Measure the Earth with
your Students

Eratosthenes Experiment
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Eratosthenes Experiment

Multidisciplinary Project
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Eratosthenes Experiment

Multidisciplinary Project

* Real data collection
* Reproduce famous science experiment

* International project with possibility to
collaborate with another school to get results
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The Genius of Eratosthenes
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Eratosthenes Experiment

Eratosthenes

* Greek astronomer,
geographer, mathematician,
philosopher...

* Lived from 276 BC to 194 BC

* Chief librarian of the Library
of Alexandria

* With simple observations
and geometry, he measured
the size of the Earth to
amazing accuracy.
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Eratosthenes Experiment

Eratosthenes’ Observations

Jerusalem®

At the summer solstice at the
time of local noon,

* objects form a small
shadow in Alexandria;

*the Sun is directly
overheard in Syene and
lights the bottoms of wells
(the Sun is at the zenith and
there are no shadows)

Israel
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Eratosthenes Experiment

Differences in Shadows in Two Locations

Credit: ASTROLab du Mont-Megantic
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Eratosthenes Experiment

Differences in Shadows in Two Locations

Credit: ASTROLab du Mont-Megantic
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Eratosthenes Experiment

Eratosthenes’ Observations

Eratosthenes measured this
angle to be 7.2°. Thlé represents
1/50 of a full circle (360°). He also
knew the distance between

was about 5000 stadia®.

* Ancient unit of distance,
equivalent to about 160 metres.

Credit: ASTROLab du Mont-Megantic
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Eratosthenes Experiment

Eratosthenes’ Observations

-~

If the distance between - _Calculation:
Alexandria and Sy//e,r;{é ‘ ' 72 5000
represents 1/50 of the total — %

360 \ ?

circumference, t

| N

C =50 x 5000 stadia The circumference of the
= 250,000 stadia or about Earth at the equator is

40,000 km 40,075 km.

A V.
Credit: ASTROLab du Mont-Megantic
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The Experiment
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Eratosthenes Experiment

Conditions

*We need two observations from different
locations, on the same day.

* Take the measurement when the Sun is at its
highest point in the sky (local noon).

* The locations need to be at the same
longitude (north-south line), as much as
possible, and far from each other.

+*
@ DISCOVER THe UniveRse



Eratosthenes Experiment

Steps

1. Find the time of local noon on the equinaxC_ o)
(March 21 or Sept.23) at your loc Use “\eeet f you

the Sun will be at its highest poir. spfeadsh s math!
2. Measure the shadow of a <“.ck at .aic.
3. Calculate the angle formed by the shadr w.

4. Collaborate with another school at a si' iilar
longitude OR use the data for a virtual school
on the equator (angle = 0°).

5. Calculate the circumference of the Earth.
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Eratosthenes Experiment

1. Find the time of your local noon

We want to take the measurement when the Sun is at
its highest point in the sky during the day. This is not

at noon exactly (reasons: daylight time, position in time zone,
time of the year...)

Sky at noon on
September 23, 2019,
from Thetford Mines,
QC.

Credit: Stellarium
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Eratosthenes Experiment

1. Find the time of your local noon

Move the

red

marker "

Milwaukee Grand f pich

'hicaqo

Location:

,D-:n ©

Latitude: Longitude:

46.0513¢

Save Location

Result

Equation of Time
(minutes):

-7.04

-71.3804

Ottawa Montreal

Toronto

Buffal
X Albany
‘ n

Providence

’ew York

Time Zone:
-5

@ DST?
Local Time:

23 1 26

Solar Declination ife Solar Noon

(in°):

0.48

(hh:mm:ss):
12:52:42

Show Sunrise
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Halifax

Leaflet | Powered by Esri | Esri, HERE, Garmin, NG

Use Current Time

Apparent Sunset Az/El (in °) at
(hh:mm): Local Time:

18:59 dark dark

Show Sunset


http://www.esrl.noaa.gov/gmd/grad/solcalc/

Eratosthenes Experiment

1. Find the time of your local noon

Use Stellarium http://www.stellarium.org/ or https://stellarium-web.org/

Type: star

Magnitude: -26.75 (reduced to -26.56 by 1.43 Airmasses)

Absolute Magnitude: 4.83

RNDec ()2000.0): 0h01m54.07s/+0°12'15.3"
0h02m54.15s/+0°18'46.8"

- 44°14' 11.0' (apparent)
'/ 60°11 il 3"

Ecl long./lat. (on date) +0°47" 24 8"/-0°00" 05 1
Ecliptic obliquity (on date): +23°26'09.5"

Mean Sidereal Time: 0h03m00.8s

Apparent Sidereal Time: 0h02m59.8s

Rise: 6hdsm Find the time when the Sun will

Set: 18h59m

n
Daytime: 12h14m h th f 1 80 o
IAU Constellation: Psc ave a n aZI m u o u
Distance: 0.996 AU (149.009 M km)
Equatorial rotation velocity: 1.856 km/s
Apparent diameter: +0°32'06.86"
Diameter: 1392000.0 km
Sidereal period: 1.00 days (0.003 a)
Sidereal day: 654h36m36.1s

Julian Day

Credit: Stellarium
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http://www.stellarium.org/
https://stellarium-web.org/

Eratosthenes Experiment

2. Measure the shadow of a stick

At the time of local noon on March 21, measure the
shadow of a stick (suggestion: 1m ruler, placed
perpendicular to the ground).

And take pictures
for the contest!

http://eratosthenes.ea.qr/

content/photo-contest-
2019

ey

Credit: Eratosthenes Experiment
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http://eratosthenes.ea.gr/content/photo-contest-2019

Eratosthenes Experiment

3. Calculate the angle formed by the shadow

Using simple trigonometry, calculate the angle.

opposite S
tan 0 = _ = —
adjacent H

S

0 = arctan —
H

Credit: Eratosthenes Experiment
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Eratosthenes Experiment

4. Use the measurement from another location

Now that you have the angle for your location, you
need to know the angle from another location.

Two options:

* Cratosthenes Experiment — match your school with
another one with a similar longitude

* Use the value for a virtual school on the equator.
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http://eratosthenes.ea.gr/

Eratosthenes Experiment

Why do the experiment at the equinox?

At the equinox, the Sun is directly over the equator.
For a virtual school on the equator, the measurement
would be 0°.

Earth Axis

Arctic Circle

You can use this
sl value if you are
not matched with
any school.

Equator

Tropic of Capricorn

Antarctic Circle

Credit: Wikipedia
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Eratosthenes Experiment

4. Collaborate with another school

You need to know the distance between the two
schools, or between your school and the equator.

National Geographic MapMaker

NATIONAL GEOGRAPHIC MapMaker Interactive
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http://mapmaker.nationalgeographic.org/

Eratosthenes Experiment

4. Collaborate with another school

You need to know the distance between the two
schools, or between your school and the equator.

Google Earth

0
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https://www.google.com/earth/

Eratosthenes Experiment

5. Calculate the circumference of the Earth

Compare the arc of the circle with the full
circumference:

0 — 0, distance between two schools

360 circumference C

Sunlight

360 x distance
0y — 0,

Center
of Earth

Credit: Eratosthenes Experiment
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Eratosthenes Experiment

5. Calculate the circumference using the equator

Use the equator for the second school (angle of 0):

0 distance between school and equator

360 circumference C

360 X distance
0
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Eratosthenes Experiment

Excel spreadsheet

B C D E F

Eratosthenes Experiment

Instructions

You need to enter your data in the yellow boxes. The calculated values will appear automatically in the blue boxes.

To calculate angle

Height of stick: cm
Length of shadow: cm

Angle: #DIV/0! degrees

To calculate circumference with data from another school
Both schools in the same hemisphere (both in northern hemisphere or both in southern hemisphere)

Angle of school A degrees
Angle of school B degrees

Distance between the two schools: ': km
Circumference:[ #DIV/O! |[km
Error percentage with scientific value of 40,075 km: #DIV/0!

To calculate circumference with data from equator

Angle (as calculated above): #DIV/O! |degrees
Distance between your school and eguator: km

Circumference: [ #DIV/O! |km
Error percentage with scientific value of 40,075 km: #DIV/0!

Rad
Q DISCOVER THe UniveRse

Schools in different hemisphere (N and S)
Angle of school A degrees
Angle of school B degrees

Distance between the two schools: I:]km
Circumference:[ #DI\V/O! |[km

Error percentage with scientific value of 40,075 km:




Eratosthenes Experiment

Excel spreadsheet - my values

B C D E F G H | J

Eratosthenes Experiment

Instructions

You need to enter your data in the yellow boxes. The calculated values will appear automatically in the blue boxes.

To calculate angle

Height of stick: 100|cm
Length of shadow: 103|cm

Angle: [T 45 8] degrees

W N OODU;E WN -

To calculate circumference with data from another school
Both schools in the same hemisphere (both in northern hemisphere or both in southern hemisphere) Schools in different hemisphere (N and S)

Angle of school A 4.2 |degrees Angle of school A degrees
Angle of school B 45 .8|degrees Angle of school B degrees

Distance between the two schools: 4619 km Distance between the two schools: :] km
Circumference: _ km Circumference:[ #DIV/O! |km

Error percentage with scientific value of 40,075 km: Error percentage with scientific value of 40,075 km:

To calculate circumference with data from equator

Angle (as calculated above): 45 .8|degrees
Distance between your school and equator: 5127 (km

Circumference: _ km

Error percentage with scientific value of 40,075 km:
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International Collaboration
- Eratosthenes Experiment -
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Eratosthenes Experiment

Eratosthenes Experiment

http://leratosthenes.ea.qr
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http://eratosthenes.ea.gr/

Eratosthenes Experiment

Eratosthenes Experiment
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Eratosthenes Experiment

Resources

* More from the Eratosthenes Experiment

* Season simulator- Khan Academy

* Sunray simulator — overdhe year (requires Flash)

*Sun’s apparent motion Simulator (requires Flash)

*Video from Cosmos (Carl Sagan)
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http://eratosthenes.ea.gr/content/links
https://www.khanacademy.org/science/cosmology-and-astronomy/earth-history-topic/earth-title-topic/pi/season-simulator
http://astro.unl.edu/classaction/animations/coordsmotion/sunsrays.html
http://astro.unl.edu/naap/motion3/animations/sunmotions.html
https://youtu.be/G8cbIWMv0rI

THANK YOU

Questions?
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