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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:  TURNING POINTS

Answer all questions.

2 A narrow beam of electrons, all with the same kinetic energy, is directed between two
horizontal deflecting plates, X and Y, in a vacuum tube, as shown in Figure 1.

Figure 1

(a) State and explain the effect on the electron beam of applying a constant pd between X
and Y, with X negative relative to Y.

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

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

(b) With a constant pd, V, between X and Y, a uniform magnetic field is applied
perpendicular to the plane of the diagram between the plates.  The magnetic flux
density is adjusted to a certain value B0, so that the beam is undeflected.

(i) Explain why the beam is undeflected at this value of the magnetic flux density.

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

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

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

beam of electrons
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(ii) Show that the speed, ν, of the electrons in the beam is given by

ν =

where d is the perpendicular distance between plates X and Y.

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

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

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

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

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

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

(c) Electrons are accelerated from rest through a pd of 3800 V to a speed of 3.7 × 107 m s�1.
Use this information to calculate the specific charge e/m of the electron.

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

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

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

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

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

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

Turn over for the next question
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3 Figure 2 shows a radio wave transmitter T and a detector D.  The detector consists of a metal
loop connected to a suitable meter.

Figure 2

(a) Explain why radio waves from the transmitter induce an alternating emf in the metal
loop.  

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

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

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

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

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

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

.............................................................................................................................................
(3 marks)
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(b) When the metal loop is rotated through 90° about the line XY, the detector signal falls
to zero.  Explain why the signal decreases and why it falls to zero.

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

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

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

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

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

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

Turn over for the next question

____
6



4 Figure 3 represents the Michelson�Morley interferometer.

Figure 3

(a) (i) What was the principal purpose for which Michelson and Morley designed this
apparatus?

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

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

(ii) Explain why interference fringes are observed through the telescope.

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

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

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

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

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

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

plane mirror M2

plane mirror M1

monochromatic
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(b) Michelson and Morley expected the interference fringes would shift when the
apparatus was rotated through 90°.

(i) Why was it thought that a fringe shift would be observed?

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

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

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

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

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

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

(ii) What conclusion did Michelson and Morley draw from the observation that the
fringes did not shift?

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

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

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

Turn over for the next question

____
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5 (a) In each case, describe one piece of evidence which shows that

(i) matter has a wave-like nature,

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

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

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

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

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

(ii) light has a particle-like nature.

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

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

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

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

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

(b) Calculate the de Broglie wavelength of an electron that has a speed of 0.90 c, 
where c is the speed of light in a vacuum.

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

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

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

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

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

Quality of Written Communication (2 marks)

END  OF QUESTIONS
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