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The correct answeris D because:

. EggUmeans 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 canthenplot the position of uranium-238 (parent nucleus) on the
N-Zgraph
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e When a nucleus undergoes alpha decay, an alpha particle isemitted
o Analpha particle consists of two neutrons and two protons and

canbe written as grx

e The N and Zvalues of the nucleus both decrease by two
o Note: Gammaradiation does not affect the number of nucleons
e Betaradiation decreases neutron number by one butincreases
proton number by one

o Abetaparticleis anelectron and can be written as "-1:'}8
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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
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To be able to answer these questions correctly, you need to recall that
alphadecay is the emission 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 this way round'it's betterto understandwhat's going
onineach decay as opposed to memorising the pathsonanN-Zgraph.
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Alternatively, you could write out an equation to determine the N and Z
values and then find the correct point on the graph

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


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

Ea]

Exam Papers Practice

4, 0g
2387 2, 234, —L, 234p,
92 90 91

So protactinium, or EgﬁfPa (don’t worry, you wouldn't be expected to know

its symbol) contains 91 protons and 234 - 91=143 neutrons. So,N=143
andZ=91

The correct answeris Bbecause:

e The 80 g sample of living tissue has anactivity of 20 Bg
o Therefore, 20 g of living tissue has an activity of 5 Bqg
o After one half-life, the activity is 2.5 Bg
o Aftertwo half-lives, the activity is 1.25 Bq - this is the activity of the
ancient sample
e The age of the sample is, therefore, equal to two half-lives:
o 2x6000years=12000 years

Aisincorrect thisansweris obtained by halving the half-life as
as opposedto doubling it

IC isincorrect
as

this answeris three half-lives instead of two

this answer has not accounted for the fact that
Disincorrect |theliving sampleis fourtimeslargerin mass. This
as 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. Thisis 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 Bqg. Mass of a material and its activity are directly
proportional.

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

The correct answeris A because:

Since fluorine-18 is a positron emitter, we would expecttosee a
positron, or beta-plus particle +‘:ﬁ, ontheright-hand side of the

decay equation

o This eliminates option B
In order to conserve lepton number, the positron must be
accompanied by an electron neutrino,ug

o This eliminates optionD
The atomic number decreases but the nucleon number remains the
same, as a proton changes into 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
This is shown by option A

18 18 0
E}F_* EG 3 +1’3 L ue
Nucleonnumber:18 =18 + 0 + O vconserved
Protonnumber: 9 =8 + 1+ 0 Jconserved

a beta-minus particle (anelectron)is emitted

Bisincorrect

ds

whereas the questionrefers to a positroni.e.
beta-plus decay

the atomic number of the nucleus does not

Cisincorrect change. Allother aspects are correct but the

as

atomic number of oxygen does notreflect the
fact that a protonhas changed into a neutron
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the neutrino emitted in beta-plus decay
Disincorrect should be an electron neutrino. D shows an
as antineutrino being emitted. This does not
conserve leptonnumber

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 alsolink closely to the topic on particle
conservation laws.

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

B S Ty
9 E +1"l|5l e

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

4

The correct answeris D because:

» When an alpha decay occurs, the following process takes place:
o zg}Pa - IE;AC + ;'a
» Protactinium-231will decay to 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)
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» Following the alpha decay, the Actinium-227 will further decay
through beta-minus decay:
227 227 08 4p
¢ Sles o Tht (H¥e
» Actinium-227 will decay to become Thorium-227, an electron (a beta-

minus particle) and an antineutrino
o Therefore, the final answeris 90 protons and 227 nucleons

o Blpa~> A+ ta>B+ % +o,

» Alternatively, you can calculate the nucleon number of B as follows:
o 231-4-0=237

+ Andthe protonnumber of B as follows:
o N-2-1)=90

the nucleon numberhas onlyreduced by two, whereas
four nucleons are emitted.during alpha decay. This
indicates that the neutronshave been neglectedin the
alpha decay step. Additionally, the increase in atomic
number caused by beta decay hasnot been accounted
for

Aisincorrect as

the same misconception about alpha decay from
e option Ais present, but this time there is a subsequent
Bisincorrectas | g : ,
increase in atomic number as aresult of beta-minus

decayhas beenincluded

the reductionin nucleonnumberis correct, but the
Cisincorrectas increase in atomic number due to a neutron becoming a
protoninbeta-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
is important to know that alpha particles contain four nucleons, two of
which are protons, allowing you to write the first step correctly:

21pg » 27 4+ g
91 89 T
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After this step, itis once againimportant to be aware of the changes
within the nucleus during beta decay: aneutronchanges into a proton -
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
nucleon number the 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.

The correct answeris A because:

e Thewavelength of each emitted photonis linked to a discrete energy

change according to the following equation:
he
o AE = T
e The electron transition with the largest energy change corresponds
to the shortest wavelength of the emitted photon
o If the overall value of the fraction(AE)is larger, the denominator
of the fraction (1) mustbe small
e Thetransitionbetweenn=4andn =1gives the largest energy change

which corresponds to the shortest wavelength

n=4 A
n=3
n=2

Energy
n=1
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this is the largest transition between consecutive
energy levels, but transitions across multiple energy
levels are possible, and several of these have a larger
energy difference than the transitionfromn=2ton=1

Bisincorrect as

not only is this transition the smallest energy difference,
Cisincorrectas but n=3ton=4isanexcitation process. Thisinvolves
the absorption of a photon, not the emission of one

this transition has the smallest energy change, which
Disincorrect as wouldresultinthe emission of a photonwith the largest
wavelength of all the transitions shown

Confusionin questions like these can often arise from assuming that a
large energy means a large wavelength:ltisoften helpful to consider
more familiar forms of electromagneticradiation to remind yourself of the
inverse proportionality between energy and wavelength.

Remember:

e Gamma rays transfer alarge amount of energy, and they have a very
short wavelength

e Radiowaves transfera small amount ef energy, and they have the
longest wavelength

The correct answeris C because:

e Betaradiationhas arelatively highionising power
o This meansthatit has ashortrangein air - typically only a few
metres
o This eliminates optionsBandD
e Atarange of morethan1.5m, the count rateisstillnot zero as
background radiationis always present
o This eliminates option A
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the count rate drops to zero after a certain distance -
Aisincorrect as this cannot happen as there will always be a count
rate from the background radiation

the count rate in this graph decreases very little with
ametre distance - betaradiation only has arange of

B isincorrect as afewmetres to the count rate should reduce alot at
adistance of 1.5 m, this graph s likely to represent
gamma radiation

the countratein this graph decreases to the
backgroundrate at adistance of only a few
centimetres - this graph s likely to represent alpha
radiation

Disincorrect as

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

¢ Alpha'srange is short because itis highlyionising - the particles
ionise molecules in the air before they cantravel very far

¢ Beta'srangeis slightly longer as the particles are less ionising and are
moving faster

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

Af i
aw CE;'ItI!I'HEtTES Y e SEUErEI
i 2 kilometres
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The correct answeris C because:

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
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Half-life Half-life
1W0h | ———>| % |—= | 25%

e Similarly, the initial count rate is 180 cpm

o Aftertwo half-lives, the count rate willbe 45 cpm
o 180 cpm— 20 cpmrepresents 1 half life
o 920 cpm— 45 cpmrepresents | half life

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

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

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

8

The correct answeris D because:

 Thesourceisanalphaemitterbecause:
o Thereisalarge reductionin countrate when paperisusedasa
shield
o Alpharadiationis the only form of ionising radiation that cannot
penetrate paper
 Thesourceisnot abetaemitterbecause:
o Betaradiationcan penetrate paper but 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)isinsignificant and is most likely due to natural
fluctuations in background radiation

e Thesourceis a gammaemitterbecause:

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

o Therefore, the source emits botha and y radiation

thereis little difference in count rate between a paper
Aisincorrectas shield and an aluminium shield, implying that beta
radiation is not being emitted

radiation is still making it through to the Geiger counter
Bisincorrectas evenwith a papertube - the source must be emitting
more than just alpha radiation

the sourceis an alpha emitter as the countrate reduces
Cisincorrectas witha papei shield and alpharadiationisnotincluded
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.

The correct answer is B because:

e The difference between the higher energy levelsis 3.40 - 0.85=2.55,
so the energies given must represent a transition from the lowest
energy level, n=1

e No transition from n=1has anenergy difference of exactly 12.29 eV
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¢ |naddition, 12.29eVislessthan13.6 eV, soitis not alarge enough
energy to completely ionise the electron
o Therefore, this photonwould not be absorbed

thisis the exact energy difference betweenn=1ton=
Aisincorrectas 2,13.6-3.4=10.2eV, so this photon will cause an
excitation

thisis the exact energy difference betweenn=1andn
Cisincorrectas =4,13.6 -0.85=12.75 eV, so this photon will cause an
excitation

15 eV may not match a specific transition, but since itis
Disincorrect as more than13.6 eV, thisenergy is enough to cause
complete ionisation of the electron

An atomwill only absorb a photonif it has exactly the_ri:qht enargy to
match a transition between discrete energylevels.

The only exception to thisis ionisation. If a photon’s energy is equal to or
more than an atom’s ionisationenergy (13.6 eVin this case), an electron
willbe completely removed. Any excess energy from the photon will
result in the electron having kinetic energy.

M
N Used for kinetic energy

orF--——=-=-=-=-===— N N
-GEE n=4
-1.51 n=3
-3.40 n=2

J

&

:

L
-13.6 p=1
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The carrect answeris D because:

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

Ais
incorrect |atomic humber =233 - [di=9%2
as

Bis
incorrect atomic number=235-143=92
as

Cis
incorrect latomichnumber=238 -146 =92
as

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.
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