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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 observation
discovery 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 under
standing. 

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-to
be. 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 photo
graph 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) The sextant set for 
parallel rays 

Figure 1 
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(b) The sextant measuring the 
solar altitude h = 2v 



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 - see the 
experiment description below for how it is done. 

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 some
where 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, stan
dard time vs. true solar time, summer 
time, the gnomon as clock (sun dial) or 
direction finder. 

Figure 3. Gnomon 

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 

• 

(b) Spring and fall equinox 

Figure 4 

STEP THREE: The motion of the night sky 

• 

(c) Winter 

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 

9if~----------------------------~ 
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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 demon
strates 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 counter
clockwise in its orbit and be certain to 
keep the direction of the globe's axis 
constant when the globe is moved - see 
Figure 9). 

SUMMER --

Figure 9 
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Figure 8 

SPRING 

--------
WINTER 

(northen hell'nisphere seasons) 



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 direc-
tion all the time. That it has to be so, can 
easily be demonstrated by taking a small 
gyroscope hanging by a thread for a revolu-
tion 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. 

STEP SIX: A model of the sun, ea.rth, and moon system 

Figure 10 

JD -----;z? 

Figure 11 

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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