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2
Data
speed of light in free space, ¢ =3.00x108ms™
permeability of free space, o =47 x 107 Hm™!
permittivity of free space, €, =885x1072Fm™
elementary charge, e =160x10"1°C
the Planck constant, h =6.63x10734Js
unified atomic mass constant, u = 1.66 x 10727 kg
rest mass of electron, m, =9.11x1073" kg
rest mass of proton, m, = 1.67 x 10~% kg
molar gas constant, A =8.31JK'mol™
the Avogadro constant, N, = 6.02x 1023 mol™"!
gravitational constant, G =6.67 x 107" Nm2kg2

acceleration of free fall, g =9.81 ms2
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Formulae

uniformly accelerated motion,

refractive index,

capacitors in series,
capacitors in parallel,

capacitor discharge,

pressure of an ideal gas,

radioactive decay,

critical density of matter in the Universe,

relativity factor,
current,
nuclear radius,

sound intensity level,

3

s = ut+sat?
v2 = u2 +2as

sin C
1 1 1
—_—E —— e —_—
c ¢'g”
C= C,+C,+
x__xoe—t.fCR

X = x 07
- 0.693
T
3H,?
Po 8nG
V2
=V (1- )
{ = nAve
r=r,A"3
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Answer all the questions.

The radius r of 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, sketch a graph to show the relation between rand A. Label the axes.
A
0 —
0
2]

Fig. 1.1
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(c) (i) Show that the equation

[-g- nrs] = [% nroa] A

can be derived directly from equation 1.

(2]

(ii) State the significance of the expressions in square brackets.

5]

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

(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 m,

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

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

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

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

[Total: 11}
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2 (a) Distinguish between a nuclear decay and a nuclear fissior. vse

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

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

(b} Natural uranium is a mixture of uranium-235 (333U} and uranium-238 (238U).
Write a nuclear equation to show how one of these nuclides can absorb a neutron,
forming uranium-239.

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

(¢} Write nuclear equations to show how uranium-239 can undergo two beta decays,
forming plutonium-239 (233Pu).
The proton number for neptunium (Np) is 93.

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

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

2825/04 Jun04
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(d) Plutonium-239 is fissile but it is also radioactive and decays with a haif-life of vee

2.41x10% years.

(i) State the particle that is emitted when plutonium-239 decays.

(i) Show that the decay constant of plutonium-239 is about 9x 107135

[2}

(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.

activity = oo e unit ......... (4]

[Total: 12]
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(a) Explain the working of the prototype (JET) fusion reactor. Your account should inchude a
nuclear equation for the energy-generating reaction. It should aiso state the conditions
necessary for the reaction to proceed and describe how these conditions are achieved.
You need not draw a sketch.

.................... T T LT T L e T L T T T R TN LR PR Y]
.............................................................................................................. wasasumssarucassesanunbbaanny
.............................................................................................................. Niusmsssvenssumenwnnrhinanan
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......................................................................................................................... Catremssaseruiean
..........................................................................................................................................
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....................................................................................... L e T L TP LYY P
............................................................................ P L L L T T TR L LT LC L LR T LT TSP T T T
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.......................................... N AN a e m 8§ 4 L a NN NN N g N IR E N e I A AR NN NSO SIS AN I F NN AN Pas LR RPN A RE RN R RN LLE TSN RERY
.......................................... T T LT L L L L L T I P L T P T P TPy
..........................................................................................................................................
..........................................................................................................................................
.......................................... I L L T T L LT L L L R P Y T P TR T P TR TP
....................................................................................... MbsEALEEsivsstsasEEEEE L ARt s Ry bR RN R AR
..........................................................................................................................................
....................................................................................... P T L L L L L L L L T T TP P PR TP Y PPN

------------------------------------------------------------------------------------------------------------------------------------------
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(b} A later version of this reactor may be able to generate useful electrical energy.
Describe and explain how this could be done.

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

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

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

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

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

(c) State two possible advantages of nuclear fusion compared with other energy-generating
processes.

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

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

[Total: 11}
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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.

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

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

sane

wonw

(b) One process by which hydrogen nuclei fuse is called the carbon cycle. The following

equations represent the reactions which make up this cycle.
0+ fH —= N

13N - 120 + ?e

3C+H— 2N

"N+ 1H — 130

50 ——» N+

N+ IH —» 12C + aHe

(i) Why is this called the carbon cycle? -

26825/04 JunQ4
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(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 sHe is 7.1 MeV.
Show that the energy released in joules when one "‘He nucleus is formed is

about 4.5 x 10712 J, By referring to your answer to (b)(ll) give one reason why
this is only an approximation.

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

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

(c) It is estimated that 8x10% 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.

[Total: 13]
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5 This question is about the principles of operation of the synchrotron.
The main features of a particular synchrotron are illustrated in Fig. 5.1.

. electromagnet

path of

protons \

deflecting '
electrode \é gf;ﬁggeg l
P
. _ I accelerating

linear device
accelerator

proton &]
source
Fig. 5.1

(a) Protons from the source pass through the linear accelerator and emerge at P with
energy 20 MeV per proton.

Calculate the speed of the protons at P.

SPEEU = e e ms™! [2]

2825/04 JunQ4
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(b) The protons are then deflected into an approximately circular path by passing them into
an electric field between two deflecting electrodes. They then follow a path of radius
800 m. They complete many revolutions before they reach their final speed.

(i)
(i)

{c) )

(ii)

(iii)

Mark the polarity of the electrodes on Fig. 5.1. [1]

Assuming that their change of speed during the first revolution is small, calculate
the time taken for a proton to complete this revolution.

M = e et s [2]

The protons follow a circular path because of the magnetic field provided by the
electromagnets.

1 Show by means of an arrow on Fig. 5.1 the direction of the force Fon a proton
when it passes through the electromagnet labelled M.

2 State, on the figure, the direction of the magnetic field due to M.
(2]

Show that the radius R of the circular path is related to the magnetic field strength
B by the equation

g and m are the charge and mass of the proton respectively and v is its speed.

State one assumption you have made.

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

L R T T T L LT L LI P TRT Y T
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(d) When the protons have been accelerated to high energy by the accelerating devices,

(a)

(b)

(c)

they are made to collide head-on with other high energy particles moving in the

opposite direction.
When the other particles are anti-protons, these can be accelerated to the same speed

inside the same ring as the protons.
When the other particles are electrons, they must be accelerated inside a different ring.

Explain this.

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

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

[Total: 13]

State the names of two classes of particle, each of which includes both the proton and
the neutron.

D, et eee et eeee et ee et ee st s et st [1]

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 free neutron is known to decay with a half-life of about 10 minutes.

in what situation are both neutrons and protons stable?

2B25/04 Jun(4
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(d) (i) State the quark composition of
the proton ...
g T30 T=T0) (o] [2]
(ii) in the reaction
p*+p* — p*+n0+ *
two quarks are created. These are a down quark (d) and an anti-down quark (4 ).

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

(2]

(iii) Hence deduce the quark composition of the n* particle.

2]

[Total: 10]
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A student is concerned to keep fit and equally concerned to minimise the use of electricity
from the national grid. The student decides to combine the two issues and designs the
system shown in Fig. 7.1. The chain on the exercise bicycle turns a d.c. generator which
passes a current through a heating coil immersed in a hot water tank. The idea is that the
student exercises for a certain length of time and instead of simply “wasting” energy in
pedalling, the energy is used to heat the water necessary for a shower when finished.

= / hot water tank

| lagging

T heating coil

d.c. generator

Fig. 7.1
The specific heat capacity of water = 4200 Jkg™' K1
(a) The water enters the hot water tank at a temperature of 8°C and is required to be
heated to 38°C for an acceptable shower. The shower lasts for 5 minutes during which

time the water flows at a rate of 0.15kgs™'. Calculate

(i} the mass of water used during the shower

mass of water = ............. kg [2]

{ii) the energy required to heat the water for the shower.

ENergy = .c.ccceeeueenn. J [2]

2825/04 Jun04
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(b) When pedalling on the exercise bicycle, each foot spends half the cycle doing work and
the other half refaxing. While doing work, an average tangential force of 80 N is applied
to each pedal. The pedal is positioned at a radius of 20 cm from the axle and the student
maintains 1.3 revolutions per second.

() Show that the work done by the student during one revolution of the pedals is
about 100 J.

2]

(ii) Calculate the power produced by the student while pedalling.

(iii) Catculate the total number of revolutions ot the pedals required before the energy
expended by the student equals that required to heat the water.

number of revolutions = ........... (1]

(iv) Calculate the time for which the student must pedal in order to deliver the heat
energy required.

time = (e hour [2]
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(c) The d.c. generator being driven by the exercise bicycle has an internal resistance of
1.2 Q and produces an e.m.f. of 24 V while delivering a current of 5A.

(i) Show that the resistance of the heater element in the hot water tank is 3.6 Q.

(3]

(i) Calculate the length of heater wire required if the element is made from resistance
wire of resistivity 1.5x 107 Qm and cross-sectional area 0.32 mm?.

(d) In practice, the student would have to pedal for an even longer time than your answer to
(b)(iv). By considering energy losses, give reasons for this. Include some calculations in
your answer.

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

[Total: 20]

2825/04 JunD4

Examiner's
Use




