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The correct answeris C because:

e Point C has the greatest binding energy per nucleon; this means that
the nucleiin this region are the most stable

Aisincorrect point Ahasthelightest nuclei and these have a
as low binding energy pernucleon

point Bis the point of the nuclei Helium-4,
Bisincorrect which, while particularly stable given the small
as size of the nucleus, is not the most stable
nucleion the binding energy curve

point D is the point on the binding energy
graph where the heaviestnuclei occur; they
are less stable than those that are at point C,
having lower binding energy per nucleon
values

Disincorrect
as

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
e Themass 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
e The binding energy E= Amc?, therefore:
o E=(5m, +6émy - mg)c?

the mass of 5 protons, 6 neutrons and Boron-11
Bisincorrect havebeenadded. This would notbe equal to
as the mass equivalent of the binding energy

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

Cisincorrect
as

the mass of 6 protons and 5 neutrons should
be added together as the reference mass.
Disincorrect However, these values should be switched

as since Boron must have 5 protons andsince itis
Boron-11, this means it willhave11-5=6
neutrons
3

The correct answeris Bbecause:

e Inorderto separate a nucleus intoitsconstituent nucleons, energy is
required
o Inotherwords, work must be done
e The total amount of energyrequired to separate anucleusintoits
constituent nucleons is the binding energy of the nucleus
the energy equivalent of the mass of the nucleus is not
Aisincorrectas thessame as the energy requiredto separate nucleonsin,

the nucleus |

the binding energy is the energy required to separate
nucleons from each otherin the nucleus. Therefore, itis

Cisincorrectas the energyrequired to overcome the strong nuclear
force, which is the force that binds the nucleons
togetherin anucleus

the average energy required toremove (separate) a
Disincorrectas single nucleon from the nucleusis called the binding
energy per nucleon
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The correct answeris D because:

e Thebinding energy of eachnucleonis 7.98 MeV per nucleon for
Oxygen-16

s Thiscanbe approximated as 8 MeV for convenience

# Sincethere are l6 nucleonsinthis atom, this means that there will be
about 8 x 16 =128 MeVV whichisclose to 127.7 MeV, which is the correct
answer

The correct answeris B because:

e Themass-energy equivalence value comes from the data bookletin
the form of unified atomic mass unit:
o Unified atomic mass unit (1) =1.661x 1072’ kg = 931.5 MeV ¢ 2
o We can approximate this to 1000 MeV ¢ ™2
s Jodetermine the numberof atomic massunits which make up the
mass defect of helium-4, approximate as follows:
5.04x107%  5x107%
1.661x 10727 = 2% 1027
e Therefore, since the energy equivalence canbe foundto be(2.5x 107
) x1000=(2.5x10"9 x10° =25 MeV
o Therefore, approximations leadustobenesarest to optionB,
whichis correct

o Themassratiois: -25x1072

The correct answeris D because:

e Osmium-190is the lightest and most stable of these isotopes, all of
which are beyond the peak of stability on the binding energy per
nucleon curve which occurs around Iron-56 approximately:;

o Therefore, sinceitisthe most stable, it has the least potential to
be broken into smaller, more stable components by fission and
release greater amounts of energy
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o Generally the more massive the isotope, the more energy it has
toreleaseinfissionreactions

Uranium-235is alarge and highly fissionable isotope
thatis usedinmany nuclearreactors as fuel for their

Aisincorrect as fissionreactions. Sinceitislarger andless stable than
Osmium-190, itis more readily able to release energy
via fission reactions

Thorium-231is fissionable isotope thatisusedinless
commonly in nuclear reactors as fuel for their fission
Bisincorrectas reactions. Asis the case withUranium-235, Thorium-231
is more mass and less stable than Osmium-190, itis
more readily able torelease energy via fission reactions

Radon-222is fissionable isotope that occurs as a
tasteless, odourless gas that contributes strongly to
background radiation:Whilenot used in nuclear
reactors, itis largerandless stable than Osmium-190, it
is likely to be more readily able torelease energy via
fissionreactions

Cisincorrectas

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
nucleitogether

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

The correct answer is B because:

« Themassof the productsisless than the mass of the reactants
» Therefore energy musthave beenreleased
o Thisis the kinetic energy of the daughter nuclei
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e ThereforeBiscorrect

The correct answeris C because:

e The mass of the products (170 + iH] is 0.001ularger than the mass
8

of thereactants |[1$N + ;He}

o Therefore, the mass defect Am=0.001u
e Sinceluisequivalentto 931.5MeV
© 00lu=0.9315MeV=1MeV
e Thelaw of conservation of mass-energy requires that the kinetic
energy of the reactants therefore exceeds the kinetic energy of the
products by about 1MeV
o Therefore, Ciscorrect

Using the terms ‘reactants’ for the things onthe 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 r‘ffg%h(
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You should be able to see that there is ‘extra’ energy (in the form of amass
defect) on the left-hand side, with the reactants: therefore, the kinetic
energy of the reactants exceeds that of the products.

10

The correct answeris B because:

» The massnumberof the nucleusis 181
o Therefore, there are 181 nucleons in the nucleus
» Youcandetermine the average binding energy per nucleon of a
nucleus with 181 neutrons using the graph, as shown below:
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total binding energy

+ The average binding energy per nucleon = number of nucleons

o This means the total binding energy = average binding energy per
nucleon x number of nucleons
» Therefore, if the average binding energy per nucleon is approximately
7.9 MeV for this nucleus, then the total binding energy =7.9 x 181 =
1429.9 MeV
o Thismeansthat1429.9 MeV=1430 MeV of energy is released
when the nucleus lg;X forms

+ HenceBiscorrect

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.
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