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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 parts of the question.

1 (a) Sketch, using the axes provided, a graph of neutron number, N, against proton number, Z, for
stable nuclei over the range Z = 0 to Z = 80.  Show suitable numerical values on the N axis.

(2 marks)

(b) On the graph indicate, for each of the following, a possible position of a nuclide that may 
decay by 

(i) α emission, labelling the position with W,

(ii) β � emission, labelling the position with X,

(iii) β+ emission, labelling the position with Y.
(3 marks)
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(c) The isotope     Rn decays sequentially by emitting α particles and β � particles, eventually 
forming the isotope      Pb.  Four α particles are emitted in the sequence.

Calculate the number of β � particles in the sequence. 

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

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

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

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

(d) A particular nuclide is described as proton-rich.  Discuss two ways in which the nuclide may
decay. 

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

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

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

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

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

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

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

.........................................................................................................................................................
(3 marks)
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SECTION  B:  TURNING POINTS  IN  PHYSICS

Answer all questions.

2 In a transmission electron microscope, electrons from a heated filament are accelerated through a
certain potential difference and then directed in a beam through a thin sample.  The electrons scattered
by the sample are focused by magnetic lenses onto a fluorescent screen where an image of the sample
is formed, as shown in Figure 1.

Figure 1

(a) State and explain one reason why it is important that the electrons in the beam have the same
speed.

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

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

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

.........................................................................................................................................................
(2 marks)
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(b) When the potential difference is increased, a more detailed image is seen.  Explain why this
change happens.

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

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

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

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

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

.........................................................................................................................................................
(3 marks)
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3 Photoelectric emission occurs from a certain metal plate when the plate is illuminated by blue light but
not by red light.

(a) Explain why photoelectric emission occurs from this plate using blue light but not using red
light.

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

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

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

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

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

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

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

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

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

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

(b) Outline why Huygens� wave theory of light fails to explain the fact that blue light causes
photoelectric emission from this plate but red light does not.

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

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

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

.........................................................................................................................................................
(2 marks)
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4 (a) Calculate the speed at which a matter particle has a mass equal to 10 times its rest mass.

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

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

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

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

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

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

(b) Explain why a matter particle can not travel as fast as a photon in free space even though its
kinetic energy can be increased without limit.

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

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

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

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

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

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

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

.........................................................................................................................................................
(3 marks)
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5 A narrow beam of electrons is directed into a uniform electric field created by two oppositely charged
parallel horizontal plates, as shown in Figure 2.  The initial direction of the beam is perpendicular to
the direction of the electric field.  The beam makes a visible trace on a vertical fluorescent screen.

Figure 2

(a) Explain why the beam curves upwards at an increasing angle to the horizontal.

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

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

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

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

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

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

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

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

.........................................................................................................................................................
(4 marks)
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(b) When a uniform magnetic field of a certain flux density is applied perpendicular to the screen,
the beam passes between the plates undeflected.

(i) Show that the beam is undeflected when the magnetic flux density B = , where

E is the electric field strength between the plates and v is the speed of the electrons.

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

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

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

(ii) Hence show that the specific charge, e/m, of the electron can be calculated using 

= 

where VA is the anode voltage and B is the magnetic flux density needed for zero
deflection.

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

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

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

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

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

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

(iii) Determine the specific charge of the electron using the following data:

anode voltage = 4500 V
potential difference between the plates = 3800 V
plate separation = 50 mm
magnetic flux density = 1.9 mT

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

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

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

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

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