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! Fill in the boxes at the top of this page.
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! Answer the questions in the spaces provided.
! Show all your working.
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Information
! The maximum mark for this paper is 40.  
! Two of these marks will be awarded for using good English,

organising information clearly and using specialist vocabulary where
appropriate.

! The marks for questions are shown in brackets.
! A Data Sheet is provided on pages 3 and 4.  You may wish to detach

this perforated sheet at the start of the examination.
! You are expected to use a calculator where appropriate.
! Questions 1(a) and 3(a) should be answered in continuous prose.  In

these questions you will be marked on your ability to use good
English, to organise information clearly and to use specialist
vocabulary where appropriate.
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Data Sheet

! A perforated Data Sheet is provided as pages 3 and 4 of this
question paper.

! This sheet may be useful for answering some of the questions in
the examination.

! You may wish to detach this sheet before you begin work.
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SECTION  A:  NUCLEAR  INSTABILITY

Answer all of this question.

1 (a) X and Y are two different β emitting sources.  Initially they contain the same number
of unstable nuclei.  Both sources have their emissions recorded over a period of time.
The decay constant of source X is greater than that of Y.  State what is meant by decay
constant and describe two differences in the recordings from the two sources.

You may be awarded additional marks to those shown in brackets for the quality of
written communication in your answer.

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

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

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

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

............................................................................................................................................
(3 marks)

(b) The activity of a sample of radioactive iodine, I, is presented in the following graph.   131
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(i) Show that the decay constant of I is about 1 × 10�6 s�1.

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

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

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

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

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

(ii) Calculate the half-life of I in days.

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

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

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

(iii) Calculate the initial number of I atoms in the sample.

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

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

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

....................................................................................................................................
(7 marks)

Turn over for the next question
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SECTION  B:  ASTROPHYSICS

Answer all questions.

2 (a) A lens used by Galileo has a range of focal lengths from 0.98 m to 0.92 m, depending
on the wavelength of the light passing through the lens.

(i) Calculate the power of the lens for red light.

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

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

(ii) Name the defect in the image which arises because a lens has different focal
lengths for different wavelengths of light.

....................................................................................................................................
(3 marks)

(b) The telescope with which Galileo discovered Io, one of the satellites of Jupiter, had an
angular magnification of 30.  Calculate the maximum angular separation of the images
of Io and Jupiter when viewed through this telescope.

radius of the orbit of Io around Jupiter =  4.2 × 105 km
least distance of Jupiter from the Earth =  6.0 × 108 km

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

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

.............................................................................................................................................
(2 marks)

(c) A lens of focal length 0.95 m is used as the objective of an astronomical telescope.  In
normal adjustment, the telescope has an angular magnification of 30.  Calculate the
distance between the objective and eyepiece lenses.

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

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

.............................................................................................................................................
(2 marks)

____
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3 Stars of spectral classes A and B have strong hydrogen Balmer absorption lines in their
spectra.

(a) Describe how Balmer absorption lines are produced.

You may be awarded additional marks to those shown in brackets for the quality of
written communication in your answer.

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

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

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

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

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

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

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

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

.............................................................................................................................................
(4 marks)

(b) (i) Why do the spectra of stars in classes F and G not have strong Balmer absorption
lines?

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

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

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

(ii) What is the prominent feature in the spectra of stars in classes F and G?

....................................................................................................................................
(2 marks)

____
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4 The data in the table gives some of the properties of the star Mu Cephei.

(a) (i) Calculate the wavelength of the peak in the black body radiation curve for 
Mu Cephei.

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

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

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

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

(ii) Sketch the black body radiation curve for Mu Cephei on the axes below.  Label
the wavelength axis with a suitable scale.

(3 marks)
(b) Calculate the distance from the Earth to Mu Cephei in light years.

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

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

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

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

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

.............................................................................................................................................
(2 marks)

apparent magnitude 4.23

absolute magnitude �6.81

surface temperature 3500 K

0

0
wavelength

relative
intensity
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(c) Mu Cephei is possibly the largest star yet discovered.  Its radius is 1.2 × 109 km, which
is about the orbital radius of Saturn.  Show that the power output of Mu Cephei is
approximately 400 000 times that of the Sun.

surface temperature of the Sun = 5800 K
radius of the Sun = 6.9 × 105 km

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

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

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

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

.............................................................................................................................................
(2 marks)

Turn over for the next question

____
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5 Tonantzintla 202 is a quasar with a red shift, , of 0.366.  When it was discovered in

1957 it was wrongly assumed to be a white dwarf.

(a) Explain what is meant by 

(i) a white dwarf,

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

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

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

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

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

(ii) a quasar.

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

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

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

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

....................................................................................................................................
(5 marks)

(b) Ignoring relativistic effects, calculate for Tonantzintla 202,

(i) its recessional speed, relative to the Earth,

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

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

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

∆ f
f
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(ii) its distance from the Earth.

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

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

....................................................................................................................................
(3 marks)

Quality of Written Communication  (2 marks)

END  OF QUESTIONS
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