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Circumpolar Stars

In this section we learn the method for calculating the rotational period of the Earth.
As well as some useful definitions.

What Is A Circumpolar Star?

Solution: A circumpolar star is a star, as viewed from a given latitude on Earth,
that never sets below the horizon due to its apparent proximity to one of the
celestial poles.

Polaris

Polaris is known as the North Star. It is directly due North to any observer in the
northern hemisphere.

To an observer at the equator, Polaris would appear on the horizon, due north.

Hence, Polaris is also circumpolar.

Polaris, Latitude and Altitude

Remember: Latitude is how far North or South an observer is from the equator.
Altitude of a star is how far above an observers horizon it is in degrees.

It follows that, if Polaris is on the horizon to an observer at the equator and that
Polaris is always due North. The altitude of Polaris above an observers horizon
is equal to the observers latitude .

More On To Circumpolar Stars

We have established that Polaris’ position in the sky is fixed. This means that every
other star in the night sky orbits Polaris. If we take a long exposure photograph of
Polaris we see an image like the one on the title page and figure 1 below. The white
lines are the trails of the stars as they orbit Polaris.

Figure 1 shows that if we draw angles from polaris to any of the star trails they will
all be (roughly) the same size. This is because the orbit of the stars around Polaris is
due to the Earth’s rotation. We can use the exposure time of the photograph and
the size of the angles to calculate how long it takes for the Earth to rotate on it’s axis
once, this is known as a sidereal day.
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Figure 1: Angles drawn between Polaris and the star trails. It is good practice to calculate at least
5 angles.

Example

1. Suppose a student took a long exposure photograph of Polaris and measured 6 star
trails. The exposure on the photograph was 71 minutes 48 seconds and the table of
their results is shown below.

Use this data to calculate the length of a sidereal day.

Angle Of Star Trail (◦)

16

20

19

16

18

19
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Solution:

1. Calculate the mean angle of star trail.

16 + 18 + 19 + 16 + 18 + 19

6
= 18◦

2. Now we calculate what fraction of a circle we have.

18

360
=

1

20

So we have 1
20

th of a circle.

3. So to get a full circle we multiply by 20.

4. 71 minutes 48 seconds = 71.8 minutes

5. 71.8× 20 = 1456 minutes = 23 hours 56 minutes.

Example

2. Suppose a student took a long exposure photograph of Polaris and measured 8 star
trails. The exposure on the photograph was 7 hours 16 minutes 48 seconds and the
table of their results is shown below.

Use this data to calculate the length of a sidereal day.

Angle Of Star Trail (◦)

106

108

109

109

107

106

108

110
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Solution:

1. Calculate the mean angle of star trail.

106 + 108 + 109 + 109 + 107 + 106 + 108 + 110

8
= 108◦

= 108◦ to 2 s.f.

2. Now we calculate what fraction of a circle we have.

108

360
=

3

10

So we have 3
10

th of a circle.

3. So to get a full circle we multiply by 10
3 .

4. 7 hours 16 minutes 48 = 436.8 minutes

5. 436.8× 10
3 = 1456 minutes = 23 hours 56 minutes.
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