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Aims of this revision sheet:

• Learning how to calculate an approximation for the diameter of the moon using
a lunar eclipse.



Finding The Diameter Of The Moon Using Total Lunar Eclipse

In this section we learn the method for calculating the diameter and hence
circumference of the moon. As well as some useful definitions.

Definition - Umbra

The innermost and darkest part of a shadow cast by a celestial body, where the light
from the sun is completely blocked by the occluding body. An observer in the umbra
experiences a total eclipse.

Definition - Penumbra

The outer part of the cone shaped (conical) shadow cast by a celestial body where the
light from the Sun is partially blocked.

Calculating The Diameter Of Earth

Using Eratosthene’s calculation for the circumference of the Earth, 40,000km:

c = πd

40, 000 = πd

d =
40, 000

π
≈ 12732km
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Aristarchus’s Method

• He measured how long it took for the moon to move 1 moon diameter across the
sky, which was 1 hour.

• He hypothesised that the sun’s light reaches us in perfectly parallel lines, which
is a reasonable hypothesis for an approximate calculation.

• This implies that the shadow cast by the Earth during a total lunar eclipse is
equal to one Earth diameter.

• So then he measured the time it took for a total lunar eclipse, more specifically,
the umbral shadow cast by the earth.

• Time taken for the umbral transversal was 2.6 hours.

• Using the directly proportional relationship between distance and time (distance
= speed x time)

time taken for 1 lunar diameter
time taken for 1 earth diameter

=
distance of 1 lunar diameter
distance of 1 earth diameter

Substituting in our known values we obtain,

distance of 1 lunar diameter
12, 732

=
1

2.6

This gives a lunar diameter of around 4900km

The true value is around 3500km. Which is not bad considering the lack of
technology he had

The reason for the estimate is the shadow cast by the Earth is a cone shape so
is less than 1 Earth diameter, which leads to an overestimate for the diameter of
the moon.

Percentage Error

Percentage error tells us how accurate our result is relative to the true value of the
experiment. It is calculated using the formula,

Percentage Error =
Difference between experimental value and true value

true value
× 100%

So for our calculation above,

Percentage Error =
4900− 3500

3500
= 40%
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Examples

Below are some examples of exam style questions.

Example

A student viewed a total lunar eclipse for their astronomy coursework. They obtained
the following table of results.

Umbral Contact Time

First 12:43

Second 14:06

Third 17:21

Fourth 18:46

They know that the circumference of the Earth is 40,000km. Explain how they can
calculate the diameter of the moon from the data they have gathered.

Solution: First we calculate the diameter of the Earth,

c = πd

40, 000 = πd

d =
40, 000

π
≈ 12732km

Now we use the fact that the moon travels approximately 1 moon diameter in
the time taken between the first and second umbral contacts. And it travels
approximately 1 earth diameter in the time taken between the first and third
umbral contacts. We also use the directly proportional relationship between time
and distance travelled.

First to second umbral contact is 83 minutes, first to third is 278 minutes.

time taken for 1 lunar diameter
time taken for 1 earth diameter

=
distance of 1 lunar diameter
distance of 1 earth diameter

Substituting in our known values we obtain,

distance of 1 lunar diameter
12, 732

=
83

278

distance of 1 lunar diameter =
83

278
× 12, 732

This gives a lunar diameter of 3801km

The true value for the diameter of the moon is 3500km. Calculate the percentage error.
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Solution:

3801− 3500

3500
× 100% = 8.6%

Explain why the students value is inaccurate.

Solution:

1. The umbral shadow is less than an Earth diameter wide because it is conic
(cone shaped) this results in the value being an overestimate as the student
calculated the moon moving more distance than it actually did.

2. Looking at the sun is difficult because it is so bright. This means the students
time for the first umbral contact may have been later than the true time.
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