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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,

© OCR 2009

3.00 x108 ms™!
4n x 1077 Hm™!
8.85x 10712 Fm™!
1.60 x1071°C
6.63x 10734 Js
1.66 x 1027 kg
9.11 x 103" kg
1.67 x 1027 kg
8.31 JK~" mol~!
6.02 x 1023 mol™
6.67 x 10711 Nm? kg2

9.81 ms—2



Formulae
uniformly accelerated motion, S
V2
refractive index, n
. . : 1
capacitors in series, o
capacitors in parallel, C
capacitor discharge, X
pressure of an ideal gas, p
radioactive decay, X

5]
2

critical density of matter in the Universe, p,

relativity factor,

current, 1
nuclear radius, r

sound intensity level,
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1 42
ut+zat

u? + 2as

sin C
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4

Answer all the questions.

1 The radius rof a nucleus is related to the nucleon number A of the nucleus by the equation
- 1/3
r=ry A",

(a) Fig. 1.1 shows this relationship as a graph.
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4.0 7
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~
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Fig. 1.1

Use information from Fig. 1.1 to calculate the value of r,.

(b) (i) Show that the radius of a 235U nucleus is about 9 x 10~'°m.

[1]
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(ii)

(iif)

(iv)

(v)

(vi)
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Show that the mass of a 233U nucleus is about 4 x 1072%kg.

Assume that proton mass = neutron mass = 1.67 x 10727 kg.

[1]

Calculate the density of a 233U nucleus.

density = ....ccoeveieeeee e kgm=3 [3]
A nucleus of uranium-235 2ggU can absorb a neutron and undergo fission.

The products of a particular fission reaction are selenium-83 gf{Se and a cerium nuclide
§Ce. A single neutron is emitted during this fission.

State the values of X and .

Calculate the ratio radius of cerium nucleus
radius of selenium nucleus

Explain in words why both the selenium and the cerium nuclei have the same density as
the 235U nucleus.

[Total: 13]
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This question is about neutron-induced fission reactions inside a nuclear reactor and a nuclear
bomb.

In a nuclear reactor, uranium-235 nuclei undergo fission releasing neutrons having kinetic energy
of about 2MeV. In order to be absorbed by other uranium-235 nuclei these neutrons must have as
little kinetic energy as possible and are then known as thermal neutrons.

(@) Why is it not possible for the neutrons to lose all their energy?

(b) The nuclei of uranium-238 which are also present can absorb neutrons which have more than
1 MeV of energy.

(i) Describe what happens after a uranium-238 nucleus has absorbed a neutron. Your

description should state any processes that occur and name any nuclides that are
formed.

(ii) Explain why it is important in nuclear reactors that the 2MeV neutrons lose their energy
quickly.

© OCR 2009
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(c) In a particular fission reaction a uranium-235 nucleus absorbs a neutron and undergoes
fission to a barium-141 nucleus and a krypton-92 nucleus. The reaction is as follows:

22U + In — 3Ba + 32Kr + 3]n
data: binding energies per nucleon for these nuclei are:
2g,’fz-:‘U 7.6MeV ; 1ggBa 8.4MeV ; ggKr 8.6 MeV

(i) Show that the energy released when one 233U nucleus undergoes fission in this way is
about 200 MeV.

[3]
(ii) Calculate how much energy is released when 1.00kg of uranium-235 undergoes fission.

Assume that every fission generates the same amount of energy as the reaction stated
above.

ENEIJY = ceeeeeiieiiieeerieereee e e e e e e J [3]

(d) A nuclear bomb can be created by pushing together several small masses of uranium-235 to
make a larger mass. The uranium-235 then becomes very unstable and an explosion occurs.

Suggest why a larger mass of uranium-235 may explode even though a smaller mass does
not.

[Total: 13]
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3 This question is about choosing the most appropriate fusion reaction for generating useful energy.

(a) Use the ideas of kinetic energy and electric potential energy to explain why high temperatures
are needed for fusion.

(b) The physicists designing the JET experimental reactor had to choose the best fusion
reaction.

Two fusion reactions which could be used are:

2H + 2H — 3He + {n reaction 1
2H + 3H — 3He + [n reaction 2
data:
nuclide atomic mass/u

H 2.01410

H 3.01605

SHe 3.01603

3He 4.00260

on 1.00866

Fig. 3.1

© OCR 2009



(i)

(ii)
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In reaction 1 the mass defect is 0.00351 u.
Calculate the mass defect in reaction 2.

Hence explain which is the more suitable reaction for generating useful energy in the
JET reactor.

Fig. 3.1 states the masses of the atoms of these isotopes. Reaction 1 and reaction 2 are
nuclear reactions.

Explain whether a more accurate answer in (i) could be obtained by allowing for the
mass of the electrons in each atom.

[Total: 10]
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This question is about the creation of particles in collision reactions.
(a) Calculate the energy equivalence in GeV of the mass of a proton at rest.

1GeV = 10%V

ENEIJY = iiiiiiiiiiiieeiieeeee ettt GeV [4]

(b) Calculate the percentage increase in the mass of a proton which has been accelerated
through a potential difference of 6.00 GV.

percentage iNCrease = .....ccooeeieeiiieiiieeeeee e % [1]
(c) When two protons (p) collide, the following reaction can take place.
P+pP—>p+p+p+p

(i) Show that this reaction requires an energy input of nearly 2GeV.

[2]

(ii) When a high-energy proton collides with a stationary proton, it is found that the incoming
proton must possess energy of at least 6 GeV in order for the reaction to occur.

Explain why this is much larger than your answer to (i) and state what happens to the
energy which is not used in the reaction.

© OCR 2009
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(iii) Briefly describe how the proton-proton collision could be carried out in order to create
the proton-antiproton pair using an input energy of only 2 GeV.

Explain why this method would be successful.

[Total: 12]
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Naturally occurring uranium consists of a mixture of uranium-235 235U and uranium-238 238U.
Both isotopes are radioactive and decay over time. They have different decay constants, so the
ratio

_ number of atoms of uranium-235
~ number of atoms of uranium-238

has varied over the period of the Earth’s history.
The proportions of these isotopes in uranium mined at present are:
uranium-235 0.72% ; uranium-238 99.28%.

(a) Calculate the value of R at present.

T [1]

(b) The value of R decreases over time. Without numerical calculation, state how the half-life of
uranium-235 compares with the half-life of uranium-238.

............................................................................................................................................ [1]
(c) Itis estimated that the age of the Earth is 4.6 x 10°%.
R decreases exponentially and halves every 8.4 x 108y.
Calculate R, the value of R when the Earth was first formed.
Ry Was ..o [3]

© OCR 2009
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(d) Fig. 5.1 shows how the number of atoms of uranium-238 has varied during the period since
the Earth was formed.

On the same axes, sketch a graph to show how the number of atoms of uranium-235 has
changed during the same period. [2]

uranium-238

number
of atoms

1 Fo
time at time

Earth’s now
formation

Fig. 5.1

(e) (i) State the effect on the proton number and the neutron number of the parent nucleus of
an a-decay.

change in proton number ..........cccceeennee change in neutron number ...................... [1]

(ii) State the effect on the proton number and the neutron number of the parent nucleus of a
~-decay.

change in proton number ............cccuveeeee change in neutron number ...................... [1]

(iii) Starting from uranium-235, there is a decay seriesi.e. a series of nuclides, each of which
decays to another nuclide. The series terminates with a nuclide which is stable.

Altogether in this series there are 7 a-decays and 4 [~-decays.
The initial nuclide is 233 U.

Deduce the nuclear composition of the final, stable nucleus.

proton number ...........cccceennn. neutron number ..........cccvveeees [2]

[Total: 11]
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6 (a) Describe the quark model of hadrons.

Your answer should, among other things, relate the properties of either the neutron or the
proton to the properties of its constituent quarks.

© OCR 2009
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(b) Describe briefly the emission of leptons from nuclei.
Your answer should
e list four kinds of lepton

* state the force responsible for lepton emission
* give an example of a particular decay involving lepton emission.

[Total: 11]
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16

The speed with which a bullet emerges from the barrel of a gun can be measured by a number of
different techniques. This question relates to two experiments performed using the same rifle and
bullets.

Data:
e mass of rifle 4.3kg
e mass of bullet 28¢

e length of rifle barrel 72cm

(a) Fig. 7.1 shows the first experiment where the rifle fires the bullet into a measured distance D
between two fast optical sensors each of which is connected to a timer.

timer
[(
rifle sensor 1 J sensor 2
\; E = 72cm ! D
Fig. 7.1
When the bullet reaches sensor 1 the timer starts and when the bullet passes sensor 2 the
timer stops.
distance D = 1.28m
time t = 1.50ms

(i) Show that the speed of the bullet is about 850ms™".

[1]

© OCR 2009



(ii)

(iii)

(iv)
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The bullet accelerates as it travels along the rifle barrel. Show that the average

acceleration in the barrel is about 5 x 10°ms2.

Calculate the average force on the bullet in the barrel.

average forceon bullet= .........................

Discuss the effect this force has on the rifle.

[2]

Turn over
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(b) Fig. 7.2 shows the second experiment where the same rifle fires the bullet horizontally into
the middle of a block of lead resting on top of a vertical support.

rifle 7
g lead])

1
not to scale '
1

Fig. 7.2

When the bullet reaches the block it becomes embedded in the lead and the block is projected
a horizontal distance x and falls a vertical distance y as shown. The following measurements

are made;
mass of bullet 2849
mass of lead block 3.60kg
vertical distance y 241m
horizontal distance x 4.60m

(i) Show that the time taken for the block to fall through the vertical distance y is about
0.70s.

[2]

(ii) Show that the horizontal projection speed of the block from the support is about
6.6ms.

]

(iii) Show that the speed of the bullet given by this collision experiment is also about
850ms™".

[3]
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(c) The initial kinetic energy of the bullet is transferred to the block as kinetic energy and thermal
energy.

(i) Estimate the rise in temperature of the lead block. The specific heat capacity of lead is
126Jkg~ K.

rise intemperature = .........cccoe K [5]

(ii) Explain two assumptions you made in this calculation.

[Total: 20]

END OF QUESTION PAPER

© OCR 2009



20

PLEASE DO NOT WRITE ON THIS PAGE

OCR¥

RECOGNISING ACHIEVEMENT

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every
reasonable effort has been made by the publisher (OCR) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the
publisher will be pleased to make amends at the earliest possible opportunity.

OCR is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of Cambridge Local Examinations Syndicate (UCLES),
which is itself a department of the University of Cambridge.

© OCR 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (ColorMatch RGB)
  /CalCMYKProfile (U.S. Sheetfed Uncoated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


