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Priority Learning

Revision Sheet

Name: Date:

Aims of this revision sheet:

• Learning how to calculate longitude from using a shadow stick and a clock.

• Practicing analysis style exam style questions on this topic.

• Practicing longitude calculations.



Finding Longitude Using a Shadow Stick

In this section we learn how to find longitude using a shadow stick. As well as some
useful definitions.

Definition - Apparent Solar Time

Apparent solar time is the time that is kept with reference to the sun’s position in
the sky. It is based on motion of the Sun and the solar day, the interval between
two successive returns of the Sun to the local meridian. Apparent solar time can be
measured by a sundial.

Definition - Mean Solar Time

Mean solar time is the time kept with respect to the average length of a solar day,
which on average is 24 hours.

The difference between apparent and mean solar time can be over 15 minutes! The
discrepancy between mean solar time and apparent solar time is known as the equation
of time.

Mean solar time at the Royal Greenwich Observatory is known as
Greenwich Mean Time or GMT for short. This is what clocks are based on.

How Many Minutes For One Degree Of Rotation?

• The Earth rotates 360 degrees in 1 day.

• There are approximately 24 hours = 1440 minutes in a day.

• Therefore the Earth rotates 360◦ in 1440 minutes.

360◦ = 1440 minutes
1◦ = 1440÷ 360

1◦ = 4 minutes
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Method

1. Set up your experiment so you will have an equal number of readings before noon
and after noon.

2. Place a long shadow stick in the ground. Note the,

(a) Clock time.

(b) Shadow length.

3. Take readings of the shadow length and clock time every 1 or 2 minutes to ensure
a good accuracy. Make sure all readings are equally spaced apart.

4. Plot your results in a table.

5. The shortest shadow occurs at your local noon.

6. Remember 4 minutes = 1◦ and your longitude is given by

Number of minutes after true (GMT) noon
4

Important Thing To Note

If your noon happened before 12:00 then you are East of the Greenwich Meridian, if it
happened after 12:00 you are West of the Greenwich Meridian.
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The Equation Of Time

The equation of time is a graph showing how apparent solar time differs from mean
solar time over the course of a year. This can be over 15 minutes depending on the

time of year it is.

Figure 1: Equation of time. Graph courtesy of www.desmos.com
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Examples

Below are some examples of exam style questions.

Example

A student obtained the following table of readings from a sundial experiment. They
made the conclusion that they were at 24◦E latitude because their local noon must
have been at 12:06 as the shadow was shortest here.

Clock Time (GMT) Shadoww Length (mm)

11:50 30mm

11:58 29mm

12:06 27mm

12:16 28mm

12:20 29mm

Evaluate the students experiment and conclusion. This question would be worth up to
7 marks in an exam.

Solution:

1. The student did not take an equal amount of readings before and after noon.

2. The readings we not taken at short enough time intervals to get an accurate
reading.

3. The readings were not taken at equal time intervals.

4. The shadow stick was too short, as the shadows cast were so short this
increases the percentage error in the experiment.

5. Noon may have actually occurred any time between 11:58 and 12:16, the time
intervals are too long to tell. More readings would be needed to confidently
come to this conclusion.

6. Even if 12:06 was the true local noon, the student got the calculation wrong.
The earth rotates through 1 degree every four minutes so in 6 minutes the
Earth will have rotated through 6÷4 = 1.5 deg. The student did 6×4 instead
of 6÷ 4.

7. The student said latitude, this experiment gives longitude.

8. They are West of the Greenwich Meridian if their local noon happens after
12:00 GMT, not East.

9. The student did not take the equation of time into account or note the date
they were conducting the experiment.

10. The student has only taken 5 readings, they should take many more (at least
20 to ensure a good degree of accuracy).
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Example

A sailor measures his local mean time to be 12:00. His watch says it is 10:20 Explain
how he can calculate his longitude and show the relevant calculations. This would be
worth 5 marks in an exam.

Solution:

• The Earth rotates 360 degrees in 1 day.

• There are approximately 24 hours = 1440 minutes in a day.

• Therefore the Earth rotates 360◦ in 1440 minutes.

360◦ = 1440 minutes
1◦ = 1440÷ 360

1◦ = 4 minutes

The sailors local mean time is 12:00 so he is 1h40m = 100min ahead of GMT.
From this he knows he must be East of the Greenwich Meridian

100÷ 4 = 25

So his longitude is 25deg East.

Example

Harriet googles her longitude and sees that it is 12.5◦W. She knows all of her garden
has full sunlight for one hour, at what time interval of the day (in GMT) does her
garden have full sunlight? In an exam this would probably be worth 3 marks.

Solution: We know that 1◦ = 4min. So 12.5 degrees = 50 minutes. She is West
so her noon happens after GMT noon, so her noon happens at 12:50GMT. If her
garden is in full sunlight for an hour then it occurs half an hour each side of local
noon. So 12:20-13:20.
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