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EXAMINATION FOR THE DEGREES OF M.A., B.Sc.(SCIENCE) AND M.Sci.
Astronomy 1 Paper 1
14:00 - 15:30, Monday, May 11 2009

Instructions:

e All candidates must answer ONE question from Section A, ONE question from Section
B and ONE question from Section C.

p=

)
¢ Answer each section in a separate booklet. ——(g}(‘)

e Marks available for each question, or part of a question, are indicated in square
brackets.

e The time allowed for the whole paper is 90 minutes.

e You must not leave the examination room in the first 30 minutes and not within the last
15 minutes of the examination.
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Reference Data

Speed of light in vacuum c 299 792 458 ms™
Newtonian constant of gravitation G 6:673(10)x10" "' m’kg ™' s7?
Planck constant h 6:626 068 76(52)x10™>*Js
Boltzmann constant ka 1.380 650 3(24) x 102 JK
Stefan-Boltzmann constant o 5.670 400(40) x10® W m2K*
Rydberg constant R. 10 973 731.568 549(83) m ™
Avogadro constant Na 6.022 141 99(47) x10% mol!
Molar gas constant R 8.314 472(15) J mol* K™
Proton mass mp 1.672 621 58(13) x 10?7 kg
Electron mass Me 9.109 381 88(72) x10%'kg
Elementary charge e 1.602 176 462(63) x10'°C
Electron volt eV 1.602 176 462(63)x107°J
Astronomical unit AU 1.495 979 870 691(30) x10'' m
Parsec pc 3.085 680 25x10"°m

Light year lyr 9.4605284 x 10" m

Solar mass Mo 1,988 92 x 10 kg

Solar equatorial radius Re 6.955 08(26) x 10%m

Solar luminosity Lo 3.839(5) x10° W

Earth mass Mo 5974 2 x10* kg

Earth equatorial radius Re 6.378 14x10°m

Obliquity of the ecliptic € 23° 26

Continued Overleaf
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C1 SECTIONC (17 marks)

a) Draw a labelled diagram showing the elliptical path of a small satellite orbiting the Earth.
On the diagram, identify clearly the semi-major and semi-minor axes of the orbit (a and &

respectively), the position of the centre of the Earth, the radius of the Earth (r;) and the

apogee and perigee points. Also, identify the eccentricity of the ellipse as a length ae on the
diagram.

[4]

b) State Kepler's third law of planetary motion, and use it to deduce that the semi-major
axis of the satellite’s orbit is related to its orbital period, 7, by

where G is the universal constant of gravitation and M is the mass of the Earth.

(3]

c) In November 2008, an astronaut working on the International Space Station (ISS) lost
her grip on a tool bag, which now freely orbits the Earth 15.77 times a day in an orbit of

eccentricity 2.049x10™*. Determine the semi-major axis of this orbit, and the apogee and
perigee altitudes above the Earth’s surface.
(6]

d) The ISS has an orbital period of 91.67 minutes. Neglecting orbital decay, approximately
when will the tool bag be once again within a few kilometres of ISS?
[4]

Total marks [17]
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Cc.2 SECTIONC (17 marks)

a) By considering the total energy of the orbiting body, show that the speed v of a planet
orbiting a star of mass A at a distance r obeys

vir) = [GM(% . c)]m ,

where C is a constant of the orbit.

[3]

b) Ingeneral, C =-1/a, where a is the semi-major axis of the orbit. Verify that this is true
for a circular orbit.

[2]

c) Many stars go through a nova phase, in which they throw off a significant amount of their
mass on a short timescale. Assuming the Earth has a circular orbit of radius r, about the

Sun, show that if the Sun's original mass, M, , is reduced to (1-f)M,, the Earth would
enter an elliptical orbit of semi-major axis

1-f

a=
1-2f

5.
(6]

d) Explain what happens if £ > 0.5.
[2]

e) Assuming Mars is originally in a circular coplanar orbit of radius r,,, show there is a
possibility of collision with the Earth if
Fom=—r
20y

[4]
Total marks [17]

End of question paper
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