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With the publication of "27 Steps To The Universe", the International Planetarium
Society is presenting another in what I hope will be a long series of educational- and
planetarium-oriented publications. That this is our first major publication from a
European member marks a significant milestone, and adds measurably to our
"international" appeal.
Dr. Lars Broman is 'associated with the Futures' Museum Kosmorama Space
Theater, in Falun, Sweden. He is an IPS council member. and, with his institution, is
the host for the first European-based IPS meeting, scheduled for Falun in 1990.
I want to thank Lars Broman, Jeanne E. Bishop. and all of the others who have
contributed to the creation of this booklet. I am proud to present "27 Steps To The
Universe" to the members of IPS.
My fondest hope is that Lars' book will be a useful addition to every planetarian's
library.
Carolyn Collins Petersen
IPS Publications Coordinator

The publication of this Special Report is a fitting project for the International
Planetarium Society. A majority of IPS members (and of planetarium professionals,
generally) are inextricably tied to the goals and activities of astronomy education.
This collection of participatory lessons, many done with the real sky, can be a
wonderful tool for us. I think that the versatility of the collection should be kept in
mind. The complete set of lessons can be used as the core of an observationdiscovery course offered by a planetarium or school. Or the set can supplement a
pre-existing course given in the planetarium or classroom. Further, each section can
be selected piecemeal to reinforce particular planetarium or classroom topic
lessons. With slight adjustments in directions, most activities seem appropriate
astronomy introduction for students in advanced elementary grades to non-science
majors in college. What we apply to a gifted-talented elementary group may be
equally challenging to a group of students in a teacher-training course.
Thank you, Lars, for sharing your tested activities with us. Hopefully, other
planetarians will share particular uses and supplements to the collection in articles for
the Planetarian.
Jeanne E. Bishop,
IPS Past-President
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INTRODUCTION
When teaching science, the good teacher frequently lets the students acquire
knowledge by means of experimenting. This should also apply to astronomy, since
the student's own observations and model experiments help her to a full understanding.
The booklet "27 steps ... " is written for teachers of students in all grades. While the
original Swedish text was written as in-service -gymnasium (high school) teacher
training material, it is based on courses given to elementary school teachers-tobe. Many students in the Swedish comprehensive school (i. e. ages 7 - 16) have
learned astronomy doing experiments described in this booklet.
The series of experiments in "27 steps ..." should not be looked upon as an
astronomy curriculum for one specific age of students. Rather, it is a resource book
for teachers, and it must be up to the individual teacher to decide what to include in
her science lessons.
Whatever you pick, try to follow the basic plan in "27 steps ... ": Firstly, basic
observations of the apparent motions of sun, moon, and the starry sky. Secondly,
basic model experiments that explain these motions. Thirdly, measurements and
observations that start with the earth and then bring the students out into the space
and the universe.
Most experiments, but not all, are quite easy to do. Some are preferably done by all
students. Some are good special projects for interested students. You, the teacher,
decide how you want to use the material.
It has been a great pleasure for me to teach astronomy to children. To experience the
joy of a seven year old child when she suddenly understands that she lives on a huge
ball called earth. To sit in the kitchen with seven excited ten year old children
drinking hot chocolate at 5 o'clock in the morning after an early morning planet
hunt. Or to be guest-of-honor at the opening night of a small planetarium built by a
group of fifteen year old students.
I invite you to share this pleasure with me.
Lars Broman
March, 1986

ACKNOWLEDGEMENTS
Bertil Eriksson taught many of the experiments together with me at the Department
of Education, University College of Falun/Borlange. Per Westling took the photograph of the partially eclipsed moon in Figure 18 (at the time, Per was a high school
student). Jeanne E. Bishop has given me many valuable comments during the
preparation of the English version.
Thanks to you all!
Lars Broman
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Chapter L
THE MOST IMPORTANT TOOLS
AN ASTRONOMICAL ALMANAC
There are several different almanacs which contain all information needed for
experimental astronomy in the school: when the sun sets at night (one hour later star
observations can begin), the phases of the moon, when the planets can be observed
and where they are, dates and times for meteor showers, eclipses~ star maps~ the
declination of the sun during the year, and many other useful facts.

INSTRUMENTS FOR OBSERVATIONS
GNOMBN
A gnomon (pronounced no'-mon) is indispensable during basic observations. It is
probably the world's oldest astronomical instrument. The ancient gnomon was often
a high stone pillar. For us, a much smaller instrument will do: an approximately 4 em
(1 1/2 in.) long wooden stick mounted at the center of a 30x30 cm (12x12 in.)
cardboard square. The stick should be vertical and the square horizontal when
observing the shadow of the stick. A piece of paper is fastened to the square so the
shadow can be traced when the sun moves.
For the model experiments in Chapter III model gnomons are needed. These can be
made by 5x5 cm (2x2 in.) cardboard squares and thumb tacks.

SPECTROSCOPE
Spectroscopic investigations of the sun or the stars are left out in this booklet, but a
spectroscope can also be used in other ways: it is an excellent instrument for angular
measurements. With an accuracy of 0.1 degrees, a typical school spectroscope is
sufficiently good for determining distances by triangulation up to 100 times the length
of the baseline.
BINOCULARS
At least as important as the telescope is a pair of binoculars. Common binoculars
with magnification 8x can be hand held, are sufficiently inexpensive so a school might
afford more than one pair, and they have sufficient magnification and light -gathering
power for most basic observations.
TELESCOPE
Still, there are many observations which require larger angular magnification than
ordinary binoculars. A small telescope with an objective diameter of 50 - 100 mm (2 - 4
in.) and a magnification of 50 -100x opens up new vast fields of observation. The
importance of the telescope in the astronomy class should, however, not be
exaggerated. Even a small telescope is expensive - few science departments have
more than one. Furthermore, the telescope is a delicate piece of equipment that
breaks easily, so usually students are not allowed to borrow it.
Reflector or refractor (mirror telescope or lens telescope) is a matter of personal
preferences. The reflector gives larger objective diameter for the money and can,
therefore, in principle, be used in studies of dimmer objects. Usually, however, other
components in a cheap telescope limit its usefulness; a weak and unstable tripod and
low mechanical precision makes the quest for deep-sky objects into an art for experts.
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CAMERA
Any camera can be used for taking pictures ofthefirmament,providing its shutter can
be kept open as long as one requires. For pictures taken through the telescope, a
single lens reflex (SLR) camera is recommended. A Polaroid Camera (or similar) is
sometimes handy, and in Experiment 22 such a camera is necessary.

SEXTANT
-The sextant is an angle-measuring instrument, primarily intended for measurement of
altitudes of the sun and of stars. Professional sextants have an accuracy of 1/5
minute, simpler plastic sextants 2 minutes. Instruments of varying quality and cost
are sold by boat suppliers. Even the simplest sextant works in Experiment 10
(although the accuracy in the result won't be particularly high). Two sextants are
needed for that experiment.
How the sextant works is evident from Figure 1. Through the tube A, which defines
the place of the eye, the horizon is watched. Half the mirror B, which is fixed, is
aluminized, so the eye sees light reflected by the mirror C- overlapping the
horizon. The mirror C can be rotated around an axis perpendicular to the plane of
the sextant, and the rotation angle v can be read from the scale 0 using the nonie E
(modern expensive sextants have a micrometer instead). Since the angle between
the two incident rays is 2v, the scale 0 is already drawn in 2v. Light filters can be
brought into the ray paths in order to give the eye appropriate light intensities.
When measuring the sqlar altitude, the sun is brought down to the horizon by
catching the direct sun rays with the mirror C. First however a correction must be
determined for the sextant's reading when h =O. Watch a distant object and read the
angle 2v when the two images of the object coincide (Figure 1).

(a)

(b) The sextant measuring the
solar altitude h = 2v

The sextant set for
parallel rays
Figure 1
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Figure 2. Measuring the solar altitude
using a false horizon

Since a true horizon usually isn't available, a so-called false horizon is frequently
used. This is done by measuring the angle between the sun and its mirror image in a
water surface (Figure 2). The mirror C is adjusted until the two images of the sun
coincide. The sextant is then read. After correction for error in the zero reading, the
solar altitude h equals half the value read. (Note: This method can be used only when
the solar altitude is no higher than 60 degrees.)
In Experiment 10 the t~o sextants also have to be intercorrelated experiment description below for how it is done.

see the

MODEL EXPERIMENTS
Also for experimenting in the classroom some equipment is needed: overhead
projector, terrestrial globe, perhaps a tellurium, Polaroid or similar camera, and a
variety of items such as compass, thermometer, and construction materials.

Chapter II.
SOME BASIC OBSERVATIONS
Although these observations are very important and should be done in elementary
school, they could be omitted in high school. The older high school students are well
acquainted with the results - everyone has,for example, noticed that the sun moves
in the sky and that the moon doesn't look the same all the time. Nevertheless, I would
recommend that observations be done before. the theoretical astronomy studies
start. Many students do have confused ideas about the details in the sun's, the stars'
and the moon's apparent motions.
In any case, whether the observations are· performed or are looked upon as
previously done, the results have to be discussed and summarized. It is quite possible
to explain the results using a model with a flat earth and the sky as a spherical shell
arching over the earth (as has been done for thousands of years . . . ). Then the
explanations for the observations of Chapter II become very complicated, while the
model that is introduced in Chapter III works so well that the students readily accept
it. (The following chapters prove that the model III is correct, and expand the model
into the modern scientific view of the universe.)

STEP ONE: The sun's daily motion
Without any instrument at all, it is noticed that the sun rises in the morning somewhere near east, sits highest in the sky around midday roughly in the south, and then
sets in the evening somewhere near west.
Much more precise information is achieved
if a gnomon (Figure 3) is used. The
gnomon is placed horizontally and with
one of the sides in the N-S direction. By
watching the shadow during the day and
marking its end point at several times
during the day, graphs of the sun's altitude
h and azimuth angle a as a function of time
t, and h as a function of Q, can be
constructed.
Using the diagrams, many problems can
be discussed: the rising and the setting of
the sun, the culmination of the sun, stanFigure 3. Gnomon
dard time vs. true solar time, summer
time, the gnomon as clock (sun dial) or
direction finder.
STEP TWO: Yearly variations in the sun's daily motion
These are also studied quantitatively using a gnomon. However, for practical
reasons, results can be difficult to achieve. What we want to study primarily is the
rising and setting times for the sun, and how the sun's altitude at culmination varies
during the year.
In the connection with this, it can be of interest to point out that the shadow's end
point follows a line, the appearance of which varies with the season (Figure 4) In the
figures, north is up in the northern hemisphere, and south is up in the southern
hemisphere. (By "summer" it is meant the months around June in the northern
hemisphere and the months around December in the southern hemisphere, etc.)
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•

(a) Summer

•

(c) Winter

(b) Spring and fall equinox

Figure 4

STEP THREE: The motion of the night sky
This motion is studied either with a simple altitude meter or with a camera.
(a) The altitude meter is-shown in Figure
5. It consists of a protractor, a drinking
straw, and a thread with a small weight.
The straw is aimed at the star (whose
altitude is to be determined). The thread
is held firm against the protractor's scale,
where then the star's altitude h over the
horizon can be read.
If several students each follow a star for a
couple of hours and find h as a function of
a (as measured with a compass) once per
hour or so, the resulting graph hs can
provide a good understanding of the effect
of rotation on the sky. (Note: Figure 6
shows an imagined northern hemisphere
graph. A southern hemisphere diagram is
very similar, the differences being that
south is in the middle and the motions are
counter-clockwise. )

Figure 5
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Figure 6

The diagram will, of course, look even nicer if it is drawn on a hemisphere!
(b) The night sky is photographed with a fixed camera with its shutter open during one

or some hours. A small diaphragm opening and practically no background light
(almost black sky, far from any city lights, no moon) are required.

STEP FOUR: The path and the phases of the moon
To watch the path of the moon among the stars during a month and to draw the path
and the phases on a star map can give a good idea of the moon's motion with respect
to the sun and the stars. This is a more difficult task than it seems!
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Chapter III
A MODEL THAT

EXPLAINS THE OBSERVATIONS
The concept behind the experiments in the following chapter is this: By carrying out a
number of observations, first in the real· world and then with a model, and
experiencing that the observations give the same result, students not only acquire
knowledge but also specific astronomical appreciation of their greater environment.
Our quest is for an understanding of the apparent motion of the bodies in the sky. As
it happens, all observations in Chapter Hare in agreement with the following model:
The earth is a ball that rotates around an axis one turn per day. Simultaneously, the
earth travels in a nearly circular orbit around the sun, one revolution per year . The
moon travels in a nearly circular orbit around the earth (or, more exactly, the
earth-moon system revolves about the common center of gravity), one revolution per
month. The stars are very distant and do not move (perceiveably) with respect to the
sun.
When everyone in the class agrees that, and really understands why, this description
of the real world is correct, astronomical measurements of any kind can be of
pedagogic value.

STEP FIVE: A model of the sun and earth system in the universe
As a model of the universe we choose the darkened classroom. As a model of the sun
we choose the brightest light source in the classroom, (what else?)
the overhead
projector. As a model of the earth we choose a terrestrial globe, preferably placed on
a trolley (typewriter table) - see Figure 7. A gnomon model is fastened at the
appropriate spot on the globe with double-sided Scotch tape.

Figure 7
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The overhead projector is placed in the middle of the room with the globe some
meters (10 - 20 ft.) away, The furniture in the room is placed so "the earth" has room
for an orbit around "the sun" in "the universe", Rotate the globe slowly (always
counter-clockwise) and note the changes between day and night. In what direction
(north, south, east, west) does the sun rise, culminate, set? How does the gnomon's
shadow move? Compare with the results of Experiment (I)!
By placing several gnomons decorated as
sun dials (see Figure 8) in Soviet Russia,
western Europe, eastern and western USA
for example, it very instructively demonstrates why the earth has been divided into
many time zones.
Day, night, and the gnomon's shadow are
then studied at different places in
the classroom (move the globe counterclockwise in its orbit and be certain to
keep the direction of the globe's axis
constant when the globe is moved - see

Figure 9).

Figure 8

SPRING

SUMMER

--- -- ---

--

WINTER

(northen hell'nisphere seasons)

Figure 9
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Let the students discover answers to: when are day and night equally long, the day
longest, the night 10ngest?In which seasonis the midday shadow longest, shortest?
What curve does the end point of the shadow follow in different seasons? When is it
night throughout the twenty-four hours and when is it day throughout the twenty four
hours north of the Arctic Circle and southof the Antarctic Circle? When is it day and
night, and when is it summer and winter, in a place on earth opposite to where you
live? Compare the model's answers with the real world!
The earth's axis points in the same direction all the time. That it has to be so, can
easily be demonstrated by taking a small
gyroscope hanging by a thread for a revolution around the classroom -~ see Figure
10.
One l110re model experiment (Figure 11)
shows why it is cold in the winter and hot in
the summer: Punch a hole in a piece of
carton with a paper puncher and let "the
sun" shine through the hole on the place
where you live 12 o'clock in the summer
and 12 o'clock in the winter . It is very
obvious that the same amount of sunshine
let through the hole is spread out over a
larger area on the earth when it is winter
than when it is summer. Together with the fact that the sun shines more hours a
summer day than a winter day is the major
reason for the seasons.

Figure 10

-----;z?

JD

Figure 11

STEP SIX: A model of the sun, ea.rth, and moon system
Let the overhead projector, now placed very high and in one end of the classroom, be
the sun. Let the student use her own head as the earth (her eyes are people watching
the sky), and let a 5 cm (2 in.) dia. paper ball mounted on the tip of a pencil be the
moon - see Figure 12.
The student should be
instructed: stand in the far side
of the classroom. Hold "the
moon" with outstreched arm
slightly over your head and turn
slowly counter-clockwise. Note
how the moon's phases
changes. How long does it take
for the moon to travel one
revolution in the real world?

Figure 12
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In the experiments (5) and (6), the three motions (earth rotation, earth revolution, and
moon revolution) have been separated from one another. It can therefore be a good
idea to conclude the series of model experiments by demonstrating the school's
tellurium, where all motions take place simultaneously.
It should also be pointed out that the proportions between the sizes of "the heavenly
bodies" and their relative distances are completely wrong even when the earth's orbit
is allowed to use the whole classroom. Here we are questing only qualitative
results. But there is more to follow ...
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Chapter IV
INVESTIGATING THE EARTH
Up to now, most students in elementary and high schools have measured only short
distances using instruments like measuring-tape, ruler, caliper, and micrometer.
Therefore most of them will find it fascinating to try and measure really large
distances. However, discuss how really accurate results will be difficult to achieve.

STEP SEVEN: Triangulation
In order to be able to measure distances in space we must start with measuring the
size of the earth. Since in experiment (10) we need to know distances in the area we
live in, we start out by showing how fairly large distances can be determined. First, a
base line at the school yard has to be measured, e. g. 50 m (150 feet) long and roughly
perpendicular to the line of sight towards a suitable building (church tower, chimney)
some kilometers (miles) away.
A spectroscope (of the kind you will find in most high school physics departments) is
placed at each end of the base line as in Figure 13 (Note: it is important that they are
placed horizontally). Measure with each spectroscope's telescope the angle between
the distant building and the axis of the other spectroscope with the highest precision
you can achieve; aim accurately, reading the angle within 1/20th degree, taking the
average of several readings. The distance I is calculated with trigonometric formulas
or - sufficiently accurate - using the following expression. All angles are expressed
in degrees and all distances are given with the same unit, e. g., meters OR feet).

1= 57.3 b/v
where v = 180 - (x + y)

<

b

Figure 13

As a sample activity, with I as base line, the distance to a TV tower tens of kilometers
(miles) away could be determined. Let us, however, be content with having
measured I and later (in experiment 10) trust that existing maps of the area are
correctly measured.
-10-

STEP EIGHT: Latitude determination
(a) Approximately, the latitude is determined easily by measuring the altitude of
Polaris by means of the simple altitude
meter described in experiment (3). The
latitude (lambda in Figure 14) approximately equals Polaris' altitude h and the
accuracy of the measurement is about 2
degrees (220 km or 180 miles. Therefore
you might need a little bit of luck to hit the
right county).
(b) Measurement of the sun's altitude (h in
Figure 15) with a sextant yields a much
more accurate determination. First, find
out from an astronomical almanac at what
time the sun culminates (is on the meridian)
at the day of observation and its declination
on that day at that time. Then, start the
solar altitude measurements not more
than 15 minutes prior to culmination.
Measure and read alternatively until you
are certain that the sun has begun to
sink. Record each value. The experimental values (corrected for zero reading
error and divided by 2 if false horizon has
been used) are then graphed as a function
of time as in Figure 16.
By drawing a smooth curve through the
forest of measured points, a fairly good
value for the culmination altitude he is
achieved The latitude is then given by the
expreSSIon
(lambda) = 90 + (delta)
h
With an accuracy in measurement of a few
arc minutes the result should not deviate
from the correct more than 5 kilometers (3
miles) or so. By noting the culmination
time t e , the longitude can be estimated
using an astronomical almanac. If you
manage to find a correct value for te within
five arc minutes, the accuracy will be a
little over 1 degree or up to 120 km (70
miles), depending on the latitude. In order
to make very accurate position determinations, the solar altitude has to be measured
in the morning or in the evening simultaneously with an accurate time measurement.
The calculations are fairly complicated
and the accurate longitude determination
is beyond the scope of this text.

\

\

__ 'Aj~ ___ _
<:?<t",Qtor

Figure 14
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Figure 15
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Figure 16

The next day', the real solar altitude measurements are done at two different
places. These should be as far from one another as possible in the N-S direction, but
does not have to be situated exactly at the same meridian.
What kind of accuracy is needed? As an example, I can tell that when we in Falun,
Sweden, measured the size of the earth, one student group traveled south to Sater
and one north to Enviken. The N-S distance between those two towns is 60 km (38
miles). "Correct" solar altitude difference for the two towns is 32', so if each
measurement is not more than 2' off (which is very good) and if the sextant
intercalibration is just as accurate, the resulting radius of the earth will come out not
more than 20% off the correct value.
Now we are prepared to take our first step out into space!
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Chapter V
INVESTIGATING THE MOON
SO far we know that the moon is a spherical celestial body, which moves in an orbit
around the earth. The half of the moon which faces the sun shines with reflected
sunlight; on the other half it is night. We can, however, fairly easily find out quite a few
more things about the moon.

STEP ELEVEN: The moon's surface
Even in a pair of binoculars, but best through a telescope, one can see that a large part
of the moon's surface is studded with craters. Those are best seen near the border
between lightness and darkness. This is due to the fact that we really don't see the
craters themselves, but their shadows, and the shadows are longest and therefore
most obvious when it is dawn or dusk on the moon.
By observing the moon at different occasions, one finds that the moon shows the
same side towards thgearth all the time - the moon revolves with an average speed
equal to its rotation rate.
When we see only a thin crescent moon, the rest of the moon is seen weakly lit. This
occurs when sunlight reflected from the earth (earthshine) is strongest on the moon,
since the earth turns almost its whole sunlit face towards it.
Vou can also take pictures of the moon through a telescope or (one half of) a pair of
binoculars. This is the easiest way to do it: aim the telescope (with a low power
eyepiece) at the moon. Focus by starting with a too short distance between objective
and eyepiece, and lengthen the distance until the moon is sharp, but not longer. The
light from the eyepiece is directed into the camera, mounted on another tripod. The
camera has its objective in place and its distance adjustment set at "infinite". Try
different times of exposure between 1/2 and several seconds (unless you have a
camera with through-the-Iens metering capability).
There are other ways to take pictures of the moon. One is to let the eyepiece project
"a picture on the film - then the camera's objective is taken away. Another is to use
the telescope as a long focal length objective. Some reflectors (mirror telescopes)
cannot be used as objectives, since you cannot get close enough with the camera to
get the film in focus. In both cases the camera should be mounted on the
telescope. Counterweights are usually neccessary.

STEP TWELVE: The size of the moon
Once or a few times per year a (partial or total) lunar eclipse will occur. An
astronomical almanac will tell you when. During a partial lunar eclipse (i. e., when the
moon is on the border between the so called umbral and penumbral regions), part of
the full moon is shadowed by the earth.
As is evident from Figure 18, one gets a good idea of the relative sizes of earth and
moon by comparing the lunar disk with the curve of an arc of earth's shadow on the
moon during eclipse.
The radius of the moon can be determined in the following way. Take a picture of the
moon at partial lunar eclipse (or, second best, use a photograph such as that
below). Draw a number of circles with different diameter on tracing paper and find
out which one (with diameter d m ) coincides with the moon on the picture and which
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one (with diameter de) coincides with the arc of the earth's shadow. Since the earth's
diameter De is known from experiment (10), the moon's diameter Om can be found
from the expression
Om = Dedm/d e
where Om = true diameter of moon,
De = true diameter of earth,
d m = diameter of moon on picture, and
de = diameter of earth on picture.

(a) Geometry of sun, earth, and moon during partial lunar eclipse

~ earth

shadow
boundary

(b) Photograph taken through a
5 cm (2 in.) refractor

(c) Drawing

Figure 18. Partial lunar eclipse

STEP THIRTEEN: The distance to the moon
When the moon's diameter is known, you only have to measure the apparent angular
size am in order to find the distance to the moon. (See Figure 19). The formula that
can be used is:
Lm

=57.3 Om/am

h1
~

~

-

Figure 19

where Lm = distance to the moon,
Om = diameter of moon, and
am = angular size of moon, measured in degrees.
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(1)
:>

There are two ways to measure am. If you
use the sextant, you first have to adjust the
sextant with the lower limb of the mirror
image touching the upper limb of the
directly viewed moon (Figure 200) and
then the other way round (Figure 20b).
The difference between the two readings equals
2 am.

If you don't have a sextant, you can
manufacture a simple angle meter in the
following way: drill a hole in the middle of a
plastic ruler and fasten a string to the
hole. Make a knot on the string exactly 57
cm from the ruler. If you then hold the
ruler with the knot close to the eye with the
string stretched (see Figure 21), 1 cm on
the ruler will correspond to the angle 1
degree (or, if you use inches: Make the
string 28.5 inches, and 1/2 inch on the ruler
will correspond to 1 degree).

(a)

(6)
Figure 20

By holding the ruler in this way towards
the moon, its angular size can easily be
determined.
Actually, there is a third and direct way to
determine the distance to the moon. At
the time of a partial lunar eclipse, hold a
tiny coin between your thumb and index
finger. Stretch out your arm until the coin
coin'cides with the earth's shadow on the
moon. Have a friend measure the distance
Figure 21
Ie between the eye and the coin. If the
coin's diameter is de (and the earth's still is
De), the moon's distance is given by
Lm = leDe/de
where Lm = earth - moon distance in km (miles),
Ie =eye - coin distance in cm (inches),
De = diameter of earth in km (miles), and
de =diameter of coin in cm (inches).
Unfortunately, this is all we can do with our simple instruments. We manage to get
380,000 km (240,000 miles or a little over a lightsecond) out into space. Since we
cannot get further with simple materials, we will have to continue with discussion of
results of bthers and measurements done with models.
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Chapter VI
THE SUN AND THE PLANETS
The apparent motions in·the sky of the sun and the planets are well explained if we
assume that the planets (including the earth) move in nearly circular orbits and that
the square of the period of revolution of a planet is proportional to the cube of its
medium distance to the sun. By observing the planets' wandering on the celestial
sphere, their relative distances can be determined with great accuracy.
Therefore the problem has been reduced to the determination of a single distance in
the solar system. Disregarding the asteroids, Venus is the planet that gets closest to
the earth. The shortest distance to Venus is just over 25% of the distance to the sun
or dose to 40 million km (25 million miles). This distance was first measured with
triangulation (see experiment (7) ) using the earth's diameter as base line. Venus'
largest parallax with this method is just over one arc minute. The distance has later
been measured very accurately by means of radar. The time for a return trip of a
radar pulse to Venus is at shortest just over 4 minutes.

STEP FOURTEEN: The sun's angular size, its size and distance
The sun's angular size cannot be measured with the simple angle meter described
earlier. The sun can, however, be projected onto a piece of cardboard with a lens
with long focal length (cut out most of the rays by covering most of the lens). The
angular size can then be calculated. The sextant has built-in filters which makes it
very well suited for measuring the sun with the method described in experiment
(13). When the sun's angular diameter as is known, the ratio between the sun's true
diameter d s and the sun's distance Ls is also known:
Ds/Ls = as/57.3
where Os = true diameter of sun in km (miles),
Ls = distance to the sun ir. km (miles), and
as = angular diameter of sun, measured in degrees
Consequently, it is sufficient to measure only one of d s and Ls in order to know both.
A possible untried method to measure Ls is this: when the phase of the moon is
exactly first or third quarter (date and time is found in an astronomical calender), the
angle between the sun and the earth as seen from the moon is exactly 90
degrees. The angle between the sun and the moon as seen from the earth must at
that instance be slightly less than 90 degrees, and in principle should be possible to
measure with a sextant, after which the distance to the sun can be calculated. I have
not tried the here-described measurement, (Figure 22) so I cannot guarantee that it
works. However, the teacher could present the result of a hypothetical measurement
and then let the students calculate the sun's diameter and distance.

Figure 22
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STEP FIFTEEN: Sunspots and the rotation of the sun
NOTE: Observations of the sun may cause damage to the eyes, so be sure to read
ALL of Experiment (15) before doing any observations! Great caution must be used
in observing the sun with even the unaided eye, since retina burns can result.
Observations of the sun's surface can be
done using (one half of) a pair of binoculars
or a small telescope. I strictly warn anyone to NEVER, even momentarily, look
through binoculars or a telescope directed
towards the sun, since bad burns on the
retina will be the immediate consequence.
Dark eyepiece filters are accessories to
some smaller telescopes but not suited for
use in observing the sun since they are
quickly heated during use and may crack.
Objective filters are safe to use, but they
are expensive.
There is, however, one perfectly safe way
to observe the sun without a filter: project
the sun onto a piece of cardboard as
Figure 23 shows. What you will see then
are sunspots present on the sun's surface.
The observation can be recorded using a
camera or
simpler and better - by
tracing the sun and the sunspots directly
on the cardboard piece.

Figure 23

By studying the sun every day during a
week or so, you can watch the sunspots
change. You can also measure the sun's
rotational velocity. See Figure 24!

STEP SIXTEEN: .Planetary observations with a telescope
Four of the planets are easy to study with a
small telescope: Venus, Mars, Jupiter, and
Saturn. Your astronomical almanac will
tell you when the planets can be seen, and
where among the stars they can be found.
In a pair of binoculars you can see Jupiter's
four largest moons and, with a suitable
filter in front of the objective, Venus as a
crescent moon. Instead of using a filter,
try observing Venus at dawn or dusk.
A small telescope with 50 100x magnification shows Mars as an orange disk and
Saturn with a ring. To be able to see
better planetary details requires a larger
telescope than what you will normally find
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(a) The sun as it looks
projected by a telescope
with two sunspot positions
marked for a few days
apart
(b) A "horizontal" cross
section through the sun;
shows how the rotation
angle is constructed

Figure 24

in pre-college schools. A certain patience is also needed: one must wait for air
disturbances to disappear.

STEP SEVENTEEN: Satellites and meteors
A typical evening of astronomical observations frequently offer one or two
extras. Satellites are fairly frequent nowadays and they behave quite differently from
one another. They follow different orbits and have very different velocities. Most of
them shine with constant light (which suddenly disappears with entry into the earth's
shadow), but some twinkle (due to rotation).
Meteors ("shooting stars") will also be observed almost every evening even if they are
more frequent on certain nights - the astronomical almanac tells you when.
Systematic meteor observations are interesting and occupy many amateur
astronomers.

STEP EIGHTEEN: The planetary system, model
The model experiments in Chapter III gave good qualitative information about the
relative motions of the sun, earth, and moon. In order to give all students a clear
conception of how small a sphere our earth is, and how utterly isolated it is in the
universe, one can have them build a model or a map of the planetary system. The
model can also be used for other purposes.
A suitable scale for the map is 1: 1 billion. Most countries are very small in this scale,
but still recognizable (e. g. Sweden is 1.5 mm or 1/16th of an inch long) and the earth's
diameter is 13 mm (1/2 inch). The speed of light, in reality 300,000 km/s (190,000
miles/sec), is on this scale 3 dm/s (12 in./sec) or 18 m/min (60 feet/min) - a really
slow walking pace.
The map becomes large and planets have to be placed not only in the vicinity of the
school but also further away. Let many students make the map together as a joint
project where each student has responsibility for her celestial body. Manufacture it
(we have tried many different construction materials: balloons, cardboard, plasticine,
paper balls, wooden balls ... ). Locate it; describe it. The report to the rest of the
class (or the whole school?) could be given during an open-air day with bicycle
excursion or (why not?) a track-finding race with planets as control stations.
F or a solar system in the scale 1: 1 billion, the following measures apply:

Diameter
(mm or inches)
Sun
Mercury
Venus
Earth
Mars
Jupiter
Saturn
Uranus
Neptune
Pluto

1,400-55
5-7/17
12-15/32
13-1/2
7-9/32
143-5 5/8
121-43/4
48-1 7/8
44-1 3/4
6-1/4
19-

Average distance
to the sun
(m or feet)
59-200
108-360
150-500
230-770
780-2,600
1,400-4,700
2,900-9,700
4,500-15,000
5,900-20,000

The moon's diameter is 3.5 mm (1/8 in.) and its distance to the earth is 38 cm (15
inches) - in order to travel those 38 cm the Apollo spaceships needed about 3 days.
Some more scaled data: The earth's orbital velocity is 2.6 m/day (9 feet/day) or 11
cm/h (4 1/4 in./h) and the moon's velocity in its orbit around the earth is 9 cm/day (3
1/2 in./day). The distance to the nearest star Proxima Centauri is approximately
40,000 km (25,000 miles) and the diameter of the Milky Way is 500 million km (300
million miles).
In reality, the sun and the moon have about the same angular size when watched from
the earth, so this ought to be the case also in the model if it is correct To find out, you
can hold the eye close to the model of the earth and simultaneously watch the moon
and the sun (which then should be placed in the same direction; the sun doesn't have
to be a sphere, it can be a circular piece of cardboard). An extra nicety is to hold a
small piece of dark cardboard with a sub-mm (1/32 in.) hole in front of the eye and
watch the sun and the moon through the hole. This will make them appear sharp at
the same time.
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There are many star charts on the market with lots of stars and constellations, but for
the beginner the more selective chart in Figure 26 is probably a better one. It contains
about as many stars and constellations as you need to know in order to be reasonably
well acquainted with the sky as seen from northern latitudes.
CONSTELLATIONS
1
2
3
4
5
6
7

8
9
10
11
12
13
14
15

STARS
A Aldebaran
B Altair
C Arcturus
o Bellatrix
E Betelgeuse
F Capella
G Castor
H Deneb
I Mizar
J Pollux
K Polaris
L Procyon
M Regulus
N Rigel
Sirius
P Vega

Andromeda
Aquila
Auriga
Big Dipper
Canis Major
Canis Minor
Cassiopeia
Cygnus
Gemini
Leo
Orion
Pegasus
Pleiades
Summer Triangle
Taurus
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Figure 26
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STEP TWENTY: The number of visible stars
How many stars are visible with the naked eye? Without counting them it is difficult to
guess, and to count all the stars in the sky is a really difficult task.
However,since the stars are fairly evenly distributed in the sky, you can achieve quite
a good estimate of the number of-visible stars in the following way:
Cut out a circular hole with the diameter
12 em (5 in.) in a piece of cardboard.
Fasten a string in the piece and tie a knot
on the string 30 cm (12 1/2 in.) from the
piece. If you then hold your device as
shown in Figure 27 with the knot close to
the eye and the string streched as shown in
the figure you will see 1 % of the celestial
sphere through the hole.
Count the number of stars that can be
seen through the hole. Turn the cardboard hole towards ten different regions in
the sky, add the number of observed stars
and multiply by 10.
The number of visible stars is about 6,000,
but in order to be able to estimate that
many you have to be out on a clear night
with no moon, and far away from any
densely populated (and light polluted) area.

Figure 27

STEP TWENTY-ONE: Photographs of the firmament
It is possible to take beautiful slides of constellations with simple instruments and
methods. In order to catch fainter stars as well and to make the stars' colors visible,
exposure times of several minutes have to be employed. And then, to get point
images of the stars, the rotation of the firmament (actually, of course, the rotation of
the earth) has to be compensated for.
If you have access to a telescope with motor (clock drive) the only thing you have to
do is to'mount the camera "piggyback" on the telescope tube and go ahead taking
pictures. But without a motor it is also surprisingly easy (with a little training) to
manage the firmaments motion manually. The only thing you must do is follow a fairly
brilliant star with the telescope (using an eyepiece with a crosshair) while the
exposure takes place.

Figure 28
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STEP TWENTY-TWO: Distances to stars, model experiment
The distance to "nearby" stars can be determined using a variation of triangulation
that is called parallax measurement (see Figure 28). Photographs of a part of the sky
are taken twice with half a year in between. Certain stars appear to moye a small
distance on the film compared to the rest of the stars because they happen to be
sufficiently close to us. However, the displacements are always small, for all stars less
than .1 mm (4 mil) for a telescope with 20 m (66 feet) focal length (and the film in the
focal plane).
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Figure 29

In order to grasp the method used in parallax measurement, take a photograph of an
object 5 - 10 m (15 - 30 feet) away with a distant background, using a Polaroid camera
(or similar; see Figure 29). Then move the camera 1 m (3 feet) sideways and take a
new picture. If the center of the object has changed its position on the photograph
with a distance d mm (inches) relative to the background and if the focal length of the
camera is f mm (inches), then the distance to the object
is given by
L = f/d (m) or L = 3f/d (feet)
where L = distance to object in meters (feet)
f focal length of camera in mm (inches)
d =change of position of center of object on the photograph in mm (inches)

STEP TWENTY-THREE: Distances to stars in a constellation, model
That a constellation looks like it does only if viewed from our place in space is
elegantly demonstrated with models like the one described below for Cassiopeia.
Make an open box like the one in Figure 30. Fasten (a copy of) the constellation
pattern with Cassiopeia on the back plate and with the dashed line against the bottom
plate. Draw lines on the bottom plate for every star as in the Figure. Measure the
distances to the stars from the peep-hole (note the scale factor; in the Cassiopeia
model 1 cm corresponds to 15 light years and 1 inch to 38 light years). Drill holes in
the bottom plate in the measured spots with a thin drill and glue pieces of steel wire in
the holes. Thread small wooden beads on the wires and fix them where they cover
the picture of the star on the pattern (when viewed from the peep hole) . Try different
size beads; when the constellation looks right glue them to the wires. It is nice to paint
the box with black or dark blue paint and the beads with fluorescent paint.
In Figures 31 to 35 there are patterns for the constellations Cassiopeia, Big Dipper,
Leo, Orion, and Cygnus. For every star the distance in light years is given, and for
every constellation the scale factor is suggested.
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back plate 0 f
e. g. plywood
peep-hole

bottom plate of e. g. wall board,
length 50 em (20 in.)

Figure 30

CASSIOPEIA

1 em

=

15 light years

1 inch

=

38 light years

S-O

'-170

6S-o
80
~bO

Figure 31
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BIG DIPPER

1 em

5 light years

1 inch

= 12.5

light years

80
80

75

75
80

Figure 32

\60
330
LEO

1 em

= 10

light years

1 inch

25 light years

180

(30

70

\:?o

70

Figure 33

(Fig 32 & 33)

26

L

ORION

1 em = 50 light years

1 inch = 130 light years

5~O

ISOO

l~OO

1600

2300

880

Figure 34
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CYGNUS

1 em

= 20

light years

1 inch

= 50

ligh years

930

\30

5'-10

190

~tO

Figure 35
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STEP TWENTY-FOUR: Telescope studies of stars and other objects in the
Milky Way
There is an enormous number of objects that can be seen if only the apparatus is good
enough. Especially, the tripod and the tripod head have to be ofgood quality, sturdy
and accurate. However, the following objects can easily be studied with a pair of
binoculars or a simple telescope:
• During dark nights, the Milky Way is seen as a dimly-lit band crossing the
firmament. (In the Northern Hemisphere, it passes through Auriga, Cassiopeia and
the Summer Triangle.) Through the telescope you can see that the Milky Way is made
up of countless number of stars.
• In many places in the Milky Way, stars are clustered in groups. One such star
cluster is the Pleiades in Taurus. While the naked eye can see only six or seven stars,
a small telescope reveals about forty.
• Many stars are not alone. The middle star of the Big Dipper's handle looks like a
double star, but the dimmer star AIcor is further away than the more brilliant star
Mizar. Observed through a small telrscope, Mizar turns out to be a real double
star. (Actually, Mizar is a triple star.)
The dust and gas clouds (frequently shining) which are abundant in the Milky Way are
called nebulae. Easiest to find, and beautiful even in a pair of binoculars, is the Orion
Nebula, the middle light point in Orion's "sword",

_

t)Q_

Chapter VIII
THE UNIVERSE
STEP TWENTY-FIVE: The cold of space
The universe is essentially empty space,
and the temperature almost everywhere is
close to absolute zero. By isolating a
thermometer from its immediate neighborhood with a styrofoam cup and aluminumfoil (see Figure 36), you can measure the
temperature a little step out in space.

aluminum-foil

styrofoam cup

The air closest to the earth's surface is
warm because the surface, which is heated
by the sun, heats the air. The further away
we get from the earth's surface, the more
will the cold of space be noticed.
A thermometer insulated from the immediate surroundings in this way will be in
thermal equilibrium with the air between
one and several kilometers (miles) above
Figure 36
the ground - dry air is more transparent
for infrared light than moist air. We have
actually been able to freeze water into ice
in an aluminum foil lined styrofoam cup during a Swedish August night with air
temperature way over the freezing point by directing the cup up towards space.

STEP TWENTY-SIX: Galaxies
With a pair of binoculars or a small telescope you can seem to get even further out in
the universe than inside the Milky Way. The Milky Way's closest neighbor spiral
galaxy is the Andromeda galaxy, which can be seen as a dim patch of light in even a
pair of binoculars. You can find it a small angle from the middle of Andromeda's three
most brilliant stars in the direction of Cassiopeia.

STEP TWENTY-SEVEN: Planetarium
Professionally manufactured planetariums are extremely worthwhile, but they cost a
lot of money to build and are therefore beyond the reach of most schools. Of course,
a small planetarium like the one described below does not have as many niceties as a
real one; but it will cost only a few dollars to build. In spite of its simplicity, the little
planetarium gives quite a realistic experience, providing the room which houses the
planetarium is absolutely pitch dark. It is quite possible to experience the typical
feeling of space under a 2 m (6 feet) dome, even if not to the same high degree as under
a 15 m (50 feet) dome.
The planetarium consists of two main parts, a star projector (Figure 37) which can
rotate around its axis, and a dome shaped as a little more than half a sphere. With this
equipment you can present stars, constellations, and the daily rotation of the
firmament. But there are very many ways to add features to the planetarium in order
to be able to present real shows. Hints for various accessories are also given below.
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Figure 37
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Figure 38
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THE STAR PROJECTOR
An intersection of the projector is shown in Figure 38. There is a wide choice of
materials to choose from; take my specifications as suggestions only.
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

base plate of hard board, ca. 50 cm (20 in.) long
piece of plywood supported by wooden pieces; note the latitude angle
battery box with switch and potentiometer
steel tube
bearing of two disks; one glued to the tube, one glued to the double cone
miniature lamp
double cone
thin steel wire support

The most important part of the star projector is the double cone with the miniature
lamp in the middle. The double cone is designed by Broman Planetarium, and you
may use it non-commercially only. It is made in the following way:
Copy the pattern in Figure 39 using a photo copying machine which can enlarge. Use
the patterns to make two cones out of black heavy paper. With the pattern fastened
to the black paper with Scotch tape, prick star holes using nails of different thickness,
e. g. 0.5 - 2 mm (1/64 - 1/16 in.). Then glue the cones together with their seams
matching) into a double cone. The region around the south celestial pole (if your
planetarium is in the northern hemisphere; around the north pole if on the southern)
is cut away and replaced with a steel disk.

THE DOME
The dome is made out of86 pieces 2 - 3 mm (c. 1/8 in.) thick white cardboard. There
are six different shapes given in Figures 40a to f and a layout given in Figure 41. The
result will be a geodesic dome, a "dome with pentagonal and hexagonal faces derived
from 2/3 small circle six frequency icosahedron". The figures in the patterns are
given as fractions of the dome radius (so if you want to make a dome with X m (feet)
radius, multiply all figures with X).
When all faces are cut out (with as high precision as you can), the dome should be
constructed. Use strong Scotch tape over all seams. This is easiest done if you start
from the middle, gradually raising the growing dome by putting it on chairs while
mounting the next layer of faces. Several people should work together on the
construction!
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While very shaky during the construction the dome will be quite stable when
completed. If the dome is placed on the floor, the horizon will be about X/2 (1/2
radius) above the floor. For a small dome this is a bit low, so you might want to place it
on some chairs or stools. If you make a cutout entrance you will have to reinforce the
opening with a material such as plywood. Finally, the star projector should be placed
in the center of the dome.
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Figure 41
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ACCESSORIES
In order to make planetarium shows more interesting, you can add lots of
accessories. Below are a few suggestions. A creative group of students will invent
many more. A study visit toa large planetarium will give you many ideas. Quite a few
of the special effect projectors used are astonishingly simple to build.

LIGHT POINTER
The light pointer is a small hand held projector used to project a small arrow on the
dome. It is an excellent aid when you want to show the audience constellations,
etc. Make a c. 10 cm (4 in.) long tube of black cardboard, mount a miniature lamp at
one end and cover the other end with a piece of black cardboard in which a small
arrow-shaped hole is cut. If a battery and a small switch are fastened to the tube you
will have a nice self-contained unit.

SKYLIGHT, MORNING AND EVENING GLOW
Paint two torch type light bulbs with blue lacquer and wire them parallel in series with
a potentiometer to a battery. With full voltage they will light up the dome with a dim
blue light. They can be faded slowly at dusk and slowly raised at dawn. The evening
glow is simulated with a red-painted bulb also partly covered with black paint so that
only the "western" sky is illuminated. This lamp also is wired in series with a
potentiometer so its intensity can be varied.

It is nice to have evening glow in a planetarium, because the eyes of the audience have
to become dark-adapted for the star show, and this takes a few minutes. Red light
doesn't interfere with dark adaption. Morning glow is done in the same way (but is of
course directed towards "east").

HORIZON
In order to make the planetarium environment even more realistic, a horizon with
houses, churches, hills, etc., can be painted around the dome. The horizon and
everything under it is painted black. Try to make the horizon as it appears from the
school or other building where the planetarium is!

PLANETARIUM PROGRAMS
Astronomy slide shows can be done in the planetarium as well as sky demonstrations,
since the inside of the dome is an excellent projection screen. Place the slide
projector outside the dome and let it project through a small hole; 1 cm (1/2 in.) dia. is
more than sufficient. Your audience will be adapted to darkness, so the projected
picture has to be fairly dim. A tape recorder with some "space" music is also
nice. Then you have something to listen to while waiting for dark adaptation.
This planetarium can give students knowledge and nice experiences, both as "staff"
and as "public". However, don't expect to be able to really compete with a real, large
planetarium. I wish every student would get the opportunity to visit a professional
planetarium once in a while - that experience is unbeatable!
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