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® Use black ink or black ball-point pen. Use pencil only for drawing.
¢ Fill in the boxes at the top of this page.

* Answer all questions.
[ ]

You must answer the questions in the spaces provided. Do not write

outside the box around each page or on blank pages.

® Do all rough work in this book. Cross through any work you do not
want to be marked.

® Show all your working.
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® The marks for questions are shown in brackets.

The maximum mark for this paper is 100.
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— use good English

— organise information clearly
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Answer all questions in the spaces provided.

1 Theme park rides are thrilling because large and varying accelerations and forces give
the riders the perception of danger.

1 (a) In Kamikaze rides, illustrated in Figure 1, passengers are seated in a pair of gondolas
that move in vertical circles in opposite directions. Each gondola system includes the
gondola, a counterweight and the arm on which it is mounted. The distance between
the centre of the axle and the centre of mass of a gondola is 6.8 m.

Figure 1

counterweights \

1 (a) (i) Explain the purpose of the counterweights.
[2 marks]

1 (a) (ii) Explain how the counterweights can be effective, even though the arms on which they
are mounted are shorter than the arms carrying the gondolas.
[2 marks]
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1 (a) (iii) The ride starts from rest with both gondolas at the bottom. A motor is used to
accelerate each gondola system uniformly from rest to an angular velocity of
14 rads!in2.6s. Each gondola system has a moment of inertia of 1.9 x 10° kg m?.
Calculate the torque applied by the motor to each gondola system during this
acceleration.
[3 marks]

1 (a) (iv) The gondolas now execute circles at a constant angular velocity of 1.4 rads™!.
Calculate the centripetal force exerted on a passenger of mass 86 kg during this part of
the ride.

[2 marks]

centripetal force ..........ccoooeii N
1 (a) (v) Calculate the normal reaction exerted on the passenger by his or her seat when the

gondola is at the top of its circular path.
[2 marks]

NOrmMal reaction ........o.oeeeeeeeee e N

1 (a) (vi) Describe how the magnitude of this normal reaction varies during one complete
rotation of the gondola.
[2 marks]

Turn over p
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1 (b) Figure 2 shows another ride called a Waltzer. It has cars that are mounted on an
undulating bed. The bed rotates over the top of a fixed base so that the cars travel in
a circular path and move up and down. The cars also rotate about individual axes that
are normal to the undulating bed.

Figure 2

LYz

rotating cars undulating bed

1 (b) (i) A Waltzer car, with its passengers, has a moment of inertia about its own axis of
270kgm?. At one instant it rotates with an angular velocity of 5.3rads™!.
Calculate the kinetic energy of the car and its passengers, due to this rotation.
[2 marks]

KINEtiC ENErgy ........vvvvvvvvvviiiiiriiiiiiieiiieiiviivnninnns J

1 (b) (ii) Explain why the forces experienced by a rider on a Waltzer vary unpredictably.
[3 marks]
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1 (b) (iii) The torques accelerating a Waltzer car may be considered to be independent of the
masses of the passengers.

Explain why, for safety reasons, passengers are required to be of a minimum size
before being allowed to use the ride.

[2 marks]

Turn over for the next question

Turn over p»
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2 This question is about the space shuttle. The space shuttle orbiter had a mass in orbit
of 1.1 x 10°kg. It was often put into low Earth orbit at a height of 330km above the
Earth’s surface, giving it an orbital radius of 6710 km.

2 (a) (i) Show that the shuttle orbiter’s speed in orbit was approximately 7700 ms~!.

mass of the Earth = 6.0 x 102%kg
[3 marks]
2 (a) (ii) Calculate the kinetic energy of the shuttle orbiter when it is in this orbit.
[1 mark]
Kinetic energy ........ccoeeeeeiiiiiiiiiee e, J

2 (a) (iii) Calculate the minimum value of the total energy required to lift the shuttle orbiter into
this low Earth orbit. Assume that it had no kinetic energy before the launch.
[5 marks]

total energy ... J

0 6
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7

2 (a) (iv) The launch required more energy than this, partly due to the work done against air
resistance.
State two other reasons why, in practice, more energy was required.

[2 marks]

(== T<T0] o N PP

1= 1= 0] o PP

2 (b) Figure 3 is a graph showing the variation in gravitational potential between the position

of the Earth’s orbit, E, around the Sun, and a similar orbit, P, around the next nearest
star, Proxima Centauri.
Figure 3 distance from Earth/10!°m
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2 (b) (i) Use data from the graph to determine how much work would be done to move the
shuttle from E to a point midway between E and P.

[2 marks]

WOTK AONE ..o J

2 (b) (ii) Explain why the shuttle would need to use additional fuel in order to establish itself in
the orbit, P, around Proxima Centauri.
[2 marks]
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3 (a) Geophysicists use a Hall probe to detect anomalous variations in the magnetic flux
density above the ground. A Hall probe is usually a small piece of a semiconductor
material that is placed in the magnetic field, labelled B in Figure 4. The power supply
produces a current through the Hall probe. The direction of electron movement is from
X to Y. This is opposite to the direction of the conventional current. When the charge
flows, a potential difference (pd) is produced between the left and right sides of the
semiconductor. The magnitude of the pd depends on the magnetic flux density.

Figure 4
B
X \ conventional current
electron movement N -:———Y————L
right —
left N —
semiconductor Y
material electron movement

3 (a) (i) The unit of magnetic flux is the tesla. Explain how the force on a current-carrying
conductor in a magnetic field is used to define a flux density of 1 T.
[2 marks]

3 (a) (ii) Explain how the effect of the magnetic field on the electron path in the semiconductor
produces the pd between its left and right sides.
[3 marks]

0 8
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3 (a) (iii) Suggest how measurements of the pd produced in the semiconductor, carried out over
a wide area, can locate the positions of some types of object buried beneath ground
level in that area.

[2 marks]

Question 3 continues on the next page

Turn over p»
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3 (b) Describe how buried metallic objects can also be located using a metal detector. You

should explain the principles involved in the operation of the metal detector.
You may draw a diagram in the space provided to help you.

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

[6 marks]
............................................................................................................................................ 13
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Turn over for the next question
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4 (a) A space shuttle rocket motor has a combustion chamber of volume 12m3. When
tested prior to use, the temperature in the chamber was found to be 3200 °C and the
pressure was 20.6 MPa.

4 (a) (i) Calculate the number of moles of gas in the combustion chamber during the test.
[3 marks]

nuMber of MOIES ....coonieieee e

4 (a) (ii) Describe how the first law of thermodynamics applies to the gas as it leaves the rocket
motor.

[4 marks]

4 (a) (iii) For optimum performance, the pressure of the gas leaving the rocket motor should be
equal to atmospheric pressure.
Explain why the efficiency of the motor would be reduced if the pressure of the gas
leaving the rocket were greater than atmospheric pressure.
[1 mark]
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4 (b) A single-stage rocket in gravity-free and drag-free space has an effective gas exhaust
velocity of 3800 ms~!. The rocket could achieve a maximum speed of 6400ms~! by
using all of its fuel.

Calculate the percentage of the original mass of the rocket that is fuel.
[4 marks]

percentage of the original mass of the rocket ...........cccooiiiiiiiiiiiiiiiiiis

4 (c) lon drives provide thrusts of up to 5N by using electric fields to accelerate positive ions
to speeds of up to 30kms~!. Their energy supply usually comes from photovoltaic
cells.

4 (c) (i) Suggest an advantage of an ion drive compared with conventional rocket motors.
[1 mark]

4 (c) (ii) Suggest a disadvantage of an ion drive compared with conventional rocket motors.
[1 mark]

Turn over p
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5 X-rays are produced when high-energy electrons strike the metal target in an X-ray
tube. The spectrum of the X-rays produced in one tube is shown in Figure 5.

Figure 5
A
relative intensity
of X-rays
1 | | >
0 50 100 150

photon energy/keV

5 (a) (i) Describe how the continuous part of the X-ray spectrum is produced.
[3 marks]

5 (a) (ii) Using data from Figure 5, calculate the minimum wavelength of X-rays produced by
the tube.
[3 marks]

minimum wavelength .............coocoi m

1 4
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5 (b) The attenuation coefficient for the most common X-rays from the tube when travelling
through bone is 150 m™!.
X-rays of this type are incident on bone.
Calculate the percentage of the X-rays that remain when the beam has passed
through a bone of thickness 3.5cm.

[3 marks]
percentage of the X-rays thatremain ...........ccccccciiiiii
5 (c) Contrast mediums are often used to improve image quality for X-rays.
State briefly how contrast mediums help to improve the image.
[2 marks]
Turn over for the next question
Turn over »
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6 In an MRI scanner, a gradient field is applied to the patient and radio frequency, rf,
waves are passed through the body. The rf waves cause protons in the body to
precess.

6 (a) (i) State what is meant by a gradient field.
[2 marks]

6 (a) (ii) State what happens to protons in the body when a gradient field is applied at the same
time as the rf waves and explain how the gradient field helps to image a single thin

section of the patient.
[3 marks]

6 (a) (iii) Describe how the precessional energy of the protons in a part of the patient’s body

can be used to image that part of the body.
[3 marks]

Do not write
outside the
box
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6 (a) (iv) Describe how a complete body image is produced by the MRI scanner.

6 (b)

[2 marks]

Another device that may be used to produce a three-dimensional image of a patient is
a computerised tomography (CT) scanner.

Describe one advantage and one disadvantage of an MRI scanner compared with a
CT scanner.

17

[2 marks]

Advantage of MRI SCANNET ..o

Disadvantage of MRI SCANNET .........c.uiiiiiiiii e
Turn over for the next question
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7 Figure 6 illustrates a geophone being used to detect sound waves generated by a
small surface explosion on a geological site. An explosion is detonated at ground level
2.6 m above a buried limestone wall. The most direct path, A, for the sound is along
the soil surface. Another sound wave, following path B, meets the limestone at the
critical angle. This wave is refracted into the limestone and travels along the top edge
of the wall, within the limestone.

speed of sound in soil = 1800ms!
speed of sound in limestone = 3000 ms™!

Figure 6
explosion geophone
not to scale \ —
P A S
B i 2.6m el B top of
e : / limestone
| wall
,Q B R
7 (a) Show that the critical angle, ¢, for sound travelling from soil to limestone is
approximately 37°.
[3 marks]
7 (b) The length of path A is 9.8 m.
Calculate the time taken for the sound to reach the geophone along path A.
[1 mark]
time taken ... S
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7 (c) Determine the lengths PQ, QR and RS and use these to find the time taken for the
sound to reach the geophone along path B.
[5 marks]
time taken ..o, S
Turn over for the next question
Turn over p
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8 Gravimeters are used to make accurate measurements of the acceleration due to
gravity. This enables geophysicists to detect the presence of dense objects beneath
the surface of the ground. In one type of gravimeter, the acceleration of a falling glass
prism is determined from measurements of the distance it falls from rest and the time
taken for it to fall.

8 (a) The distance moved by the prism can be determined to a precision of £0.02%. The
time taken for the prism to fall from rest is 90.00 ms +£0.01 ms.
Show that percentage uncertainty in the measurement of g is approximately 0.04%.

[3 marks]
8 (b) Determine the smallest change in gravitational field strength that can be detected by
the gravimeter. Give your answer in gal.
[2 marks]
change in gravitational field strength .............ccccccoiiiiiiiiiiiiiiiiiin, gal

END OF QUESTIONS

Copyright © 2014 AQA and its licensors. All rights reserved.

2 0

WMP/Jun14/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




