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SECTION  A:  NUCLEAR  INSTABILITY

Answer all of this question.

1 (a) Calculate the radius of the U nucleus.

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

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

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

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

(b) At a distance of 30 mm from a point source of γ rays the corrected count rate is C.
Calculate the distance from the source at which the corrected count rate is 0.10 C,
assuming that there is no absorption.

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

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

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

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

(c) The activity of a source of β particles falls to 85% of its initial value in 52 s.  Calculate
the decay constant of the source.

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

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

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

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

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

r0 = 1.3 × 10�15 m

238
92



Turn over !!

7 LEAVE
MARGIN
BLANK

M/Jun06/PHA5/W

(d) Explain why the isotope of technetium,          is often chosen as a suitable source of
radiation for use in medical diagnosis.

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

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

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

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

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

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

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

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

Turn over for the next question

99Tcm, 
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SECTION  B:  ASTROPHYSICS

Answer all questions.

2 The last refracting telescope that could be called �the largest optical telescope in the world�
was one with an objective lens of diameter 0.90 m.  It was superseded in 1889 by a reflecting
telescope with an objective mirror of diameter 1.52 m. 

(a) Calculate

(i) the ratio

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

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

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

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

(ii) the ratio

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

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

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

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

(b) Spherical aberration can be a problem with reflecting telescopes.

(i) Draw a ray diagram to show how spherical aberration arises in a reflecting
telescope.

the amount of light energy that can be collected per second by the reflector  .
the amount of light energy that can be collected per second by the refractor

resolving power of the reflector ,
resolving power of the refractor
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(ii) State how this problem can be prevented.

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

(c) The image produced by a refracting telescope can be clearer than that of a similar
diameter reflector because of the position of the secondary mirror. 

(i) Sketch a diagram to show the position of the mirrors in a Cassegrain telescope.

(ii) Give two reasons why the secondary mirror in the Cassegrain telescope affects
the clarity of the image.

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

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

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

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

Turn over for the next question
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3 Charge coupled devices (CCDs) are commonly used in astronomy because of their high
quantum efficiency.  

(a) Describe the structure and operation of a CCD.

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

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

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

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

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

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

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

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

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

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

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

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

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

(b) Explain what is meant by quantum efficiency, and state a typical value of the quantum
efficiency of a CCD.

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

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

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

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

____
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4 (a) Define the absolute magnitude of a star.

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

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

(b) Figure 1 shows the axes of a Hertzsprung-Russell (H-R) diagram.

Figure 1

(i) On each axis indicate a suitable range of values.

(ii) Label with an S the current position of the Sun on the H-R diagram.

(iii) Label the positions of the following stars on the H-R diagram:

(1) star W, which is significantly hotter and brighter than the Sun,

(2) star X, which is significantly cooler and larger than the Sun,

(3) star Y, which is the same size as the Sun, but significantly cooler,

(4) star Z, which is much smaller than the Sun, and has molecular bands as an
important feature in its spectrum. (7 marks)

Turn over for the next question

absolute magnitude

temperature / K
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6

5 Treated as a single source, the Andromeda galaxy has an apparent magnitude of 3.54 and an
absolute magnitude of �20.62.

(a) Calculate the distance to the Andromeda galaxy.

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

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

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

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

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

(b) The Andromeda galaxy is believed to be approaching the Milky Way at a speed of
105 km s�1.  
Calculate the wavelength of the radio waves produced by atomic hydrogen which
would be detected from a source approaching the observer at a speed of 105 km s�1.  

wavelength of atomic hydrogen measured in a laboratory = 0.21121 m.

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

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

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

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

(c) Some astronomers believe the Andromeda galaxy may collide with the Milky Way in
the distant future.  Estimate a time, in s, which will elapse before a possible impact
with the Milky Way.  

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

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

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

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

Quality of Written Communication (2 marks)

END  OF QUESTIONS
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