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Data Sheet
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� This sheet may be useful for answering some of the questions in the 
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SECTION  A:  NUCLEAR INSTABILITY

Answer all parts of this question.

1 Figure 1 shows a grid of neutron number against proton number.  A nucleus      is marked.

Figure 1

(a) Draw arrows on Figure 1, each starting on  X  and ending on a daughter nucleus after the

following transitions:

(i) β– emission (label this arrow A)

neutron emission (label this arrow B)

electron capture (label this arrow C).

(ii) Give the equation for electron capture by the nucleus   X.

...............................................................................................................................................

(4 marks)
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(b) When     Mg decays to     Al by β– decay, the daughter nucleus is produced in one of two possible

excited states.  These two states are shown in Figure 2 together with their corresponding

energies.

Figure 2

(i) Calculate the maximum possible kinetic energy, in J, which an emitted β– particle can

have.

...................................................................................................................................................

...................................................................................................................................................

(ii) The excited aluminium nuclei emit γ photons.  Calculate each of the three possible γ 
photon energies in J.

...................................................................................................................................................

...................................................................................................................................................

...................................................................................................................................................

(iii) Calculate the frequency of the most energetic γ photon emitted.

...................................................................................................................................................

...................................................................................................................................................

...................................................................................................................................................

(3 marks)
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(c) (i) State and explain two precautions that should be taken when working with a sample of 

Mg in a school laboratory.

You may be awarded marks for the quality of written communication in your answer.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

(ii) Discuss which of the two types of radiation, β– or γ, emitted from a sample of     Mg would

be the more hazardous.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

(3 marks)
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SECTION  B  ASTROPHYSICS

Answer all questions.

2 (a) Draw a ray diagram to show the paths of two rays travelling parallel to the principal axis through

a Cassegrain telescope, as far as the eyepiece.

(3 marks)

(b) With the aid of a ray diagram explain what is meant by spherical aberration when applied to a

concave mirror.

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

(2 marks)

(c) With the aid of a ray diagram explain what is meant by chromatic aberration.

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

(2 marks)
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3 (a) The Sombrero Galaxy is 50 million light years away from the Earth.

(i) Calculate the distance to this galaxy in parsecs.

...............................................................................................................................................

(ii) Use Hubble’s Law to show that this galaxy is receding at 1000 km s–1.

...............................................................................................................................................

...............................................................................................................................................

(iii) One of the lines in the Hydrogen spectrum has a wavelength of 656.3 nm when measured

in a laboratory on Earth.  Calculate the wavelength of the same line in the observed

spectrum of the Sombrero Galaxy.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

(4 marks)

(b) Show how Hubble’s Law can be used to estimate the age of the Universe.  State the assumption

made.

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

(3 marks)
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4 (a) Draw a Hertzsprung-Russell diagram on the axes below.  Label the maximum and minimum

values of both absolute magnitude and temperature on the axes.  Also label the positions of the

main sequence, dwarf stars and giant stars.

(4 marks)

(b) The spectral class of four stars is given in the table.
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The spectrum of each star contains absorption lines.  State what produces the main absorption

lines in each case.

Alnitak

.........................................................................................................................................................

.........................................................................................................................................................

Sirius

.........................................................................................................................................................

.........................................................................................................................................................

Sun

.........................................................................................................................................................

.........................................................................................................................................................

Antares

.........................................................................................................................................................

.........................................................................................................................................................

(2 marks)

(c) Antares and Alnitak have similar absolute magnitudes.  State and explain which of the two has

the larger diameter.

You may be awarded marks for the quality of written communication in your answer.

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

(3 marks)
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5 (a) Betelgeuse is a red supergiant star with a mass approximately ten times greater than that of the

Sun.  Eventually it is quite likely that Betelgeuse will become a supernova, leaving a neutron

star or perhaps a black hole.

State a significant property of a 

(i) supernova,

...............................................................................................................................................

...............................................................................................................................................

(ii) neutron star,

...............................................................................................................................................

...............................................................................................................................................

(iii) black hole.

...............................................................................................................................................

...............................................................................................................................................

(3 marks)

(b) Calculate the Schwarzchild radius for a black hole whose mass is ten times greater than that of

the Sun.

.........................................................................................................................................................

.........................................................................................................................................................

(2 marks)
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2

END  OF QUESTIONS
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