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1.﴾a﴿ Acarofmass1600kgacceleratesfromrest.

Thegraph showshow theresultantforce Facting in thedirectionofmotion of thecar

varieswith thedistancedtravelledby thecar.
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﴾i﴿ Statewhat isrepresentedbythearea underthegraph. [1]

Calculate thefinal speed of thecar.
[2]



﴾Question 1continued﴿

A differentcar travelsona horizontalroad ataconstantspeed of45msThe engine of

thecardevelopsapowerof 140kW.TheresistiveforceFactingon thecarisgivenby

F=cv2

wherevis the speedof the car andcis a constant.

﴾b﴿ Determine c.State thefundamental Slunit foryouranswer. [3]



2. Venus is aplanetin theSolarSystem.The following data aregiven:

OrbitalperiodofVenus 6=225days

OrbitalperiodofEarth =365days

orbitalradiusofVenus

[2] ﴾a﴿ Calculate theratio

orbital radiusofEarth

﴾b﴿ Explainhowobservationsof themotionof theplanetsallowscientiststodetermine

[2]the mass of the Sun.



﴾b﴿ Explainhowobservationsof themotionof theplanetsallowscientiststodetermine

[2]the mass of the Sun.

﴾C﴿ The differencebetween themaximumand minimum Earth‐Sundistances

is5.0x10m.Thedifferenceingravitationalpotential due to theSunbetweenthese

positions is 3.0x 10Jkg1

Estimate the averagegravitational fieldstrengthdue totheSun at theposition ofEarth. [2]



3. ﴾a﴿ Rutherford modelled the scatteringofalphaparticlesby anucleusofgold.However,

when theinitial alphaparticleenergyisgreater than acertainvalue E,thefraction

ofalphaparticlesscattered atangles close to 180°doesnotfollowRutherford'smodel.

Outline

whythisdeviationfromthemodeloccurs,and
[1]

howE,canbeused toestimate thenuclearradiusofgold. [2]



Gold‐198﴾Au‐198﴿isa radioactivenuclideofgold.Au‐198decays intostablemercury‐198

﴾Hg‐198﴿withan emissionofabetaparticlefollowedbyoneortwogammaphotons.

Thehalf‐lifeofAu‐198is2.69days.

﴾b﴿﴾i﴿ Calculate,in s‐,the decay constant ofAu‐198. [1]

A samplecontains5.0mgofpureAu‐198.Determine themassofHg‐198

presentin thesampleafteroneweek.
[2]



﴾Question3continued﴿

Gammaphotonsofthefollowing frequenciesareemitted in thedecayofAu‐198:

Frequency/102Hz

1.00

1.63

2.63

﴾C﴿ Explainhow thisobservationprovidesevidencethatnuclearenergylevels arediscrete. [2]



multiplesofaconstantvalueE.Thetotalenergyof thesystem is10E.

Thediagramshows twopossibleenergyconfigurationsof thesystem.InconfigurationA,all

particleshave thesame energyE.InconfigurationB,theparticleshavearangeofenergies

from0to4E.
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When theenergyofanyparticleinthesystemchanges,anewmicrostateof thesystem isformed.

fmicrostates [21



When the energyof anyparticle in the system changes,a newmicrostateof the system isformed.

[2]﴾a﴿ Outlinewhichof the twoconfigurationshasagreaternumberofmicrostates.

Thesystemof tenparticles is isolated.Twoprocesses areconsidered for theoverall

evolutionofthesystem.

Process 1:thesystem is initially in configuration A and evolvestoconfigurationB

Process2:thesystem is initially in configurationB and evolves to configurationA

[3]﴾b﴿ Explainwhyprocess 1ismorelikely tooccur.



5.
Asounddetectormovesalongalineconnecting ittoastationaryloudspeaker.

Theloudspeakeremits asoundof frequency 1700Hz.Thespeedof sound in airis340ms‐1

Thedetectedfrequencyof thesound is1600Hz.

﴾a﴿﴾i﴿ Statethedirectionofmotion of thedetector. [1

﴾ii﴿ Calculate the speed of the detector. [2



Theloudspeakerand the detector arenowstationary and above asurfaceofwater.The

loudspeakerisatpoint Land thedetectorisatpoint D.Land Dareat thesameheightabove

thesurfaceof thewater.ThesoundreachesDbytworoutes:along thedirectpathLDand

thereflection‐pathLPD.
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0.50m
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P

water

Thefollowingdataaregiven:

Frequencyofthesoundwave=17ooHz

Speedofsound inair=340ms‐1

Speedofsound 1500ms‐1



0.70m

0.50m

air

P

water

Thefollowingdataaregiven:

Frequencyof thesoundwave=17o0Hz

Speedof sound in air=340ms‐1

Speedofsound inwater=1500ms‐1

DistanceLD=0.70m

DistanceLP=0.50m



﴾b﴿﴾i﴿ Calculatethewavelengthof thesoundwave in air. [1]

﴾ii﴿ Outlinewhysound from L undergoes destructive interference at D. [2]

﴾c﴿ PredictwhetherthesoundwavecanenterthewateratP [e]



6.
Anelectronisaccelerated fromrestbyanelectricpotentialdifferenceV.Theelectron

reachesaspeedof9.4x10ms‐1

﴾a﴿ CalculateV.
[2]

Theelectronnowentersaregionofauniformelectricfieldbetweentwoparallelcharged

plates.Theelectronisinitiallyhalfwaybetweentheplatesand itsinitialvelocityisparallel to

theplates.

positivelychargedplate

2.0cm electron



Theelectronnowentersaregionofauniformelectricfieldbetweentwoparallelcharged

plates.Theelectron isinitiallyhalfwaybetweentheplatesand itsinitialvelocityisparallelto

theplates.

positivelychargedplate

2.0cm electron

2.0cm

negativelychargedplate

The followingdata aregiven:

Initial speedof theelectron=9.4x10°ms‐1

Potentialdifferencebetweentheplates=3ov

Distancebetween theplates=4.0cm

﴾b﴿﴾﴿ State thedirectionoftheaccelerationoftheelectron.
[1]



Initial speedof the electron=9.4×10°ms‐1

Potentialdifferencebetweentheplates=30v

Distancebetween theplates=4.0cm

﴾b﴿﴾i﴿ State thedirectionof the accelerationoftheelectron.
P]

﴾#﴿ Show that the magnitudeof the accelerationof the electron is about1014ms‐2
[2]



﴾Question6continued﴿

﴾C﴿ Theelectroncollideswithoneof theplates.Determine thedistance theelectron travels

parallel totheplates.
[3]

Inanotherexperiment,auniformmagneticfielddirected intotheplaneofthediagramis

establishedbetween thechargedplates.The initialvelocityoftheelectron,thedistance

between theplatesand theirelectricpotential differenceremainunchanged.

positivelychargedplate



Inanotherexperiment,auniformmagneticfielddirected intotheplaneofthediagram is

established between thecharged plates.The initialvelocityof the electron,thedistance

between theplates and theirelectricpotential differenceremain unchanged.

positivelychargedplate

X

path oftheelectron

X ?

negativelycharged plate magneticfield

Theelectronpassesundeflected through theregionof the electricand magneticfields.

﴾d﴿ Calculate the magneticfield strength. [2]



7. Thespace‐time diagram shows the coordinate axes﴾x,ct﴿of an inertial reference frame S.

Twoevents,PandQ,areplotted.
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﴾a﴿﴾i﴿ Calculate thespace‐time interval﴾�s﴿²betweenPand Q. [2]

﴾�s﴿²is an invariant quantity.Outline what ismeantby aninvariant quantity. [1]﴾ii﴿



﴾Question 7 continued﴿

EventsPand Qoccursimultaneouslyinan inertialreferenceframeS'.TheclocksofSand

S'aresynchronizedatx=x'=O.

﴾b﴿ ﴾i﴿ Sketch,on thediagram,thecoordinateaxes�x',ct'﴿ofS'.
[2]

﴾ii﴿ DeterminethespeedofS'relativetoS.
[1]



[1]8. ﴾a﴿ Statewhatismeantbythesolarconstant.

Thediagramshowsa simplified energy‐balancemodel for theEarthsurface‐atmospheresystem.
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atmosphere radiation re‐radiated
radiation

absorbed
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Thefollowingdataaregiven:

Average albedoof Earth=0.30

Average global temperatureof the surface=288K

AverageEarth‐Sun distance=1.5x1011m

﴾b﴿﴾﴿ Outline thephysical mechanismbywhichsomeoftheradiationemittedby

the surface is absorbed bygreenhousegases in the atmosphere and re‐radiated

[2]towards thesurface.



﴾Question 8 continued﴿

﴾ii﴿ Showthatthe averageglobal intensityofradiation absorbedbythe surface is

about240Wm‐2
[2]

﴾li﴿ Determine theaverageintensityre‐radiatedbytheatmosphere towards

thesurface.Assume that theemissivityof the surface isO.90.
[3]



﴾C﴿

about4x1026w.
[2]



﴾d﴿ Theprimary energy sourceof theSun is theproton‐proton﴾p‐p﴿chainof fusion

reactions.Fourprotonsand twoelectronsproduceaheliumnucleustogetherwith

neutrinosandgammaphotons.Theoverall reaction is:

4²p+2e→He+2v+4y

The massof theheliumnucleusis4.001506u.Calculate,inMeV,theenergy﴾i﴿

[2]released inthereaction.

[2]﴾i﴿ Outline theroleof fusionreactionsinmaintaininga stableradiusof theSun.



[2]﴾ili﴿ Outlinehowthepresenceofheliumin theSuncanbeconfirmedempirically



e Thepositionsof theSun and the starAntaresareshown in

the Hertzsprung‐Russell﴾HR﴿diagram.
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[1]



﴾i﴿ Discusshownuclear fusionprocesses inAntares are differentfrom those

intheSun.
[3].



9.
Abar magnet of mass 0.12kg issuspended froma vertical spring of spring constant 7.4Nm‐1

The massof the spring isnegligible.

﴾a﴿ For the magnetin theequilibriumposition,calculate theelasticpotential energystored

[2]in the spring.

Themagnet‐spring systemperforms simple harmonicmotion in thevertical direction.The

storedinthespringvarieswith timetduringoneperiodofoscillation.

30‐



Themagnet‐spring system performs simple harmonicmotion in thevertical direction.The

springremainsstretched all thetime.Thediagramshowshowtheelasticpotential energyE

stored in thespringvarieswith time t duringoneperiodofoscillation.
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﴾Question 9 continued﴿

﴾b﴿ ﴾#﴿ Stateand explain thedirectionof motion of themagnetat t=0.2s.
[2]

﴾ii﴿ Describe the energy transfersthattakeplacebetween t=0.2s and t=0.4s.
[2]



﴾Question 9 continued﴿

[3]﴾C﴿ ﴾#﴿ Showthat theamplitudeof theoscillationof themagnetisabout0.1m.

[2]﴾i﴿ Calculatethemaximumspeedofthemagnet.



[2]﴾imi﴿ Determine thekineticenergy of the magnet at t=0.15s.



Sontmnaoa

Astationaryhorizontal coil isplaced directlybelow theoscillatingmagnet.

N

magnet

S

coil

﴾d﴿﴾i﴿ Discusstwofactorsthataffect themagnitudeof theemf induced in thecoil

Inyouranswer,youshouldexplain:

howaninducedemfcanarise inthecoil,and

howeachfactoraffectsthemagnitudeoftheemf.
[4]



Aresistor is now connected across the coil.The amplitude ofoscillation of

themagnetrapidlydecreases.

Explainthisphenomenon.
[E]


