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Answer all questions in the spaces provided.

1 Figure 1 shows (not to scale) three students, each of mass 50.0kg, standing at different
points on the Earth’s surface. Student A is standing at the North Pole and student B is
standing at the equator.

Figure 1 Figure 2

North pol i
orth pole A

centre of
the Earth

not to scale

Earth

equator

axis of rotation
of the Earth

The radius of the Earth is 6370 km.
The mass of the Earth is 5.98 x 10?%kg.

In this question assume that the Earth is a perfect sphere.

1 (a) (i) Use Newton’s gravitational law to calculate the gravitational force exerted by the Earth
on a student.

(3 marks)

1 (a) (ii) Figure 2 shows a closer view of student A.
Draw, on Figure 2, vector arrows that represent the forces acting on student A.
(2 marks)
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1 (b) (i) Show that the linear speed of student B due to the rotation of the Earth is about
460ms~!.

(3 marks)

1 (b) (ii) Calculate the magnitude of the centripetal force required so that student B moves with
the Earth at the rotational speed of 460 ms~!.

magnitude of the force .......ccocevvviiiriiiiiiieieeee N
(2 marks)
1 (b) (iii) Show, on Figure 1, an arrow showing the direction of the centripetal force acting on
student C.
(1 mark)
1 (¢) Student B stands on a bathroom scale calibrated to measure weight in newton (N). If

the Earth were not rotating, the weight recorded would be equal to the force calculated
in part (a)(i).

State and explain how the rotation of the Earth affects the reading on the bathroom scale
for student B.

(3 marks)

Turn over p
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2 Figure 3 represents three equipotential surfaces associated with the gravitational field of
the planet Mars.

Figure 3

not to scale

r/km V/MJ kg™!

A 6800
B 10200 -4.20
C 13600 -3.16

~~ ==

The points labelled A, B, C, D lie on the equipotential surfaces. The table shows the
distances r of these equipotential surfaces from the centre of Mars and the gravitational
potential V for each surface. The gravitational potential at the surface of Mars is
—12.6MJkg™!. The dotted line shows the elliptical orbit that is referred to in part
(b)(iD).

2 (a) (i) State what is meant by the statement that ‘the gravitational potential at the surface of
Mars is —12.6 MJkg™!".

(2 marks)
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2 (a) (ii) Determine the gravitational potential at point A.

gravitational potential at A ............ccoceeviiiiiiinienen. MJkg™!
(2 marks)

2 (b) (i) An un-powered satellite in a stable orbit about the centre of Mars passes through C and
D. Explain why the speed of the satellite is the same at D as it is at C.

2 (b) (ii) Another un-powered satellite of mass 850 kg passes point D at a speed of
1.64 x 103 ms~!. This satellite follows the elliptical orbit shown by the dotted line in
Figure 3. In this orbit the radius about the centre of Mars is continually changing.

By considering the energy changes that occur, show that the speed of this satellite when
it passes point B is about 2.2 x 10> ms™".

(4 marks)

Turn over p»
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2 (b) (iii) It can be shown that the speed, v, of the satellite in the elliptical orbit is inversely
proportional to r, the corresponding radius of the orbit. The moment of inertia of a
satellite about the centre of Mars is equal to mr?, where m is its mass. Show that
angular momentum is conserved during the elliptical orbit.

(3 marks)

2 (b) (iv) Explain why it would be expected that the angular momentum of the satellite would not
change during the orbit.

0 6

WMP/Jun13/PHYB4



2 (¢) Mars has a mass of 6.4 x 1023 kg and a radius of 3.4 X 10° m.
The period of rotation of Mars about its axis is 24.6h.

Suppose that a future expedition lands on Mars and wishes to set up a communications
satellite, of mass 850kg, in an orbit that has the same period as Mars.

2 (¢) (i) Calculate the radius of the orbit for this communications satellite.

radius of orbit

Do not write
outside the
box

................................................ m
(4 marks)
2 (c) (ii) Calculate the change in gravitational potential energy of the satellite when placed into
this orbit from a base on the surface of Mars.
change in gravitational potential €nergy .......cc.ccecevviieviiinuerieeniieenneenne J
(3 marks)
Turn over »
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3 (a) Figure 4 shows how the kinetic energy, Ey, of an oscillating mass varies with time
when it moves with simple harmonic motion.

Figure 4

0.12

0.10

008 /. \ /. \ /. \ \

/ \ / \ / \ / \

Ek/J 0.06 / \ | \ I \ / \

0.04 /: \ I/ \ I \ I \

0.02 /. \ /. \ \ / \

0.00 < >

0 02 04 0.6 0.8 1.0 1.2 14 1.6 1.8
time/s

3 (a) (i) Determine the frequency of the oscillations of the mass.

frequency of oscillation ..........c..ccocceeviiiicinicniinneene Hz
(2 marks)

3 (a) (ii) Sketch, on Figure 4, a graph showing how the potential energy of the mass varies with
time during the first second.
(2 marks)

Turn over p»

09

WMP/Jun13/PHYB4



10

3 (b)

3 (b)®

Figure 5 shows a ride called a ‘jungle swing’.
Figure 5

pivot

not to scale

4 steel cables
(only 2 shown)

three riders
strapped in a

45m

The harness in which three riders are strapped is supported by 4 steel cables. An advert
for the ride states that the riders will be released from a height of 45 m above the ground
and will then swing with a period of 14.0s. It states that they will be 1.0m above the

ground at the lowest point and that they will travel at speeds of ‘up to 120 km per hour’.

Treating the ride as a simple pendulum, show that the distance between the pivot and

the centre of mass of the riders is about 49 m.

(2 marks)
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11

3 (b) (ii) The riders and their harness have a total mass of 280 kg.
Calculate the tension in each cable at the lowest point of the ride, assuming that the
riders pass through this point at a speed of 120kmh™'. Assume that the cables have
negligible mass and are vertical at this point in the ride.

tension in €ach Cable .........ooovvvveeeeeiiiiiiiiieeeeeeeeeeen, N
(4 marks)

3 (b) (iii) Show that the maximum speed stated in the advert is an exaggerated claim.
Assume that the riders are released from rest and neglect any effects of air resistance.

(4 marks)

3 (b) (iv) The riders lose 50% of the energy of the oscillation during each half oscillation. After
one swing, the speed of the riders as they pass the lowest point is 20ms™".

Calculate the speed of the riders when they pass the lowest point, travelling in the same
direction after two further complete oscillations.

speed Of rders .......ccooceerviiiniiiiniieinieeene ms™!
(3 marks)
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4 A spacecraft of mass 3500kg is travelling at a speed of 4700 ms~" in space. In order to
change course a rocket motor fires a burst of gas at right angles to the direction in
which the spacecraft is travelling initially.

The gas is ejected at a speed of 2500ms™" for 40s. The thrust produced by the rocket
motor is constant during this time.

The graph in Figure 6 shows how the magnitude of the component of the velocity
perpendicular to the original direction of travel varies with time during the 40 s burst.

Figure 6

1400
1200

component 1000 -

of velocity 800 -

_ 600
/ms™!

400 BN S

200

0

time/s

4 (a) (i) Determine the final speed of the rocket. Give your answer to 3 significant figures.

final speed .......ccovvveeiiiiiiiiiiie, ms~!

(2 marks)
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4 (a) (ii) Calculate the angle between the new direction of travel of the rocket and its original
direction that is produced by this burst of gas.
angle .....cccoevieiiieeeee e, degrees
(2 marks)
4 (b) Show that the distance travelled perpendicular to the initial direction of motion, while
the burst of gas takes place, is about 20 km.
(3 marks)
Turn over p
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4 (c) (i) Use data from the graph and the rocket equation to determine the rate at which gas is
ejected from the rocket. Give an appropriate unit for your answer.

rate of ejection of gas ........ceceeviennenne unit ...oeeeeeneee.
(5 marks)

4 (c) (ii) Determine the thrust produced by the rocket motor.

ThIUSE e, N

4 (d) Explain why the graph in Figure 6 is not a straight line.

(4 marks)

1 4
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Turn over for the next question
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5 Figure 7 shows one arrangement for measuring the strength of the magnetic field
produced by a pair of magnets in a laboratory.

Figure 7
vertical
axis T
wire [

magnet

The wire is perpendicular to the magnetic field of the magnet and carries a current of
5.0 A in the direction shown. The length / of the wire shown in the diagram is 6.5 cm.
The wire is held rigidly in place so that it cannot move. When the current is turned on,
the reading on the balance increases.

5 (a) (i) Show, on Figure 7, the direction of the magnetic field between the magnets that
produces the increase in the balance reading.
(1 mark)

5 (a) (ii) The minimum change in reading that the balance can detect is 1 mg. Calculate the

smallest change in magnetic flux density that is detectable using this arrangement.
Give an appropriate unit for your answer.

change in flux density ........c.ccccoeueenee unit .oooeeeeeneen.
(3 marks)

S (b) Magnetic flux density is a vector quantity. State and explain how the balance reading

would be affected by rotating the pair of magnets about the vertical axis shown in
Figure 7.
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5 (¢)

Archaeologists need to detect small changes in magnetic flux density when investigating
sites. This is possible using the precession of protons in a proton magnetometer.

Explain what is meant by precession. You may use a diagram to help your explanation.
Go on to explain how a proton magnetometer works. Make clear in your answer what
quantity is measured by a proton magnetometer to indicate changes in the magnetic flux

density in the region being investigated.

The quality of your written communication will be assessed in your answer.

(6 marks)

Do not write
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box
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6 X-rays have been a familiar diagnostic tool in hospitals ever since their discovery. To
produce the X-rays, a metal target is bombarded by electrons that have been accelerated
in an electron gun. Figure 8 shows how the intensity of the X-rays produced at the
target varies with wavelength. The sharp peaks correspond to the characteristic X-rays,
referred to as K and Kg. Characteristic X-rays depend on the energy levels for the
element from which the target is made.

Figure 9 shows, using a logarithmic scale, some energy levels of electrons in a copper
atom. The actual energies in eV of each level are shown. The table in Figure 10
illustrates how photon energies of K, radiation depend on the proton number Z of the
element used for three different targets.
Figure 8
100
90
80
70
relative 60
intensity
in arbitrary 50 / .
units 40 N
N\
30 N
20 e
10 -
0
0 2 4 6 8§ 10 12 14 16 18 20
wavelength/ 10" m
Figure 9 Figure 10
0 __
element Z K photon
-054+-———----———
energy/keV
-1 p———m -0.12eV .
Chromium | 24 540
1S e Copper 29 8.03
S i
log (E/eV) —120 eV Silver 47 22.10
254+
-3 -951eV
-35+---—-——-—-—--
—4 —8980 eV
45—

actual energies of
the energy levels
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19
6 (a) Show, on Figure 9, the electron transition that takes place when a photon of K,
radiation for copper is emitted.
(2 marks)
6 (b) Determine the potential difference that was used to accelerate the electrons that
produced the X-ray spectrum shown in Figure 8.
potential difference ..........ccccooevveviiiiiiieeniieiiee A%
(3 marks)
6 (¢ Draw, on Figure 8, the spectrum that would be produced if the electrons were
accelerated through a higher potential difference.
(3 marks)
6 (d) (i) Calculate the frequency of K, radiation emitted by a silver target.
fIEQUENCY evvveeiiieeiieeee e Hz
(2 marks)

6 (d) (ii) Show that the data in Figure 10 suggest that for different targets, the frequency of K,
radiation is directly proportional to (Z—1)2.

(3 marks)

Do not write
outside the
box
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6 (e State and explain which of the targets in Figure 10 would produce K, radiation that
would produce the best resolution in an X-ray image of a patient.

(2 marks)

6 (f) Describe and explain one method used in the design of an X-ray system used in medical
diagnosis that reduces blurring of the final image.

(2 marks)

6 (g) Ultrasound can also be used to produce images of the human body. Explain, in terms of

the physical properties, the difference between the ways in which X-rays and ultrasound
identify parts of the body that have different density.

(2 marks)

END OF QUESTIONS

Copyright © 2013 AQA and its licensors. All rights reserved.

2 0

WMP/Jun13/PHYB4




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /None
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




