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Data

speed of light in free space,
permeability of free space,
permittivity of free space,
elementary charge,

the Planck constant,

unified atomic mass constant,
rest mass of electron,

rest mass of proton,

molar gas constant,

the Avogadro constant,
gravitational constant,

acceleration of free fall,
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¢ =3.00x108ms™
Mo =4wx 107" H m~’
€, =8.85x107'2Fm™

e =160x10"19C

h =6.63x10734Js

u =1.66 x 10727 kg
m, =9.11 x 1031 kg
m, = 1.67 x 10727 kg

R =8.31 JK'mol™
N, = 6.02x 1023 mol~"’

G =6.67x10""" Nm2kg

g =981ms-2
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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,
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Answer all the questions in the spaces provided. ee
1 The radius rof a nucleus consisting of A nucleons is given by the equation
r= AP
(a) What does r, represent?
.................................................................................................................................... -[1]
(b) Fig. 1.1 illustrates this relationship.
r/10"m
5.0
4.0 - ]
3.0
A
2.0
1.0
0
0 5 10 15 20 25 30 A
Fig. 1.1
(i} Use Fig. 1.1 to find the value of rwhen A = 20.
P e m
(i} Use your answer to (i) to show that r, is equal to 1.4 x 10715 m,.
[2]
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(c) Hence estimate the density of the hydrogen (] H) nucleus.
State an appropriate unit for your answer.

denSity = ..coviiiinee e e [3]
(d) Liquid hydrogen has a density of approximately 70kgm=. Compare this with your

answer to (c} and discuss what these values imply about the structure of the hydrogen
atom,

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

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

(e) (i) Assuming that the nuclei are spherical, deduce the relationship between the volume
of the nucleus and the number of nucieons (A).

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

(i) Suggest what your answer to (i) implies about the separation of the nucleons
inside different nuclei.

[Total ; 12]
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Two protons, travelling at the same speed, approach each other along the same straight
line, as shown in Fig. 2.1.

proton proton
O— —~—=0
Fig.2.1

(a) Assuming that no nuclear reaction takes place, describe (without calculation or
explanation) the motion of these protons.

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

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

{¢) (i) The potential energy of such a system is given by the expression
E, = Q2/ (4ngyr),

where Q = charge on proton
r = separation of protons
g, = permittivity of free space.

in order to fuse, the particles must be at a separation of less than 2.0 x 107'°m.
Calculate the potential energy of the system when the protons are at this
separation.

BNEIGY = wiiviviinriiiisnriee s sniiacsene e J
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(i) Hence show that, in order for fusion to occur, the initial kinetic energy of each
proton must be at least 5.8 x 10-14 4.

(3]

(d) (i) Explain why protons in a plasma can fuse only when the plasma is at a high
temperature.

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

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

(i) The kinetic energy in joule, E,, of a particle at temperature T in kelvin is given by
the expression

E = 2x1072T.

Estimate the minimum temperature at which protons will fuse.

temperature = ... K

[Total : 12]
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This question is about collisions between protons and antiprotons.

(a)

(b)

State the mass and charge of an antiproton.
1T LT O PO OO SPRRMO kg

CRAIGE = oot e e e e e C
2]

High energy collisions can be used to investigate possible products of the reaction
between a proton and an antiproton.

Method 1: A stream of antiprotons is fired at a stationary target containing protons.

Method 2: A stream of antiprotons is made to collide with a stream of protons
travelling at the same speed, in the opposite direction.

Compare these two methods by stating and explaining one disadvantage of each
method.

Methot 1 e

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

..........................................................................................................................................
..........................................................................................................................................
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. . . . _ U
(c) In a particular interaction, the rest masses of a proton and an antiproton are annihilated %

and two y-photons are created.

(i) Show that the total rest mass of the proton and antiproton is equivalent to
3.0 x 10719 of energy.

[3]
(i) Calculate the minimum frequency of each y-photon.
| frequency = ....cccooveeeieeeeeeeeee, Hz {2]
(i) State the circumstance in which this minimum frequency would occur.
............................................................................................................................... 1]
[Total : 12]
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4 This question is about the neutron. Use

(a) By putting ticks in the table of Fig.4.1, indicate the classes of particle of which the
neutron is a member.

baryon hadron lepton neutrino

neutron

(1]
Fig.4.1

(b) Complete Fig.4.2 by entering appropriate values. The first row of the table has already
been completed.

r?jn?g:r charge | strangeness
proton 1 +1 0
neutron
up quark
down guark

[3]
Fig.4.2

2825/04 Jan02
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. . u
(c) (i) State the composition of the neutron in terms of its constituent quarks. *

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

(ii) Write a numerical equation which shows that the total baryon number for these
quarks is equal to the baryon number of the neutron.

Write equivalent equations for the charge and strangeness of the neutron.

[3]

(d) (i) The free neutron can decay, producing a proton, a B-particle and an anti-neutrino.
Write an equation representing this decay process.

(ii) Describe this process in terms of the quarks in the neutron.

2825/04 Jan02 [Turn over
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Natural uranium is a mixture of Uranium-235 and Uranium-238. Both isotopes are present in
the fuel rods of a nuclear power station. The §g5U nuclei undergo neutron-induced fission
when they absorb a thermal neutron. Absorption of neutrons by a 23U nucleus eventually
produces 3%Pu which does not undergo fission.

(a) Explain what is meant by

(i} neutron-induced fission,

(il) thermal neutron.

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

(b) (i) State the name and symbol of the nucleus which is formed when a 235U nucleus
absorbs a neutron.

(ii) This nucleus then splits into two much less massive nuclei. By referring to the
neutron/proton ratio of stable nuclei, discuss why the product nuclei are likely to be
radioactive.

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

2825/04 Jan02
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(c) (i) Write an equation to represent the decay of a 23°Pu nucleus.

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

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

(i) The half-life of this decay process is 24 000 years. Calculate the percentage of
Plutonium-239 which decays in 1000 years.

percentage = .........cocoeveimniniin e, %

[Total : 12)
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6 The linear accelerator is a device which can be used to accelerate protons along a straight

line. It consists of a long, evacuated tube fitted with a set of coaxial, hollow cylinders, the first
few of which are shown in Fig. 6.1. Alternate cylinders are connected to opposite terminals of
a source of alternating potential difference of constant frequency. The polarity of this p.d.
reverses in the time taken by a proton to pass through each cylinder.

source of path of hollow
protons protons cylinder

-
N Dt SO D-

alternating I

p.d.

Fig. 6.1

When a proton passes from one cylinder to the next, it accelerates. It eventually emerges
from the final cylinder (not shown) with high energy. The following are some of the quantities
relating to the operation of a particular accelerator.

initial kinetic energy of a proton entering A = 1.5MeV
maximum p.d. between adjacent cylinders = 500 kv
frequency of alternating p.d. = 80 MHz
total number of cylinders = 47

(a)} Calculate the kinetic energy with which a proton emerges from the final cylinder.

ENEIJY = .iiiiiiiinrriirere e MeV [1]

2825/04 Jan02
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(b) Explain why a proton accelerates every time it passes from one cylinder to the next.
Your answer should refer to the polarity of cylinders.

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

(c) A proton travels at uniform speed while it is inside a cylinder. What does this show
about the electric field inside a cylinder?

(d) Show that the speed of a proton entering cylinder Ais 1.7 x 107ms™".

2]

(e} A proton spends a time equal to half a cycle of the alternating p.d. inside each cylinder.
Calculate the length of cylinder A.

length = oo m [3]

(f} Explain why each cylinder is longer than the one that precedes it.

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

[Total : 10]
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A couple who find modern life too stressful decide to move to a Scottish island which has no
mains electricity supply.

There are two ways in which they could provide a power supply. One method is to lay a long-
distance supply cable from another island which has mains electricity. The other method is
to equip themselves with an aerogenerator and rechargeable batteries.

One disadvantage of using a long-distance supply cable is that the potential difference
available at the user’s end of the cable is less than the p.d. at the supply end of the cable.
Because of this and the cost of laying a sufficiently thick cable, they decide to use an
aercgenerator and batteries.

Rechargeable 12 V batteries are available and these will provide a reservoir of energy which
can be increased by adding extra batteries. However, a battery will deliver only 80% of the
energy stored in it.

The island is usually windy so they plan to keep the batteries charged by means of the
aerogenerator. This consists of a rotating propeller of diameter 1.5m, which drives a
generator. The overall efficiency of the aerogenerator is 40%. It works by converting into
electrical energy some of the kinetic energy of the air passing through the propeller. The
average wind speed on the island is 8.0ms™'. This means that all the air inside a cylinder
8.0m long, of diameter 1.5 m, passes through the propeller in 1 second. This is illustrated in
Fig.7.1.

propeller

air flow
%

Fig. 7.1

Although the island is normally windy, there are periods of calm. Meteorological information
suggests that the longest such period would be 40 hours. The couple estimate that their
average power requirement during these periods would be 160 W.

Additional information:

amount of energy stored by one rechargeable battery =7.0x108J
density of air =1.3kgm™
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(a) Explain why the p.d. available to the user of a long mains cable would be less than the
p.d. at the supply end of the cable.

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

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

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

(c) (i) Show that the mass of air contained in a cylinder of diameter 1.5m and length
8.0 m is approximately 18 kg.

2]

(ii} Calculate the kinetic energy of 18 kg of air travelling at 8.0ms".

L= 0=T (0| J [2]
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(iif) Hence calculate the average power output of the aerogenerator.

POWEE = ...ooerrrerecnvecciiiniiinaan W [1]

(d) Calculate the average time taken by the aerogenerator to recharge one battery fully.

tiMe = .o s [2]
(e) (i) State what form of energy is stored by a battery.
............................................................................................................................... (1]
(ii) Give one reason why the energy delivered by a battery is less than the energy
input.
............................................................................................................................... [1]
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(f) (i) Calculate the greatest amount of energy which needs to be delivered by the e

batteries during a 40 hour period of calm weather.

ENErgY = .oooiireeeiiiinrene e J [2]

(i) Calculate the total energy which the set of batteries must be capable of storing.

ENEIgY = .ooireieereceeeeeraen J 2]

(iii) Calculate the minimum number of rechargeable batteries that will be needed.

(2]
[Total : 20]
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