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1. Amongst all that you see in the night sky, there exist a variety of stars. Yet, it is thought that all stars
originate from clouds of dust and gas. Understanding how stars are formed and how they evolve is an
important aspect of our understanding of the universe.
Total for Question 1: 12
(a) A protostar is an extremely hot, dense sphere of dust and gas. Why don’t all protostars evolve to
form stars?

[2]

Solution: Nuclear fusion must take place.
Extremely high temperatures and pressures are required to overcome the electrostatic repulsion
between hydrogen nuclei. In some cases, when sufficient mass is added to the protostar, its core
may become sufficiently hot for the KE of the nuclei to overcome this repulsion. This results
in fusion and the formation of a main sequence star.
(b) The majority of most stars’ lives are spent in the main sequence phase. During this time they are
stable and maintain an approximately constant size. Therefore, since gravitational forces act to
compress the star, other forces must resist this compression. What are they and what is responsible
for them?

[2]

Solution:
1/ Gas pressure; nuclei in the core.
2/ Radiation pressure; photons emitted during fusion.
(c) Electron degeneracy pressure prevents the gravitational collapse of white dwarfs if their masses are
less than the Chandrasekhar limit.
i. What is the origin of the electron degeneracy pressure?
Solution: The Pauli exclusion principle states that two electrons cannot exist in the same
energy state. When the core of a star begins to collapse, matter is compressed into a small
volume. This forces electrons into close proximity - something that is resisted (because of
the Pauli principle) and that results in an outward pressure.
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ii. Briefly describe the possible fates of stars whose masses exceed the limit.

[2]

Solution: Red supergiant forms with concentric shells that fuse higher mass elements in
their centres. This continues until a solid iron core is formed, at which point the star is
destabilised. The result is a supernova. The remnant core collapses to form either a neutron
star (if the core mass exceeds 2M ) or a black hole (if the core mass exceeds 3M ).
(d) A Hertzsprung-Russell diagram is a graph showing the relationship between stellar luminosity and
temperature.
i. Explain why, when a red giant becomes a white dwarf, it moves towards the lower left of the
diagram.

[2]

Solution: The fusing shell of a red giant drifts off to form planetary nebula. This leaves
behind the very hot core - a white dwarf. Since this core is hotter than the shell (which
has been cooling), the star moves left on the diagram.
Its luminosity decreases because the only emission of energy is because of photons formed
in earlier stages of evolution.
ii. Black holes are not usually plotted on Hertzsprung-Russell diagrams. Explain why this is the
case.
Solution: Black holes emit no light since photons cannot have a velocity greater than the
escape velocity of a black hole (speed of light). Therefore they would plot off the bottom
of the scale, at approximately L=0.
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2. The Sirius system is the brightest star system visible in the night sky. Sirius B is a white dwarf with a
luminosity of only 0.056 L and a peak spectral wavelength of λmax = 1.2 × 10−7 m. In contrast, the
red supergiant Betelgeuse has a peak wavelength of λmax = 8.5 × 10−7 m and a surface temperature of
3400 K. The luminosity of our sun (L ) is 3.85 × 1026 W.
Total for Question 2: 10
(a) Define the term black body.

[1]

Solution: A black body is an idealised object that absorbs all EM radiation that shines onto
it and emits a characteristic distribution of wavelengths at a specified temperature.
(b) The wavelength of a light source, such as a star, can be calculated experimentally using a diffraction
grating. Outline how you would do this, taking care to include details of the experimental setup,
any measurements that must be taken and any calculations required.
Solution: Shine coherent monochromatic light through the grating onto a screen.
Measure the angle between bright fringes (numbered n, from centre outwards) and the central
maximum
Plot sin θ against n
Gradient will be λ/d since nλ = d sin θ; λ is equal to the gradient times the slit spacing.
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(c) Arnav is asked to calculate the wavelength of starlight from Zeta. He measures the angle between
the beam and the eighth-order maximum as 0.14◦ and uses a grating with a slit spacing of 1 mm.
What is the wavelength of the light used?

[2]

Solution: 310 nm
(d) Using a combination of Wien’s displacement law and Stefan’s law, calculate the radius of Sirius B.
Solution: 9500 km
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3.

Total for Question 3: 8
(a) Define, in words, the units AU and ly.

[2]

Solution: AU: average distance from the earth to the sun.
ly: the distance travelled by light in a vacuum in one year.
(b) Show that 1 pc=3.1 × 1016 m. One astronomical unit is equivalent to 1.5 × 1011 m.

[2]

Solution: 1 pc is the distance at which a radius of 1 AU subtends an angle of 1 arcsecond
(1/3600◦ ).
1.5×1011
16
Therefore, by trigonometry: tan(1arcsecond) = AU
m
pc → 1 pc = tan( 1 ) = 3.1 × 10
3600

(c) Calculate the distance to a star whose parallax angle measures 0.30 arcseconds. Give your answer
in AU, ly and pc.
Solution: 3.33 pc = 10.9 ly = 689 kAU
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(d) Why is the parallax method for determining astronomical distances limited to approximately 100 pc?

Solution: For distances greater than 100 pc, the angle becomes too small to measure accurately.
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