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Q1.

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 x 10° years) ago.

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

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

i) The uranium isotope “5U : 206 . . .
M P€ "2~ becomes the lead isotope *jPb through a series of radioactive
decays.

Calculate the number of a particles and the number of B particles emitted for one nucleus of 43U
to decay to become a nucleus of “Pb

Number of a particles = ...

Number of B particles = ...
(ii) The half-life of J;gU is 4.47 X 109 years.

The half-lives of the other stages in the decay to ““Pb 4re relatively so short that they can be
ignored.

There was no lead in the rock when it formed, so all the “FPb i, the sample is a product of 25U

decay. In the sample, for every 103 uranium nuclei present at the start, 50 are now lead nuclei.

Show that the age of the sample is about 4 x 10° years.
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(Total for question = 5 marks)

Q2.

Some types of smoke detector contain a radioactive isotope of americium, **Am. The nuclei of
221Am decay by emitting an alpha particle.

The diagram shows part of a smoke detector.

The detectors use a small amount of 2**Am to make the air between two metal plates conduct
charge.

metal plate —
to cell

alpha particles

metal plate —__

)

americium 241

(a) (i) Explain why a stream of alpha particles will cause charge to flow between the metal
plates.

(ii) Suggest how smoke particles entering the space between the plates will cause the current to
decrease.

(b) (i) The decay of ***Am is said to be random and spontaneous.
State what is meant by random and spontaneous.
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Random

(Total for question = 7 marks)

Q3.

The photograph shows a vase made of uranium glass. Uranium glass is radioactive.

Uranium glass usually contains a maximum of 2% uranium. Uranium glass made in the early part
of the 20th century can contain up to 25% uranium.

A uranium nucleus decays to thorium by emission of an alpha particle.

It can be assumed that all the energy of the decay is transferred to kinetic energy of the alpha
particle.

Calculate the speed of the emitted alpha particle.

mass of uranium nucleus = 238.0003 u
mass of thorium nucleus = 233.9942 u
mass of alpha particle = 4.0015 u
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(Total for question = 5 marks)

Q4.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box & and then mark your new answer
with a cross [X.

The diagram shows binding energy per nucleon against nucleon number for atomic nuclei.

Y

Binding energy
per nucleon

T T T
Nucleon number
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Which line of the table correctly identifies the process that would increase stability for nuclei in
the positions indicated by X and Y?

X Y
O A nuclear fission nuclear fission
[l B nuclear fission nuclear fusion
1 cC nuclear fusion nuclear fission
0 D nuclear fusion nuclear fusion
(Total for question = 1 mark)
Q5. When measuring the count rate from a radioactive source it is usual to also measure

the background count rate.

The background count rate must be

[l A aslarge as possible for an accurate experiment.

[l B measured when the source is in place.

[] € recorded for the same time as the count rate.

[J D subtracted from the count rate measured from the source.

(Total for Question = 1 mark)

Q6.

A student used a Geiger-Muller (GM) tube to determine the activity of a radium source. Radium
emits a, B, and y radiation.

He positioned the source 20 cm from the GM tube, as shown, and recorded the count for 1
minute. He repeated the measurement and calculated a mean count.
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GM tube radium source

\

The student recorded the following results.

Count 1 Count 2 Mean count

183 178 181

Criticise the student's method for determining the count at this position.
(3)

(Total for question = 3 marks)

Q7.

A student used a Geiger-Muller (GM) tube to determine the activity of a radium source. Radium
emits a, B, and y radiation.

He positioned the source 20 cm from the GM tube, as shown, and recorded the count for 1
minute. He repeated the measurement and calculated a mean count.

GM tube radium source
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The student recorded the following results.

Count 1 Count 2 Mean count
183 178 181
From his results the student determined that the activity of the source was 3.0 Bq.

Comment on his value for the activity of the source.

(Total for question = 5 marks)

Q8.

A school science department keeps a sample of potassium chloride to use as a test source for
Geiger-Muller tubes.
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K-40, nmrallnlp occurring in
300 mg petassium chloride.
Test source: TS 1

Potassium contains 0.012% of the unstable isotope potassium-40.

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.

(Total for question = 1 mark)

Q9.

In both nuclear fission and nuclear fusion there are changes in the binding energy per nucleon.
This releases energy.

Which row of the table correctly shows the change in binding energy per nucleon for both
processes?

Nuclear fission Nuclear fusion
O A decrease decrease
0 B decrease increase
] increase decrease
LD increase increase
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(Total for question = 1 mark)

Q10.

In a nuclear fission reaction in power station, a slow-moving neutron is absorbed by a nucleus of
U-235

The fission reaction produces nuclei of barium-141 and krypton-92
The equation for the reaction is:

M5TT 1 141 I ) v 1
BEL + N — 56Ba Bﬁlu 3 il

Use the data in the table to calculate the energy, in joules, released in this fission reaction.

Mass/u
neutron 1.008665
uranim-233 235.0439
barium-141 140.9144
krypton-92 01.9262
Energy = .o J

(Total for question = 5 marks)
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Q11.
(a) In 1939 Hans Bethe published a paper describing the fusion processes in stars.

In the proton-proton cycle, hydrogen is converted to helium in stages. The nuclear equation
below represents one of the stages.

Li+ X2 x‘He

(i) Complete the equation and identify X.

(ii) Calculate, in joules, the energy emitted in this stage of the cycle.

Mass / MeV/c?

Proton 038.3
Neutron 0396
Helinm 3727.4
Lithium 6533.8
Energy = .o J

(b) In 1967 Bethe received a Nobel Prize in Physics for his work on understanding the fusion
processes in stars.

Explain why sustainable fusion has not yet been achieved for the generation of electrical power.
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Q1l2.

All living organisms contain **C and radioactive **C. The concentration of **C in the organism is
maintained whilst the organism is alive, but starts to fall once death has occured.

(a) The count rate obtained from wood from an old Viking ship is 14.7 min~! per gram of wood,
after being corrected for background radiation. The corrected count rate from similar living wood
is 16.5 min~! per gram of wood

Calculate the age of the ship in years.

14C. has a half life of 5700 years.

Age Of Ship = .o, years
(b) The concentration of **C in living organisms might have been greater in the past.

Explain how this would affect the age that you have calculated.
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(Total for question = 6 marks)

Q13.

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 used to contain thorium-230.

Thorium-230 decays by alpha emission to 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
nucleus.

Give reasons why the sealed plastic bag is suitable for collecting the gas.

(Total for question = 2 marks)

Q14.

A school science department keeps a sample of potassium chloride to use as a test source for
Geiger-Muller tubes.
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. A Alehe,
. '

o a0, naturally occurring in
300 mg potassium chloride.
Test source: TS 1

Potassium contains 0.012% of the unstable isotope potassium-40.
Potassium-40 undergoes B~ decay, producing a stable isotope of calcium.

Complete the nuclear equation for this decay.

(Total for question = 2 marks)

Q15.

A number of conditions must be met if the fusion of hyrdrogen nuclei is to occur. Which
condition, in a sample of hydrogen, is not neccesary for nuclear fusion to occur

[l A very high density

[l B very high mass

[l € very high pressure

[l D very high temperature

(Total for question = 1 marks)

Q1l6.

At the Culham Centre for Fusion Energy (CCFE) experiments are carried out to investigate

nuclear fusion and the properties of plasmas. A plasma consists of ionised gas, containing

positive ions and electrons.

In a fusion experiment at CCFE, ions of two isotopes of hydrogen fuse to produce helium ions
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and fast-moving neutrons.
Fusion occurs naturally in the core of stars.

Explain why very high densities of matter and very high temperatures are needed to bring about
and maintain nuclear fusion in stars.

(Total for question = 2 marks)

Q17.

The photograph shows a vase made of uranium glass. Uranium glass is radioactive.

Uranium glass usually contains a maximum of 2% uranium. Uranium glass made in the early part
of the 20th century can contain up to 25% uranium.

A student carried out an investigation to determine the percentage of uranium in the glass.

The student measured the count rate by placing a Geiger Muller (GM) tube against the vase at a
single position. This value was used to calculate the decay rate for the whole vase.

(i) Show that the decay constant for uranium is about 5 x 10718 571

half-life of uranium = 1.41 x 10*’ s
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(ii) Calculate the percentage of uranium, by mass, in the glass.
area of GM tube window = 6.36 x 107> m?

surface area of vase = 0.0177 m?

background count rate = 525 counts in 10 minutes

count rate when GM tube next to vase = 3623 counts in 5 minutes

mass of vase = 149 g
mass of uranium atom = 238 u

Percentage of uranium = ...

(iii) The uranium decays by emitting alpha particles.

Criticise the method used to determine the percentage of uranium in the vase.
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Q18.

(Total for question = 10 marks)

A student investigated the way in which gamma radiation spreads out from a source.
He placed a cobalt-60 source in a source holder and set up a Geiger-Mduller (GM) tube a short
distance d away. He connected the GM tube to a counter as shown.

source
M .
"
metre rule
|I'I'I'|'|'I'I'|"I'I|

The student recorded the count for 2 minutes.

GM tube counter

- [

(]
I
|II |II
\_J

Describe how to determine the corrected count rate from the source.

Q109.

(Total for question = 2 marks)

Radioactive decay is sometimes described as being spontaneous. In this context spontaneous
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means

[l A nothing can influence the decay.
[l B the decay is random.
[l € the decay can be predicted.

[l D the decay is exponential.

(Total for question = 1 marks)

Q20.

The photograph shows the containers of two radioactive sources kept in a school.

RADIOACTIVE SOURCES

‘;‘ Ra** 5uCi (o, pand y) ‘;‘

RADIOACTIVE SOURCES

‘i‘ Co® 5uCi () l;l

The isotope Ra 226 undergoes a series of decays until it produces the stable isotope Pb 206.

Determine the number of a particles and B particles emitted during this process to complete the
nuclear equation.
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276 06~y e e
SSRH —> SEPb + X o+ X B

Q21.

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 years.

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.

Radium-226 decays to radon-222 by alpha emission.

Determine the energy released in MeV in the decay of a single nucleus of radium-226.

mass of radium-226 nucleus = 225.97713 u
mass of radon-222 nucleus = 221.97040 u
mass of a particle = 4.00151 u

(Total for question = 5 marks)

Page 19 of 44



www.quantumyvisionacademy.com

Q22.

At the Culham Centre for Fusion Energy (CCFE) experiments are carried out to investigate
nuclear fusion and the properties of plasmas. A plasma consists of ionised gas, containing
positive ions and electrons.

In a fusion experiment at CCFE, ions of two isotopes of hydrogen fuse to produce helium ions
and fast-moving neutrons.

'H+H — jHe + ln

Show that a single fusion reaction releases about 3 x 1072 of energy.

mass of iH =2.013553u
mass of JH=3.015501u
mass of JHe = 4.001506u

mass of ;n=1.008665u

(Total for question = 4 marks)

Q23.
The following passage is adapted from a recent article in a British newspaper:

"Every year, one typical coal-fired power station devours several million tonnes of fuel and
produces even more carbon dioxide. That volume of carbon dioxide is damaging the atmosphere
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and, in the longer term, the fuel will run out. It is clear that the world needs an alternative for
generating energy.

Nuclear fusion looks like offering a solution to the problem. Using the equivalent of a bath tub of
water, fusion has the potential to deliver the same amount of energy as 100 tonnes of coal.
There would be no carbon dioxide emission, it would be inherently very safe, and would not
produce any significant radioactive waste."

(Adapted from an article in The Observer newspaper, Sunday 16th September 2012)

(a) The latest proposed fusion reactor will fuse deuterium and tritium, which are isotopes of
hydrogen. This fusion reaction is illustrated below.

Tritium

(i) Complete the nuclear equation below to represent this fusion reaction.

H+ "H— He+ 'n

(ii) Calculate the energy released in the fusion of one deuterium nucleus with one tritium
nucleus.

Particle Mass / GeV/e*

Proton 0.938272
Neutron 0.939566
Deuterium 1.875600
Tritium 2.808900
Helium 3.727400

Energy released = ...

(iii) Explain why most of the energy released in the fusion of one deuterium nucleus with one
tritium nucleus is transferred to kinetic energy of the neutron.
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(b) A sample of tritium is produced. Tritium is unstable and decays by B~ emission with a
half-life of 12.3 years.

Calculate the time taken, in years, for the activity of the sample to fall to 10% of its initial value.

*(c) The article states that "it would be inherently very safe, and would not produce any
significant radioactive waste."

Comment on this statement and outline the technical difficulties of producing a practical nuclear
fusion reactor.
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(Total for question = 15 marks)

Q24.

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.

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

(Total for question = 3 marks)

Q25.

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.

The graph shows how the binding energy per nucleon varies with nucleon number for a range of
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isotopes.

binding energy per nucleon

nucleon number

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

(Total for question = 3 marks)

Q26.

The photograph shows a tea cup on a saucer.

© Inter Tkea Systems BV
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A student notices that walking with this sort of tea cup when it is filled with tea is particularly
difficult to do without spilling it.

While walking, the tea starts to oscillate from side to side in the cup, rapidly increasing in
amplitude and spilling over the edge.

The student develops the hypothesis that spillage occurs most when the frequency of the steps
taken by a person matches the natural frequency of oscillation of tea in the cup.

(a) Explain whether the student's hypothesis is supported by relevant physics.

(Total for question = 4 marks)

Q27.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box 4 and then mark your new answer
with a cross [X.

A detector is placed 30 cm from a gamma source, the count rate is 64 counts per minute.

The detector is then placed 60 cm from the source. The background rate is presumed to be a
constant 24 counts per minute.

Which of the following gives the expected counts per minute?

L1 A 16
[0 B 32
[0 ¢ 34
L
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(Total for question = 1 mark)

Q28.

A student investigated the way in which gamma radiation spreads out from a source.
He placed a cobalt-60 source in a source holder and set up a Geiger-Mduller (GM) tube a short

distance d away. He connected the GM tube to a counter as shown.

source GM tube counter
n . —
metre mle |||
|I rrtrrtr vt r Tt rryoT T I| |||
||I
| i
t\‘:::::"f’)iIJI

Figure 1

The student recorded the count for 2 minutes.

His teacher turned the GM tube through 90° so that the side of the tube faced the source as
shown below.

source GM tube counter
d
metre mle
L S A A O R
S—

Figure 2

It is suggested that the investigation into the way in which gamma radiation spreads out from a
source, using the apparatus as shown in Figure 2, could be carried out successfully using a

radium-226 source.
Radium-226 emits a, B and y radiation.

Justify this suggestion.
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(Total for question = 2 marks)

Q29.

A school science department keeps a sample of potassium chloride to use as a test source for
Geiger-Mlller tubes.

. -0, naturally ocourring in
1 300 mg potassium chioride.
i Test sourca: T51

Potassium contains 0.012% of the unstable isotope potassium-40.

A teacher makes some measurements using the potassium chloride test source to determine
whether a Geiger-Muller tube is sufficiently efficient at detecting B radiation.

(i) 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 x 10'’,

number of potassium nuclei in 1 g of potassium chloride = 8.1 x 10!

(ii) Show that the activity of this sample is about 5 Bq.

half-life of potassium-40 = 1.25 x 10° years
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(iii) With no sample in front of the Geiger-MUller tube, a count rate of 15 counts per minute is
recorded. When the potassium chloride test sample is placed next to the Geiger-Mdller tube 176

counts are recorded in a period of 10 minutes.

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

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

(Total for question = 10 marks)
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Q30.

The photograph shows the containers of two radioactive sources kept in a school.

RADIOACTIVE SOURCES

l;l Co® 5uCi (y) l;i

The sources are tested every year and a record of the activity of the sources has to be kept.

The school has incomplete records. The table shows the test entries for cobalt for 2015 and for a
year X, which is the year the source was purchased.

Year Background: counts in 60 s Source: counts in 60 s
X 22 12227
2015 15 322

The school records show that sources were purchased in 1980, 1987 and 1995, but there is no
record of which source was purchased in which year.

(i) Determine the age of the cobalt source in order to establish in which year the school
purchased this source.

half-life of Co 60 = 5.3 years
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Mark Scheme

Q1.
Question s ; T
Number Acceptable answers Addirtional guidance Mark
(i) 8 alpha (1) | Example of calculation
(1) |238-206=32
6 beta 32 24 =8 alpha
92-82=10.8=x2=16
16— 10 =6 beta 2
(ii) Useofln2=rwuxi 1 Example of calc*culation
) 7= L 1
Use of N=No ™ (1) l.n - _4,'4? * _1[.3 yeaflx *
_ o A=1.55x 107" year
t=43 x10° (year) (1) 53 =103 e—l.sss-cm"-"'year" Wt
In53=In103—-1.55 = 107" year™ = 1
r=4.3 = 10° year
3
Q2.
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Question | Answer Mark
Number
(a)(1) Alpha particles 1omse the air
Or alpha particles stnip electrons from air molecules (1)
The 1ons/electrons move (in the electric field between the plates) 1) 2
(a)(i1) | Smoke particles capture electrons (and reduce the free charge able to move)
Or alpha particles collide with smoke particles and reduce amount of iomisation (1) 1
(b)(1) Random means we cannot identify which atom/nucleus will be the next to decay
Or we cannot ideniify when an individual atom/nucleus will decay
Or we cannot state exactly how many atoms/nuclei will decay in a set tune
Or we can only estimate the fraction that will decay in the next time mnterval (1)
Spontaneous means that the decay cannot be influenced by any (external) factors. (1) 2
(b)(ii) 237 4
os AM—""" Np+,0
Top line correct (D
Bottom line correct oy 2
Total for guestion 7
Q3.
Question - . -
Number Acceptable answers Additional guidance Mark
- Calculates dmnge m 1:1) Example of calculation 5
mass (1) | Amr=2380003u— (2339042 +
(1) |4.0015m
¢ (Converts from u to l{g = 000463 = 1.66 = 107V kg
o Useof AE=c"Am =7.636 % 1070 kg
. (1) | AE=(3.00 % 10° m s7)" x 7.636
o Useof Ex=Y2mv @) | 107kg
*» v=14x107ms"" =6.872 x 10747
6.872 = 'l[}'l': T=1 (40015 u) v?
v=14x10ms"
Q4.
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Q_u el et r_ahle Addirional guidance Mark
Number answer
C The only correct answer 1s C because X 1s a smaller nucleus for which the
binding energy per nucleon could increase through a process of fusion and Y 1s
a larger nucleus for which the binding energy per nucleon could increase
through a process of fission
A T not correct because it states fission for both X and Y
B 1s not correct becanse the processes are reversed
D is not correct because it states fusion for both X and Y 1
Q5.
Question | Answer Mark
Number
B 1
Q6.
g:i:g: Acceptable Answer Additional Guidance Mark
, : : . 3
¢ Counting for 1 minute 1s too
short a time (1)
Or he should count for at least -
3 munutes (1)
* He hasn't recorded the (1)
background count rate
* More than one reading taken
and a mean calculated
Or should have taken more
than two readings (to calculate
mean)
Q7.
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g:i;‘:g: Acceptable Answer Additional Guidance Mark
MAX 5 3
An explanation that makes reference to the
following points:
¢ The student has calculated the coun
rate rather than the (1)

activity of the source

(1)
* The counts haven't been corrected
for background (so (1)
there is systematic error in his data)
¢ The GM tube 1s too far away from (1)
the source

(1)
¢ g-radiation won't reach the
GM-tube as 1t only has a short (1)
range in air
¢ Radiation spreads out from the
source, so not all the emitted
radiation reaches the GM-tube
¢  GM tube won't detect all the
gammas which enter 1t
Q8.
Question - P . §
Number Acceptable answers Additional guidance Mark
* 50 the proportion of unstable nucle:
does not change sigmificantly over
fime 1)
Or activity does not change 1
significantly over time
Q9.
Q.uesnou A“Ept_ﬂble Additional guidance Mark
Number ANSWer
D The only correct answer is ID: the binding energy per nucleon curve shows an 1

increase for both processes

A is not correct because both processes show decreases
B is not correct because fission shows a decrease

C is not correct because fusion shows a decrease
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Q1lo0.
Question Acceptable answers Additional guidance Mark
Number B
+ Calculation of mass Example of calculation:
difference in kg (1)
o Useof E=cl Am (1) (2350439 + 1 .008665) u— (140 9144 +
o E=277x1017(D) 919262+ (3=1.008665)) u="0186u
(0.1860u =166 =10 kg) « (3= 108 ms)=
277 = 107117 3
Qll1.
Question | Answer Mark
Number
@O | 7y .. 1 4
;;L]"' 1X%2X .,He (1)
X 15 a proton [Accept X 1s hydrogen/H] (1) 2
(a)(i1) Attempt at calculation of mass difference (1)
Use of 1 MeV=1.60 x 10T (1)
AE=277= 10" (D) (1) 3
Example of calculation:
Am = 6533 8MeV/c® +9383MeV/c? — (2x 3727 4MeV/c? | =17 3MeV/c®
AE=17.3MeV
AE =17.3MeVx1.60x107°TMeV™ =2.768x107"J
(k) Max 4
¢  Extremely high temperature and density needed (1)
¢  High temperature because nucle1 need high energy to overcome the
{electrostatic) repulsive force (1)
¢  Since nuclei must come very close for fusion to occur
Or since nuclei must come close enough for (strong) nuclear force to act (1)
¢  Very high density is needed to maintain a sufficient collision rate (1)
¢  Reference to extreme conditions leading to containment problems (1) 4
Q1l2.
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Cluestion | Answer Mark
Number
(a) Use of 1=1In2/;; (1)
A=129x 10  yr) [21=386x10""(s7), A=2.31 % 107" (min")] (1)
Use of 4 =_4pe™¥ £Y)]
t =950 (vr) [if A=12 % 107", then t = 960 (vr)] 1) 4

[credit answers that use a constant ratio method to find the number of half lives elapsed]

Example of calculation

0.693
As——— =1 225107
5700 yr

|
1478 F=16.55" peg TN N

14757
In e
1655~
~1.22x107" yr
(h) Initial value of count rate should be bigger than 16.5 min™
Or greater count rate from living wood in the past [e.g. A/A, smaller]

Or mitial value of count rate underestimated in the calculation
Or Initial number of undecaved atoms greater [e.g. N/Nj smaller] (1)

b= =047 yr

Age of sample has been underestimated
Or ship 15 older than 950 yr
Or sample has been decaying for a longer time (1)

[

[If a calculation has been carried out to show that a greater value of initial activity leads to a
greater age, then award both marks]

Q13.
Question - . )
Number Acceptable answers Additional guidance Mark
*  Alpha won't penetrate For MP1, accept answers in terms of
the plastic so the gas 1) | the 5;11.111 range of alpha particles in
can’t escape the air in the bag
¢ Alpha won't penetrate 4y 2
the plastic so there 15 no
nisk
Q14.
Question Acceptable answers Additional guidance Mark
Number
« top:40,0 @)
- 20, -
* bottom: 20, -1 a >

Page 35 of 44



www.quantumyvisionacademy.com

Q15.
Question | Answer Mark
Number
| | B | 1|
Q1l6.
Q_uestmn Acceptable answers Additional guidance Mark
Number
+ High temperature so sufficient
(kinefic) energy to overcome the
repulsion between (posttively
charged) ions/nuclei 1)
* High densify to ensure 1ons close
enough to each other to maintain 5
collision rate to maintain fusion (1] -
Q1l7.

Page 36 of 44



www.quantumyvisionacademy.com

Question - . o
Number Acceptable answers Addirtional guidance Mark
(i) ¢ Useofin2=A4AH~ (1) Example of calculation 2
o A=402%108 Y @M [A=In2/141x107s
=402 % 10785
(ll} 1] Calculate rate = counts / {]) EMt:Ln]JlE of calculation i)
time 1) background rate = 525 / (10 % 60) s =
) 087557
* Subtract background (1) | vase count rate = 3623 /(5 * 60) s =
radiation 1y |120775s7]
o Useofd=— N e corrected rate = 11.2 577
N . for whole vase = 11257 x 0.0177 m*/
¢ (Calculates N = atonuc (1) .36 * 10~ m?
mass = 311757 _
L] Calculates pﬁcenmge b‘)’ ;;'-;)131 17/481 = ].U‘_IE 5 =0.348 =
mass Mass = 6348 x 10%x 238 x 1.66 x
¢  Answer=10.17% (ecf for 10 kg=251%10"ke
A from (a)(1)) Percentage =2.51 = 10~ kg x 100/
0.149=0.17%
(iii) | Max 2 from: 2
* Alpha particles could have been
absorbed by the glass @)
+ Alpha particles will be enutted in
all directions, not just towards the
detector (1)
* Some alpha particles could have
been detected from other parts of (1)
the vase
e The count could include radiation (1)
from decay products
(1)
¢ Some alpha particles could be
absorbed by the GM tube window
Q18.
Q_uesnon Acceptable Answer Additional Guidance Mark
Number
A description that makes reference to the There needs to be two clear steps.
following: Subtract a count from a count, or a
+ (Remove the source and) record (1) | count rate from a count rate and
background count for specified time and divide a count by time to obtain a
subtract from equivalent quantity count rate.
+  Divide by tune to give a count rate. 1) 2
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Q19.
Question | Answer Mark
Number
| A 1
Q20.
Question Acceptable answers LA T e Mark
Number
+ correct values of A Example of calculation:
and Z for a and B 226gsRa =2 2%g:Ph + x40 + y o1 B
226-206 =4 x
e 50 x=5
88-82-(5x2)=-vy
» 40 y =4
“%gsRa > “%gPb + 5% a + 4% B | (3)
Q21.
e Acceptable answers Additional guidance Mark
Numher P ) s
e attempt to determine Am =22597713u—(221.97040u +
mass difference (1) | 4.00151 v) .
between radium and =522 % 1{13 u=7322x -
radon-plus-alpha 107 > 1.66 > 107~
- kg =8.67 x 107°°
e conversion to kg (1) = 5
¢ Useof AE=c’Am (1) AE Tlﬂig 3 x 10° )
Use of 1.6 x 107 =cam=(>x 0'm
e (1) s1)? x 8.67 x 10730
e Answer=487 kg =7.80 x 1077
Mevy (1) | AE in MeV =7.80 x 107
- I=16x= 107" C
=487 MeV
Q22.

Page 38 of 44



www.quantumyvisionacademy.com

gﬁ:g: Acceptable answers Additional guidance Mark
] Example of calculation
* Calculates change in mass (1) | Am=((2.013553 + 3.015501) -
. Comverk i (4.001506 + 1.008665))u
Converts fromu fo kg (1) |=0.01883 x 1.66 x 10" kg
s Use of AE=c*Am =313 x 10 % kg _ ]
i M) |AE=(3.00%10°ms™)? x 3.13 x 10 ¥ kg
* 28x107°7 M |=28x1072] 4
Q23.
Question Answer Mark
Number
(a)(i) Top line correct (L
Bottom line cormrect (1) 2
2 3 4 |
 H+H—,He+;n
(a)(i1) Attempt at mass deficit calculation (1)
AE = 0.0175 GeV (accept 2.8 x 1072 ) (1 2
Example of calculation:
Am = (3.7274 + 0.939566 — 2.8089 — 1.8756) GeV/c* = 0.0175 GeV/c’
AE=00175 GeV
(a)(iii) Momentum 1s conserved (1)
Mass of neutron 1s smaller. so speed 1s greater (1)
(1)

E, =Y mv". so E, 1s larger
Or

Momentum is conserved

(L)
Ey=p'I2m )
m of neutron is smaller, so Ej 1s larger (1) 3
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(b)

Use of ; _ In2
by
Useof 4= .ﬂine_’;"

t =41 (years)

Example of calculation:
. In2 _ 0.693

ty 123 year

=0.0563 year™

lu[:O_l}

A=4e :
—0.0563 year

(]

= 40.9 years

(1)

(1
(1

(o)

QWC — Work must be clear and organised in a logical manner using
technical wording where appropriate

There 1s little possibility of a runaway fusion reaction (unlike fission)
There would not be any radioactive waste produced in the fusion process
Or the flux of neutrons would produce radioactive 1sotopes when
absorbed by matenals in the reactor

A very/extremely high temperature (plasma) 1s required

Plasma must not touch reactor walls, so strong magnetic fields are
required

If plasma touches the walls of the reactor its temperature falls (and fusion
stops)

(1

(1

(1

(1

Tatal for guestion

15

Q24.

Question
Number

Acceptable answers

Additional guidance

Mark

An explanation that makes reference to:

o Identifies (very) lugh temperature (1)
and (very) lugh density

 (Very) high temperature to provide (1)
enough energy to overcome the
(electrostatic) repulsive force
between nuclel

e (Very) high density to give big @
enough collision rate to maintain
reaction

Accept pressure for density in MP1

Accept correct reference to strong force
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Q25.
Question - P . §
Number Acceptable answers Additional guidance Mark
« Fusion involves an mncrease in Accept reference to larger/smaller
binding energy (per nucleon) as the (1) | nucle1 for number of nucleons
number of nucleons increases increases/decreases
» Fission mvolves an increase in
binding energy (per nucleon) as the 1)
number of nucleons decreases
* If binding energy per nucleon @
increases energy 1s released in the
Process 3
Q26.
ti Additional
Question Acceptable answers on Mark
number guidance
An explanation that makes reference to the following points:
¢ Resonance i1s occurring. .. (1)
* ___when the driving frequency/forced vibration (at walking
frequency) matches the natural frequency (1)
* __energy transfer is maximum (1)
* Supporting the observation that the amplitude rapidly increases (1)
4
Q27.
Q_uesnnn Attept_ah]e Addirional guidance Mark
Number aAnSWer
C The only correct answer is C because the corrected count rate at 30 cm is 40
counts per minute, the corrected rate at twice the distance is a quarter of this
value, which is 10 counts per minute, and adding the background gives the
value of 34
A is not the correct answer because if is 16
C 1s not the correct answer because it 1s 32
D is not the correct answer because if is 44 1
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%‘;ﬁi‘;:_l Acceptable Answer Additional Guidance Mark
+ g-particles would only travel a few (1) Agccept a reference to a-particles not
cm (1 ar). and so wouldn’t reach passig through the side of the tube
the GM-tube (even if they reached 1t when d was
small) and so not contributing to the
cout (rate)
+ [f-particles would probably not pass (1) For 2 marks expect a valid
through the sides of the GM-tube, conclusion. as well as a statement of
and so wouldn't be detected so the likelihood of the a-particles and
suggestion 1s correct. p-particles contributing to the count
(rate) 2
Question . N 3 es . !
Number Acceptable answers Additional guidance Mark
(i) . N=03gx81x10" g!=0.012/100
Use of ratio of atoms and atoms per g O |=29x10"
T — 17
Number of nuclei =2.9 = 10 a s
Question , ) - . :
Number Acceptable answers Additional guidance Mark
(i) ] In2=43%125=10° years
use of In 2 = Afy2 (@) | =4x(1.25%10° % 365 x 24 % 60 x 60) s
use of activity = AN (ecf from A=176% 10" ¢
(b)D) ’ - 1) A=176= 10" 51 =29 = 10V
=51Bq
activity = 5.1 (Bq) (use of show 1)
that value gmives 5.3 Bg) 3
Question . & 3 aes . !
Number Acceptable answers Additional guidance Mark
(iii) MP3 can only be awarded if Activity
use of count rate = {clro}mts - (1) | from (1) 15 used. A clear comparison
background counts) / time with the corresponding value must be
. made
%Eﬁjl ates percentage of activity from (1) | eg percentage =0.8 % whichis<7.5
Or applies 7.5% to activity from % 50 not efficient
(b}(uj ; ’ - Or detects 176 but should detect 379
counts in 10 min, so not efficient
Comparative statement consistent with (1) | Or should detect a rate of at least 0.63
their values Bq. so not efficient
Example of calculation
Recorded count rate = (176 - 150) =
600 s
=0.04Bq
0.04 Bq * 100 = 5.1 Bq
=0.78 % 3
(ecf from (b)(11) for MP3)
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%‘;::t;:: Acceptable answers Additional guidance Mark
(iv)
Max two from
» emissions are 1 all directions @
* some enuited particles may be 1
absorbed by the material in the sample
* some enutted particles may be 1))
absorbed by the window
* some enutted particles pass (night) )
through detector -
Q30.
%ﬂﬁgg? Acceptable answers Additional guidance Mark
(i) [+ subtracts (1) | Example of calculation:
background from
counts in 60 s 12227 - 22 =12205

322 -15 = 307

307 = 12205 x en2t/53y
In 307 =In12205-In2 x t/ 53y

e use of A = Ag gt (1} i’{:al?li yzenall'é - 28 = 1987

o use of half life x A (1)
=1In 2

e correct logarithmic (1)
conversion

e year = 1987 (1)

(5)
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Question
Number

Acceptable answers

Additional guidance

Mark

(ii)

An explanation that makes
reference to one of the
following pairs:

o if the measurement in
2015 were at a larger
distance than X, the
count rate would be less

e the source would
appear to bhe older than
it really is

OR

o 307 is a relatively small
count

e the equations apply for
large numbers of
decays therefore you
cannot be sure of the
accuracy of the age

OR

e if the sensitivity of the
GM tube were greater in
2015, the count rate
would be larger

e the source would
appear to be younger
than it really is

(1)

(1)

(1)

(1)

(1)

(1)

Allow reverse
arguments

(2)
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