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Data

speed of light in free space,
permeability of free space,
permittivity of free space,
slementary 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,

2

¢ =3.00x 108 ms™
Mo =47 x 1077 Hm™
€, =8.85x 10" 12 Fm-!

e=160x10"18C

h =6.63x10"34Js

u =1.66x10"27 kg
m, =9.11x 1073 kg
m, = 1.67 x107%" kg

A =8.31 JK~' mol!
N, =6.02 x 102 mol™"
G = 6.67 x 10~ Nm2kg-2

g =9.81 ms™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,

3

s=ut+iat?
vZ=u2+2as

1
n= —"1F
sin
1_1, 1
c ¢ e,
C=C+C,+

X= x4
, _ 0.693
)
3H,2
Po = BrG
V2
=V(1- Eg)
I = nAve
r= I’OAHS
I
= 10Ig(—~)
i
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Answer all the questions.

1 The graphs shown in Fig. 1.1 show the variation with separation r of (i} the electrostatic force
Fe and (ji) the gravitational force F between two protons.
4 A
Fa 0 r
Fe 0 -
0 -
0
(i) (ii)
Fig. 1.1
(a) State the relation between
(i) Fcandr
(i) Fgandr.
[2]
(b) Why is F; positive, whereas Fq is negative?
...................................................................................................................................... [1]
(c) The range of values of r represented by each graph is the same.
State with a reason whether the Fe and F, scales cover the same range of values.
...................................................................................................................................... [2]
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(d) Fig. 1.2 shows how the strong force F varies with the separation r of two neutrons.
Fs 4 P

0 Q

Fig.1.2
(i) State the significance of the separation a,.

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

e e et r ey R E e RS AR SRS ve e v b e e et ar R e baasaneennesenbesan cerereaens i1}

(if) State whether Fg is attractive or repulsive in regions PQ and QR.

P et s et bt s et et s e e ee et e n ety et e e
QR ettt e e b et ee et er s et ee e et s e e et ee et enaes
[1]
(iii) Explain how your answers to (i) and (ii) are related.
............................................................................................................................... f2]

(e) Calculate the density of a neutron. Assume that dj = 1.4 x 10-'*m and that the
difference in mass between a proton and a neutron is negllglble
Give an appropriate unit for your answer.

[Total: 12]
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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.

------------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................

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

(b) A 233U nucleus undergoes the following reaction
2357 . 1 146 87 1
g + gh — 'gola + 3Br + 3jn + energy.

The nucleus of 233U has a binding energy of 1770 MeV. The binding energies of nuclei
of '28La and §/Br are respectively 1210MeV and 760 MeV.

Show that the energy released in this fission process is 3.20 x 10714,

[3]
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U
(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) Caiculate the total amount of energy available from this fuel rod.

energy = .iceerereennerenennnnes 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.
1year=3.16 x 10’s

power = ........cccccveerrereneennn. W [2]

[Total: 12]

2825704 Janda [Turn over



Downloaded from http://www.thepaperbank.co.uk
8

3 This is a question about nuclear fusion.
(a) Inorder to cause hydrogen nuclei to fuse, it is necessary to raise the temperature of the
material so that it becomes a plasma. The plasma must be confined. Explain why the

hydrogen must be at a high temperature in order for nuclei to fuse. State what is meant
by a plasma and explain two ways in which a plasma may be confined.

..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
------------------------------------------------------------------------------------------------------------------------------------------
..........................................................................................................................................

..........................................................................................................................................
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(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.

(ii} The hydrogen-2 nucleus fuses with another hydrogen-1 nucleus to produce helium-3.

(jlil} Two helium-3 nuclei then fuse to give helium-4 and two hydrogen-1 nuclei.

Write nuclear equations to represent these reactions.

(1] covmreeemereeeeeeeeeseeeeeee e et seeeeeeeesas s e e ee s et e ne et et e ee s ee st sees s ene o [1]
(1) +eemememeee oo e s eeeeeeeeeeee s ereeeee e e s e bt e ees et s et es et ee e ens et ne s s s [1]
(1] +eevmmeemeeeeeeseee s eseeese e seesaseseeneeseeee s st e eee et esestees et eestsee s ees et s e s e e e st e s eeeseeeesees e 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.

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

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

[Total: 12]
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4  This question is about electrons and positrons in a synchrotron.

(a) Explain briefly a method of accelerating a charged particle from rest.

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

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

(b) Describe and explain how a fast-moving charged particle can be made to follow a
circular path.

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

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

(¢) Inthe Large Electron Positron collider (LEP), electrons and positrons reach a maximum
speed of almost 3.0 x 108m s~ and move in a circular orbit of radius 4.25 km.

(i) State the significance of this maximum speed.

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

(if) Calcuiate the time taken by an electron to complete one orbit.

time = . s [2]

2825/04 Jan03
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(d) Positive and negative charges travel in circular paths in opposite directions when vee

moving in a plane at right angles to the same magnetic field. Explain why this is so and
give reasons why this technique is used in the LEP.

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

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

[Total: 12]
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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.

1. up
2. down
B e —————————.
Ao e ———_—
B, ———
B. s
2]
(b) State the gquark composition of
T8 NBUITON ...ttt s et shs e ee e e ee e e st e sesseeen v toeesesaensesmeens [1]
T8 PIOON .ottt e et se s s e see e e saess e assmesmsans st sssnsssmens 1]
(c) (i) Distinguish between the two types of B-decay.
............................................................................................................................... [1]
(i) Nitrogen-14 ('2N) can be formed as a result of two B-decay reactions.
1. PB-decay of carbon-14 ('3C)
2. B-decay of oxygen-14 (130)
Write nuclear equations for these two reactions.
e e rs e st et s b s s s s semsee et s aee e seeaesar et e s eesenans
2 et e bkt s e e e et s s e e et e erar seenraeemteseeseeerentsensten
............................................................................................................................... [2]
(iii) In each of the reactions in (ii), state the name of the other particle which is
produced.
e e s b as s s e e b b e e s snentesee e e seas s e emeem e e ne s e s
2 e e ea e e e r bbb E b e st S5 s me e e et e e e e et e et e ene et e ee et et e e s on
(2]
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(iv) Show that reaction 1 in part (ii) is equivalent to the decay of a neutron into a proton *

and an electron.

-----------------------------------------------------------------------------------------------------------------------------------
...................................................................................................................................
-----------------------------------------------------------------------------------------------------------------------------------

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

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

[Total: 12)
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6 Rhodium-45 decays to palladium-46 by emitting an electron from the nucleus. Fig. 6.1 shows tee
the proton number, neutron number and nuclear mass for these two nuclides.
proton number neutron number nuclear mass/u
rhodium (Rh) 45 60 104.905 44
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 = ........ccccceviiiae u (2]
(c) Calculate the energy equivalent in J of this mass difference.
BNErgY = ..cocrvenern e J [3]

2825/04 Jan03
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o U
(d) Assuming that the electron gains all of this energy in the form of kinetic energy, ®

calculate the speed of the electron.

SPEEA = .evreereenrrnreeneans 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).

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

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

{Total: 10]

7 A carin motion is subject to a number of forces. In particular, it usually experiences a motive
force. It also experiences a drag force which is due to the effect of both friction (rolling
resistance) and air drag. These forces are illustrated in Fig. 7.1.

drag force

o
o

Fig. 7.1

The drag force depends on the shape and size of the car and its speed. The motive force
can be varied by the driver using the accelerator pedal. Fig. 7.2 shows, for a particular car,
the variation with speed of the maximum motive force at each speed. It also shows the
variation with speed of the drag force.

Other data for this car:

mass of car = 1100 kg
maximum braking force = 9300N
specific heat capacity of stee =  460Jkg7 K™
effective mass of brakes = 8.0kg

The brakes may be assumed to be made entirely of steel.
2625/04 Jan03 [Turn over
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(@) (i) Whatis the maximum motive force of this car at 10ms™17?

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

(b) Findits maximum acceleration at 10ms™".

acceleration = .......cccueeveeevenevenene. ms=2 [3]

(c¢) Find the speed at which its acceleration is greatest. Explain how you deduced this
value, marking Fig. 7.2 as appropriate.

SPEEA = oo ms™!
...................................................................................................................................... f2}

(d) State the maximum speed of the car. Explain your reasoning.
MAXIMUM SPBEA = ..o e ms™!
...................................................................................................................................... [2]
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(e) On a motorway, the car normally travels at constant speed. To propel the car, the motive
force must do work against the drag force. Show that the work done in moving the car
through 1.00 km at a constant speed of 22ms™ is 2.2 x 10%J.

[3]

(/) Find the work done in moving the car through 1.00 km at a constant speed of 31 ms™'.

WOIK dONG = ....everrrrererererenirierrinenens J 1]

(g) At22ms, the car travels 16.0km for each litre of fuel used. Calculate how far it can
travel using 1.00 litre of fuel at 31 ms™.

distance = ..o km  [2]

(h) Show that the car's kinetic energy at 31 ms™ is 5.3 x 105J.

[1]

2825/04 Jan03
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() The caris brought to rest from 31 ms™! using its brakes, on a day when the temperature
is 15°C. Calculate the final temperature of its brakes. State any assumption you have
made.

temperature = .., °C

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

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

(j) Calculate the shortest distance within which the car can be brought to rest from
31 ms~'. State any assumption you have made.

distance = ....ccov i e m

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

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

[Total: 20}
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OCR has made every etfort o trace copyright holders of items used in this Question paper, but if we have inadvertantly overiooked any, we apologise.
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