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H#1 A tritium nucleus decays into helium-3 as follows:
? H——s éHe +emt,

mass of H=3.01550u mass of {He = 3.01493u

m,=0.00055u mass of v,=000000u
Tu=931MeV
{a) Calculate the energy released in the decay of tritium. [3]

(b}  The mass of a proton is 1.00728u and the mass of a neutron is 1.00866u.

(iy Calculate the binding energy per nucleon of a tritium nucleus. [3]

(i)  The binding energy per nucleon of a helium-3 nucleus (i.e. 2.6 MeV/nucleon) is
slightly lower than the answer to (b){i). How does this show that binding energy per
nucleon is not the only measure of stability? [3]
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H2 4. (al Itis possible to distinguish between «, p and y radiation by their different absorption
properties. Explain briefly one other method of differentiating between o, § and v
radiation. 3]
Space for diagram

(b)  The half-life of beryllium-7 is 53.1 days. The initial count rate with a beryllium-7 source in

position is measured as 3.50 counts per second (cps) and this dropped fo 1.50 cps after
84 days.

(i) Show that this final count rate is approximately 0.33cps higher than would be
expected from beryllium alone (approximately 1.17 cps). [3]
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The discrepancy between the measured count of 1.50 cps and the expected count
of 1.17 cps is due to background radiation. Given that the background count rate is
a constant 0.50 cps, determine whether the final measured count rate of 1.50cps s
exactly as expected. [4]

Question taken from Edugas examination paper 842103, June 2019
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#3 A metal sphere of mass 0.200 kg, hanging from a light spring of stiffness & = 22 ONm™, is set
oscillating up and down about its equilibrium position. A datalogger records the sphere’s position
and plots the graph shown below.
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(a) State what feature of the graph shows that the sphere’'s oscillations are damped and
identify the force responsible for this feature. [2]

(b} Evaluate whether or not ordinary simple harmonic motion theory predicts the actual
periodic time as shown on the graph convincingly. 41

(c) Mark with a small circle the point on the graph where the sphere’s speed is the greatest.
Use shm theory to calculate a value for this speed and explain whether this value is likely
to be too high or too low. [41

{d) The amplitude, .4, (in M) of the oscillations at time ¢ is given by the equation:
A = 0.020 oA

Determine the value of A. 21

Question taken from Edugas examination paper 842101, June 2017
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A radicactive isotope of thorium decays to a stable lead nucleus | :if Phj) via & alpha
decays and 4 beta decays. Complete the equation below. } [2]

The half-life of the thorium nucleus is 14.1 = 10° yvears. Calculate the activity of
2.0 x 1D'3I-:g of the radicactive thorium (the mass of the thorium atom iz approximately
3.9 % 10" kg). [5]

In order to model nuclear decay, 6000 dice are thrown multiple times.
All the dice are thrown initially and all dice landing with the number 1
facing upwards are removed. The remaining dice are then thrown and the
procedure repeated. The number of remaining dice is recorded each time
as well as the number of dice removed (the decay count). The results are
recorded in a table and plotted.

Mumber of
mumber remaming | g e remave

0 6000

1 4991 1009
2 4200 791
3 3504 696
4 281 633
o 2391 480
G 20486 345
T 1707 339
& 1435 272
9 1224 211
10 1018 206
11 858 160
12 725 133
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Graph 1
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(i) Use the data to deduce whether or not the number of remaining dice decreases
exponentially. [4]
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A graph iz also plotted of the number of dice removed against the throw number (Graph 2).

Graph 2
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(i) Swggestwhy there is more scatter in Graph 2 than Graph 1. [2]

Question taken from Edugas examination paper 842103, June 2018
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- - 209 1y - - - S
#5 fa) The bismuth isotope ( 33B1) decays by alpha decay to an isotope of thallium (T1). Fill in
the missing numbers for this decay. [2]

209Bi . - TI+  He

(b) Determine whether or not a kinetic energy of 3.6 MeV for the alpha particle in the above
reaction is consistent with the data in the table below (you may assume that the kinetic

energies of the bismuth and thallium nuclei are negligible). [5]1
MNuclear mass of thallium isotope 204.9300u
Nuclear mass of alpha particle 4 0015u
Binding energy per nucleon of 1g Bi nucleus 7.87 MeV / nucleon
Mass of proton, iy, 1.0073u
Mass of neutron, i 1.0087 u
Energy equivalent of 1u 931 MeV

f¢) (i) The half-ife of "5 Biis 1.9 x 10" year Calculate the activity of 1.00 gram of

() Determine the number of nuclei in 1.00 gram of 12‘;31 which will decay in 5 years.

[2]

Question taken from Edugas examination paper 842103, November 2020
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Bromwen carries out an experiment to inwvestigate the relationship befween count rate and
#6 distance from a garmma emitting radioactive source (radiurm-226

radium-226 = o thick
source aluminiunm plate

S tube

02530

cournter

ruler

Her results are showwn in the table.

Total counts irn
A0 minute s

In(corrected total counts Iin 10 MinNnutes)

Dristance . o focorrected for background radiationy

Inidistance £ crmd

Z2.0 3 466 o.69 a.o0s
3.0 1 s9T Ao .28
4.0 1 o=zs 1.3 .67
5.0 Fg=2=1 -

S0 s09 41T 5. 91
Fs] S07 195 5. 59
2.0 a7

=) iy The backgrowund radiation is 0.40 counts per second. Complete the table. [3]
Space for calculations.

i Complete the graph by plotting the two missing data points._ 11

In(corrected total counts in 10 MiNnutes)
850

oO_s0O o800 4.00 4120 1 .40 1.0 1 .80 2 00 =2 220
In(distance ./ crm)

Dranw a line of best fit and calculate its gradient. =1

iy Theory suggests that:

count rate o= ——— 1+
distance

Showw that the gradient of the graph should be —2_ =1

. Explain to what extent the results obtained in this experiment agree with

theory. =1

fe=)] Radium-226 also emits other radiation. Suggest a reason for using a 3 mm alumimium
plate between the source and the GhM tube. (]

=3 N 1896, G. Brandes reported that large intensities of high energy X-rays produced a
“bBlue_grey” glow within the eye. This was later confirmed by Willhelm Rontgen and other
scientists. The mechanism for this “blue_grew” glow is still not fully understood. Discuss

the ethics of reproducing this experiment to understand it better =1

Question taken from Eduqgas examination paper 842103, November 2020
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#7 a) A carbon-14 nucleus decays as shown:
1‘6"(? —_— 1%N+ s + g
(i) Show how charge, baryvon number and lepton number are conserved in this
decay 31

iIs must be a weak nuclear force interaction. 221

i) Give two reasons why

=) The decay constant of carbon-14 is 3. 83 =< 1012 s—1_

(i) Calculate its half-life in yvears. 21

i) The natural ratio of carbon-14 to carbon-—12 is 1.00 > 1072 j.e.

number of 32C nuclei
= 1.00 = 10712

number of 12C nuclei

Calculate the activity of 12 g of naturally occurring carbon. 31

i) In an old tree found preserved in a peat bog in Ireland, much of the carbon-14 has

decayed but the carbon-12 all remains. The ratio of carbon-14 to carbon-12 in this

old tree has dropped to 0.34 > 1012 Calculate the age of the old tree. 3]
(c) Carbon-1-1 (%C 3} is proton rich and undergoes positron decay to a stable isotope of boron
(B). Complete the following decay equation for carbon-11. Space is provided should you
require analysis of lepton number, baryvon number and charge [=1

o —

[(=)] On the 14 March 2013, the discovery of the Higgs boson was first announced by CERM.
Some physicists were convinced that they had discowvered the Higgs boson, others
believed that there are many different types of Higgs bosons while others claim that this
was just another particle and not the Higgs boson. Explain how it may or may not be
decided which, if any, of these claims is correct. [=1
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@TOPhysicsTutor facebook.com/TheOnlinePhysicsTutor





