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(a) Inside the fuel rods of a certain nuclear reactor, uranium-235 undergoes neutron-
induced fission. This is stimulated by thermal neutrons which have entered the fuel rod,

Explain what is meant by neutron-induced fission and thermal neutrons.

..........................................................................................................................................

---------------------------------- L R L R R L L L L P P e R

..........................................................................................................................................

(b) A 23U nucleus undergoes the following reaction
233U + In — 3% a + 87Br + 3]n + energy.

The nucleus of 223U has a binding energy of 1770 MeV. The binding energies of nuclei
of '%La and §IBr are respectively 1210 MeV and 760 MeV.

Show that the energy released in this fission process is 3.20 x 10-11,

[3]
(c) Each fuel rod contains 4.20 kg of fuel. 3.00% of this mass is uranium-235.

(i) Show that the number of uranium-235 atoms in each fuel rod is about 3 x 1023,

[2]



(ii) Calculate the total amount of energy available from this fuel rod.

1= 0= o J [1]
(iii) Half of this energy is released in 3.00 years. Calculate the mean power generated

by this fuel rod during this period.
1 year=3.16 x 107g

POWEN = . eriervceeee e W [2]

[Total: 12]
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This is a question about nuclear fusion.

(b) The following series of reactions occur inside the Sun.

(i) Two hydrogen-1 nuclei fuse to produce a hydrogen-2 (deuterium) nucleus and a
positron.

(if) The hydrogen-2 nucleus fuses with another hydrogen-1 nucleus to produce helium-3.
(iii} Two helium-3 nuclei then fuse to give helium-4 and two hydrogen-1 nuclei.

Wirite nuclear equations to represent these reactions.

() e eees et s e e et et s et [1]
{il) sadiidEasrsrmnnnay L T T T T T R e T T T TR T uu[‘l]
(“I) ----------------------------------- CRLT TR TR LT TR ] FEsidpimrnaiana AL LT EL TR TR L R P T PP T PP Y [1!

(¢) Use your answers to (i}, (ii) and (iii) to deduce an equation which summarises the
fusion of hydrogen-1 nuclei to form a helium-4 nucleus.

..........................................................................................................................................

.......................................................................................................... AR ABER R RS S p R ARy
STIY) * * * w FREE AT ATEARGAARR Ry LLL] ELR T -

e R R R R T R R R N R R e e TLLLLrTe] Erw
- ' YRR LT awa R L T e

---------------------------------------------------- H R R e R A AR T AN TN d bl naad B A e e e e

CECERER L) FrirmrrTams L Ty T P T R T BARw R AR T per—— R Rt L LRy T — [2]
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(a) There are six quarks. In the list below, the first two have been named.
Complete the list by naming the remaining four.

................................................................................................................ verseresnenenne[ 1]
(ii) Nitrogen-14 ('4N) can be formed as a result of two -decay reactions.

1. B-decay of carbon-14 (1¢C)

2. p-decay of oxygen-14 ('30)

Wirite nuclear equations for these two reactions.

1- AR R T R A TR L KR R R e R B BB B B E S B R B Gk m e N N LI L IE L LIt
------------------------------------------------------------------------ R T T YT L L L T rIrrrrYe:
B iatiramttsattan e vy aammn s e e e ey esmnrnramemnt e Crrrer e S, creerarssenras

--------------------------------- N R R R R R e N R L T B R E RS S B R S

(2]

(ii) In each of the reactions in (il), state the name of the other particle which is
produced.

L SRS STEnEa s s RN Rt R eSS E b e e rnrasnas rasenn

2- R B RS R RN R N SR B R B o r  p e n R e A

(2]



(iv) Show that reaction 1 in part (ii) is equivalent to the decay of a neutron into a proton

and an electron.
------ e e e e e e RN AN TR N R TR LR NS NN I P LR RN AR L LI R LI RN LR Rl L R AR Ll E
------------------------------------------------------------------------------------------------------------------------- LLLLYY L3
-----------------------------------------------------------------------------------------------------------------------------------
L LLLE L Y 11 - - [ AT AT LT Ry AR R AR PR TR R e T T T L L L e L R R R LR
------ dnamansiddnnnaERR A p AR B RE R E PR R AR R P ARSI R g b s AR A AR lilll'illl'lllllitl"llliii'l'l-'l-I2]

(v) Describe the decay reaction referred to in (iv) in terms of quarks.

-----------------------------------------------------------------------------------------------------------------------------------
............................................................................................................................... 1
[Totai: 12]
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Rhodium-45 decays to palladium-46 by emitting an electron from the nucleus. Fig. 6.1 shows
the proton number, neutron number and nuclear mass for these two nuclides.

proton number neutron number nuclear mass/u
rhodium (Rh) 45 60 104.90544
palladium (Pa) 46 59 104.904 83
Fig. 6.1
The electron has a mass of 0.000 55 u.
(a) Write a nuclear equation which represents the decay process.
...................................................................................................................................... 1]
{b) Calculate the mass difference in u for this decay process.
mass difference = .........c.ccceiiine u [2]



(c) Calculate the energy equivalent in J of this mass difference.

BNEIJY = ovcrernrsrnsssraninsrenens J [3]

(d) Assuming that the electron gains all of this energy in the form of kinetic energy,
calculate the speed of the electron,

SPEEA = .oveii e irrieceenens ms [2]

(e) State two reasons why, in practice, the speed of the electron may be less than the value
you have calculated in (d).

3 PPN

2. rrrrerennns vrsrremanes rrerpsaaas erreeeias 4t st eanaserueanasneerrnedmanane pphees maand i eenee deeae§SAEL s re R AL aaSaEs e Red

[Total: 10]



In this question, four marks are available for the quality of written communication.

(a) Define the term activity as used for a sample of radioactive material. Discuss physical
factors which do and do not affect the activity of the sample.
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{b) Uranium can change into other nuclides by two processes, radioactive decay and
fission. For these processes, describe two similariies and two diflerences between
them.

S e e TR L T P R LR e P e e e E L e R L P LR L]
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Quality of Written Communication [4]
[Total: 16]



The radius rof a nucleus is related to its mass number A by the equation

r=r ﬂ:,!i
where ris a constant.

(a) On Fig. 1.1, sketch a graph of r against A

[
r
0 -
0 A
Fig. 1.1
[2)
(b) State the significance of ;.
................................ o2 st eaeeeeaea st sas e e sernshena st s sen e remssbsnanasasanaresnrantanens| 1)

(¢) An oxygen nucleus consists of 8 protons and 8 neutrons. Its radius is 3.53 x 1075m,

Show that ry is 1.4 x 10715m.

1



(d) A gold nucleus consists of 79 protons and 118 neutrons.

Calculate the radius of the gold nucleus.

FAJIUS =..evirivrecirvamnierinernnes m [2]

{e) (i) Estimate the volume of a hydrogen nucleus.

VOIUMB = oo m3 [2]
(ii) Briefly discuss whether the volume of an oxygen nucleus is exactly 16 times as

great as the volume of a hydrogen nucleus. You may assume that the radii of the
proton and the neutron are the same.

...................................................................................................................................

.................................................................................................................................

22

[Total: 10]
(a) Natural uranium consists of a mixture of the isotopes uranium-238 and uranium-235.

State one similarity and one difference between a 238U nucleus and a 33U nucleus.

SIMHIAIILY 1vvrvrrvveeesrrsrmersenassserssmasinssiess smsra s s ransassannrnsasnssessnnas sontarasasanssss sobassassns obnessessnnssans

....................................................................................................... LTI LTt TN PP TR TP Y T T

Lo (10 = (=1 L P Y

------------------------------------------------------------------------------------------------------------------------------------------



(b) Both 238U and 235U nuclei can absorb a neutron. For each type of nucleus, write an

(c)

equation which represents the reaction.

Reaction 1

------------------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------------------

The product of Reaction 1 undergoes a f~ decay to form a neptunium (Np) nucleus. The
Np nucleus then undergoes a further 3~ decay to form a plutonium (Pu) nucleus.

(i) Write nuclear equations to represent these two decays.

-----------------------------------------------------------------------------------------------------------------------------------

...................................................................................................................................

(d) The product of Reaction 2 undergoes a fission reaction.

(i) What are the products of a fission reaction?



(i) Fig. 2.1 shows the variation with mass number of the relative yield of fission
products,

relative
yield/%

0.1

0.01 |
ooo1 LL : :

80 100 120 140 160
mass
number

Fig. 2.1

State the approximate percentage of fissile nuclei which split into equal parts.

percentage = ........ccccceeeinnnnnns % [1]
(iii) Explain why the graph is symmetrical.
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll “F!'ll'l"lll“.il“‘.‘l!'l'!'!lll-lIIl-lG-l--t.“itili-------qu[2]

[Total: 12]
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This question is about hadrons.

(a) (i) Name the force that holds together the hadrons in a nucleus.
........................................................................................................................ e[ 1]

(i) On Fig. 5.1, sketch a graph to show how this force varies with the distance between
two nucleons. Label the axes to show where the force is attractive and where it is
repulsive.

A
force

0 -

distance
between nucleons

Fig. 5.1
[3]

{¢) Two other kinds of hadron are the n° and =~ particles. Each of these has a baryon
number of zero and strangeness of zero. By writing number equations for the values of
charge, baryon number and strangeness, explain whether the reaction

T +pt—=nl+n®
may take place.

..................................................... BB AR R R R AR BRI PR ENE TR R IR AT T s IETAmTEEs ARy REn

..........................................................................................................................................
..........................................................................................................................................

..........................................................................................................................................

LR LR A REAE S AN AeaAL £ SRS IR RN TR S FARIS RIS SSREE A SRRt b R £ e SOOI (4]

[Total: 13]
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nuclide Y. Y then decays to become another isotope of uranium, 253U,
(i) Explain the meaning of the term isofope.

.......................................................................................................................

-----------------------------------------------------------------------------------------------------------------------

(i) Write down suitable symbols in the form 238U for

AN E-PAMICIE .oreercirisrisrsnsieiamrnisisasissarriss s saranssssramtartngas tasassssanssassassnrssnanrsas

(i) Show how 23U can become the isotope 33U after three decays.

(b) (i) The radicactive decay |aw can be written in the form
N=Ng™.
Explain the meaning of each of the following symbols.

........................................................................................................................

(a) The radioactive nuclide 233U decays by alpha-particle emission. The newly formed
nuclide X is also unstable and decays by a different radioactive emission to a third

...........

(3]

oooooooooo



{ii) The uranium isotope %U was present at the formation of the Earth. Since then,
the nuclei of this isoctope have been decaying according to the decay law.

Calculate the fraction f of the original quantity of 233U which remains on the Earth
today.

half-fife of 225U = 7.1 x 10®y
age of the Earth = 4.6 x 10%y

f= LR LR e L AL T T [al
[Total: 12]
25 Fig. 1.1 shows how the strong interaction (strong force} between two neutrons varies with
the distance between their centres.
4
strong interaction
X
0
distance between
centres

Fig. 1.1

(a) Explain why x indicates the equilibrium separation of two neutrons in a nucleus.

1]



(b) For two neutrons, x = 0.82x10""5m,

For two protons at a separation of 0.82x10""3m, calculate the electrostatic force
between them.

FOTER = worreevemeeesreecese e eeeeesseseeenes N [3]

(¢) (i) On Fig. 1.1, label a point P which indicates a possible equilibrium separation for
two protons. Explain your reasoning.

(ii) Estimate the size of the strong force for two protons at their equilibrium separation.
Give a reason for your answer.

LELEY) - w e - na
AR RN EE RN EEAEI R A EE R R B RE AR R AR R R * [T - -
A E AR AEEAAE RS EEAA RSN NS IEENEEEEREEEREEEE TR AR wwn -

[Total: 10]
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{a) Describe the mechanism of nuclear fission that occurs inside a nuclear reactor. Your
description should make clear how the fission process is caused and how a chain
reaction occurs. Use nuclear equations to illustrate the processes you are describing.

......................................................................................................................................
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......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................
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......................................................................................................................................
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This question is about the properties of particles in a plasma.

{(a) The total kinetic energy £, of the particles in a plasma at temperature T is
E, =21x10%nT
where nis the number of particles in the plasma.

(i) Caiculate the kinetic energy of one particle of a plasma at 3.0 x 108K.

kinetic energy = ... o [1]

(ii) State with a reason whether the value you have calculated in (i) represents the
kinetic energy of every particle of the plasma.

e[ 1]
(b) Two deuterium nuclei (2H) move with equal speeds towards each other along the same
straight line until they come to rest.

H °H
Yy T
N N

Fig. 3.1

(i) Explain why each nucleus decelerates.



(ii) On the axes of Fig. 3.2, sketch a graph which shows how the velocity v of one of
these nuclei varies with time t during its deceleration.

Fig. 3.2 (2]
(ili) Each of the two nuclei has the kinetic energy calculated in (a)(i). When they come

to rest their total potential energy is about 1.3x10714J.
Explain why.

- [2]

(iv) The electric potential energy E; of two particles carrying charges Q, and @, at
separation ris given by

Q 02
= 1
Ep dneg

Calculate the separation of the deuterium nuclei when they come to rest.

separation = ......oocevieeniicieern e M [2]

(c) When two deuterium nuclei fuse, the products are a helium-3 nucleus (gHe) and a
neutron. Write a nuclear equation for this reaction.

1
[Total: 11]



28 The atomic masses of five nuclides in unified atomic mass units, u, are plotted against
proton number in Fig. 6.1. The arrows indicate the direction of nuclear decay processes.

78.924 & 22Rb

——
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atomic mass/u
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78.922 {
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78.921 0 As

[ 75
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78.919 .

78.918
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32 33 34 35 36 37 38

proton number

Fig. 6.1



(a) Complete Fig. 6.2 to show the numbers of protons and neutrons in the nuclei of 73Se,
79Br and 22Kr.

number of protons number of neutrons
e
128r
S A
Fig. 6.2 (1}

(b) Name the particles which are emitted in the decay processes labelled 1 and 2 on
Fig. 6.1.

1 B R T T T T R T

(c) (i) Write an equation to represent the decay process labelled 3 on Fig. 6.1.

2]
(i) State the kind of nuclear force which is responsible for this decay process.
1]
(iii) Use Fig. 6.1 fo determine the loss of mass in the decay process referred to in (i).

(iv) Hence calculate the energy in joules released in this decay process.

=2 aT=T o LR B < ]|



(v) Explain why the J2Kr nucleus has only a small fraction of the kinetic energy released in
this decay process.

N 1)
[Totat: 12]
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{a) Explain what is meant by nuclear fission.

L L T R TR T )

.............................................................................................................................. werene [1]
(b} A possible fission reaction is
ZBU+ n— 9BSr+ 2 Xe+2)n

(i) The two asterisks (") represent two numbers missing from the right hand side of
the nuclear reaction.

Write down the missing nucleon (atomic mass) NUMBEr .........cceoeeeiecme et e

and the missing proton {atomic) number



(i) The total mass of the compound nucleus 233U before fission is 236.053u. The
total mass of the fission products is 235.840 u. Show that the energy released in
the fission process is about 3 x 107114,

[3]
(¢} Suppose that 0.001 kg of uranium-235 could be persuaded to fission completely.
(i) Show that the energy released would be about 8 x 10",

[2]

(i) Estimate the mass of water that the released energy could raise from 20°C fo its
normal boiling point.

specific heat capacity of water = 4200J kg™ K™

mass = ...... et rrere i kg [3]
[Total: 11]



30 (a) The charge and mass of each of the three types of ionising radiations emitted by
radioactive substances can be given in terms of the fundamental charge e and the
mass m, of an electron or the mass m, of a proton. Using these symbols, complete the
table below.

radiation charge mass
a
p
Y
[3]
(b} Alpha particles do not penetrate more than a few centimetres of air. Fig. 6.1 shows
how the mean range of alpha particles depends on their kinetic energy at emission.
100
80 ! S 4]
mean range y a8
inair/mm 90 AT
40
- -t
20 -
0 2 4 6 8 10
energy/MeV
Fig. 6.1

(i) Use the graph to find the range of alpha particles emitted with an energy of

5.0MeV.

FEAQE = cooorerieeerenens mm [1]

(ii) Calculate the initial speed of a 5 MeV alpha particle.

1MeV=16x10"13J

speed = .....ccccovrrrrennns ms™' [3]



(iii) Explain how alpha particles lose kinetic energy as they travel through the air.

S EEEEE RN d RN R A m R RS RS IS S SRS R AR A m s wa m ek B A B NN IS AR AR RN AR ES R R AR R
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