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Answer ALL questions in the spaces provided.

1. A student plans to determine the density of a square, flat glass tile so that she can decide which

type of glass it might be made from. The length and width of the tile are each about 20 mm.

She uses vernier calipers to measure the length and width of the tile and a micrometer
screw gauge to measure the thickness of the tile.

(a) (1) Estimate the percentage uncertainty in the measurement of length.

(i1) Explain one precaution she should take to ensure her measurements are as
accurate as possible.
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(b) She records the following values for the tile.

Quantity Measurement Mean
Length /mm 23.4 23.6 23.4 23.2 23.4
Width / mm 23.0 23.1 23.2 23.1 23.1

Thickness/mm | 7.93 7.96 7.97 7.94

(1) Determine the mean value for the volume of the tile.

Mean volume = ..

(i1) Calculate the percentage uncertainty in the mean value for volume.
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(

(c) The student measures the mass of the glass tile as 10.03 g with a negligible uncertainty.

(1) Calculate the density of the glass.
(2)

Density of glass = ...

(i) From a data book the student found the value for the density of crown glass to
be 2500kgm .

Determine whether the tile could be made from crown glass.

(Total for Question 1 = 12 marks)
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2 A student investigates how the current through a thermistor varies with temperature
between 0°C and 100 °C.

(a) State why the resistance of the thermistor decreases as its temperature increases.

(1)

(b) The student keeps the potential difference (p.d.) across the thermistor constant during
the investigation.

(1) State why it is important to keep the p.d. constant.

(i1) Draw a circuit diagram for the investigation.
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( )

(c) The student needs to change and measure the temperature of the thermistor.

(1) List the additional apparatus needed to change and measure the temperature of the
thermistor in the range 0°C to 100 °C.

2

(i) Suggest one technique that would improve the accuracy of the temperature
measurements.

(Total for Question 2 = 8 marks)
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of the rock when suspended from a spring.

The formula for the time period T of vertical oscillations of a mass m suspended from a
spring is

m
T=2x,—

where K is a constant for the spring.

To calibrate the spring, the student suspends several known masses from the spring and
measures T for each using a stopwatch.

spring

mass

(a) State why the student should use a small amplitude of oscillation each time.

(b) Describe how he can ensure that the value for T is as accurate as possible.

3 A student carries out an experiment to determine the mass of a rock using the oscillations
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( )

(c) The student records several corresponding readings of m and T.

(1) Explain which graph he should plot to obtain a straight line.

(2)

(d) Suggest how using a position sensor and data logger, rather than a stopwatch, would
improve the accuracy of the experiment.

(Total for Question 3 = 7 marks)
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4 A technician checked the capacitance C of a capacitor. She charged the capacitor then
discharged it through a resistor of high resistance R. The circuit used is shown.

—o\c

()

The potential difference (p.d.) V across the capacitor decreased as the capacitor discharged.
The technician measured values of V at corresponding times t until the p.d. was half its initial
value.

(a) The technician repeated the measurements and calculated mean values of V.
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(b) The relationship between V and t is given by
\V =V etRC
0

L IREL KA IIRELIRIK

where V is the p.d. at time t = 0.
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-
(c) The following data were obtained.
t/s Mean V/V
0.00 6.00
10.00 5.20
20.00 4.56
30.00 3.97
40.00 3.40
50.00 2.94
60.00 2.59
(i) Draw on the grid opposite a graph of InV against t. Use the extra column in the
table for your processed data.
(6)
(i1) Use your graph to determine a value for C.
3)
R = 68kQ
C o=
.
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Acceleration of free fall
Boltzmann constant

Coulomb’s law constant

Electron charge

Electron mass
Electronvolt

Gravitational constant
Gravitational field strength
Permittivity of free space
Planck constant

Proton mass
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Stokes’ law
Hooke’s law
Density
Pressure

Young modulus
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Kinematic equations of motion V=

List of data, formulae and relationships

g=98Ims?
k=138 x102JK!
k= 1/4ng,
8.99 x 10° N m? C?
e=-1.60 x 10°C
m =9.11 x 10°kg
1eV=1.60x10"]
G=6.67 x 107" N m? kg™
g=9.81 Nkg'
g, =885 x 10" Fm™
h=6.63 x 103]Js
m =1.67 x 10" kg
c=3.00x%x10*ms"!
6=567x10*Wm?2K*
u=1.66 x 10 kg

(close to Earth’s surface)

(close to Earth’s surface)

u+ at

s = ut + %at?
vz = U?+ 2as
>F =ma
g=F/m

W =mg

AW = FAs

E = vamv?
AE_ =mgAh

grav

F = 6nyrv
KAX
p=m/V
F/IA

E = o/¢ where
Stress o = F/A
Strain & = Ax/X

Eel = LFAX
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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=1R
P=V?R
W = VIt
ful tput
% efficiency = S ey ,0 PR 100
total energy input
ful tput
% efficiency = S POwE _Ou = 100
total power input
Resistivity R =pl/A
Current I = AQ/At
I =ngvA
Resistors in series R=R +R,+R,
Resistors i llel L1 + ! + !
esistors in paralle —=—+=—+—=
P R R R, R
Quantum physics
Photon model E = hf
Einstein’s photoelectric hf =p+ Yamv2
equation
.
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Unit 4
Mechanics
Momentum p=mv
Kinetic energy of a
non-relativistic particle E, = p*2m
Motion in a circle v =or
T=2r/o
F =ma=mv¥/r
a=Vvir
a=rw’
Fields
Coulomb’s law F =kQ,Q,/r* where k = 1/4ne,
Electric field E=FQ
E = kQ/r?
E=V/
Capacitance C=Q/N
Energy stored in capacitor W = 1QV
Capacitor discharge Q=Qe "¢
In a magnetic field F =Bllsin 0
F = Bqv sin 6
r=p/BQ
Faraday’s and Lenz’s laws e =—d(Np)/dt
Particle physics
Mass-energy AE = ¢ Am
de Broglie wavelength A =hlp
. J
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Unit 5
Energy and matter
Heating AE =mcAf
Molecular kinetic theory Yam{c?) = 3LKT
Ideal gas equation pV = NKT
Nuclear Physics
Radioactive decay dN/dt =-AN
A=In2A,
N=Nge™
Mechanics
Simple harmonic motion a =-wX
a = —Aw?*cos wt
= —Aw sin wt
X = Acos wt
T=1/f=21/w
Gravitational force F=Gmm/r
Observing the universe
Radiant energy flux F=L/4nd?
Stefan-Boltzmann law L=0cT*A
L =4nr’cT*
Wien’s law A J=2.898x10°mK
Redshift of electromagnetic
radiation Z=AMA=AflIf=v/C
Cosmological expansion v=Hd
.
20

P 5 0 7 97 A 0 2 0 2 0

0
RS

X
b0Ses
o9%¢

OO IKELIIKS

e
<4
%%
<3
Ko
&
bo%e:
%
25

%
%
%
%
9%
<
%
%
%
<
%
%
%
<
%
%

%5
s
K%

RRERRKLIRLIERIL,

XKL
9.0 002
s

2505

5

SoLtet0tetotetotetote totetotote!

000000000000000‘0‘0
SRR LRI

R R IR
K RRISASERIARRLEARKLY

GO
hote

%

~

A\ »'{}.“
v
Sogo

%
<X
¢!

90
5

K]

0
"
<

090
Wi de
X
%

o

0
e
295

XS
SRS,
o
bogeeiel
boss o 39%
KEIK
Dey:wir 199
KL,
PG
o
i
K%
9%
L
SIS,
DoSorv20¢
50" Vel
ST
SRIN
SR
S
QIS
Doses - 208
SIS,
& 505
RIS
DoSaately
D% 0 1 9%
% et
9% ~ 1093
KoL
EERRS
QRIS
SRELS,
KL
SRR
SRRK
LR,
G5,
LS
LS,
DOSOLecoR
SRR
SRRK
SRS
LIIRXK
QIR
SRS,
K5
KA
SRR
SR
Doaloseie%s
Dototoeted
CRREXRS




<<
  /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




