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GOSTEAM Hands-on Activity Template (Informal)

Title:
The measurement of the earth's radius with the method of
Eratosthenes

Short Description (Max 500 words):

This scenario is based on the method devised more than two thousand years ago by
Eratosthenes and involves two groups who, at the same time, in two different cities that
are approximately on the same meridian, at least 200 km apart, measure the length of a
gnomon's shadow and exchange the results. By exchanging information on social media,
communication can take place "live" and be more engaging. The web can be used several
times and in a diversified manner during the activity, to get to know the other group, to
agree on the operations to be done, to take information relating to the difference in
latitude, to process and interpret experimental data, etc.

Keywords (Up to 5):

Information about the Implementation
9-12 12-15 15-18 18+
Age and language of the students:

Language: I:l I:I I:l

Number of Lessons — Duration (per lesson):
Number of Lessons: | 1 | Duration per Lesson: | 1:00-1:30h |

Subjects:
For which subject(s) the activity is usable, is it an interdisciplinary activity?

Science

Physics [ | Chemistry | | Biology [ | Geosciences Environmental || Other [ |
Technology | |

Engineering | |

Arts [ ]
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Mathematics

Information about the Scenario

Curriculum and country:

Link to the curriculum of the current activity:

Country: ‘ ] Class: ] ‘ Grade:

Topic: ] ‘

Objectives (Max 100 words):

Description of the learning objectives

Materials (Max 100 words):

Which resources and materials (software, hardware) are needed?

e two and three meters long a stick (gnomon) to be placed vertically on the ground between

e a GPS device (the one of a smartphone works fine)

e Google Earth Pro

e Asocial media like Whatsapp or Tweet and a videoconferencing software like Google Meet or
Microsoft Teams

Spatial concepts, skills and abilities:
Which spatial concepts and skills are covered by the activity?

Spatial concepts:
Primitives: Identity/Name I:l Location Space/Time D
Simple: Distance I:l Direction |:| Connectivity D Movement I:l
Boundary I:l Shape/Area |:| Adjacency D
Difficult: Overlay I:l Buffer |:| Topology D Coordinate
Map Scale |:| Shortest Path D Navigation D
Surface I:l Slope/Gradient |:| Aspect D Contour D

Complex: Interpolation I:l Map Projection |:| Spatial Dependency

Other: ‘

Spatial skills:

Map literacy
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Navigation/orientation

Estimating distances and directions

|:| Recognizing and understanding patterns/Understand and identify models of spatial
organization

|:| Select an ideal location based on the given spatial features

|:| Visualization

|:| Understand and identify spatial correlations/ dependencies

|:| Categorize spatial entities/ geographic features and identify hierarchies
I:I Compare spatial entities and draw analogies among them
Identify/determine connections/relations

I:I Understanding scale in space and time

|:| Delineation of spatial regions/ zones based on given features/ properties

Short Description

Navigation/orientation: Finding one’s way in unfamiliar environments, interpreting and
giving walking and driving directions.

Estimating distances and directions: Measure paths, weighted distances, angles.

Map literacy: Using, interpreting/understanding, learning from, and communicating
acquired spatial knowledge from maps, comprehension of geographic features represented
as points, lines, or polygons.

Recognizing and understanding patterns/Understand and identify models of spatial
organization. Delineation of spatial regions/zones based on given features/properties:
Regionalization processes, pattern recognition and clustering identification in the 2d and/or
the 3d world.

Select an ideal location based on the given spatial features: Single or multi-criteria siting and
optimal areas identification.

Visualization: Visualizing spatial entities from written/oral verbal descriptions, from their 2d
or graphical representations or through mental transformations; such as axis rotation or
perspective taking.

Understand and identify spatial correlations/ dependencies: The ability to realize, identify
and explain patterns, clusters and relevant spatial dependencies.

Categorize spatial entities/geographic features and identify hierarchies: Identify the
hierarchical form of data and gradients between spatial entities.

Compare spatial entities and draw analogies among them: Calculate and compare different
geometric objects’ shapes, area and, boundaries.

Identify/determine connections/relations: The ability to identify links and common
characteristics among spatial entities and between humans and spatial entities.
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Understanding scale in space and time: The understanding of changes/transitions through
space and time for different spatio-temporal scales.
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Geospatial concepts and spatial abilities documentation (see Section 3.2):
http://www.gosteam.eu/wp-content/uploads/2021/05/GOSTEAM 101 Al final.pdf

Description of the activity in detail

Educational Purpose:
This item is focused on the specific topic addressed in the activity

Cross-cutting objectives:

This interdisciplinary scenario (trigonometry, astronomy, cartography, etc.) reproduces the method to
measure the Earth’s radius ideated by Eratosthenes more than 2.000 years ago. It involves two classes
in two different places at least 200 km far each other, and approximatively laying on the same
meridian. Each group measures the length of the shadow of a vertical stick named gnomon and
exchange the result with the other group.

From the length of the shadow of the gnomon is possible to determine the height of the Sun in the
two different places; they can determine the angle of incidence of the solar rays in the two places and
then the angle at the centre of the Earth

Previous knowledge of the participants:

e Euclidean geometry (similarities between angles)
e Trigonometric expressions (in particular the concept of arctangent)
e Notions of general geography (meaning and use of geographic coordinates)

Tools and materials:

Useful tips

Which gnomon? As a gnomon we can use whatever "salvage" pole we can find (pipes, wooden slats,
road sign supports - they can be bought and are resistant - etc). the important thing is that they are as
straight as possible.

Height of the gnomon

The ideal measurement of the height of the gnomon is - according to our experience - between two
and three meters: a longer gnomon oscillates, resulting in a further source of error, if instead it is too
short the inaccuracy in the measurement of the shadow becomes unacceptable the gnomon must be
positioned so that to the south of it (the area where the shadow is cast around noon) there is free
space and above all as flat as possible to allow you to measure the length easily and with the greatest
possible accuracy of the shadow!

Abstract, description:

Proceedings, description:

The sphericity of the Earth was known to the ancients, certainly to Pythagoras and Aristotle.
The Alexandrian scientist Eratosthenes (about 250 BC) even measured its radius. At that
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time it was believed that Alexandria and Siene (today Aswan) were on the same meridian
(today we know that Aswan is a little further east of Alexandria). Eratosthenes observed that
in Siene on June 26, at noon, the Sun was at its zenith, while at the same time in Alexandria
the rays of the Sun formed an angle of 7 ° 12 'with the perpendicular. But this is also the
angle in the center of the Earth that subtends the meridian arc that unites the two cities.
And the distance between the two cities was known. By definition, in a circumference, the
ratio between the arc and the angle (expressed in radians) is equal to the radius. Thanks to
these considerations Eratosthenes was able to estimate the length of the earth's radius, with
an error of only 2% compared to current estimates. Subsequently another Greek scholar,
Posidonius, estimated the terrestrial radius - obtaining a lower value - by measuring the
maximum height on the horizon of the star Canopus from two locations at different
latitudes. These measurements were then taken up by the Roman Strabo. The
considerations and calculations shown by Christopher Columbus to Queen Isabella were
based on the values measured by the ancients (in particular also by Ptolemy) to support the
thesis of the possibility of reaching the Indies by traveling west. Fortunately, the estimates
used by Columbus were at fault! The experts called by King Frederick, who had made the
calculations based on the value of the radius determined by Eratosthenes, closer to the
truth, had "rejected" Columbus's proposal, considering it an impossible mission!

The scenario begins by analyzing the measurement method. The figure shows the meridian
passing through the two cities A and B having the same longitude. At the same instant (in
the figure the true local noon is represented) the solar rays, which arrive parallel to the
Earth, form different angles (a and b) with the perpendiculars in A and B.

Raggisolari

In each of the two cities, known the length m of each gnomon, by measuring the length / of
its shadow, we can determine the angle of incidence of the sun's rays - equal to arctg (m/l)
(see figure).

The information is exchanged between the two groups of participants and from the
difference between o and 3 we can determine the angle in the center y.
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Sun rays

Local otizon

The angle in the centre y allows us to derive the radius of the Earth from the proportion:
AB: circumference =y: 2m.

The distance AB is that between the two cities and can be obtained from tables in literature,
measured on the map with the ruler or, better, determined on Google Earth PRO by
reporting two "Placemarks" with latitudes corresponding to those of the two measurement
sites but which have the same longitude. The distance can then be measured with great
precision using the “Line” option of the “Ruler” function from the “Tools” menu.

The difference between the two latitude values will give us the orthodromic distance AB,
and therefore angular y, necessary to determine the length of the entire circumference of
the earth and therefore the corresponding radius.

Distance between the two measurement sites

For example, Italy is very large in latitude but less so in longitude, therefore two schools
located anywhere in that same country could be fine as long as they are at least two hundred
kilometers away from each other in a north-south direction

Usually it is quite difficult find two carry out the measure in two place laying on the same
meridian. For instance, if one class is in Naples (14° 15’ E) and the other in Florence (11° 15’
E), the difference in longitud is 3° 1’

To get around the problem we can determine the right length of the shadows of the gnomons
although the two sites are located at slightly different longitudes, is to trace on the floor the
path taken by the tip of the shadow during an interval time of about an hour close to
astronomical noon. This path will take the form of a curve with a different shape in relation to
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the period of the year in which the measurement is made. In any case, the length of the
shadow with the Sun at the zenith will correspond to the vertex of the traced curve.

Sustainable contact

Luigi Cerri, cerri@cittadellascienza.it

References (if any):

Assessment (if any):
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