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1. A student takes the following photo of the night sky.

(a) What constellation is shown in the diagram? (1 mark)

Solution: Pegasus (allow Andromeda)

(b) Circle the Andromeda galaxy, label it A. (1 mark)
(c) Circle the star Mirach, label it M. (1 mark)
(d) The student wants to find the constellation of Cassiopeia, where should they look in

relation to the Andromeda galaxy and Mirach? (1 mark)

Solution: Up and to the left twice the distance between mirach and the top left star
of the great square.

(e) Mirach has right ascension 01h 09m 44s and declination 35◦ 37’ 15”.
i. What is meant by declination? (2 marks)

Solution: The angular distance of a point north or south of the celestial equator.
Or, projection of latitude onto the celestial sphere.

ii. What is meant by right ascension? (2 marks)

Solution: The right ascension of a star is the distance east of the First Point of
Aries, measured along the celestial equator and expressed in hours, minutes, and
seconds. Or, projection of longitude onto the celestial sphere.

iii. What is meant by the term ’local meridian’? You may draw a sketch to aid your
answer. (2 marks)

Solution:

Solution: The observer’s local meridian is the great circle that contains their
zenith, nadir and both celestial poles.

iv. What is sidereal time? (2 marks)

Solution: Sidereal time is time as measured by the apparent motion about the
Earth of the distant, so-called fixed, stars

v. When Mirach is on the students meridian, what is the local sidereal time? Justify
your answer. (2 marks)
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Solution: 01:10 (or 01:09:44 or 1:10am or 1:09:44am), local sidereal time is the
same as the right ascension of a star on the observers meridian

2. Thomas notices that it is a full moon.

(a) What tide will it be at this time? (1 mark)

Solution: Spring tide.

(b) Draw diagram of the relative positions of the Sun, Earth and Moon during this time. (1 mark)

Solution: Full moon or new moon drawn.

(c) At what lunar phases are the tides lowest? Explain in terms of gravitational forces why
this occurs. (3 marks)

Solution:

1. First and third quarter. the moon’s and sun’s gravity act perpendicular to each
other.

2. So the resultant/overall combined effect from their gravity is the least.

3. Because forces that act perpendicular to each other have no effect on each other.

(d) How long will it be until the tides are at the same level again? Give your answer to the
nearest day. (1 mark)

Solution: 15

(e) Explain why there is a difference between the lunar cycle and the sidereal month. You
may draw a diagram to aid your answer. (3 marks)

Solution:

Solution: Lunar cycle is time taken for one full set of lunar phases which is 29.5
days, sidereal month is one full orbit of the moon around the Earth, which is 27.3
days. Say we measure the time from one full moon to the next, the moon has orbited
the earth once, it has extra distance to travel before it reaches the full moon phase
again as the earth has moved around the sun in this time.

3. Over time, we can see slightly more than 50% the moon.

(a) What name is given to this effect and how does it occur? (4 marks)

Solution:

1. Libration

2. Moons wagging over time

3. Libration of latitude due to moons orbit at 5◦ tilt.

4. Libration of longitude due to moon elliptical orbit meaning orbital speed changes.

4. (a) Amelia and Josh know they are 400 miles apart. They measure the angle of the shadow
cast by a large shadow stick at exactly the same time on the same day. Amelia measures
the angle of shadow cast by her shadow stick to be at an angle of 71◦, Josh measures the
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angle of the shadow cast by his shadow stick to be 77◦. Using their data, calculate the
circumference of the earth in miles. (4 marks)

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

(b) The equatorial circumference of the earth is 24,900 miles.
i. Calculate the percentage error in Amelia and Josh’s calculation. (2 marks)

Solution: 24,900−24,000
24,900 × 100% = 3.75%

ii. State and explain a reason why their value was an underestimate for the equatorial
circumference. (2 marks)

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

iii. Amelia and Josh live in the UK, they conduct their experiment in June, based on the
shadow lengths, suggest the time of day. Explain your answer. (2 marks)

Solution: Early morning or late evening.

5. Ruth observes Venus at an altitude of 20 degrees above her horizon at 20:00 GMT, just after
sunset.

(a) Draw a diagram representing the relative positions of the Sun, Earth and Venus at this
time. (2 marks)

Solution: Greatest Eastern Elongation drawn.

(b) What is this position called? (1 mark)

Solution: Greatest (eastern) elongation.

(c) Explain why this is the best time to observe Venus. (2 marks)

Solution: angle between earth and Venus is greatest (1 mark) so maximum area
of Venus is illuminated as viewed from earth/ Venus is at its greatest apparition (1
mark)

(d) Polaris is 10◦ north of Venus, calculate Ruth’s latitude. Explain your answer. (1 mark)

Solution: 20+10=30 because the altitude of Polaris is equal to the observers latitude.

(e) Vega has declination 38◦ 47’ 1”. Is Vega circumpolar for Ruth? (2 marks)

Solution: Circumpolar if declination + latitude > 90. 39 + 30 = 69 so not circumpolar.
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(f) What is the phrase given for the maximum altitude a star reaches, at a given latitude, in
the night sky. (1 mark)

Solution: Upper culmination.

(g) State the formula relating the maximum altitude a star reaches, the observers latitude
and the declination of the star. (1 mark)

Solution: Upper culmination = 90 - latitude + declination.

(h) What is the maximum altitude vega will reach at Ruth’s location. (2 marks)

Solution: Upper culmination = 90 - 30 + 38.8 = 98.8 so 90 - 8.8 = 81.2.

(i) What declination must a star have for it’s upper culmination point to be on Ruth’s zenith?(2 marks)

Solution: Upper culmination = 90 - latitude + declination.
0 = 90 - latitude + declination.
So latitude = declination. So 30◦N.

(j) What is the minimum declination a star needs to be circumpolar for Ruth. (2 marks)

Solution: dec + lat > 90
dec + 30 > 90
dec > 60
min dec = 60

6. A student took the following photo of the moon for their aided coursework.

(a) What are the dark patches on the moon? (1 mark)

Solution: Maria (mare, seas).

(b) What name is given to the brighter patches. (1 mark)

Solution: Highlands/terrae

(c) Name the crater seen on the bottom left of the picture. (1 mark)

Solution: Tycho

(d) Circle on the diagram the location of the Appenine mountain range, label it A. (1 mark)

Solution: Just north and slightly east of centre circles.

(e) Name the rightmost dark patch on the moon. Give both the Latin and English name. (2 marks)

Solution: Mare Crisium (sea of crises)

(f) Name the large, left most dark patch slightly above centre. Give both the Latin and
English name. (2 marks)

Solution: Oceanus Procellarum (Ocean of storms).

(g) Circle the Kepler crater, label it K. (1 mark)
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Solution: West most crater circled.

(h) Circle the Copernicus crater, label it C. (1 mark)

Solution: West most crater circled.

7. 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

(a) 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. (3 marks)
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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

(b) The true value for the diameter of the moon is 3500km. Calculate the percentage error. (2 marks)

Solution:

3801− 3500

3500
× 100% = 8.6%
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(c) Explain why the students value is inaccurate. (2 marks)

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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