issues
are raised. Do not press too hard for information and try
to be aware when such sensitive areas are discussed.
caution is not exercised you may very well receive
misinformation thereafter and more importantly you
probably destroy any trusting relationship that had been
developed. In our case by contractual agreement all

information obtained during the recording sessions is the
joint property of Navajo Community College and Gates
Planetarium. We suggest such an agreement in work like
this as an assurance to the tribe that the sacredness of the
material will be protected.
Secondly,
the
overwhelming presence of the
Anglo-American society should not be underestimated.
Even if your consultants were not trained in state schools,
they have still been exposed to our culture. This may
cause them to inadvertently pass information to you as
stemming from their own culture when in fact it is due to
an interaction between our two cultures. A good example
of this in our work with the Navajos was the business
about the "two dippers" as the Navajos refer to them.
Two important Navajo constellations are circumpolar and
are male-female counterparts. When Navajos heard Anglos
discuss the two dippers as important circumpolar
constellations it was natural for them to assume that we
were describing the exact same stars. This has led to the
misidentification which we previously described. It is not
possible for me to guess what forms "Anglization" might
assume so please be careful.

We certainly feel that the members of our group are
novices in this work. We hope the
suggestions outlined above are useful to those of you
are interested and we truly hope many of you are. We
astronomy are not anthropologists but we do
expertise and knowledge in an area whose traditions
worth saving because they have evidently been
in some cases extremely important, to whole groups
Native Americans. We are very interested to hear
those of you doing similar work as we are not aware
any other work along these lines and, of course, if
require further information, please write: Dr.
Stocke, %SCLERA, Department of Physics,
Arizona, Tucson, Arizona 85721.
We thank the American indian Studies Center at
and the Gates Planetarium in Denver who
supported this work. We also thank Dr. Donald McCabe
for hospitality at Navajo Community College where most
of this work was done. Finally we would like
acknowledge the assistance of the rest of the team which
did this work: Jim McNeley I Fred Beauvais, Joyce
Ackerman, and translators Della Todleana and Grace
,1\
McNeley.

Figure 2: Navajo Community
Arizona, is the first college
country run exclusively
and
Indian tribe. It is due to
the
people at
this
school
traditional Navajo knowledge,
and language are
nrAc<>r,,,,,,rI
future generations of
interested people. Notice
distinctive
octagonal architecture derived
traditional Navajo houses called hogans.
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by E. Q. Carr
Herkimer BDCES Planetarium, Herkimer, NY

EDITOR'S NOTE:

An abridged version of this article originally appeared
in the Atumnal Equinox, 1978 issue of the Constellation,
the quarterly journal of the Middle Atlantic Planetarium
Society Richard Peery, Editor. The art work for the Big
Dipper-Past, Present and Future was done by Richard
Peery.
The
Editor
gratefully
acknowledges the
contributions made to this article by Mr. Peery.
I

At the I PS Conference Bob Doyle presented a paper
with the rationale, equations, and illustrations of the
changes in appearance of constellations in 75,000 years
from the 1950 epic. He considered the results of the
changes from radial velocity and proper motion in right
ascension and declination. I suggested writing a program
in BASIC for the Commodore PET 2001, and Dr. Doyle
responded in his characteristic fashion. He generously
provided a set of the data for the Big Dipper, copies of
his personal catalog of 297 stars, and two pages of notes
with suggestions for the program ... and all within two
weeks of the conference.
There are several reasons for the BASIC program. It
was a fun thing to do. Written in a minimal set of BASIC
instructions, it actually could be done by an apt high
school student on any personal computer available today.
The program can also be used as an instructional exercise
in applying a microcomputer by every student. For the
exceptional student, the work of adding a graphic
presentation with the star field changes is a challenging
assignment that could be a term project of discovery and
individual research.
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The accompanying figure for the
at three
different times is based on the calculations from
computer program. Over 60,000 of the two
microcomputers have been sold since October of 1977.
Both the Commodore PET and the Radio Shack TRS-80
(Level II) have essentially the same powerful
sets. Unfortunately, the cassette tapes of the two
machines are not interchangeable. It is necessary to work
from hard copy and enter the programs from one to the
other manually.
The important point however is that it opens up an era
and area for pre-college activity in astronomical work
previously available only to the professionals. A number
of texts now exist with basic data, equations and
illustrations of applications that can provide the basis for
a curriculum in astronomy based on a microcomputer.
(1-5)
I would be happy to supply a tape copy of the
Star**Fields, Past and Future program for the PET to
anyone who sends a high quality, low noise high output
blank cassette. I will also supply a program listing for a
second version (No.2) which allows data entry of
complete constellation in one pass. If there is sufficient
interest the MAPS Education Committee will start a
cassette exchange program. We will need a representative
for each of the personal computer formats, however.
For those interested in going further, References 6
through 10 are periodicals which include hardware
equipment manufacturers and are filled with useful
editorial material. References 11 through 14 are texts we
have examined and found useful.
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REM DECLI NATION IS HERE
PRI NT"THIS PART OF THE PROGRAM CONVERTS"
PRINT"DEGREES OF DECLINATION TO RADIANS"
INPUT"ENTER DEGREES ONLY OF DECLINATION";D2
INPUT"ENTER THE MINUTES OF DECLINATION";M2
INPUT"ENTER THE SECONDS OF DECLINATION";S2
LET D 1=«D2)+ (M2/60)+(S2/3600»/57. 29578
PR IN TII D 1~" ; D 1
INPUT"ENTER THE DISTANCE TO THE STAR IN LIGHT YEARS";Rl
LET R R1/3.262
LET X=(R/3.262)*COS(Dl)*COS(A 1)
PRI NT" X=" ;X
LET Y=(R/3.262)*COS(Dl)*SIN(A 1)
PRINT"Y=" i Y
LET Z=(R/3.262)*SIN(Dl)
PRINT "Z="iZ
INPUT"ENTER THE RADIAL VELOCITY, Ul, IN KILOMETERS PER SECOND=";Ul
LET R3=(U1)/(4.74*206264.8)
PRINT"R3=";R3
INPUT "ENTER THE PROPER MOTION, U2,OF RIGHT ASCENSION IN ARC-SECS!yR" ";
LET A2=(U2)/(206264.8)
PRINT"A2=";A2
INPUT"ENTER THE PROPER MOTION, U3,OF DECLINATION IN ARC-SECS/YR .. =";U3
LET D2=(U3)/(206264.8)
PRINT "D2=II;D2
LET Vl=(R3*COS (D 1)*C05 (A l»-(R*SIN (D l)*COS (A 1)*D2)-(R*COS (D l)*SIN (A 1)*A2)
PR I NT "V 1=" i V 1
LET V2=(R3*COS (D 1)*S IN (A 1»-R*S I N (f? 1)*S IN (A 1)*D2)-(R*COS (D l)*SIN(A 1}*A2)
PRI NT IIV2=" ;V2
LET V3=(R3*SIN(D l}+(R*COS (D1)*D2)
PRI NT"V3=" iV3
REM HERE IS TIME CALCULATION
INPUT"WHAT YEAR DO YOU WANT";Tl
INPUT"AD OR BC";L$
IF LEFT$(L$, 1)="B" THEN T1=-T 1
LET T2-:=Tl-1950
LET X l=X+ (\I1)*T2
PRI NT"X 1=" iX 1
LET Y1=Y+(\I2)*T2
PRI NT"Y 1=" iY 1
LET Z l=Z+ (\I3)*T2
PRI NT"Z l=";Z 1
LET R2=SQR«X 1)4(Yl)4 (Z 1)2
PRI NT"THE DATA FOR THE STAR IN";T1;"IS:"
PRINT
PRINT"THE DISTANCE IS:"
PRINT"
";R2;"PARSECS"
PRINT"
";R2*3.262;"LIGHT YEARS"
LET A2=ATN(yl/Xl)

835
840
845
850
855
860
865
870
900
910
920

930
940
950
960
970

IF Xl)O AND Yl>O THEN A2=A2
IF Xl<O AND Yl<..O THEN A2=A2 +1\"
IF Xl<.O AND Yl)O THEN
A2 +If(
IF Xl>O AND Yl<.O THEN A2-;;.A2 + 2*1'(
PRINTII THE RIGHT ASCENSION, A2,IS:"
PRI NT"
II ;A2;"RADIANS"
PRINTII
"i A2 * 57.29578;"DEGRE
PRINT"
II ;A2 * 57. 29578/15;"HOURS"
LET D2 AT N ((Z 1*COS (A2))/X 1)
IF Xl){) AND>Yl 0 THEN D2:.D2
IF Xl<O AND(Yl 0 THEN D2::D2 + 'V
IF Xl<O AND)Yl 0 THEN D2=D2 +"li'
IF Xl)O AND<Yl 0 THEN D2:::::.D2 + 2~ 1\
PRINT"THE DECLINATION IS:"
PRINTII
1';D2;IIRADIANSII
II ;D2 * 57.29578; IIDEGREES II
PRINT"
II
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The Planetarium isn't planning any organized observing
activities. Interest is expected to be so extensive that we
couldn't hope to fill the demand. We are directing our
efforts \toward developing observing and supervision skills
among teachers, amateur astronomers, photographers and
others so that a large pool of people will be able to
provide helpful advice as eclipse day approaches.
If you are planning to visit Manitoba for the eclipse, or
planning Planetarium activities related to the eclipse, let
us know. Perhaps we can exchange some show ideas,
pans, visuals or just hints for helping our audiences get
the most enjoyment out of the eclipse.

***
Hatfield, Elizabeth MacFarlane, "Eye Injuries and the
Solar Eclipse," The Sight Saving Review Summer
1970, p. 79ff.

Ham, Jr., W. T. H. A. Muller, R. C. Williams, W.
Geeruets, "Ocular Hazards from Viewing the
Unprotected and Through Various Windows and
Filters," Applied
Vol. 12, No.9,
1
p. 2122ff.
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A Column Devoted to the Use of the Planetarium as an Educational Medium

Jeanne
THE PLANETARIUM AND THE DISK
The NASA Lunar Sample Education Project for the
first time this year gives planetarians and other science
educators the opportunity to show students actual small
pieces of· moon rock. Some IPS members took advantage
of the invitation from Goddard Space Flight Center to
attend a one-day briefing, which entitles them to receive a
sample kit on loan from NASA some time during the
year. Future briefings are planned at NASA Centers
throughout the country, so planetarians not yet eligible to
borrow the kit will have ample opportunity to fulfill the
requirements.
Six small samples of different materials are
embedded in a five-inch lucite disk, which people in the
NASA program have come to call "the disk."
Approximately 100 disks have been prepared, and they
are distributed by the Johnson Space Center in Houston,
Texas. Disks remain the property of the U. S.
Government, and no monetary value will be placed on
one (although someone has pointed out that the fraction
of space program cost represented by fragments in one
disk, if total mass of the rocks obtained is the whole cost,
is more than the value of a/l the school buildings in an
average districtl)~
Detailed security requirements accompany the disk,
including the necessity of using a combination lock on a
safe storage area when it's not attended and getting a
signed release slip from a colleague who wishes to borrow
it for educational use. Since the disk might be casually
placed in a student's pocket, it is advisable to take
precautions against this. Keith Johnson, Director of
Odessa College's Poole Planetarium has designed a
microscope disk holder. His description and diagram
follow:
A few words of explanation are in order.
Everything is made from wood and is securely
screwed or glued together. This design has not been
actively copyrighted by me. On the other hand, it
has not received security clearance or approval by
NASA, ASP, CIA, or my local fire inspector. I can't
see where it could harm the disk, however.
Dimensions should be varied to fit individual
microscopes. The two-inch (all dimensions are
in inches: I am a troglodyte) base lifts everything
over the stage of my microscope. A length of 13
inches gives me enough lateral movement to view all
parts of the disk. One should probably not make it
over six inches wide. The two 1}i-inch tall, angle-cut
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blocks keep the disk from sliding out. I suggest
laying a piece of white felt under the disk to help
prevent scratching. The two topmost pieces should
be fastened down so as to overlap the disk as much
as is necessary.

Microscope study is essential for full appreciation of
the samples. The six pieces are quite small, and
unaided-eye viewing does not reveal the texture clearly.
Of course, one will not be able to see the detailed mineral
make-up revealed by a thin section with a petrographic
(polarizing) microscope, but glass spherules, ti n y
micrometeorite craters, and general textures can be easily
noted with 10x-20x magnification.
A Lunar Sample Education Project Teacher's Guide
recommends the following procedure for presentation:1)
Show the NASA film, "Reading the Moon's Secrets";. 2)
Present the taped slide program prepared by NASA lunar
scientists (it's excellent; one views it at the required
briefing); 3) Have the students read the booklet, What's
New on the Moon while filling in an accompanying
activity sheet; 4) Study the disk with the microscope;
students work in teams of two.

But how might a school planetarium coordinate and
make optimum use of its short stewardship of the disk?
The following are possibilities:
1.
Notify the school administration as soon as you
know you are on the waiting list (as well as when
actual date of arrival is known). Make plans for
rearrangements of your schedu Ie, teacher or aide
assistants' schedules, rearrangements of planetarium
schedules, and pUblicity.
2.
Since your time is limited (and you can run out of
enthusiasm after ten presentations), organize a team
of interested teachers and competent aides, and
train them in presentation techniques. To the NASA

3.

4.

5.

6.

suggestions, you can add activities and information
which best will tie the disk program to the school
planetarium curriculum. If one teacher in each
school has your briefing and is available to present
programs in his/her school, you might carry the disk
to each school, give one presentation at each school
with the teacher assistant observing, and then let
the teacher in each school take over the job of
making further presentations. Remember that a
release slip is necessary when another person has the
disk under his jurisdiction.
Rearrange the planetarium visitation schedule so
that students make those visits which involve moon
topics shortly before, during, or shortly after the
period in which the disk and other NASA moon
materials will be on loan to your district.
Junior and senior high school classes which study
geology, English classes which study creative
writing, and art classes which study texture of
materials can benefit from special presentations with
the disk. A study of your secondary programs of
studies may reveal other subjects whose content and
purposes can be related to utilization of the disk
and other materials in the Lunar Sample Education
kit. Science, photography, and art clubs would
probably appreciate special presentations.
For efficient use of time, the suggested NASA film,
"Reading the Moon's Secrets" (or other NASA
lunar films) and the taped slide presentation might
be presented to very large groups in school
auditoriums, while actual examination of the disk is
completed
in
a
classroom
situation.
A
microprojector might be adapted for group
demonstration of samples in the disk.
Arrange one or more evening lunar programs for the
Which
combine
a
planetarium
community
demonstration about the moon with presentation of
NASA visual programs, and brief viewing of the disk.
Further, when the moon is visible, telescopic
ohservation could he added. An evening of varied
actiVities, with concurrent, rotating sessions in
different areas might be ideal-people can attend as
many sessions as they Ii ke and more people can be
accommodated. Of course, you will need a team of
helpers for such a challenging offering. You might
consider taking people on a reservation-only basis,
so you can limit and make suitable plans (other
nights) to meet community interest.

7.

The Lunar Sample Education Project, when
developed into a program for your school, could
the best source of publicity that your Dlcmetaf'lUl11
has ever had. Advance, concurrent, and
announcements and related 'stories might be
in P.T.A. newsletters, the Board of Education
newsletter to residents, teacher daily or
school bulletins, the community recreation program
bulletins, and the local regular newspapers. Students
in high school photography clubs could be released
to take pictures of aspects of the program,
teachers presenting discussion of use of the
students viewing the disk, students in
planetarium viewing a program about the moon,
community
evening
presentations
(somebody
important, such as the mayor, examining the
people looking at the moon through one or more
telescopes; and people in the planetarium). Don't
forget to suggest that a photograph of the
superintendent with the· disk, flanked by teachers
and others who are responsible for the school
program, be taken. Frame a copy for the
superintendent, hang a copy in the planetarium, and
disseminate other copies to the papers.
8.
In a sense, each planetarium who accepts the disk
and related materials on loan for his institution is
an ambassador for the image of Space Programs.
One has the opportunity to convey the value of the
expensive Apollo program, present programs, and
future programs planned and as yet unplanned.
Although
the final
page of the booklet
recommended for use with the disk, What's New
the Moon? suggests some physical advantages
future permanent moon base, there is nothing
in the kit to assist the planetarian in his ambassador
role. I recommend the NASA booklet Why Man
Explores
(Stock
No.
033-000-00672-1,
Superintendent of Documents, Washington,
20402}'and the backs of all issues of the monthly
publication NASA Activities which gives
of spinoffs in all fields. Be sure to take a copy of
NASA's Spinoff 1978 at your Lunar
briefing, if it is made available.
It is challenging to prepare a program which fits
your institution's needs, meets all requirements of NASA
and the U. S. Government, and which provides
high-quality exposure for many students, teachers, and
community
adults. But the work and possible
inconveniences are well worth it. How often does a
person get to examine bits of material from another space
body? The excitement of the opportunity is expressed
Archibald MacLeish . . .
Presence among us,
wanderer in our skies,
dazzle of sillier in our leaves and on our waters
silver,
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silver evasion in our farthest thought.
"the lIisiting moon... "the glimpses
moon". ..
and we have touched you!

of

the

Conducted by Herb Schwartz
Sargent Planetarium
4500 Grand Avenue
Des Moines, IA

---------------------------------~-------------AN ECLIPSING BINARY PROJECTOR
My challenge (Vol. 7, No.2) was
answered. Mark Perkins from the Chaffee
Planetarium in Brand Rapids, Michigan
came up with the easiest to build
eclipsing binary projector I have ever seen.
It utilizes an overhead projector which is
available to virtually every planetarium in
the Universe.
Mark' also states the other two
prime
directives for special effects
projectors and why the overhead rates so
highly: "It is large, making it easy to
work with and the focal plane is readily
accessible."
The mechanics of the projector are
easy to construct, and if you use at least
fair materials, the device should be very
reliable.
Construction of this device is simple
and straight forward and should not
provide any problems. This is one of the
advantages of the overhead projector.
Because of its size, this effect requires
none of the small, hard to machine, parts
needed by using smaller projectors.
The eclipsing device' is constructed
on an appropriate base, such as ~~inch
black plexi-glass, plywood, or masonite.
Its size is not extremely important
althought it must cover the top of an
overhead. The most important parts of
the device are the sliding arm, which
contains the image of the blue dwarf
(which is nothing more than a hole
covered with blue gel), and the occulting
disk. The sliding arm and disk must work
together so that at the appropriate times
in its orbit, the blue star will either pass
in front of the red giant or be occulted
by its disk. The sliding arm covers
completely a - slit Which is slightly larger
than the blue star hole. (Photo)
The sliding arm, centered over the
slit, is mounted between four small
pulleys (figure 1), which are in turn
mounted to the base so that they can
turn freely. These pulleys will firmly hold
the sliding arm in place allowing it to
move in a back and forth motion. The
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pivet

lever ann

figure 1

figure 2

occulting disk is mounted on an arm
which is pivoted. This pivotal motion will
allow the occulting disk to swing in and
out of the line of movement 'of the blue
star. A bumper peg limits its motion.
Mounted on the end of the occulting arm
is a small strip of spring steel.
Mounted near the end of the sliding
arm, the end closest to the spring steel
strip is a peg (small bolt). The purpose of
this peg is to push the occulting disk out
of the path of the blue star. If you
examine the drawing, you should see that
as the sliding arm moves through its
travel, it will catch the spring steel strip
twice. At one point (figure 2), it will
push the occulting disk out of the way of
the blue star. This corresponds to the
blue star passing in front of the red giant.
After the peg passes the stri p of spring
steel, a spring mounted to the base will
bring the occulting disk back to the blue
star's line of motion. When the peg hits
the spring steel .strip the second time,
moving in the opposite direction, the
bumper peg will keep the occulting disk
from moving out of the line of motion of
the blue star. The blue star will then be
occulted. The springy characteristics of
the steel will allow it to bend and the
peg will move past it.
The blue star will emerge from
behind the occulting disk, the direction of
travel of the sliding arm will change and
the cycle will repeat.
The lever arm is used to translate
the circular motion produced by the
motor and main pulley into the linear
motion of the sliding arm. In our
projector, the main pulley is machined
from a piece of 3/8 inch plexiglass and
driven by a belt. An alternate mothod to
produce this motion would be to replace
the main pulley directly with a motor and
a long lever arm. Once this· device is
completed, it can be mounted on the
overhead and the second single slide
projector with the red giant can be
aligned.
If you place a small image of the
moon in place of the blue gel and a slide
of the earth for the Red Giant, the
an
binary
star
projector
becomes
Earth-moon motion demonstrator.
Mark would like to thank the kind
people of the Abrams Planetarium in East
Lansing, Michigan for the initial design of
this projector.

WHOOPS!!
I have been informed by Radio Shack that
motor speed control described in the autumn
acquiring this peice of electronic gear may be .... '1""'.1<.
substitute the electronic equivalent. All you
make the substitution as follows:

OIAC

Yes, you are absolutely
That's because electronically
You need the following:
TRIAC
6 amps
DIAC
Hrp"kr.vPT' voltage 28-36 Volts
Output pulse 3 Volts
Sorry about that!!

Reed: Continued from page 2

The weakest area of Exploration of the Solar System lies in
"Review Questions and Exercises" at the end of the
are reminiscent of the questions that used to be found at the end of
the chapters in elementary school textbooks. These usually
the flipping of a few pages to find the appropriate sentence.
Kaufman's questions and exercises, unfortunately, are not much
better.
Exploration of the Solar System is a well-written book that
provides a comprehensive summary of the space age. It would be
of great value to any planetarium that includes space age topics in
its program. It would also be of great value to anyone teaching
astronomy.

* * * * *
Incidentally, if you would like to contribute to this column,
please submit your material to me, George Reed, Professor of
Astronomy and Science Education, West Chester State College, West
Chester, Pennsylvania 19380. I would be glad to hear from you.

MAN

ECLIPSE
William T. Peters
The Manitoba Planetarium, Winnipeg

The Planetarian regrets the publication date for this issue is late for this timely article. However, it is felt the content nevertheless
contains meaningful information which will be of interest to the reader. Our apologies to Mr. Peters for our delay
publishing
well-written article. R.H.

It is an interesting co-incidence that the two major
Planetariums in the path of totality for the total Solar
eclipse of 1979 February. 26th come very close to
experiencing the same duration of totality. The Kendall
Planetarium in Portland, Oregon will be in the umbra for
2 m 14s and the Manitoba Planetarium in Winnipeg won't
see the photosphere for 2 m 16s.
When it became apparent, very early in 1978, that
Manitoba would be, astronomically and climatologically
the best area from which to see the eclipse, the staff of
the Manitoba Planetarium began preparations to make the
eclipse experience a safe and enjoyable one for the
thousands of Manitobans and visitors who are expected to
be watching the event.
During February and March, in winter conditions
similar to those expected on eclipse day, the main sites
along the eclipse path were investigated. I am happy to
report that there is an abundance of good observing
locations along the center line right from the
Saskatchewan border, through Hecla Island in Lake
Winnipeg.. In fact the only really poor location seems to
be right in the City of Winnipeg, where ice fog from
buildings,cars, and even the human breath, might interfere
on an exceptionally cold day. I expect that the Manitoba
Planetarium will draw capacity crowds on eclipse day,
though we will encourage everyone to go to the outskirts
of town, or further for the best view.
Recently our solar telescope has been improved so that
it now projects a giant, crisply detailed 52 inch diameter
image of the S.un on a screen in our display area. This
will be an ideal place to keep track -of solar activity on
the days immediately proceeding the eclipse.
I have prepared an article especially for amateur
astronomers and planetarium types, which describes many
eclipse sites and discusses winter travel and observing. I'll
be happy to send anyone a copy, along with the special
Manitoba Eclipse Map and the Environment Canada
Climatological Report. The Planetarium would appreciate
receiving a dollar for postage and Xeroxing.
The Manitoba' Department of Tourism is working
closely with us to attract and assist visitors. When the
latest Manitoba road map was being printed, I supplied
camera ready.copy that enabled them to overprint 20,000
maps with the eclipse path and a legend of eclipse
observing hints.
After some research of our own, and some very useful
help and references from Dr. T. Gaizauskas of the
National Research Council of Canada, we have decided
that the safest advice that we can give to people, is to
observe the partial phases of the eclipse through a
commercial filter material that is known' to provide
adequate protection. Surveys after past eclipses have
shown that "home brew" methods almost always result in
some cases of eye damage even if the instructions are
simple.
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One commonly recommended method is to
tiny hole in one side of a box and watch the
image on the other. In an extensive survey
1970) after the eclipse of 1970 March
the National
Society for the Prevention of Blindness in the
States found seven cases of eye injury
misinterpreting instructions and looking
the hole. This places it as the third most hazardous
method following no eye protection and
There is another disadvantage to the
unless the hole is very carefully made,
unsatisfactory. The last slender crescent
to look
doesn't show very well, increasing the
directly before it is really safe to do so.
I n the same su rvey, after the 1970
"photographic negatives" resulted in six (6) eye
and "welders goggles" of an unspecified sort in four.
It is so unlikely that an inexperienced person will find
or make a piece of photographic film or smoked glass of
the right quality, that we don't recommend either
these methods.
We recommend number 14 welder's glass as a safe
viewing material. This has long been used by the
Planetarium staff and many amateurs with no harmful
results. Optical data (Ham, et ai, 1973) indicates that
electric welding arc has visual characteristics very close
those of the sun, tending to confirm ·that a
formu lated for one use will work for the other.
addition, we are working with a commercial
effort to have a very large quantity of safe
material, perhaps a heavy duty version of Roger Tuthill's
"Solar Screen" available on ~clipse day. Of course any
filter material must be offered with the srrict
that it is to be used even when the tiniest sliver of the
Sun is visible.
At past eclipses, some authorities have advised to watch
the eclipse on TV as a safety measure. While Television
may be physically safe, it separates the viewers from the
reality of one of the most exciting and dramatic events in
nature, and too much of that kind of isolation has
dangers of its own. Especially in the eclipse path, the
desire to see the eclipse directly will be very strong.
Besides, we don't want. people at home in front of the
tube, they should be at the Planetarium finding out how
to really experience an eclipse.
ECLIPSES: WHEN WORLDS ALIGN premiers at the
Manitoba Planetarium on October 12th. It is
produced by Planetarium Director Robert Ballantyne. The
program will do more than show our audiences how to
see and appreciate the spectacle. Eclipses are a wonderful
part of a moving, changing universe that can be
experienced 'in many ways. We
that many of the
people drawn to the Planetarium for the eclipse will want
to return for more of the Planetarium experience.
Continued on page 18, column
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Many things were shown
I PS
Con fe re nce
held
Washington, D.C. last Summer
fall under the
of New
Products.
a prototype
be programmed .
with the
(since it is
shows great
production
Morrow
Computer
E I e c t ron ics

Oxberry Media
display on
Registration
included a
animation process.
Sky Skan,
came out
their 10th Anniversary

Fig. 1

Techmatics Company had
their
interesting slide show
model
IC--75-A
Intensicoder
Programmer. This little
coupled with a tape recorder,
run several carousel
well as any number of
devices automatically while
narration plays:- They also showed
their Master Dissolve
Model MD-75-A. (Fig. 2) This
a manual unit.
Wal ker Projectronics was there
to offer us something new
pointers. The new Wal ker
is of a new concept, for instead of
arrow,
they
use
an
crosshair-in-reticle design. It is very
much Ii ke the symbol for
Earth.
And who of us that attended
the Imax production will ever
"
forget "To

Fig. 2

Since New Products includes
my
software as well as
next column will be devoted to
some new planetarium programs
offered by some major (and some
minor) planetariums. If you would
like more information about any
of the products I have listed, or
know of other neat items you
have come across and want
share, write to me at the Norwood
City Planetarium, 2020 Sherman
Avenue, Norwood, Ohio 45212.

ADDING

BLACK AND WHITE

One of the most common visuals used in the
planetarium is the projected transparency of an
astronomical object. These slides of galaxies, nebulae
and clusters are usually made from photographs taken
with large telescopes at major observatories. The black
and white slides have disadvantages which prevent
there most effective use.
These disadvantages are especially noticeable in a
story-format show where accurate visuals are most
desired. The Mount San Antonio College planetarium
recently presented Issac Asimov's The Last Question.
We used a soundtrack prepared by Hansen planetarium
but made our own 'visuals and artwork. One of the
required visuals was a sky containing a number of
galaxies, but no stars. A search through our slide file
produced a number of black and white slides that
were
masked
and
projected.
These proved
unsatisfactory for several reasons. The images in the
slides nearly filled the frame and resulted in a sky
filled with large galaxies and no smaller ones. The
large white' images also washed out the black sky
background. Lastly, a lack of color resulted in an
unrealistic effect.
In an attempt to get a more convincing effect, I
made a number of airbrush paintings of different
galaxies. These were made in color, photographed on
Kodachrome film, and then masked and projected.
These paintings solved the problems of size, brightness
and lack of color that the original slides had.
However,
these
artwork
galaxies were still
unsatisfactory, having a flat and artificial appearance.
Upon comparing the artwork slides with the slides
of real galaxies, I noticed that the latter had superior
fine detail and a wider range of brightnesses from
white to black. I then hit on the idea of projecting
the black and white slide onto the artwork. This
resulted in a surprisingly beautiful and convincing
protrayal of the galaxy. A photograph of this
projected image gave me a detailed, softly colored
transparency that appeared far more realistic than a
direct color photo of the actual object.
My final set up is shown in the diagram. We are
fortunate in having an excellent set of 3~ by 4 black
and white glass transparencies of various astronomical
objects. These are projected onto a white cardboard
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screen about ten feet away. An airbrush is used
"dust" the projected image with poster
painted screen may look messy by itself; neatness
not essential. The colored image is then
and the camera is placed near the slide projector to
minim ize distortion.
Any black and white slide may be colored by this
method though it works best with soft edged
like galaxies and diffuse nebulae. 3Smm slides work
fine, but 2x2 and lantern slides are best for the
projected image due to their finer detail.
projected image on the cardboard screen should be
least one foot across to give sufficient working room
for the airbrush.
When painting the screen, hold the airbrush a few
inches away from the cardboard and lightly fog on
the paint. If you don't have an airbrush,
brushes and thin paint will work or you
spray paint. The idea is to alter the reflectivity
white cardboard, not to paint it solid colors. Paint
until the image looks all right visually.
The camera is set up -near the slide projector. Its
distance from the screen can be varied quite a bit to
change the size of the object. I use Kodachrome
film with the camera set at f/S.6, and projecting with
a lantern slide projector having a SOO watt lamp and
a 2.S inch f/4.S lens. The exposure varies from about
five to thirty seconds with different slides. The
distance from the camera to the screen does not seem
to affect exposure. You will have to experiment with
your own combination of slide projector, camera and
film to determine the correct exposure. Be sure you
take your pictures in a completely dark room with
the only illumination coming from the projector lens.
Masking the black and white slide will also
to
reduce stray light.
I used a medium blue gel to cover part of the
slide projector lens in order to shift the incandescent
bulb's color temperature. How much filtering
again trial and error, but I found that the
image should appear definitely bluish to the eye.
Remember that the image on the screen may look all
right to the eye, but will not photograph that way
unless filtered properly.
In coloring astronomical objects, do not use color
pictures of them as a guide. On long exposures, color
films have a different color response than the' human
eye; this results in unnatural colorations. Diffuse
nebulae such as the Orion nebula and the Lagoon
Nebula (M8) appear reddish on film; to the eye they
are a soft green and white. Spiral galaxies should have
yellowish centers and bluish arms. The core at the
center should be white. Also use white to distinguish
bright
knots and clusters in the galaxy and
superimposed foreground objects. Elliptical galaxies
look best when made yellowish with slightly redder
centers. Planetary nebulae and star clusters are usually
blue. Exceptions are the planets and the trifid nebula
(M20); they can be colored like their photos. All
colors should be soft and blended.

Jane's

Corner
BY

Jane P. Geohegan
4100 West Grace Street
Richmond, Virginia 23230
OVERHEARD
'Tis the season... I'm a truly converted planetarian.
My favorite Christmas card says, "Man reaches for the
stars. Christmas reminds us of the time when a star
reached down to man." Speaking of Christmas, Jack
Fletcher, who is now'planetarian at Eastern Kentucky
University, tells of "The Star That Shone Brightly ... Sort
Of" while he was at the Portsmouth Planetarium in
Virgina:
"It was the Christmas season. My first Star of
Bethlehem program for the season was scheduled to be
presented .shortly. I had all of the narration on one tape
and the music on another. I was worried because I didn't
have time -to put them together on one tape. As it turned
out, that was to be the least of my worries.
"The telephone rang. The school board receptionist
who took planetarium reservations called to say she had
overbooked by 23 people. We seat 83 people. That makes
103. The receptionist had taken no phone numbers, so
she couldn't call anyone back.
"Our program began at 8:00; at 7:30, the lights on the
Christmas tree in the foyer went out. I had an uneasy
feeling that all was not well. At 8: 00, all 103 people had
arrived. The seats were full. People lined the wall; people
were everywhere, even staring over my shoulder at the
console. The fire marshall would have loved it.
"I started my two tapes. About 5 minutes into the
program, just as everyone's eyes had adjusted to the
darkness, the janitor threw open the doors to admit four
latecomers. We continued. It's too bad that I had no

desert scene panorama because the temperature began to
rise. It's about 95 0 now (the ventilation system had
broken 3 days earlier). Suddenly a bleeper went off. It
belonged to a doctor sitting in the middle of the longest
row of seats, of course. 1 raised the lights slightly so he
wouldn't fall over too many people sitting in the aisles.
"The program continued and the temperature rose.
noticed an 8-year-old youngster sitting five seats from an
exit who was moving around a lot and didn't look too
well. My suspicions were confirmed when all of a sudden
he quickly climbed over the people on the way to the
exit and managed to get four feet from the exit before he
threw up. The carpet and wall were spattered. The
.temperature was, by now 100 0 .
"Could there be more? Ten minutes left to go. The
narration reel started to drag. I put a pencil in one hole
of the reel as it revolved and cranked it up to speed. The
planets were dramatically coming to conjunction and
there were two minutes of the Hallelujah chorus left. The
music slowed down. Ever heard the Hallelujah chorus at
half speed?
"The applause at the end of the program was
thundering (were they anxious to escape?). As they filed
out, a 24-volt power supply in the pedestal shorted.
Within 10 seconds the smoke was so thick you couldn't
see across the room.
"When the smoke cleared, I found myself alone in the
chamber, dazed and wondering, 'had it all really
happened?' "
~

The following objects have been reproduced to
death in astronomy texts and planetarium shows.
Unless you specifically need them, I would recommend
you avoid the Andromeda galaxy (M31), the Whirlpool
galaxy (M51), the Ring nebula (M57), and possibly the
Orion Nebula. Many members of the audience will
recongnize them.
One last word: astronomical objects are commonly
projected much brighter than they should be. Galaxies
and many nebulae look bright on long exposure

photographs, but are actually quite dim visually. On
no account should a projected nebula, planet or galaxy
be bright enough to illuminate the black background
of the dome. For the MSAC planetarium's presentation
of The Last Question, we found that a 50 to 60
percent position of our circuit dimmers gave an image
that was bright enough to show faint color while
keeping the dome dark enough for other effects to be
shown.
I hope you have as much luck as we did using
this procedure; it's well worth trying.
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