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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 2010

3.00 x 108 ms™
4 x 1077 Hm™!
8.85x 10712 Fm™
1.60x 1071°C
6.63 x 10734 Js
1.66 x 1027 kg
9.1 x 10731 kg
1.67 x 1027 kg
8.31 JK~" mol™!
6.02 x 1023 mol™!
6.67 x 107" 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, I
nuclear radius, r

sound intensity level,
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4
Answer all the questions.

(a) Show that the relationship between the mechanical power P, the velocity v and the constant
applied force Fis given by

P=Fv.

Start from the definition of work, W.

[3]

(b) Fig. 1.1 shows how the force F produced by a railway locomotive varies with velocity v.

force/N x 10° 2.0

1.5

1.0

0.5

0 5 10 15 20 25 30 35 40

velocity/ms™

Fig. 1.1
Use data from Fig. 1.1 to

(i) calculate the power developed by the locomotive when travelling at 10ms™"

(i) show that the power developed by the locomotive is constant

[1]
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5

(iii) calculate the force produced at a velocity of 5ms™.

(c) The locomotive in (b) pulls a train of total mass 3.0 x 105kg against a constant frictional force
of 5.0 x 10*N. Use Fig. 1.1 and this data to calculate

(i) the acceleration of the train when travelling at 10ms™!

acceleration = ........cocoeeeveieeeeeee e ms=2 [3]

(ii) the maximum speed that the train can achieve on a level track.

[Total: 12]
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This question is about a mass-spring system.

Fig. 2.1 shows a mass attached to two identical springs. The mass moves along a horizontal tube
with one spring stretched and the other compressed. An arrow marked on the mass indicates its
position on a scale. Fig. 2.1 shows the situation when the mass is displaced through a distance x
from its equilibrium position. The mass is experiencing an acceleration a in the direction shown.
Fig. 2.2 shows a graph of the magnitude of the acceleration a against the displacement x.

50
a/ms= 40
scale a
X
— 30
[T I I I I I I I I I I
+ 0D N
/ / 10
spring  tube mass
0
0 10 20 30 40 50
X/ mm
Fig. 2.1 Fig. 2.2

(@) (i) State one feature from each of Fig. 2.1 and Fig. 2.2 which shows that the mass performs
simple harmonic motion when released.

(ii) Use data from Fig. 2.2 to show that the frequency of simple harmonic oscillations of the
mass is about 5Hz.

[3]
(iii) The mass oscillates in damped harmonic motion before coming to rest. On the axes of

Fig. 2.3 sketch a graph of the damped harmonic oscillation of the mass, from an initial
displacement of 25.0mm. [3]

© OCR 2010



30

20

10

x/mm O

-10

Fig. 2.3
(b) The mass-spring system of Fig. 2.1 can be used as a device to measure acceleration,
called an accelerometer. It is mounted on a rotating test rig, used to simulate large g-forces
for astronauts. Fig. 2.4 shows the plan view of a long beam rotating about axis A with the

astronaut seated at end B, facing towards A. The accelerometer is parallel to the beam and is
fixed under the astronaut’s seat 10m from A.

Fig. 2.4

(i) When the astronaut is rotating at a constant speed the mass has a constant deflection.
Explain why.

.................................................................................................................................... [2]

(ii) Calculate the speed v of rotation of the astronaut when the deflection is 50 mm.
Vo et ms~ [3]
[Total: 13]
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3 This question is about the atmosphere treated as an ideal gas.

(a) The equation of state of an ideal gas is pV = nRT. Data about gases are often given in terms
of density p rather than volume V. Show that the equation of state for a gas can be written as

- PRT
P="u

where M is the mass of one mole of gas.

[3]

(b) One simple model of the atmosphere assumes that air behaves as an ideal gas at a constant
temperature. Using this model the pressure p of the atmosphere at a temperature of 20°C
varies with height h above the Earth’s surface as shown in Fig. 3.1.

100
p/kPa N
50 =
0
0 2.0 4.0 6.0 8.0 10.0 12.0

h/km

Fig. 3.1

Use data from the graph to show that the variation of pressure with height follows an
exponential relationship.

[2]
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(c) Theideal gas equation in (a) shows that, at constant temperature, pressure p is proportional to
density p. Use data from Fig. 3.1 to find the density of the atmosphere at a height of 8.0km.

density p of airat h=0is 1.3kgm™

(d) Inthe real atmosphere the density, pressure and temperature all decrease with height. At the
summit of Mt. Everest, h = 8.0km, pressure is only 0.30 of that at sea level, h = 0. Take the
temperature at the summit to be —23°C and at sea level to be 20°C.

Calculate, using the ideal gas equation and data from Fig. 3.1, the density of the air at the
summit.

density p of air at sea level = 1.3kgm™

[Total: 11]

©OCR 2010 Turn over



10

4 Two very small identical conducting balls, each of mass 8.0 x 1074 kg, are suspended from a
single point by insulating threads of negligible mass as shown in Fig. 4.1. Each sphere has been

given the same charge of 3.0 x 1078C so that they repel each other and are in equilibrium with
their centres a distance 6.0 x 10°m apart.

Fig. 4.1

(@ (i) On Fig. 4.1, draw two arrows, each labelled F_, to show the direction of the electrostatic
force on each ball. [1]

(i) Show that the value of F, is about 2.3 x 1073N.

[3]
(b) Each ball experiences three forces. On Fig. 4.1, draw and label arrows to represent the other
two forces acting on one ball. [1]

(c) Using the data above, calculate the angle between the threads.

© OCR 2010
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(d) The gravitational force Fg between the two balls is much smaller than the electrostatic force
F, between them.

Calculate Fg .
Fe

[Total: 13]
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Fig. 5.1 shows a simple transformer used for demonstrations in the laboratory. It consists of two
coils linked by a laminated soft iron core. The primary coil is connected to a signal generator and
the secondary coil to a voltage sensor and computer. The number of turns on the secondary coil is
double that on the primary coil.

iron core
@ computer
primary secondary
coll coil
Fig. 5.1

(@) (i) Draw on Fig. 5.1 the complete paths of two lines of magnetic flux linked with the current
in the primary coil. [2]

(ii) Define the term magnetic flux.

(iii) Explain how the term magnetic flux linkage differs from magnetic flux.

(iv) Use Faraday’s law of electromagnetic induction to explain why an alternating current is
necessary in the primary coil for a voltage to be detected across the secondary coil.

© OCR 2010



(b)

13

Fig. 5.2 shows the computer screen in the demonstration where the number of turns on the
secondary coil is double that on the primary coil.

30

20

10

voltage/V 0O time/ms
50

10 20 30 40

Fig. 5.2

(i) Show that the frequency of the supply is 50 Hz.

1]

(ii) Calculate the amplitude of the supply voltage.
amplitude = ..o V [2]
[Total: 12]
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14

Two radioactive isotopes which are serious health hazards to human beings are strontium-90 and
caesium-137. Both decay by ~-emission.

(@) The nuclear equations for each of the decays are shown below with letters substituted for
some of the numbers.

9sr = %y 4+ B
¥8cs — ,ABa + B~

Write down the numerical values of the two letters Z and N. State what each represents.

(1) Z e —e et e e ae e te e teearee e teeabeeereeanteeaseennteeareeanreens
.................................................................................................................................... [2]
) T ST
.................................................................................................................................... [2]
(b) The radioactive decay law can be written in the form
A= AN
where A is the activity, 4 is the decay constant and N is the number of undecayed nuclei.
(i) Define the term activity.
.................................................................................................................................... [1]
(ii) Caesium-137 has a half-life of 30 years. Calculate the decay constant.
1year=3.15x10"s
e e s7! [2]

(¢) The radioactive dust cloud from the Chernobyl explosion in 1986 contained caesium-137.
Fig. 6.1 shows the graph of the number of undecayed nuclei of caesium-137 remaining in a
dust particle against time after the explosion.
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4.0
\\‘\
N
number of NG
nuclei/101° ™
3.5 ™
\\‘
3.0
10 12 14 16 18 20
time/y

Fig. 6.1

(i) Use Fig. 6.1 to calculate the activity of the caesium dust particle after 15 years.

activity = oo, Bqg [2]

(ii) Use data from the graph to show that the initial number of caesium-137 nuclei in the dust
particle is about 5.0 x 1075,

[3]

(iii) Hence show that the original mass of caesium-137 in the dust particle is about 1 ug.

[2]
[Total: 14]
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7 Inthis question, four marks are available for the quality of written communication.
(a) Describe the processes of fission and fusion of nuclei. Distinguish clearly between them by

highlighting one similarity and one difference between the two processes. State the conditions
required for each process to occur in a sustained manner.

© OCR 2010



(b)

© OCR 2010
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The fission of a uranium-235 nucleus releases about 200MeV of energy, whereas the
fusion of four hydrogen-1 nuclei releases about 28 MeV. However the energy released in the
fission of one kilogramme of uranium-235 is less than the energy released in the fusion of
one kilogramme of hydrogen-1. Explain this by considering the number of particles in one
kilogramme of each.

Quality of Written Communication [4]

[Total: 15]

END OF QUESTION PAPER



18
BLANK PAGE

PLEASE DO NOT WRITE ON THIS PAGE

© OCR 2010



19
BLANK PAGE

PLEASE DO NOT WRITE ON THIS PAGE

© OCR 2010



20

PLEASE DO NOT WRITE ON THIS PAGE

OCR¥

RECOGNISING ACHIEVEMENT

Copyright Information

OCR is committed to seeking permission to reproduce all third-party content that it uses in its assessment materials. OCR has attempted to identify and contact all copyright holders
whose work is used in this paper. To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced in the OCR Copyright
Acknowledgements Booklet. This is produced for each series of examinations, is given to all schools that receive assessment material and is freely available to download from our public
website (www.ocr.org.uk) after the live examination series.

If OCR has unwittingly failed to correctly acknowledge or clear any third-party content in this assessment material, OCR will be happy to correct its mistake at the earliest possible
opportunity.

For queries or further information please contact the Copyright Team, First Floor, 9 Hills Road, Cambridge CB2 1GE.

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 2010




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness 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
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

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


