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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

o Generally the more massive the isotope, the more energy it has
toreleaseinfissionreactions

Aisincorrect as Uranium-235is a large and highly fissionable isotope that
is usedinmany nuclear reactors as fuel for their fissionreactions. Since it
is larger and less stable than Osmium-120;itismore readily able to
release energy via fissionreactions.

Bisincorrect asThorium-231is fissionable isotope thatisusedinless
commonly in nuclearreactorsas fuel fortheirfissionreactions. Asis the
casewith Uranium-235, Thorium-231is more mass and less stable than
Osmium-190, itis more readily able to release energy via fission reactions.

Cisincorrect as Radon-222 isfissionable isotope thatoccurs asa
tasteless, odourless gasthat eontributes strongly to background
radiation. While not used innuclearreactors, itis larger andless stable
than Osmium-190, itis likely to be more readily able to release energy via
fission reactions.

The correct answeris C because:

e When alarge nucleus undergoes fissionitbreaks into two (or more)
smaller nuclei and releases energy
e This energy comes from some of the mass of the original nucleus
e Therefore, the combined mass of the daughter nucleiisless than the
mass of the original nucleus
o Hence, option Cis the only correct statement
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Aisincorrect as the daughter nucleus/nuclei will have a smaller nucleon
number than the original nucleus as it has split.

Bisincorrect as energy isreleased during nuclear fission, not absorbed.

Disincorrect as the joining together of two nuclei to form a larger nucleus
is nuclear fusion, not nuclear fission.

The correct answeris Abecause:

¢ Thepurpose of acontrolrodis to absorb neutrons
o l|deal control atorms can absorb excess neutrons, slowing down
the rate of nuclear reactions, without undergoing fission
themselves
e Therefore, boron and cadmium are ideal substances for controlling as
they are good absorbers of neutrons
o Thiseliminates optionsC&D

¢ Thepurpose of amoderatoris to slow down neutrons
o |deal moderator atoms do not absorb neutrons themselves but
are able to absorb large amounts of energy from them
o Thisis usefulbecause the neutronscanbe sloweddown
sufficiently to encourage fission to take place

e Therefore, water and graphite (carbon) areideal substances for
moderating as they are poor absorbers of neutrons
o Hence, optionAis correct

B & C areincorrect as cadmium, like boron, is non-fissionable soitis
suitable foruse as a control rod, but not suitable for moderating as it
would absorb neutrons instead of absorbing the energy from them

C & D areincorrect as graphite is a form of carbon and is commonly used
inmoderating, not controlling. Control rods need to be able to absorb
excess neutrons, whereas graphite is able to absorb the energy from
neutrons but not the neutrons themselves
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The correct answeris C because:

e Thedecay constant Ais related to the half-life rof radioactive

In2
isotopes by the equation A Ao

¢ High-levelradioactive waste is extremely dangerous because it stays
radioactive forthousands of years
o |nother words, the half-life of high-level waste is very long

1
o Therefore, since A« s ,the decay constant is very small

s Therefore, Cistheincorrect statement

Ais correct as thick concrete is able to absorb radiation emitted from
radioactive isotopes, so is useful for shielding from harmful effects

Bis correct as nuclear power produces no polluting gases. It does,
however, produce radioactive waste, whichisachallenge to dispose of
and store safely

Discorrect as nuclear powerrequires far less fuel, because uranium
provides much mare energy per kg than fossil fuels like coal
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The correct answeris B because:

e Chainreactions can be started when neutrons from fissionreactions
go onto initiate further fission reactions
e \We know that more neutrons are released in each of the fission
reactions
o So,statementlis correct

» Tosustain achainreaction, eachfission reaction must go onto cause
atleast one more fissionreaction
= Since 2 or 3 neutrons may be released per fissionreaction, itis not
required that every neutron goes on to initiate another reaction
» Aslong as the rate of neutronloss = therate of neutron creation, a
chainreaction may be sustained
o Therefore, statement|lis not correct

» The neutrons released during fission will have very high speeds and
energies
e These neutrons must be slowed to become thermal neutrons - thisis
therole of the moderator
o Therefore, statementlllis correct
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