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If you have access to a planetarium for teaching about
astronomy, space science, and other subjects, this series of

books is for you. Designed for both experienced planetarium

professionals and teachers who will be using a planetarium for

the first time, these volumes provide a wealth of field-tested

strategies and practical suggestions for presenting enter-

taining and educationally effective programs for students.

The first four books provide a general orientation to astronomy

and space science education with applications for both the
planetarium and classroom settings. Each of the remaining
volumes presents a complete planetarium program and related
classroom activities. We hope you will find the materials useful

in your work with students and teachers, as well as
springboards for your imagination and creativity.

Volume 1: Planetarium Educator's Workshop Volume 4: A Manual for Using Portable
Guide Planetariums
Participatory planetarium programs involve Primarily a “how-to” manual for setting up and

students actively in the planetarium environment. using a portable planetarium, this guide has many
The most effective programs are both entertaining suggestions useful for teaching school programs in
and educational. This guide introduces the theory any planetarium.

and practice of developing effective planetarium
programs through a series of thought-provoking
activities and discussions.

Volume 5: Constellations Tonight
In this participatory version of a classic night
sky planetarium program, students receive star maps
Volume 2: Planetarium Activities for Schools and have an opportunity to use them to find con-
This volume provides a wealth of effective stellations in the planetarium sky. Classroom
planetarium activities for elementary and middle activities include creating constellations and using
school students, as well as ideas for developing new star maps.

activities for students of any age. Volume 6: Red Planet Mars

Volume 3: Resources for Teaching Astronomy & Students discover Mars three different ways
Space Science during this planetarium program. They find the red

There is a wide spectrum of resources for planet by observing it over a period of several
teaching astronomy and space science in nights as it moves against the background stars.
elementary and middle schools. This annotated Then they view it through a telescope and try to
resource guide has the best resources that we havemap its surface. Finally they see Mars via space
found, including school curricula, books, probes. Classroom activities involve students in
periodicals, films, videos, slides, professional modeling the solar system, and creating creatures

organizations, planetariums, and telescopes. that could survive under different planetary
conditions.




Volume 7: Moons of the Solar System Volume 10: Who “Discovered” America?

This program begins with observations of the Students ponder the meaning of the word
Earth’s Moon and a modeling activity that shows discoverin this program. Can one “discover” a land
why the Moon goes through phases and eclipseswhere people are already living? Students learn the
Then the students look at Jupiter’'s four major reasons and methods by which Columbus navigated
moons on a series of nights and figure out how longto the “New World,” and some of the impacts of his
it takes each one to circle Jupiter. Finally, the voyages on Native Americans. They also find that
students journey through the Solar System to seecertain myths about Columbus are untrue. He was
many moons through the “eyes” of modern not, for example, alone in believing that the Earth is
spacecraft. Classroom activities involve students inround. Students also learn about other explorers who
performing experiments in crater formation, using “discovered” America long before Columbus’s time.
moon maps, and designing lunar settlements. Classroom activities include determining the shape
and size of the Earth, using quadrants to determine

Volume 8: Colors from Space latitude, and modeling lunar eclipses.
What can we learn about the stars and planets

from their colors? Answering this question requires Volume 11: Astronomy of the Americas
a fundamental understanding of why we see color. There are hundreds of Native American
During this program, students deepen their cultures, each with distinctive views of the heavens.
understanding through a series of activities in whichThere are also common threads in many of those
they “travel” to an imaginary planet circling a red cultures. In this program students visit five cultures:
sun, and experiment with color filters and the Hupa people of Northern California, plains and
diffraction gratings. Related classroom activities mountain tribes that have used Medicine Wheel in
include making secret messages that can only beéNorthern Wyoming, the Anasazi of Chaco Canyon in
decoded with color filters, and then using the sameNew Mexico, the Mayan people in Mexico and
filters to view nebulae and planets. Central America, and the Incan people in Peru.
Students observe moon cycles and changes in the
. . sunrise and sunset positions on the horizon and learn
Based parFIy on ideas from th? short film how solar observations help Native Americans stay
Powers of Tenthis program surveys distances and ;. v,na with the harmonies of nature. Classroom
siz€s of thlngs In the universe. Starting W.'t.h activities include the Mayan and Aztec number
ordinary things on Earth that students are familiar systems, observing changes in real sunset positions,

W'ih' they rlnog_e ttO-p;LOQI(/IeSSIV(tEILy rgoretﬁllstsarllt and learning how Venus can appear as either the
astronomical objects: the Moon, the Sun, the Oar“Morning Star” or “Evening Star.”

System, nearby stars, the Milky Way galaxy, and
clusters of galaxies. Students use various methods t&olume 12: Stonehenge
determine distance: parallax, “radar,” and comparing In this program, students learn what
brightness of objects. Classroom activities include Stonehenge is and how it could have been used by its
students writing their complete galactic address, builders as a gigantic astronomical calendar. They
making a parallax distance finder, finding the also learn how astronomer Gerald Hawkins
distance to the “Moon,” and activities about the discovered one of Stonehenge’s probable functions,
expanding universe. by actively formulating and testing their own
hypotheses in the planetarium. Along the way, they
learn a lot about apparent solar motion, and the
creation of the research field of “archaeoastronomy.”
Classroom activities include constructing a special
Solar Motion Demonstrator to represent the entire
yearly cycle of solar motion.

Volume 9: How Big Is the Universe?
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Preface

Stonehenge, a prehistoric stone monument irastronomy did indeed play a more important role in
southern England, is one of the best knownthe design of Stonehenge than had been suspected.
structures in the world. Its strangely beautiful shapesThe excitement also helped to stimulate a whole
rough symmetry, and above all its mystery havegeneration of investigators who are studying the new
made it an attraction and fascination for centuriesscience of “archaeoastronomy,” and who have
Articles, pamphlets, scholarly books, and novelslearned much about the importance of astronomy to
have been written about it. Its silhouette hasancient peoples around the world.
appeared on the covers of travel guides, rock music

albums, freshman astronomy textbooks, and religious This planetarium program se_eks_ to tqke
tracts. advantage of the continuing fascination with

Stonehenge, and the dramatic story of Hawkins’

Interest in Stonehenge among scholarshypothesis, to communicate to students important
intensified dramatically in the past three decades aaspects of how science works. New ideas about
archaeologists have made major strides in learningtonehenge were invented, explored, refined, and
about the neolithic (new stone age) and bronze agested at other ancient structures around the world.

people who lived in England at the time Stonehengé&ome of these sites, particularly in the Americas,
was built. The public became entranced by the ideatirned out to have astronomical alignments far more
of Gerald Hawkins, a young astronomer, whoaccurate and indisputable than does Stonehenge itself.
boasted in 1963 that he had “decoded” Stonehenge, Thus the St h ¢ ) lent
and that it was an astronomical observatory and us the stonenenge story 1S an exceien
eclipse predictor. The debate over the moreexar_npl_e of th_e et L science, with all its
speculative of Hawkins’ claims has still not ended,!nSp'ratlon’ r_nlstal_<es,_ contr_oversfy, and, n the end,
mense satisfaction in having glimpsed a little more

but his basic ideas have convinced most scholars thé )
of how the universe works.

Objectives

In this planetarium program, students will be able to:

1. Describe the appearance, age, and long-standing puzzles about the
purpose of Stonehenge.

2. Explain the origins and basic components of Gerald Hawkins’ hypothesis
that Stonehenge could have been used as a naked-eye observatory for
horizon astronomy.

3. Perform an investigation, using the planetarium, to test Hawkins’
hypothesis through the search for possible horizon alignments.

4. Describe, qualitatively, the pattern of the Sun’s horizon position at rising
and setting throughout the year, and the relation of the Sun’s apparent
motion to the seasons.

5. Describe how Hawkins’ ideas were applied to other sites.

6. Increase their estimation of the intelligence, ingenuity, and dedication of
ancient peoples.

Note: This program, with only minor adjustments, has been used extensively
with audiences from 3rd grade through adult.
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Materials

The key activity in this program involves searching for horizon
events, and then comparing those events with alignments of the stones
at Stonehenge. Two basic tools are needed: horizon markers which
students use to record rising and setting locations on the horizon, and
indicators for the alignments Hawkins found at Stonehenge.

1. A horizon marker for each member of the version II. Sticky paper dots or squaresThis fast,
audience. Students are going to watch for horizoncheap alternative to a prepared marker is being used
events, risings or settings they think may have beefy many planetariums, particularly small units and
important to ancient people. They need to mark thosgortables like STARLAB. Your nearest stationery
events along the planetarium horizon. store will have rectangles in various sizes (3M Post-

Students need to be able to stand near thiésTM) as well as self-adhesive disks in many sizes
horizon in your planetarium to use these markers. Iﬂnd colors (Avery is a major brand). Fluorescent red

a STARLAB or other small planetarium that may bedots in the 3/4 inch diameter size work well for

easy, but it is more difficult in a bigger planetarium® 1 ARLABS. A few dollars will purchase a supply of
with two or more rows of concentric seats, or in & thousand dots.

planetarium with uni-directional seating. In those The 0n|y trick is to choose material in a color
cases, you can adapt the program by assigningaihd size that is easily visible in a dim planetarium,
different small group of students to stand at theind has the right degree of stickiness. Too weak an
horizon and mark objects for each round of theydhesive can mean markers not sticking or falling off
experiment. too soon, especially if the dome is dirty; too strong
an adhesive might mean work for you cleaning them

Version |. A marker that can hang from the cove.
gff after each program.

The marker can be a wood, cardboard, or plasti
strip, about 5 centimeters wide and 40 centimeters
tall. Fasten a hook on the back so that the marker can
be hung on the cove to mark a position on the
horizon. The markers should be numbered or lettered,
so that participants can remember which one is their
own. See Figure 1. The markers could also be
attached by having small pieces of veltrattached

to the back, and a band of the mating material all
around the dome at the horizon. In a STARLAB, it's
best to attach the “hook” component of the velro

on the markers, and the “loop” or fuzzy part on the
dome.

Figure 1
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Materials

2. Stonehenge alignment indicators on the domélhe

alignment indicators are four simple rectangular archways, like

ted of
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represent the worn, pitted surfaces of the stones.
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Stonehenge Mask
Assembly
Master for Photocopy

Window Cylinder

Trilithon Masks




Materials

Version IlI: a photocopy mini-silhouette
projector. This is the same basic idea as the
cardboard drum, but in a miniature, one unit
version (Figure 3a), particularly suited for a
portable planetarium like the STARLAB.

Batteries
(or 3V power

supply)

Switch

Bulb & Socket

Variable Resistor
(0- 20 ohms approx.)

/
/
/
S
S/
/
/
/

Figure 3a

There are many ways to do this, but one simple. Roll the Window Cylinder piece into a cylinder so
way is essentially the versatile “mini-brute-force” that the N, E, S, W, marks read backwards as seen
horizon projector described in PASS Vol. 11, p.2from the outside (frontwards as seen from the
adapted to project the Stonehenge alignmentwsiewpoint of the lightbulb; Fig.3c). Tape the seam
Assemble the electrical parts as shown in Fig. 3aithout covering any windows or letters.
using a #605 light bulb, a Mini-mag [Reflashlight
bulb, a STARLAB main star bulb, or other suitable
light bulb with a very small filament as the light
source. (The variable resistor is optional.) Photocopy _
the Stonehenge Mask Assembly (master on page 4) Figure 3c
onto a transparency and form the Stonehenge Mask
Assembly as follows:

a. Cut out the six parts of the mask assembly: the
Top, the Window Cylinder piece, and the fourd. Position the Window Cylinder around the light
individual Trilithon Masks. Cut in slits (indicated by bulb so that the light bulb is centered in the Cylinder.
the word “cut”). Optional: with a hobby knife or Tape the Cylinder tabs securely to the projector box
small sharp scissors, cut out the four windows in theop. (Fig. 3d.)

Window Cylinder piece. This will make the projected
trilithon images brighter and clearer.

Figure 3d

b. Fold the “tape” and “handle”
tabs as shown in Fig. 3b. Theregg
are four on the Window Cylinder,
and two on each of the Trilithon
Masks. Also fold where indicated™
on the Top piece.

n Figure 3b —




Stonehenge

e. Lightly tape Trilithon Masks in front of the four Figure 3e
clear windows of the Window Cylinder. Put a rubber
band around the tops of them. (Fig. 3e.) The top tabs
of the Trilithon Masks facilitate adjusting their
positions during set-up for the Stonehenge program.

In setting up for the program, the Trilithon Masks
need to be lightly taped in place, carefully adjusted
so that they accurately mark the solstice sunrises and
sunsets, and then taped more securely in place. This
works fine, but you must be careful to check the
position of the projection masks just before the
program to see that all four archways show up in the
correct position on the horizon. Moving the masks
just a millimeter can throw your alignments off so

that the Sun fails to appear in the proper archways. . L _
horizon projection system, and you can prepare slides

Version Ill: a regular planetarium horizon for it, you can prepare simple artwork such as shown
panorama projection system showing the here for four archways and adjust the alignment
alignment archways. If your planetarium has a positions as discussed above.

--'Il- L 1
|




Materials

Cardboard

Cutout

Cove

Figure 4

Version |V: full-size cardboard archways to be
attached directly to the dome with tape, velcrd

or paper clips (if you have a perforated dome).A
low-tech alternative to the projectors above is to use
four large cardboard pieces (Figure 4) attached to the
cove. The only major disadvantage to this quick
solution is that these alignments cannot be turned on
and off with the flip of a switch, so they need to be
installedduring the program to create the dramatic
moment when you compare horizon events
discovered by your students with Hawkins’
Stonehenge alignments. The installation can be done
if you have prepared in advance unobtrusive markers
(like pieces of tape or thumbtacks) installed on the
bottom of the cove. Students can use those markers
to position the cardboard archways quickly.
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Stonehenge Slides
View of horizon around Stonehenge
Closeup of one of the great “trilithon” archways
Stonehenge with the “Heel Stone” at the far right
Diagram of the large inner stones as they might have been originally, according to Hawkins
Diagram of a possible alignment
Photograph of that view, which is mostly obscured
Diagram of a second possible alignment
Photograph of that view, which is mostly obscured
Diagram of a third possible alignment
Photograph of that view, which is clear to the horizon
Photograph of another trilithon alignment
Diagram of alignments repeated by four outer stones
Sketch of how a large stone might have been transported
Diagram of how a large stone might have been set upright
Facade of the “Governor’s Palace” at Uxmal, Yucatan, Mexico
Closeup of the facade covered with Chac and Venus symbols

View from the central doorway with Cehtzuc visible as a slight bump on the center of the
horizon

Sources: Slides 1, 2, 3, 6, 8, 11, 17 by Alan J. Friedman. Slides 10,
15, and 16 by E. C. Krupp. Slides 13 and 14 from drawings by Alan

Sorrell, Her Majesty’s Stationery Office. Slides 4, 5, 7, 9, 12 by the

Holt Planetarium, after Hawkins.




Setup

1. Precession, if available, set at minus 3550 yearsd. Sun, Moon, and daylight on
(the last major phase of Stonehenge Wa§

completed about 1550 BC) Planets on unless one or more by coincidence

happen to be at the same position as a solstice
2. Latitude set at 51 degrees north Sun, in which case they should be left off

3. Check for correct alignments of the Stoneheng8. Stonehenge alignment indicators off
archway indicators with sunrise and sunset on th

. Rlote: The summer and winter solstices occur on, or
solstices ’

within one day, of June 21 and December 21
4. Annual motion set to today’s date (if you happerrespectively. As noted earlier, the actual date can
to be close to either of the solstices, you mightvary by a day or so from year to year because our
want to select another date) calendar does not track the motion of the Earth
around the Sun exactly. Most small planetariums, like
STARLAB, do not show these variations and the
6. Set slide projectors for first slide extreme risings and settings always occur on June 21
and December 21. For convenience, therefore, this
script will use June 21 and December 21 as the
solstice dates.

5. Diurnal motion set for shortly before sunrise

Recommendations for Using the Script

We don't expect the script which follows to be Directions for the instructor are printed in
memoarized (as an actor might memorize a part) buta/cs, the instructor’s narrative is printed in regular
to be used as a guide in learning, rehearsing, argpe, and directions and questions to which the
improving presentations. We recommend that yoaudience is expected to respond are printelloid
read the script once or twice, then work with it in thetalics. There is no point in memorizing narration
planetarium, practicing the projector controls, slidesword-for-word since what you need to say will depend
special effects, and music. You should be able tapon the participants. The language you use and the
imagine yourself presenting information, askingnumber and kinds of questions you ask will depend
guestions, and responding to participants. For youwn how old the participants are, how willing they are
first few presentations, you can have the script oto respond, and how easily they seem to understand
hand, using major headings as reminders of what tehat is going on.

do next. _ _
We believe that the most important elements of

The script is organized in blocks or sectionsthe program are the questions and the activities since
The purpose of these separations is only to help yahese involve the audience in active learning. If you
learn and remember what comes next. Once you haweust shorten your presentation, we recommend that
begun a section, the slides or special effects and yowou borrow time from the narration.
own train of thought will keep you on track. When
beginning a new section, make the transition logically
and smoothly.
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Planetarium Show Script

Graaually dim daylight — rade out music as stars, Moon and
planers appear.

Good evening. The sky above us may look like an ordinary nighttime
sky, but for today’s presentation, entitled “Stonehenge,” we have
transported you to southern England, on today’s date, but 3550 years ago.
(Use the next senternce If your planetarium shows precession.) The
stars are in slightly different positions than what we are accustomed to
seeing. The constellations are in their familiar shapes. The sky is darker,
of course, since there are no cities, no street lights, and no smog — just
a few campfires nearby. This is how the sky looked to the final builders
of Stonehenge.

Has anyone here visited Stonehenge?

If so, ask them to describe the setting and the stones. Begin the
slides if appropriate.

Image 1. View of the horizon
around Stonehenge.

This is how the area where we are camped looks in fhe
daytime.

How would you describe the landscape?

(gently rolling hills, plain, grassy, pretty, peaceful, etc.
accept all reasonable answers, encourage discussion.)

OPTIONAL SECTION, GOOD FOR OLDER STUDENTS
Look at the little sign on a post, just beyond the fence.
You cannot see the front of the sign, but it says “No Parking.”
Also notice the tree on the right side of the picture.
It is a typical tree for the area.

Now from what you already know about the approximate height of “No Parking” signs,
how tall would you estimate a typical tree in the area of Stonehenge might be?

Accept several estimates, and ask for explanations or how
the estimate was made. For example: ‘Roadside signs like this are
lyprcally Just out of reach by an aaull, so they must be about 3
meters (10 feer) tall. The tree looks to be the same distance but
twice as tall, so It is about 6 meters (20 feer) tall.”

10



Script

So the countryside is gentle, rolling hills, with fairly low trees,
perhaps 5 - 6 meters (16 to 20 feet) tall. Maybe that explains why visitors
to this site, for thousands of years, have been so amazed by what was
directly behind the photographer’s back when he took this picture...

Image 2: Closeup of one of the great “trilithon” archways.

...we see these remarkable, huge stone blocks, each standing 7 m
(twenty-four feet) tall, higher than the trees in the aké@mwv much do
you think a stone like that weighs?

Archaeologists have determined these large stones weigh 45,
kilograms (fifty tons) each, as much as two dozen cars! The origina
boulders that these stones were cut from are not native to this parf
England — some came from 40 kilometers (25 miles) away, while so
of the smaller stones, weighing a few thousand kilograms (a few tons) nia
have been brought here from 400 kilometers (250 miles) miles away §&

There is evidence that when the Romans founded colonial outp
in what is now England, they visited Stonehenge.

How long ago would that have been? (Hint: When did the Romang
empire send tax collectors to their far-flung coloniegAccording to the |
New Testament Bible about 2000 years ago, or 1 BC, Jesus was borfi
Bethlehem where his mother went for a Roman empire census.) »

The Romans who visited Stonehenge had no idea who built it o
why. It didn’t even have a name (Stonehenge is a relatively recent name,
only a few hundred years old). When the Romans visited, 2000 years ago,
Stonehenge waalready a ruin.

We now know the monument was as old to them as their civilization
is to us now. We know that Stonehenge was built in stages between 2800
and 1550 BC. So it is more than twice as old as the ancient Roman
buildings like the Coliseum in Rome.

Image 3. Stonehenge with the "Heel Stone” at the far right.

Archaeologists believe that the people who built Stonehepaa
used few if any metal tools, and may not have known how to us
wheel. Yet they assembled and pounded and gouged these mg
stones and planted them upright in the ground to create the strug
we see today. Throughout history people have wondered why|g
builders went to so much trouble. Since the builders left no writ{™
or pictures to explain, there are few clues to help us understanc
purpose of Stonehenge — other than the stones themselves.

What would you guess were some reasons why Stoneheifsss
might have been built?Accept all reasonable answers, and list at
the end.)

Now, with your help, we will see what a young astronomer, Gerald
Hawkins, who visited Stonehenge on a vacation, guessed about the ancient
monument, and what may explain at least part of the answer to the
guestion, “why?”
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Gerald Hawkins, Astronomer and Tourist, Makes a Guess

Hawkins started with the fact, discovered a few hundred years ago.
On the first day of summer, the longest day of the year, the Sun as seen
from the central area will rise just over this stgimricate the stone on
the rar right with a pointer). That stone is called the “Heel Stone” (a
modern name like “Stonehenge” itself). Having one alignment is not too
surprising. It could be coincidence. On the other hand, many modern
churches and temples have been aligned to that direction on the horizon,
since many people have felt that the longest day of the year is of special
importance. This day has marked the midpoint of many calendars and the
first day of others.

One alignment does not go far towards explaining all these massive
stones. Hawkins’ inspiration was to ask himself the question: “If one stone
at Stonehenge marks one astronomical alignment, the sunrise on the longest
day of the year, might the other stones have marked other astronomical
events?”

Activity #1—Predicting Today’s Sunset

To see what marking an astronomical event means, let’s try to record
an astronomical event ourselves: where the sun rose on today@/tate
the current date), but 3550 years ago.

Even planetariums with precession settings cannor aqjust for the
small change in inclination of the Earth’s axis, which affects the
position of sunrise and sunset. Thus we are taking aristc license here.
/n contrast to our simplified presentation in the planetarium, the
computer programs used by Hawkins and other researchers must take
nto account many ractors which affect observed rising and setting

positions, including local terrain, atmospheric refraction, and the shift

n mnclination of the Earth’ axis.

Lower aaylight, diurnal motion on slow. Stop diurnal when the
aisk of the Sun /s half-way above the horizon, and raise daylight.

(Sunrise and sunset can also be defined with the disk standing tangent

on the horizon, or tangent just below the horizon, but we will use halr-
way as the rise/set position for this program.)

Let's mark the position of sunrisgDemonstrate how to place a
horizon marker at the sunrise position.)

Now let’'s predict where sunset happened on this same day, 3550
years ago. First I'll speed up the planetarium, as if the Earth were spinning
faster. (7urn on diurnal and let the audience watch the sun rise to
noon. Stop diurnal.)

It's about noon on this day, 3550 years dg@ave you decided where
the Sun will set? Then take your pointer and go over and place it where
you predict the Sun will set. Remember your pointer so you can tell how
close your prediction is.

12
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Point out wide range of guesses. due to our indoor life, we
usually have a poor notion of sunset position. Many students will place
theilr pointers exactly at West.

Begin diurnal motion, continue to sunset (Sun half-way dowr).
Congratulate the person coming closest. Have students retrieve thelr
pointers, leaving only the two which mark the sunrise and sunset.

Reconstructing Stonehenge

Gerald Hawkins guessed that if Stonehenge marked one alignment
with a celestial object, the Sun, it might mark others as well, like the
sunrise and sunset we just recorded, or the risings or settings of stars or
planets. To test that suspicion, his hypothesis, Hawkins first had to
“reconstruct” Stonehenge, at least on paper, to see what alignment markers
might have been present when Stonehenge was in use.

/Image 4: Diagram of the larger inner stones.

This map of Stonehenge, as seen from above, shows what G
Hawkins imagined Stonehenge would have looked like when it
finished, about 1550 BC. He has drawn in missing stones and positig
fallen stones back upright. Stonehenge today is in far from per
condition. In the 18th century, you could visit Stonehenge, re
sledgehammer, and take home a piece for a souvenir.

Standing in the center of the monumeno/t out), Hawkins
would not have been able to see much horizon at all—there seemge
be no especially significant views from the center. Even the famous

because if he hadn’t, he might have given up, thinking that there
no other astronomical directions marked by Stonehenge.

What additional questions might you ask about possible
alignments?As you (guessed or did not guess), Hawkins asked
himself if there might be significant views of the horizon if you stood
at placesesides the center.

Image 5. Diagram showing a
possible alignment.

Standing in front of these two stongmt out on diagrarm)you
would be looking through a narrow gap between two of the giant sto

“Trilithon” is the name modern people have given to a set of t
stones capped by a third huge stone. Now, looking through the arc
of the trilithon in the direction shown by the arrow on the njapir
out) you could see all the way to the horizon only if the outer ring
stones does not block your view.
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But remember those stones are thick, and somebody took a lof
trouble making them rectangular blocks, with smooth sides. So if you st
your head in the gap, and try to look along this arrow, here is what
would actually see:

/mage 6. Photograph of that view,
which /s mostly obscured.

Would you say that this is a good view of the horizoA@cept
answers without saying “right” or “wrong,” suggesting that we compare
it with the other possible view.

Image 7: Diagram of a
second possible alignment
through the same trilithon.

Now let’s try standing in the
same spot, but looking in a
slightly different direction(point
out arrow). We would then see
this:

Image 8: Photograph of that
view, which Is also obscured.

Well, what do you think of this
view?

Image 9. Diagram of a third
possible alignment through
the same trilithon.

Let's try looking through the
trilithon and these two stones this
time (point out).Here is what you
can see now.

Image 10: Photograph of that
view, which Is clear to the
horizon.

Pause for audience comments
about how this view compares
with the last two views.

The builders of Stonehenge were very careful to place their sto
in just the right spots, and then to pound and scrape them. And one re
was that each of the trilithons provides one or two narrow but good vie
of the horizon.

14



/mage 11.: Photograph of another
trilithon and its alignment
with other stones.

Here is the view through another trilithon. Look how carefully th¢.
narrow gaps restrict your view to just one direction on the horizo|
Hawkins argued that these alignments were probably not acciden|.
because it took a lot of work to pound lumpy boulders into the straigl
edge rectangles which create these views.

The next surprise for Hawkins was that the views he had found we
in directions repeated hyther, outlying stones at Stonehenge.

Image 12: Diagram showing
previous trilithon alignment
repeated by other features
at Stonehenge.

This diagram shows the positions
of a few of the smaller stones at
Stonehenge which archaeologists
had previously thought to be placed
randomly, or to be fragments of
now-destroyed other rings of stones.
Hawkins found that sighting along
these features repeated some of the
important directions that he found
established by the trilithons.

Within a variation of about 1 degree, these three lines of sight are
parallel. In the same manner, Hawkins found a total of ten alignments he
thought might be important. He knew that one of those marked the position
where the Sun rises on the longest day of the year.

What other astronomical objects might the alignments at
Stonehenge keep track of by pointing to their rising or setting positions?

Note responses and repeat the list at the ena.

To answer this important question, Hawkins turned to a computer.
He fed into it a diagram of Stonehenge, the one you have seen, and
information about the positions of the stars, the Sun, Moon, and the planets
as they appeared to the builders of Stonehenge. He then asked the
computer: “Did something important happen (like the rising or setting of
some celestial body) at these ten points on the horizon?”

15
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Activity #2 — Marking More Risings and Settings

We can give our planetarium the same information that Dr. Hawkins
gave his computer. Right now the stars, Sun, Mgamng p/anets, if you
are using thern) are positioned as they would be on today’s date, but
3550 years ago, the time when the giant trilithons were erected.

The first stages of Stonehenge were built much earlier, 4800
years ago, in 2800 BC. While the stars change their rising and setting
positions substantally, the Sun and Moon positions change only a lite.

And here (furn on Stonehenge alignment indicator or install
Stonehenge alignment arches) we have four of the major, repeated
alignments as determined by Hawkins.

Do any of these alignments match the sunrise and sunset we
marked earlier?(No.)

Leave those markers in place. Turn off Stonehenge alignment
/ndicator, or remove allgnment arches.

At this point, Professor Hawkins made some more guesses,
hypotheses, about what astronomical events might be marked by these
special directions, and then tested them on his computer. We are going to
do precisely the same thing here in the planetarium. We are going to
experience a night at Stonehenge, 3550 years ago. | can speed up the
rotation of the Earth, and make the night seem to go by in about three
minutes.

You can each decide to mark the risings or settings of bright stars,
planets, Sun, Moon, star groups, or whatever else you happen to see on
the horizon where you are standing.

We are ready to begin. Remember what object you marked when
you finish, and leave your marker in place when you sit down.

Turn on diurnal motion, slowly enough so that students will be
able to mark risings and settings of their choice. Turn down aaylight
and fade in music. As you go through the night, ask what objects
Students are tracking. Some students will be waiching bright stars
n the north, such as the Blg Dijpper. When their stars fall to set, and
start going up again, point out the existence of these ‘circumpolar”
stars, stars which never go below the horizon. As the Sun starts ro
rise, trn on sunrise and graaually, rull daylight. Stop at miadmorning,
1ading out music and sunrise.

Good morning! We have lots of risings and settings marked, and
now we can see which, if any, agree with the directions marked by
StonehengeAsk several students to describe what they marked, how it
moved through the sky, and to point out their markers.

Turn on Stonehenge projector and reauce adaylight.
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Have we solved the mystery of Stonehenge?

As you might imagine, Professor Hawkins was also disappointed
when his computer gave him this same result. There were one or two stars
which agreed with one or two alignments, but that could have been just
coincidence. To succeed, he needed something to work consistently with
all his alignments.

Turn off Stonehenge alignment indicator (or remove arches).

Activity #3 — Tracking the Migration of Sunset

Well, there we are. We know what doesn’t work. It may be
discouraging, but scientists who have an idea usually keep trying until they
have exhausted every possibility.

OPTIONAL: If you have time, you can call for other suggestions and
try them now, like the Moon in different phases, or the planers.

We have considered alignments on today’s date, but 3550 years ago.
Would changing the date by a week or a month make any difference in
where things rise or set?

Let's find out if the Sun will set in a different place on a different
day from todayWhich marker shows where it set last night? Which
shows where it rose today®sk students to remove all other markers.

Now let's try next weeknext month if you have a projector like
STARLAB which permits only monthly adjustmentsjill run quickly
through the day, but as | do | will also advance the date to one(arek
month)from today.

Keeping aaylight up, turn off the Sun and stars and aavance
annual motion in positive direction for however long it takes for your
mstrument to aavance one week (this is done manually, by moving a
plug from one hole to another, on a STARLAB). Turn on daily motion,
then turn the Sun on again. During this operation, you can lake a vore
as rollows.

Let's take a vote. How many think the Sun will set in the same
place next week as it did today? How many think it will set farther to
the south? To the north?

Count and summarize vote. Stop diurnal motion when the Sun is at
mid-afternoon, one week (one month) later.

We are close to sunset. Will someone please mark the position of
the Sun when it sets? The date is now one month (one week) later.

Run diurmal motion until the Sun sets.

Who made the best predictionore the direction the sunset
position moved, north or south, on today’s date.)
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Now let’s see if that sunset is marked by Stonehehgez or, then
off, Stonehenge indicator. Too bad — we still don’t have it. Of course,
the day we just tried is jugtepeat date you used)

Is there anything special about that date? Can anyone suggest a
date that is special in some astronomical way every year?

Get /ist of dates and repeat at the end. Included will generally be
the holidays, birthaays, and shortest and longest aays of the year. The
latter two will generally be on the list, but include these yourself if
noboay else does.

Which date from our list shall we try?

If time permits, lry as many aales as possible, in the order they
will come up as you advarnce annual motion (or uncover the Sun hole
on a STARLAB). Let visitors mark sunrise and sunset positions. Point
out the migration of the positions to the north or the south, depending
on the season in which you startea.

Between each date, turn the Sun off and stars off and aadvance
annual motion until you are ar the next aate you wish to try. Run daily
motion until you are just before sunrise before turming the sun on.

Eventually you arrive at the next solstice. Aajust the order of
seasons below according to your particular starting dates. The
following assumes you started between June 21, and December, and
are approaching winter. If you started January to May, make
appropriate changes.

Happy holidays. Here we are at December 21, just before sunrise.
Please remove all the markers, and we will start fresh by marking where
the Sun rises on this date, the morning before the shortest day of the
year. Today is the day called the “winter solstice” and it varies slightly
on the calendar but always occurs within a day of December 21.

Turm aiurmal motion on until sunrise (Sun's disk halfway up), then stop.

Will whoever is closest please place your marker to indicate the position of sunNs¢tige how
far to the south the Sun is rising. Indeed, this is the farthest south the Sun will ever rise as seen from this
place on Earth. From today on, the Sun will begin rising back toward the north, farther every day.

Start diurnal motion again, and continue through the day,
stopping at sunset. Use aaylight, sunrise and sunset lights as desired.

You may have noticed that the sun did not get very high in the sky
at any time today. It is also up for a much shorter time than it has been on
other days. Indeed, this is the most southerly rising, most southerly path,
briefest journey of the Sun all year. And that is why this is officially the
start of winter! The northern hemisphere receives less energy from the Sun
today than it will any other day of the year.
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It is interesting to note all the things that happen around December
21. Christmas occurs around then, and so do Chanukah and New Year's
Day, and numerous other religious and secular special days. Apparently
many peoples have noted the extreme position of the Sun, the brief hours
of sunlight on this day. Perhaps they wished to urge the Sun to come
back north, eventually bringing longer days and warmer weather. By the
way, our calendar does not track the Sun perfectly so some years the
shortest day happens to be December 20 or December 22.

It is now sunset on the winter solstice, the shortest day of the year.
Let's mark the position of sunrise on this special déill whoever is
closest please place your marker to indicate the spot?

Shall we test our most recent hypothesis, that sunrise and sunset
on astronomically significant days might be marked by Stonehenge’s
alignments?

Turn on Stonehenge indicator and observe alignment.

Congratulations! Now we have learned that these stones could be
used to mark the shortest day of the year by indicating the positions of
sunrise and sunset on that one day.

Now that we have found the significance of two of the special
alignments which Gerald Hawkins identified, would anyone like to
suggest what we should do to find the other two major alignments? Any
other dates on our list you want to try?

A good technique is to walt for several suggestions and vote to
decide what to do. Since the longest aay /s now the most logical
candiadate, it is very rare that this will not work.

Turn off Stonehenge indicator. Turn on the sun, and aajust the
planetarium to pre-dawn on June 21.
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OPTIONAL SECTION

If you have time in the program while waiting for the projector to advance to the next solstice,
his section treats a question of general interest.

How was Stonehenge Built?

How was Stonehenge built? No one knows for sure, but
archaeologists have pieced together a plausible version of how
Stonehenge was built. These are artists’ conceptions, and, of
course, we don't really know how the builders of Stonehenge
were dressed.

Image 13: sketch of how a large stone might have been transrerred.

We do know a little about the builders of Stonehenge. The
first parts of Stonehenge were built about 2800 BC, 4800 years
ago, by “neolithic” (new stone age) farmer/herders. Over the
centuries these original people assimilated with the “Beaker
People,” so-called because they made distinctive clay beakers
for drinking, and these people continued building at
Stonehenge. The final stages, including the giant trilithons, were
built about 1550 BC, 3550 years ago, by the Wessex people,
descendants of the earlier cultures.

None of the builders of Stonehenge had wheels or horses,
so they faced a formidable task in moving the giant stones by
hand from the nearest quarry, 40 kilometers (25 miles) away.
This theory about how they did it involves dragging the stones,
by teams of perhaps one hundred men, over the ground by
rolling the stones on logs. Note that the stone they are dragging
is not finished to the smooth, flat surfaces that most of the
biggest stones have. Boulders don’'t come in nice rectangular
shapes, so after the stones reached the site, they had to be
literally pounded into shape. Since the workers didn’'t have
metal tools, they shaped the huge stones by chipping off chunks
with other stones.

Some of the smaller stones (a few tons each) came from
a quarry ten times farther away. These could have been brought
most of the way on rafts.

/Image 14: Sketch of a large
stone being set
upright.

This is an illustration about how the stones were raised.
First, a pit was dug, with one slanted side. Notice the
reinforcement wooden stakes on the opposite side—remnants
of these have actually been found. The stone was then levered
into position by building up the lever pivot in stages.
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No matter how it was done, this was a formidable task that
could not have been done in a few years or even a few decades.
Archaeologists have established that the building of Stonehenge
took place in a number of stages, spanning many generations.
People worked on Stonehenge for over 1000 years. Can you
think of any projects in modern times that are likely to last so
long?

Begin adaily motion to show sunrise on June 21.

We have now arrived on June 21, the longest day of the \élar.
whoever is closest please mark the point when the Sun is just half way
up?

After marking, turm on diurnal and continue to sunset. During the
minute or so necessary, you can Invite qQuestions or summarize
proceedings so rar.

This is the first day of summer, the longest day of the year. In
contrast to December 21, notice howriarth the Sun rose, hohigh in
the sky it gets, and hoileng the path will be, giving us a long, hot day.

Hawkins’ Conclusion
Slow diurnal so that sunser can be marked accurately.
Will whoever is closest to the sunset point mark it for us please?

We have now marked the four most extreme risings and settings of
the Sun; farthest north and farthest south. We are now ready for the final
test. If Stonehenge does indicate these directions in the main four
alignments, we will have established that Stoneheogkl have been used
as an astronomical calendar.

Turn on Stonehenge indicator.

Well—remarkably good agreement! Within a degree or so, the
stones do mark the sunrise and sunset extremes.

Why might Stonehenge have been built with solar alignments?

Why might it have been so important for the ancient builders of
Stonehenge to know for sure when the shortest or longest days of the
year had arrived?

If the particjpants do not respond, you might suggest that the
builders were farmers anasor herders. This will usually spark ideas
about marking dates for harvesting, transferring animals, erc. You
might add that people may even have migrated in those days since
they had no way to avord exiremes of weather (no heating or air-
conditioning). A calenaar like Stonehenge /s useful since weather /s
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likely to be unpredictable, and a long Indian Summer might leave you
stranded in snow If you didn't realize how late in the season it was.

Because many of the archway openings leave a degree or more
of uncertainty, the accuracy of these horizon markings would not have
made a very precise calendar. Ceremony and religion have always
been important, however, so It is more likely that Stonehenge could
have been a ceremonial site incorporating the motions of the Sun in
/ts design.

Professor Hawkins has been rewarded for asking the right questions.
Both the planetarium and his computer have verified that the alignments
he found could have astronomical importance. We have seen that four main
alignments mark sunrise and sunset on shortest and longest days of the
year. The other six alignments turn out to coincide approximately with
six of the eight extremmoonrise andmoonsetpositions. The Moon has
a much more complex cycle than the Sun, and there are eight extremes in
a period of about 18 years, instead of just four in one year like the Sun.

Gerald Hawkins’ theory and his findings about Stonehenge made
him instantly famous, and controversial, among people who had been
fascinated by Stonehenge, especially those who had been studying it all
their lives. His results were certainly provocative, but there were problems.
Hawkins was not trained as an archaeologist, and when he tried to use his
findings to say more about the Stonehenge builders, he seemed to be
unaware of what more traditional archaeologists had been learning. The
alignments he deduced were based on crude maps of Stonehenge;
professional archaeologists knew that a better survey was needed for such
precise work.

Over the next decade Hawkins' ideas were challenged, and errors
he made were pointed out mercilessly. Much better surveys were done.
The system for establishing the dates of Stonehenge (radiocarbon dating)
was improved, changing the best date for the beginning of Stonehenge by
800 years. Other investigators recalculated Hawkins’ data and tried his
ideas out on other sites, throughout Britain, and also in other countries.

What is the result of all this work? Most researchers in the field now
believe that Hawkins’ basic idea was correct, and that one or more
astronomical alignments do play a significant role in understanding why
Stonehenge was built the way it was. While Hawkins describes Stonehenge
as an observatory or primitive computer, most investigators now see
Stonehenge more as a ceremonial site which incorporates solar alignments.
The Moon alignments, because they are incomplete and also contain large
uncertainties, are less convincing.

Perhaps the most important result of Gerald Hawkins’ investigation
is that a whole generation of astronomers have learned something about
archaeology, and a generation of archaeologists have learned a lot of
astronomy. Indeed, there are now investigators with solid knowledge of
both fields, who study the new field of “archaeoastronomy” and are
revising our ideas about our ancestors.
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OPTIONAL SECTION

Here is one example of what archaeoastronomy
has learned, taken from dozens of exciting discoveries
in the Americas.

Image 15: Facade of the
“Governor’s
Palace” at Uxmal.

This ruined but still magnificent building we call the
“Governor’'s Palace.” It is on the Yucatan peninsula in
Mexico. It was the work of the great Mayan civilization
which ruled this area for hundreds of years. This building was
constructed around 750 AD, in a city called Uxmal (Ush-mall),
but it faces the horizon at a different angle from that of the rest
of the buildings of that city. Could that angle imply some
astronomical alignment?

Image 16: Close-up of the Facade
of the Governor’s
Palace.

The front of the building gives a clue. The elaborate
carvings repeated hundreds of times show a Mayan god named
Chac, who has a big hooked nose. And in each carving his
forehead is decorated with a figure made up of disks and a
curved line, which is the Mayan symbol of the god, and the
planet, which we call Venus. Venus was very important in Mayan
religion and ritual, and they kept careful records of its motions.
Armed with their new awareness of the importance of astronomy
to ancient people, investigators made careful surveys of the
building and the surrounding area.

Image 17: View out of the central doorway of the Governor’s
Palace.

Here is the view from the central doorway of the
Palace. Looking out over a carved pillar and a small
platform, can you see a tiny bump on the horizon? That
turned out to be a small pyramid in another Mayan site
called Cehtzuc (Kayt-zuc). The line of sight from the
central doorway of the Palace to the tip of that pyramid
marks the extreme southernmost rising point of...can
you guess? The planet Venus. The accuracy is within
1/30th of one degree.

That is as good as the best Stonehenge alignment (e earthen
‘avenue” enclosing the Heel Stone), and much more precise than the
trilithon alignments, which have an uncertainty of a degree or so.

Uxmal was built more than 3,000 years after Stonehenge, on another
continent. We are learning that interest and knowledge about astronomy
was part of the development of nearly every society on Earth.
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The three paragraphs which follow are a summary of the topic.
You may wish to shorten this for younger students, or enrich it with
material from the Bibliography which follows, for older students or
students with special interests in, for example, Native Americans.

The astronomical experiment you have just done is perhaps a part,
but only a part, of the answer to a centuries-old puzzle. Stonehenge was
probably a dramatic stage for religious ceremonies, and those may well
have been astronomically-timed. Sunrise on the longest day of the year,
marked with great accuracy by an earthen “avenue” which encloses the
Heel Stone, is universally agreed to be a deliberate astronomical alignment.
Hawkins’ trilithon alignments, which we have explored, remain
controversial, however.

The Heel Stone itself marks the solstice sunrise toaay, but would
ot have been an accurale marker at the time when Stonehenge was
built. There has been speculation that the Heel Stone has tilted over
since its original installation, or that there were one or more other, now
missing stones, which along with the Heel Stone would have framed
an accurate solstice alignment.

Mysteries remain, and we continue to wonder about the people who
built and used Stonehenge. The construction, from placement of the first
stone to the completion of various rings of stones, took more than a
thousand years and involved different cultures in different eras. How much
about the uses and the astronomy of Stonehenge was passed on from
builder to builder? How much was invented or re-invented throughout that
millennium?

Some astronomers, including Hawkins, have credited these ancient
peoples with even more complex knowledge. They suggest that the
Stonehenge builders used other features of Stonehenge to predict eclipses
with considerable accuracy, although few investigators accept this
hypothesis. Alexander Thom, a civil engineer who doubted Hawkins’
theories and criticized his crude maps, systematically surveyed hundreds
of ancient sites. He found many with astronomical alignments, and has
even suggested that neolithic people had a standard of length, centuries
before the first known standards.

We hope you have enjoyed our excursion into the new science of
archaeoastronomy. It is a wonderful example of how careful, persistent
investigators, starting out with only a vague idea and little hard data, can
teach themselves to see in a new way how our ancestors have looked at
the universe.
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recently corrected radiocarbon dates, which plac@assed over too quickly and sarcastically.

Stonehenge several hundred years earlier.) JEREMY SABLOFF, ed.Archaeology: Myth and
GERALD HAWKINS, Stonehengdecoded(in Reality, W. H. Freeman, 1982. A range of opinions
collaboration with John B. White), Doubleday, 1965; on controversial issues in archaeology, including
and BeyondStonehengeHarper & Row, 1973. astronomical interpretations. Includes an article by
Personal accounts of Hawkins’ work. The Glyn Daniel, who does not accept any conclusions
astronomical explanations are good, and inof the Hawkins or Thom ideas.
StonehengBecodedhe excitement is high. Hawkins
does not do justice to Alexander Thom’s work in
either book.

— L WU

—

—

ArchaeoastronomyThe Bulletin of The Center for
Archaeoastronomy. A journal of review and
discussions published by The Center for
Archaeoastronomy, University of Maryland, College
Park, MD 20742.

Worldwide Web Connections

and update information may be found at
http://lwww.lhs.berkeley.edu/pass

25







Claisneom
ﬂ é. .é. !




Stonehenge

Azimuth and Horizons

/n the next few activities, your students will explore
changes in sunrise and moonrise positions over long
periods of time. 7o prepare, they must become familiar
with the system of describing the position of something
on the horizon in terms of horizontal angle measure-
ments, called “degrees of azimuth.”

Materials

For each student:

1 Compass Directions Diagram

Preparation

Prepare a master for photocopying Compass Directions Diagrams,
by first making two photocopies of the diagrams on page 29, and then
pasting them onto a single sheet of paper. From your master, make
enough photocopies so that each of your students has a Compass
Directions Diagram.

In Class

1. Explain to your students that they will be marking sunrise and moonrise positions.

You will be using exact measurements of sunrise and moonrise
positions obtained from a “computer planetarium.” But in order to
understand those measurements, you need to become familiar with
measuring positions along the horizon defrees of azimutli’ There are
36C° of azimuth around the entire horizon.

2. Hand out a Compass Directions worksheet to each student.
Draw a circle on the chalkboard.

You are looking down on your viewing position. Notice that only
three directions are marked: N, SW, and WNWhat does the “N”
stand for? (North.)

4

Have the students mark the abbreviations of the other “cardinal”
directions (East, South, and West) on thelr worksheets. Mark E, S, and
W on the appropriate spots on your chalkboard circle after the students
have marked their papers.

3. What does the “SW” stand for?Southwest.)

Have them mark the abbreviations of the other three miapoint
directions (Southeast, Northwest, and Northeast) on their worksheets.
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Mark SE, NW, and NE on your chalkboard circle after the students
have marked their worksheetrs.

4. What does the "WNW” stand for{West Northwest, or halfway
between West and Northwest.)

Have the students mark the abbreviations of the other 7
directions (North Northwest, North Northeast, East Northeast, East
Southeast, South Southeast, South Southwest West Southwest, and
West Northwest) on thelr worksheets. Mark NNW, NNE, ENE, ESE,
SSE, SSW, WSW, and WNW on your chalkboard circle after the
stuaents have marked their worksheers.

5. How many arc degrees are in a complete circi@80°) To measure
exactly where something is on the horizon, we measure its azimuth in
degrees, with zero degrees defined as due North and increasing values
going clockwise around the circle. For example, the azimuth of North is
0°. What is the azimuth of South? (23@®f East? (9¢) In even more
precise measurements, each degree can be subdivided imiou@eés

Have your students write in the azimuth below each respective
direction on their Compass Directions Diagrams and confirm their
answers with a class review when they are finishead.

Compass Directions Diagram Compass Directions Diagram
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Creating a Horizon Sun Calendar

This activity Is for students to do at home. When they
complete It, they will have created a Horizon Sun
Calendar for a month. According to Gerald Hawkins’
theory, Stonehenge also provides such a calendar on
a monumental scale, marking special aays or the year.

Materials
O Pencil and Paper
[0 Magnetic Compass
[0 Watch or Clock

What to Do at Home

1.

Select a position where you can observe the setting Sun every evening.
Note where on the horizon the Sun sets on a given night. Note exactly
where you are standing or sitting when you make your observation.
Make a drawing of the horizon in that general area.

. Using a magnetic compass, mark the compass directions Northwest,

West, and Southwest on your drawing.

. Once or twice a week for the next month, mark the location where the

Sun sets for each clear day, and record the date and time of the sunset.
Be sure always to make your observations from exactly the same spot.

. Discuss results in class. Does the Sun set further to the south, further

to the north, or in the same place on later days as compared with the
first day?

. When the students have completed the activity, tell them that they have

created a Horizon Sun Calendar. On that same month next year, if the
Sun is in one of the marked positions, it will tell them what date it is.
Suggest that they keep their calendar for a year to see if that is true.

[This activity is also used in Volume 11 of the PASS series.]
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Going Further

1. After about a month, look at your calendar. Can you find any
relationship between the location of sunset and the time of sunset?

2. Observe the same star set each night for a period of about a week.

Make a drawing of the horizon and mark the star’s setting point along
with the date and time. Be sure to observe from exactly the same spot.
Does its setting point change in the same way that the Sun’s does?

3. Try to guess where the Sun would set three months later. How about
six months later? Mark those guesses on your horizon picture (in pencil).
Check your guesses after the months have gone by.

4. Could you devise a way to make a full-year calendar using the
information in this activity?

5. Make a Horizon Sun Calendar based on observations of the rising point
of the Sun.

6. If possible, note the location of sunset on March 21 or September 21.
These are called the “equinox” dates, when day and night are of equal
length. The position of sunset on those two days is said to be almost
exactly due West. Does your compass agree? If not, why might they not
agree? Which do you think is more accurate?

The compass can be off by 10° or more, because of local
magnetic fields (buildings, iron ore) and global deviations in the Earth’s
magnetic field. Sarlors must carry charts showing these errors in
magnetic compass directions so their navigation will be accurarte.

The solar directions on the equinoxes are far more accurate than
compasses, although they too are subject to some errors. The Earth’s
atmosphere, which bends around the globe, ‘refracts” the Sun's light,
ke a lens, so that the setting Sun Is not exactly where it appears to
be. This effect also means that aday and night are not exactly the same
length, even on the equinox. Finally, since the Earth’s orbital period
(365.26 aays) is not exactly the same as the calendar year (365 days),
the aate of the equinoxes may vary by a aay or so from March 21 and
September 21.

7. Gerald Hawkins’ theory about Stonehenge implies that ancient people
in southern Britain to have been intensely interested in the motions of the
Sun throughout the yeaiNere ancient people elsewhere interested in the
motions of the Sun or other astronomical bodiebWite your students

to research the astronomical interests of their own ancestors, or of any
cultures they find particularly interesting. The references in the
bibliography on page 25 are good starting points.
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Solar Motion Demonstrator

From paper, glue, and a brass fastener you can build
a remarkably powerful device which accurately models
the apparent motion of the Sun, any time of year, from
any place in the northern hemisphere of Earth. It's a
simple, direct way to learn the pattern of the changing
solar rising and setting points—ust what the builders or
Stonehenge, according to Gerald Hawkins, wanted to
mark. You can go far beyond Stonehenge, however,
and see how the Sun moves as seen from the Equaior,
the North Pole, or your own hometown.

The Solar Motion Demonstrator was designed by Professor Joseph L.
Snider of Oberlin College. The design and directions for use are
copyrighted by Professor Snider. You may reproduce them as needed for
your own classroom or planetarium (but not for commercial purposes).

Materials

0 Solar Motion Frame and Horizon Disk cuto
sheets (photocopy masters on page 34 and

O Photocopy paper or heavy card stock sufficie
for providing each student with one Sol
Motion Frame and one Horizon Disk (using
blue paper for the frame and green for the di
makes an attractive product)

O One long (1 inch) brass paper fastener (the t
with spreadable flat prongs) for each studen

O Manila file folders (one for every student)

O Rubber cement or glue stick (can be shared b
or more students)

[ Scissors for every student (If you will be cutting
these out for the students, you may want to use
a hobby knife or retractable-blade paper cutter which can cut more accurately.)

[ Optional: spray rubber cement instead of gluestick (available from art supply stores)

O Optional: newspapers if you are using spray glue, or will be cutting with a hobby knife
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Before Class

It takes more time to read these instructiond. Make enough copies of the Solar Motion Frame
than to make a Solar Motion Demonstrator, so don’page and the Horizon Disk page so that each student
let the number of steps put you off. will have one frame and one disk. If possible use
blue paper. To make an even more attractive model,
copy the frames on blue paper (to represent the sky)
and the disks on green paper (to represent the Earth).

If you want to save time and the gluing in this
section, you can buy very low cost classroom kits
attractively printed on heavy color stock, with one

finished device and all materials for 24 students, You can do the next three steps yourself to
from: save time in class, or let your students do this
The Science Source themselves.
P. O. Box 727

Spray-on rubber cement adhesive, available
from art supply stores, is the fastest way to apply
glue, but use this in a well-ventilated room, with lots

As you can see from the templates on pages 3911‘ newspaper under your work to catch the excess

and 35, two pieces are needed for each device: tﬁgray. Brush-on rubber cement is cheaper but also

Solar Motion Erame and the Horizon Disk. Theserequwes a well-ventilated room. Glue sticks are an

pieces must be mounted on a stiff backing. This can CXPENSIVE, non-toxic, alternative.

be achieved by gluing the Solar Motion Frame to &. Glue the Horizon Disks to a single thickness of
double thickness of manila file folder material, andmanila file folder stock.

by gluing the Horizon Disk to a single thickness of
manila file folder.

Waldoboro ME 04572
Phone (207) 832-6344

3. Glue the Solar Motion Frames to a stiffer backing
material, made by gluing two pieces of manila file
As an alternative, you can copy the templategolder material together.

onto heavy card stock. The Solar Motion Frame then Usi . he Sol
needs to be glued to only a single thickness of manié\' sing scissors or a paper cutter, separate the Solar

file folder, and the Horizon Disk does not need to bé\AOt'on Frames and the Hor_lzon Disks, so that you
mounted at all. can pass out one of each piece to each student. The

final trimming and assembly should be done by the
students.
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Solar Motion Demonstrator Frame Pilece:
Master for Duplication

Remove ; o Remove

Motion

J. L. Snider * J. L. Snider
Oberlin College Oberlin College
©1992 ©1992

J. L. Snider * J. L. Snider
Oberlin College Oberlin College
©1992 ©1992
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Stonehenge

Solar Motion Demonstrator: In Class

Part 1: Making the Solar Motion Demonstrator

1. You are going to make a remarkable device that accurately models the
motion of the Sun as seen from any place in the Northern Hemisphere,
at any time of the year.

Give each student a Solar Motion Frame piece and a Horizon
Disk plece. Hand out scissors and glue.

Go through each of the steps below, allowing time for each
stuadent to finish before moving to the next step.

2. With scissors cut out the Solar Motion Frame along its circular outline.

3. Carefully cut out the portions of the Frame marked “Remove” using
scissors, a hobby knife, or paper cutter blade. Steps

4. Crease the frame along a straight line passing through the hinge fold4 & 6

line (Folds 1 & 3: dividing the Frame vertically), by resting it against the
sharp edge of a table or counter top. Line the Frame up with the edge of
the counter top and rub it with the back of your scissors or other hard
object until an indented groove is visible. Turn the Frame over and make
an indented groove on the other side as well.

5. Repeat this creasing process for the short fold line (Fold 2) below the

“Glue” section of the Frame. st
eps
6. Fold the Frame along the creased lines (Fold 1) so that the month halfg, 7

of the Frame swings all the way around to touch the latitude half of it.
Repeat, pivoting the month piece in the opposite direction.

7. Fold the flap marked “Glue” (Fold 2) away from you and down as far
as it will go, as seen from the printed side of the Frame. Bring it back
to its original, flat, position.

8. Fold both the flap marked “Glue” and the quarter-circle below it with

no printing on it (Fold 3) away from you as far as they will go, until the
backside of the blank quarter-circle hits the backside of the Frame. BringStep
them back to their original, flat, position. 8

9. Use scissors to cut out the Horizon Disk along its circular outline.

10. Cut a small slot in the side of the Horizon Disk at the position of
North. This slot should not be any wider than the cardboard is thick, and
should be approximately 3 mm (1/8 inch) long.

11. Apply rubber cement or glue to the portion of the Frame labelled

“Glue.” Press the northeast quadrant of the disk against the glued portion
of the Frame. Position the disk so that its north-south line lines up with

the frame’s hinges, and the mark for West is positioned over the

90-degree mark on the Frame. Make sure that the outer edges of the disk
and Frame are accurately aligned. The correct alignment of Frame and

disk is essential to the working of the device.

Step
11
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12. When the glue is dry pivot the disk on its hinge away from you
through 90 degrees, and then slip the slot over the latitude scale. Make
sure that the plane of the disk is perpendicular to the plane of the Frame.

13. Slip a paper fastener over the piece marked “MONTH,” so that the
head of the fastener is on the inner edge of the piece. Bend the head so
that its plane is perpendicular to the plane of the piece. Bend one of th
paper fastener's prongs around the edge of the piece so that its end ligSs
flat against the front of the piece. Bend the other prong around and ov
the first one, so that its end lies flat on top of the first prong, behind the
piece. The paper fastener should fit snugly around the piece, and also be
easily moved to cover the appropriate date on the “MONTH” piece.

Paper
Fastener

Your “Solar Motion Demonstrator” is finished!

Part 2: Using Your Solar Motion Demonstrator

How the Solar Motion Demonstrator models the Sun and the Earth:

» The “Horizon Disk” represents a piece of the surface of the Earth. You
can imagine a tiny observer (represented by the black dot in the center),
able to look out at the horizon in any direction, including North, East,
South, and West.

» The round head of the brass paper fastener represents the Sun.

» The swinging “Month” arm of the Frame has two functions. Setting the
Sun marker at the desired month adjusts for the time of the year.
Swinging it from one side to the other (preferably East to West) moves
the Sun in its apparent daily path over the Earth.

* The “Latitude” part of the Frame is used to adjust the Horizon Disk to
set the imaginary observer at any latitude from the Equatdri¢Cthe
North Pole (90).

To use the Solar Motion Demonstrator, pivotpath the Sun makes across the sky for that particular
the Horizon Disk along the North-South axis so thatatitude and time of year, swing the month portion of
the right hand side of the disk moves away from yotthe Frame completely from the “East” to the “West”
through 90 degrees. Line up the slot in the Horizoms marked on the Horizon Disk.

Disk with the edge of the Frame where it is labeled

“Latitude.” Slip the slot in the Horizon Disk over the at diﬁgrzr:tpsr:qeeghgfItorfstlzr;rOfl—:g\?v ZL:)ner;Sﬁ]:TgnSl:rTsoeft
Frame and align it with the latitude of your location year. 9

(or one you may be interested in). The Horizon DiSlgay change with the seasons? At what latitude must
must be perpendicular to the latitude part of th ou be so the Sun does not set on the longest day of

. X ice)?
Frame. Next, slide the “Sun” along the outer rim o Shuen’ysezrinroggr? IsouorErﬂE; ?fOIS;'Lfe”)V'engfihvgoﬁgjrthhe
the Frame to the appropriate month. y

Pole?

The edge of the Horizon Disk represents the
visible horizon for some imaginary person standinq.
at the black dot in the center of the disk. To see th

You can answer these and many other ques-
ons with your Solar Motion Demonstrator.
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Part 3: Activities

1. Where Will the Sun Set?

Hold the device in one hand so that the Horizon Disk is horizontal.
Imagine that you are very small and standing at the black dot at the center
of the Horizon Disk. It would look like a large open field with a clear
horizon all around you. The geographical directions of North, East, South,
and West are marked around the horizon. With your other hand, smoothly
pivot the piece which carries the paper fastener “Sun.” As the head of the
paper fastener rises above the plane of the Horizon Disk, it represents
sunrise and the beginning of daytime in the imaginary world of the
Horizon Disk.

When the head of the paper fastener dips below the plane of the
Horizon Disk, it represents sunset and the beginning of nighttime. The
perimeter of the Horizon Disk is marked in 10-degree increments. You
can read the direction to the point on the horizon where the Sun sets
directly from the Horizon Disk.

For example, if you are at 40 degrees north latitude, and it is late
June, the Sun will set about 30 degrees to the north of west. Use your
device to check this example. If you can, take the device outdoors at
sunset. Align the Horizon Disk so that “N” on the disk points toward true
North. Keep the Horizon Disk horizontal and raise it to eye level. Sight
along the line joining the central black dot and the paper fastener head
when it is located at the sunset position. This line should point to the
place on the horizon where the Sun will set.

Compare the position of sunset where you live with sunset at
Stonehenge (51 degrees north latitude). On a given day, does the Sun set
further to the North? South? Is there any day at which the Sun sets at the
same place for Stonehenge and for you? (Hint: there are two days of the
year when the answer is yes.)

2. How High is High Noon?

As you swing the “Sun” around, it gets higher in the sky above the
horizon. This is its “angular height” above the horizon. If you imagine
yourself to be at the location of the black dot, facing the Sun, the angular
height of the Sun is the angle between your line of sight to a point on
the horizon directly beneath the Sun and your line of sight to the Sun.
The Sun reaches its greatest angular height at a time halfway between the
times of sunrise and sunset; this time is not noon on your clock—it
depends on where you are located in your time zone, whether or not you
are on daylight savings time, and on details of the Earth’s motion around
the Sun.

By using your Solar Motion model, you can get a sense of how
large this maximum angular height is for various times of the year.
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3. Where will the Sun Rise?

Answer this question in the same way that you found where the
Sun sets. Try using the device some day at sunrise, sighting across it to
check that the Sun actually rises where the device predicts that it will. On
any particular day, the Sun will rise just as many degrees north or south
of East as it sets north or south of West.

4. |s Daytime as Long as Nighttime?

Pivot the piece carrying the “Sun” at a constant rate over its entire
range. This corresponds to one rotation of the Earth, which takes 24
hours. Notice that the Sun lies above the horizon for part of this motion
(daytime) and below it for the remainder (nighttime). You can determine
the relative lengths of day and night in this way.

5. When are Day and Night Equally Long?

Use the device to show that on two particular days of the year, the
Sun rises due East and sets due West for any latitude. Find the two
months in which these days occur. These days are called the “spring
equinox” and the “fall equinox” and are the only two days of the year
when days and nights are of equal duration. The word “equinox” comes
from the words meaning “equal night.”
Answer the two equinox days occur in March and September.

6. When Will the Noon Sun be the Highest or Lowest in the Sky?

Use the Solar Motion device to find the month in which the largest
angular height at noon occurs. In which month does the smallest angular
height at noon occur? Also, in which month does the longest day of the
year occur? In which month is the shortest day of the year?

Answers Largest angular height at noon and longest day of the year is
in June, at the summer solstice. Smallest angular height at noon and
shortest day of the year is in December, the winter solstice.

The word “solstice” comes from the words meaning “Sun stands
still.” Most of the year the rising and setting positions of the Sun are
changing, moving further towards the north or south depending on the
seasons. On the solstices, the rising and setting positions stop their
motions north and south, and then head back in the opposite direction.

7. Why Does the Earth Have Seasons?

Move the paper fastener “Sun” up to its June position. Pivot the
“Sun” and observe the relative lengths of day and night and the maximum
angular height of the “Sun.” Do the same with the “Sun” moved down
to its December position. This demonstrates the two most important
factors responsible for the seasons: the period of time over which the
Sun’s rays strike the ground (the length of day), and the angle at which
they strike the ground.
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8. Can You Always See a Sunset?

Actually, there are places on Earth where the Sun doesn't set.
Explore the range of latitudes and times of year for which the paper
fastener “Sun” remains above the Horizon Disk as you pivot it through
an entire rotation. This corresponds to a 24-hour day, with the Sun still
above the horizon at midnight. The phrase “land of the midnight Sun” is
often used to describe the places where this occurs. For an observer
anywhere north of the “Arctic Circle” (about B8latitude) the Sun will
not set on at least one day of the year.

9. When and Where Will the Sun Pass Directly Overhead?

A point in the sky directly over your head is called zeaith. To
find out when and where the Sun passes through the zenith, move the
“Sun” to a position late in June and pivot it through its daily motion to
see if it passes directly overhead (assuming that you are at the location
of the black dot at the center of the Horizon Disk). Change the latitude
setting of the Horizon Disk until you find a latitude at which the Sun
passes through the zenith for an observer at that latitude. Explore the
range of latitudes and times of year for which the Sun passes through the
zenith.

Answer For an observer north of the “Tropic of Cancer” (at abodf 23
degrees north latitude) the Sun will never pass through the zenith. People
who live along the Tropic of Cancer can see the Sun at the zenith only
in June at the summer solstice. For lower latitudes than this, the Sun will
pass through the zenith on only two days of the year. Can you tell
approximately which days these are?

South of the equator, the behavior is similar, but the order of
months on the Solar Motion Demonstrator would have to be reversed for
southern latitudes. Observers along the Tropic of Capricorn (&t 23
degrees South) see the Sun at the zenith only in December on their
summer solstice. People South of the Tropic of Capricorn never see the
Sun at the zenith.

10. What Path Does the Sun Take at the Equator?

Set the Horizon Disk to a latitude of.dmagine that you are an
observer positioned at the black dot at the center of the Horizon Disk.
Vary the time of year and see how the path of the Sun across the sky
changes. What can you say about how the rising Sun appears to move in
relation to the horizon? Notice that the setting Sun moves in the same
way. At what times of year does the Sun pass through the zenith?
Answer March and September (the equinoxes)
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11. What is the Motion of the Sun for an Observer at the North Pole?

Set the Horizon Disk to a latitude of 9®\gain, imagine that you
are positioned at the black dot at the center of the Horizon Disk. Vary
the time of year and see how the path of the Sun across the sky changes.
What can you say now about the motion of the Sun in relation to the
horizon? Do you see that there will be six months of light and six months
of darkness at the North Pole?

12. Would Stonehenge work if it were moved to your home town?

Set the Horizon Disk for the latitude of Stonehenge, Bdrth
latitude. Write down the rising and setting positions of the Sun for the
summer and winter solstices. Now set the Horizon Disk for the latitude
where you live. Again record the rising and setting positions of the Sun
for the summer and winter solstices.

Unless you live close to the same latitude as Stonehenge, you will
find that the rising and setting positions are different. To make a
Stonehenge in your hometown, you would have to redesign Stonehenge,
changing its symmetry, to make it function as a solstice marker in the way
Hawkins suggests.

Ideas for Further Activities:

You will be able to think of other ways in which you can use the “Solar
Motion” device to increase your understanding of how the Sun appears
to move in relation to the earth. Here are three.

1. Imagine yourself standing at the black dot at the center of the Horizon
Disk. Try holding the “MONTH" piece fixed in space with your right
hand, as you turn the rest of the device through its complete range of
motion. As you do this, think of the Sun as being fixed in space, while
the Earth’s rotation turns you around with respect to the Sun. This is more
nearly the situation in real life.

2. Try using the device as a compass. Set the “Solar Motion” model to
your latitude and the time of year. Go outside and hold the device so that
the Horizon Disk is horizontal. Pivot the “MONTH” piece and at the
same time turn the compass piece (keeping its plane horizontal) so that
the “N-S” line points in various directions. Your objective is to make the
shadow of the “MONTH” piece be as thin a line as possible, while at the
same time the shadow of the paper fastener “Sun” falls on the black dot
at the center of the Horizon Disk. When you have achieved this, the
Horizon Disk will show you the correct geographic directions.

3. Try constructing a giant Solar Motion Model. You can use a
photocopier to enlarge the Frame and the Horizon Disk. You might want
to mount these on stiffer cardboard, artists’ “foamcore” material, or
plywood. You may need to make stronger hinges out of cloth, or use
metal hinges from a hardware store.
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Sunrises at Stonehenge

/n the Stonehenge planetarium show, your class begins
learning about the patterns of change in sunrises that
have been repeating in yearly cycles for aeons past
and will continue in yearly cycles for aeons fto come.
The builders of Stonehenge were attuned to these
cycles as were most cultures throughout history unt,
perhaps, our own, when the move to great cities and
the use of artificial lighting have made solar motion /ess
visible and less crucial for our aally hives. In this actvity,
Yyour students perform a detalled stuady of the yearly
cycle of sunrises. Accoraing to Gerald Hawkins and his
followers, the giant stones of Stonehenge mark the
solstice extremes in this cycle.

Materials

For each student:
0 1 Sunrise Table and Chart for the year 2000 (master on page 45)
0 1 pencll

O Optional: a colored pen or pencil.

Before Class

1. Photocopy each of the above sheets for each student.

2. Separate the tables from the charts using a paper cutter.
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In Class

1. Let's pretend that we are near Stonehenge in Southern England. We

have a clear view of the horizon and can watch the Sun rise every day
of the year.

/f the students have already seen the Stonehenge planetarium
program, ask them to recall what they learned about how the position
of sunrise changes throughout the year:

What's the longest day of the yea @bout June 21, the Summer
Solstice.)

On the Summer Solstice, does the Sun rise to the north or the south
of East?(The Sun rises to the north of East in the summer.)

What's the shortest day of the yeaf&bout December 21, the Winter
Solstice.)

On the Winter Solstice, does the Sun rise to the north or south of
East?(The Sun rises to the south of East in the winter.)

2. We are going to make a chart that will show how the sunrise postions
change throughout the year.

Hand out a blank sunrise chart to each student. (Do not hand out
the tables yet.) Point out the words ‘Azimuth of Sunrise” along the
bottomn. Review concepts from Azimuth and Horizons activity (p. 28).

What does azimuth mean(Azimuth means the direction in degrees,
as marked on a compass.)

What is the azimuth of North?0°) East? (90°) South? (180C)

If the Sun were to rise exactly in the Northeast (halfway between
North and East), what would the azimuth of sunrise bg%°)

3. How far to the North will the Sun rise on the Summer Solstice, as
seen from Stonehenge?

Ask a few students to share their guesses with the rest of the
class. Then, show the students how to indicate thelir guesses on the
chart. Find the month of June along the left, and the azimuth of the
guess on the chart. Place a pencil dot in the box that indicates both
the month of June and azimuth of sunrise. For example, If they think
that the builders of Stonehenge will see sunrise exactly in the

Northeast on June 21, they should put a dot in the box to the right of
June, and above 45°.

4. Place a pencil dot showing the azimuth of sunrise for each of these
four important dates

Summer Solstice, about June 21
Winter Solstice, about December 21
Spring Equinox, about March 21
Fall Equinox, about September 21
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Stonehenge

5. Use your pencils to join the four pencil dots with a smooth curve,
showing how you think the sunrise point will change between the four
important dates.

/nvite them to share their predictions with their neighbors. Invite
some of the students to share their predictions with the whole class.

6. Here is a Table of Sunrise positions at Stonehenge.
Hand out the Table of Sunrise Positions at Stonehenge.

The table shows the actual azimuth of sunrise as we would see it
if we made observations at Stonehenge totlsg a colored pencil or
pen to plot each position on your chart with an “x,” and then to use
the pen to connect the x’s with a smooth line.

7. Compare your paper with your neighbors’.

Check that they have all plotted the positions of sunrise correctly.
Lead a discussion to help the students interepret their results.

How close did your predictions come to the actual observations?

How far to the North did the Sun rise on the Summer Solstice? How
far to the South did it rise on the Winter Solstice? Is that more or
less than you predicted@Summer 49, Winter 128)

When does the Sun rise due Eag®n September 21 and March 21).

Do you think the Sun goes through the same
pattern every year? If so, how do we know?
(Ancient peoples around the world saw the same
pattern of the Sun every year that we still see
today!)

The exact dates of solstices and equinoxes
changes from year to year, but are always
within a day or two of March 21, June 21,
September 21, and December 21. This is
because the length of the calendar year
(365 days) is not exactly the same as the
solar year 365.26 days—this is also why
we need leap year. For example, in the
year 2000, the Summer Solstice will
actually occur on June 20, and the Winter
Solstice on December 21. You may wish to
add that modern measurements indicate
that even the azimuth angles change very
slightly over the centuries because of slight
changes in the tilt of the Earth’s axis with
respect to its orbit.
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Sunrises at Stonehenge

Table of
Sunrise Positions at Stonehenge in the year 2000
Latitude: 5217' N

Date Time Position Date Time Position Date Time Position
01/20 8:03am 122 05/20 4:11 am 55 09/20 554 am 87
02/20 7:14 am 106 06/20 3:53 am 49 10/20 6:43 am 106
03/20 6:11am 88 07/20 4:18am 54 11/20 7:36 am 121
04/20 5:03 am 69 08/20 5:05am 69 12/20 8:12am 128

Chart of Sunrise Positions (Year: Latitude: )
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Stonehenge

Going Further

1. It is very interesting to explore more precisely the2. Instead of handing out the sunrise tables, have the
day to day change in the azimuth of sunrise. For thistudents create their own, using a computer with
purpose, the table below shows the azimuth odstronomical “planetarium” software that can
sunrise on two or more successive days for eactompute precise sunrise positions. For example, the
month of the year. Make a copy of the table for eachdata compiled on page 45 was generated by the
student. Explain that these tables are more precidféoyagerprogram (from Carina Software, 830
because the azimuths are given with degees Williams St., San Leandro, CA 94577; 510-352-
minutes (minutes indicated by the symbol “ ' ”).7328) for Macintosh computers. An appropriate
There are 60 minutes in each degree. After thprogram for IBM-compatible computersAstrolnfq
students have studied the table for a while, ask  which gives daily Sun and Moon risings and settings,
with azimuth angles. It is available from Zephyr
Services, 1900 Murray Ave., Dept. A, Pittsburgh, PA
15217; phone 800-533-666BIGHTSKY ,also for
IBM-compatibles, is a similar program to Voyager in
During which months does the azimuth of sunrise that it produces star charts as well as tables. It is
change the least?June and December) available from Southwest Astronomy, 4242 Roma
i NE, Albuquerque, NM 87108\S Lito (a simple
What are the exact dates of the solstices for the Yeal,arsion ofNIGHTSKY is available as freeware on

2000?(December 21 and June 20) computer services such as Compuserve.

During which months does azimuth of sunrise
change the most from one day to the neXiarch
and September)

3. Make a similar sunrise position chart for another
year to verify that it is essentially the same shape.

4. The latitude of Stonehenge is 51°17' N. Use a
computer program to generate a table of sunrise
positions for the latitude of your school.

More Sunrise Positions at Stonehenge in the year 2000
Latitude: 5217' N

Date Time Position Date Time Position Date Time Position
01/20 8:03 am 1ZD9 06/19 3:53 am 46’ 09/22 5:57 am 8%6'
01/21 8:03 am 1246’ 06/20 3:53 am 4®3 09/23 5:58 am 827
02/20 7:14 am 1080 06/21 3:54 am 496 09/24 6:00 am 99
02/21 712 am 10®5' 06/22 3:54 am 497 10/20 6:43 am 10®2'
03/18 6:16 am 95 06/23 3:54 am 498 10/21 6:45 am 1081’
03/19 6:13am 849 06/24 3:55am 4498 11/20 7:36 am 12ZB7
03/20 6:11 am 885 07/20 4:18 am 584 11/21 7:38 am 1204
04/20 5:.03 am 6%7 07/21 4:19 am 5%2' 12/19 8:11 am 1287
04/21 5:01 am 624 08/20 5:05 am 690 12/20 8:12am 1283
05/20 4:11 am 5%®2' 08/21 5:06 am 687 12/21 8:12am 1284
05/21 4:10 am 5%3' 09/20 5:54 am 843 12/22 8:13 am 1283’
06/18 3:53 am 499 09/21 5:55am 884 12/23 8:13 am 1287

12/24 8:13 am 1280
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Many Moonrises

Many scientists who have studied Stonehenge agree witlh
Gerald Hawkins that the stones mark sunrises and sunsets
on /mportant days of the year. However, few agree with
Hawkins that Stonehenge also marks the extreme rising and
setting positions of the Moon, since the evidence for Moon
allgnments /s weaker than for the Sun. In this actvity, the
cycles of the Moon unfold in stages for your students. This
activity 1s best done after the Stonehenge planetarium
program, and after the previous classroom activity, Sunrises

ar Stonehenge.
Materials

For each student:
0 1 Table of Moonrises for [0 1 Chart of Moonrises for O 1 pencil

January, 1993 (master on January 1993 (master on 0 a colored pen or pencil

p. 49) p. 50) [0 Overhead transparencies of the
[0 1 Table of Northern Moon- [0 1 Chart of Northern Moonrise tables and charts

rise Extremes for 1993 Extremes, 1993-2015 (master

(master on p. 49) on p. 51)

O 1 Table of Northern Moon-
rise Extremes, 1994-2015
(master on p. 49)

Before Class

1. Photocopy each of the above sheets for each student.
2. Use a paper cutter to separate the Tables so that they can be handed out separately.

3. Plot the points on each chart yourself so that you see the overall patterns.

In Class

1. Ask your students to recall how the sunrise position changes over tme.

How long is the sun’s cycle; that is, how long until the pattern
of sunrises and sunsets repeats itself?

When is the sunrise farthest north? When is it farthest south?
2. Let’s try to predict how thenoonriseposition might change over time.

Hand out a blank Chart of Moonrises for January 1993 fo each
student. Announce the position of moonrise on January 1 (from the
7able of Moonrises for January, 1993). Ask each student to mark this
position on the chart. Check to see the position is marked correctly.
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Stonehenge

Does the Moon actually rise every day of the montWe may only notice moonrise when it occurs
in the evening.

Ask your students If they have ever seen the Moon in daytime,
or ever seen It rise in the daytime. If students are very skeptical, you
may wish to assign them to look for the Moon in the daytime on the
next appropriate date. Seeing a daytime moonrise Is an interesting
challenge.

Have each student draw a vertical line or curve that shows his
or her prediction for how the position of moonrise will change
throughout January 1993.

3. Hand out a Table of Moonrises for January 1993 to each student.
Have them plot the moonrise position for each day on the chart.

How close was your guess? When and where was the northerly
extreme? When and where was the southerly extreme?

Unlike the Sun, which takes a full year to go from most northerly
sunrise to most southerly and back again, the Moon goes through such a
cycle in only a monthBut is the cycle the same each month? Each
year?Does the Moon go to the same extremes each month, just as the
Sun does each year?

4. Hand out a Table of Northern Moornrise Extremes for 1993 fo each student

This is a Table of Northern Moonrise Extremes for 1998ase
look at your Table of Moonrises for January of 1993 to find the first
two moonrise extremes of 1993 (for January and February). Enter
them in the two blank spaces at the beginning of your Table of
Northern Moonrise Extremes for 1993. Does the Moon rise at the exact
same northern extreme each monti{®o.) How is it changing?(The
northern moonrise extreme seems to be creeping south!)

5. Hand out a blank Chart of Northern Moonrise Extremes for 1993-2015.

Have the students first fill in the average position of the northern
extreme moonvises for 1993 in the first blank space in their table. They
can estimate the average from the Table of Northern Moonrise
Extremes for 1993. Challenge the students to guess (draw on the
blank chart) the pattern of extreme northern moonrises for the period
1993-2015.

7. Hand out a Table of Northern Moonrise Extremes for 1993-2015 fto each student.

Have them plot the northern moonrise extreme positions on the
chart. How close were their guesses? Ask them to describe the
pattern.

Look carefully at the datds there a year in which the numbers
appear to begin repeating themselve@he years 1994-1997 match the
years 2012-2015 to within a degre&his larger pattern of moonrise
positions repeats itself about every 18 years. This cycle is helpful in
predicting eclipses of the Sun and Moon.
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Table of Moonrises for January, 1993 at Stonehenge
Date Time Azimuth Date Time Azimuth Date Time Azimuth
01/01 11:10 am 3 01/13 11:28 pm 102 01/26 08:41 am F1
01/02 11:31 am 6% 01/15 12:48 am 171 01/27 08:58 am 83
01/03 11:57 am 60 01/16 02:06 am 118 01/28 09:16 am 70
01/04 12:30 pm 55 01/17 03:19 am 124 01/29 09:36 am 69
01/05 01:16 pm 52 01/18 04:26 am 127 01/30 09:59 am 67
01/06 02:07 pm 51 01/19 05:24 am 128 01/31 10:28 am 57
01/07 03:15 pm 53 01/20 06:12 am 127 02/01 11:04 am 53
01/08 04:33 pm 58 01/21 06:50 am 123 02/02 11:51 am 51
01/09 05:56 pm 65 01/22 07:21 am 11 02/03 12:51 pm 52
01/10 07:21 pm 4 01/23 07:45 am 112 02/04 02:02 pm 55
01/11 08:45 pm 83 01/24 08:06 am 106 02/05 03:23 pm 6L
01/12 10:11 pm 3 01/25 08:24 am 98 02/06 04:48 pm 69

Table of Northern Moonrise Extremes for 1993
At Stonehenge

Date Northern Moonrise Extreme Date Northern Moonrise Extreme
01/06 07/16 .....covvvvennne... 53
02/02 08/12 ....covvvveennnn. 83
03/01 ....oovvvvvennnen, 533 09/08 ......cvvvvveennnn, B84
03/29 ... 53 10/06 ......cooveeeernen, B4
04/25 ... 53 11/02 .o, B4
05/22 oo 53 11/29 ., 85
06/19 .....covvvvennen. 53 12126 .o, 55

Table of Northern Moonrise Extremes at Stonehenge, 1993-2015
(Latitude 5217")

1993 2001 5% 2009 45
1994 55 2002 48 2010 48
1995 58 2003 45 2011 5F
1996 60 2004 42 2012 54
1997 60 2005 42 2013 57
1998 58 2006 40 2014 59
1999 57 2007 42 2015 60
2000 53 2008 44

49



Chart of Moonrise Positions at Stonehenge in January, 1993
(Latitude 5217
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Chart of Northern Moonrise Extremes at Stonehenge 1993-2015

(Latitude 52177)
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Going Further

1. What is the pattern of southern Moonrise extremes? Have your students
try to predict the pattern of southern moonrise extremes on their charts.
They can then use the tables below to plot the southern moonrise
extremes on their charts and see how close their predictions were.

1993 Moonrise Extremes at Stonehenge

Date Northern Southern Date Northern Southern
02/15 12818 07/28 12618
03/01 5238 08/12 5314

03/14 12728 08/25 12637
03/29 5230 09/08 5354

04/10 12734 09/21 12559
04/25 5256 10/06 5405

05/07 12657 10/18 12456
05/22 5324 11/02 5424

06/04 12720 11/15 123845
06/19 5254 11/29 5436

07/01 12707 12/13 12548
07/16 5322 12/26 5504

Southern Moonrise Extremes at
2. Instead of handing out the moonrise tables have the students cre8tenehenge 1994-201&atitude 5217

their own, using a computer with astronomical “planetariu
software that can compute precise moonrise positions. For exan| 1994 ........ 125 2006 ........ 149
the data compiled on pages 49-50 was generated bydpager 1995 ........ 122 2007 ........ 138
program (from Carina Software, 830 Williams St., San Leandro, 1996 121 2008 137
94577; 510-352-7328) for Macintosh computers. For IBM-compatil - ~0o  a11e  onna

computersAstrolnfogives daily Sun and Moon risings and setting 1997 ..o 1192009 ........ 135

with azimuth angles. It is available from Zephyr Services, 19 1998 ........ 122 2010 ........ 131
Murray Ave., Dept. A, Pittsburgh, PA 15217; phone 800-533-66{ 1999 ........ 124 2011 ........ 129
Moontimesalso from Zephyris excellent for lunar computations (fo] 2000 ........ 126 2012 ........ 126

IBM-compatibles).NIGHTSKY ,also for IBM-compatibles, is a 2001 129 2013 124
similar program to Voyager in that it produces star chartsaswel .~ .. "
tables. It is available from Southwest Services, 1900 Murray A 2002 ........ 152 2014 ....... 122

Dept. A, Pittsburgh, PA 15217; phone 800-533-6@886. Lito(a | 2003 ........ 135 2015....... 129
simple version oNIGHTSKY is available as freeware on computd 2004 ........ 136
services such as Compuserve. 2005 ........ 137

3. Chart moonrises for another latitude.

4. Invite your students to discuss whether theyver many years. How could pre-literate cultures do
believe ancient peoples like those at Stonehend®is? Possible solutions are keeping information in
could have determined such long-term patterns as tiggaphic form (charts) or in oral tradition (as chants
moonrise cycle. Factors which make this difficult areor incantations). What other examples can students
the weather, which may make many moonrisesliscover of long-held complex information from
invisible, and the need to keep information intactncient times?
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