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INSTRUCTIONS TO CANDIDATES

Write your name clearly in capital letters, your Centre
Number and Candidate Number in the boxes on the
first page.

Use black ink. Pencil may be used for graphs and
diagrams only.

Read each question carefully and make sure that
you know what you have to do before starting your
answer.

Answer ALL the questions.

Write your answer to each question in the space
provided. If additional space is required, you should
use the lined pages at the end of this booklet. The
question number(s) must be clearly shown.



INFORMATION FOR CANDIDATES

The number of marks is given in brackets [ ] at the
end of each question or part question.

The total number of marks for this paper is 100.
You may use an electronic calculator.

You are advised to show all the steps in any
calculations.

Where you see this icon you will be awarded
marks for the quality of written communication in
your answetr.

This means for example you should:

* ensure that text is legible and that spelling,
punctuation and grammar are accurate so that
meaning is clear;

e organise information clearly and coherently, using
specialist vocabulary when appropriate.



Answer ALL the questions.

1 (a) Define capacitance.

[1]

(b) Fig. 1.1 shows a circuit consisting of a resistor
and a capacitor of capacitance 4.5F.

Fig. 1.1

Switch S, is closed and switch S, is left open. The
potential difference across the capacitor is 6.3V.

Calculate

(i) the charge stored by the capacitor

charge = nC [1]




(ii) the energy stored by the capacitor.

energy = J [2]

(c) Switch S, is opened and switch S, is closed.

(1) Describe and explain in terms of the
movement of electrons how the potential
difference across the capacitor changes.

[3]

(ii) The energy stored in the capacitor decreases
to zero. State where the initial energy stored in
the capacitor is dissipated.

[1]




(d) Fig.1.2 shows the 4.5puF capacitor now connected
in parallel with a capacitor of capacitance 1.5puF.
Both switches are open and both capacitors are
uncharged.
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Fig. 1.2

Switch S, is closed. The potential difference
across the 4.5 uF capacitor is now 6.3V. Switch S,
is opened and then switch S, is closed.

(i) Calculate the total capacitance of the circuit
when S, is closed.

capacitance = nF [1]



(ii) Calculate the final potential difference across
the capacitors.

potential difference = V [2]

[Total: 11]



(a) Olbers’ paradox is based on two assumptions
about the nature of our Universe. State these two
assumptions.

[2]

(b) Fig. 2.1 shows how the recessional speed v of
galaxies varies with their distance d from the
Earth.
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Fig. 2.1



(i) Use Fig. 2.1 to determine the Hubble constant.

Hubble constant = kms~TMpc [2]

(ii) Hence estimate the age of the Universe in
years.

1year=3.2x10"sand 1pc =3.1 x 10'®m

age = y [3]

(c) (i) Calculate the critical density of the Universe
using the Hubble constant determined in (b)(i)-

critical density = kgm™3 [2]




(ii) Describe how the fate of the Universe depends
on its average density.

[3]

(d) Describe the evidence for the hot big bang model
of the Universe.

[4]
[Total: 16]

10



3 (a) Fig. 3.1 shows two charged horizontal plates.
+60V D
5.0mm

0V e

Fig. 3.1

The potential difference across the plates is 60V.
The separation of the plates is 5.0mm.

(1) On Fig. 3.1 draw the electric field pattern
between the plates. [2]

(ii) Calculate the electric field strength between
the plates.

electric field strength = vm [1]
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(b) Positive ions are accelerated from rest in the

horizontal direction through a potential difference
of 400V. The charged plates in (a) are then used to
deflect the ions in the vertical direction. Fig. 3.2
shows the path of these ions.

source of
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Fig. 3.2

Each ion has a mass of 6.6 x 10727 kg and a charge
of 3.2 x 10719C.

(i) Show that the horizontal velocity of an ion
after the acceleration by the 400V potential
difference is 2.0 x 10°ms™.

[2]
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(ii) The ions enter at right angles to the uniform
electric field between the plates. Calculate
the vertical acceleration of an ion due to this
electric field.

acceleration = ms—2 [2]

(iii) The length of each of the charged plates is
16 mm.

1 Show that an ion takes about 8.0 x 10~8s to
travel through the plates.

[1]

2 Calculate the vertical deflection of an ion
as it travels through the plates.

deflection = m [2]
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(c) A uniform magnetic field is applied in the region
between the plates in Fig. 3.2. The magnetic field is
perpendicular to both the path of the ions and the
electric field between the plates.

Calculate the magnitude of the magnetic flux

density of field needed to make the ions travel
horizontally through the plates.

magnetic flux density = T [3]

(d) lons of the same charge but greater mass are
accelerated by the potential difference of 400V
described in (b). Describe and explain the effect
on the deflection of the ions after they have
travelled between the plates using the same
electric and magnetic fields of (c).

[2]
[Total: 15]
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4 (a) Define magnetic flux.

[1]

(b) Fig. 4.1 shows a generator coil of 500 turns and
cross-sectional area 2.5 x 103m? placed in a
magnetic field of magnetic flux density 0.035T. The
plane of the coil is perpendicular to the magnetic

field.
:/ axis of rotation
<
coil of |
500 turns :
\ |
I
I
I
|
| N o
| magnetic field
| perpendicular
to paper
Fig. 4.1
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Calculate the magnetic flux linkage for the coil in
this position. Give a unit for your answer.

magnetic flux linkage = unit [3]

(c) The coil is rotated about the axis in the direction
shown in Fig. 4.1.

Fig. 4.2 shows the variation of the magnetic flux ¢
against time t as the coil is rotated.
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(i) Explain why the magnitude of the magnetic
flux through the coil varies as the coil rotates.

[2]

(ii) State Faraday’s law of electromagnetic
induction.

[1]

(iii) Use Fig. 4.2 to describe and explain the
variation with time of the induced e.m.f. across
the ends of the coil.

[3]
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(iv) Use Fig. 4.2 to determine the magnitude of the
average induced e.m.f. for the coil between the
times 0s and 0.005s.

average e.m.f. = V [2]

(v) State and explain the effect on the magnitude
of the maximum induced e.m.f. across the
ends of the coil when the coil is rotated at
twice the frequency.

[2]
[Total: 14]
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5 (a) Outline the main principles of the use of magnetic
resonance to obtain diagnostic information about
internal organs.

/ In your answer, you should make clear how the
principles you describe allow body structures to
be distinguished.

19



8]

(b) Describe one advantage and one disadvantage of
MRI.

[2]
[Total: 10]
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6 (a) A sample of a radioactive isotope contains
4.5 x 1023 active undecayed nuclei. The half-life of
the isotope is 12 hours. Calculate

(i) the initial activity of the sample

activity = s71 [2]

(ii) the number of active nuclei of the isotope
remaining after 36 hours

number = [1]

(iii) the number of active nuclei of the isotope
remaining after 50 hours.

number = [2]

21



(b) Explain why the activity of a radioactive material
is a major factor when considering the safety
precautions in the disposal of nuclear waste.

[2]
[Total: 7]
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There are two types of beta decay, beta-plus and
beta-minus. An isotope of carbon 1gc decays by beta
emission into an isotope of nitrogen 1§N. An isotope
of phosphorus 32P decays by beta emission into an
isotope of silicon 33Si.

(a) Complete the following decay equations for the
carbon and phosphorus isotopes.

(i) carbon decay
1gC - :e + :N +
(ii) phosphorus decay
:;gP — —e + —Si +
— — [3]

(b) State the two beta decays in terms of a quark
model of the nucleons.

(i) beta-plus decay

(ii) beta-minus decay

[2]

(c) Name the force responsible for beta decay.

[1]
[Total: 6]
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8 (a) The following nuclear reaction occurs when a

slow-moving neutron is absorbed by an isotope of
uranium-235.

1 235 141 92 1

(i) Explain how this reaction is able to produce
energy.

[2]

(ii) State in what form the energy is released in
such a reaction.

[1]

(b) The binding energy per nucleon of each isotope in
(a) is given in Fig. 8.1.

isotope | binding energy per nucleon/MeV
235U 7.6
13.Ba 8.3
3aKr 8.7

Fig. 8.1
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(i) Explain why the neutron gn does not appear in
the table above.

[1]

(ii) Calculate the energy released in the reaction
shown in (a).

energy = MeV [2]

[Total: 6]
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9 A proton travelling at a high velocity is fired at a
stationary proton. It stops momentarily at a distance
of 2.0 x 10~ m from the stationary proton.

(a) Calculate the electrostatic force acting on each
proton when separated by 2.0 x 10~1°m.

force = N [2]

(b) The two protons fuse together. Explain how the
protons are able to remain together.

[1]

(c) Explain why the proton must have a very large
velocity for the fusion to occur and the protons to
remain together.

[2]

[Total: 5]
26



10 (a) State and describe ONE way in which X-ray
photons interact with matter.

[2]

(b) The intensity of a collimated beam of X-rays is
reduced to 10% of its initial value after passing
through 3.0 mm of soft tissue. Calculate the
thickness of soft tissue that reduces the intensity
to 50% of its initial value.

thickness = mm [3]
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(c) X-rays are used to image internal body structures.

(1) Explain how image intensifiers are used to
improve the quality of the X-ray image.

/ In your answer, you should explain clearly
the process involved which makes the image
brighter.

[3]

(ii) Explain how contrast media are used to
improve the quality of the X-ray image.

[2]
[Total: 10]

END OF QUESTION PAPER
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ADDITIONAL PAGE

If additional space is required, you should use the lined
pages below. The question number(s) must be clearly
shown.

29



ADDITIONAL PAGE

30



ADDITIONAL PAGE

31



ADDITIONAL PAGE

32



ADDITIONAL PAGE

33



BLANK PAGE

34



BLANK PAGE

35



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.

36




<<
  /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


