
T H E  E R A T O S T H E N E S  E X P E R I M E N T  

On the 20th of March 2019 Spring Equinox 

 

On Wednesday, March 20th 2019, more than 20.000 students and 1500 teachers at more of 650 schools in Greece, just about the time the sun 

was at its highest point in the sky, using simple instrumentation, followed the steps and thoughts of the great scientist Eratosthenes, as 

happened in 240 BC. From northern Greece to Cyprus and from Imvros to Corfu, at noon on that day, the Eratosthenes’ disciples and friends of 

learning, managed to calculate the circumference of the Earth, in an amazing fashion and with minimal error. Our students put sticks or other 

objects on the ground, measured their height and shadow’s length and with simple mathematical reasoning and the aid of modern technologies 

(Google Earth, Sun Calc, etc.) calculated the circumference and the radius of the Earth. 

The 2nd Junior High School of Amaliada, for fourth consecutive year, participated in this action with a group of students of the third grade. 

These students, members of the Erasmus+ group of our school, exchanged their data with the students of the collaborating I.I.S.S. Einaudi-

Casaregis-Galileo Galilei school in Genoa, Italy, and calculated the Earth’s radius with minimal error. 

On that particular day, weather conditions were poor in the Amaliada region, with a lot of clouds obscuring the sun, making the whole activity 

challenging. Nevertheless, our science team were able to catch the necessary sun rays and proceed with the experiment. 

Being part of the program European Schools Go Green, our students showed that the Sun and the light it emits can not only be used as an 

energy source but also as a tool for the evaluation of impossible things, like the Earth’s radius. 

Coincidentally, the measurement of the Earth’s circumference by Eratosthenes links beautifully with Genoa’s I.I.S.S. Einaudi-Casaregis-Galileo 

Galilei school, iconic symbol, Christopher Columbus, on his attempt to reach India from Europe by sail. Eratosthenes' calculations of the size of 

the Earth were very precise and very accepted during Columbus' time. Still, Columbus was convinced that the world was significantly smaller 

and that getting to Asia from Europe was feasible. Had he not rejected Eratosthenes' calculations, he would probably never have struggled his 

voyage, thus leaving the Americas undiscovered and changing the course of history. 

Grigoris Vassilopoulos 



WHO Eratosthenes WAS  

Eratosthenes was a talented mathematician and geographer as well as an astronomer. 

He made several other important contributions to science. Eratosthenes devised a sys-

tem of latitude and longitude, and a calendar that included leap years. He invented the 

armillary sphere, a mechanical device used by early astronomers to demonstrate and 

predict the apparent motions of the stars in the sky. He also compiled a star catalog that 

included 675 stars. His measurement of the circumference of Earth was highly respected 

in his day, and set the standard 

for many years thereafter. He may 

have also measured the distances 

from Earth to both the Moon and 

to the Sun, but the historical ac-

counts of both deeds are, unfor-

tunately, rather cryptic. A crater 

on Earth's Moon is named after 

Eratosthenes.

 

H O W  H E  D I D  I T  

  

In 240 B.C., the Greek astronomer Eratosthenes made the first good measurement of the 

size of Earth. By noting the angles of shadows in two cities on the Summer Solstice, and 

by performing the right calculations using his knowledge of geometry and the distance 

between the cities, Eratosthenes was able to make a remarkably accurate calculation of 

the circumference of Earth. Eratosthenes lived in the city of Alexandria, near the mouth 

of the Nile River by the Mediterranean coast, in northern Egypt. He knew that on a cer-

tain day each year, the Summer Solstice, in the town of Syene (currently Aswan) in 

southern Egypt, there was no shadow at the bottom of a well. He realized that this meant 

the Sun was directly overhead in Syene at noon on that day each year. Eratosthenes 

knew that the Sun was never directly overhead, even on the Summer Solstice, in his 

home city of Alexandria, which is further north than Syene. He realized that he could de-

termine how far away from directly overhead the Sun was in Alexandria by measuring the 

angle formed by a shadow from a vertical object. He measured the length of the shadow 

of a tall tower in Alexandria, and used simple geometry to calculate the angle between 

the shadow and the vertical tower. This angle turned out to be about 7.2 degrees. Next, 

Eratosthenes used a bit more geometry to reason that the shadow's angle would be the 

same as the angle between Alexandria and Syene as measured from the Earth's center. 

Conveniently, 7.2 degrees is 1/50th of a full circle (50 x 7.2° = 360°). Eratosthenes un-



derstood that if he could determine the distance between Alexandria and Syene, he 

would merely have to multiply that distance by 50 to find the circumference of Earth! Era-

tosthenes had the distance between the two cities measured. His records show that the 

distance was found to be 5,000 stadia (approx. 800 Km). The stadion or stade (plural = 

stadia) was a common distance unit of the time. Unfortunately, there was not a universal, 

standard length for the stadion; so we don't know exactly which version of the stadion 

Eratosthenes used, and therefore are not exactly sure how accurate his solution was. He 

may have been correct 

to within less than 1% (if 

used the Greek stadion 

that was approx. 155 

meters), a remarkable 

accomplishment! Or, if it 

was actually a different 

stadion (if used the Ital-

ian attic stadion that was 

approx. 185 meters) that 

he used, he may have 

been off by about 16%. 

The actual polar circum-

ference of Earth is just a bit over 40.000 km.  

 

 

800 Km 



 

 

ERATOSTHENES 2019 
I n s t r u c t i o n s  

for 

T h e  m e a s u r e m e n t  o f  t h e  R a d i u s  o f  t h e  E a r t h  

P r e r e q u i s i t e s  

When two or more schools are collaborating, the experiment can be done on any day 

around the year, weather conditions permitting. In our case, it will be implemented on the 

same day for all schools, during the week of 18 – 22 March 2019. Let me remind you that the 

spring equinox is on the 21st of March. 

All three schools should commence at local noon, where the sun is at its highest point in the 

sky. You can find out what time this is, either using suncalc.net or stellarium from stellari-

um.org, for the specific day of the action. Another idea is to find the time at which any ob-

ject’s shadow is minimum during the day. That would be local noon. 

Because of its easternmost position, the 2nd Junior High School of Amaliada must perform 

the experiment first, whereas the Goethe High School of Kassel and Galileo Galilei Gymnasi-

um in Genova one hour later, as the two schools lie roughly on the same meridian (Fig.1 Era-

tosthenes_Maps.pdf). At that time, the rotating Earth will carry the two schools at the same 

meridian as Amaliada was an hour ago. 

T h e  e x p e r i m e n t  

1. At local noon, a group of students should place a stick of known height h in a vertical 

position on the ground. 

2. Measure the length of its shadow l. 

θ1 

θ2 
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ERATOSTHENES 2019 
3. Calculate the angle theta θ, using the formula arctan

l

h
   (see figure above). 

4. Communicate with any of the two other schools, to obtain their relative angle θ. 

5. Calculate the radial difference 1 2 1 2( )            . 

6. Using Google Earth find the North – South distance AB between your school and the 

school whose angle θ you obtained earlier. The distances are given for comparison 

at Fig.3 Eratosthenes_Maps.pdf. By all means, you should let your students find 

themselves this data. 

7. Calculate the circumference C of the Earth using the formula 
360

C





  

8. Find the radius of the Earth R using 
2

C
R


   

9. Enjoy!!! 
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TEACHER’S GUIDE:  THE ERATOSTHENES PROJECT

Overview

This activity is part of the World Year of Physics 2005, the centennial celebration of Einstein’s “miracle
year.” In 1905, Einstein created three groundbreaking theories that provided the framework for much of the
exciting physics of the last hundred years.

This activity enables students to measure the radius of Earth. Groups of students at two distant schools will
take data and then collaborate, in essentially the same way that Eratosthenes measured Earth’s circumference
millennia ago in Egypt. A World Year of Physics website will enable each school to find a partner.

Objectives 2

Logistics 2

National Standards Addressed 2

Materials 2

Student’s Guide 3

Additional Activities 6

Notes on the Activities 7

References 8



2 TEACHER’S GUIDE

Objectives

• Describe the geometry of how sunlight strikes Earth
at different latitudes

• Describe how the circumference of Earth was first
measured millennia ago

• Describe how to determine local noon

• Measure the angle of the sun at local noon

• Collaborate with another school some distance away
to determine the radius of Earth.

Logistics
Your class will need the measurements made at some
other school located a substantial distance away, either
north or south. You will enter your school’s latitude and
longitude on the Eratosthenes Project website, <http://
www.physics2005.org/events/eratosthenes/>, and you
will then be paired with another school. After the
collaborating schools have shared measurements, and
students have computed the radius of Earth, they will
enter their results on the site. All results will be displayed
on the site, and a grand average will be made of all the
measurements to obtain the final value of Earth’s radius
determined by this project.

National Standards Addressed
This activity addresses the following Benchmarks and
National Science Education Standards (NSES):

Benchmarks, K-12:
The Mathematical World

Symbolic Relationships
When a relationship is represented in symbols, numbers
can be substituted for all but one of the symbols and the
possible values of the remaining symbol computed. . . .

Shapes
Distances and angles that are inconvenient to measure di-
rectly can be found from measurable distances and angles
using scale drawings or formulas.

Models
The basic idea of mathematical modeling is to find a math-
ematical relationship that behaves in the same way as the
objects or processes under investigation. A mathematical
model may give insight about how something really works
or may fit observations very well without any  intuitive
meaning.

Benchmarks, K-12: The Nature of Science

The Scientific Enterprise
The early Egyptian, Greek, Chinese, Hindu, and Arabic
cultures are responsible for many scientific and
mathematical ideas and technological inventions.

NSES, K-12: History and Nature of Science

Science as a Human Endeavor
Individuals and teams have contributed and will continue
to contribute to the scientific enterprise.

Historical Perspectives
In history, diverse cultures have contributed scientific
knowledge and technologic inventions.

NSES, K-12:  Unifying Concepts and Processes

Developing Student Understanding

• Evidence, models, and explanation

• Constancy, change, and measurement

NSES, K-12: Science as Inquiry

Abilities necessary to do scientific inquiry

• Design and conduct scientific investigations

• Use technology and mathematics to improve
investigations and communications

• Formulate and revise scientific explanations and
models using logic and evidence

Materials
For each student
A copy of the Student Activity Guide
(pages 3 to 5 of this document)

If students are doing the extension activities, see page 6.

For each group

• stick or dowel, about 60 centimeters (cm) long

• stiff cardboard (to provide a smooth, flat surface)

• meter stick

• pieces of blank paper

• pencil

To be shared by several groups

• carpenter’s level

• tape

TEACHER’S GUIDE:  THE ERATOSTHENES PROJECT



STUDENT’S GUIDE 3

STUDENT’S GUIDE: THE ERATOSTHENES PROJECT

Eratosthenes was a Greek living in Alexandria, Egypt, in the
third century, BC. He knew that on a certain day at noon in
Syene, a town a considerable distance to the south, the
sun shone straight down a deep well. This observation
meant that the sun was then directly overhead in Syene, as
shown in Figure 1. Eratosthenes also knew that when the
sun was directly overhead in Syene, it was not directly
overhead in Alexandria, as shown in Figure 2. Notice that in
both drawings, the sun’s rays are shown as parallel.

Figure 1:
Light rays shining straight down a well in Syene at noon, when
the sun is directly overhead. No shadow is cast.

This activity is part of the World Year of Physics 2005, the centennial
celebration of Einstein’s “miracle year.” In 1905, Einstein created three
groundbreaking theories that provided the framework for much of the
exciting physics of the last hundred years.

In this activity, you will work together with students at another school
to measure the radius of Earth. You will use the same methods and
principles that Eratosthenes used more than two thousand years ago.

Figure 2:
Sunlight shining down a well in Alexandria at noon, on the
same day as the observation shown in Figure 1. The sun is not
directly overhead. The gray bar at the bottom left shows the
shadow cast by the side of the well. The angle of the sun’s rays
and the size of the shadow are exaggerated.
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In Figure 2, the side of the well casts a shadow on the bot-
tom. Eratosthenes used a shadow like this to find the
circumference of Earth. When the sun was directly over-
head in Syene, he measured the shadow of an object in
Alexandria at noon. From the length of the shadow, the
height of the object, and the distance between Syene and
Alexandria, he calculated the circumference of Earth. His
value agreed quite well with the modern one.

How Eratosthenes Found the
Circumference of Earth

Figure 3:
The sun is directly overhead at noon at Syene (S).
Alexandria is at point “A.”

How did he do it, more than two thousand years ago?
Take a look at Figure 3. Syene is represented by point “S,”
and Alexandria by point “A”. In Figure 3, the arc length

between S and A is d, and the angle correspond-
ing to the arc SA is θ. The radius of Earth is R. As

suggested above, let’s assume that the sun’s
rays are parallel.  Since the ray that strikes

Syene, at point S, is perpendicular to
the surface of Earth, the sun is

directly overhead there.

When the sun was directly over-
head in Syene, Eratosthenes measured

the shadow of a tower in Alexandria at
noon,1 shown in Figure 4. Since both the tower

at A, which is perpendicular to Earth’s surface, and the
ray of sunlight at point S both point to the center of Earth,

and the rays of sunlight are parallel, the angle between the
sunlight and the tower is equal to θ. (Alternate interior
angles are equal.)

Figure 4:
The geometry of Eratosthenes’ measurement. He measured the
length of the tower and its shadow at noon at Alexandria. Then
he determined the angle of sunlight with the vertical, which is
the same as the angle subtended by Syene (S) and Alexandria
(A) at the center of Earth.

The tower and its shadow form two sides of a right
triangle, as shown in Figure 4. Although trigonometry
hadn’t yet been invented, Eratosthenes’ procedure can
be expressed in the language of trig as follows: The
length of the shadow, the height of the tower (which he
knew), and the angle θ, given here in degrees, are
related by

           tan θ
 
  =    

length of shadow
(1)

                 height of tower

Inverting tan θ gives the value of θ. Using ratio and pro-
portion, the arc length d is the same fraction of Earth’s
circumference C as θ is of 360 degrees.

             d    =    θ (2)             C         360

Rearranging for the circumference C,

C  =   (360/θ)d (3)

1Some accounts say that Eratosthenes made measurements with a needle that cast a shadow onto the graduated inner surface of a
hemispherical bowl. To relate as closely as possible to the method of this project, we will describe the experiment in terms of the shadow
of a tower.
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How You Can Find
the Radius of Earth
Rather than find Earth’s
circumference, we suggest you find its
radius, so that you can more easily
compare your measured value with the
accepted value.

Eratosthenes was lucky, because he knew of a place where
the sun was directly overhead at noon on a certain day.
Can you do the experiment even without that informa-
tion? Fortunately you can, as shown in Figures 5 and 6. You
will make the shadow measurements at your school and
share results with a class from a school at another location.
You can then do a subtraction to find the angle you need.
Be sure to plan ahead—ideally, both schools make the
measurement on the same day.

Figure 5:
The geometry for measuring the radius of Earth using the data
of two collaborating schools separated by a north-south
distance. Each will measure the angle of the sun, θ

A 
at one

location and θ
B 

at the other, at local noon.

We need two points, A and B, separated by a north-south
distance d, shown on Figure 5. The experiment will work
best if d is as large as possible.

Take a look at Figure 6. Your school and the collaborating
school are represented by the points A and B, and the
angles θ

A
 and θ

B
 correspond to points A and B.

Figure 6:
The relationship among the direction of sunlight, the sticks, and
the two angles θ

A
 and θ

B.

At point A,

tan θ
A

 
  = length of shadow

(4)
height of stick

and likewise at point B.

Figures 5 and 6 show that the angle corresponding to the
arc AB is just the difference θ

B
 - θ

A
. We can find the radius

of Earth in the same way that Eratosthenes found the cir-
cumference in equation (3).

  d       
 =

θ
B
− θ

A
(5)

2πR     360

Rearranging and simplifying,

R   = 
    180d (6)

          π(θ
B
− θ

A
)

Making the Measurement at
Local Noon
on any day, local noon is the instant when the sun
reaches its highest point in the sky. To determine it, plant
the stick in the ground, making sure the stick is vertical us-
ing a plumb bob or a carpenter’s level. In the late morning,
measure the shadow’s length at regular time intervals. The
shadow will get shorter as noon approaches, and then get
longer again once noon has passed. The shortest length is
what you will substitute into equation (4) above to find the
value of θ

B
 or θ

A
 for your location.
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Below are three additional activities:

• How Shadows Change During the Day

• Shadows on Earth

• Latitude

How Shadows Change During the Day
If your students have not thought much about shadows,
they might benefit by starting with this preliminary activ-
ity. Give each group a 5-cm straw piece, a sheet of
8½” x 11” paper, and some tape. Ask them to tape the
straw so it stands in the center of the paper, as shown in
Figure 7, and also to indicate the direction of north on one
of the long sides. If you provide them with a compass, they
can orient the paper.

Figure 7:
Five-centimeter straw mounted vertically on a piece of paper.
Students predict and then measure the shadow of this straw at
different times.

Their challenge is to imagine that this paper is set on level
ground in sunlight and to predict the location and length
of the shadow of the stick on the hour during the day. Dis-
cuss these predictions to bring out their thinking. Then
have them do the experiment and compare their predic-
tions and results.

Shadows on Earth
Materials for each group: five 4-cm straw pieces, tape, and a
piece of 8 ½” x 11” paper.

Explain to students that they will make a model of shad-
ows at different points on Earth. Have them draw a
straight line across a piece of 8 ½” x 11” paper and tape the
five straw pieces, equally spaced, along this line, so the
straws stand straight up. Ask how the paper and straws could
be a model of sticks placed at different locations on Earth
(curve the paper, with the straws on the convex side).

Explain that to avoid damaging their eyes, they should never
look directly at the sun. In sunlight, ask students how the
paper and straws can model the Eratosthenes  experiment.
(Facing the sun, hold the paper at the ends of the long
sides and curve it so the straws point out. Turn the paper
to make the shadow of one straw disappear. Make this

straw point directly at the sun. The straw without a shadow
models the well at Syene.) Have students describe what
happens to the shadows of the other straws and relate the
shadow of each one to its position. Ask students to relate
these shadows to the shadows Eratosthenes used to mea-
sure Earth’s circumference. See Figure 8.

Extension Activity: Latitude
Once experimentation is complete and the results re-
ported, you can have students relate the measurements
they have made to the definition of latitude.

a. Ask them to define latitude (the length of arc, or angle
from the center of Earth, measured north or south
from the equator).

b. Referring them to Figure 3, ask them to assume that
point S is on the equator. Ask on what day the sun
would be directly overhead at noon at S. (In 2005,
March 20, the vernal equinox, and September 22, the
autumnal equinox;  at the equinoxes; day and night
have equal length, and the axis of Earth’s spin is per-
pendicular to the line from Earth to the sun.)

c. If your students made their shadow measurement on
the vernal or autumnal equinox, the resulting angle
would be equal to the latitude, as shown in Figure 3
(remember point S is on the equator). If possible,
have them try to do this by measuring the shadow of
a stick on or near March 20 or September 22.

d. In the Eratosthenes experiment, the angle (θ
B
 - θ

A
) is

the same as the difference in latitude of the two
schools, so students could determine this difference
immediately by subtracting the two latitudes of the
collaborating schools. Of course, we want students to
make measurements and compare, rather than look
up the answer in an atlas. If students point this out,
you can remind them that they are reenacting an his-
torical experiment.

ADDITIONAL ACTIVITIES

Figure 8:
Model of shadows of
sticks at noon, at
different latitudes and
the same longitude.
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Notes on Introduction
In the discussion of Figures 1 and 2, which show sunlight in
wells at two different locations, we assume the following:

• The rays of sunlight are parallel
(see next section for more detail)

• The sides of the well are vertical.

Notes on How Eratosthenes Found
the Circumference of Earth
Here are Eratosthenes’ assumptions:
Earth is a sphere. In fact, Earth bulges by about .3% at the
equator, but we can safely neglect this difference.

The sun is very far away, so sunlight can be represented by
parallel rays. The sun is indeed very far away, but it is not a
point source, since its diameter is about 1/100 of the Earth-
sun distance.

Figure 9:
Notice the penumbra—the partially illuminated region—at the
end of the stick’s shadow (drawing not to scale).

As shown in Figure 9, there is a penumbral region at the
end of the shadow, a region only partially illuminated by
the sun. If the stick is 1 meter (m) long, the penumbral
region will be more than 1 centimeter (cm) wide, which
limits the accuracy of the measurement of the shadow
length. The penumbra size scales up with the length of the
stick, so using a longer stick does not increase the accuracy
of the measurement.

Alexandria is directly north of Syene: This is only approxi-
mately true. Find an atlas and compare the location of
Alexandria and Aswan (built on the site of Syene).

You might ask students to comment on Eratostheses’
assumptions, considering that he was working more than
2,000 years ago.

Notes on How You Can
Find the Radius of Earth
Ask students to discuss the distance d between the two
schools. Is it better for d to be large or small? (large) Why?
(The larger d, the larger the value of the angle θ

B 
- θ

A
. The

larger this angle, the smaller the percentage error in its
measurement.)

Once you have obtained the name and location of the
school you’ll collaborate with, show your class a map of the
U.S. Find the location of the two schools and ask students
how to find the distance between them (use the scale on
the map). Ask how well the two schools line up north-to-
south. Discuss how an east-west displacement might affect
the outcome of the experiment. (Convert the difference in
longitudes of the two schools into a time difference, using ra-
tio and proportion and the fact that 360° of longitude
corresponds to 24 hours. Then compare the difference with
the uncertainty in identifying local noon.)

Note that near local noon, the shadow length does not
change much with time. For this reason, missing local
noon by a few minutes is not important. Suggest that stu-
dents practice measuring the shadow length at noon in
advance. If you need to look up the time of local noon, see
the last reference.

Ask students how to select a suitable date for both schools to
make measurements. Should they check the weather
forecast first?

Try making the measurement of the shadow length
yourself. If possible, drive the stick into the ground,
and check with the level, or a plumb line, to be sure
that the stick is vertical.

Tape copy paper on top of the sheet of cardboard,
and check with the level to make sure that this sur-
face is horizontal. Be sure your stick is short enough
so the shadow doesn’t extend off the paper. Ask stu-
dents to describe what height they will measure
(the distance from the top of the stick to the sur-
face where they see the shadow).

NOTES ON THE ACTIVITIES
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Demonstration
Students may have difficulty understanding how the
method presented here, with two schools along the
same north-south line (the same meridian) working to-
gether, permits them to measure Earth’s radius on any
day of the year. If you have a globe, mount two straw
pieces on the same meridian. Place the globe in the
beam of an overhead projector. Ask a student to rotate
the globe so the location of one straw is at local noon.
Ask what time it is at the other straw (local noon also).
How can they tell? (The shadows have minimum
length.) Have a student change the orientation of the
globe axis and repeat. Ask students to relate this dem-
onstration to the geometry of Figures 4 and 6.

A different way to visualize the geometry is to imagine
the plane containing the center of Earth and points A
and B. As Earth turns on its axis, this plane sweeps
through all of space. When this plane is oriented so the

sun lies within it, then the shadow of each stick lies
within the plane as well, so it is local noon at the loca-
tion of each stick.

Assessment
There are several ways to assess students’ performance in
the Eratosthenes project.

• Students can choose one or more of the first three ob-
jectives and write or present the description that is
specified in those objectives.

• Students can present a portfolio of student work,
explanations, and drawings to show how they mea-
sured the radius of Earth.

• Students can prepare a written or oral presentation to
a younger student on Eratosthenes’ measurement of
the circumference of Earth.
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Fig.1 The collaborating cities 
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Lat: 51.31oN 
Lon: 9.48 oE 

Lat: 44.41oN 
Lon: 8.95 oE 

Lat: 37.80oN 
Lon: 21.35 oE 

Fig.2 The geographical coordinates 
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765.91Km 

732.45Km 

Fig.3 The North-South distances 
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Measurements Stick height Shadow length 

Amaliada h1 = …………… cm l1 = …………… cm 

Genoa h2 = …………… cm l2 = …………… cm 

Kassel h3 = …………… cm l3 = …………… cm 

Table 2 

C a l c u l a t i o n s  

Amaliada 
1

1

1

tan
l

h
   =……………… θ1 = ………. 1 ..........i       

Genoa 
2

2

2

tan
l

h
   =……………… θ2 = ………. 2 ..........i      

Kassel 
3

3

3

tan
l

h
   =……………… θ3 = ………. 3 ..........i      

Table 3 

North – South Distances AB (Km) 

 Amaliada Genoa Kassel 

Amaliada    

Genoa    

Kassel    
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«The Eratosthenes experiment for the measurement of the Radius of 

the Earth - 2019»: 

 

An inter-scientific and educative action! 

 
 Description 

 

On Wednesday, March 20th 2019, more than 20.000 students and 1500 

teachers at more of 650 schools in Greece, just about the time the sun was 

at its highest point in the sky, using simple instrumentation, followed the 

steps and thoughts of the great scientist Eratosthenes, as happened in 240 

BC. From northern Greece to Cyprus and from Imvros to Corfu, at noon on 

that day, the Eratosthenes’ disciples and friends of learning, managed to 

calculate the circumference of the Earth, in an amazing fashion and with 

minimal error.  

Our students put sticks or other objects on the ground, measured their 

height and shadow’s length and with simple mathematical reasoning and 

the aid of modern technologies (Google Earth, Sun Calc, etc.) calculated 

the circumference and the radius of the Earth. 

 









The 2nd Junior High School of Amaliada, for fourth consecutive year, 

participated in this action with a group of students of the third grade. 

 

These students, members of the Erasmus+ group of our school, 

exchanged their data with the students of the collaborating  

I.I.S.S. Einaudi-Casaregis-Galileo Galilei school in Genoa, Italy,  

and calculated the Earth’s radius with minimal error, in a rather cloudy day. 

 

Being part of the program European Schools Go Green, our students 

showed that the Sun and the light it emits can not only be used as an 

energy source but also as a tool for the evaluation of impossible things, 

 like the Earth’s radius. 

 

The conduction of this interdisciplinary experiment  

was made with the help of the teacher 

  

Vassilopoulos Grigoris, Physicist 

 





North – South Distances AB (Km) 

Amaliada Genoa 

Amaliada 

Genoa 732.45 

Measurements Stick height Shadow length 

Amaliada 

h1 = 130 cm l1 = 102 cm 

Genoa 

h2 = 95 cm l2 = 98 cm 

θ

1 

θ

2 

h

1 

l1 

l2 h

2 
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360

360

732.45 360

7.8

33805
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Latitude Measured angle Deviation Measured radius 

Earth radius Error in radius 

Amaliada 37.8o 38.1o 0.3o 

5383 Km 6371 Km 15.5% 

Genoa 44.4o 45.9o 1.5o 

CONCLUSION 
Because the experiment was done at precise the spring 

equinox, the angle that each school should measure, 
corresponds with the actual geographical latitude of each 
city. As it has not been possible to perfectly coincide with 

it, an error has occurred in the measurement of the Earth’s 
radius. 









2ND Junior High School 
 of Amaliada Greece 

Galileo Galilei Technical High 
School of Genova, Italy 



Genova 

Amaliada 



Genova 

Amaliada 





ERASMUS  PORTRAIT SUN STENCIL ART BY STUDENTS  



ERATOSTHENES  PORTRAIT SUN STENCIL ART BY STUDENTS  



We have designed a protractor that 
might suit our measurements and we 

have built it using the 3D printer. 



We have made a 
rehearsal the day 

before to test our tools.  



The day we set our 
meeting with the Greek 
school was a sunny one. 

We have been lucky!  



We made our calculations with just one 
grade difference. But Eratosthenes 

himself wasn’t successful the first time! 



Thanks to our teachers: 
Mr. Giuseppe Canepa 
Mr. Andrea Boccalero 

 

Mr. Corrado Campi 
Mr. Pietro Belmonte 

Ms. Franca Monzeglio 



According to Physics World magazine, the Eratosthenes experiment 
 is one of the 10 most beautiful experiments in the history of Physics. 
 

The list 
 

1. Young’s double slit experiment (1801) 
2. Galileo’s experiment on the free fall of objects (1600) 
3. Millikan’s experiment on the calculation of the charge of the 
electron (1910) 
4. The analysis of sun light into spectrum by Newton (1665-1666) 
5. Young’s experiment on the Interference of light (1801) 
6. Cavendish's torsion-bar experiment (1798) 
7. Eratosthenes' measurement of the Earth's circumference (3rd. 
century B.C.) 
8. Galileo's experiments with rolling balls down inclined planes 
(1600s) 
9. Rutherford's discovery of the nucleus (1911) 
10. Foucault's pendulum (1851) 
 

(New York Times, 25 September 2002) 
 



 
https://pollev.com/AANDREOU019 

Which one of the other " most beautiful experiments in the history of Physics " 
would you like to conduct in collaboration with your Erasmus school partners? 

VOTE IN OUR MINI SURVEY HERE: 

https://pollev.com/AANDREOU019
https://pollev.com/AANDREOU019




The measurement of the Radius of 

the Earth 

 



The meaning of the experiment 

● The Junior High School of Amaliada, the Galileo 

Galilei Gymnasium and the Goethe High School 

of Kassel perform all the same experiment 

● With the results we can calculate the radius of 

the earth 



The measurement 

● Every day at ca. 12:30 CET 

● Accurate calculation of the sun with 

„suncalc.net“ 

● Messuring with a 1m tall piece 

● of wood and a measuring tape 



The calculation 

● To get the result, the length of the shadow is 

divided by the length of the piece of wood 



The results 

● Day 1: 0cm 

● Day 2: 122,7cm 

● Day 3: 119,9cm 

● Day 4: 117,8cm 

● Day 5: 116,4cm 

● The measuring went well, disregarding from the 

first day. 


