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Saltus Grammar School

Summary

Unit 838 Nuclear Physics

Lesson

Objectives : Students will be assessed on their ability to

Discovery of the
Nucleus

describe the
gold foil and alpha particles
describe Rutherfordds nucl ear n
accounts for the results of Gei
understand the factors (charge and speed) which affect the
deflection of alpha patrticles by a nucleus

results of Geiger

Nuclear Structure

describe the structure of an atom in terms of protons, neutrons
and electrons and use symbols such as ¢* to describe particular
nuclei

understand the terms atomic (proton) number, mass (nucleon)
number and isotope

understand that alpha and beta particles and gamma rays are
ionising radiations emitted from unstable nuclei in a random
process

Nuclear Radiation

describe the nature of alpha and beta particles and gamma rays
and recall that they may be distinguished in terms of penetrating
power

understand that ionising radiations can be detected using a
photographic film or a Geiger -Muller detector

describe the dangers of ionising radiations, including radiation can
cause mutations in living organisms and radiation can damage
cells and tissue

Nuclear Equations

=a =

recall the sources of background radiation

describe how the atomic and mass numbers of a nucleus change
following a radiation emission

understand how to complete balanced nuclear equations

Half-Life

= |

understand that the activity of a radioactive source decreases
over a period of time and is measured in becquerels

recall t hel itfee@m a@rdalunder st and
different radioactive isot opes

use the concept of half -life to carry out simple calculations on
activity

Applications of
Nuclear Physics

describe the uses of radioactivity in medical and non -medical
tracers, in radiotherapy and in the radioactive dating of
archaeological specimens and rocks

Nuclear Fission

understand that a nucleus of U -235 can be split (the process of
fission) by collision with a neutron, and that this process releases
energy in the form of kinetic energy of the fission products

recall that the fission of U -235 produces two daughter nuclei and
a small number of neutrons

understand that a chain reaction can be set up if the neutrons
produced by one fission strike other U -235 nuclei

Nuclear Power

understand the role played by the ¢ ontrol rods and moderator
when the fission process is used as an energy source to generate
electricity

describe the dangers of ionising radiations, including the problems
arising in the disposal of radioactive waste
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1 o Discovery of the Nucleus

Obijectives:

T describe the results of Geiger and Marsdends experi
T describe Rutherfordds nucl ear model of the atom an
and Mar sdends experiment and understand the factors

deflection of alpha particles by a nucleus

Notes:
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{a) Dalton’s model {b) Themson's plum-pudding {c) Rutherford’s model

(1803) model (1897) (19089)

-
{d) Bohr's model {e) charge-cloud model
(1913) {present)
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CW 8.1 - The Nucleus of the Atom

Q1. Complete the following sentences (4).

a) Neutral atoms have é € é & é & ¢é €harge.

b) Acharged atomiscalledané é e e ¢ e ¢ é & ¢ .

c) Aneutral atom hasthe samenumberof e e e ¢ e e e écandéeceéeceéeececee.

d) If an electron is removed from a neutral atom, the atom becomes ¢é é € é € é é € écharged.

Q2. Complete this table (3):

Particle Mass Charge
Proton 1
1 0
Electron -1
Q3. In the early 1900s the oplum puddingdé model

model.

a) Briefly describe the experiment that Geiger and Marsden carried out. (1)

b) What did they EXPECT to happen in the experiment? (1)

c) Rutherford used the results from the experiment to disprove the plum pudding model and come
up with the nuclear model of the atom. Describe the results of their experiment and what it

showed about the structure of the a tom. (3)

of
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2 0Nuclear Structure

Obijectives:

1 describe the structure of an atom in terms of protons, neutrons and electrons and use symbols
such as 0 to describe particular nuclei
understand the terms atomic (proton) number, mass (nucleon) number and isotope
understand that alpha and beta particle s and gamma rays are ionising radiations emitted from
unstable nuclei in a random process

Notes:

Beta

Particle a
-

. Alpha
P Particle
~
-
Repulsive
Electromagnetic
Force

Attractive
Nuclear Strong
Force

Gamma
Ray
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Name Symbol

Mass

Charge

Proton

Neutron

Electron

Complete the table (10)

Isotope Protons

Neutrons

Electrons

Hydrogen-1

Hydrogen-2

Helium-4

Lithium -7

Carbon-12

Carbon-14

Uranium-235

Uranium-238

Technicium-99

Potassium-39

Nucleus

@ Electron
. Proton
. Neutron

Name and write the full symbol for the isotope depicted below. (2)
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3 0 Nuclear Radiation

Obijectives:

1 describe the nature of alpha and beta particles and gamma rays and recall that they may be
distinguished in terms of penetrating power

1 understand that ionising radiations can be detected using a photographic film or a Geiger -Muller
detector

1 describe the dangers of ionising radiations, including radiation can cause mutations in living

organisms and radiation can damage cells and tissue

Notes:
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Complete the table below by choosing the correct word from each column. (5)

lonising power Charge Penetrating G
Radiation weak/ positive/ Retalve i power R:nge na
no mass/ short/long/
Type moderate/ none/ small/large low/moderate/ very long
strong negative high
alpha
beta

gamma
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CW 8.2 - lonising Radiation Questions

1. Match the descriptions of the radiation: (1)

Alpha 2 neutrons and 2 protons
Beta An electromagnetic wave
gamma A fast moving electron

2. Label the three types of radiation based on their penetrating power. (1)

Source A — the radiation was partially absorbed by the lead.
Source B — the radiation was stopped by the paper. B
Source C — the radiation was stopped by the aluminium.  paper  glyminium

Radioactive
sources

Tem
lead

3. The diagram below shows the paths of an alpha particle and a beta particle in a B -field.

Explainthedi f f erence in their paths. Hi
Rule. (2)
Magnetic field 3
(into paper) X * X @3 Helium
a *Q nucleus
Lead cylinder /
x X
R — ) ¢ Gamma
photon

Evacuated
chamber

. | = Electron

Radioactive Photographic
material plate
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CW 8.3 - Radioactivity Safety

Q1. Two scientists are handling samples of radioactive material.

a) One of the scientists is taking sensible safety precautions, but the other is not. Describe THREE

things which the careless scientist is doing wrong. (3)

b) Describe another way the scienntists can reduce their exposure to the radiation without using

special apparatus or clothing. (1)

¢) How should radioactive samples be stored when they are not in use?(2)

11
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Q2. The three different types of radiation can all be dangerous.

-
2

a) Which TWO types can pass through the human body? (1)
b) Which type of radiation is usually the most dangerous if it is swallowed or inhaled? (1)
c) What effects can this type of radiation have on the human body? (1)

d) The international symbol for nuclear radiation is pictured above. Explain what this symbol is

trying to show. (1)

12
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CW 8.4 - Natural Radiation

1. Explain the following:

a) Radioactivity is present inside y our body as well as around it. (1)

b) A regular air traveller recieves a higher dose of radiation than someone who does not travel by
air. (1)

¢) Where you live may affect the radiation dose that you receive. (1)

2. The pie chart shows the sources of the average radiation dose received in one year by someone living

in the UK. The map shows how the levels of radon gas vary in different parts of the UK.

food and drink

ground and

buildings 12%
4% cosmic rays
10%
weap
m,‘eg‘-',f al‘/,/ & nuc
0 pow

S natural activity
in the air

o

Geometric mean radon, Bg m3
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a) Where is the concentration of radon gas the highest? Use your knowledge of UK geography (or

research it!) to explain why this is the case. (2)

b) Radon is more likely to cause problems in homes that are poorly ventilated , especially in the

parts of the country where the levels are high. Suggest why ventilatation helps. (1)

c) The average annual radiation dose in the UK is 2.20 units. Using the pie chart above, calcuate

the dosage received from i) rocks and ii) cosmic rays. (2)

Q4. Background radiation varies and can be random. It is essential that it is montiored. Explain how

and why scientists monitor this background radiation. (2)

Q5. How can we account for the errors that background radiation can cause in our experiments in the

laboratory? (2)

14
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4 9Nuclear Equations

Obijectives:

1 recall the sources of background radiation
1 describe how the atomic and mass numbers of a nucleus change following a radiation emission

1 understand how to complete balanced nuclear equations

Notes:

Change in

Type Nuclear equation Representation asslalomic humbers

A: decrease by 4

A
Alpha decay | 7X Z: decrease by 2

A: unchanged
Z:increase by 1

Betadecay | £X

Gamma Ax A: unchanged
decay z Z: unchanged
Positron Ax A: unchanged
emission Z Z: decrease by 1
Electron Ax A: unchanged
capture z Z: decrease by 1

15
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CW 8.5 - A Full Decay Series

The following decay chain shows how U-235 decays over a series of steps to a stable isotope. Fill in the

empty boxes, moving the daughter product to the left side of the next equation.

Parent Daughter
Y A/O' 4 1 + Thorium
L + 0

o +
o +
o] + Q
o +
o +
o +
o) + 0
o +
o) + Q

17
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CW 8.6 - Decay Equations

Q1 The alpha decay of radium-226 is illustrated below:

226 22 4
a3 Ra 36 Rn 2He

Radium-226 Radon-222 Alpha particle

All the following nuclei decay by alpha emission. Add the names of the daughter nuclei produced.

Parent Daughter
a) Radium Y® o + |
b) Thorium “YQ 0 + [
¢) Thorium “YQ 0 + [
d) Radium Y® 0 + |
e) Polonium 0 ¢ o + |
f) Radon Y& o + |
g) Bismuth 6"Q © + |
h) Polonium 0 ¢ o + |
i) Astatine 00 0 + |

Q2. The beta decay of car bon-14 is illustrated below:

carbon-14 nitrogen-14
nucleus nucleus
electron  antineutrino
Q;‘, B-decay
;"‘_,0" —eel + + @
“"? x
neutron proton

All th e following nuclei decay by bet a emission. Add the names of the daughter nuclei produced.

18
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Parent Daughter

a) Carbon o}

b) Uranium %

c) Plutonium 00

d) Protactinium 0 ®

e) Bismuth 6"Q

f) Lead 0 ®

g) Thallium "Ya

h) Radium Y®

i)  Francium "Oi

Q3. For the following isotopes, write the nuclear equation that represents their decay modes.

a) Thorium-234 decays to form Protactinium -234.

b) Thorium-230 decays to form Radium-226

¢) Protactinium -234 decays to form Uranium-234

d) Thorium-232 decays to form Radium-228.

19



Saltus Grammar School

Unit 838 Nuclear Physics

CW 8.7 dMore Decay Equations

Complete the following nuclear reactions:

"Yi © ® +
00 o Y +
8¢ 0 00 +
6 ® ° 6® +
0 66 0 Wt +
Y o 0N +
60 o 06 +
06 o Y +
Y& o Y& +

Question: What are the particles produced by reactions #3 and #5?

20



Saltus Grammar School Unit 838 Nuclear Physics

CW 8.8 - The Line of Stability

Q1. The graph on the right of the relative numbers of protons,
Z, and neutrons, N, that make up nuclei shows the line of
stability. Nuclei that lie on this line are stable and do not
decay. Ones to either the left or right of the line are unstable
and decay in order to move themselves closer to the line.

a) What are isotopes of an element?

b) Would you describe isotopes in region A as stable or

unstable?

c) Are isotopes in region A neutron-rich or proton -rich?

d) Isotopes in region B are unstable. Suggest a reason for this.

e) In order of stability, what type of decay will isotopes in region B undergo?

f)  What type of decay will isotopes in region C undergo to achieve stability?
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