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The correct answeris C because:
e Activity means the rate of decay

* Element P starts with an unknown number of atoms, N
o |none half-life, nucleus P decays so that

1
IN—F-EN

1
o Pdecayed at arate of 2 NT1

1
¢ @ has the same activity, so it also decays at arate of 3 NI

o Element @ starts with 3N atoms

o Therefore,in one half-life for @ thenumber of decays canbe

3
writtenas3N — E N

o Three times as many decays occurforQasforP

o Therefore the half-lifemustbe 37

Questions like this one come up again andagain. To start with you will
probably need to solve them step-by-step as shown above. Once you
have got the hang of it you will see the pattern and be able to answer them
very guickly.

The answeris B because:

« The known guantitiesinthe guestion are that:
o Half-life, T=10 days
o Number of days passed, t=25days
s Therefore 2.5 half-lives have passed
o Each half-life reduces the amount by 50%, therefore determine
the remaining percentage after each half-life:
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time/ .-
% remaining
days
o 100
10 50
20 25
30 12.5

e The percentageremaining after 25 days will be approximately

halfway between the 20 and 30 day points

L e i 8,

. Taketheaverage,T = 18.75

The question asks for an approximation, whichyou canget to without the
use of acalculator as shown.

If you were to use a calculator, you couldsolve the problem using the
equationsinthe data booklet:

+ The decayconstant forthissample

2 _ 06050 e
o Tlr’Z . 10 y ™

e The nucleiremaining, N = Nﬂe‘if = 100 x g(~0.0693 x25) = 17 68 %

Youshould notice that the first rnethod comes close but doesnot reach
as accurate an answer as the calculation using the exponential function.

Decay curves are exactly that, curves, so you cannot expecttoseea
perfectly linearresult. The graph below shows how the two are close, but
will never be the same.
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But the approximation method is stillusefulyand very quick.
3

The carrect answeris D because

e The parentnuclide is reduced by half with each successive half-life
o The simplest way to model theseis noting down successive
fractions
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e After five half-lives the fraction of the parent remaining is EV)

o The daughter nuclide makesuptherest
1- 31

o l-— =+
32 32
Alisincorrect as thisis the fraction of the parent nuclei remaining after four
half-lives.

Bisincorrect as this is the fraction of the parent nuclide remaining.

Cisincorrect as this is the fraction of the daughter nuclides remaining
after four half-lives.

4

The correct answeris C because

e Anti-neutrinos have a continuous energy spectrum. This is known
because:
o Anti-neutrinos are produced in beta-minus decay
o Inbeta-minus decay a neutron decaysinto aproton and an

electron, releasing the binding energy inside the nucleus
For more help visit our website www.exampaperspractice.co.uk
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o Since the protonremainsin the nucleus, all of the binding energy
could be converted into the kinetic energy of the ejected
electron

o However, experiments show that these ejected electrons have a
range of energies

e The 'missing’ energy is the kinetic energy of the anti-neutrino which is
also ejected from the nucleus

o Sincethe ejected electrons have arange of energies, the anti-
neutrino also has to have arange

o Hence the value of the energy of a neutrino is continuous

o So,onlyCorDcanbecorrect

e Alpha particles have adiscrete energy spectrum. This is known
because:

o All of the decay energy goes into emitting an alpha particle

o No other decay takes place when an alpha particle is emitted
from a large nuclei

o Experimental evidence shows that the energies of alpha particles
emitted from nuclei are discrete

o Thisis a key piece of evidence to suggest that nuclei also existin
discrete energy levels

o So,only Ccanbe correct

The correct answer is B because:

e Thediscrete kinetic energy levels of alpha particles and gamma-ray
photos have led to the discovery of emission spectra
o Thisrealisation led to theories of discrete energy levels of nuclei
and atoms
o The existence of discrete energy levels explains andled to the
use of, emission and absorption spectra to identify elements
o So,onlyBorDcanbe correct
e Beta-particles have a continuous range of kinetic energies and this
led to the discovery of the neutrino
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o Neutrinos were theorised by Pauli to explain the ‘missing energy’
problem seenin beta-minus decay

o Electronsemitted from the nucleus were shown to have arange
of energies

o However, due tothe mass defect whenaneutronchangestoa
proton and an electron, it was clear that a specific amount of
kinetic energy had to be accounted for

o The neutrino, withits range of kinetic energies, filled this gap

o So,onlyBcanbe correct

The correct answeris C because:

e Thelaw of radicactive decay states: 4 = An e

In2
e Decayconstant: 4 = —

1/2

In2 ]
- t
» Combiningbothexpressions: 4 =4 e fu2
2.5In2
e Activityaftert=25days: 4 = 10xe ! =18Bq

The correct answeris D because:

. Egg[fmeans that the uranium nucleus contains 92 protons and 146

neutrons
o The number of neutrons is calculated by subtracting the atomic
number from the nucleon number
o Neutronnumber=238-92=146
« \We canthen plot the position of uranium-238 (parent nucleus) on the
N-Z graph
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M
149

148

147

146

S huclelis

145

144 .

143 s Z
88 80 91 92 93 84

¢ When anucleus undergoes alpha decay, an alpha particle is emitted
o Analpha particle consists of two neutrons and two protons and

canbe written as ;a

e The N andZ values of the nucleus both decrease by two
o Note: Gamma radiation does not affect the number of nucleons
o Betaradiationdecreases neutronnumberby one butincreases
proton number by one

o Abetaparticleis anelectron and can be written as 'i'ﬂ

149

ugp—— 1 —1

147

146

145

144 .

143 Z
8g a0 91 92 93 94
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Aisincorrect
as

this represents alpha decay followed by positron, or
5t decay

149
148
147 f f

146 ! ! P

R AT
& | &

144

143 - Fa

Bisincorrect
as

this represents alpha decay which neglects to
decrease the number of neutrons, followad by beta
decay

149
I I

148
147 t t

146

1459 — — — —_ —

L | A I S —

143 . L_z
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Cisincorrect
as

149
148
147
146

1454’

this would be obtained if the proton and neutron
numbers were to only decrease by one during the
alpha decay. This is then followed by a beta decay

144

143
8 9091

82

93

To be able to answer these questions correctly, youneed to recall that
alphadecay is the emnission of two neutrons and two protons (a helium-4
nucleus) and that beta decayinvolves a neutron changing into a proton.
This is a diagonal right on the diagram above, but watch out - the axes
may not always be thisway round! It's better to understand what's going
onineach decay as opposed to memorising the paths onanN-Zgraph.

Z

95

94

23

g

92

B+

g1

20

/l::.

a0
143

144 145 148

147

148

M

Alternatively, you could write out an equation to determine the N and Z
values and then find the correct point on the graph
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0
238 g 234 1P 234

So protactinium, or 233Pa (don't worry, you wouldn't be expected to
know its symbol) contains 91 protons and 234 - 91=143 neutrons. So, N =
143 and 7 =91

The correct answeris B because:

¢ The 80 gsample of living tissue has an activity of 20 Bq
o Therefore, 20 g of living tissue has an activity of 5 Bg
e After one half-life, the activity is 2.5 Bq
e Aftertwo half-lives, the activityis 1.25 Bg — this is the activity of the
ancient sample
¢ The age of the sample is, therefore, equaltotwo half-lives:
o 2x6000years=12000years

Aisincorrect as this answer is obtained by halving the half-life as
opposed to doubling it.

Cisincorrect as this answer is three half-lives instead of two.

Disincorrect as this answer has not accounted for the fact that the living
sampleis four times larger in mass. This means that four half-lives have
been calculated instead of two.

Any living sample of this tissue will have an activity of roughly 0.25 Bq per
gram. This is because the carbon-14 atoms are constantly being replaced
by new nuclei from the elephant’s diet. Once the organism has died,
those nuclei are no longer being replaced and the activity begins to
decrease asnuclei decay.

The trick in this questionis to spot that the mass of the living sample is four
times larger than the mass of the ancient sample. You have to correct this!
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If 80 g of living tissue has an activity of 20 Bq, 20g of living tissue has an
activity of 5 Bg. Mass of a material and its activity are directly
proportional.

This activity of 5 Bq has halved twice to give the ancient activity of 1.25 Bq,
so two half-lives must have passed since the elephant was last alive.

The correct answeris Abecause:

e Since fluorine-18is a positronemitter, we would expecttosee a
positron, or beta-plus particle +E,B, on theright-hand side of the
decay equation

o Thiseliminates option B

e |nordertoconserve lepton number, the positron must be

accompanied by an electron neutrino,u,
o This eliminates optionD

e The atomic number decreases but the nucleonnumber remains the

same, as aproton changesinto a neutron during this process
o Therefore, we would expect the total nucleon and proton
numbers on both sides of the decay equation to be the same

e Thisis shown byoption A

Lk A a2
Nucleonnumber: 18 =18 + 0 + 0 veconserved
Protonnumber: 9 =8 + 1+ 0 vconserved

Bisincorrect as abeta-minus particle (anelectron)is emitted whereas the
questionrefers to a positroni.e. beta-plus decay.

Cisincorrect as the atomic number of the nucleus does not change. All
other aspects are correct but the atomic number of oxygen does not
reflect the fact that a proton has changed into a neutron.

Disincorrect as the neutrine emitted in beta-plus decay should be an
electron neutrino. D shows an antineutrino being emitted. This does not
conserve leptonnumber.
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Being aware of the changes that occurin the nucleus during beta-plus
and beta-minus decay is crucial to spotting mistakes in atomic numberin
decay equations.

These decay equations also link closely to the topic on particle
conservation laws.

Checking whetherlepton numberis conserved is a very helpful method
for double-checking your answer when it comes to beta decay, as
neutrinos or antineutrinos must be emitted alongside the beta particles

18 18 0
"}F ok EG _!_ .!_LE-I—UG

When considering just the nuclei, the left side of option A has alepton
number of zero. A positron has a leptonnumberof -1as it is an antiparticle,
s0 it must be accompanied by a neutrino with alepton number of +1to
ensure that lepton number is conserved.

10

The correct answeris D because:

e When an alpha decay occurs, the following process takes place:
o EE%Pa — zggﬂ‘c + grx
e Protactinium-231willdecayto become Actinium-227 (Note: you
don’'t need to know the name of these elements) and an alpha
particle
o Analpha particle contains 4 nucleons and 2 protons (effectively a
helium-4 nucleus)
e Following the alpha decay, the Actinium-227 will further decay
through beta-minus decay:
o Blac—iTh+ B+,
e Actinium-227 will decay to become Thorium-227, an electron (a beta-
minus particle) and an antineutrino
¢ Therefore, the final answeris ?0 protons and 227 nucleons
o BlPa—s A+ fa—B+ I +v,
e Alternatively, you can calculate the nucleon number of B as follows:
o 231-4-0=227
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¢ Andthe protonnumberof B as follows:
o 91-2-(-1)=90

Aisincorrect as the nucleon numberhas only reduced by two, whereas
four nucleons are emitted during alpha decay. This indicates that the
neutrons have been neglected in the alpha decay step. Additionally, the
increase in atomic number caused by beta decay has not been
accounted for.

B is incorrect as the same misconception about alpha decay from option
A is present, but this time there is a subsequent increase in atomic number
as aresult of beta-minus decay has beenincluded.

Cisincorrect as the reductionin nucleon numberis correct, but the
increase in atomic number due to a neutron becoming a protonin beta-
minus decay has not beenincluded.

If you are not very confident in your understanding of multi-step decays, it
is useful to write out each step of the decay so you don't miss anything! It
isimportant to know that alpha particles contain four nucleons, two of
which are protons, allowing you to write the first step correctly:

B4pa— Bac+ o

Afterthis step, itis once againimportant to be aware of the changes
within the nucleus during beta decay: a neutron changes into aproton -
this is because the nucleus was unstable due to an excess of neutrons.
This change is shown by increasing the atomic number but keeping the
nucleonnumberthe same.

Once you are more confident with multi-step decays, you can quickly
determine new nucleon and proton numbers with a quick calculation, as
shown at the end of the worked solution.

11

The correct answeris C because:

* Betaradiation has arelatively highionising power
o Thismeansthatit has ashortrangeinair - typically only a few
metres
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o ThiseliminatesoptionsBandD
e Atarange of more than1.5m, the countrateisstillnot zero as
background radiationis always present
o Thiseliminates option A

Aisincorrect as the countrate drops to zero after acertain distance - this
cannot happen as there will always be a count rate from the background
radiation.

Bisincorrect as the countrate in this graph decreases very little with a
metre distance - betaradiation only has arange of afew metresto the
countrate should reduce alot at adistance of 1.5m, this graphislikely to
represent gamma radiation.

Disincorrect as the count rate in this graph decreases to the background
rate at adistance of only a few centimetres —this graph is likely to
represent alpharadiation.

Itisimportant that you are aware of the different ranges of the three types
of ionising radiation - alpha, beta and gamma:

e Alpha’srange is short becauseit is highly ionising - the particles
ionise molecules in the air before they can travel very far

e Beta'srangeisslightly longer as the particlesare less ionising and are
moving faster

e Gammaradiationis a form of electromagnetic radiation - this
interacts very little with molecules in the airand has the longestrange

A faw CE!‘ItlmEtTES P W . S_everal
£ 4 kilometres
! / #
% u - ’ _l,-""
Source >p !
BT R T e P W Ve oW W o W O T s W o o WY
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The correct answeris C because:

For more help visit our website www.exampaperspractice.co.uk


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

F/E Page 15

Exam Papers Practice

o Afterevery half-life passes, the number of radioactive nuclei
remaining also halves

« |[f10% of the sampleis unstable at the start of the experiment, once
the percentage reduces to 2.5%, this means two half-lives have
passed

Half-life Half-life
N | w— W | — LN

= Similarly, the initial count rateis 180 cpm

o Aftertwo half-lives, the countrate willbe 45 cpm
o 180 cpm— 20 cpmrepresents 1 half life
o 20cpm — 45 cpmrepresents | half life

In questions like these, you have to be aware that afterevery half-life, the
amount of radioactive material remaininghalves. Students can fallinto
the trap of thinking that a set percentage of radioactive material is
subtracted after every half-life, but thisis incorrect.

You needed to spot that the half-life of the unstable nuclide was 2 hours
and thendetermine the countrate after 4 hoursi.e. two half-lives.

Itis also worth noting that the number of unstable nuclei, the activity,
count rate and mass of aradioactive substance all halve after each half-
life. This is because they are alldirectly proportional.

13

The carrect answeris D because:

o Thesourceisanalphaemitter because:
o Thereis alarge reductionin countrate when paperisusedasa
shield
o Alpharadiationis the only form of ionising radiation that cannot
penetrate paper
e Thesourceisnotabetaemitterbecause:
o Betaradiation can penetrate paperbut it cannot penetrate
aluminium
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o While thereis a slight reduction in count rate betweenwhen a
paper shield is replaced with an aluminium shield, 4 cpm (counts
per minute)is insignificant and is most likely due to natural
fluctuations in background radiation

e The source is agamma emitter because:

o Evenwith aluminiumin front of the source, the count rate is 524
cpm

o Gamma radiationis the only form of ionising radiation that can
penetrate aluminium

o Additionally, the count rate is only reduced when thick lead
blocks the source and the intensity of gamma radiationis
reduced when passing through thick dense material

e Therefore, the source emits both @ and yradiation

Aisincorrect as there s little difference incount rate between a paper
shield and an aluminium shield, implying thatbeta radiation is not being
emitted.

B is incorrect as radiationis stillmaking it through to the Geiger counter
evenwith a paper tube - the source must be emitting more than just alpha
radiation.

Cisincorrect as the source is an alpha emitter as the count rate reduces
with a paper shield and alpha radiationis notincluded inthis answer.

Itis worth noting that the background count rate naturally fluctuates a
little, so we cannot attribute small changes in count rate to the radiation
from the source.

14

The correct answeris D because:

¢ |sotopes of the same element always have the same atomic number -
the number of protons
o Atomic number = nucleon number - neutron number
s A BandC allhave an atomic number of 92
¢ Whereas optionD:
o Atomicnumber=239-146=93
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e Disthe only nucleus with an atomic number of 93, soitis a different
element from the other nuclei

Aisincorrect as atomic number=233-141=92.
Bisincorrect as atomic number=235-143=92.
Cisincorrect as atomicnumber=238 - 1446 =92.

For questions like this one, you must be aware that when nuclei have the
same number of protons (atomic number), they are the same element by
definition. The neutron number may be different, but these are just
isotopes of the same element.

15

The correct answeris C because:

e Point Chas the greatest binding energy pernucleon; this means that
the nucleiin this region are the most stable

Aisincorrect as point Ahas the lightest nuclei and these have alow
binding energy pernucleon.

Bisincorrect as point B is the point of the nuclei Helium-4, which, while
particularly stable giventhe small size of thenucleds, is notthe most
stable nuclei on the binding €nergy curve.

Disincorrect as point D is the point on the binding energy graph where
the heaviest nuclei occur; they are less stable thanthose that are at point
C, havinglower binding energy per nucleon values.

16

The correct answeris A because:

¢ Boron-11has a proton number of 5 and a nucleon number of 11
o Therefore,itis made up of 5 protons and 6 neutrons
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e The mass of those components should be added togetheras a
reference point for when binding energy does not occur to hold them
togetherin anucleus

e The actualmass of the Boron-11, mg, should be subtracted to find
only the mass equivalent Amof the binding energy

o Therefore, Am=5mg+6my-mg
¢ The binding energy £= Amc?, therefore:
o E=(5my,+ 6my - mp)c?

Bisincorrect as the mass of 5 protons, 6 neutrons and Boron-11have been
added. This would not be equal to the mass equivalent of the binding
energy value.

Cisincorrect as the mass of 5 protons and 11 neutrons have been added
together as the reference mass. However, Boron-11 only has 6 neutrons.

Disincorrect as the mass of 6 protons and 5neutrons should be added
together as the reference mass. However, these values should be
switched since Boron must have 5 protons and sinceitis Boron-11, this
means it will have 11- 5 = 6 neutrons.

17

The correct answeris D because:

e The binding energy of each nucleonis 7.98 MeV per nucleon for
Oxygen-16

e Thiscanbe approximated as 8 MeV for convenience

e Sincethere are 16 nucleons in this atom, this means that there will be
about 8 x 16 =128 MeV whichis close to 127.7 MeV, which is the correct
answer

18

The carrect answeris B because:
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* The mass-energy equivalence value comes from the data bookletin
the form of unified atomic mass unit:
o Unified atomic mass unit (u) =1.661x 107%" kg = 931.5 MeV ¢ 2
o We can approximate thisto 1000 MeV ¢ ™2
s Todetermine the number of atomic mass units which make up the
mass defect of helium-4, approximate as follows:
5.04x 1072  5x107%
1.661x10°27 21027
» Therefore, since the energy equivalence canbe foundtobe (2.5 x10°
2)x1000=(2.5x107%) x 10° = 25 MeV
o Therefore, approximations lead us to be nearest to option B,
whichis correct

=25x1072

o Themassratiois:

19

The correct answeris C because:

» Since the two smaller mass nuclei with mass mbond togetherin
fusion, the product will need binding energy to hold the larger single
nuclei together

» Therefore, the mass of the larger nuclei must be less than the original
two masses

20

The correct answeris C because:

» The mass of the products {lzﬂ + 1H)is 0.001ularger than the mass of
thereactants (14N + 3He)
o Therefore, the mass defect Am=0.001u
* Sinceluisequivalentto 931.5 MeV
o 001u=0.92315MeV=1MeV
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¢ Thelaw of conservation of mass-energy requires that the kinetic
energy of the reactants therefore exceeds the kinetic energy of the
products by about 1 MeV
o Therefore, Ciscorrect

Using the terms ‘reactants’ for the things on the left-hand side of an
equation, and ‘products’ for the things on the right-hand side, enables
you to describe the transfer of energy, using the mass defect. This is

sketched out below:
&Y J%%Q
b{\“
-, J

Uy + b He'=—> ';0 % JH
_'.?.
2. 006 U |I§.00+ W

You should be able to see that there is ‘extra’ energy (in the form of amass
defect) onthe left-hand side, with the reactants: therefore, the kinetic
energy of the reactants exceeds that of the products.

21

The correct answeris B because:
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e Themassnumberof the nucleusis 181
o Therefore, there are 181 nucleons in the nucleus
e You candetermine the average binding energy pernucleon of a
nucleus with 181 neutrons using the graph, as shown below:

Aarage bindng erengy par ruckean | el

9 3 Ep G0 430 50 ED 20 D O
Humie of nudesns in nuseus

imeli total bindi '
e The average binding energy per nucleon = == =19 *29)

number of nucleons
o This means the total binding energy = average binding energy per

nucleon x number of nucleons
e Therefore, if the average binding energy pernucleon is approximately
7.9 MeV for this nucleus, then the total binding energy = 7.9 x 181 =
1429.9 MeV
o This meansthat1429.9 MeV=1430 MeV of energy is released
when the nucleus *8ix forms
e HenceBis correct

Remember to check the axis of a binding energy graph. Sometimes, the
energy is given as the total binding energy (which is the energy released
when nucleons fuse together, or equivalently, the energy required to
separate them fully), and sometimes the energy givenis the average
binding energy per nucleon.

22

The correct answer is B because:

e Inorderto separate a nucleus into its constituent nucleons, energy is
required
o |notherwords, work must be done
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e Thetotal amount of energy required to separate anucleus intoits
constituent nucleons is the binding energy of the nucleus
Aisincorrect as the energy equivalent of the mass of the nucleusis not
the same as the energy required to separate nucleonsin the nucleus.

Cisincorrect as the binding energy is the energy required to separate
nucleons from each other in the nucleus. Therefore, itis the energy
required to overcome the strong nuclear force, which is the force that
binds the nucleons togetherin a nucleus.

Disincorrect as the average energy required to remove (separate) a
single nucleon from the nucleus is called the binding energy per nucleon.
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