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The incorrect answer is B because:

e The nuclearradius, Ris defined by the equation
1

o R=R A3
o Where Rjis the constant of proportionality and Ais the nucleon
(mass) number
s Therefore, the radius of the nucleus depends onthe nucleon number,
Aof the atom not the atomic number, Z.

Sometimesin a question which asks youto find the incorrect answer it can
be helpful to see which answers are clearly correct and eliminate those
first. This is good exam technique, especially.if you're running out of time.

2

The correct answeris Bbecause:

e The first minimum is identified as the angle at which the firstdip in
intensity of scattered electrons occurs
o Thisis at42° on the graph

¢ Therefore the correct answeris B
Itisimportant to be able to identify maxima and minima on graphs
involving diffraction. In structured questions you will also be expected to
perform calculations invelving readings from the graphs, therefore you
should ensure you are comfortable interpreting them.

The graph has increasing and decreasing intensity due to the diffraction
pattern when electrons scatter being concentric bright (high intensity)
and dark (low intensity) rings.

3

The correct answeris D because:
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e Rutherford's alpha scattering experiment originally assumed that the
alpha particles were only interacting through electrostatic repulsion

e However, if the energy of the alpha particles exceeds around 27.5
MeV, then the number of back-scatteraed alpha particles observed
decreases rapidly

~Expected results from

Number of rutherford formula

back-scattered
alpha particles

— ——Expenmental results

1 e

0 275
Energy of alpha particles (MeV)

e Thisimplies anotherforceis acting as well as the electrostatic force
o Thisisthe strongnuclear force
s Therefore, the correct answerisD
Being able to explain deviations from experimental resultsis animportant
skill - science often makes progress by discovering somethingisn't as
expected!

4

The correct answeris Abecause:

e Nuclearradius, R, is calculated using the equation
1

o R=R 43
o Where Ry is aconstant of proportionality, 1.20 fm, and Ais the

nucleon number
1

o A3isthesameas /4
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s Forcobalt-27thisisequalto

o 327=3

e Therefore Ris
o.-R=12x3=3.6fm
Although you cannot use a calculator in the exam for the MCQs, you can
be asked to do simple calculations that are possible without the use of a
calculator.

The carrect answeris D because:

e Electrons are diffracted when they are scattered by a nucleus
e Acirculardiffraction pattern forms with a central bright spot (maxima)
with dimmer concentric circles (minima) around it
e However, the first diffraction minimaisn’t found at zero intensity
o The subseguent minima reduce in intensity until reaching zero
e ThisisgraphD

the maximainthe diffraction become dimmeras angle 0

Aisincorrect | T
increases. The maximain this graph are all at the same

as ; ,
intensity
Y I . | R U
B&Care
\ thefirst few minimashouldn't go to zero intensity |
incorrect as
6

The correct answeris C because:

e The decay constant Ais defined as the probability that anindividual
nucleus will decay per unit of time
e Since probability is dimensionless (it has no units) then the units of Ais
perunittime
o Thisisequaltos™
s~ 'is the Sl base unit of Bq (Becquerels), which is also the units for the
activity, A
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The carrect answeris D because:

» The decay constant Ais the gradient of a graph of the number of
undecayed nuclei Novertime t
o Dhas the shallowest gradient and therefore the smallest decay
constant
Remember that the gradient is defined by the 'steepness’ of the slope of
agraph. As the graph is more vertical, itis more steep and therefore has a
larger gradient, and vice versa.

8

The carrect answeris C because:

» When the number of  particlesis plottedagainst kinetic energy, the
graph shows a curve
o This demonstrates that beta particles (electrons or positrons)
have a continuous range of energies
» Thisimplies that there isanother particle is being released alongside
the b particles, sharing the energy releasedin beta decay
o This was oneof the first clues of the neutrino’s existence
The number of a particles-against kinetic energy shows distinct kinetic
energies. The number of 5 particles against kinetic energy shows arange
of kinetic energies.

Number of A\ Number of A\
a particles B particles
‘ | 9 e
- -
Kinetic energy / eV Kinetic energy / eV
Radiation has constant Radiation has a range
energy values of energy values
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The correct answeris A because:

e Electrostatic force between the nucleiand alpha particles is given by
1.9,
i)
e Therefore the force is proportional to the charge g
o This means that the smaller the force F, the smaller the value of
atomic number Z
e The alpha particles willapproach much closer to a nucleus with a
lower atomic number
e Greaterscattering is observed with a closer approach as the strong
nuclearforce acts over asmall distance
o Thiseliminates answersCandD

e The speed of aparticleis related to its kKinetic energy by the equation
¢ B %mvz
o Therefore, the greater the speed the more energy a particle will have
o This allows the particle to overcome electrostatic repulsion and
approach closer tothe nucleus
o Greaterscattering is observed with a closer approach as the strong
nuclear force acts over asmall distance
o This eliminates answer B
s Therefore the correct answeris A
Remember that the atomic number Zis the number of protons in the
nucleus. This is equal to the charge gof the nucleus, since neutrons have O

charge.

o F=[

10

The correct answeris C because:

¢ Since Nr=Nue‘M,when t=1,the equation becomes
= -ix1
o Nl Nue
¢ Thissimplifiesto
-_— _Jl
o Nl Nue
e ThisisanswerC
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A more complicated version of this question would be to ask for the

number of nuclei which have decayed. In that case the number of nuclei
. " e, § SR\ SRS § s TR Ll ;

decayed,ﬁi’de@:ed N,—~N,=N,—Nge Nn{l e~ ). Npis the initial

number of nuclei and M is the number of nuclei that is left after 1 second.
Therefore, the number of nuclei decayedis Ny - M.
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