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SECTION A
Answer ALL questions.

For questions 1-10, in Section A, select one answer from A to D and put a cross in the box X.
If you change your mind, put a line through the box ¢ and then
mark your new answer with a cross X.

An ampere can be expressed as
0 A Cs’!

0B JC!

0O Cc vw!

0D VQa

(Total for Question 1 =1 mark)

Which of the following summarises the change in wave characteristics when going from
ultraviolet to infrared in the electromagnetic spectrum?

Frequency Speed (in a vacuum)
A decreases decreases
[JB decreases stays the same
[0 C increases decreases
(1D increases stays the same

(Total for Question 2 = 1 mark)

P 41 6 2 8 A 0 2 2 8



3 Electrical power is transferred in a motor as shown.

FElectrical Mechanical
power input power output
MOTOR
P, P,

Power loss
P

What is the efficiency of the motor?

0O A Fy+ Py
i
P1
0B —
Po
P
Cc =L
] P
P
D _0o
] P

L

(Total for Question 3 = 1 mark)

P 41 6 2 8 A 0 3 2 8
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4 A ray of monochromatic light passes into a glass block as shown.

55°

glass

The refractive index of the glass for this light is

L1 A 0.57
1 B 0.81
[l C 122
[l D 1.74

(Total for Question 4 = 1 mark)

5 An electron is accelerated from rest through a potential difference of 5.0 kV.

The kinetic energy gained by the electron is

0 A 80x10"]
0 B 8.0x10"J
O C 32x10%]
0D 32x10%]

(Total for Question 5 = 1 mark)

P 4 1 6 2 8 A 0 4 2 8



6 A particular sound is investigated by connecting a microphone to an oscilloscope.
The diagram shows the trace of a sound wave on the oscilloscope. The screen of the
oscilloscope has a grid on it. On the x-axis 1 division represents 5 ms.

The frequency of the sound wave is
1A 0.05Hz
(1B 0.1 Hz
[]C 50Hz
(0D 100 Hz
(Total for Question 6 = 1 mark)
7 Two coherent sources emit waves of wavelength A which are in phase. The two waves

meet at a point, having travelled slightly different distances. The waves now have a
phase difference of 180° (7 radians).

Which of the following could be the path difference at this point?

oA 2

(Total for Question 7 = 1 mark)

5
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8 A combination of resistors is connected to a 12 V supply of negligible internal

resistance.
12V
e
A B
— 6kQ = L 6 kQ J‘
6 kQ
The potential difference between points A and B is

0 A 4V

1 B 6V
] C 8V
L] D 12V

(Total for Question 8 = 1 mark)

9 Ultrasound is used to investigate the blood in an artery in a human body by detecting a
Doppler shift. This Doppler shift is used to measure the

[0 A diameter of the artery.
[] B size of the particles in the blood.
[J C temperature of the blood.

[J D velocity of the blood.

(Total for Question 9 = 1 mark)

P 41 6 2 8 A 0 6 2 8



10 The effect of diffraction is more noticeable, in everyday life, with sound than with light.

This is because

[J] A sound has a much longer wavelength than light.
[] B sound is a longitudinal wave, light is a transverse wave.
[J] C sound is a mechanical wave, light is an electromagnetic wave.

[] D sound travels more slowly in air than light does.

(Total for Question 10 = 1 mark)

TOTAL FOR SECTION A =10 MARKS

P 41 6 2 8 A 0 7 2 8
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SECTION B

Answer ALL questions in the spaces provided.

11 The diagram shows a beam of electrons being fired towards a thin sheet of crystalline
material. The screen detects electrons after they have passed through the sheet.

Sheet of Screen
crystalline
material

Electron beam

The photograph shows the positions at which electrons strike the screen.

Explain what can be deduced about the behaviour of electrons from the formation of
this pattern.

(Total for Question 11 = 3 marks)

P 4 1 6 2 8 A 0 8 2 8




12 A thermistor has a negative temperature coefficient. With reference to the equation
I = nqvA, explain what happens to the resistance of the thermistor when its temperature
increases.

(Total for Question 12 = 3 marks)

9

R0 S A Turn over
P 41 6 2 8 A 0 9 2 8



13 The graph shows the current—potential difference characteristic for an electrical component.

Current / A

0.5—

0.4—

0.3—

0.2—

0.1
i ! ! i i i i i i i
-1.0 08 06 -04 -02 0.2 04 0.6 0.8 1.0

Potential difference / V

(Total for Question 13 = 5 marks)

10
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14 (a) Explain what is meant by the work function of a metal.

*(b) Observations of the photoelectric effect support the particle theory of light.

State one such observation and explain how it supports the particle theory of light.

(Total for Question 14 = 4 marks)

11
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15 Electrically heated gloves are used by skiers and climbers to provide extra warmth for
their hands.

Each glove has a heating element of resistance 3.6 Q. Two cells each of em.f. 1.5V
and internal resistance 0.2 Q are used to operate each heating element.

(a) When the switch is closed:

(1) Calculate the total resistance in the circuit

Total resiStance = ...

(i1) Calculate the current in the heating element

CUITENE = oo

(ii1) Calculate the power output from the heating element.

12

P 41 6 2 8 A 0 1 2 2 8



(b) When in use the internal resistance of each cell gradually increases.

State and explain the effect this will have on the power output of the heating
element.

(Total for Question 15 = 8 marks)

13
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16 The diagram shows four energy levels for an electron in a particular atom.

Energy / 107°J

Level 4 0
Not to scale
Level 3 2.8
Level 2 -32
Level 1 —6.4  QGround state

(a) State what is meant by an energy level.

(b) Draw on the diagram two arrows to indicate two different transitions that would
result in emitted radiation of the same frequency.

(c) A gas consisting of these atoms can emit a line spectrum.

Explain how this happens.

’ R 0 O
P 41 6 2 8 A 0 1 4 2 8



(d) One of these atoms in its ground state absorbs 3.6 x 10" J of energy from a
collision with an electron.

Calculate the smallest frequency of radiation that the atom may subsequently emit.

Smallest frequency = ...

(e) Calculate how much energy in eV would be required to ionise the atom in its ground
state.

(Total for Question 16 = 11 marks)

15
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17 When tidying a prep room, a teacher discovers a tray of resistance wires that have lost
their labels. She decides to ask her students to carry out experiments to determine the
material that each wire is made of by measuring the resistivity of the wires.

(a) Explain why the teacher asks the students to measure the resistivity and not the
resistance of the wires.

*(b) You are to describe a method to determine accurately the resistivity of one of the
metal wires.

Your description should include:

» the circuit diagram you would use
* the quantities you would measure
* the graph you would plot

* how you would determine the resistivity.

16

P 41 6 2 8 A 0 1 6 2 8



(Total for Question 17 = 11 marks)

. J
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18 If certain crystals are subjected to a mechanical stress, a potential difference is generated
across them. This is called the piezoelectric effect. These crystals can be produced as
very thin films.

Below is a photograph of a T-shirt with a built-in phone charger, which is being tested at
a music festival. The white rectangle is a piezoelectric film.

(a) By considering how a sound wave travels through the air, explain how sound can
cause a piezoelectric film to generate a potential difference.

18

P 41 6 2 8 A 0 1 8 2 8



(b) Explain why the crystals used in the T-shirt need to be in the form of a large, thin film.

(c) When the T-shirt is used at a music festival the sound levels are sufficient to
generate about 20 kJ over ten hours. This is enough to charge one phone.

Calculate the electrical power output.

Power output = ...

(d) Give one advantage and one disadvantage of this charger compared with a
conventional charger.

(Total for Question 18 = 12 marks)

19
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19 The 2010 Football World Cup was held in South Africa and is remembered for the noise
of the vuvuzelas.

The vuvuzela is a musical instrument which works by making the air inside the
vuvuzela vibrate so that a standing wave is produced.

*(a) Explain how a standing wave is produced.

20

P 41 6 2 8 A 0 2 0 2 8




(b) The vuvuzela makes a noise because it is producing standing waves of different
frequencies.

The diagram shows the standing wave with the lowest frequency.

Vuvuzela tube

Calculate the frequency of this standing wave.
length of the vuvuzela = 60 cm

speed of sound in air =330 m s

Frequency = ...

21
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(c) Human speech contains a continuous range of frequencies.
When the vuvuzela’s sound is analysed it is found to contain only certain fixed
frequencies which can be heard by humans.

Amplitude

f f, f) f, f f, f,
Frequency

At the Football World Cup the noise of the vuvuzelas made it difficult for the
television commentators to be heard. A solution was to use a filter that removed
some of the frequencies produced by the vuvuzelas.

Suggest which two frequencies it would be best to remove, the effect this would
have and the disadvantage of removing all of the frequencies.

22

P 41 6 2 8 A 0 2 2 2 8



(d) Noise cancelling headphones work by detecting a sound and producing another
sound that is in antiphase and so causing destructive interference.

(1) Explain what is meant by antiphase and destructive interference.

(i1) Explain why the headphones could not be used to cancel the noise of the
vuvuzelas.

(Total for Question 19 = 13 marks)

TOTAL FOR SECTION B =70 MARKS
TOTAL FOR PAPER = 80 MARKS

P 41 6 2 8 A 0 2 3 2 8



Acceleration of free fall
Electron charge

Electron mass

Electronvolt

Gravitational field strength
Planck constant

Speed of light in a vacuum

Unit 1

List of data, formulae and relationships

g=9.81ms> (close to Earth’s surface)
e=-1.60x10"C
m_=9.11 x 107'kg
leV=1.60x10"J
g=9.81 Nkg' (close to Earth’s surface)
h=6.63 x 103*]s
c=3.00x 10®ms!

Mechanics
Kinematic equations of motion v=u-+at
s =ut + Ysat®
v:=u?+ 2as
Forces >F = ma
g=F/m
W =mg
Work and energy AW = FAs
E_="mv’
AE, ., = mgAh
Materials
Stokes’ law F = 6mnrv
Hooke’s law F = kAx
Density p=m/V
Pressure p =F/A

Young modulus

Elastic strain energy

24

E = o/¢ where
Stress o = F/A
Strain ¢ = Ax/x

E, = FAx

P 4 1 6 2 8 A 0 2 4 2 8



Unit 2

Waves
Wave speed v =f
Refractive index M, =sini/sinr=v /v,
Electricity
Potential difference V=w/Q
Resistance R=V/I
Electrical power, energy and P=VI
efficiency P=1IR
P=71?%R
W= Vit
ful tput
% efficiency = STy .ou P« 100
total energy input
ful tput
% efficiency = o POWET .ou D X100
total power input
Resistivity R =pl/A4
Current 1 =AQ/At
I =ngvA
Resistors in series R=R +R +R,
Resistors 1 llel l—L+L+L
esistors in paralle R R R R
Quantum physics
Photon model E=hnf
Einstein’s photoelectric hf = ¢+ amv>
equation

P 41 6 2 8 A 0 2 5 2 8



BLANK PAGE

26

P 41 6 2 8 A 0 2 6 2 8




BLANK PAGE

P 41 6 2 8 A 0 2 7 2 8




BLANK PAGE

28

P 41 6 2 8 A 0 2 8 2 8





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 300
  /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 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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


