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Aims of this revision sheet:

• Learning Eratosthenes’s’ method for calculating the circumference of the earth.

• Applying the same logic to other possible exam questions.
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Erastothenes’ Method

1. At 12 noon, he knew the sun was directly overhead in Cyrene as it was the summer
solstice. So no shadow was cast here.

2. At the same time he measured the angle of the shadow produced in Alexandria
in Egypt. He measured this angle to be 7.2 degrees.

3. He also knew that the distance from Alexendria to Cyrene was 5000 stadia (an
ancient unit of measurement) 5000 = 800km.

4. Difference in angle for a distance of 800km is 7.2 degrees.

5.

7.2

360
=

1

50

6. So he knew that 5000 stadia (800km) was 1/50th of the circumference of the
Earth. So to get the full circumference, we multiply by 50.

5000× 50 = 250, 000 stadia
800× 50 = 40, 000km

Example

1. (a) Alice and Brendan know they are 300 miles apart. They measure the angle of the
shadow cast by a large shadow stick at exactly the same time on the same day.
Alice measures the angle of shadow cast by her shadow stick to be at an angle
of 30◦, Brendan measures the angle of the shadow cast by his shadow stick to be
34.5◦. Using their data, calculate the circumference and diameter of the earth in
miles.

Solution:

Difference in shadow lengths = 4.5◦

4.5

360
=

1

80

So we have 1/80 of the circumference. So we need to multiply 300 miles by 80
to get the full circumference

300× 80 = 24, 000 miles

C = πd

d =
C

π
d =

(b) The equatorial circumference of the earth is 24,900 miles.

i. Calculate the percentage error in Alice and Brendan’s calculation.
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Solution: 24,900−24,000
24,900 × 100% = 3.75%

ii. Give a reason why their value was an underestimate for the equatorial
circumference.

Solution: They may have been slightly north/south of each other so it
wasn’t the equatorial circumference they were measuring.

Example

2. (a) Alice and Brendan know they are 1150km apart. They measure the angle of the
shadow cast by a large shadow stick at noon on the same day. Alice measures
the angle of shadow cast by her shadow stick to be at an angle of 3◦E, Brendan
measures the angle of the shadow cast by his shadow stick to be 7.8◦W. Using
their data, calculate the circumference of the earth in km.

Solution: Note that Alice’s shadow is pointing East and Brendan’s is pointing
West.

Difference in shadow lengths = 3◦ − (−7.8◦)

= 10.8◦
10.8

360
=

3

100

So we have 3/100 of the circumference. So we need to multiply 1150km by
100/3 to get the full circumference

1150× 100

3
= 38, 333 km

(b) The equatorial circumference of the earth is 40,075.

i. Calculate the percentage error in Alice and Brendan’s calculation.

Solution: 40,075−38,333
40,075 × 100% = 4.35%

ii. Give a reason why their value was an underestimate for the equatorial
circumference.

Solution: They may have been slightly north/south of each other so it
wasn’t the equatorial circumference they were measuring.
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