Nuclear Physics 

1.
What are the three types of radiation?

2.
What are their properties?

3.
Write down an equation for the decay of a neutron

4.
Write down an equation for the decay of a proton

5.
What is a positron?

6.
Which is heavier a proton or a neutron? How do you know?

7.
What charge has a:

(a)
Proton (b) Neutron (c) Nucleus (d) alpha particle

8.
(a) Draw a graph to show how the proton number and neutron number vary from light nuclei to heavy ones

(b)
How can you tell from this graph whether a particle is unstable and if it emits a + or a -?

9.
In the nucleus 23592U.

(a)
How many protons are there?

(b)
How many neutrons are there?

(c)
What is the neutron number?

(d)
What is the proton number?

10.
Which process occurs in a nuclear reactor such as Hinkley Point — fission or fusion?

11.
Which process occurs in the stars - fission or fusion?

12.
What material(s) are used in fission?

13.
What materials are used in fusion?

14.
What is meant by the half-life?

15.
How would you show that radioactive decay was a random process?

16.
What is a neutrino?

17.
(a) What types of quark are there? (b) what is the quark composition of proton and neutron

18.
Write down the equation for + decay in terms of quarks

19.
Write down the equation for - decay in terms of quarks

20.
Explain why potassium 40 is used for the dating of geological specimens
21.
Explain why carbon 14 is used for the dating of archaeological specimens

22.
What are the problems of initiating nuclear fusion?

23.
How are they overcome?

24.
What is plasma?

25.
How is plasma contained in a fusion reactor?

26.
What is a radioactive series?

27.
(a) On what does the number of atoms of any particular element in a radioactive series depend?

Give an example.

(b)
In the uranium decay series it is found that the ratio of the number Lead 214 nuclei to those of Polonium 218 is 8.9. If the half life of Lead 214 is 27 minutes what is the half life of Polonium 218?

28.
What is meant by the mass defect?

29.
What is meant by the term binding energy?

30.
What is meant by the term binding energy per nucleon?

31.
What happens to the electrostatic force between two protons as the distance between them is decreased?

32.
What is the strong nuclear force?
33.
Why is it important?

34.
The following reaction represents the decay of radium 226:


22688Ra
22286Rn + Z

(a)
What is Z — give the name and nuclear structure

(b)
Which side of the equation has the greater mass?

(c)
How many protons are there in radium 226?

35.
Give two reasons why is plutonium is dangerous

36.
Write down the equation for radioactive decay

37.
Define the term — disintegration constant or radioactive decay constant

38.
What is a Becquerel?

39.
The half-life of a substance is 24 hours. If the initial activity is 256 Bq what is the activity after:

(a)
24 hours (b) 48 hours (c) 96 hours (d) 60 hours

40.
Gamma radiation is emitted from what sort of nucleus?

41.
Give a use for each of the three main types of radiation

42.
What is meant by background radiation?

43.
Give three possible sources of background radiation

44.
Repeat question 39 but this time with initial number 266 and a background count of 10 Bq

45.
What is an MeV?

46.
Convert 1 MeV into:

(a)
Joules (b) kg

47.
What is the approximate relative diameter of a nucleus and an atom?

48.
What particles are used in the Rutherford scattering experiment and why?

49.
Why do alpha particles have a short range in air compared with beta particles?

50.
What is meant by high level nuclear waste and how would you dispose of it? What are the problems involved?

51.
Why can a deuterium-deuterium fusion reaction occur easily in some stars at a lower temperature than in a fusion reactor on Earth?

52.
What is meant by a chain reaction?

53.
What is meant by critical mass?

54.
Why is there an energy release when a neutron is used to produce nuclear fission in a uranium nucleus?

55.
Why is there an energy release when two deuterium nuclei are fused?

56.
The decay constant for iron 59 is 1.74x10-7 s-1. What is the half-life of iron-59?

57.
What is the activity of 59g of iron 59? (Avogadro’s number = 6.02x 1023)

58.
What is meant by a transuranic element?

59.
How may antimatter be produced?

60.
Describe one method for investigating the internal structure of a nucleus.

61.
Give a brief account of one nuclear disaster.

62.
How was the Chernobyl accident different form a nuclear explosion?

63.
When carbon 14 (146C) decays into nitrogen 14 (147 N) two particles are produced. What are

they?

64.Give an equation to show how plutonium 239 (23994Pu) can be produced in a nuclear reactor from uranium 238 (23892U)

65.
What is the name used to describe the neutrons that produce fission in a nuclear reactor?

66.
What is the relevance of the binding energy per nucleon—nucleon number graph to fission and fusion?

67.
Describe an experiment to measure the diameter of an atom.

68.
Describe the problems in decommissioning a nuclear reactor.

69.
Give one example of antimatter.

70.
What data would you need to calculate the binding energy of a Lithium 7 nucleus?

71.
What is meant by enriched uranium?

72.
What are the advantages and disadvantages of using it?

73.
What does the Rutherford scattering experiment show?

74.
What would be the difference if aluminium was used instead of gold? Explain.

75.
What is a moderator?

76.
Give two examples of moderators that can be used in a reactor.

77.
What are control rods? What material is used to make them?

78.
What is the approximate wavelength of gamma radiation?

79.
The tracks of which particle are usually observable in a school cloud chamber?

80.
A sample of radioactive material has an activity of 105 Bq. If its initial activity was 2.5x 106 Bq and its half life is 3 days how old is the sample?

81.
What is an isotope?

82.
Give examples of the isotopes of either carbon or uranium.

83.
Calculate the binding energy of the nucleus of 1680.

84.
Carbon 14 decays by the emission of a beta minus particle. What is the equation of the decay?

85.
Why would a gamma ray source be no use in a smoke detector?

