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"THOUG HTS"
Now! Hopefully we can begin together. The
prestigious position of the Presidency of the
International Planetarium Society is in full view. I
look forward to it. What can be accomplished during
my term of office will be directly proportional to the
amount of effort I personally put forth and what help
others willingly give. I have gotten where I am with
the help of others-where I go-will depend on others.
You will recall two years ago I made a
statement reflecting an idea. The planetarium field is
beginning to have an influence on our society. We, in
all phases of the planetarium profession, should
recognize that we are specialists. We are also educators
in one area of the educational process. I feel that
p lanetarians have the astronom ical knowledge and
tech nical skills that make us unique individuals.
Therefore, we must attempt to achieve respectable
international recognition. This would multiply our
responsibilities and increase the need to move further
toward professionalism. I would like to initiate an
effort in achieving greater acceptance by those in
positions of administrative power. This would further
enable us to lead the society at large to deeper insight
and intellectual discovery.
These ideas are still with me in 1978. Yet, they
too have expanded. Some will say that I have or will
have made goals too high. But, to me, no goal is too
high.
It is hoped that you, the members of the
International Planetarium Society will fill out the
questionnaire (enclosed with the current issue of the
Planetarian) and mail it to me as soon as possible.
This information is needed in order to take that first
step toward attaining the goals I have set. It should
be remembered that we should strive to ~ maintain
honesty of moral character, and as an intellect be a
guardian of integrity. So, please fill out the
questionnaire with these ideas in mind.
James A. Hooks
President Elect
International Planetarium
Society

'"

DEADLINE FOR WINTER '78 PLANETARIAN
Material is now being accepted for the Winter, 1978
issue. Closing date is October 1. Expected mailing date
is December 21. Articles and miscellanea should be
mailed directly to:
Dave Hoffman
I.P .S. Executive Editor
Reiser Planetarium
35th Street and Division Ave., South
Wyoming, Michigan 49508

JULIUS D. W. STAAL, ER.A.S.

I noticed that myoid friend and colleague Don
Hall has been kind enough to make a short
announcement that I, Julius D. W. Stall, have now
retired from Fernbank Science Center Planetarium and
that I will be spending my time with Lanier Sailing
Academy, Ltd. among other th ings. Thanks, Don!
They say old soldiers never die; they simply fade
out. So it is with old planetarium directors. They are
permanently connected to a rheostat and fade out
slowly. I have, however, no intention whatsoever of
fading away yet, Deo Valente, and I feel that
should tell my fellow Planetarians what it is I am
doing at Lanier Sailing Academy and what the "among
other things" are.
Lanier Sailing Academy is a young institution
headed by a Mr. C. Hoagland and his son Skip. When,
three years ago Mr. Hoagland found me at Fernbank,
he offered me a position as Vice President of the
Company and a Director of Education status to
structure and take charge of the correspondence
courses in both Celestial and Coastwise Navigation.
Naturally, I accepted without hesitation. The courses
are now written and are ready to go to' press and will
be launched in the Fall. If you are a sailor, you will
probably have seen our advertisements in the leading
Nautical Magazines. We shall step this up towards
Autumn.
Meanwhile, I have started to teach both Ce.les tial
and Coastwise Navigation for "in-class-courses." Our
class rooms are at Oglethorpe University in Atlanta.
We also offer courses in sailing which, on completion,
are followed up by a practice lesson on board one of
our thirty boats at Lake Lanier, some forty miles
North of Atlanta. Here we have our docks by the
Pine Isle Stouffer's Resort Hotel. The public can rent
from small Sunfish and Hobicats to large 30 ft.
Daysailers and Cruisers or charter them for longer
periods. Our most exciting boat is a 27 ft. Stiletto
Catemaran.
Continued on page 26, column 2
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Dear Bill,
Thmk you for your well wishes, and let me tell you that
am going to follow your advice to try not to allow this
get the better of me. I am walking into it, body erect, head
held high, my blue pencil at the ready, and my eyes wide open.
Aware of the problems involved, I suffer no delusions.
my main objective for the Planetarian is a lofty one, and come
hell or high water, I'm going to give my all to achieve it.
me tell you what it is.
Taking up the standard you bore and have passed
me, my main objective is to continue to make the Planetarian
journal of which we may all be proud. The plan is to
follow a magazine format with, taking into account the results of
Ron Hartman's survey, lead articles, features, and
Each will be edited by an individual with expertise in the
specific area of interest. Toward this end, I have invited
all the former Feature Editors to return to their posts.
I do have some ammunition in my arsenal in order to
attack the problems facing me. Since 1975 I have edited the
GLPA Newsletter. In addition to this, in 1977 I edited a 100
page booklet, "Tips on Developing and Presenting Interdisciplinary
Planetarium Programs," for the GLP A membership. From 1969 to
1973 I was an Editor for Planetariums Unlimited, a subsidiary
the Viewlex Audio Visual Corp. where I wrote and edited
and teachers' manuals for their models Apollo and Venus
automatic planetariums. Prior to that I founded and edited
monthly publication, "What's Up?," for the Long Island Observers
Association, Inc. from 1956 to 1973.
I've got some heavy artillery behind me, also. Friends, such
as Jeanne Bishop, Herb Schwartz,' Bill Rush, Sig Weiser, Ron
Hartman, and John Cotton have already gone out of their way
to help me. I am most deeply moved and encouraged.
I am only too well aware, though, that any editor is
better than the material he has in his possession to edit. Plea's
for material will be made to the IPS membership at large (I
hope they are reading this over your shoulder). As you often
pointed out, it is really their journal. THEY CAN ONLY GET
OUT OF IT WHAT THEY PUT INTO IT!
Before I close, I want to wish you well in all your future
endeavors and invite your invaluable comments, suggestions and
criticisms as time goes on.
I know I voice the though ts of the rest of the IPS
membership when I say: Thank you, Bill, for a job well done l
Keep well, try to be happy, and stay in touch.

Dave Hoffman
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Jeanne E. Bishop
Some years ago I recognized that the planetarium
research of E. G. F. Sauer (1958) with Lesser
Whitethroat Warblers, together with discussion of
current knowledge of how other birds and bees use
the sun for orientation, was an intriguing topic for a
planetarium program (Bishop, 1969). Now the work of
Stephen Emlen with Indigo Buntings in the U. S.
(1975) and a multitude of studies involving other
migrating animals provide a growing aggregate of
information from which not just one, but a series of
planetarium programs might be assembled. I have given
a single program which stresses planetarium research
and astronomical
cues at different geographical
locations, using currently available information. It is
enthusiastically received by public audiences, teacher
workshop groups, and by secondary life science classes,
including biology and environmental science. It is a
powerful example of the interdisciplinary nature of
science. In this article I will share aspects of this
program.
For the single program, "Bird Orientation from
Celestial Clues," there are four sets of research
findings which lend themselves to an effective
presentation. I'll give brief summaries of each. Refer
to the. sources for more complete descriptions.
Gustav Kramer and G. V. T. Matthews were among
the first to explore bird utilization of the sky. In the
early 1950's .they studied homing capability of pigeons
and starlings during the day. If the sun (reied or
reflected image) is present, the birds can locate the
single food box in -twelve) all evenly spaced about the
inside perimeter of a cage, which contains food and
comes to rest in the same direction as before. The'
birds never miss, in spite of numerous revolutions of
both the food box table or the outer walls of the
aviary, as long as the sun is in its correct position for
the time of day. Without the sun, the locating ability
is impaired. A false sun (in the ,wrong position for a
given time) causes the birds to orient incorrectly, with
the angle of deflection equal to the angle of
deflection of the false sun from the true sun. It was
in this way that the birds were determined to possess
an internal sense of time coupled with a knowledge of
where the sun should be for, each hour of the day.
(See Lockley, 1967, pp. 133-35, and Matthews, 1
Later in the same decade E. G. F. Sauer studied
Lesser Whitethroat Warblers in a Freiburg, Germany,
planetarium with a 20-foot dome. The birds could
orient correctly during their period of migratory
restlessness only when permitted to view the correct
sky for the given time of night. And they watched
the sky so intently that they detected such brief
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events as meteors, momentarily changing their behavior.
If the
planetarium
latitude were changed, the
Whitethroat changed its heading (flapping direction
within its cage). If planetarium time were
the Whitethroat responded with a westward heading,
if trying to get back to Freiburg from the place in
the Soviet Union where the planetarium sky was
correct for true time. Thus it was concluded that
Lesser Whitethroat has a map and compass ability with
configurations of stars, which permit it to determine
geographical location. (See Sauer, 1958.)
For the last ten years Stephen Emlen has worked
with another night-flying bird, the American
Bunting, and he concludes that it does not possess
map and compass ability. Rather, the Bunting
a north-south reference axis as a result of exposure to
celestial rotation as a young bird. The Bunting learns
the
north
circumpolar constellations, instead
possessing a set hereditary neural image or "star
charts," which the Lesser Whitethroat seems to .have.
When a modified Spitz A-3-P planetarium star ball was
made to turn about Betelgeuse, individual young birds
learned the adjacent asterisms. At the time ·of
migration, they oriented toward (spring) or 180
degrees opposite (fall) Betelgeuse. Further, the
recognizes the patterns about the celestial pole
positions and responds to the pole direction
or away) depending on its physiological
condition: Birds prepared for a fall migration
south, even when presented with a spring evening
(See Emlen, 1975.) In August, 1975, I visited
Emlen at Cornell. At that time he was beginning work
with Golden Plovers, which migrate to the southern
hemisphere.
soon he will be able to tell us if
and how these birds use the sky in both hem
(See Bishop, 1975.)
John Emlen and Richard Penney have studied the
movements of the Adelie Penguin across the featureless
Antarctic
discovered that these
flightless birds must, like the pigeon and Lesser
accurate internal time
Whitethroat, have an
sense
with a realization of the
Sun's
azimuth
for each moment. Their studies were
completed during the Antarctic summers of 1962-63
and 1963-64.
Science World,
As time perm its
during a
of dark
adaptation at the beginning of the program, the
following topics can supplement the above:
)
remarkable migratory flight distances of different
2) different types of bird migration
latitudinal, longitudinal, combination); 3) hormonal and
other
physiological
changes as
the
immediate

determinant of migratory restlessness; 4) bird instinct
vs. bird intelligence; 5) hypothetical cause and time of
first migrations; 6) different cues for orientation during
migration other than celestial-meteorological changes,
topographical features and earth magnetism (William
Keeton, 1974, has shown that pigeons have a back-up
system to sun observation: detection of the earth's
weak magnetic field); and 7} migration by a host of
other animals, many of whom use celestial clues-bees,
butterflies, fish, salamanders, and turtles. Somewhere in
the program, probably at the end, one should
emphasize the limitations of our understanding the
relative importance of different cues for different birds
and other animals. (See NASA, 1972, and Lockley,
1967.)
Although at least one planetarian has brought birds
into his planetarium for further research (Allen, 1975),
the living birds are not necessary for conveying the
main ideas of the research studies. (In fact, Dean gives
a tongue-in-cheek account of the pitfalls, 1974).
Audience participation is possible and desirable. Ask
members of the audience to imagine themselves in the
experimental situation. Then ask them to try to
discount direction clues such as room features and
loud speaker positions and imagine that the only clues
are from the sky itself. Finally, request them to face
the direction which is typical for that species during
(spring or fall) migration or which would take the
bird to a correct food dish. A simple bird cage
projector can be made: Scratch lines on an opaqued
hemisphere with a light source. With scratched food
dish locations and a mounting which permits the

hemisphere to rotate easily, this device can illustrate
the Kramer research vividly. Most people gain a greater
appreciation of the birds' abilities if this participation
method of mentally placing oneself in the bird's
situation is used.
The program is also enhanced, both in appreciation
and understanding, by humor as well as
participation. Although you will no doubt wish to
write or adapt your own, my following would-be bird
dialogues and monologue may furnish food for
thought. (They have been used successfully in both
public and class presentations.) Dialogues, of course,
are most effective with a stereo sound system. I have
projected slides of the accompanying diagrams during
each of the dialogues.
Dialogue One: Two Pigeons
Situation: Explanation has just been given of Kramer's
work with pigeons, illustrating how they must
use internal clocks and a sense of the sun's
direction at different times.
Two pigeons, Gertrude and Herman, have the
following conversation. Gertrude is self-assured,
calm, with a well-modulated voice. When she is
sarcastic, which is lost on Herman, her voice
changes to a monotone. Gertrude uses the
Socratic method of inquiry with Herman, and
she is very patronizing. Herman has a problem
with his self-image. He senses Gertrude's
domination and tries to assert himself with
irrelevant, attention- and sympathy-getting side
comments. Gertrude is disgusted, but Herman
never knows.
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He~man:

I'm starved! If they're gonna cage us why
us. They ain't got no
don't they feed
respect...what do they think we are, their stool
pigeons? ... Whatdathey do ... coop us up ... and now
they can't give us the time of day ...
Gertrude: Herman, you know the time of day.
Herman: What?!
Gertrude: Yes, Herman, and you can use your
pigeon-power to find the one full cup. Our
keepers always put food in one direction.
Herman: Izat so? Well, just suppose you tell me how
we do this thing. I don't feel inclined to go
flittin' aroun' to lots of empty cups, ya know.
Gertrude: Now think, Herman. What direction is the
food cup that was full this morning, which we'll
assume still has food?
Herman: That's easy. It was east, since it was near
where that big round yellow thing comes up.
But how can that help now? .. They've turned the
cage .and we've been playin' around ...
Gertrude: That's the sun Herman ... call it the sun
(monotone). Now, it's very important that you
know the food is in the east. Let's go from
here.
Herman:' That's what I've been tellin' you ... 1 wanna go
from here ... lf I don't get some birdseed soon, I'll
probably pass out or even die. Nobody cares,
nobody. Why I can see it now ... 1 drop dead of
starvation and the keeper comes and carries me
out-no ceremony, no respect, and he takes me
out back to dump on, the cold ground. Why, if
it wasn't for that great birdland 'in the sky, I
probably ...
Gertrude: (You birdbrain) ... uh ... Herman, look at your
clock. What time is it?
Herman: O.K .... lt's noon ... But any dumb pigeon ...
Gertrude: All right, Herman. Now which way do you
know the sun should be at noon?
Herman: Why south, dearie, south. So what?
Gertrude: Now, Herman, all you have to do is ...
Herman: I get it! Since I know the food is east and the
yellow thing ...
Gertrude: The sun, Herman, the sun ... (monotone)
Herman: O.K., O.K., the sun-is south, I should now
swing out to the left.
Gertrude: That's my boy, Herman. Why don't you get
to it before you ... uh ... starve.
Herman: Right on, dearie. I'm as good as there. Won't
you
JOin
me, my
little
chickadee
(characterization) ?
Gertrude: Pigeon, Herman ... pigeon. (monotone)

Dialogue
Two:
Two
Ger man
(esser
Whitethroat) Warblers
Situation: Explantion has just been given of Sauer's
work in a small planetarium with warblers, where
it was learned that these long-distance flyers
(Germany to Central Africa) utilize the stars to
determine geographical position.
TVlo warblers, Wilhelm and Wilhelmina, have the
following conversation. Both have German
accents. Wilhelmina is motherly and supportive.

Wilhelm: Wilhelmina, I've got der fever. I must go.
Wilhelmina: Ach! But Wilhelm, the sky ... it's cloudy.
Und get a gut dinner and brush your teeth
before you go. Und study your starbuch a little.
Wilhelm: Wilhelmina ...
Wilhelmina: Va, Wilhelm?
Wilhelm: Someding ist a little cookoo. Suppose that
some silly researcher ist trying to put someding
over on me .. .Iike a planetarium dome?
Wilhelmina:
Ahhh ... (thoughtful). Maybe Wilhelm
(brightening), but look at das bright side of
things. If you are being studied in das
planetarium, the researchers vii naturally give you
lots to eat. Denn, if you are really outside, by
flying south you will reach Africa, where you
can also get a gut meal, nich wehr? •
Wilhelm: But Wilhelmina, if I am being kept in a
planetarium and fed by das researchers, vy go to
all dat trouble in flying mit der stars?
Wilhelmina: Vy, Wilhelm, because they're dere, because
they're dere (with growing feeling and conviction).
Any red-blooded, white-throated Deusches warbler
must fly, Wilhelm.

Reference Table of Natural Satellites in the Solar System
Mercury
Venus
Earth
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o
o
1

Mars
Jupiter
Saturn

2

14
10

Uranus
Neptune
Plutd

5
2

1

Wilhelm: Ah, Mama, I'll do it. The clouds are gone.
There are die stars. I viii see you soon. Auf
Wiedersehn.
Wilhelmina: Auf Wiedersehn, Wilhelm. Be Careful.
Vatch der donner und der blitzen ... und der
aeroplanes und der uder bird-gedroppins.
(Sound of flapping wings)
Wilhelm: (Sings tune to self) "Off vie go, into der
vild blue yonder, flying hight..." (All kinds of
crash and bang sounds as he supposedly hits the
planetarium projector and changes last word to a
high-pitched yelp.)

Dialogue Three: Two Female Adelie Penguins
Situation: Explanation has just been given of how
each female Adelie sits for two weeks on a
single egg until her mate returns from the sea.
The A de lies have lost much of their body
weight, and survival depends on quickly finding
their way, in small groups, from the rock
rookery across monotonous Antarctic ice to the
sea some hundred miles away.
Two females, Adele and Penelope, set out
together. Adele is a follower and Penelope is a
leader. Adele is brimming with enthusiasm;
Penelope is more calm and 'thoughtful. Adele has
a Southern accent.
Penelope: Adele, Dear, We must travel quickly to the
sea. I, for one, am famished. Duty is duty, but
now that Fred is back, it's time to leave.
Adele: You are so right, Penelope. Let's go, as soon
as
I help myself to a little snow for
strength ... lsn't it a beautiful day?! Why, I
remember the day I first traveled to sea, sunny
and cool. .. Just perfect! By the way, Penelope,
which way is the sea? ..
Penelope: Well, perhaps the sun will help. It should be
about 20 degrees up today at noon.

Adele: Why, darling, it's 20 degrees up now. It must
be noon. Let's shake a leg.
Penelope: Wait, Adele. In my astronomy lesson,
remember the teacher explaining how the sun
stays at about the same altitude all day. So
may not be noon. Let's watch for a few
minutes.
Adele: I don't care if I land on the other end of the
Antarctic Ocean, I crave a little krill (sound
stomach grombling). I'm positively famished, after
my dieting. Why, that 01' sun is stayin' at about
20 degrees. Now what do we do?
Penelope: Don't panic, Adele. I also remember my
astronomy teacher telling me that if I consult
my internal clock and ephemeris of sun direction
at different times, I can tell direction.
Penelope, how lovely! (sound of
Adele:
Why,
calculator) .. Do you have it now? Which way do
we go?
Penelope: Adele, my calculations show the sun is in
the northwest. Since we know that the ocean is
closest to the north of the rookery, we go this
way about 45 degrees to the right of the sun.
Adele: Oh, Penelope, you're so smart! Wheeee! I do
so enjoy this tobogganing. An I just think of all
the fun we'll have at the beach.
All the girls
wi"
be
there.
I wonder
if th is
basic
black-and-white is suitable. Lately they've been
goin' in for new things, like red dye and
oil ... (fading
of voice,
getting
farther
away} ... Penelope, do you think I'd look
with a red-dye job ... Now that I've lost
weight ...

Monologue: An American
Situation: Dr. Stephen Emlen's work has just been explained.
(Bird Call) Hello. I'm Isadore Indigo Bunting, but
all my friends and keepers call me Izzy. Dr. Stephen
Emlen has asked me to tell you a little about how I
use the sky. Well, the first flash of light that greeted
me when I hatched set my clock. Yes, I have a clock
built into my brain. Unless a researcher fools the
clock by shortening or lengthening the days, it tells
me what time of year it is and when to put on
weight to get ready to migrate. It also tells me when
to take off for summer or winter quarters. I'm very
restless and wide-awake then, all night long. I have an
overwhelming desire to fly. Since -I ~ was able to see
the northern sky at night when I was young, I know
which way is north. Even if the north celestial pole
(that is, the North Star) is clouded over, I can tell
where north must be because I know the Big and
Little Dippers, Cassiopeia, Cepheus, and Draco.
learned those patterns completely on my own when I
Continued on page 26, column 1
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conducted by Ronald N. Hartman
Mt. San Antonio College
Walnut, California 91789

An outstanding script appears in this issue. With
the kind permission of Dave Hurd and the H. R.
MacMillan Planetarium, we are pleased to present here,
"A Matter of Time." Reviewing the program for the
G.L.P.A. Education Committee Project, Dorothy J.
Angeloff has written: "Much thought and preparation
must have made this masterpiece possible. I think it
would be appreciated by everyone having an
opportunity to view it."
The program is recommended for adults, and
grad es 6 th rough 9.

Scripts are
SECTION.

requested

for

consideration

in

Mail directly to:
Ronald N. Hartman
Mt. San Antonio
Walnut, CA 91789

A MATTER OF TIME

A Script by David F. Hurd

H. R. MacMillan Planetarium
7700 Chestnut Street
Vancouver) B.C.) Canada V6j 3j9
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VISUAL

AUDIO

DAYTIME SKY
ZEISS DOWN
SKYLINE UP

MUSIC
FADE OUT
VOICE

COMMENTARY

MUSJC
You've heard the old sayi ng about the weather.
."Everybody talks about it but nobody . . . " You
know how it goes! Well, consider a similar thought
about Time;
uses it but nobody knows
what they're using." That's right! Try to define Time.
It can't be done, because we don't know what Time
is. Even Einstein couldn't do it. He was able to
describe what happens to Time when it's observed
from an object approaching the speed of light, but
that doesn't mean that he knew what Time is. In
fact, Einstein was no different from the rest of us,
when it came to using Time. He could save Time or
waste Time. He could lose Time or find Time. He
obviously ran out of Time! But he never defined
Time.
However, the fact that we don't know what
Time is hasn't prevented us from having a good time
trying to measure it. We've been doing that, it seems,
since Man's Time began. And with greatly varying

degrees of success. The story of how we've attempted
to come to terms with Time is a very human one.
It's a story of a challenge that's been often
frustrating, sometimes highly amusing. . .and never
dull!
LIGHTS: Slow Fade to
Black
LOWER SKYLINE

NRC Time Signal
VOICE

TOTAL BLACKOUT
SLI DE: Sunset through
cave opening
CROSSF ADE TO
PROJECTORS:
Sunset
ZEISS: Slow daily
motion
RAISE ZEISS
ZEISS: Moon
FADE PROJECTORS
ZEISS: Stars

MUSIC

FADE ZEISS MOON AS
IT SETS

FADE MUSIC UNDER
VOICE
VOICE

BEGIN TO FADE
STARS
PROJ ECTORS:
Sunrise
ZEISS: Sun
LIGHTS: Daytime sky
SLOW DAI LY MOTION

MUSIC UP
FADE MUSIC FOR
VOICE
VOICE

FADE LIGHTS
ZEISS SUN
APPROACHES
MERIDIAN

MUSIC UP
FADE MUSIC FOR
VOICE
VOICE
FADE OUT MUSIC

Try to imagine the scene when our earliest
ancestors crept out from the caves that had been their
ice-age shelters, and took their first look around at
the world and the sky. Imagine how they felt as they
watched their first sunset and what they must have
thought as the solitary brilliance of the daytime sun
slipped beyond the distant rim of the world. And
how, after a long deep pause of coloured clouds and
rippled reflections, there were the crescent horns of
the Moon in the gloom of twilight. And then, as fires
flickered a feeble answer to the moonlight, the
pinpricks of a thousand stars burst into the dome of
night.
What must they have thought?

Without doubt, that first night outside under
the stars must have seemed an eternity for the early
people. Would the Sun ever return? and the Moon?
And these questions, whispered in the dark of the
long, fearful nights, stirred up an answer that was to
become The Awareness of Time; the need to harness
the cycles of day and night, of winter and summer,
of Full Moem and New Moon to the requirements of
human activities.

Of course the Sun always returned. And the
first morning in man '$ world became a thousand
mornings. And the return of the Sun to the sky
became the basic unit of measurement, the Day.
But
measurement
kept, based
when should

problem
concerning the
a
arose
of the day itself. If Time was to be
on the length of the day-night cycle,
a new day begin? Even the early people
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were aware that the balance between
night-time tipped back and forth as the seasons
changed.
So someone decided that the day would
measured from the instant the Sun crossed an
imaginary line called the Meridian, which ran from a
point overhead to the southern point on the horizon.
Ironically, there are times when the Sun crosses
the meridian either ahead of its scheduled time or
behind it. And the discrepancy can add up to as
much as sixteen minutes. The reason why the Sun is
a rather inadequate time-keeper is bound up in
knowledge that we take for granted but which was
not available to the people who first observed the
Day. They knew the Sun sometimes arrived late and
sometimes arrived early . . . but they didn't know

ZE ISS: Meridian
ZEISS: Cardinal points
ZEISS: Fast daily motion
ZEISS: Stop daily motion
when Sun returns to
Meridian

SLI DE: Cartoon of Sun
as poor timekeeper
FADE MERIDIAN
FADE SLIDE
FADE ZEISS SUN

PROJECTOR:
Rotating Earth
ZEISS: Faint star
background

FADE EARTH
ZEISS: Slow daily motion
ZEISS: Brighten stars

ZEISS: Meridian

ZEISS: Sun
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MUSIC UP THEN FADE
FOR VOICE
VOICE

MUSIC UP THEN FADE
FOR VOICE
VOICE

Has it come as a bit of a shock for you to
find out that the Sun is not a, very good timekeeper?
After all, if you can't trust the Sun to be on time,
who can you trust? Well, of course, we really can't
blame the Sun. The fault lies in the Earth and the
nature of its orbit. So, in the light of our modern,
knowledge about the relationship between the Earth
and the Sun, let's take another look at the
measurement of the day.

In the first place, let's be sure we know what
we're trying to measure. We are trying to measure a
single rotation of the Earth on its axis . . . that's all. .
.nothing more, nothing less! And, in order to measure
a single rotation of the Earth on its axis, we need
some sort of fixed reference point out in space. The
further we go into space the more reliable a reference
point we can find. So why stop at the Sun? Why not
use a star?

The stars are so far away that their positions
cannot be affected by our journey around the Sun.
They appear absolutely fixed with respect to each
other. The only change in the stars that we see is an
apparent one caused by the Earth rotating on its axis
beneath them.
So the passage of a star across the meridian is
a true indication of the beginning and ending of one
complete revolution by the Earth on its axis.
Time based on the stars may be an accurate
indication of the period of the Earth's rotation, but it
would be absolutely impractical for general public use.
Don't forget we'd still have the Sun to contend with.
If we set our watches by the time a certain star
passed the meridian, then the Sun would be rising
and setting all around the clock. If you had an

FADE OUT MUSIC
FADE OUT STARS

FADE SUN AND
MERIDIAN
PRO) ECTOR: Earth
and Sun
*Earth Showing line
from center to edge

MUSIC UP THEN FADE
UNDER VOICE
VOICE

PROJ ECTOR: Earth
and Sun
*Earth moves one
revolution

*Mercury
*Venus
*Mars
*Jupiter
*Saturn
*Comet

This line is a meridian on the Earth. Remember
we are looking down on the Earth. When that line
points to the Sun it is high noon for all points
that line.

At this point, the Earth has completed one
revolution. However, it has also moved a considerable
distance in its orbit. At this point, the meridian has
not quite returned to a position pointing to the Sun.
Therefore the Earth has to turn a little way into its
next revolution before the Sun comes back to the
position in line with the meridian.

*Earth moves one
revolution
*Earth moves one
revolution
*And another

FADE PROJECTOR
ZEISS: Orrery

appointment every
day at ten o'clock that
appointment would take place during sunlight for
while, then at sunrise, then in the middle of
night, at sunset, and so on.
So we use the Sun.
.it's much more
convenient. The difference between Time by the
and Time by the stars amounts to about four minutes
a day. Why does this difference exist? Let's remove
ourselves to a point high abo ve the Earth and Sun
and watch what happens as the Earth rotates and
moves around the Sun.

Watch another day go by!
And another!
Now you should see why there is a difference
between Time by the stars and Time by the Sun.
Time by the Sun has to take into account the fact
that we are moving around the Sun as well as rotating
on our axis. We are not moving around the stars,
therefore their positions are not affected.
MUSIC UP THEN FADE
FOR VOICE
VOICE

The Earth's orbit is an ellipse, not a circle.
Thus the distance between the Earth and Sun varies
from 91 million to 94 million miles. The speed at
which a planet or any orbiting body moves is strictly
determined by its distance.
Mercury moves the quickest,
then Venus, then the Earth.
Mars moves slower still,
Jupiter is next,
and then Saturn, Uranus, Neptune, and Pluto in
order of their distances from the Sun.
And when a comet comes into our solar system,
it undergoes spectular changes of speed as it
approaches and leaves the region of the Sun. But,
again, the speed at which it moves is strictly
determined by its distance from the Sun.
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*eliminate all planets
but Earth

MUSIC UP THEN FADE
UNDER VOICE
VOICE

Fade orrery
ZEISS: Sun

ZEISS: Meridian

FADE OUT MUSIC

SLI DE: Cartoon of
average Sun
vs. real Sun
FADE SLIDE

SLI DE: Analemma
FADE SLIDE
ZE ISS: Annual motion
until Sun is at
December 25
ZEISS: Ecliptic
ZEISS: Mean Sun
ZEISS: Bring Sun, Mean
Sun to meridian

ZEISS: Mean Sun
demonstration

MUSIC UP
FADE MUSIC UNDER
VOICE
VOICE

Fade all Zeiss effects
except Sun
ZE ISS: Latitude motion
to 90 0 N.
Lower Zeiss

FADE OUT MUSIC
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The Earth is certainly not exempt from this
rule. As it approaches the Sun during the autumn and
early winter, its orbital speed increases. And as
spins away from the Sun during the Spring and
Summer, it slows down. And you can prove this to
yourself by counting the days between September to
March and comparing that with the number of
between March and September.
Obviously this has to affect the interval between
successive passages of the Sun across the meridian
because there are occasions when we will have
travelled further than normal in our orbit. And so,
our changing orbital speed is the principal reason
the Sun is less than a perfect timekeeper for Man.
So what is the solution? The solution, believe
or not, is to invent a fictitious Sun that isn't affected
by our orbital speed. And that's exactly what was
done. The imaginary Sun is called the Mean Sun. .
.which doesn't mean it's unhappy. . .just an average
Sun. And the day, as we mark it now, is based on
the antics of the Mean Sun.
As we mentioned, the real Sun can be as much
as sixteen minutes early or late for its daily
appointment at the meridian. Fortun?ltely, the variation
is the same for a given date every year. If you've ever
wondered what that strange-looking figure eight of
dates placed in the Pacific Ocean on globes of the
Earth is, now you know. It is called the analemma,
and it shows how early or late the Sun is for every
day of the year.
Let's pick a day when the true Sun is accurate.
There are four such occasions during the year and,
since Christmas Day happens to be one of them, let's
use it as a starting point. What you're about to see is
a situation that's impossible in nature. We are going to
go through an entire year skipping from noon to noon
every day. In other words, we're leaving out evenings,
afternoons, nights, and mornings. Since this will be a
state of perpetual noon, the Mean Sun will remain on
the meridian perpetually. But the true Sun
will
appear to wander backwards and forwards, sometimes
being ahead of time, sometimes being behind. You can
read the dates as the year progresses. . .
The day
is the most ancient unit of
measurement. However, it wasn't long until the day
itself was divided into smaller units.

Now, it's important to remember that those
smaller units, regardless of what we call them. .
.hours, degrees, seconds, or particles, are strictly
manmade. That is, they have no basis in natural
events nor in any sort of religious or divine law.

SLI DE: Watch
MUSIC BACKGROUND

ZE ISS: Orrery with
watch dial
-

ZEISS: daily motion
Fade orrery
Fade slide

PANORAMA: numbers 1
to 24

Fade panorama

MUSIC UP THEN FADE
FOR VOICE
VOICE

ZEISS: Move to the
equator
Fade Sun
SLI DE: Ten-hour clock

Fade slide

Credit or blame, depending on how you look
it, for the division of the day into hours must
given to the Babylonians. They liked the number
twelve because they had just finished dividing the
Sun's path against the background of stars into twelve
areas called the Signs of the Zodiac. So they divided
the daylight into twelve units. Of course, those twelve
units had to be stretched and shortened throughout
the year as the period between sunrise and sunset
varied with the seasons. The Egyptians refined the
Babylonian system by basing the day on the meridian
passage of the Sun. And they divided it into
twenty-four units called hours.
Have you ever stopped to realize that you are
wearing, on your wrist, a miniatu're model of part of
the solar system? At least, it's ~. model of the solar
system as it appears from the Earth. Your watch is
based on the old idea that the Sun moves around the
Earth, for the center shaft of the' watch represents the
Earth and the little hand represents the Sun.
We are now located at th~ North Pole. . .and
for a very practical reason. It's summer, in the
northern hemisphere of the Earth, and here we can
see the similarity between the watch and nature very
graphically. Like the hands on a watch, the Sun just
sweeps round and round the sky, never rising and
never setting.
The Babylonians had introduced the idea of
dividing the circle into 360 degrees, but in the case of
the Sun's daily circle around the Earth, they and the
Egyptians must have felt that larger units of angular
measurement would do. The larger units contained
fifteen degrees each and there were 24 of them.
as the Earth turns, and the Sun moves westward, it
travels through one hour after another until its circle
is complete. When we say that it is one p.m., we are
saying that the Sun has moved one ~hour past the
meridian. We can just as easily say that the Sun has
moved fifteen degrees past the meridian.

The problems of dealing with a system that has
sixty seconds in a minute, sixty minutes in an hour,
and twenty-four hours in the day are well known to
anyone who has to add up timesheets or calculate
series of times. We can only regret that one of the
truly imaginative innovations of the French revolution
did not catch on. A ten-hour clock was proposed . . . a
clock that would have had ten hours in the day.
There would have been a hundred minutes every hour,
and a hundred seconds in every minute. The
implications of such a clock in today's society
probably rule out the possibility of it ever' being
reintroduced. I mean, can you imagine the four-hour
work-day?
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Raise Zeiss

MUSIC UP THEN FADE
FOR VOICE

ZEISS: Sun
ZEISS: Annual motion

VOICE

ZEISS: Mercury

MUSIC UP THEN FADE
UNDER VOICE
VOICE

ZEISS: Venus

ZEISS: Mars

ZEISS: Jupiter
ZEISS: Saturn
ZEISS: Return to
latitude 49 0 N.
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There was Mercury, fleetest of them ail,
always close by the Sun.
Venus outshone everything in the sky when
was high in the evening or morning
Everything, that is, but the Moon and the Sun.
Mars swelled and. faded in a peculiar manner,
and its movements were ·impossible to explain, but its
reddish colour made it a remarkable object.
Jupiter's course was slow and majestic, yet
rivalled Venus for several months each year.
And finally, there was Saturn, slowest of all.
These five wandering stars, along with the Moon
and the Sun, were associated with the gods and
goddesses in various mythologies. And the legacy
those years of ancient worship of the Sun, Moon, and
the planets is found in the names given the days of
the week in most contemporary languages. Had
Uranus, Neptune, and Pluto been known in
times, our week almost certainly would have had ten
days instead of the seven it still has today.

MUSIC UP THEN FADE
OUT
ZEISS: Daily motion slow VOICE

ZEISS: Sun
ZEISS: Moon
Fade Zeiss stars
Stop annual motion when
Moon is Full

While the Babylonians were busily
the day, other young civilizations were
group the days into larger units. There was a great
interest in the movements of the Moon, especially with
its reg~lar cycle of phases. . .crescent to quarter
gibbous to full to gibbous to quarter to crescent. .
.and it's possible that the invention of the week was
an effort to mimic the progression of lunar
But it's even more likely that the week evolved from
the great interest of early people in five
celestial bodies that seemed to have no bonds to the
background of imprisoned stars.

We have seen how the rotation of the Earth on
its axis has provided us with the smallest natural
fundamental unit for the measurement of Time. And
we have seen that the Day can be divided according
to the whims of Man into smaller units, or
into somewhat larger units as the needs of civilization
dictate.
However, at a very early stage, the fascination
with the Moon led to the discovery of the second
fundamental unit of time-keeping.

MUSIC UP T8EN FADE
FOR VOICE
VOICE

There are some interesting similarities between
the Sun and Moon as observed from Earth. Both
appear about the same size. Both travel through a
narrow band of constellations we call the Zodiac. And

As
both appear to move westward during a
the case of the Sun, the westward motion of the
Moon is not a true motion of that body, but is
event caused by the rotation of the Earth on its axis.
For that reason, it would be possible to devise
a clock that would measure the time between
successive passages of the Moon across the meridian.
And, like the Sun, the Moon would often arrive
or early, and some sort of Mean Moon would have to
be devised.

ZE ISS: Meridian

ZE ISS: Western horizon
glow
ZEISS: Annual motion
until crescent moon
appears in west
*If possible arrange to
have Orion in South
so Moon phases can
be shown in the
northern zodiac
ZE ISS: Crescent Moon
Stop daily motion

However, not everything about the Moon's
motion is j U.st a reflection of the motions of the
Earth. The Moon has its own motion. . .one that
carries it around the Earth. The actual journey of the
Moon around the Earth becomes apparent as its
position against the background of stars shifts from
night to night.

ZE ISS Stars

ZE.I SS: Crescent Moon
ZEISS: Crescent Moon
Crossfade slide to
ZEISS: Quarter Moon

MUSIC UP

FADE MUSIC UNDER
VOICE
VOICE

ZEISS: Slow annual
motion

Fade Zeiss Moon and stars FADE OUT MUSIC
Stop annual motion
ZEISS: Orrery

'0

define the period of
To begin with, we need
the Moon we call the month. There are several
different types of month,. but only two of them need
concern us here. The first of these is the star-month.
Like the star-day, it is a true indication of the Moon's
orbital period, because it counts the Time that has
elapsed between successive passages of the Moon past
a given star. The star-month is 27 and one-third
The synodic month, on the other hand, is the
.the
period between the repetition of the phases.
Time, for example, between one Full Moon and the
next. The synodic month is 29 and a half days
. .a full two days and a few hours longer than the
star-month.

The reason for the extra I£ngth of the synodic
month is quite simple.
During the period of the month, both the Earth
and the Moon travel a considerable distance around
the Sun. So, when the Moon· has completed
one orbit of the Earth, it has to move for an extra
two Earth-days in order to be back in line with the
Earth and Sun and produce the conditions necessary
to be full again.
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The synodic month.
.that is the
between successive new moons or full moons . . . is the
one that gave birth to- the calendar month. And, in
the first calendars were based on a cycle of lunar
months. Again, it was the Babylonian priesthood, with
its preference for the number twelve, that influenced
the historic decision to group twelve months together
as the largest unit of Time-measurement, the Year.
But, there is a good natural reason for this, too, for
twelve lunar months are very nearly equal to the
period of Time it takes the Earth to complete a single
journey around the Sun. The fact that twelve lunar
months are not exactly equal to the Earth's year is at
the heart of the persistent difficulties with the
calendar ever since.

ZEISS: Stars
ZEISS: Moon
ZEISS: Slow daily motion
Fade Zeiss orrery

Fade Zeiss stars

ZE ISS: Annual motion
ZEISS: Ecliptic (faint)
Stop when Sun is at
December 31, 1971,
and in the western
sky

ZE ISS: Daily motion
until the Moon
rises to the region
of the meridian

ZEISS: Annual motion
*quite fast until
12th Full Moon
ZEISS: Daily motion
to keep counter
sun and full moon
near meridian
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MUSIC UP
2 second pause
MUSIC UP THEN FADE
FOR VOICE
VOICE

The best way to find out how many days occur
in twelve lunar months is to actually travel around the
Sun until we've seen exactly twelve full moons. By
coincidence, there was a full moon at the beginning of
1972, so let's arrange the Sun and Moon as they were
on that day . . .

MUSIC UP

FADE MUSIC UNDER
VOICE
VOICE
FADE OUT MUSIC

MUSIC UP

It is now the First of January, 1972. This
dotted line with the date> and months written on it is
the true path of the Sun against the background of
the stars. In effect, it shows where the Sun is, with
respect to the constellations, throughout the year.
Now, since the Full Moon is opposite the Sun,
the Sun will have to set in order for the Moon to
become visible. After the Sun has set you'll notice a
faint disc rising in the northeast, close to the Moon.
You can consider that to be the Earth's shadow. It's
useful to us here, because it will help us determine
the precise momen t at which the Moon is full.
We're now going to race around the Sun,
together with the Moon, until the Moon has been Full
twelve times. Then we'll stop and find out how many
days elapsed during the twelve lunar months . . .

ZEISS: Brighten ecliptic
ZEISS: Daily motion to
bring Sun to
meridian

FADE MUSIC UNDER
VOICE
VOICE

Fade Zeiss Moon
MUSIC OUT
Fade ecliptic
ZEISS: Slow daily motion VOICE
until Sun nears horizon
ZEISS: Western glow
ZEISS: Wind compass

*Continue to move
annual and daily
motion until Spring
equinox is reached

MUSIC UNDER VOICE
ZEISS: Sun in West

ZEISS
ZEISS: Sun in northwest

MUSIC UP
FADE MUSIC UNDER
VOICE
VOICE

ZEISS: Sun in west

MUSIC UP
FADE MUSIC UNDER
VOICE
VOICE

ZEISS: Sun in southwest

MUSIC UP
FADE MUSIC UNDER
VOICE
VOICE

ZEISS: Sun in west

MUSIC UP
FADE MUSIC UNDER
VOICE
VOICE
FADE OUT MUSIC

Fade Zeiss Sun
Stop daily and annual
motion

That's the twelfth Full Moon. Now, let's have
the Sun rise and show us what day it is. The twelfth
Full Moon in 1972 occurs on December 20th. That's
354 days after the first one back on January 1st.
it's about eleven days short of a calendar year.
that difference in mind. Eleven days! We'll return to
it in a moment.

And so, early people learned to tell time by the
sky. The day was measured from successive passages of
the Sun across the meridian, and the month and lunar
year were counted from the repetition of the
of the Moon.
However, measuring the length of the solar year
was something else again. The Sun doesn't go through
phases like the Moon so there's no repetitious pattern
there. Nor can its position against the background of
stars be readily determined, so there's no chance of
calculating its return to a given location along the
zodiac. So how did they do it?
They determined the length of the solar year by
observing its most fundamental effect on the Earth . .
.the cycle of the seasons. . .the steady, relentless
procession of Spring, Sumner, Autumn, and Winter.
As the seasons change, so do the positions of
sunrise and sunset. On the occasion of the Spring
equinox, the Sun sets directly in the west.

I ts setting point would continue moving
northward, day by day, until it reached a position in
the northwest. That was the Summer solstice . . .

Throughout the Summer, the Sun's setting point
moves south again until, on the Autumn equinox, it
sets in the west again . . .

And then, by the occasion of the Winter solstice,
the Sun is setting far down in the southwest . . .

The cycle of the seasons ends when the Sun
returns to the Spring equinox position again.
Early people used all manners of standing poles
and stones to keep track of the changing location of
the sunrise and sunset points throughout the year.
Probably the most famous early observatory built for
this purpose is Stonehenge in southwest England.
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The people who built Stonehenge had a very
sophisticated knowledge of the seasonal movements of
the Sun. And they could tell precisely when
sDlstices or equinoxes occurred because only on those
occasions would the Sun shine through a
space between the giant standing stones.
Precise calculations were made of the period of
Time that elapsed between successive Spring equinoxes.
And, as you might expect, things didn't work out
evenly, The equinox returned all right, but not in an
even number of days. It returned after 365 and a few
hours. Five hours and forty-eight minutes, to be exact.
So there is simply no way in which we can
make the day, the month, and the year agree with
one another. The result is that our calendar is
to have to involve some compromise.

PANORAMA: Stonehenge

Fade panorama
ZEISS: Sun
ZEISS: Moon
ZEISS: Annual motion
ZEISS: Daily motion

Fade Zeiss Sun
SLIDE; Caesar
PANORAMA: Lunar
calendar

Fade slide
SL IDE: Extra month
Fade Zeiss Sun

Fade panorama
PANORAMA: Caesar's
calendar

MUSIC UP THEN FADE
FOR VOICE
VOICE

When Julius Caesar became first consul of
Rome, the Roman calendar was in a frightful mess.
To begin with, it was a lunar calendar, so of course,
it had only 354 days in it. Now, there's nothing
wrong with a lunar calendar. providing that you don't
mind having events relating to the Sun wandering
through it. The equinoxes and solstices would occur
eleven days earlier every year, for example.
The Romans, however, liked to begin their year
on the Spring equinox, and they enjoyed an annual
feast and celebration called Saturnalia on the occasion
of the Winter solstice.
They solved this problem by inserting an extra
month every three years. That month included the
accumulated thirty-three days and helped to balance
things out. However, there was no agreement on when
the extra month should be added. Some districts did
it one year, others did it another year. A traveller
could pass from one year to another just by moving
through various Roman districts.
As for the months, they were arranged as
follows: The year, as we said, began with the Spring
equinox. March had 31 days, April 29, May 31, June
29, July 31, August 29, September 29, October 31
November 29, December 29, January 29, and February
20. A total of 354 days.
Ceasar decided to take the eleven extra days
and distribute them through the calendar to bring it
into step ,with the solar year. His decisions as to the
number of days in each month remains unchanged to
this day. And so have most of the names of the
months. Today, we begin a year in January, but
Caesar decreed that the Spring equinox in March
should still mark the year's beginning. Notice that the
months from September to December are named for
the Roman numerals for seven, eight, nine, and ten ..
.a reminder of the time when they were the seventh,
eighth, ninth, and tenth months in the year.

SLI DE: Extra months

Finally, in order to get the Spring equinox back
into March, he announced to an incredulous world
that the year we know as 46 B.C., would have to
have 445 days. Needless to say, 46 B.C. was known
as the Year of Confusion.

Fade slide
SLI DE: February 29

As for the leftover hours at the end of each
365 day period, he decided to insert them as an extra
day at the end of February, every four years. This
avoided the awkwardness of trying to insert a quarter
of a day at the end of every year.

Fade to black

MUSIC UP THEN FADE
FOR VOICE
VOICE

SLI DE: Pope Gregory

SLI DE: Clavius

SLI DE: Caesar
Fade slide
SLI DE: explanation
PANORAMA: Julian
calendar
SLI DE: Spring equinox
position

Fade slides and
panorama
SLI DE: October 1572

Fade slide

In 1572, another man in Rome decided to
tackle the calendar problem. For hundreds of years,
people were aware that things still weren't quite right
with the calendar of Julius Caesar. Pope
became the symbol of calendar concern. After all, the
Spring Equinox was drifting back through March again,
and, if nothing else, this made it very difficult to fix
the date of Easter, which is supposed to be the first
Sunday after the first full Moon after the Spring
equinox. If things continued as they were, in 1
eventually Easter would be occurring at Christmas
time!
The
Pope summoned
Father Clavius, an
astronomer, and together they agreed that it was the
leap-year day causing the difficulty.
Caesar had inserted the extra day at the end of
February, every four years. Remember the exact
amount left over at the end of the year? It was five
hours and 48 minutes. Caesar had rounded that off to
six hours. But the left over eleven minutes and
fourteen seconds did!! 't go away. They quietly
accumulated, year after year, until after 128 years it
had amounted to a full day. And every 128 years, it
amounted to another day. By 1572, the Spring
equinox had slipped all the way back to March 11 tho
It is obvious some days would have to be dropped in
order to bring the calendar back into step with the
solar year.

So, by papal decree, October, 1572, had only
20 days.
Then, in order to deal with the accumulation of
the eleven minutes and 14 seconds, it was decided
that there would be occasions when every fourth year
will not be a leap year. Pope Gregory decided that
the years that begin each century are denied the extra
day in February, except when the century itself is
divisible by four, the error can be virtually eliminated.
Thus, the year 1900, which would ordinarily have
been a leap-year, was not. The year 2000 will be.
MUSIC UP THEN FADE
UNDER VOICE
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SLIDE: September 1751

VOICE
MUSIC OUT
BACKGROUND SOUND OF
CROWD

The British Empire didn't adopt Pope Gregory's
new calendar until 1751. Thus, in that year, twelve
days had to be dropped from the calendar. People
went to bed on the night of September 2nd and
awoke to find it was September 14th. Parliament
passed laws against unscrupulous landlords who tried
to collect a full month's rent, but even so, the rental
grievance boards were kept busy. And people actually
rioted in the streets claiming that they had been
gypped out of twelve days of their lives!

PANORAMA: Gregorian
calendar
Fade panorama
PANORAMA: 1751

FADE SOUND

Since they were playing around with the
calendar anyhow, the British Parliament decided to
move the beginning of the year from March 25th to
January 1st.
And so, the year 1751, which began on March
25th, ended on December 31 st. Eighty-three days were
dropped making 1751 the shortest calendar year on
record. Needless to say, confusion was rampant. But
search if you will, you will find that the year 1751
had no months of January and February and lacked
24 days in March!

Fade panorama
ZEISS: Sun
ZEISS: Moon
ZEISS: Daily motio~
ZEISS: Annual motion

PANORAMA: Gregorian
calendar

Fade panorama
PANORAMA: World
calendar
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MUSIC UP
FADE UNDER VOICE
VOICE

So that's the story of how we've inherited our
present calendar. We know the length of the day, the
month, and the year, with incredible precision now.
But we will never be able to make the three basic
units of time coincide.
There's no need to change the length of our
present calendar. The tiny error still built in is a
matter of seconds. It will add up to an error of one
day every 3,300 years. It's about as good a
representation of the solar year as we'll ever get.
But that isn't to say that the calendar couldn't
stand some internal revising. The months vary in
length from 28 to 31 days in a pattern that was
established by Julius Caesar. Each year a given date
falls on a different day of the week. No period of
three months has the same number of days, and in an
age when calculations of payrolls, unemployment
figures, and cost of living statistics are often based on
quarter-years and half years, this is a serious
deficiency.
Perhaps the most imagina!lv\. solution to the
problem of the Gregorian calendar, is the so-called
World calendar. It would keep the same twelve months
that we have now, but would rearrange them slightly
to achieve a logical balance. The year wou Id be
divided into four quarters of three months each. Each
quarter would have 91 days. The first month in each
quarter would have 31 days and the following two,
thirty. The four quarters would have thirteen weeks

each. Since the total number of days is 364, an extra
day would be inserted between the end of June and
the beginning of July. Leap-year would be
between the end of December and the beginning of
January,
Every date would always fallon the same
of the week and every year would begin on a
and end on a Saturday. Whether or not the World
calendar will ever be adopted is hard to
Perhaps people are too accustomed to the minor
irritations of the Gregorian calendar to ever make the
change.

FADE OUT MUSIC

The development of the calendar was a response
to a fundamental human need . . . the need to measure
time and regulate our lives. The fascination is not so
much in the strange evolution of the calendar but in
the fact that early people, us~ng nothing but their
eyes and a few rocks and sticks for sighting were able
to calculate the length of the day, the month, and
the year, with such remarkable ,precision. Could we, if
faced with the same problem, dQ the same?

Fade panorama

ZEISS: PLANETS

MUSIC UP THEN
FADE UNDER
VOICE
VOICE

We may soon have our chance. The Moon, for
example, will someday need a calendar. It will be
based on the same ingredients as our own . . . the
the Earth, the stars, and the Moon. . .but in slightly
different proportions. On the Moon there is only one
day a month.

Raise skyline
Fade Zeiss Moon

ZE ISS: Jupiter
ZE ISS: Zoom Jupiter
Fade Zeiss planets
PROJECTOR:
Jupiter & Moons

MUSIC UP THEN FADE
VOICE

But the real challenge will come when we strike
out for the planets. Imagi ne the fun of havi ng
develop a calendar for Jupiter. That planet has a
less than half the length of our own. It takes J
nearly twelve times as long to orbit the Sun. But
that's nothing.
Can you imagine trying to work out the
months!

Fade projector
MUSIC UP TO FINISH
Lower Zeiss
PROJ ECTORS & LIGHTS:
Sunrise

••••••••••••••••••••••••••••••••••••••

•••

••

ADDENDUM
from page 24 .
I just received my new TMC COMPACT 150
projector and found that my motor mount will not fit
as I originally designed. The new template will in all
likelihood be shown. However it will look different
than the photos. The reason for this is simple. The
new TMC projector has a lamp housing that is 1 and
3/4 inches higher than the old one. TH IS ALSO
MEANS THAT THE PLASTIC SPECIAL EFFECTS
DISK MUST BE 6 and 3/4 INCHES IN DIAMETER,
instead of the 5 inches said in the article.

Also, since the slide shuttle no longer comes
with the projector, it must be ordered as an extra
accessory for $3. All you need is the adapter that fits
over the projector rails so you must remove the
shuttle part.
I am sorry about the modifications and the extra
cost. This motor mount was built to fit the older
TMC projectors and T M Visuals in New York
had assured me that the newer projectors were about
the same. OOPS!
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HERE COMES THE SU
Carolyn Sumners
Solar energy has a place in the planetarium
environment. In fact the Burke Baker Planetarium staff
has found solar energy a comfortable reality after
years of astrophysical abstraction. Many a Burke Baker
Planetarium show has been dedicated to exploring
worlds far beyond the scope of earthy experience with
galaxies of billions of suns rushing from a primordial
fireball, black holes where the universe mysteriously
disappears, neutrinos and antimatter, oscillating
universes
and
naked singularities-principles of
uncertainty followed by principles 6f ignorance-all
creating a climate of intellectual creativity and
fascination coupled with bewilderment and confusion.
Audience reactions could be divided into the
"Wow's," the" Huh's?" and the "So-what's." After
catering to the "Wow's" for show after show, the
Planetarium staff decided to try something for the
"readily confused" and the "not so easily impressed."
That something turned out to be solar energy
integrated into a program entitled A Sunshine Carol
presented in the summer of 1977.
Our cue for developing a solar energy program
came from the general public. Planetarium staff
members still answer questions about black holes and
cosmology as well as those on moon phases, planet
positions, meteor showers~ and strange nocturnal
sightings; but the most popular question has recently
become "Where is the Sun?" People building patios,
designing overhangs, orienting houses, contemplating
collectors or studying for architectural exams all want
practical information about sunshine.
A Sunshine Carol is based on Charles Dickens' A
Christmas Carol with Mr. Scrooge replaced by Mr.
Splurge and the Ghosts of Sunshine Past, Sunshine
Present, and Sunshine Future taking the traditional
roles of the Christmas apparitions. Through line
drawings and appropriate music, Mr, Splurge is
introduced with his energy-consuming ways far in
excess of any wasteful habits found in the audience.
As the audience chuckles, Mr. Splurge falls asleep with
his electric blanket on, his air conditioner running, a
window open, the television blaring, the cofee brewing,
the radio chattering away, and an electric train
chugging around his bedpost-a scene sufficient to
convince the most hardened energy guzzler that Mr.
Splurge deserves what he gets at the hands of his
nightmarish visitors.
Each visiting ghost has a dual message-part from
astronomy and part from solar energy, The Ghost of
Sunshine Past traces every erg, kilowatt, and BTU
back to the Big Bang where all the energy and matter
of the universe were set in motion. In a flash the
scene dissolves into a swirling cloud of gas and dust
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gradually developing into an infant solar system.
Attentidn shifts from the sun's fiery birth to the red
glowing primeval earth. As the earth cools below the
boiling point of water, the rains begin and a barren
world slowly comes alive. On ocean floors and
marshy swamps the fossil fuel story begins.
The Ghost of Sunshine Past also presents the sun
gods of antiquity. The Egyptian Sphinxes, the Sarsen
Ring of Stonehenge, and the harbor of Syracuse where
Archimedes foiled an attacking Roman navy with the
concentrated glare of hundreds of si Iver and bronze
shields all pass before a shaken Mr. Splurge. Sun
Kachinas of Papago Indian skylore trace the sun's
seasonal paths across the starfield.
awaits in
Dizzy and bewildered, Mr.
apprehension the arrival of Sunshine Present and
another journey to the ,Papago Indian Reservation of
Arizona. This time Suns~ine Present calls forth the
Kitt Peak National Observatory with the largest solar
telescope on earth. Here energy flow is traced from
the sun's core to its uses on eart h. Arching solar
prominences and flares erupting with the fury of
billion hydrogen bombs surround a very sombre Mr.
Splurge as Sunshine Present presents a bleak energy
picture with fuel reserves running low and coal as
necessary, but expensive alternative.
A semi-reformed Mr. Splurge looks with relief for
the visit of the Ghost of Sunsh ine Future.
tomorrow's dreams are nuclear reactors for fission and
fusion, with energy contributions from geothermal,
ocean thermal, and the turbine-turning winds. On solar
energy farms stretching across the desert, sunshine is
harvested to produce many hundreds of megawatts of
electrical energy.
For continuous solar- power, Sunshine Future tells
of solar power satellites weighing about 75,000 tons
and covering 40 square miles of space. Each power
satellite promises 10,000 megawatts of electricity at
the terrestrial microwave receiver and will be seen as a
new stationary first magnitude "star" located on the
celestial .equator.
In the distant future the energy crisis
cosmic proportions as the sun faces death. From the
stars of a summer night, Sunshine Future draws the
characters to portray a star's life story. From the star
clusters and clouds of Sagittarius to the dying red
Antares and the expanding shell of the Ring Nebula, a
pattern emerges indicating that the sun itself will
eventually run out of fuel and die.
Admittedly A Sunshine Carol condenses and, in
the process, oversimplifies a very complex energy
situation. Yet the blending of astronomy and solar

energy in this presentation illustrates how interrelated
the subjects are.
A Sunshine Carol played for an audience of 28
thousand. An additional 120 adults took continuing
education courses in astronomy and solar energy. Four
session classes for children on "Energy-A Cosmic
Perspective" attracted 300 students for the month of
J u Iy . Th i rty teenagers completed a combined
astronomy-solar energy
laboratory course.
By
integrating and expanding energy concepts within the
framework of simple observational astronomy and more
complex solar astrophysics, the authors developed
approximate energy comprehension levels for different
age groups. For those contemplating energy programs

TABLE I:

this learning hierarchy, provided in Table I, may be of
instructional value. At all levels the Burke Baker
Planetarium staff discovered that the shift toward
teaching solar energy along with astronomy could be a
ver successful venture.
If other planetariums would like a copy of
Sunshine Carol complete with an effects list, a
comprehensive report is available for the cost of
duplication and postage ($2.00) from the Burke Baker
Planetarium, P. O. Box 8175, Houston, Texas 77004.
A set of slides is currently being compiled.
Information on when these will be available will be
provided to those requesting the script and including a
stamped, self-addressed envelope.

A Hierarchical Development of Subject Matter on Solar Energy

BASIC CONCEPT

CONTENT DEVELOPMENT

1. The sun as a source
of climate

a. Day and night
b. Seasons
c. Relative planetary surface
temperatures

GRADE LEVEL COMPETENCE

II

III

Grades K-2: Descriptive astronomyoriented presentation
Grades 3-6: Quantification of concepts (relative length of day and
night, solar altitude and azimuth,
etc.)
Grades 7-9: Continuation of quantification

2. Terrestrial Solar
Energy Forms

a. Direct forms: food, food
chains biomass
b. Indirect forms: fossil fuels,
wind, hydro, ocean thermal

3. Human energy
consumption patterns

a. Natural-such as human muscles,
animals, wind, water
b. Manmade-such as steam engine,
internal combustion, electricity

Qualitative discussions at all grade
levels with quantification offered as
mathematical ability increases

4. New solar energy
utilization technology

a.
b.
c.
d.

Grades K-2: Qualitative discussion of
heating and cooling
Grades 3-6: Development of solar
concentration devices
Grades 7-9: Development of power
generation background information
and solar applications

I
II
III

Space heating and cooling
Solar cooking
Electric power generation
Other uses

II
III

5. Direct experimentation with solar energy

a. Flat plate and concentrating
collectors
b. Photovoltaics
c. Related energy conservation
experiments

MOVING?

••••

Grades K-2: Direct forms developed
Grades 3-6: Indirect forms developed
Grades 7-9: Quantification of energy
forms

All demonstrations can be used fl.t
any grade level. Quantitative discussions of performance depend on
mathematical ability

CHANGE OF ADDRESS should be sent to Ron
Hartman, Mt. San Antonio College, Walnut, CA 91789.
Missed issues and circulation problems shou Id be
addressed to Walt Tenschert, Thomas Jefferson High
School, 6560 Braddock Road, Alexandria, VA 22312 .
.....
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Conducted by Herb
Sargent
4500 Grand Avenue
Des Moines, IA 5031
TMC FLEXIBILITY by Herb Schwartz
After shelling out $59.50 for each
T.M.C. Compact 150 slide projector, one
might wonder what else the projector
can do than just show slides. Justifying
the purchase becomes even more difficult
when you stop to realize that Edmund
Scientific sells a much larger 500 watt
slide projector for $40. However,. the
little TMC is more versatile. Although it
is made of metal, with a little work, it
will
become
your
theater's most
important and most frequently used
visual effects projector.
The heart ofaknost all simple
special effects is the motor mount. My
custom made TMC motor mount fits
right into the slide holder that comes
with the porjector, and it can be used
for many different kinds of effects, from
eclipses to UFO's.
The drawing is to scale and can
serve as a template to figure the
placement of the holes. Their placement
as shown will fit most Hayqen or
Synchron motors.
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Fig. No. 1 corresponds to the drawing.
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Fig. No. 2 shows the placement of the slide.

Some Recommendations:
Hole B should be tapped, since a nut on
the disk side of the mount would
interfere with the movement of the
disk.
Make sure that Hole A is centered with
the
slide
opening.
A 5-inch
diameter disk should easily cover
this opening.
Do not use anything thicker than 1/8
inch sheet aluminum as it would
be extremely difficult to slide the
mount into the slide holder.
Fig. No. 4 shows the placement of
the disk. The colored gels on the 5-inch
plastic disk are yellow (penumbra) and
dark red (umbra). The disk should be
mounted so that it is as far away from
the slide as possible (Fig. No.5). In this
~ay, when you focus on the moon slide,
the gels will be out of focus, thus giving
them a soft, more realistic appearance.
As you can see, I have two total
lunar eclipses on the disk. Using a 15
rph Synchron motor results in an effect
which is smooth but reasonably fast
(about a minute and a half from first
contact to last contact). For a UFO,
simply replace the slide of the moon
with a kodalith of some abstract shape.
Completely pock mark the rotating disk
with Duco cement and cover it with
pieces of colored gel. Use a 1 rpm
motor (Edmund No. 60734) and, finally,
slide the plate, motor-disk, and all into
place. Do not, however, focus the
projector. You will end up having an
undulating multi-colored blob in motion
on your dome.
By the way, if you have some
super special effect, or have found some
easier way of doing an old, not-sa-super
one, send it to me at the address below.
HERE IS A CHALLENGE! i would
like someone out there to send me a
write-up,
preferably accompanied
by
8xl0 black & white glossy photos, of an
Eclipsing Binary Projector he or she has
built. The deadline for all entries is July
15. Send all materials to:
Herb Schwartz
Creative Corner Editor
Sargent Planetarium
4500 Grand Avenue
Des Moines, Iowa 50312
ADDENDUM and CORRECT'ION. Please
turn to note on page 20 •

Fig. No. 3 shows the placement of the motor.

Figure 4-

Figure 5
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SUGGESTIONS FOR PARTICIPATORY ORI N

P

Dorothy E. Beetle
In
the
article
"Participatory
Oriented
Planetariums," Sheldon Schafer asks the question: «Are
participatory planetarium programs appropriate as field
trip experiences?" (Schafer, 1977)
Perhaps the criticism leveled by teachers at that
type of program was not directed at the participatory
method, but rather at the lack of content. Teachers
want a return for the time invested in a field trip.
They use that method themselves, but they want a
field trip to reinforce, explain, stimulate, and captivate
ch i I dren, while getting across several. concepts.
Encouraging ch ildren to make up new constellations
and myths on the spot destroys the credibility of
what you were doing.
I borrowed this from Ken Perkins of the
Vandalia, Ohio planetarium and found it works well.
Point out some constellations, show their outlines and
slides of the characters (traditional and humorous); tell
some myths. Then hand out flashlights and let class
members have a brief session of pointing out these
constellations. Encourage them to search for these stars
in the night sky. Suggest to the teacher that myths be
written back in the classroom as an enrichment
experience.
This gives you time to demonstrate other
concepts such as rotation. Let the children discover
that the stars are setting. Let them see the sun rise
and set and have them suggest causes. Let them
discover that the stars move at night at almost the
same speed as the sun by leaving the stars on with
the sun. Would things appear this way on a space
paltform? When teachers make appointments, they are
asked if they want a particu lar item stressed and that
is worked into a lesson.
Furthermore,
with
all
the
astronomical
possibilities that can be easily presented, plus the fact
that each grade has different astronomical concepts
hidden in it lessons, why do planetariums offer the
same one or two programs endlessly? A quick survey
of the texts being used in your state will show that,
whether teachers know it or not, much astronomy is
taught throughout the grades. Children find directions
by the sun, talk about night and day, seasons, planets,
time zones, calendars, comets, and stars. It takes little
other than lists or units of slides ready to go, plus
the various motions built into our planetariums, to
cover these topics. With the machine in manual
control anyone of us should be able to give any of
these lessons in any order during the day.
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Most children know the earth revolves in a year,
but haye no idea of its consequences. Show them its
effect on the sky. The orrery is usefu I here to add to
the idea of a revolving earth in a solar system in
motion. Orbits can be demonstrated with the orrery so
the children see the resu Its of an eliptical orbit. Why
do planets move at different speeds? Why are some
not visible in the sky just now? Use the geocentric
earth, equator, and ecliptic slides for time zones,
latitude and longitude, navigation, and calendars.
All eighth graders in our system come for a
series of eleven labs. These involve plotting the path
of a planet for a year. Each person receives a star
chart marked with coordinates and plots the planet
position at monthly intervals as it appears in annual
motion. This is great for demonstrating retrograde
motion. Youngsters plot the height of the noon sun
each month at their latitude, at the North Pole, and
at the equator and compare the plots. The monthly
position of the full moon is also worked out.
Subjects are tailored to the high school classes.
In addition to the obvious use by physics labs, social
studies, people study seasons and the climates of
various countries, how motions of the earth determine
time and the calendar, the meaning of time zones, as
well as latitude and longitude and navigation problems.
English and art classes come to the planetarium for
inspiration. Biology and chemistry classes talk about
molecules and the possibility of life in space. The
music department brings its own tapes for a light and
sound show that th reatens to blow off the dome.
All
these classes can
be
interesting and
informative and set up rather quickly with the aid of
an outline and a list of effects needed. I use a lot of
slides for panoramas and special effects. My camera is
steadily in use because human interest pictures,
vacation trips, diagrams, and magazine pictures all
result in slides to create various moods. I am
fortunate to have just come into a one-time bonanza
that permitted the purchase of quite a few spec:ial
effects projectors.
Are we killing planetarium use by offering the
same programs year after year to the same students?
Participatory or not, let's give the kids something new
to see, talk about and learn from in each program.
REFERENCE
Sch a fe r,
Sheldon, 1977. "Participatory
Oriented
Planetariums, Part 2," Planetarian 6, No.3,
21-22.

Julius D. W. Stall: Continued from page 1

BIRD ORIENTATION: Continued from page 6

was cutting my baby teeth ... uh, I mean when I was
just a little tyke ... we birds really don't have teeth ...
Anyway, my internal clock says to fly toward north
in the spring and away from north in the fall. All
these things Dr. Emlen has found out about me, using
a planetarium. He's pretty clever! But don't you think
I'm clever, too? I'll bet you wouldn't know about the
North Star and the constellations close by if someone
hadn't shown them to you! No one knows completely
how I manage to get from Canada and the United
States to the Bahamas, since flight direction by itself
is not enough to tell me were to stop. Well, keep
working, people. Maybe the next time I talk to you,
somebody will have sol\(~d the puzzle. I'd hate to
simply tell you the whole story. . . Scientists would
lose the fun- of figuring it out! .
REFERENCES

We shall also open up a branch at Hilton Head
this coming summer and we also man a training
station in the Virgin Islands.
Now about the "among other th ings'"
(a)
continue teaching astronomy in the
Continued Education Courses for the
Winter, and Spring programs of Emory University
in Atlanta.
(b)
I am working on my Chinese Astronomy
book, Stars of jade. The text is ready. I am
now preparing the maps which involves me in
processing some 2,000 odd stars back to 15,260
B.C. A laborious task. Than k goodness for
electronic calculators!
My book, Patterns in the Sky is being
again since there is still an unending
number of requests from colleges, planetariums,
outdoor groups, etc. for- this little book. If you
wish to have a copy) drop me a line at 1154
Rogers Street, Clarkston, Georgia 30021. The
price' is $3.00 plus 50 cents postage and
handling.
(c)

Allen,

Robert. Bird Orientation Research. Paper
presented at the 1975 Annual GLPA Conference,
October 23-25, 1975, Cleveland, Ohio. (Robert
Allen is Director of the~ U. of Wisconsin Physics
Department Planetarium, LaCrosse, WI.)
Bishop,
Jeanne.
"Correlation
of Planetarium
Demonstrations with High School Classes." GLPA
Projector, No.2, 11-13, October, 1969. (Paper
given at a GLPA Conference.)
------- "Secretary's Scratchpad." ISPE Newsletter,
fall, 1975.
Dean, Non:nan.
. "Effectiveness of the Planetarium
in Teaching Navigation to Migratory Birds." The
Science Teacher 42, No.2, 43, February, 1975.
Emlen, Stephen T. "The Stellar-Orientation System of
a Migratory Bird," Scientific American 233, No.
2, 102-111, August, 1975.
Keeton, Wpliam T. "The Mystery of· Pigeon Homing."
S de n tific American
232,
No.6,
96-107,
December, 1974.
Lockley, Ronald M. Animal Navigation. New York:
Hart Publishing Co., 1967.
Matthews, G. V. T. Bird Migration. Cambridge:
Cambridge University Press, 1955.
National Aeronautics and Space Administration. Animal
Orientation and Navigation. Collection of papers
from a symposium sponsored by NASA, the
Smithsonian
Institution,
and
the
American
Institute of Biological Sciences, held at Wallops
Sta tion,
Virginia,
September 9-13,
1970.
Washington, D.C.: NASA, 1972.
Sauer, E. G. F. "Celestial Navigation by Birds."
Scientific American August, 1958. W. H. Freeman
and Co., Reprint No. 133.
"They Found the Penguin's Secret." Science World.
September 16, 1965. pp. 18-19, 31.
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(d)
have been approached by the local
Educational T.V. Network to write, prepare and
broadcast fifteen, one-half hour programs on
astronomy and related subjects.
(e)
Last but not least, I have become the
owner of a Spitz A 1 Planetarium which I bought
from the Charleston Museum, South Carolina. At
present it sits in my spare bed room where I
can observe a cubistic universe as the stars
elongate along the ceiling and then turn a smart
90 0 turn before flipping onto the walls. Spitz is
holding a -used 24 ft. dome for me.
Negotiations are under way' with
Oglethorpe University where we hope to erect
the planetarium which will of course be used for
ou r navigation
classes as
well
as public
presentations.
How is that for a quiet retirement program?
I am certainly not ready yet to go fishing!
If I can find the time (and the cash) I shall see
you all at the next IPS meeting in Washington.

Julius D. W. Staal, F.R.A.S.
1154 Rogers Street
Clarkston, GA 30021
!It.
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GENERAL INSTRUCTIONS
All materials submitted will be considered. Contributions should relate to one or more of the
following: planetarium activities and/or education, astronomy or space sciences.
Articles, reports, plahetarium programs, letters, technical comments, guest editorials, items of
humor, pictorials (black & white) or selected planetarium facilities and general news relating to the
planetarium/astronomy community is published. (This list is not all-inclusive.) The Planetarian will make
the final decision as to appropriateness of material submitted.
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acceptance, rejection, or need for revision within a reasonable period of time.
The manuscript should be typed free from errors, double-spaced, on 8 1/2 x 11" paper.
Strikeovers and other markings are to be avoided. Use the first page to show the title, author's name,
complete address, and exactly how the byline is to appear. Begin the text on the second page. Place all
legends for figures on a separate sheet at the end of the manuscript, and enumerate in the text where
each figure should be located. Place all tables in the manuscript in their appropriate locations.
Photographs must be black and white, on 8 x 10" glossy paper. DO NOT mark or label on
photographs. Labels referring to a part of a photograph should be indicated on a separate sheet or
onion-skin overlay.
Line drawings, charts, and similar drawings (excluding halftones) should be drawn with dense black
(preferably India)· ink with a high carbon content. If only printed copies are available they must be
equal to the above specifications. Copies duplicated on electro-static type duplicators are not acceptable.
DO NOT SUBMIT COLOR WORK of any kind.
REFERENCES should appear in the body of the manuscript by the Author's last name and the
date of the publication, e.g.: (Nelson, 1972), with full references listed alphabetically at the conclusion
of the manuscript, giving author's name, year, title, publication, volume, number and pages. Example:
Nelson, Arnold, 1972. Distance Concepts in Astronomy. Planetarian 1, No.2, 56-58.
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