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Data

speed of light in free space, c = 3.00 × 108 m s–1

permeability of free space, μ0 = 4π × 10–7 H m–1

permittivity of free space, ε0 = 8.85 × 10–12 F m–1

elementary charge, e = 1.60 × 10–19 C

the Planck constant, h = 6.63 × 10–34 J s

unified atomic mass constant, u = 1.66 × 10–27 kg

rest mass of electron, me = 9.11 × 10–31 kg

rest mass of proton, mp = 1.67 × 10–27 kg

molar gas constant, R = 8.31 J K–1 mol–1

the Avogadro constant, NA = 6.02 × 1023 mol–1

the Boltzmann constant, k = 1.38 × 10–23 J K–1

gravitational constant, G = 6.67 × 10–11 N m2 kg–2

acceleration of free fall, g = 9.81 m s–2
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Formulae

uniformly accelerated motion, s = ut +  �� at 2

v2 = u2
 + 2as

work done on/by a gas, W = p�V

gravitational potential, φ = –
Gm

r

hydrostatic pressure, p = ρgh

pressure of an ideal gas, p =  �� 
Nm
V

<c2>

simple harmonic motion, a = – ω 2x

velocity of particle in s.h.m., v = v0 cos ωt

v = ± ω √⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ (x0
2 – x2)

electric potential, V  = Q
4πε0r

capacitors in series, 1/C = 1/C1 + 1/C2 + . . .

capacitors in parallel, C = C1 + C2 + . . .

energy of charged capacitor, W =  �� QV

resistors in series, R = R1 + R2 + . . .

resistors in parallel, 1/R = 1/R1 + 1/R2 + . . .

alternating current/voltage, x = x0 sin ω  t

radioactive decay, x = x0 exp(–λt )

decay constant, λ =
0.693

t ��
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Answer all the questions in the spaces provided.

1 The volume of fuel in the tank of a car is monitored using a meter as illustrated in Fig. 1.1.

FUEL
½

¼ ¾

0 1

Fig. 1.1

The meter has an analogue scale. The meter reading for different volumes of fuel in the tank 
is shown in Fig. 1.2.

60
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40

volume
/ litre

30

20

0
0
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meter reading

¼ ½ ¾ 1
full

10

Fig. 1.2

The meter is calibrated in terms of the fraction of the tank that remains filled with fuel.



5

9702/21/O/N/09© UCLES 2009 [Turn over

(a) The car uses 1.0 litre of fuel when travelling 14 km. The car starts a journey with a full
tank of fuel.

(i) Calculate the volume of fuel remaining in the tank after a journey of 210 km.

volume  =   ......................................  litres  [2]

(ii) Use your answer to (i) and Fig. 1.2 to determine the change in the meter reading
during the 210 km journey.

from full  to   ...............................................   [1]

(b) There is a systematic error in the meter.

(i) State the feature of Fig. 1.2 that indicates that there is a systematic error.

 ..................................................................................................................................

 ............................................................................................................................   [1]

(ii) Suggest why, for this meter, it is an advantage to have this systematic error.

 ..................................................................................................................................

 ............................................................................................................................   [1]
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2 A sky-diver jumps from a high-altitude balloon.

(a) Explain briefly why the acceleration of the sky-diver

(i) decreases with time,

 ..................................................................................................................................

 ..................................................................................................................................

 ............................................................................................................................   [2]

(ii) is 9.8 m s–2 at the start of the jump.

 ..................................................................................................................................

 ............................................................................................................................   [1]

(b) The variation with time t of the vertical speed v of the sky-diver is shown in Fig. 2.1.

30

20

40

v / m s–1

10

0
0

t / s
42 6 10 148 12 16 18 22 2620 24 28

Fig. 2.1
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Use Fig. 2.1 to determine the magnitude of the acceleration of the sky-diver at time 
t = 6.0 s.

acceleration  =   .....................................  m s–2  [3]

(c) The sky-diver and his equipment have a total mass of 90 kg.

(i) Calculate, for the sky-diver and his equipment,

 1. the total weight,

weight  =   ...........................................  N  [1]

 2. the accelerating force at time t = 6.0 s.

force  =   ...........................................  N  [1]

(ii) Use your answers in (i) to determine the total resistive force acting on the sky-diver
at time t = 6.0 s.

force  =   ...........................................  N  [1]
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3 A stationary nucleus of mass 220u undergoes radioactive decay to produce a nucleus D of 
mass 216u and an α-particle of mass 4u, as illustrated in Fig. 3.1.

nucleus

nucleus D

before decay

after decay

α-particle

initial kinetic energy
1.0 × 10–12 J

220u

216u 4u

Fig. 3.1

The initial kinetic energy of the α-particle is 1.0 × 10–12 J.

(a) (i) State the law of conservation of linear momentum.

 ..................................................................................................................................

 ..................................................................................................................................

 ............................................................................................................................   [2]

(ii) Explain why the initial velocities of the nucleus D and the α-particle must be in
opposite directions.

 ..................................................................................................................................

 ..................................................................................................................................

 ............................................................................................................................   [2]

(b) (i) Show that the initial speed of the α-particle is 1.7 × 107 m s–1.

[2]
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(ii) Calculate the initial speed of nucleus D.

speed  =   ...................................... m s–1  [2]

(c) The range in air of the emitted α-particle is 4.5 cm.
Calculate the average deceleration of the α-particle as it is stopped by the air.

deceleration   =   ...................................... m s–2  [2]
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4 A uniform wire has length L and area of cross-section A.  
The wire is fixed at one end so that it hangs vertically with a load attached to its free end, as 
shown in Fig. 4.1.

wire

load W

Fig. 4.1

When the load of magnitude W is attached to the wire, it extends by an amount e. The elastic 
limit of the wire is not exceeded.

The material of the wire has resistivity ρ.

(a) (i) Explain what is meant by extends elastically.

 ..................................................................................................................................

 ..................................................................................................................................

 ............................................................................................................................   [2]

(ii) Write down expressions, in terms of L, A, W, ρ and e for

 1. the resistance R of the unstretched wire,

R  =   ...............................................   [1]

 2. the Young modulus E of the wire.

E  =   ...............................................   [1]
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(b) A steel wire has resistance 0.44 Ω. Steel has resistivity 9.2 × 10–8 Ω m.

A load of 34 N hung from the end of the wire causes an extension of 7.7 × 10–4 m.

Using your answers in (a)(ii), calculate the Young modulus E of steel.

E  =   .......................................... Pa  [3]
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5 (a) State what is meant by a progressive wave.

 ..........................................................................................................................................

 ..........................................................................................................................................

 ....................................................................................................................................   [2]

(b) The variation with distance x along a progressive wave of a quantity y, at a particular
time, is shown in Fig. 5.1.

y

x0
0

Fig. 5.1

(i) State what the quantity y could represent.

 ..................................................................................................................................

 ............................................................................................................................   [1]

(ii) Distinguish between the quantity y  for

 1. a transverse wave,

 ..................................................................................................................................

 .............................................................................................................................  [1]

 2. a longitudinal wave.

 ..................................................................................................................................

 ............................................................................................................................   [1]
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(c) The wave nature of light may be demonstrated using the phenomena of diffraction and
interference.

Outline how diffraction and how interference may be demonstrated using light.
In each case, draw a fully labelled diagram of the apparatus that is used and describe
what is observed.

diffraction

 ..........................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

interference

 ..........................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................
[6]
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6 A cell has electromotive force (e.m.f.) E and internal resistance r. It is connected in series 
with a variable resistor R, as shown in Fig. 6.1.

E r

R

Fig. 6.1

(a) Define electromotive force (e.m.f.).

 ..........................................................................................................................................

 ..........................................................................................................................................

 ....................................................................................................................................   [2]

(b) The variable resistor R has resistance X. Show that

power dissipated in resistor R
power produced in cell

  =  X
X  +  r

 .

[3]



15

9702/21/O/N/09© UCLES 2009 [Turn over

(c) The variation with resistance X of the power PR dissipated in R is shown in Fig. 6.2.

1.5

1.0

2.0

PR /  W

0.5

0
0

X / Ω
0.5 1.0 1.5 2.0 2.5 3.0

Fig. 6.2

(i) Use Fig. 6.2 to state, for maximum power dissipation in resistor R, the magnitude of
this power and the resistance of R.

maximum power  =   ................................................. W

resistance  =   .................................................  Ω
[2]

(ii) The cell has e.m.f. 1.5 V.
Use your answers in (i) to calculate the internal resistance of the cell.

internal resistance  =   ...........................................  Ω  [3]

(d) In Fig. 6.2, it can be seen that, for larger values of X, the power dissipation decreases.
Use the relationship in (b) to suggest one advantage, despite the lower power output, of
using the cell in a circuit where the resistance X is larger than the internal resistance of
the cell.

 ..........................................................................................................................................

 ....................................................................................................................................   [1]
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7 An α-particle A approaches and passes by a stationary gold nucleus N. The path is illustrated 
in Fig. 7.1.

α-particle B

N

α-particle A

Fig. 7.1

(a) On Fig. 7.1, mark the angle of deviation D of this α-particle as a result of passing the
nucleus N. [1]

(b) A second α-particle B has the same initial direction and energy as α-particle A.
On Fig. 7.1, complete the path of α-particle B as it approaches and passes by the
nucleus N. [2]

(c) State what can be inferred about atoms from the observation that very few α-particles
experience large deviations.

 ..........................................................................................................................................

 ..........................................................................................................................................

 ....................................................................................................................................   [2]

(d) The nucleus N could be one of several different isotopes of gold.

Suggest, with an explanation, whether different isotopes of gold would give rise to
different deviations of a particular α-particle.

 ..........................................................................................................................................

 ..........................................................................................................................................

 ....................................................................................................................................   [2] 

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every 
reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the 
publisher will be pleased to make amends at the earliest possible opportunity.

University of Cambridge International Examinations 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.



<<
  /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




