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General guidance to Additional Assessment Materials for use in 2021

Context

Additional Assessment Materials are being produced for GCSE, AS and A levels
(with the exception of Art and Design).

The Additional Assessment Materials presented in this booklet are

an optional part of the range of evidence teachers may use when deciding on a
candidate’s grade.

2021 Additional Assessment Materials have been drawn from previous
examination materials, namely past papers.

Additional Assessment Materials have come from past papers both published
(those materials available publicly) and unpublished (those currently under
padlock to our centres) presented in a different format to allow teachers to
adapt them for use with candidate.

Purpose

The purpose of this resource to provide qualification-specific sets/groups of
questions covering the knowledge, skills and understanding relevant to this
Pearson qualification.

This document should be used in conjunction with the mapping guidance which
will map content and/or skills covered within each set of questions.

These materials are only intended to support the summer 2021 series.
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18 An old type of camping lamp used a “gas mantle”. The gas mantle is heated by the
gas flame on the lamp and emits a bright white light, Gas mantles wsed to contain
thoriuwm=230.

Thorium=230 decays by alpha emission o form an isotope of radium. A student keeps a
radioactive gas mantle in a sealed polythene bag. The student suggests that over a period
of a year a significant volume of helium gas will be collected, since an alpha particle is a
helium nuclens,

fa) Give rensons why the sealed plastic bag is suitable for collecting the gas.

(b)) A particular gas mantle contains 5,18 = 107 g of thorium=230,
(i} Show that the activity of the thorium=230 in the mantle is about 4,0 = 10¢ By,
230 of thorium=230 conlains 502 = 107 atoms
halflife of thorium-230 = 73 400 vears

number of seconds in 1 yvear = 3,15 = 107
{4)
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18 Phosphogypsum is a by-product in the manufacture of fertiliser. It is slightly radioactive
because of the presence of radium-226, a radioisotope with a half-life of 1600 yvears.

It must be stored securely as long as the activity of the radium-226 it contains is greater
than 0.4 Bq per gram of phosphogypsum.

(a) (1) In asample of 1.0¢ of phosphogypsum, the activity of radium-226 is 1.3 Bq.

Calculate the number of nuclei of radium-226 in this sample.
(3)

Mumber of nucled =

(i1} Calculate the time in years it would take before this sample reached the permitted
level of decay rate.
(3)



(b) Radium-226 decays to radon-222 by alpha emission.

Deternune the energy released in MeV in the decay of a single nucleus of radium-226.
(5)

mass of radium-226 nucleus = 22597713 u

mass of radon-222 nueleus = 221.97040 u

mass of a particle = 400151 u

(Total for Question 18 = 11 marks)
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14 Nuclear fusion involves small nuclei joining to make larger nuclei. Nuclear fission involves
large nuclei splitting to become smaller nuclei. Both of these processes release energy.

(a) The graph shows how the binding energy per nucleon varies with nucleon number for
a range of 1sotopes.

binding energy per nucleon

L

nucleon number

Use the binding energy per nucleon curve to explain how fusion and fission both
release energy.



(b) Explain the conditions required to bring about and maintain nuclear fusion.

(Total for Question 14 = 6 marks)
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19 A school science department keeps a sample of potassium chloride to use as a test source
for Geiger-Milller tubes.

Potassium eontains 0.012% of the unstable isotope potassium-40.
{a) Potassium-40 undergoes i~ decay. producing a stable isotope of calcium.
Complete the nuclear equation for this decay.

;‘SK—}__ Ca+ B

(b} A teacher makes some measurements using the potassium chlonde test source
to determine whether a Geiger-Milller tube is sufficiently efficient at detecting p

(1) The potassium chloride sample has a mass of 300 mg.
Show that the number of nuclei of potassium-40 in the sample is about 3 =< 10"

number of potassium nuclei in 1 g of potassium chloride = 8.1 = 107



{it) Show that the activity of this sample 15 about 5 Bq.

half-life of potassium-40 = 1.25 x 10° years

(111) With no sample in front of the Geiger-Milller tube, a count rate of 15 counts per
minute is recorded. When the potassium chloride test sample is placed next to the
Geiger-Miller ube 176 counts are recorded in a period of 10 minutes.

A detector 15 considered efficient if it detects at least 7.5% of beta emissions from
the source.

Determine whether this Geiger-Milller tube can be considered efficient.



() The science department also has a sample of strontium-90. This undergoes beta
decay with a half-life of 29 years.

State why the half-life of potassium-40 makes the potassium chloride a more suitable
material than strontium-90 for the test.
(1)

(Total for Question 19 = 13 marks)

16 Astronauts on the 1971 Apollo 14 mission to the Moon brought back many rock
samples. It is now believed that one of these contains a piece of rock that originated on
Earth about 4 billion years (4 = 10° years) ago.

The piece of rock is believed to have been launched into space when an asteroid struck
the Earth.

{a) The rock sample contains uranium. The radicactive decay of uranium allows it to be
used to determine the time since the rock was formed on the Earth.

(1) The uranium isotope “7U becomes the lead isotope “5Pb through a senes of
radioactive decays.

Calculate the number of @ particles and the number of p particles emitted for
one nucleus of U to decay to become a nucleus of “liPb.

Number of w particles = .

Number of f particles =




(i) The half-life of “JU is 4.47 x 10° years.

The half-lives of the other stages in the decay to “}Pb are relatively so short that
they can be ignored.

There was no lead in the rock when it formed, so all the “’Pb in the sample is a
product of )} decay. In the sample, for every 103 uranium nuclel present at the
start, 50 are now lead nuclel.

Show that the age of the sample is about 4 = 10 years.

TOTAL FOR PAPER IS 41 MARKS
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