 
Module 6.4 Nuclear and Particle Physics

	Topic area
	Text book pre-reading
	Syllabus ref
	Max possible score in exam questions
	Your score in exam questions

	Radioactive decay
	p 192

	6.4.3
	12
	

	Properties of radiation
	p 192-195

	6.4.3
	6
	

	Nuclear decay equations
	p 196-197

	6.4.3
	3
	

	Half lives
	p 202-204

	6.4.3
	10
	

	Radioactive decay calculations

	p 198-201
	6.4.3
	7
	

	Radioactive dating

	p 205
	6.4.3
	21
	

	Mass-energy

	p 207
	6.4.4
	10
	

	Binding energy

	p 208-209
	6.4.4
	6
	

	Fission and fusion

	p 210-216
	6.4.4
	7
	

	Total

	82
	




By the end of this topic you should be able to….
· Describe why radioactive decay occurs 
· Describe the properties of different types of radiation and how these are investigated
· Complete nuclear decay equations for different types of radiation
· Describe what is meant by a half life and describe an experiment to investigate this
· Use radioactive decay equations to solve problems with radioactive decay
· Describe how radioactivity is used to date materials
· Describe what is meant by Einstein’s mass-energy equation
· Describe what is meant by binding energy and perform calculations to find this per nucleon
· Describe the process of fission and fusion, including the components of a fission reactor

By the end of module 6.4 you need to be able to define the following key terms:

Ionising radiation
[bookmark: _GoBack]
Alpha decay

Beta decay

Gamma decay

Binding energy

Nucleon

Fission

Fusion



Equations given in exam
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Radioactive decay 
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Properties of radiation
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Decay equations
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Half-lives
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Radioactive decay calculations
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Radioactive dating
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Einstein’s mass-energy equation 
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Binding energy
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Nuclear fission and fusion
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7 There are two types of beta decay, beta-plus and beta-minus. An isotope of carbon 120 decays
by beta emission into an isotope of nitrogen 1?N. An isotope of phosphorus ?gP decays by beta
emission into an isotope of silicon ?ESi.

(a) Complete the following decay equations for the carbon and phosphorus isotopes.
(i) carbon decay
PC > e+ "N+ ...
(ii) phosphorus decay

0P, e+ i 4 .

[3]
(b) State the two beta decays in terms of a quark model of the nucleons.
(i) beta-plus decay
(ii) beta-minus decay
[2]
(c) Name the force responsible for beta decay.
............................................................................................................................................ [11]

[Total: 6]
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(a)

Complete the table below for the three types of ionising radiation.

radiation nature range in air penetration ability
a 0.2 mm of paper
B electron
% several km

3]
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(b)  Describe briefly, with the aid of a sketch, an absorption experiment to distinguish
between the three radiations listed above.

Bl
[Total 6 marks]
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There are two types of beta decay, beta-plus,and beta-minus. An isofope of garbon 18C decays
by beta emission into an isotope of nitrogen '7N. An isotope of phosphorus JoP decays by beta
emission into an isotope of silicon 13Si

(a) Complete the following decay equations for the carbon and phosphorus isotopes.

(i) carbon decay

BC o e+ N+ L

) phosphorus decay

Mp e+ S+
B B 31
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The radioactive nucleus of plutonium (282 Pu) decays by emitting an alpha particle (; He) of kinetic

energy 5.6MeV with a half-life of 88 years. The plutonium nucleus decays into an isotope of
uranium.

(a) State the number of neutrons in the uranium isotope.

(b) The mass of an alpha particle is 6.65 x 10727 kg.

(i) Show that the kinetic energy of the alpha particle is about 9 x 10-13J.

]

(ii) Calculate the speed of the alpha particle.
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(c) In a space probe, a source containing plutonium-238 nuclei is used to generate 62W for the
onboard electronics.

(i) Use your answer to (b)(i) to show that the initial activity of the sample of plutonium-238 is
about 7 x 10"3Bq.

Ml
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(ii) Calculate the decay constant of the plutonium-238 nucleus.

1year=3.16 x 10”s

decay CONSANt = .......cccoveeveeeeeeeeeeee e s
(iii) The molar mass of plutonium-238 is 0.24 kg. Calculate

1 the number of plutonium-238 nuclei in the source

nuMber of NUCIBI = ...
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2 the mass of plutonium in the source.

[Total: 10]
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(a) A sample of a radioactive isotope contains 4.5 x 1023 active undecayed nuclei. The half-life of
the isotope is 12 hours. Calculate

(i) the initial activity of the sample

ACHVILY = oo s71 [2]

(ii) the number of active nuclei of the isotope remaining after 36 hours

(iii) the number of active nuclei of the isotope remaining after 50 hours.

(b) Explain why the activity of a radioactive material is a major factor when considering the safety
precautions in the disposal of nuclear waste.
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6

(a) Explain what is meant by the statement below.

Radioactivity is a random process.

(b) Uranium-235 was present during the formation of the Solar System, including the Earth. The
percentage of the original quantity of Zggu found in rocks today is 1.1%. The half-life of 23§u
is 7.1 x 108 years. Calculate the age, in years, of the Earth.
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The isotopes of carbon-14 ('¢C) and carbon-15 ('3C) are beta-minus emitters. The table in Fig. 5.1
shows the maximum kinetic energy of each electron emitted and the half-life of the isotope.

maximum Kinetic .
isotope energy / MeV half-life
ic 0.16 5560 years
‘gC 9.8 2.3s
Fig. 5.1

(a) State one property common to all isotopes of an element.

(b) The neutrons and protons inside each isotope experience fundamental forces. Name the two
fundamental forces experienced by both neutrons and protons.

2 ettt ettt ettt et et e e ete A e e he et e et et e e bt ekt e bt e et e eh e e et et e e ebeetae et tereeans [2]
(c) An isotope of carbon-15 decays into an isotope of nitrogen (N).

(i) Complete the nuclear reaction below.

11

(ii) Use the quark model to state the changes taking place within the nucleus of the
carbon-15 atom.

(d) (i) Estimate the maximum speed of an electron from the nucleus of carbon-14.
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(ii) Suggest why the actual speed of the electron is much less than your answer in (i).

(e) (i) Calculate the decay constant A in s~ of carbon-14.

(i) The molar mass of carbon-14 is 14gmol~'. Show that 1.0mg of carbon-14 has
4.3 x 10" nuclei.

[1]
(iii) Calculate the activity of the 1.0 mg mass of carbon-14.

activity = e Bqg [2]
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(f) The isotope of carbon-14 is very useful in determining the age of a relic (e.g. ancient wooden
axe) using a technique known as carbon-dating.
Describe carbon-dating and explain one of its major limitations.

[Total: 17]
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(a) Explain what is meant by the statement

below.

Radioactivity is a random process.

M1
(b) Uranium-235 was present during the formation of the Solar System, including the Earth, The

percentage of the original quantity of 223U found in rocks today is 1.1%. The half-life of 233U
is 7.1 x 108 years. Calculate the age, in years, of the Earth

vy [3]
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(c) Fig. 6.1 shows the variation of binding energy per nucleon against nucleon number A

)
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binding i
energy per
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(i) Use Fig. 6.1 to estimate the value of the nucleon number of the most stable isotope.

M1

(ii) Use Fig. 6.1 to explain why nuclei of '3Mo cannot produce eneray by fusion.
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(ili)  The mass of a §Be nucleus is 1.329 x 10-25kg. Use data provided on the second page
of the Data, Formulae and Relationships Booklet to determine the binding energy per
nucleon for this nucleus.

binding energy per NUCIEON = ... I

[Total: 10]
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1 (a) The following nuclear reaction occurs when a slow-moving neutron is absorbed by an isotope
of uranium-235.

an+ 28U — "¥Ba + BKr + 34n

(i) Explain how this reaction is able to produce energy.

(i) State in what form the energy is released in such a reaction.

(b) The binding energy per nucleon of each isotope in (a) is given in Fig. 8.1.

isotope binding energy per nucieon/MeV
U 76

iiBa 83

SKr 8.7

Fig. 8.1

(i) Explain why the neutron jn does not appear in the table above.

(i) Calculate the energy released in the reaction shown in (a).
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3 (a) Describe the process of induced nuclear fission.

(b) Explain how nuclear fission can provide energy.

2

(c) Suggest a suitable material which can be used as a moderator in a fission reactor and explain
its role.
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radioactivity AN

A=an; AV =N
Ar

Atz =In(2)

A=Ae™

N=Noe™

Einstein's mass-energy equation AE = Amc®
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2 (a) In experiments carried out o determine the nature of atoms, alpha particies were fired at thin
metal foils. Describe how the alpha-particle scattering experiments provide evidence for the.
existence, charge and size of the nucleus.

P 1, o okt e o e koo ok s e s

(b) Describe the nature and range of the three forces acting on the protons and neutrons in the.
nucleus,

~PhysicsAndMathsTutor.com

() The radius of a 235U nucleus is 8.8 x 10-'5m. The average mass of a nucieon is




image3.png
% | [3 Nucesrand Particie Physics 3G x

G Sign in~Google accounts
@ nttps://pmtphysicsandmathstutor.com/download/Physics/A-level Topic-Qs/OCR-A/6-Particles-and-M..

< c O * 6

(a) () Complete Fig.9.1 to show the quark composition and charge for neutrons and protons.

quark composition charge

Fig.9.1

(ii) Complete Fig. 9.2 to show the composition of quarks.

quark charge baryon number
1

up

down

Fig.92

(b) When a neutron decays it can produce particles that include an electron.
() Complete the decay equation below for a neutron.

1
n—

Name the interaction responsible for the decay of the neutron.
[0}

Electrons and neutrons belong to different groups of particles. Name the group of
particles to which each belongs.





