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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.

Which of the following shows a derived unit expressed in terms of SI base units?

[ A coulomb = ampere x second

=

ohm = volt + ampere

@

volt = joule + coulomb

(|
(|
(|

=)

watt = joule + second

(Total for Question 1 = 1 mark)

A sound wave is moving from left to right. The graph shows displacement against position at an
instant for the particles in the sound wave. Displacement to the right is considered positive.

Displacement

AV VN4
o\

Position

Sound waves have compressions and rarefactions.
Which of the following could show the position of these features correctly?

[J A X =compression, Y = compression
[0 B X = compression, Z = rarefaction
[0 C Y = rarefaction, Z = compression
[J D Y = rarefaction, Z = rarefaction

(Total for Question 2 = 1 mark)

Electron diffraction is evidence that

[0 A electrons sometimes behave as particles.
[ B photons sometimes behave as particles.
[] C electrons sometimes behave as waves.
L]

D photons sometimes behave as waves.

(Total for Question 3 = 1 mark)
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4 The diagram shows a ray of light in medium 2 striking a boundary with medium 1.

medium 1

X ! medium 2

9%
S
Joset eets
Prose et
o

The critical angle for light passing from medium 2 to medium 1 is 45°.
The ray in the diagram will be totally internally reflected if

L] A x=45°
0 B x>45°
O C y=45°
0 D y>45°

(Total for Question 4 = 1 mark)

5 Standing waves are created in an open pipe of length L. There is an antinode at each end.

Which of the following corresponds to the wavelength of the lowest possible frequency
standing wave?

L] AL/2
[0 BL
[0 C 2L
] D 4L

(Total for Question 5 = 1 mark)
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6 The circuit contains a resistor R.

What is the resistance of R if the potential difference across it is 2 V?

L] A 0.83Q
[ B 1.0Q
[ C 20Q
[0 D24Q

(Total for Question 6 = 1 mark)

S is a source of sound of frequency f.. S is accelerating towards an observer O.

S O
[} [ ]
—>
movement

The frequency f, of the sound heard by O will be
[ A greater than f, and decreasing.
[1 B greater than f, and increasing.
[ C smaller than f and decreasing.
|

D smaller than f and increasing.

(Total for Question 7 = 1 mark)

Which of the following types of wave cannot be plane polarised?
L] A light

B microwaves

]
[ C ultrasound
[0 D ultraviolet

(Total for Question 8 = 1 mark)
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9 A circuit contains a battery of four cells in series. Each cell has em.f. 1.5 V.

A charge of 3.0 C passes through the battery. What is the energy transferred?

< A 05]
SRS
ot
0] B 20J
] C 451
0D 18]
(Total for Question 9 = 1 mark)
o v %
0’0‘:;:‘:’ . . . . .
s | 10 Light passes from one transparent medium to another transparent medium with a higher
[95959,0.0 . .
§§§§§§§§§ refractive index.
SRR
peossssseset
peogasetelet . . .
§§§§§§§§§ Which line of the table correctly describes what happens to the frequency and wavelength
SRR :
ggggggggg: of the light?
4%
Frequency Wavelength
O A decreased decreased
0B decreased increased
]cC unchanged decreased
OOD unchanged increased

(Total for Question 10 = 1 mark)

TOTAL FOR SECTION A =10 MARKS
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SECTION B
Answer ALL questions in the spaces provided.

11 The Mars Reconnaissance Orbiter has been studying the Martian climate since 2006.

The following passage is about the Orbiter:

This satellite is powered by two solar panels, each of area 9.5 m?. The panels have
a high efficiency of 26% at converting solar energy into electricity. In orbit around
Mars each panel produces about 1500 W of power.

(a) (1) Show that, when in orbit around Mars, the power output of a single panel is
about 1500 W.

radiation flux from the Sun at Mars orbit = 590 W m™

(i1) The panels are connected together to give a total output potential difference of 32 V.
Show that the maximum output current is about 90 A.

2
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(b) The solar panels are used to charge two batteries of capacity 50 ampere hours
(180 kC) each.

(1) Use the current calculated in part (a)(ii) to calculate the minimum time taken to
fully charge the batteries.

Minimum time = ...

(i) Suggest why the time calculated in (b)(i) is a minimum.

(Total for Question 11 = 8 marks)
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12 Thermistors are semiconductor devices that can be used in control circuits. The
resistance of a thermistor depends on its temperature.

(a) Sketch a graph on the axes below to show how current varies with applied potential
difference for a negative temperature coefficient thermistor.

(2)
Current
Potential difference
*(b) Explain why the resistance of a negative temperature coefficient thermistor changes
as the potential difference is increased.
4)

(Total for Question 12 = 6 marks)
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13 A student carries out an experiment to investigate the photoelectric effect by shining light
of different frequencies onto a particular metal.

(a) Describe how the photoelectric effect takes place.

()

(b) The maximum kinetic energy of the photoelectrons is determined for a range of
frequencies of incident light. The results are shown on the graph below.
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(1) The list of formulae on this paper gives the expression
hf =g+ amvi,

Use this expression and the graph to determine the value of the Planck constant
and the work function for the metal in this experiment.

Planck constant = ...
Work function = ...

(i) Explain why the results of the experiment cannot be explained using the wave
theory of light.

(Total for Question 13 = 8 marks)
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14 The photograph shows flame tests being carried out on some chemical compounds.

Flame tests are used to identify the elements present in some chemical compounds. The
compounds produce different coloured flames when vaporised. This is because different
elements produce spectra containing light with different wavelengths.

Sodium compounds produce a yellow flame because the spectrum of sodium includes
light with frequency 5.1 x 10'* Hz.

Before the sodium compound is vaporised the electrons involved in producing the yellow
light are in the energy level —5.14 eV.

(a) State what is meant by an energy level.
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(i1) The diagram represents the —5.14 eV energy level in a sodium atom.

-5.14 eV

Calculate the energy of the other energy level involved in the emission of the
yellow light.
Add this energy level to the diagram and label it with the correct value.

(c) Explain why different elements produce different spectra.

(Total for Question 14 = 9 marks)
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15 Over 40 years ago, the Apollo astronauts placed reflectors on the surface of the Moon.
These are still used by a number of observatories on Earth to monitor the distance to the
Moon by reflecting pulses of laser light from them and detecting the reflected signal.

Scientists have determined that the Moon is at a distance of 363 104 km at its closest and
405696 km at its furthest. It has also been determined that the Moon is getting about
3.8 cm further away from the Earth each year.

(a) Describe how the reflected pulses can be used to determine the distance to the Moon.

(2)
(b) An observatory sends out pulses of laser light of duration 2.0 x 107'° s when it is
determining the distance to the Moon.
(1) Calculate the pulse length.
(2)
Pulse length = ...
(i1) Discuss whether the levels of precision quoted for the distance to the Moon and
its rate of increasing distance from the Earth are justified.
(2)
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(ii1)) The round trip for the light pulses takes about 2.5 seconds. As many as 10 pulses
per second may be used.

State why pulses are used rather than a continuous beam.

(1)

(c) Another observatory uses a higher power laser.

(i) This laser produces a pulse of duration 1.0 x 107'*s. The energy of the pulse
is 115 mlJ.

Calculate the power of this laser.

Power =.

(i) The wavelength of light produced by this laser is 5.32 x 1077 m. The light is
emitted from an aperture of diameter 75 cm.

Suggest, using the concept of diffraction, why such a large aperture is necessary.

(Total for Question 15 = 12 marks)
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16 The photograph shows a type of fish called an electric ray. Electric rays can produce an
electric discharge to stun their prey.

Parts of a ray’s body act as cells in a battery. In a ray living in fresh water the cells are
arranged in series, but for a ray living in salt water the cells are arranged in parallel.

(a) The cell arrangement in rays can be investigated by comparing a circuit containing
five cells in series with a circuit containing five cells in parallel. Each arrangement
of cells is connected across a range of load resistors and the current and terminal
potential difference (p.d.) are measured, as shown in the diagram.

I
I
‘»————4 —e
L
— [ | ]
L
(A
&1 | A—11
T
W Y
(1) The results for current are shown in the table.
Load resistance / O Current in series Current in parallel
arrangement / A arrangement / A
0.1 2.7 7.2
1 2.0 1.3
10 0.55 0.14
. J
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It has been suggested that the cells are in series for a ray living in fresh water
because fresh water is a poorer conductor of electricity than salt water.

Discuss whether the results support this suggestion.

2)
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SRR (i1) Calculate the internal resistance of one cell using the following results for five
S8 cells in series. The e.m.f. of the five cells together is 6.9 V.

o o Load resistance / Q2 Terminal p.d. / V Current / A

e 22 3.3 1.5

Sees (ii1) Explain why the voltmeter should only be connected directly across the load
’ resistor if the ammeter has negligible resistance.
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(b) In an experiment to determine the resistivity of salt water, a plastic container is filled
with salt water. Pieces of metal foil are placed inside the container, covering the ends
Xand Y.

X Y| [3.0cm

/5.0 cm

13.5 cm

A resistance meter is attached to the pieces of metal foil and used to measure the
resistance of the salt water between X and Y.

resistance of salt water = 1.2 kQ

Calculate the resistivity of the salt water.

o
Pog: % o0
%%
.................................................................................................................................................................................................................................................. X
X
DoSe™ o2
2000

Resistivity = ... SFS

(c) When a ray is stunning its prey, it produces a potential difference of 45 V and a current
of 0.12 A in a burst of duration 5 ms. There can be up to 400 bursts in an attack.
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Calculate the energy transferred by the ray in a 400 burst attack.
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(Total for Question 16 = 12 marks) S
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17 A washing machine produces large vibrations during its spin cycle.
A student decides to use the vibrations from the washing machine to produce ripples in a
ripple tank and hence determine the frequency at which the washing machine spins.

(a) The student must first determine the speed of a ripple in the tank. She disturbs the
surface of the water to produce a single ripple. She uses a stopwatch to measure the
time taken for the ripple to travel a distance of 15 cm and records a time of 0.72 s.

Explain an alternative method that she could use to measure the time and why this
method would be an improvement.

. J
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(b) A bar is attached to a stand on top of the washing machine so that it vibrates at the
same frequency as the machine. Two small rods are attached to the bar so that they
just dip into the water in the ripple tank and act as a pair of coherent sources.

rods

ipple tank
! /rlppea

stand

p=flels

ol

/ table

washing machine

Explain why the rods are said to act as coherent sources.
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(c) Photograph 1 shows the pattern observed when the washing machine spins.

Photograph 1

X shows a line along which maximum disturbance is seen. Y shows a region in
which there is almost no disturbance.

Photograph 2 was taken using a flash to show the individual waves from the two rods
at a single instant. Photograph 2 is shown actual size.

Photograph 2
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*(1) Explain how the interference pattern in photograph 1 is produced.

)

(i1)) Use measurements from photograph 2 to determine the frequency of the vibration
causing the ripples.

speed of ripples = 25.2 cm s™!

Frequency of vibration= ... ...

(Total for Question 17 = 15 marks)

TOTAL FOR SECTION B
TOTAL FOR PAPER

70 MARKS
80 MARKS
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List of data, formulae and relationships
Acceleration of free fall g=9.81ms> (close to Earth’s surface)
Electron charge e=-1.60 x 10°C
Electron mass m_ =9.11 x 107'kg
Electronvolt leV=1.60x10"J
Gravitational field strength 2g=9.81 Nkg' (close to Earth’s surface)
Planck constant h=6.63 x103]Js
Speed of light in a vacuum c=3.00x 10®ms!
Unit 1
Mechanics
Kinematic equations of motion v=u-+at
s = ut + Y2at*
v:i=u’+ 2as
Forces XF = ma
g=Fm
W =mg
Work and energy AW = FAs
E_=Vamy?
oy mgAh
Materials
Stokes’ law F = 6nnrv
Hooke’s law F = kAx
Density p=m/V
Pressure p=F/A
Young modulus E = o/s where
Stress 0 = F/A
Strain & = Ax/x
Elastic strain energy E, = "2FAx
J
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Unit 2
Waves
Wave speed

Refractive index

Electricity
Potential difference
Resistance

Electrical power, energy and
efficiency

Resistivity

Current
Resistors in series

Resistors in parallel

Quantum physics
Photon model

Einstein’s photoelectric
equation

v=/

M, =sini/sinr=v /v,

V=W
R=VI
P=VI
P=IR
P=VR
W= Vit

% efficiency

% efficiency

R = pl/A

1= AQ/At

I =ngvA
R=R +R +R,
1 1 1
—=—+—+
R R R
E=hf

useful energy output

: 100
total energy input

useful power output

- 100
total power input

1
R3

24

P 4 6 9 5 2 A 0 2 4 2 4

(<
SEPEKS
SSEEI,
LMl
S BAK
XS

0%
Q&
0%

&
09t
%
55
0908

2958
o0
0

<>
XL
5%
K5

5

0
X
0‘0‘0‘0
QIRERUEKK
REHIRS

05
339985
K
KKK
QKA

%
%

<
555
K5
o
SR
bt
%!

<
XA

%
QR

XX

6%




<<
  /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


