(¢) Fig.6.2 shows a film badge which is worn by people who work with ionising radiation,
such as beta particles, X-rays and gamma rays. The film is wrapped in a light-tight
paper wrapper. It is placed in a plastic holder which has a wide slot or ‘window' cut
threugh the plastic. The holder also contains a number of metallic and plastic filters.
The amount of darkening in different regions of the film indicate the exposure to
different types of radiation.

fiim badge cutaway section

- ftilters

_— paper
| ——window position

window in
plastic
plastic case

—- film

Fig.6.2

Suggest why film badges are not suitable for monitoring alpha radiation, and why the
window and the different types of filter are provided.

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

.............. B E B s B R R R R B B B B B RS R B A R B AR SR S RS A R R RN NN NIRRT TE N T ARG AR
..........................................................................................................................................
..........................................................................................................................................

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

[Total: 13]
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The radius rof an atomic nucleus is related to the radius r, of a nucleon (proton or neutron)
by the equation

1
r=r, A%, equation 1

(a) State the meaning of A.

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

...................................................................................................................................... [1]
{b) On Fig. 1.1, skeich a graph to show the relation between rand A, Labsl the axes.
f
0 -
0
(2]
Fig. 1.1
{c) (i) Show that the equation
4 4
[-5 m-s] = [-5 ?[J'ua] A

can be derived directly from equation 1.

(2]



(d) Write an equation relating the mass m of a nucleus to the mass m, of a nucleon.
Assume that both the proton and the neutron have the same mass mj,.

................................................................................................................ Grnsmsmmn e

(&) Using your answers to {c) and {d}, discuss whether the density of a nucleus depends on
the vatue of A. State and explain what this implies about the spacing of the nucieons in
nuclei of different sizes.

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

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

L e e e T P P L P PR P P ST TR L e TR PR E L] Brpnain [:3]
[Total: 11}
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(a) Distinguish between a nuclear decay and a nuclear fission.

......................................................................... P TR L L L e R LR L L L

..................................................................................................... OO )
(b) Natural uranium is a mixture of uranium-235 (233U) and uranium-238 (235U).

Write a nuclear equation to show how one of these nuclides can absorb a neutron,
forming uranium-239.

---------------------------------------------------------------- R R RS RS EE RN TR EE R R RS R .....-.....---..[1}

(c) Write nuclear equations to show how uranium-239 can undergo two beta decays,
forming plutonium-239 (33Pu).
The proton number for neptunium (Np) is 93.

.................................................................................................................................. CEREREL Y

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



(d) Plutonium-239 is fissile but it is also radicactive and decays with a half-life of
2.41x 10% years.

(I} State the particle that is emitted when plutonium-239 decays.
................................ et rebaeastantsEeeataraan s s rrars e pareresheeentena st srntsaentnaesesseenssserasasssassarens] 1]

(i) Show that the decay constant of plutonium-239 is about 9x 1071357,

12}

(iii} A particular fuel rod contains 0.25 kg of plutonium-239,
Calculate the activity of this plutonium. Give an appropriate unit for your answer.

ACHVILY = oo e unit ......... [4]

[Total: 12]



33 This question is about nuclear fusion inside the Sun.

{(a) Describe the conditions inside the Sun and explain how they favour nuclear fusion. Your
account should explain why the material inside the Sun is in the plasma state and how
the plasma is confined.

............................................................................................................................... O £

(b) One process by which hydrogen nuclei fuse is called the carbon cycle. The following
equations represent the reactions which make up this cycle.

12 i 13
BG+1H —» 2N

N 13C 40
1 i 14

gC + 'H —» 13N

td 1 15

?N + |H —_— EO

'go — 1§N+?B
BN+ IH—= 2C + JHe

(i) Why is this called the carbon cycle?

............. e ssess st essesvesesessesstsessenssssnnsnsanen| 1]



(i) Summarise the carbon cycle by reducing the six equations above to a single
equation, in its simplest form.

(2]
(iii) The binding energy per nucleon of $He is 7.1 MeV.

Show that the energy released in joules when one “He nucleus is formed is
about 4.5 x 1072 J. By referring to your answer to (h}(ii] give one reason why
this is only an approximation.

(¢) It is estimated that 8x10%7 helium nuclei are formed per second inside the Sun.
Assuming that this is the only energy-generating process, calculate the total power
emitted by the Sun.

POWEN = ... WO [2]

[Total: 13}
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(a) State the names of two classes of particle, each of which includes both the proton and
the neutron.

2. .................................................................................... [1]

(b) It is thought that, in certain circumstances, the proton has a slight probability of
decaying into a neutron, a positron and a third particle.

Write an equation to represent this reaction.

State the name of the third particle.

....................................................................... A R N R SRR R R AR R R AR bR AR R

...................................................................................................................................... [2]
{c) A free neutron is known to decay with a half-life of about 10 minutes.
in what situation are both neutrons and protons stable?
..................................................................................................................................... [1]
{d) (i) State the quark composition of
the Proton ... e
the Neutron ... f2]

(i) In the reaction
p* +p* —=p*+n% 4+ 1t
two quarks are created. These are a down quark (d) and an anti-down quark (d).

Simplify this equation and using your answers to (d)(i), write a quark equation.

[2]



(iii) Hence deduce the guark composition of the =* particle.

[2]
[Total: 10]
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The radioactive nuclide :'SK decays by emission of a beta-particle. Fig. 5.1 shows the

apparatus used to measure the half life of the nuclide. A Geiger-Muller (GM) tube connected
1o a counter is placed a short distance in front of the potassium source and the cecunt per
minute is recorded once every hour,

(&3
potassium %
source to counter

GM tube

Fig. 5.1

(a) The activity of the potassium source is proportional to the count rate minus the
background count rate, that is

activity = constant x (count rate — background count rate).

() Explain the meaning of the terms

GCHUTEY «orvoeioianeccrania i ctibs e cebe s s edn s e et o smee e e e bt S5 e ssmaeea e mne s et e s kb g e eees brmnnes by eeres hrnnent
PR rerer st e ey et e rmereerereeianen reReeererarsnanare e sEeaesraateenntstereResenaneserannad 1]
BACKGrOUNG COUNE FAIE ...vrvieeiiiisrnnissnsreinamssiersssras sessaes sssmnss s ssanssmnas ss saranssssananstssnesans

e H e saeAA e A1 SRR Rt et e nene e reeere 1)



{l) Suggest, with a reason, one of the factors which affect the value of the constant in
the equation above.

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

(b) (i) The radioactive decay law in terms of the count rate C corrected for background
can be written in the form

C= Cne_‘?d

where A is the decay constant.
Show how the law can be written in the linear form

In C=-At+1n C,

(2]

(ii) Fig. 5.2 shows the graph of In C against time ¢ for the beta-decay of potassium.

4.6 IS TTTTTT T
3 T na
nc oIS T T
-;3k*a‘*_ s |
4.4 HuSEn T
) . r-‘*_;;; i
T o8
X - iy
4.2 NF
4.0 I 1 LH I f
0 2 4 6 B 10
t'h

Fig. 5.2



Use data from the graph to estimate the half-life of the potassium nuclide.

half-life = .\oveeereee s, h [3]

(c) State three ways in which decay by emission of an u-particle differs from decay by
emission of a B-particle.

[Total: 12]



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

(a) Describe what conclusions can be drawn about the structure of the atom from
Rutherford's experiment in which w-particles are scattered by gold nuclei. Explain how
and why the experiment differs when high-speed electrons are fired at nuclei.

e T T E T L TL L L T L T T e P T T T P AT



37

(a) The radius of a nucleon (proton or neutron) is r,.

(i} Write an expression for the volume of a nucleon.

(1]
(i) A particular nucleus consists of A nucleons.
Using your answer to (i), write an expression for the volume of this nucleus.
-]
(iii) The radius of this nucleus is r. Using your answer to (ii), show that
rfo= Ar?
2]

{iv) On Fig. 1.1, draw a line to represent the variation of r3 with A.

Fig. 1.1

State the gradient of this line.

3



(b) (i) Use your answer to (a)(ii) to estimate the density of a gold nucleus ('$7Au).
Assume that the radius r, of a nucleon is 1.4 x 1075 m.

density = ..c.ccovevivieiieiinsnnene KGM™ [3]

(i) Metallic gold has a density of 1.9 x 10*kgm™. Estimate the percentage of the
volume of the gold atom that is occupied by the nucleus. Explain your working.

percentage = ..........ccccceecc v % [2]

[Total: 12}
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(a) (i) State whatis meant by nuclear binding energy.

(i} Fig. 2.1 shows the binding energy per nucleon for five nuclides, pletted against
nucleon number.

TH H T T
10.0 B+ - - - -
T A E s -___ DR ___ . ___ Tk ]
9.0 P geFer e e L e
D ___39\"'.%"'135] T ]
binding energy per 11T : 4111 53
nucleon / MeV Emmmy T N REN
8.0 IuE - : 5
ANE3 gl lnaynnnpnl Bias CT 12U
Fa 'EC—: L 17T EN _:__92
7.0 - SENE RS BEEE
6.0 1| ...‘:}_' oL L TTilL 1L N
0 50 100 150 200 250

nucleon number

Fig. 2.1

%6Fe has the highest binding energy per nucleon. '2C and 233U have less binding
energy per nucleon.
Explain how these values relate to the possibility of fission or fusion of the nuclides
%eFe, 12C and 232U.

- + - ssaa - . - - - i
- - - - - ram
- - - - - e - - - - -

e mm B S R T E e B R E R R SSE A mmEaaa e e SRR EEAEES S S EALIEERR R AR B EER SRR

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



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

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

(b) (i) A %U nucleus inside a nuclear reactor can absorb a thermal neutron.
State what is meant by a thermal neutron.

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

B R T R T T LTI ™

........................................................................................................... FE—— |

(i{) Write a nuclear equation for this reaction.

1]
(iii) The resulting nucleus undergoes fission. lodine-135 ('231) and

yttrium-95 (35Y) are produced.
Write a nuclear equation for this reaction.

(1



(iv) Use data from Fig. 2.1 to deduce how much energy in MeV is released when one
nucleus of 233U undergoes these reactions.

BINBIOY = iiiiriiiiiriiiiieneierrerrnr s s s sneannas MeV [4]
[Total: 12)
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This question is about the properties of baryons and leptons.
(a) Choose two examples of baryons

For each example discuss

¢ their composilion

»  their stability.

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

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



{b} Choose two examples of leptons
For each example discuss
*  their composition

] the forces which affect them

*  where they may be found
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In nuclear fission, energy is released.

(a) Explain what is meant by nuclear fission.

(b) In a possible fission reaction %5U captures a neutron to become a compound
nucleus before splitting into '2] Ba and 32 Kr releasing three neutrons.

Write down the nuclear reaction equation for this event.

(c) The total mass of the compound nucleus 25U before fission is 236.053u. The total
mass of the fission products is 235.867 u. Use these data to calculate the energy
released in the fission process.

BNEIGY = cevrirrerniennnrenrens «J 3]
(d) Most of the energy released arises from the electrostatic repulsion of the two nuclei as
they move apart. Use the information in {b) to show that the force F between the two

nuclei at the instant after fission occurs is about 3000N.
Assume the nuclei act as point charges a distance rapartof 1.3 x 1074m.

“
[Total: 10]
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In this question, four marks are available for the quality of written communication.

(a)

State and compare the nature and properties of the three types of ionising radiations
emitted by naturally occurring radioactive substances.
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(b) Describe experiments which would enable you to determine the nature and energy of
the emissions from a sample of rock containing several radioactive nuclides. A space
has been left for you to draw suitable diagram(s), if you wish to illustrate your answer.

i B S B mm bR R A A B g A A g d A B R R B R AAE R EEEE T TR I NN AR A AR T AR NN RN N R R R AR B IT AR TR A

..... TN A E ek g T A m A b d B B 6B A e B AR R R PR PR IR AT AR PR RS I B R R R R AR AR
...... L LT LR T LR TR T R T P L T
......................................................................... T T T T T e PR
Armmriyrm e farams B E BB e S B R A S A R E N BN RN B RN N A R KN A N AR g A T R NN AR AR ERE LA EEERIEN RSN EEE
EEFAsEiEges s gRmnE T LT L L L Lt Ll L L T

N AN F T EEE e e m S w6 B g g BB R B B 8 N E RV TR RN R AR SRR RS he
R B A B RS R R EE T RN R RN EE RN R S N TN R R NN A e R N R A A R R RN NI EE RN R R EET RN A NEEA N AN RE R RN
SEsERAsEsRELsEmELEsAEEEERATEERtLRREEY [FETTIT T L L T TR e e P T T T T TP rrammrnssemEEn anwn
BT T T L L T T L L T P P TP
T T T T T T T LR L T T T LT Py S
N R R R N EE TS R R R R RS TS RSN R RS IR AR SN R AR RS ra AN RE RS ARt AR S AmmE T e

e LR T e LT T lnnr!o[ﬁ]

Quality of Written Communication [4]

[Total: 161
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Fig. 1.1 shows two protons A and B in contact and at equilibrium inside a nucleus.

Fig. 1.1

Proton A exerts three forces on proton B. These are an electrostatic force F, a gravitational
force Fy and a strong force Fg.

(a) On Fig. 1.1, mark and label the three forces acting on proton B. Assume that every force
acts at the centre of the proion. 2]

{b) Writs an equation relating F, F; and Fg

M
{c} The radius of a proton is 1.40 x 1075 m,
Calculate the values of

() Fe
Fo = oo smsennn N [2]

() Fg
Foy = worvemeesseresssssess s N 2]

@iy Fo

Fs = daecssasasaresssscesrrsrarasbnanannnd N [11



(d) Comment on the relative magnitudes of F and Fi..

...................................................................................................................................... 1]
{e) Fig. 1.2 shows two neutrons in contact and at equilibrium inside a nucleus.
Fig. 1.2
Without further calculation, state the values of F¢, F and Fg for these neutrons.
[Total: 12]

43

This question is about the production and use of plutonium-239 (23;Pu).
In & uranium fission reactor, uranium-238 (’s3U) is bombarded with neutrons.

A nucleus of 233U can absorb a neutron.
The product of this reaction then undergoes two decay reactions to produce “33Pu.

(a) Write nuclear equations for these three reactions.
Use X to represent any intermediate nuclide.

(a) Write nuclear equations for these three reactions.
Use X to represent any intermediate nuclide.

(i) absorption of a neutron

[1]



(ii) first decay reaction

[2]
(iii) second decay reaclion
[11
(b) (i) State the half-life of plutonium-239.
half-life = oo cremreeressenn e Y [1]
(ii) Calculate the decay constant A of plutonium-239.
decay CONSIANT = ...cvervieeeecvernrcensiarines s [2]

{c) Plutonium-239 can be used (with uranium-235) in a different kind of reactor. A particular
fuel rod for such a reactor has a mass of 4.4 kg, of which 5.0 % is plutonium-239.

(i) Show that the number of atoms of plutonium in this fuel rod is 5.5x 1023

[2]



(ii) Calculate the activity of the plutonium in this fuel rod.
State the unit of your answer.

activity = ..oeeevveeereneeene Uik, [3]

[Total: 12]
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The Sun’s energy is generated by tusion reactions.

Fusion is most likely to occur when reacting nuclei approach each other along the same
straight line. Fig. 3.1 shows two protons which have the same initial speed.

H H
Fig. 3.1

(a) Describe the energy changes in this system as the protons approach each other and
come to rest.

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