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Answer all the questions.

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 elecirostatic force F, a gravitational
force F and a strong force g .

(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 proton. 2}

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

R}
(¢} The radius of a proton is 1.40 x 10715 m.
Calculate the values of

(0 F
Fe = e N [2]

i) Fq
Fiy = oreereeessresensssossesenes s N [2]

(iiiy Fg

Fo = v N[1]
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(d) Comment on the relative magnitudes of F and Fg. >

...................................................................................................................................... 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 ¢, Fz and Fg for these neutrons.
(1) Fom N [1]
(i) iy = oo N [1]
(i) Fgm o N 1]

[Total: 12]
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2 This question is about the production and use of plutonium-239 (223%Pu).

In a uranium fission reactor, uranium-238 (“5,U) is bombarded with neutrons.
A nucleus of 23U can absorb a neutron.
The product of this reaction then undergoes two decay reactions to produce “32Pu.

(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]

(ili) second decay reaction

[1]
(b) (i} State the haif-life of plutonium-239.
half-life = ..o y [1]

(ii) Calculate the decay constant A of plutonium-239.

decay constant = .....cccereeeerernnnennnin. st [2]
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(¢) 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 5.5 x 1023,

[2]
(i} Calculate the activity of the plutonium in this fuel rod.
State the unit of your answer.
activity = ......ccoeoevneeeen Uit [3]
[Total: 12}
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The Sun’s energy is generated by fusion 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.

Fig. 3.1

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

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

(b) In order to fuse, the centres of the protons must reach a separation of 2.1 x 10~5m or
less. Calculate the minimum initial kinetic energy of each proton for fusion to occur.
The total potential energy E,, of two charges Q, and Q, at separation ris given by

4Jr£0r

Ep

kinetic energy = ......ccocccveevveeeieeeieecenennnn. J[2]
(c) Using the equation
E,=207x1023T

calculate the temperature T of a plasma such that the kinetic energy of the protons is
equal to your answer to (b).

temperature = ... K{1]

(d) Proton fusion occurs at a temperature of about 1.5 x 107 K. Suggest why this fusion can
occur at a much lower temperature than your answer to (c).

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

..........................................................................................................................................
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(e) Two series of fusion reactions in the Sun are particularly important. One is the hydrogen

"

cycle which consists of the following reactions. The energy outputs from each reaction
are shown.

2 (1H) = H + % + v + 23x107134
H + H> 3He 4+ 88x10713y
2(3He) —> ZHe + 2(JH) + 208x10713y

The hydrogen cycle of reactions may be summarised in the equation

4 ({H) — e + 20%) + 2@vw + E

(i) Calculate the value of E, the total energy output for this reaction.

E o oo eeeees e J2]

(i) Suggest why the amount of heat generated inside the Sun by the hydrogen cycle of
reactions is less than would be expected from your answer to (i}.

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

Another series of reactions which occurs in the Sun is the carbon cycle. This involves
the fusion of protons with carbon and nitrogen nuclei. It happens to a greater extent inside
stars hotter than the Sun. Suggest why these reactions require higher temperatures
than the hydrogen cycle.

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

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

[Total: 13)
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4 (a) Describe what is meant by fixed target and colliding beam experiments. e

Discuss the relative advantages of each.

(8 = Tol 10 1o o U PRT TR

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

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

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

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

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

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

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

..........................................................................................................................................
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{b) A high-energy positron collides with a stationary electron, creating a 82 particle. The
reaction may be represented thus

Qe + Je - 0z,

The incoming positron and the cutgoing 82 particle both move at approximately the
speed of light.

(i) Use the principle of conservation of momentum to compare the masses of the
positron and the 32 particle.

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

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

(ii) The rest mass of the 32 particle is 1.6 x 10725 kg.

Calculate the ratio of the rest mass of the 82 particle to the rest mass of the
positron.

rato = (e {1]

(iii} Explain why your answers to (i) and (ii) are not contradictory.

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

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

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

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

[Total: 13]
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This question is about the ways in which a gold isotope might undergo spontaneous decay.

Data.
name symbol mass/u
] gold-192 1%Au 191.92147
platinum-192 1%pt 191.91824
mercury-192 13(2,Hg 191.92141
electron _?e 0.00055 ]

2

A student suggests that 1%,Au should undergo either p* or g~ decay.

(a) Write nuclear equations for each of these suggested reactions.
B+
B
[2]

{b) Deduce whether either of these reactions can take place.

(5]

(¢) Calculate the maximum kinetic energy, in joule, of any emitted § particle.

BNEIGY = .ioeieieeevriiee e rrtr e J [4]

[Total: 11]
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6 (a) With particular reference to two kinds of hadron, discuss the stability or otherwise of *

hadrons.

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

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

...................................................................................................................................... [5]
(b) Tritium-3 (?H) decays to helium-3 (gHe) with the emission of a i~ particle.
(i) Name the force responsible for this decay process.
.............................................................................................................................. M
(ii) Write a nuclear equation to represent this process.
(1]
(ili) Write a quark equation, in its simplest form, to represent this process.
(2]
(Total: 9]
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This question is about the design and use of Christmas tree lights. *

Design of bulbs

An engineer intends to design light bulbs for use in a set of Christmas tree lights to be
powered by a 240V mains supply.

Each bulb, when operating normally, will use 0.50W and will have a filament 6.0 mm long,
made of tungsten.

resistivity of tungsten at normal working temperature = 1.1x10°Qm

(a) State one advantage of connecting these bulbs in parallel, rather than in series.

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

..................................................................................................................................... 1}
(b) Suppose the bulbs are connected in parallel. Calculate
(i) the current through each buib
CUITEnt = ..., A [2]
(ii) the resistance of each bulb filament
resistance = ..o, Q [2]
(ili) the radius of each bulb filament.
radius = .o m [3]
(iv) Hence suggest why these bulbs are impractical.
............................................................................................................................. [1]
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A householder has two sets of Christmas tree lights.

Set A consists of 24 bulbs, each of resistance 200 Q, connected in series.

SetB consists of 48 bulbs, each of resistance 50 Q, connected in series.

All bulbs fail when their power dissipation reaches 0.75W.

{c) Set A is connected to a 240V mains supply. Fig. 7.1 shows the wiring of four of these

bulbs.

24 bulbs

For
Exarniner's
Usg

ov

240VT

During use, the filament of buib Y fails and its resistance becomes infinite, In order to
find which bulb has failed, the householder connects one terminal of a voltmeter to the
0V terminal of the mains and notes the voltmeter reading when its other terminal is
connected successively to points P, Q, R and S.

Fig. 7.1

Enter in the table the voltmeter reading for each connection.

Explain your answer.

connection

reading / V

P

| DO

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

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

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

..........................................................................................................................................
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(d) (i) The householder has no correct replacement bulbs for Set A. Each time a Set A ¥

bulb fails, it is replaced by a Set B bulb.
Explain why this is unsatisfactory and what will happen as more bulbs are replaced
in this way.

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

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

(i) Calculate how many bulbs from Set A can be replaced by Set B bulbs before the
system fails altogether.
Assume that the resistance of each bulb is independent of the current.

NUMBDET = e [4]

[Total: 20]

END OF QUESTION PAPER
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