Alpha, beta and gamma are types of nuclear radiation.

(@ Draw one line from each type of radiation to what the radiation consists of.

Type of radiation What radiation consists of

Electron from the nucleus

Alpha
Two protons and two neutrons
Beta
Electromagnetic radiation
Gamma

Neutron from the nucleus

3
(b) Ateacher demonstrates the penetration of alpha, beta and gamma radiation through
different materials.
The demonstration is shown in the figure below.
Paper 5 mm of 5cm of
aluminium lzad
Complete the figure above by writing the name of the correct radiation in each box.
2
(c) Give two safety precautions the teacher should have taken in the demonstration.
PP ERPR P
P PERR S PPPPPRRP
2
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(d) The table below shows how the count rate from a radioactive source changes with time.

Time in seconds 0 40 80 120 160
Count rate

_ 400 283 200 141 100
in counts / second

Use the table to calculate the count rate after 200 seconds.

2)
(e) The half-life of the radioactive source used was very short.
Give one reason why this radioactive source would be much less hazardous after 800
seconds.
1)

(Total 10 marks)

Alpha particles, beta particles and gamma rays are types of nuclear radiation.

(@) Describe the structure of an alpha particle.

1)
(b) Nuclear radiation can change atoms into ions by the process of ionisation.

(i)  Which type of nuclear radiation is the least ionising?

Tick (V') one box.

alpha particles

beta particles

gamma rays

1)
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©)

(d)

(i)  What happens to the structure of an atom when the atom is ionised?

1)
People working with sources of nuclear radiation risk damaging their health.
State one precaution these people should take to reduce the risk to their health.

1)
In this question you will be assessed on using good English, organising information
clearly and using specialist terms where appropriate.
The type of radiation emitted from a radioactive source can be identified by comparing the
properties of the radiation to the properties of alpha, beta and gamma radiation.
Describe the properties of alpha, beta and gamma radiation in terms of their:
. penetration through materials
. range in air
. deflection in a magnetic field.

(6)

(Total 10 marks)

Atoms contain three types of particle.

(@)

(b)

Draw a ring around the correct answer to complete the sentence.

electrons and neutrons.

The patrticles in the nucleus of the atom are electrons and protons.

neutrons and protons.

1)
Complete the table to show the relative charges of the atomic particles.
Particle Relative charge
Electron -1
Neutron
Proton
)
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() (@ A neutral atom has no overall charge.

Explain this in terms of its particles.

2
(i) Complete the sentence.
An atom that loses an electron is called an .............cccccccvvvivviiviiinnnnnee.
and has anoverall ..........ccccceeiviiiiien charge.
2
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(d) In this question you will be assessed on using good English, organising information clearly
and using specialist terms where appropriate.

Some substances are radioactive. They may emit alpha or beta particles.

Describe the characteristics of alpha particles and beta particles in terms of their:

. structure
. penetration through air and other materials
. deflection in an electric field.

(6)
(Total 13 marks)
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(@) A radioactive isotope has a half-life of 10 minutes.
At the start of an experiment, the activity of a sample of this isotope was 800 counts per
second after allowing for background radiation.

Calculate how long it would be before the activity fell from 800 counts per second to 200
counts per second.

TIMe oo, min
2
(b) A physicist investigates a solid radioactive material. It emits alpha particles, beta particles

and gamma rays.
The physicist does not touch the material.
Explain why the alpha particles are less dangerous than the beta particles and
gamma rays.

2

(Total 4 marks)

(@ () Describe the structure of alpha particles.

(2)

(i)  What are beta particles?

1)
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(b) Describe how beta radiation is produced by a radioactive isotope.

1)
(Total 4 marks)
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Mark schemes

1

(@)

(b)

©)

(d)

(e)

(@)

(b)

Alpha — two protons and two neutrons

Beta — electron from the nucleus

Gamma — electromagnetic radiation

Gamma
Beta
Alpha
allow 1 mark for 1 or 2 correct
any two from:

. (radioactive) source not pointed at students

. (radioactive) source outside the box for minimum time necessary
. safety glasses or eye protection or do not look at source

. gloves

. (radioactive) source held away from body

. (radioactive) source held with tongs / forceps

accept any other sensible and practical suggestion

half-life =80 s

counts / s after 200s =71
accept an answer of 70

very small amount of radiation emitted
accept similar / same level as background radiation

2 protons and 2 neutrons
accept 2p and 2n
accept (the same as a) helium nucleus
symbol is insufficient
do not accept 2 protons and neutrons

() gamma rays

(i) loses/gains (one or more) electron(s)

[10]
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(c) anyone from:

. wear protective clothing
. work behind lead/concrete/glass shielding
. limit time of exposure
. use remote handling
accept wear mask/gloves
wear goggles is insufficient
wear protective equipment/gear is insufficient
accept wear a film badge
accept handle with (long) tongs
accept maintain a safe distance

accept avoid direct contact
1

(d) Marks awarded for this answer will be determined by the Quality of Written Communication
(QWC) as well as the standard of the scientific response. Examiners should apply a
‘best-fit’ approach to the marking.

Level 3 (5 -6 marks):

There is a description of all three types of radiation in terms of at least two of their
properties

or

a full description of two types of radiation in terms of all three properties.

Level 2 (3 — 4 marks):

There is a description of at least two types of radiation in terms of some properties
or

a full description of one type of radiation in terms of all three properties

or

the same property is described for all three radiations

Level 1 (1 - 2 marks):
There is a description of at least one type of radiation in terms of one or more properties.

Level O (0 marks):
No relevant information
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(@)

(b)

()

examples of physics points made in the response

alpha particles
. are least penetrating
. are stopped by paper / card

have the shortest range
can travel (about) 5¢cm in air

are (slightly) deflected by a magnetic field
alpha particles are deflected in the opposite direction to beta particles by a magnetic
field

beta particles

. (some are) stopped by (about) 2mm (or more) of aluminium/metal

. can travel (about) 1 metre in air

. are deflected by a magnetic field

. beta particles are deflected in the opposite direction to alpha particles by a magnetic
field

accept (some are) stopped by aluminium foil

gamma rays
. are the most penetrating

. are stopped by (about) 10cm of lead
. have the longest range

. can travel at least 1 km in air

. are not deflected by a magnetic field

neutrons and protons

(H1

() total positive charge = total negative charge
accept protons and electrons have an equal opposite charge

(because) no of protons = no of electrons

(i) ion

positive

[10]
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(d)

Marks awarded for this answer will be determined by the quality of communication as
well as the standard of the scientific response. Examiners should apply a best-fit
approach to the marking.

0 marks
No relevant content

Level 1 (1 — 2 marks)
There is a basic description of at least one of the patrticles in terms of its
characteristics.

Level 2 (3 — 4 marks)

There is a clear description of the characteristics of both particles

or

a full description of either alpha or beta particles in terms of their characteristics.

Level 3 (5 -6 marks)
There is a clear and detailed description of both alpha and beta particles in terms of
their characteristics.

examples of the physics points made in the response:
structure

. alpha particle consists of a helium nucleus

. alpha particle consists of 2 protons and 2 neutrons
. a beta particle is an electron

. a beta particle comes from the nucleus

penetration

. alpha particles are very poorly penetrating

. alpha particles can penetrate a few cm in air
. alpha particles are absorbed by skin

. alpha particles are absorbed by thin paper

. beta particles can penetrate several metres of air

. beta particles can pass through thin metal plate / foll

. beta particles can travel further than alpha particles in air

. beta particles can travel further than alpha particles in materials eg metals
deflection

. alpha particles and beta particles are deflected in opposite directions in an
electric field

. beta particles are deflected more than alpha particles

. alpha particles have a greater charge than beta particles but beta particles have
much less mass
or
beta particles have a greater specific charge than alpha particles

[13]
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(@ two half lives
gains 1 mark

but
20 minutes

gains 2 marks

(b) alphas will be stopped by skin / air or do not penetrate betas and gammas
can reach / damage organs / cells

for 1 mark each

[4]

(@ () two protons

2 neutrons
if neither point gained allow 1 mark for helium nucleus

(i)  electron

(b)  neutron splits (to form proton and electron)

[4]
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