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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.







SECTION  A NUCLEAR  INSTABILITY

Answer all parts of the question.

1 The radioactive isotope of sodium    Na has a half life of 2.6 years.  A particular sample of this isotope
has an initial activity of 5.5 × 105 Bq (disintegrations per second).

(a) Explain what is meant by the random nature of radioactive decay.

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

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

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

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

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

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

(b) Use the axes to sketch a graph of the activity of the sample of sodium over a period of 6 years.

(2 marks)
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(c) Calculate

(i) the decay constant, in s�1, of    Na, 
1 year = 3.15 × 107s

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

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

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

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

(ii) the number of atoms of    Na in the sample initially,

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

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

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

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

(iii) the time taken, in s, for the activity of the sample to fall from 1.0 × 105 Bq to 
0.75 × 105 Bq.

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

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

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

...............................................................................................................................................
(6 marks)
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SECTION  B  ASTROPHYSICS

Answer all questions.

2 (a) A converging lens of focal length 4.0 cm is used to form an inverted image of a small upright
object.  The image produced is the same size as the object.

(i) State the distance of the lens from the object for this image to be formed.

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

(ii) Draw a ray diagram to show how the image is formed.  Mark the positions of the object,
image and the principal foci of the lens.

(3 marks)

(b) (i) The lens in part (a) is replaced by another converging lens of focal length 12.0 cm, the
distance between the lens and object staying the same.  Calculate the distance between the
image formed and the lens.

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

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

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

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

(ii) State three properties of this image.

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

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

...............................................................................................................................................
(3 marks)
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3 (a) The original dish design of the Lovell Radio Telescope at Jodrell Bank used a 50 mm open wire
mesh.  Estimate the minimum wavelength detectable using this design.

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

.........................................................................................................................................................
(1 mark)

(b) Before completion, the mesh was replaced by a solid metal surface of diameter 76 m capable of
detecting radio signals as small as 60 mm wavelength.  Calculate the resolving power of the
telescope when detecting radiation of this wavelength.

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

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

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

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

(c) The Jodrell Bank Observatory also has a 13 m diameter radio telescope.  State two advantages
the telescope described in part (b) has over this smaller telescope when detecting radio waves of
the same wavelength.
Support each answer with a calculation.

advantage 1:

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

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

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

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

advantage 2:

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

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

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

.........................................................................................................................................................
(4 marks)
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4 (a) The graph shows part of the visible region of the spectrum of the star Vega.

The absorption lines are due to excited hydrogen atoms.  The wavelength of each absorption is
given in nm.

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

(i) Explain how hydrogen atoms produce these absorption lines.

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

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

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

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

(ii) The diagram below shows the first six energy levels of a hydrogen atom.  Draw an arrow
to show the largest energy transition which produces an absorption line in the visible
spectrum of Vega.

intensity

wavelength/nm
410

434 486
656

n = 6
n = 5
n = 4

n = 3

n = 2

n = 1

energy
increasing



(iii) State the value of the wavelength corresponding to this transition.

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

(iv) What is the name given to the series which gives rise to the visible region of the hydrogen
spectrum?

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

(v) For which spectral classes are these lines the dominant feature?

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

(b) (i) The wavelength at maximum intensity in the spectrum of Vega has a value of 300 nm.
Show that this corresponds to a value of about 10 000 K for the surface temperature of
Vega.

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

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

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

(ii) State the assumption made in your answer to (b)(i).

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

(c) State the spectral class to which Vega belongs, giving a reason for your answer.

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

.........................................................................................................................................................
(1 mark)
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5 (a) Define
(i) apparent magnitude,

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

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

(ii) absolute magnitude.

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

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

(b) Bellatrix and Elinath are two stars with the same apparent magnitude.  The distance from the
Earth to Bellatrix is 470 light years and its absolute magnitude is � 4.2.

(i) Calculate the distance to Bellatrix in parsecs.

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

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

(ii) Calculate the apparent magnitude of Bellatrix.

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

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

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

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

(iii) Elinath has an absolute magnitude of � 3.2. State, giving a reason, which of the two stars
is closer to the Earth.

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

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

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

...............................................................................................................................................
(6 marks)
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QUALITY OF WRITTEN COMMUNICATION (2 marks)

2

END  OF QUESTIONS
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