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! You are expected to use a calculator where appropriate.
! You are reminded of the need for good English and clear presentation

in your answers.  Questions 4(a), 4(b) and 5(c) on the paper should be
answered in continuous prose. Quality of Written Communication will
be assessed in these answers.
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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 
them examination.

! You may wish to detach this sheet before you begin work.
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____
5

Answer all questions in the spaces provided.

1 (a) An ion of plutonium    Pu has an overall charge of +1.6 × 10�19 C.
For this ion state the number of

(i) protons..........................................

(ii) neutrons ........................................

(iii) electrons .......................................
(3 marks)

(b) Plutonium has several isotopes.  Explain the meaning of the word isotopes.

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

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

.............................................................................................................................................
(2 marks)
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2 Under certain conditions a γ photon may be converted into an electron and a positron.

(a) What is this process called?

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

(b) (i) Explain why there is a minimum energy of the γ photon for this conversion to
take place and what happens when a γ photon has slightly more energy than 
this value.

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

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

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

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

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

(ii) Using values from the data sheet calculate this minimum energy in MeV.

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

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

(c) Under suitable conditions, a γ photon may be converted into two other particles rather
than an electron and positron.
Give an example of the two other particles it could create.

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

Turn over for the next question
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3 A ray of light passes from air into a glass prism as shown in Figure 1.

Figure 1

(a) Confirm, by calculation, that the refractive index of the glass from which the prism was
made is 1.49.

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

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

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

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

(b) On Figure 1, draw the continuation of the path of the ray of light until it emerges back
into the air.  Write on Figure 1 the values of the angles between the ray and any
normals you have drawn.

the critical angle from glass to air is less than 45°
(2 marks)

air

air glass prism

45.0°

10.0°

15.0°
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(c) A second prism, prism 2, made from transparent material of refractive index 1.37 is
placed firmly against the original prism, prism 1, to form a cube as shown in Figure 2.

Figure 2

(i) The ray strikes the boundary between the prisms.  Calculate the angle of
refraction of the ray in prism 2.

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

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

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

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

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

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

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

(ii) Calculate the speed of light in prism 2.

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

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

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

(iii) Draw a path the ray could follow to emerge from prism 2 into the air.
(7 marks)

____
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4 The apparatus shown in Figure 3 can be used to demonstrate the photoelectric effect.
Photoelectrons are emitted from the metal cathode when it is illuminated with white light
which has passed through a blue filter.

Figure 3

You may be awarded additional marks to those shown in brackets for the quality of written
communication in your answers to parts (a) and (b).

(a) The intensity of the light source is reduced.  State and explain the effect of this on the
emitted photoelectrons.

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

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

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

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

metal cathode
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(b) Explain why no photoelectrons are emitted when the blue filter is replaced by a red
filter.

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

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

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

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

(c) When a metal of work function 2.30 × 10�19 J is illuminated with ultraviolet radiation of
wavelength 200 nm, photoelectrons are emitted.

Calculate

(i) the frequency of the ultraviolet radiation,

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

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

(ii) the threshold frequency of the metal,

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

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

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

(iii) the maximum kinetic energy of the photoelectrons, in J.

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

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

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

....................................................................................................................................
(5 marks)
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5 Figure 4 shows the energy level diagram of a hydrogen atom.  Its associated spectrum is
shown in Figure 5.

The transition labelled A in Figure 4 gives the spectral line labelled B in Figure 5.

Figure 4

Figure 5
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energy/eV
0.00

�0.85
�1.51

�3.40

�13.60

A

hydrogen spectrum showing some of the main spectral lines

increasing
wavelength B

level 4
level 3

level 2

level 1 (ground state)

many levels in this region are not shown
ionisation level
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(a) (i) Show that the frequency of spectral line B is about 4.6 × 1014 Hz.

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

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

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

(ii) Calculate the wavelength represented by line B.

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

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

(b) The hydrogen atom is excited and its electron moves to level 4.

(i) How many different wavelengths of electromagnetic radiation may be emitted as
the atom returns to its ground state?

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

(ii) Calculate the energy, in eV, of the longest wavelength of electromagnetic
radiation emitted during this process.

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

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

(c) In a fluorescent tube, explain how the mercury vapour and the coating of its inner
surface contribute to the production of visible light.

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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6 (a) Complete the following equations

p      +      e� +   

n     +      νµ p     +   

p     +      p    p     +     p     +     K� +  

(4 marks)

(b) Give an equation that represents β� decay, using quarks in the equation rather than
nucleons.

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

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

(c) (i) Which fundamental force is responsible for electron capture?

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

(ii) What type of particle is an electron?

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

(iii) State the other fundamental forces that electrons may experience.

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

Quality of  Written Communication (2 marks)

END  OF QUESTIONS
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There are no questions printed on this page
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