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PHYSICSNOTES
FORM3TUTORIAL

TOPIC1.:LINEARMOTION
1.1:Introduction

Thestudyofmotionisdividedintotwoareasnamelykinematicsanddynamics.Kinematicsdealswiththemotion
aspectonlywhiledynamicsdealswiththemotionandtheforcesassociatedwithit.

Therearethreecommontypesofmotion:

 Linearortranslationalmotion.

 Circularorrotationalmotion.

 Oscillatoryorvibrationalmotion.

Inthistopic,weconcentrateonlinearmotion.

Notethatallmotionisrelativei.ethestateofabody;atrestorinmotion,isONLYtruewithrespecttothe
observer’sposition.

1.2:Termsassociatedwithlinearmotion

 Distance-isthelengthofthepathcoveredbyabody.Itonlygivesthemagnitudebutnodirectioni.eitisa
scalarquantity.

 Displacement-isthedistancethroughwhichabodytravelsinaspecifieddirection.Itisavectorquantity.

Bothdistanceanddisplacementaremeasuredinmetres.

 Speed-isthedistancecoveredperunittime.

Speed=distance/time.

 Velocity-istherateofchangeofdisplacement.

Velocity=displacement/time.

Itisavectorquantity.

Whentherateofchangeofdisplacementisnon-uniform,wetalkaboutaveragevelocity;

Averagevelocity=totaldisplacement/totaltime.

Bothspeedandvelocityareexpressedinmetrepersecond(m/s).

 Acceleration-istherateofchangeofvelocity.

Thus,Acceleration=changeinvelocity/timeinterval=(finalvelocityv-initialveolicityu)/time.

Accelerationismeasuredinmetrepersquaresecond(m/s2).



FORM3PHYSICSLESSONNOTES isabokemicah@gmail.com 2030

Novels,UpdatedKASNEB,ICT,College,HighSchoolNotes&RevisionKits 0714497530 2

Ifthevelocityofabodydecreaseswithtime,itsaccelerationbecomesnegative.Anegativeaccelerationisreferred
toasdecelerationorretardation.

Example1.1

1.Abodycoversadistanceof2min4seconds,restsfor2secondsandfinallycoversadistanceof90min
6seconds.Calculateitsaveragespeed.

Averagespeed=totaldistance/time=(2m+90m)/(4s+2s+6s)

=20m/20s=5m/s.

5.Abodymoves30mdueeastin2seconds,then40mduenorthin4seconds.Determineits:

a)Averagespeed.

displacement 40m

30m

Averagespeed=totaldistance/time=(30m+40m)/(2s+4s)
=70m/6s=11.67m/s.

a)Averagevelocity.
b)Averagevelocity=totaldisplacement/time=50m/6s

=6.33m/s.
3.Abodyismadetochangeitsvelocityfrom20m/sto36m/sin0.1s.Whatistheaccelerationproduced?
a=(v-u)/t=(36m/s–20m/s)/0.1s
=30m/s5.

1.Aparticlemovingwithavelocityof200m/sisbroughttorestin0.02s.Whatistheaccelerationoftheparticle?
a=(v-u)/t=(0m/s-200m/s)/0.02
=-200/0.02=-2,000m/s5.

1.3:Motiongraphs.

Therearetwocategories;displacement-timegraphsandvelocitytimegraphs.

1.3.1:Displacement-timegraphs

Theslopeofadisplacement-timegraphgivesthevelocityofthebody.

Thevariousdisplacement-timegraphsareasillustratedbelow:

D B

Displacement A

(m) C

Time(s)
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GraphA:thebodyisatresti.ethereisnochangeindisplacementastimechanges.Theslopeofthegraphandhence
thevelocityiszero.

GraphB:thebodymoveswithauniformorconstantvelocity.

GraphC:thegraphbecomessteeperwithtime.Thesteepertheslope,thehigherthevelocity.Thusvelocityofthe
bodyincreaseswithtime.Thebodyisthereforeaccelerating.

GraphD:thegraphbecomeslessandlesssteepwithtimei.ethebodyhasahighervelocityatthebeginningand
decreaseswithtime.Therefore,thebodyissaidtobedecelerating.

1.3.2:Velocity-timegraphs

Theslopeofavelocity-timegraphgivestheaccelerationofthebody.Notethattheareaunderavelocity-timegraph
givesthedistancecoveredbythebody.

Thediagrambelowshowsthepossiblevelocity-timegraphs:

D B

Velocity(m/s) A

C

Time(s)

GraphA:thevelocityremainsconstant/uniformastimeincreases.Theslopeofthegraphandhencethe
accelerationofthebodyiszero.

GraphB:thevelocitychangesuniformlywithtime.Thebodymoveswithauniform/constantacceleration.

GraphC:theaccelerationislowerwherethegraphisgentleandhigherwherethegraphissteeper.Hencethe
accelerationofthebodyincreaseswithtime.

GraphD:inthiscase,thegraphissteeperatthebeginningandbecomesgentlewithtime.Hencetheaccelerationof
thebodydecreaseswithtime.

1.4:Determinationofvelocityandacceleration

Twomethodsareapplicablehere:

Method1:Usingappropriateinstrumentse.gatapemeasureandastopwatchtomeasurethedisplacementofa
bodyandthedurationthenapplyingtheformula;

Velocity=totaldisplacement/timetaken.

Method2:Usingaticker-timer.Itisusedtomeasurevelocityofabodyspecificallyovershortdistances.Itconsists
ofanelectronicvibratorwhichmakesdotsonamovingpapertapeattachedtotheobjectwhosevelocityisbeing
measured.Thedotsaremadeatacertainsetfrequency.Forinstance,aticker-timerwhosefrequencyis50Hz
makesdotsatintervalsof0.02s.Thetimeintervalbetweensuccessivedotsisreferredtoasatick.

Thespacingbetweenthedotsdependsonthemannerinwhichthebodyismovingi.emovingatconstantvelocity
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orwithincreasingvelocityordecreasingvelocity.Generally,thedotsareclosetogetherwhenthevelocityislow
andwideapartwhenthevelocityishigh.Therearethreepossiblepatternsthatcanbeobtainedbyaticker-timeras
illustratedbelow:

a)Movingatconstantvelocity.

Thedotsareequallyorevenlyspaced.

Directionofmotionofthebody

b)Movingwithincreasingvelocity(accelerating).

Thespacingbetweenthedotsisinitiallysmallbutincreasesaway.

Directionofmotionofthebody

c)Movingwithdecreasingvelocity(decelerating).

Thespacingbetweenthedotsisinitiallylargebutdecreasesaway.

Directionofmotionofthebody

Example1.2

1.Apapertapewasattachedtoamovingtrolleyandallowedtorunthroughaticker-timer.Thefigurebelowshows
asectionofthetape.

A 15cm B C 30cm D

Ifthefrequencyoftheticker-timeris20Hz,determine:

a)ThevelocitybetweenABandCD.

1tick=1/20=0.01s

VAB=15cm/(5ticks*0.01s)=15cm/0.05s

=300cm/s

VCD=30cm/(5ticks*0.01s)=30cm/0.05s

=600cm/s

b)Theaccelerationofthetrolley.

Notethatthevelocitiescalculatedin(a)aboveareaveragevelocitiesandassucharetakentobethevelocitiesatthe
midpointsofABandCDrespectively.Hence,thetimetakenforthechangeinvelocityisthetimebetweenthe
midpointsofABandCD.
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A 15cm B C 30cm D

VABΔt=2ticks*0.01=0.2s VCD

Therefore,acceleration=(VCD-VAB)/Δt=(600-300)cms
-1/0.2s=3000cms-5.

5.Thefigurebelowrepresentspartofatapepulledthroughaticker-timerbyatrolleymovingdownaninclined
plane.Ifthefrequencyoftheticker-timeris50Hz,calculatetheaccelerationofthetrolley.

0.5cm 5.5cm

Δt=5ticks*0.02s=0.2s

Notethat1tick=1/50=0.02s.

Initialvelocityu=0.5cm/0.02s=25cms-1

Finalvelocityv=5.5cm/0.02s=125cms-1

Hence,acceleration=(v-u)/Δt=(125-25)cms-1/0.2s

=200cms-2

1.5:Equationsoflinearmotion

Therearethreeequationsgoverninglinearmotion.Considerabodymovinginastraightlinefromaninitialvelocity
utoafinalvelocityv(u,v≠0)withinatimetasrepresentedonthegraphbelow:

v

Velocity(ms-1) v-u

u

0 t t time(s)

Theslopeofthegraphrepresentstheaccelerationofthebody;

Acceleration,a=(v-u)/t.

Therefore,v=u+at………………………………….i.

Thisisthefirstequationoflinearmotion.
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Theareaunderthegraph(areaofatrapezium)givesthedisplacementofthebody.

Hence,displacements=½(sumof//sides)*perpendicularheightbetweenthem.

s=½(u+v)t.

Butv=u+at,

Therefore,s=½{u+(u+at)}t

s=½(2u+at)t

Hence,s=ut+½at2……………………………….ii.

Thisisthesecondequationoflinearmotion.

Also,rearrangingequationi,wehavet=(v-u)/a.substitutingthisinequationii,weobtain;

s=ut+½at2=u{(v-u)/a}+½a{(v-u)/a}5.

s=u(v-u)/a+a(v-u)2/2a2=u(v-u)/a+(v-u)2/2a

s={2u(v-u)+(v-u)2}/2a={2uv-2u2+v2+u2-2uv}/2a

s={v2-u2}/2a

2as=v2-u2

Hence,v2=u2+2as………………………………..iii.

Thisisthethirdequationoflinearmotion.

Thethreeequationsholdforanybodymovingwithuniformacceleration.

Notethatforabodywhichisretarding,theaccelerationaisgivenanegativesign.

Example1.3

1.Aparticletravellinginastraightlineat2m/sisuniformlyacceleratedat5m/s2for8seconds.Calculatethe
displacementoftheparticle.

s=ut+½at2=(2*8)+(½*5*82)

=176m.

5.Anobjectacceleratesuniformlyat3ms-5.Itattainsavelocityof4m/sin5seconds.

a)Whatwasitsinitialvelocity?

v=u+at

u=4-(3*5)=4-15=4m/s.

b)Howfardoesittravelduringthisperiod?

s=ut+½at2=(4*5)+(½*3*52)=53.5m
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3.Acartravellingat20m/sdeceleratesuniformlyat4m/s5.Inwhattimewillitcometorest?

v=u-at,(aisnegativesincethebodyisdecelerating).

0=20-4t

t=20/4=5seconds.

1.6:Motionsundertheinfluenceofgravity

Theseincludefreefall,verticalprojectionandhorizontalprojection.Thethreeequationsoflinearmotionholdfor
motionsundertheinfluenceofgravity.

1.5.1:Freefall

Abodyfallingfreelyinavacuumstartsfromaninitialvelocityzeroandacceleratesatapproximately9.8ms-2

towardsthecentreoftheearth.Thisiscalledtheaccelerationduetogravityg.Inthiscase,theairresistanceis
assumedtobenegligible.Notethatinavacuum,afeatherandastonereleasedfromthesameheightwilltakethe
sameamountoftimetoreachthesurfaceoftheearth.

Therefore,inthethreeequationsoflinearmotionu=0m/s,s=handa=g.thusthethreeequationsbecome:

 v=gt,(fromv=u+at)

 h=½gt2,(froms=ut+½gt2)

 v2=2gh,(fromv2=u2+2as)

Fromtheaboveequations:

- v=(2gh)½,wherevisthevelocityofthebodyjustbeforeithitstheground.

- h=½gt2=v2/2g,wherehistheheightthroughwhichthebodyfalls.

- t=v/g=(2h/g)½,wheretisthetimeofflight.

Example1.4

1.Ahammerfallsfromthetopofabuilding5mhigh.

a)Howlongdoesittaketoreachtheground?Takeg=2ms-5.

h=½gt2

5=½*2t2

t=1½=1s

b)Withwhatvelocitydoesitstriketheground?

v=(2gh)½=(2*2*5)½=2m/s.

1.5.2:Verticalprojection

Whenabodyisprojectedverticallyupwards,itdeceleratesuniformlyduetogravityuntilitsvelocityreducesto
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zeroatmaximumheight.Afterattainingthemaximumheight,thebodythenfallsbackwithanincreasingvelocity.
Thebodymustbegivenaninitialvelocityandattainsafinalvelocityofzeroatitsmaximumheight.Notethatthe
signof‘g’isnegativeforaverticalprojection.Thisisbecausethebodymovesagainstgravity.

Hencethethreeequationsoflinearmotionbecome:

 v=u-gt,(fromv=u+at)

 h=ut-½gt2,(froms=ut+½gt2)

 v2=u2-2gh,(fromv2=u2-2as)

Butatmaximumheighthmax,v=0.Thus,thethreeequationsreduceto:

i.gt=u,

ii.h=ut-½gt2

iii.u2=2gh.

Fromequation(i),thetimetakentoattainthemaximumheightisgivenby;

t=u/g.

Similarly,theinitialvelocityuandthemaximumheightattainedbythebodyhmaxcanbeexpressedas:

u=gt=(2ghmax)
½

Andhmax=ut-½gt
2=u2/2g.

Whenthebodyfinallyfallsbacktoitspointofprojection,thedisplacementofthebodywillbezero.Substituting
thisinequation(ii),weobtain;

0=ut-½gt2

Therefore,0=t(2u-gt)

Andt=0ort=2u/g,wheret=0isthetimeatthestartoftheprojectionand,

tisthisisthetotaltimeofflighti.eforbothupwardprojectionandfallback.Notethatthetotaltimeofflightis
twicethetimetakentoattainmaximumheight.

also,thevelocityofthebodyjustbeforehittingitspointofprojectionasitfallsbackisthesameinmagnitudebutin
oppositedirectiontoitsinitialvelocity;v=-u.

Example1.5

1.Abulletisshotverticallyupwardsandrisestoamaximumheightof200m.Calculate:

a)theinitialvelocityofthebullet,

u=(2ghmax)
½=(2*2*200)½=

b)thetotaltimeofflight.
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t=2u/g=2*

5.Anobjectisreleasedtofallverticallyfromaheightof20m.Atthesametime,anotherobjectisprojected
verticallyupwardswithavelocityof40m/s.

a)Calculatethetimetakenbeforethetwoobjectsmeet.

Letthetimetakentomeetbet.then,afteratimetthedistancecoveredbytheobjectmovingdownwardswillbe;
sd=½gt

2,(sinceu=0).

=½*2t2=5t2

Thedistancecoveredbytheobjectprojectedupwardsafteratimetwillbe;

su=ut-½gt
2=40t-5t2

Butsd+su=20m

Therefore,5t2+40t-5t2=20

t=20/40=5.5s

b)Atwhatheightabovethepointofprojectiondotheymeet?

su=ut-½gt
2=(40*5.5)-(½*2*5.52)

=66.75m

1.5.3:Horizontalprojection

IftwoobjectsAandBatapointsomeheightabovethegroundaresuchthatAisallowedtofallfreely(vertically
downwards)whileisBgivenahorizontalprojectionwithaninitialvelocityu,thenbothobjectstakethesame
durationtoreachtheground.Thisisbecausebothareactedonbythesamegravitationalforce.Theobjectonthe
horizontalprojectionmoveswithaconstantvelocityu.hence,thehorizontalaccelerationoftheobjectiszero.For
theobjectfallingfreely,theaccelerationisequivalentto‘g’andtheinitialvelocityuiszero.However,theobject
underhorizontalprojectionwillstrikethegroundsomedistanceawayfromthepointtheotherobjectstrikesthe
ground.Thishorizontaldistancecoveredbytheobjectisreferredtoasthe‘rangeR’.

NotethatbothAandBwillstrikethegroundwiththesamevelocity.

u

u=0 u

a=g

u

PathofA PathofB(a=0)

Sincea=0forthehorizontalprojection,s=R=ut.

Also,thetimetakentoreachthegroundinbothcasesisexpressedas;
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t=u/g.

Example1.6

1.Astoneisthrownatavelocityof30m/stothehorizontalbyagirlatthetopofatreewhoseheightis30m.
Calculate:

a)thetimetakenforthestonetostriketheground.

Sincebothfreefallandhorizontalprojectiontakethesameduration;

h=½gt2

30=½*2*t2

t=6½=

b)thevelocityatwhichthestonestrikestheground.

u=0(forfreefall).

Therefore,v=(2gh)½=(2*2*30)½

=

5.Ajetfighteronpracticemovingatavelocityof20m/sreleasedabombabovethegroundwhichhitstheground
after3s.Calculate:

a)thedistancefromthegroundtothejet,

h=½gt2=½*2*32

=45m

b)thehorizontaldistancefromthetargetwhenthebombisreleased.

R=ut=20*3

=300m.

1.7:Experimentaldeterminationofaccelerationduetogravity.

Thiscanbedoneasfollows:
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L Metrerule

-Settheapparatusasshowninthediagramabove.Setthelengthofthestringat30cm.notethatthelengthlis
measuredfromthecentreofthebob.

-Displacethebobsidewaysthroughasmallangleofabout20andreleaseitsoastooscillate.

-Withthehelpofastopwatch,measureandrecordthetimefortenoscillations(allowsomelittleoscillations
afterreleasebeforetiming).Repeatthissteptwiceorthriceanddeterminetheaveragetime.

HencecalculatetheperiodT(timeforoneoscillation).

-Repeattheabovestepsforl=40cm,50cm,60cm,70cmand80cm.completethetablebelow:

Length,l(cm) Timefor2oscillations,t(s)

t1 t2 t3t=(t1+t2+t3)/3

Period,T(s) T2(s2)

-plotagraphofT2againstlengthlinmetres.

Observationsandconclusion

Thefrequencyofoscillationincreaseswithdecreaseinlengthofthestring.AgraphofT2againstlengthlisa
straightlinethroughtheorigin.

Generally,agraphofT2againstlengthforasimplependulumsatisfiestheequationT2=4π2l/g.

Hence,theslopeofthegraphaboveisequalsto4π2/g.
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T2(s2)

Slope=4π2/g

0 Length(m)
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TOPIC2.:NEWTON’SLAWSOFMOTION

2.1:Introduction

Thelawsgoverningthemotionofabodyaregroupedintothree.Theyarebasedontheeffectsofforceonabody.
Someoftheeffectsofforceonabodyinclude:

 Forcecanmakeastationarybodytostartmoving.

 Canmakeamovingtostop.

 Candeformabodyi.e.changeitsshape.

 Canchangethedirectionofamovingbody.

 Canchangethespeedofamovingbody.

3.2:Newton’sfirstlawofmotion

Thelawstates:abodyremainsinitsstateofrestoruniformmotioninastraightlineunlessacteduponbyan
externalforce.Thisexplainsthefollowingcommonobservations:

- Passengersinabusarepushedforwardwhenbrakesareappliedsuddenlyorbackwardswhenabusatrest
takesoffsuddenly.Hencethefittingofseatbeltsinvehicles.

- Acoinplacedonacardboardontopofaglasstumblerdropsintothetumblerwhenthecardboardispulled
sideways.

- Athletesrunpastthefinishlineofaracebeforetheyfinallystop.

Theseobservationsshowthatbodieshaveanin-builtreluctancetochangesintheirstateofmotionorrest.The
tendencyofabodytoresistchangeinitsstateofrestormotioniscalledinertia.HenceNewton’sfirstlawofmotion
isalsoreferredtoasthelawofinertia.

4.3:Newton’ssecondlaw

Thislawstates:therateofchangeofmomentumofabodyisdirectlyproportionaltotheresultantexternalforce
actingonthebodyandtakesplaceinthedirectionoftheforce.

Momentofabodyisdefinedastheproductofitsmassandvelocity.Sincevelocityisavectorquantity,momentum
isalsoavectorquantityhavingbothmagnitude(size)anddirection.

MomentumP=massm*velocityv

Hencetheunitofmomentumisthekilogram-metrepersecond(kgm/s).Thedirectionofmomentumisthesameas
thatofthevelocity.Thechangeofmomentumisthereforecausedbyachangeinvelocity.

Supposethevelocityofabodyofmassmchangesfromaninitialvalueutoavaluevafteratimet,then:

TheinitialmomentumPi=mu

ThefinalmomentumPf=mv

Thechangeinmomentum=finalmomentum-initialmomentum
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ThusΔP=Pf-Pi=mv-mu=m(v-u)

Therefore,therateofchangeofmomentum=ΔP/t=m(v-u)/t.

Fromtheequationsoflinearmotion,(v-u)/t=accelerationa

HenceΔP/t=ma.

Fromthesecondlawofmotion,Fαma.

AndsotheforceF=massm*accelerationa(F=ma).

Therefore,F=ma=m(v-u)/t

AndFt=m(v-u).

Theproductoftheforceandtimeiscalledimpulse.Itisavectorquantitysinceforceisavectorquantity.Theunitof
impulseisthenewton-second(Ns).Impulseisalsoequaltothechangeinmomentum(mv-mu).Henceimpulsecan
alsobeexpressedinkgm/s.

Example2.1

1.Twostonesofmass8kgand4kgmovewithvelocities3m/sand6m/srespectively.Comparetheir
momentum.

P8kg=mv=8*3=24kgm/s

P4kg=mv=4*6=24kgm/s

Hencetheyhavethesamemomentum.

2.Aballofmass35gtravellinghorizontallyat20m/sstrikesabarriernormallyandreboundswithaspeedof
3m/s.Findtheimpulseexertedontheball.

Impulse=Ft=m(v-u)=(0.035*20)–(0.035*-3)

=1.26Ns

Notethatthetwospeedsareinoppositedirections.

3.Akickthatlasts0.03ssendsaballofmass0.65kgwithavelocityof15m/snorthwards.Find:

a)Thechangeinmomentumoftheball.

Notethattheballisinitiallyatrest,i.e.u=0m/s.

ΔP=mv-mu=(0.65*15)-(0.65*0)=9.75kgm/s

b)Theaverageforceexertedontheball.

F=m(v-u)/t=(9.75kgm/s)/0.03s)=325N

c)Thedisplacementoftheballin2seconds.

Theupwardaccelerationoftheballisnegative2m/s5.
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S=ut+1/2at2=(15*0.03)+(1/2*-2*0.032)=2m/s.

2.4:Newton’sthirdlaw

Thelawstates:foreveryactionthereisanequalandoppositereaction.Welookattheworkingofaliftinrelationto
thethirdlawofmotioninthreesituations:

a)Whentheliftisatrest.

Thisimpliesthattheresultantforceontheliftiszeroi.e.actionandreactionareequalinsize.Theforceactingon
theliftistheweightofthepersonstandinginthelift.Thisisbalancedbythereactionbythefloorofthelift.

Therefore,weightmg=-reactionR,

Orsimply;mg+R=0.

b)Whentheliftdescendswithanaccelerationa

Forthelifttomovedownwards,theweightoftheoccupantmustbegreaterthanthereactionbythefloorofthelift.
Therefore,theresultantforcepullingtheliftdownwardsisequaltothedifferencebetweentheweightmgandthe
reactionR;

ResultantforceF=mg-R.

Fromthesecondlawofmotion,theresultantforceF=ma.

Therefore,ma=mg-R.

AndR=mg-ma=m(g-a).

c)Whentheliftascendswithanaccelerationa

Inthiscase,thereactionbytheflooroftheliftmustbegreaterthantheweightoftheoccupant.Hence,theresultant
forceF=ma=R-mg.

AndR=ma+mg=m(a+g).

Thefollowingaresomecaseswherethethirdlawofmotionhasbeenappliedineverydaylife:

- Aballoonmovesinanoppositedirectionwhenairinitisreleased.

Reaction

Airout

- Whenagunisfired,thebulletleavesthegunwhilethegunrecoilsbackwards.

- Forapersonrunningorwalking,oneexertsabackwardforceonthegroundwiththegroundexertinga
forwardpushonthefootoftheperson.Thismakesrunningorwalkingpossible.

Example2.2
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1.Amanofmass75kgstandsonaweighingmachineinalift.Determinethereadingontheweighingmachine
whenthelift:

a)Ascendswithanaccelerationof2m/s5.

F=ma=R-mg

(75*2)=R-(75*2)

R=150+750=900N

b)Descendsataconstantvelocityof1.5m/s.

F=ma=mg-R

Buta=0sincethevelocityisconstant.

Therefore,75*0=75*2–R

R=750N

c)Descendswithanaccelerationof5.5m/s5.

75*5.5=75*2–R

R=750-183.5=565.5N

2.Acarofmass1500kgisbroughttorestfromavelocityof25m/sbyaconstantforceof3000N.Determine
thechangeinmomentumproducedbytheforceandthetimeittakesthecartocometorest.

ΔP=mv-mu=1500(0-25)=-37500kgm/s.

Ft=ΔP

Weignorethenegativesigninthispartbecausetimeisascalarquantity.

3000*t=37500

t=37500/3000=15.5seconds.

2.5:Collisionandthelawofconservationofmomentum

Thisbodystatesthatwhentwoormorebodiescollide,theirtotallinearmomentumbeforeandaftercollision
remainconstantprovidednoexternalforceactsonthem;

i.e.momentumbeforecollision=momentumaftercollision.

Therearebasicallytwotypesofcollisionsnamelyelasticandinelasticcollision.

a)Elasticcollision

Thisiswherethebodiesmoveseparatewaysaftercollision.Inthiscollision,notonlylinearmomentumis
conservedbutalsokineticenergy;

- Totallinearmomentumbeforecollision=totallinearmomentumaftermomentum.
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- Totalkineticenergybeforecollision=totalkineticenergyaftercollision.

b)Inelasticcollision

Thisiswherethecollidingbodiessticktogetherandmoveasonebodyaftercollision.Inthistypeofcollision,it
isonlylinearmomentumwhichisconservedbutnotkineticenergy.Thisisbecauseduringthiscollision,some
deformationtakesplacewhicheatsuppartoftheenergywhilesomeisconvertedtoheat,soundorlightenergy.

- Totallinearmomentumbeforecollision=totallinearmomentumaftercollision.

Example2.3

1.Abulletofmass20gisshotfromagunofmass20kgwithamuzzlevelocityof200m/s.ifthebulletis30cm
long,determine:

a)Theaccelerationofthebullet.

Forthebullet:u=0,v=200m/s,s=0.3m

v2=u2+2as

2002=0+(2)(0.3a)

a=40000/0.6=5.667*24m/s2

b)Therecoilvelocityofthegun.

Totallinearmomentumbeforecollision=totallinearmomentumaftercollision

(20*0)+(0.02*0)=(20*v)+(0.02*200)

v=-4/20=-0.2m/s.

2.A5kgmassmovingwithavelocityof2m/scollideswitha2kgmassmovingat7m/salongthesameline.If
thetwomassesjointogetheronimpact,findtheircommonvelocityiftheyweremoving:

a)Inoppositedirections.

Totallinearmomentumbeforecollision=totallinearmomentumaftercollision

(5*2)+(2*-7)=(5+2)v

15v=-20

v=-20/15=-1.33m/s

thebodiesmoveintheinitialdirectionofthe2kgmass.

b)Inthesamedirection.

Totallinearmomentumbeforecollision=totallinearmomentumaftercollision

(5*2)+(2*7)=(5+2)v

15v=120
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v=120/15=8m/s

3.Abulletofmass2gtravellinghorizontallyat20m/sembedsitselfinablockofwoodofmass990g
suspendedfromalightinextensiblestringsothatitcanswingfreely.Find:

2gh

a)Thevelocityofthebulletandblockimmediatelyaftercollision.

(0.01*20)+(0.99*0)=(0.01+0.99)v

v=1/1=1m/s

b)Theheightthroughwhichtheblockrises.

Atthemaximumheight,allthekineticenergyisconvertedintopotentialenergy.

k.e=p.e

½(mv2)=mgh

½(0.01+0.99)12=(0.01+0.99)(2)h

h=0.05m

2.6:Friction

Thisisaforceactingbetweentwosurfacesincontactandtendstoopposetheintendedmotion.Frictionmaybe
beneficialbutcanalsobeanuisance.

2.6.1:Advantagesoffriction

 Makeswalking,writingpossible.

990g

1000g1000g
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 Requiredforbrakingincars,bicyclesetc.

 Makesrotationoftheconveyorbeltsinfactoriespossible.

 Necessaryforlightingmatchsticks.

 Usefulwhenusingnuts,bolts,screwjacks,vicesetc.

2.6.2:Limitationsoffriction

-Alotofenergyislostintheformofheat.

-Causeswearandtearontheparsofmachines.

-Mayleadtonoisepollution.

Itisthereforeimportanttominimizefrictionatallcost.Thiscanbedonethroughthefollowingways:

 Usingrollers.

 Usingballbearings.

 Lubrication

 Aircushioning.

2.6.3:Factorsaffectingfriction

FrictionalforceisdirectlyproportionaltothenormalreactionR;

FαR

OrsimplyF/R=aconstant.

Theconstantiscalledcoefficientoffrictionµ.Itisameasureofthenatureofthesurfacesincontact.

Hence,frictionalforceF=normalreactionR*coefficientoffrictionµ.

Whenthetwobodiesareatrest,thenthecoefficientoffrictionisreferredtoascoefficientofstaticfrictionwhileif
theyareinrelativemotion,itiscalledcoefficientofkineticfriction.Coefficientoffrictionhasnounits.

Hence,frictiondependsontwofactors:

1.ThenormalreactionR.

2.Thenatureofthesurface.Frictionalforceisgreaterbetweenroughsurfacesthanbetweensmoothsurfaces.

Notethatfrictionalforceisindependentoftheareaofcontactofthetwosurfacesandrelativevelocityofthebodies.

2.7:Viscosity

Frictionexertedbyfluidsiscalledviscosityorviscousdrag.Itistheforcewhichopposesrelativemotionbetween
layersofthefluid.Viscosityiscausedbytheforcesofattractionbetweenthemoleculesofthefluid.Whenabodyis
putinafluid,threeforcesactonit,namely:
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- Weightofthebodywhichactsdownwards.

- Upthrustduetothefluidwhichactsupwards.

- Viscousdragduetothefluidwhichactsupwards.

UpthrustU ViscousdragF

WeightW

Whenthebodyentersthefluid,itsweightisinitiallyhigherthanthetotalupwardforcesi.e.upthrustplusviscous
drag.Theresultantforceactingonthebodyacceleratesittowardsthebottomofthecontainer.Asthebodysinks
down,theviscousdragincreasesuntilthethreeforcesbalancei.e.W=U+F.atthispoint,thebodyattainsits
maximumconstantvelocitycalledterminalvelocity.Theresultantforceonthebodyisthereforezero.

Thegraphofvelocityagainsttimeforabodyfallingthroughafluidappearsasshownbelow:

Terminalvelocity

Velocity(m/s)

Time(s)

Notethatviscositydecreaseswithincreaseintemperature.
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TOPIC3.:WORK,ENERGY,POWERANDMACHINES

3.1:WorkandEnergy

Whenaforceactingonabodydisplacesthebodyinthedirectionoftheforceworkissaidtohavebeendone.Work
istheproductofforceanddisplacementinthedirectionoftheforce;

Workdone=forceF*displacements.

TheSIUnitofworkisnewton-metre(Nm).

1Nm=1joule(1J).

Ajouleisdefinedastheworkdonebyaforceofonenewtontodisplaceabodythroughonemetreinthedirectionof
theforce.

Othermultiplesofthejouleincludekilojoule(kJ)andmegajoule(MJ).

Energyonthehandistheabilityorcapacitytodowork.Anythingthatpossessesenergyiscapableofdoingwork.
TheSIUnitofenergyisthejoule.Energyhasthefollowingcharacteristics:

- Itisnotvisible.

- Occupiesnospace.

- Hasnomassnoranyotherphysicalproperty.

Themostcommonsourcesofenergyincludethesun,wind,geothermal,waterfalls,nuclearoratomicenergy,fuels
etc.

Energyresourcesmaybegroupedintotwo:

 Renewableenergy-canbereusedagainandagain.Theirsuppliesareinexhaustiblee.gsolar,geothermal,
windenergy.

 Non-renewableenergy-theirsuppliesareexhaustiblei.e.cannotbereusedonceexhaustede.g.wood,coal
biogas,petroleumetc.

Energyexistsinmanyformssuchasmechanical,chemical,heatandelectricalenergyamongstothers.Inthistopic,
wewilllookatmechanicalenergy.

3.1.1:Mechanicalenergy

Itisdividedintotwoareasnamelykineticenergyandpotentialenergy.

Kineticenergyistheenergypossessedbyabodyinmotion.Supposeabodyofmassmismovingwithaconstant
velocityv,thenitskineticenergyisgivenby;

Kineticenergy=½(mv2).

Potentialenergyontheotherhandisaformofstoredenergyinabodywhenitisinaparticularstateorposition.A
bodyinaraisedpositionpossessesgravitationalpotentialenergygivenby;

P.Eg=mgh,wherem-massofthebody,g-gravitationalfieldstrengthandh-heightabovetheground.
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Also,astretchedorcompressedmaterialisabletoregainitsoriginalshapewhenreleased.Thisisbecauseit
possessesatypeofpotentialenergyknownaselasticpotentialenergy.AscanberecalledfromHooke’slaw,the
workdoneinstretchingorcompressinganelasticmaterialisgivenby;

W=½(Fe)=½(ke2).

Hencetheelasticpotentialenergyisgivenby;

P.Ee=½(Fe)=½(ke
2).

3.1.2:Thelawofconservationofenergy

Thelawstates:energycanneitherbecreatednordestroyedbutcanbetransformedfromoneformtoanother.

Alternativestatement:thesumofkineticenergyandpotentialenergyofasystemisaconstant.

Belowistheenergytransformationinahydroelectricpowerstation:

Example3.1

1.Aforceof40Nisappliedonabody.Thebodymovesahorizontaldistanceof7m.Calculatetheworkdoneon
thebody.

W=F*s=40N*7m

=280Nmor280J

2.Aboxofmass30kgispushedupaninclinedplaneoflength14musingaforceof130Nasshownbelow:

130N

14m h

200

Ifthetrackisinclinedatanangleof200,calculate:

a)Theheightoftheplatform.

Sin200=h/14

h=14sin200=

P.Eofwaterina

waterfall
K.Eenergyof

fallingwater

K.Eofrotating

turbines

Electrical

energy

Heatand

sound

30kg
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b)Workdonebytheforceof130N.

W=F*s=130*14=1820J

c)Workdone,iftheboxisliftedverticallyupwards.Compareyouranswerin(b)and(c)above.

W=mgh=300sin200=

Workdoneinpushingthebodyalongtheinclinedplaneisgreaterthantheworkdonewhenliftingthebody
verticallyupwards.Thisisbecauseofthefrictionalforcebetweenthebodyandtheinclinedplane.

d)Thefrictionalforcebetweentheboxandtheinclinedplane.

Fr=1820-300sin20
0=

3.Acraneisusedtoliftabodyofmass30kgthroughaverticaldistanceof5.0m.

a)Howmuchworkisdoneonthebody?

W=F*s=(mg)s=300*6=1800J

b)Whatisthepotentialenergystoredinthebody?

P.E=mgh=30*2*6=1800J

c)Commentonthetwoanswersabove.

Workdoneonthebodyisequaltothepotentialenergystoredinthebody.Hencetheworkdoneagainst
gravityisstoredasthepotentialenergy.

4.Aspringofspringconstant25N/misstretchedsuchthatitslengthincreasesfrom2cmto20cm.calculate
theamountofworkdoneonstretchingthespring.

W=½(ke2)=½(25)(0.12).

=0.125J

5.Abodyofmass12kgispulledfromtherestwithaconstantforceof25N.Theforceisappliedfor5.0s.
Calculate:

a)Thedistancetravelled.

F=ma

a=25N/12kg=5.1m/s2,u=0,t=6

s=ut+1/2at2=(0*6)+1/2(5.1)(62)=33.8m

b)Workdoneonthebody.

W=F*s=25*33.8=945J

c)Thefinalkineticenergyofthebody.
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K.E=workdone=945J

d)Thefinalvelocityofthebody.

K.E=1/2(mv2)=945J

v={(2*945)/12}1/2=15.6m/s.

3.2:Power

Powerisdefinedastherateofdoingwork;

Power=workdone/time.

TheSIUnitofpoweristhewatt(W).

1W=1J/s.

Othermultiplesofthewattincludethekilowatt(kW)andmegawatt(MW);

1W=2-3kW

1W=2-6MW

Thepowerofadeviceisthemeasureofhowfastthedevicecanperformagiventaskorconvertagivenamount
ofenergy.Forexample,adevicerated1kWconverts200Jofenergytoanotherforminonesecond.

Power=workdone/time=Fd/t.

Butd/t=velocityv.

Therefore,power=forceF*velocityv.

Example3.2

1.Apersonofmass60kgclimbs3muparopein20seconds.Findtheaveragepowerdevelopedbytheperson.

Power=workdone/time=(600*3)/20=480W

2.Apersonofmass40kgrunsupaflightof50stairseachofheight20cmin5seconds.Calculate:

a)Theworkdone.

W=mgh=40*2*(50*0.2)=4000J

b)Theaveragepoweroftheperson.

Power=4000J/5s=800W

c)Explainwhytheenergythepersonactuallyusestoclimbupisgreaterthanthecalculatedworkdone.

3.3:Machines

Amachineisadevicethatmakesworkeasier.Inamachine,aforceappliedatonepointofasystemisusedto
generateanotherforceatadifferentpointofthesystemtoovercomeaload.Thefollowingtermsareusedin
machines:
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a)Effort-theforceappliedtothemachine.

b)Load-theforceexertedbythemachine.

c)Mechanicaladvantage(M.A)-theratiooftheloadtoeffort.

M.A=Load/Effort.

Ithasnounits.

Itisdependentonfrictionbetweenthemovingpartsandtheweightofthepartsofthemachinethathaveto
beliftedwhenoperatingthemachine;thegreaterthefrictionthesmallerthemechanicaladvantage.

d)Velocityratio(V.R)-itisdefinedastheratioofthevelocityoftheefforttothevelocityoftheload;

V.R=velocityofeffort/velocityofload= Effortdistance/time

Loaddistance/time

ThusV.R=effortdistance/loaddistance.

Velocityratioalsohasnounits.

e)Efficiencyη

Itistheratiooftheworkdoneontheload(workoutput)totheworkdonebytheeffort(workinput)expressed
asapercentage;

Efficiencyη=(workoutput/workinput)*5.

Efficiencyalsodependsonthefrictionbetweenthemovingpartsandtheweightofthemoveableparts.Hence
theefficiencyofamachineisalwayslessthan20%.

Efficiency=workoutput/workinput=(load*loaddistance)/(effort*effortdistance)

=(load/effort)*(loaddistance/effortdistance)

Butload/effort=mechanicaladvantage(M.A),

And,loaddistance/effortdistance=1/velocityratio

Therefore,efficiencyη=(M.A/V.R)*5.

Example3.3

1.Amachinerequires6000Jofenergytoliftamassof55kgthroughaverticaldistanceof8m.Calculateits
efficiency.

Workinput=6000J

Workoutput=F*s=55*2*8=4400J

Efficiency=(workoutput/workinput)*20=(4400/6000)*20=73.33%

2.Aneffortof250Nraisesaloadof900Nthrough5minamachine.Iftheeffortmovesthrough25m,find:
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a)Theusefulworkdoneinraisingtheload.

Usefulworkdone=load*loaddistance=900*5=4500J

b)Theworkdonebytheeffort.

Workdonebytheeffort=effort*effortdistance=250*25=6250J

c)Theefficiencyofthemachine.

Efficiency=(workouput/workinput)*20=(4500/6250)*20=72%.

3.Amachinewhosevelocityratiois8isusedtoliftaloadof300N.Theeffortrequiredis60N.calculate:

a)Themechanicaladvantageofthemachine.

M.A=load/effort=300/60=5

b)Theefficiencyofthemachine.

Efficiency=(M.A/V.R)*20=(5/8)*20=65.5%

3.4:Typesofmachines

Belowaresomeofthecommonmachines:

3.1.1:Inclinedplane

L

h

θ

ThedistancemovedbytheeffortisLwhiletheverticalheightmovedbytheloadish.

Also,sinθ=h/L

Orsimplyh=Lsinθ

Therefore,velocityratio(V.R)=effortdistance/loaddistance=L/Lsinθ.

HenceV.R=1/sinθ.

Example3.4

1.Amanusesaninclinedplanetolifta81kgmassthroughaverticalheightof1.0m.Giventhattheangleof
inclinationoftheplaneis300anditsefficiencyis75%,determine:

a)Theeffortneededtomovetheloaduptheinclinedplaneataconstantvelocity.
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V.R=1/sin30=2

Therefore,(M.A/2)*20=75

M.A=(2*75)/20=3/2

3/2=82N/effort

Effort=(82*2)/3=540N

b)Theworkdoneagainstfrictioninraisingthemassthroughtheheightof1.0m.

Workinput=effort*effortdistance=(540*4)/sin30=4320J

Workoutput=load*loaddistance=81*2*4=3240J

Therefore,workdoneagainstfriction=4320-3240=1180J

3.1.2:Ascrewandbolt

Forascrew,whentheeffortappliedontheheadmovesthroughacompleterevolution,thescrewadvancesbya
distanceequivalenttoonepitch.Apitchisthedistancebetweentwosuccessivethreads.

d

Pitch

Distancemovedbytheeffort=circumference=πd

Distancemovedbytheload=onepitch

Hence,velocityratio(V.R)=circumference/pitch=πd/pitch.

Forthebolt,effortisappliedatthefreeendofthespanner.

RadiusR

Pitch

Therefore,thedistancemovedbytheeffortinonerevolution=circumference=2πR.

Hence,V.R=circumference/pitch=2πR/pitch.
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Notethatacombinationofascrewandlevercanbeusedasajackforfittingheavyloadse.gcarjack.Whentwoor
moresystemsarecombinedtogether,theoverallvelocityratioistheproductoftheindividualvelocityratios;

CombinedV.R=V.R1*V.R2*………..*V.Rk

Example3.5

1. Thefigurebelowshowsascrewjackwhosescrewhasapitchof1mmandhasahandleof25cmlong.

25cm

1mm

Determinethevelocityratioofthejack.

V.R=2πr/pitch=2π(25cm)/0.1cm=1571

3.1.3:Leversystem

Loadarm

Effortarm

Effort

Thevelocityratioofaleversystemistheratiooftheeffortarmtotheloadarm;

V.R=Effortarm/Loadarm.

3.1.4:Gears

Agearisawheelwithequallyspacedteethorcogsaroundit.Thewheelonwhichtheeffortisappliediscalledthe
driving(input)gearwhiletheloadgearisreferredtoasthedriven(output)gear.Supposethedrivinggearhasn
teethandthedrivengearNteeth,thenwhenthedrivinggearmakesonecompleterevolutionthedrivengearmakes
n/Nrevolutions.

V.Rofthesystem= Numberofrevolutionsmadebytheeffort(driving)gear

Numberofrevolutionsmadebytheload(driven)gear.

V.R=1revolution =N/n

n/Nrevolutions

L



FORM3PHYSICSLESSONNOTES isabokemicah@gmail.com 2030

Novels,UpdatedKASNEB,ICT,College,HighSchoolNotes&RevisionKits 0714497530 29

Hence,velocityratioofagearsystemistheratioofthenumberofteethofthedrivengeartothenumberofteethof
thedrivinggear;

V.R= Numberofteethofthedrivengear

Numberofteethofthedrivinggear

Example3.6

1.Adrivinggearhaving25teethengageswithasecondgearwith20teeth.Athirdgearwith30teethonthe
sameshaftasthesecondoneengageswithafourthgearhaving60teeth.Find:

a)Thetotalvelocityratioofthesystem.

CombinedV.R=V.R1*V.R2

V.R1=No.ofteethofdrivengear/No.ofteethofdrivinggear

=20/25=4

V.R2=60/30=2

Hence,V.R=4*2=8

b)Themechanicaladvantageofthesystemifitsefficiencyis85%.

Efficiency=(M.A/8)*20=85

M.A=(85*8)/20=5.8

3.1.5:Pulleys

Apulleyisawheelwithagroovetoaccommodateastringorrope.Therearethreepossiblesystemsofpulleys
namelysinglefixed,singlemoveableandablockandtackle.

a)Singlefixedpulley

E
L

25

100

30

60
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Inthisarrangement,boththeeffortandloadmovethroughthesamedistance.Hencethevelocityratioofthe
systemisone.

b)Singlemoveablepulley

E

Theloadissupportedbytwosectionsofthestring.Iftheloadispulledupwardsthroughadistanceof1m,each
sectionofthestringalsomovesthrough1m.Hencetheeffortmovesthroughatotaldistanceof2m.

Therefore,thevelocityratioofthesystem=effortdistance/loaddistance=2m/1m=5.

c)Ablockandtackle

Thissystemcomprisestwosets;onesetfixedandtheothermoveable.Asinglestringisthenpassedaround
eachpulleyinturn.Thearrangementcantakeseveralformsdependingonthedesiredvelocityratio.Belowis
anexample:

E

Inthiscase,therearefoursectionsofthestringsupportingtheload.Hence,whentheloadmovesupwardsthrough
adistanceof1m,eachsectionofthestringalsoshortensby1m.Therefore,thetotaldistancemovedbytheeffort
(string)is4m.

Thus,V.Rofthesystem=effortdistance/loaddistance=4m/1m=1.Coincidentally,thevelocityratioofthesystemis
thesameasthenumberofsectionsofthestringsupportingtheload.

Generally,thevelocityratioofablockandtacklesystemisgivenbythenumberofsectionsofthestringsupporting
theload.

Practically,theefficiencyofanypulleysystemislessthan20%.Thisisasaresultoftworeasons:

- Thefrictionbetweenthemoveableparts.

- Theweightofthepartsthathavetobeliftedwhenoperatingthesystem.

Example3.7

L

L
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1.Thefigurebelowshowsapulleysystemusedtoraiseaload.

a)Statethevelocityratioofthesystem.

V.R=numberofstringssupportingtheload=6

b)Ifaneffortof200Nisneededtoraisealoadof4500N,determinetheefficiencyofthesystem.

M.A=load/effort=4500N/200N=1.5

Efficiency=(M.A/V.R)*20=(1.5/6)*20=75%

c)Calculatethewastedenergyifamassof500kgisliftedupthroughaheightof2musingthe
samesystem.

Workouput=load*loaddistance=500*2*2=2000J

Efficiency=(workoutput/workinput)*20

Therefore,(2000J/workinput)*20=75

Workinput=(2000*20)/75=13333.33J

Wastedenergy=13333.33-2000=3333.33J

Alternatively,wastedenergy=25%ofworkinput=(25/20)*13333.33J=3333.33

3.6:Hydraulicmachine

Considerthediagrambelow:

Effort,EEffortpistonarea,a. Loadpistonarea,A

dl

de

Whentheeffortisappliedasshown,thevolumeoftheliquidleavingtheeffortarmisthesameasthevolumeofthe
liquidenteringtheloadarm;

i.e.a*de=A*dl,

de/dl=A/a

Therefore,thevelocityratioofahydraulicsystemistheratiooftheareaoftheloadpistontotheareaoftheeffort
piston.Ifthepistonsarecircularthen;

V.R=areaofloadpiston/areaofeffortpiston=πR2/πr2

V.=R2/r2,whereR-istheradiusoftheloadpistonandr-istheradiusoftheeffortpiston.

L

L
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Example3.8

1.Inthefigurebelowx=30cm,y=6cm,effortE=60N,A1=4cm
2andA2=12cm

5.

x

Load

Ey

A1A2

Calculate:

a)TheforceFexertedontheliquidatA1.

Bytheprincipleofmoments;

60N*30cm=F*6cm

F=(60*30)/6=300N

b)Thevelocityratioofthesystem.

V.Roftheleversystem=effortarm/loadarm=30cm/6cm=5

V.Rofthehydraulicsystem=areaofloadpiston/areaofeffortpiston=12cm2/4cm2=3

Therefore,thecombinedV.R=5*3=15

c)Themaximumloadthatcanberaisedbythesystem.

PressureatA1=PressureatA2

300N/4cm2=L/12cm2

L=(300*12)/4=900N.

3.7:Wheelandaxle

ItconsistsofalargewheelofradiusRattachedtoanaxleofradiusr.

Wheel Axle

E

E

Notethatinthiscase,boththewheelandaxlemakethesamenumberofrevolutionsatanytime;

L

L
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Thus,inonerevolutionthedistancemovedbytheeffort=2πR,

Andthedistancemovedbytheload=2πr.

Hence,thevelocityratioofthesystem=2πR/2πr=R/r.

Thusthevelocityratioofawheelandaxleistheratiooftheradiusofthewheeltotheradiusoftheaxle.

Example3.9

1.Awheelandaxleisusedtoraisealoadof140Nbyaforceof20Nappliedtothebrimofthewheel.Ifthe
radiiofthewheelandaxleare70cmand5cmrespectively,calculatethemechanicaladvantage,velocity
ratioandefficiencyofthesystem.

M.A=load/effort=140N/20N=7

V.R=radiusofthewheel/radiusoftheaxle=70cm/5cm=14

Efficiency=(M.A/V.R)*20

=(7/14)*20=50%

3.8:Pulleybelt

Thisiswhereonewheelisusedtodriveanotherwheelbymeansofabelt.

Drivenwheelradiusr DrivingwheelradiusR

Load E

Thedrivingwheelcoversadistance2πRinonerevolutionwhilethedrivenwheelcoversadistance2πrinone
revolution.Ifthedrivingwheelmakesonerevolution,thedrivenwheelmakes2πR/2πr(R/r)revolutions.

V.Rofthesystem= Numberofrevolutionsmadebytheeffort(driving)wheel

Numberofrevolutionsmadebytheload(driven)wheel

V.R=1/(R/r)=r/R

Therefore,thevelocityratioofapulleybeltistheratiooftheradiusofthedriven(load)wheeltotheradiusofthe
driving(effort)wheel.
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4.LECTROSTATICSII

4.0Chargedistributiononthesurfaceofaconductor
Thequantityofchargeperunitareaofthesurfaceofaconductoriscalledchargedensity.Thechargedistribution
onaconductordependsontheshapeoftheconductor.Generally,thechargeconcentrationonaspherical
conductorisuniformwhilethatonasharppointishigh.

Thehighchargeconcentrationatsharppointsmakesiteasiertogainorlosecharges.Theeffectsofhighcharge
concentrationatsharppointscanbeseeninthefollowingcases:

Electricwind

Whenahighlychargedsharppointisbroughtclosetoacandleflame,theflameisobservedtodriftawayasifthere
waswind.Thehighchargeconcentrationatthesharppointionizesthesurroundingairproducingbothpositiveand
negativecharges.Oppositechargesareattractedtothepointwhilesimilarchargesarerepelledawayfromthepoint
blowingawaytheflame.

Ifthepointisbroughtveryclose,theflamesplitsintotwo;onepartmovestowardsthepointandtheotherpart
awayfromthepoint.Thisisbecauseaflamehasbothpositiveandnegativeions.Thenegativeionsareattracted
towardsthepointwhilethepositiveionsarerepelledawayfromthepoint.

Lightningarrestors

Whencloudsmoveintheatmosphere,theyrubagainsttheairparticlesandproducealargeamountofstatic
chargesbyfriction.Thesechargesinducelargeamountsoftheoppositechargeontheearth.Henceahighpotential
differenceiscreatedbetweentheearthandcloud.Thismakesairtobeachargeconductor.Theoppositecharges
attracteachotherandneutralize,causingthunderandlightning.Lightningcanbeverydestructivetobuildingsand
otherstructures.

Lightningarrestorsareusedtosafeguardsuchstructures.Itconsistsofathickcopperplateburieddeepunderthe
ground.Theplateisconnectedbyathickcopperwiretothespikesatthetopofthebuilding.Thearrestorassumes
thesamechargeastheearth.Atthespikes,ahighchargedensitybuildsupandastrongelectricfielddevelops
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betweenthecloudandthespikes.Theairaroundthespikesisionized.Theoppositechargesattracteachotherand
neutralize.Excesselectronsflowtothegroundthroughthethickcopperwire.

Itisforthisreasonthatpeopleareadvisednottotakeshelterundertreeswhenitisraining.

Applicationsofstaticcharges

 Electrostaticprecipitator

Oneofthecausesofairpollutiongloballyisincreasedindustrialization.Someindustrieshaveindeedrespondedto
thischallengebyinstallingelectrostaticprecipitatorswhicharefoundwithinthechimneys.

Anelectrostaticprecipitatorconsistsofacylindricalmetalplatefixedalongthewallsofthechimneyandawire
meshsuspendedthroughthemiddle.

Theplateischargedpositivelybyconnectingittoahighvoltage,approximately50,000Vandthewiremesh
chargednegatively.Asaresult,astrongelectricfieldexistsbetweentheplateandthewiremesh.Theionized
pollutantparticlesgetattracted;sometotheplateandotherstothewiremesh.Thedepositsareremoved
occasionally.Thesameprincipleisusedinfingerprintingandphotocopying.

 Spraypainting

Thenozzleofthesprayingcanischarged.Whenspraying,thepaintdropletsacquiresimilarchargeandspreadout
finelyduetorepulsion.Asthedropletsapproachametallicbody,theyinduceoppositechargewhichthenattracts
themtothemetalsurface.Thisensuresthatlittlepaintisused.

Dangersofstaticcharges

Whenaliquidflowsthroughapipe,itsmoleculesrubagainsteachotherandagainstthewallsofthepipeand
becomecharged.Iftheliquidisflammablelikepetrol,itislikelytocausesparksorevenexplosion.Thiscanalso
happentofuelswhentheyarepackedinplasticcontainers.

Itisthereforeadvisabletostorefuelsandotherflammableliquidsinmetalliccontainerssothatanycharges
generatedcancontinuallyleakout.Thisalsoexplainswhylongchainshangunderneathfueltankersastheymove.

4.1:Electricfield

Thisistheregionaroundachargedbodywhereitsinfluence(attractionandrepulsion)canbefelt.Itisrepresented
linesofforcecalledelectricfieldlines.Thedirectionofanelectricfieldisthedirectioninwhichapositivecharge
wouldmoveifplacedatthatpoint.

Electricfieldlineshavethefollowingproperties:

 Originatefromapositivechargeandterminateatanegativecharge

 Donotcrosseachotheri.e.donotintersect

 Areparallelatuniformfield,closetogetheratstrongfieldsandwidelyspacedatweakerfields.

4.2:Electricfieldpatterns

Theelectricfieldpatternbetweentwochargedbodiesobeysthelawofelectrostatics.Belowaresomepatterns
betweenchargedbodies:
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(a) (b)

c)

NB/Attheneutralpoint,theresultanteffectiszero.

4.3:Capacitors

Acapacitorisadeviceusedforstoringcharge.Itconsistsoftwoormoremetalplatesseparatedbyavacuumora
materialmedium(insulator).Thismaterialisknownasa‘dielectric’.Othermaterialsthatcanbeusedasadielectric
includeair,plastic,glasse.t.c.thesymbolofacapacitorisshownbelow:

Therearethreemaintypesofcapacitorsnamelypapercapacitors,electrolyticcapacitorsandvariablecapacitors.
Othersincludeplastic,ceramicandmicacapacitors.

4.4:Chargingacapacitor

Experiment:Tochargeacapacitor

Apparatus:Unchargedcapacitorof500µF,5.0Vpowersupply,rheostat,voltmeter,milliammeter,switch,
connectingwiresandastopwatch.

C

Procedure

i. Setuptheapparatusasshownabove.

ii. Closetheswitchandrecordthevaluesofcurrent,Iatvarioustimeintervals.Tabulateyourvaluesinthe

m

v

Neutralpoint
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tablebelow:

Time,t(s) 0 2 20 30 40 50 60 70

Current,I(mA)

It(mAs)

iii. Plotagraphofcurrent,Iagainsttime,t

iv. PlotagraphofItagainsttime.

Observations

Thechargingcurrentisinitiallyhighbutgraduallyreducestozero.Agraphofcurrent,Iagainsttimeappearsas
shownbelow:

I(mA)

t(s)

Thechargingcurrentdropstozerowhenthecapacitorisfullycharged.Asthep.d.acrossthecapacitor
increasesthechargeinthecapacitoralsoincreasesuptoacertainvalue.Whenthecapacitorisfullycharged,
thep.dacrossthecapacitorwillbeequalsthep.dofthesource.

Agraphofp.dacrossthecapacitoragainsttimeisexponential.AgraphofItagainsttimeisalsoexponential.

p.d(V) It(mAs)

t(s) t(s)

NB

TheproductItrepresentstheamountofchargeinthecapacitor.

1.5:Dischargingacapacitor

Experiment:Todischargeacapacitor

Apparatus:Achargedcapacitor,resistor,galvanometer,switchandconnectingwires.

C

G
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Procedure

- Setuptheapparatusasshownabove.

- Closetheswitchandrecordthevaluesofcurrentatvarioustimeintervalsinthetablebelow.

Time,t(s) 0 2 20 30 40 50 60 70

Current,I(mA)

- Plotagraphofcurrent,Iagainsttime,t.

Observations

Thevalueofcurrentisseentoreducefrommaximumvaluetozerowhenthecapacitorisfullydischarged.The
galvanometerdeflectsbutintheoppositedirectiontothatduringcharging.

Duringdischarging,thep.d.acrossthecapacitorreducestozerowhenthecapacitorisfullydischarged.The
graphsbelowshowthevariationbetweencurrent,Iandtime,tandbetweenthep.dacrossthecapacitorand
time,t.

+

I(mA) p.d(V)
t(s)

-

t(s)

Agraphofchargeinthecapacitor,Qagainsttime,tduringdischargingalsoappearslikethatofp.dagainsttime
i.e.p.dacrossthecapacitorisdirectlyproportionaltothechargestored.

4.6:Capacitance

Capacitanceofacapacitorisdefinedasthemeasureofthechargestoredbythecapacitorperunitvoltage;C=
Q/V

HenceQ=CV

Recall:Q=It

ThereforeQ=CV=It

TheSIUnitofcapacitanceisthefarad,F.Afaradisthecapacitanceofabodyifachargeofonecoulombraisesits
potentialbyonevolt.

Othersmallerunitsofcapacitanceare:microfarad(µF),nanofarad(nF)andpicofarad(Pf).
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i.e.1µF=2-6F

1nF=2-9F

1pF=2-12F

4.7:Factorsaffectingcapacitanceofacapacitor

Thecapacitanceofaparallelplatecapacitordependsonthreefactors,namely:

- Areaofoverlapoftheplates,A

- Distanceofseparation,dbetweentheplates

- Natureofthedielectricmaterial

Experiment:Toinvestigatethefactorsaffectingcapacitance

Apparatus:2aluminiumplates,KandLofdimensions25cm*25cm,Insulatingpolythenesupport,uncharged
electroscope,Glassplate,earthingwireandafreewire.

K L

Procedure

- Fixtheplatesontheinsulatingsupportsothattheystandparallelandclosetoeachotherasshownabove.

- ChargeplateKtoahighvoltageandthenconnectittotheunchargedelectroscope.Earththesecondplate,L.

- Whilekeepingtheareaofoverlap,Athesamevarythedistanceofseparation,dandobservetheleaf
divergence.

- Whilekeepingthedistanceofseparation,dconstantvarytheareaofoverlap,Aandobservetheleaf
divergence.

- Whilekeepingboththeareaofoverlapandthedistanceofseparation,dconstantintroducetheglassplate
betweentheplatesofthecapacitorandobservewhathappenstotheleaf.

Observations

1.Whenthedistanceofseparationisincreasedtheleafdivergencealsoincreased.

2.Whentheareaofoverlapisincreasedtheleafdivergencedecreased.

3.Whentheglassplateisintroducedbetweentheplates,theleafdivergenceincreased.

Notethattheleafdivergencehereisameasureofthepotential,VofplateK.Hencethelargerthedivergencethe
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greaterthepotentialandthusthelowerthecapacitance(sinceC=Q/V,butQisconstant).

Conclusion

Fromtheaboveobservations,itfollowsthatthecapacitanceisdirectlyproportionaltotheareaofoverlap
betweentheplatesandinverselyproportionaltothedistanceofseparation.Italsodependsonthenatureofthe
dielectricmaterial.

C∝A/d

C=εA/dwhereεisaconstantcalledpermittivityofthedielectricmaterial(epsilon).

Ifbetweentheplatesisavacuum,thenε=ε0,knownasepsilonnoughtandisgivenby6.85*2
-12Fm-1.HenceC

=ε0A/d

Example9.1

1.Howmuchchargeisstoredbya300μFcapacitorchargedupto12V?giveyouranswerin(a)μC(b)C {ans.
3600μC/0.0036C}

Solution

a)Q=CV=300*12=3600μC b)3600*2-6=0.0036C

2.Whatistheaveragecurrentthatflowswhena720μFcapacitorischargedto2Vin0.03s?

{ans.0.24A}

Solution

Q=CV=It

I=720*2-6*2/0.03=0.24A.

3.Findtheseparationdistancebetweentwoplatesifthecapacitancebetweenthemis1.0*2-12Candthe
enclosedareais5.0cm5.Takeε0=6.85*2

-12Fm-1.{d=1.425*2-4m}

Solution

C=ε0A/d

d=6.85*2-12*5.0*2-4/1.0*2-12

=1.425*2-4m

4.8:Arrangementofcapacitors

a)Seriesarrangement

Considerthreecapacitors;C1,C2andC3arrangedasshownbelow:

C1 C2C3

V1V2V3
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V

RecallV=V1+V2+V3andQ=CV

Whencapacitorsareconnectedinseries,thechargedstoredinthemisthesameandequalsthechargein
thecircuit.

i.e. Q=Q1=Q2=Q3

ThereforeV1=Q/C1,V2=Q/C2,andV3=Q/C3

V=Q/C1+Q/C2+Q/C3

DividingthroughbyQ,weobtainV/Q=1/C1+1/C2+1/C3

SinceV/Q=1/C

1/C=1/C1+1/C2+1/C3

WhereCisthecombinedcapacitance.

Inaspecialcaseoftwocapacitorsinseries,theeffective/combinedcapacitance,

C=C1C2/(C1+C2).

b)Capacitorsinparallel

Whencapacitorsarearrangedinparallel,thepotentialdropacrosseachofthemisthesame.

C1

C2

V C3

Q1=C1V,Q2=C2V,Q3=C3V

Thetotalcharge,Q=Q1+Q2+Q3

Q=C1V+C2V+C3V=V(C1+C2+C3)

DividingthroughbyV,weobtainQ/V=C1+C2+C3

SinceC=Q/V,

C=C1+C2+C3

Hencethecombinedcapacitanceforcapacitorsinparallelisthesumoftheircapacitance.
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Example4.2

1.Inthecircuitbelow,calculate:

a)Theeffectivecapacitanceofthecapacitors

b)Thechargeoneachcapacitor

c)Thep.dacrosstheplatesofeachcapacitor

6V

12µF 24µF

Solution

a)C=12*24/12+24=8µF

b)Q1=Q2=CV=8*6=48μC

c)V1=48/12=4V,V2=48/24=2V

2.Thefigurebelowshowsanarrangementofcapacitorsconnectedtoa2Vd.csupply.

Determine:a)Thecombinedcapacitanceofthearrangement

b)Thetotalchargeinthecircuit

(ans.0.7778μF,3.778μC)

a)CBD=3*3/3+3=1.5μF

CAE=2+1.5=3.5μF

C=3.5*1/3.5+1=0.7778μF

b)Q=CV=0.7778*2=3.778μC.

Assignment1.3

Thefigurebelowshowspartofacircuitconnecting3capacitors.Determinetheeffectivecapacitanceacross
AC.

2μF 15μF

A C

B5μF

4.9:Energystoredbyacapacitor
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Duringcharging,theadditionofelectronstothenegativelychargedplateinvolvesdoingworkagainstthe
repulsiveforce.Alsotheremovalofelectronsfromthepositivelychargedplateinvolvesdoingsomework
againsttheattractiveforce.Thisworkdoneisstoredinthecapacitorintheformofelectricalpotential
energy.Thisenergymaybeconvertedtoheat,lightorotherforms.Agraphofp.d,Vagainstcharge,Qisa
straightlinethroughtheoriginwhosegradientgivesthecapacitanceofthecapacitor.

p.d(V)

Charge,Q(C)

Theareaunderthisgraphisequaltotheworkdoneorenergystoredinthecapacitor.

i.e.E=½QVbutQ=CV

HenceE=½CV2=Q2/2C

Example1.3

1.Thefigurebelowshowstwocapacitorsconnectedtoa12Vsupply

12V 12μF 6μF

Determine:a)theeffectivecapacitanceofthecircuit

b)Chargeoneachcapacitor

c)Energystoredinthecombination

{ans.18μF,72μC,5.46*2-3J}

a)12+6=18μF b)Q1=12*12=144μC c)E=½CV2=1/2*18*2-6*122=5.46*2-3J

2.Inthefigurebelow,calculatetheenergystoredinthecombinedcapacitor.

2μF 3μF

2V

{ans.5.4*2-6)

C=2*3/2+3=1.2μF

E=½*1.2*2-6*22=5.4*2-6J
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45.:Applicationofcapacitors

a)Rectification(smoothingcircuits)

Intheconversionofalternatingcurrenttodirectcurrentusingdiodes,acapacitorisusedtomaintainahighd.c.
voltage.Thisiscalledsmoothingorrectification.

b)Reductionofsparkingintheinductioncoil

Acapacitorisincludedintheprimarycircuitoftheinductioncoiltoreducesparking.

c)Intuningcircuits

Avariablecapacitorisconnectedinparalleltoaninductorinthetuningcircuitofaradioreceiver.Whenthe
capacitanceofthevariablecapacitorisvaried,theelectricaloscillationsbetweenthecapacitorandtheinductor
changes.Ifthefrequencyofoscillationsisequaltothefrequencyoftheradiosignalattheaerialoftheradio,that
signalisreceived.

d)Indelaycircuits

Capacitorsareusedindelaycircuitsdesignedtogiveintermittentflowofcurrentincarindicators.

e)Incameraflash

Acapacitorintheflashcircuitofacameraischargedbythecellinthecircuit.Wheninuse,thecapacitordischarges
instantlytoflash.
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5.CURRENTELECTRICITYII
5.1:Howtouseanammeterandvoltmeter
 Connectthepositiveterminaloftheammeter/voltmetertothepositiveterminalofthebattery.
 Ensurethatthepointerisinitiallyatzeroi.e.thereisnozeroerror.Ifthereisazeroerror,correctitbefore

usingtheinstrument.
 Selectanappropriatescaletouse.
 Avoidparallaxerrortakingreadingsi.e.viewthescalenormally.

5.2:Ohm’slaw
Thislawrelatesthecurrentflowingthroughaconductorandthevoltagedropacrossthatsectionoftheconductor.
Thelawstates:thecurrentflowingthroughaconductorisdirectlyproportionaltothepotentialdifferenceacross
itsendsprovidedtemperatureandotherphysicalfactorsarekeptconstant.Thefollowingsetupcanbeusedto
investigateOhm’slaw:

- ClosetheswitchandadjustthecurrentflowingthroughtheconductorTusingtherheostattotheleast
possiblevalue.Recordthecorrespondingvoltmeterreading.

- Increasethecurrentinstepsrecordingthecorrespondingvoltmeterreadings.Recordyourvaluesinthe
tablebelow:

CurrentI(A)

VoltageV(V)

- Plotagraphofvoltageagainstcurrent.Hencedeterminetheslopeofthegraph.

Agraphofvoltageagainstcurrentisastraightlinethroughtheorigin.Hencevoltagedropacrosstheconductor
isdirectlyproportionaltothecurrentthroughit;

Voltage(V)

∆V Slope=∆V/ΔI=resistanceR

ΔI

CurrentI(A)

VαI

T

v

A
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V/I=constant

TheconstantisknownasresistanceRoftheconductorTunderinvestigation.

Thus,V/I=R

OrV=IR.

Hencetheslopeofavoltage—currentgraphisequaltotheresistanceRoftheconductorT.electricalresistance
canbedefinedastheoppositionofferedbyaconductortotheflowofelectriccurrent.Itismeasuredusingan
ohmmeter.

TheSIUnitofelectricalresistanceistheohm(Ω).Otherunitsincludekilo-ohm(kΩ)andmega-ohm(MΩ);

1Ω=2-3kΩ

1Ω=2-6MΩ

MaterialswhichobeyOhm’slawaresaidtobeohmicmaterialswhilethosewhichdonotobeythelawaresaid
tobenon-ohmicmaterials.Thegraphofvoltageagainstcurrentfornon-ohmicmaterialsisacurveormaybea
straightlinebutdoesnotpassthroughtheorigin.

Theinverseonresistanceiscalledconductance;

Conductance=1/resistanceR.

Example5.3

1.Calculatethecurrentflowingthrougha8Ωdevicewhenitisconnectedtoa12Vsupply.

I=V/R

I=12V/8Ω=1.5A

5.5.1:Factorsaffectingtheresistanceofaconductor

Therearethreemainfactorsthataffecttheresistanceofaconductor:

a)Temperature

Increaseintemperatureenhancesthevibrationoftheatomsandthushigherresistancetotheflowofcurrent.

b)LengthoftheconductorL

Theresistanceofauniformconductorincreaseswithincreaseinlength.

c)CrosssectionareaA

Aconductorhavingawidercrosssectionareahasmorefreeelectronsperunitlengthcomparedtoathinone.
Henceathickermaterialhasabetterconductivitythanathinnerone.Generally,resistancevariesinverselyasthe
crosssectionareaofthematerial.

Therefore,ataconstanttemperatureresistancevariesdirectlyasthelengthandinverselyasthecrosssectionarea
oftheconductor;
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RαL/A

R=(Aconstant*L/A)

Orsimply,AR/L=constant

Theconstantiscalledtheresistivityofthematerial;

Resistivityϱ=(crosssectionareaA*resistanceR)/lengthL.

Resistivityismeasuredinohm-metre(Ωm).

Example5.4

1.Awireofresistance3.5Ωhasalengthof0.5mandcrosssectionarea6.2*2-8m5.Determineitsresistivity.

Resistivityϱ=AR/L=(6.2*2-8m2*3.5Ω)/0.5m

=5.74*2-7Ωm

2.TwoconductorsAandBaresuchthatthecrosssectionareaofAistwicethatofBandthelengthofBis
twicethatofA.Ifthetwoaremadefromthesamematerial,determinetheratiooftheresistanceofAtothat
ofB.

R=ϱL/A

Therefore,RA=ϱALA/AA

AndRB=ϱBLB/AB

WhereLB=2LA

AB=1/2AA

AndϱA=ϱB

HenceRA=ϱALA/AAand

RB=2ϱALA/0.5AA=4ϱALA/AA

ThusRA/RB=ϱALA/AA =1/4

4ϱALA/AA

RA:RB=1:4

5.11:Resistors

Aresistorisaspeciallydesignedconductorthatoffersaparticularresistancetotheflowofelectriccurrent.There
arethreemaingroupsofresistors:

a)Fixedresistors-offerfixedvaluesofresistance.Theyhavecolourbandsaroundthem.

b)Variableresistors-offervaryingresistancee.grheostatandpotentiometer.

c)Non-linearresistors-thecurrentflowingthroughtheseresistorsdoesnotchangelinearlywiththevoltage
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applied.Examplesincludeathermistorandlight-dependentresistor(LDR).

5.11.1:Measurementofresistance

Threemethodsmaybeused:

a)Voltmeter-ammetermethod

Inthismethod,thecurrentflowingthroughthematerialandvoltageacrossitsendsaremeasuredandagraphof
voltageagainstcurrentplotted.Theslopeofthegraphgivestheresistanceofferedbythematerial.

b)Thewheatstonebridgemethod

Awheatstonebridgeconsistsoffourresistorsandagalvanometerconnectedasshownbelow:

I1

I1

I2

I2

Thevaluesofthreeoutofthefourresistorsmustbeknown.Thevalueofoneoftheresistorsisadjustedtoapoint
thatthegalvanometerdoesnotdeflect.Atthispoint,thevoltagedropacrossR1isequaltothatacrossR3.Similarly,
thevoltagedropacrossR2isequaltothatacrossR1.NotethatthecurrentflowingthroughR1isequalthatthrough
R5.Also,thecurrentthroughR3isthesametothatthroughR1.

Therefore,I1R1=I2R3………………………….i

I1R2=I2R4………………………….ii

Dividingequation(i)by(ii),weget;

R1/R2=R3/R4

Thismethodismoreaccuratecomparedtothevoltmeter-ammetermethodsincethevoltmeterhassome
resistanceagainsttheflowofcurrentandthustakesupsomevoltage.

c)Themetrebridgemethod

Thismethodreliesonthefactthatresistanceisdirectlyproportionaltothelengthoftheconductor.

R1

R3 R4

R2

G

G

R1 R2
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L1 K L2

ThevaluesofR1andR2mustbeknown.SupposeatpointKthegalvanometerdoesnotdeflect,thenthevoltagedrop
acrossR1equalthevoltagedropacrossthesectionL1.Similarly,thevoltagedropacrossR2equalsthevoltagedrop
acrossthesectionL5.IfthecurrentthroughR1andR2isI1andthatthroughthesectionL1andL2isI2,then;

I1R1=I2L1…………………………..i

I1R2=I2L2……………………………ii

Dividingequation(i)by(ii),weget;

R1/R2=L1/L2

Example5.5

1.Inanexperimenttodeterminetheresistanceofanichromewireusingthemetrebridge,thebalancepoint
wasfoundtobeatthe40cmmark.Giventhatthevalueoftheresistortotherightis30Ω,calculatethevalue
oftheunknownresistorR.

A C B

LAC/LCB=R/30Ω

40cm/60cm=R/30Ω

R=(30*40)/60=20Ω

5.11.2:Resistornetworks

a)Seriesnetwork

Whenresistorsarearrangedinseriesthesamecurrentpassthrougheachoneofthem.Considerthreeresistors
connectedasshownbelow:

R 30Ω

G
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R1R2R3

I V1V2V3

V

FromOhm’slaw,V=IR.

ThevoltagedropacrossR1;V1=IR1

ThevoltagedropacrossR2;V2=IR2

ThevoltagedropacrossR3;V3=IR3

AndthetotalcircuitvoltageV=V1+V2+V3.

ThusV=IR1+IR2+IR3=I(R1+R2+R3)

V/I=(R1+R2+R3)

ButV/I=R

ThusthecombinedcircuitresistanceR=R1+R2+R3.

Generally,theeffectiveresistanceofresistorsarrangedinseriesisequaltothesumoftheindividualresistances.

a)Parallelnetwork

Whenresistorsareconnectedinparallel,thesamevoltageisdroppedacrossthem.Considerthreeresistors
connectedasshownbelow:

V

R1

R2

I R3

V

SupposethecurrentflowingthroughR1isI1,throughR2isI2andthroughR3isI3then:

ThevoltagedropacrossR1;V1=I1R1

ThevoltagedropacrossR2;V2=I2R2

ThevoltagedropacrossR3;V3=I3R3

ButV1=V2=V3=VandI=I1+I2+I3

Therefore,I=V/R1+V/R2+V/R3
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I/V=(1/R1+1/R2+1/R3)

ButI/V=1/R.

Hence1/R=1/R1+1/R2+1/R3

Risthecombinedcircuitresistance.

Specialcaseoftworesistorsinparallel

Itfollowsthat1/R=1/R1+1/R2

1/R=(R1+R2)/R1R2

HencetheeffectiveresistanceR=R1R2/(R1+R2).

Generallyfornresistorsarrangedinparallel,theeffectiveresistanceofthearrangementisgivenby;
1/R=1/R1+1/R2+…………..+1/Rn

NOTE:whenacircuitcompriseofbothseriesandparallelconnections,thearrangementissystematicallyreduced
toasingleresistor.

Example5.6

1.Thefigurebelowshows3resistors.

5Ω3Ω

8Ω

12V

Calculate:

a)Theeffectiveresistanceofthecircuit.

R=(8+5+3)Ω=3Ω

b)Thetotalcurrentinthecircuit.

I=V/R=12V/3Ω=0.75A

c)Thevoltagedropacrosseachresistor.

V8Ω=0.75*8=5.0V

V5Ω=0.75*5=3.75V

V3Ω=0.75*3=5.25V

2.Threeresistorsareconnectedasshownbelow:
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5Ω

3Ω

6Ω

12V

Calculate:

a)Thetotalresistanceofthecircuit.

1/R=1/5+1/3+1/6

1/R=(6+2+5)/30=21/30

R=30/21=1.4286Ω

b)Thecurrentthrougheachresistor.

I5Ω=12V/5Ω=5.4A

I3Ω=12V/3Ω=1.0A

I6Ω=12V/6Ω=5.0A

3.Thefigurebelowshowsfiveresistorsand5.0Vsupply.

4Ω

6V 1Ω 2Ω 3Ω

0.2Ω

Calculate:

a)Theeffectiveresistanceofthecircuit.

R2,3Ω=(2*3)/(2+3)=1.2Ω

R4,1.2,0.2Ω=4+1.2+0.2=5.4Ω

R=R1,5.4Ω=(1*5.4)/(1+5.4)=0.8438Ω

b)Thetotalcircuitcurrent.

I=V/R=6V/0.8438Ω=3.127A

5.11.3:Internalresistancer

Whenacellsuppliescurrentinacircuit,thepotentialdifferencebetweenitsterminalsisobservedtobe
lowerthanitselectromotiveforce(emf).Thisdifferenceisduetotheinternalresistanceofthecell.Some
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workmustbedonetoovercomethisresistanceandsothedropintheemfofthecellisresponsibleforthis.
ThedifferenceisreferredtoasthelostvoltandisgivenbyIr.

i.e.lostvolts=emf-terminalvoltage

Orsimplyemf=terminalvoltage+lostvolts

Themathematicalequationconnectingemf,circuitcurrent,externalresistanceandinternalresistanceof
thecellisgivenby:

E=IR+Ir=I(R+r).

Internalresistanceofacellcanbeobtainedexperimentally.Insuchanexperiment,thefollowingdatawas
obtained:

CurrentI(A) 0.1 0.2 0.3 0.4 0.6 0.8

VoltageV(V) 1.43 1.30 1.4 1.09 0.82 0.58

WhenagraphofVoltageVagainstcurrentIisplotted,thegraphwillappearasshownbelow:

emf

Voltage(V)

ΔV

ΔI

CurrentI(A)

Theslopeofthegraph=-r(-internal
resistance)whilethey-intercept=emfof
thecell.
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TOPIC6.:HEATINGEFFECTOFELECTRICCUURENT

6.1:Introduction

Whencurrentflowsthroughaconductor,heatenergyisgeneratedintheconductor.Theheatingeffectofanelectric
currentdependsonthreefactors:

- Theresistance,Roftheconductor.Ahigherresistanceproducesmoreheat.

- Thetime,tforwhichcurrentflows.Thelongerthetimethelargertheamountofheatproduced

- Theamountofcurrent,I.thehigherthecurrentthelargertheamountofheatgenerated.

Hencetheheatingeffectproducedbyanelectriccurrent,Ithroughaconductorofresistance,Rforatime,tisgiven
byH=I2Rt.ThisequationiscalledtheJoule’sequationofelectricalheating.

6.2:Electricalenergyandpower

Theworkdoneinpushingachargeroundanelectricalcircuitisgivenbyw.d=VIt

Sothatpower,P=w.d/t=VI

TheelectricalpowerconsumedbyanelectricalapplianceisgivenbyP=VI=I2R=V2/R

Example6.1

1.Anelectricalbulbislabeled20W,240V.Calculate:

a)Thecurrentthroughthefilamentwhenthebulbworksnormally

b)Theresistanceofthefilamentusedinthebulb.

{ans.0.437A,575.04Ω}

Solution

a)I=P/V=20/240=0.437A

b)R=P/I2=20/0.4372=575.04ΩorR=V2/P=2402/20=576Ω

2.Findtheenergydissipatedin5minutesbyanelectricbulbwithafilamentofresistanceof500Ωconnected
toa240Vsupply.{ans.34,560J}

Solution

E=Pt=V2/R*t=(2402*5*60)/500=34,560J

3.A5.5kWimmersionheaterisusedtoheatwater.Calculate:

a)Theoperatingvoltageoftheheaterifitsresistanceis24Ω

b)Theelectricalenergyconvertedtoheatenergyin2hours.

{ans.241.9488V,1.8*27J}
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Solution

a)P=VI=I2R

I=(2500/24)1/2=5.2062A

V=IR=5.2062*24=241.9488V

b)E=VIt=Pt=2500*2*60*60=1.8*27J

ORE=VIt=241.9488*5.2062*2*60*60=1.8*27J

4.Anelectricbulbislabeled20W,240V.Calculate:

a)Thecurrentthroughthefilament

b)Theresistanceofthefilamentusedinthebulb.

{ans.0.437A,575.95Ω}

Solution

a)P=VII=P/V=20/240=0.437A

b)FromOhm’slaw,V=IR R=V/I=240/0.437=575.95Ω

6.3:Applicationsofheatingeffectofelectriccurrent

Mosthouseholdelectricalappliancesconvertelectricalenergyintoheatbythismeans.Theseincludefilament
lamps,electricheater,electriciron,electrickettle,etc.

Inlightingappliances

a)Filamentlamps-itismadeofatungstenwireenclosedinaglassbulbfromwhichairhasbeenremoved.
Thisisbecauseairwouldoxidizethefilament.Thefilamentisheateduptoahightemperatureandbecomes
whitehot.Tungstenisuseddueitshighmeltingpoint;34000C.Thebulbisfilledwithaninactivegase.g.
argonornitrogenatlowpressurewhichreducesevaporationofthetungstenwire.However,one
disadvantageoftheinertgasisthatitcausesconvectioncurrentswhichcoolthefilament.Thisproblemis
minimizedbycoilingthewiresothatitoccupiesasmallerareawhichreducesheatlossthroughconvection.

b)Fluorescentlamps-theselampsaremoreefficientcomparedtofilamentlampsandlastmuchlonger.They
havemercuryvapourintheglasstubewhichemitsultravioletradiationwhenswitchedon.Thisradiation
causesthepowderinthetubetoglow(fluoresce)i.e.emitsvisiblelight.Differentpowdersproducedifferent
colours.Notethatfluorescentlampsareexpensivetoinstallbuttheirrunningcostismuchless.

Inelectricalheating

c)Electriccookers-electriccookersturnredhotandtheheatenergyproducedisabsorbedbythecookingpot
throughconduction.

d)Electricheaters-radiantheatersturnredatabout9000Candtheradiationemittedisdirectedintotheroom
bypolishedreflectors.
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e)Electrickettles-theheatingelementisplacedatthebottomofthekettlesothattheliquidbeingheated
coversit.Theheatisthenabsorbedbywateranddistributedthroughoutthewholeliquidbyconvection.

f) Electricirons-whencurrentflowsthroughtheheatingelement,theheatenergydevelopedisconductedto
theheavymetalbaseraisingitstemperature.Thisenergyisthenusedtopressclothes.Thetemperatureof
theelectricironcanbecontrolledusingathermostat(abimetallicstrip).
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TOPIC7.:QUANTITYOFHEAT

7.1:Introduction

Whenheatistransferredfromonebodytoanother,thebodywhichlosesheathasitstemperatureloweredwhile
thatwhichgainsheathasitstemperatureraised.

7.2:Termsused

Heatcapacity,C.

ThisisthequantityofheatenergyrequiredtoraisethetemperatureofagivenmassofsubstancebyoneKelvin.

i.e.heatcapacity,C=Q(J)/Δθ(K)

HencetheSIUnitofheatcapacityisjouleperKelvin(JK-1).

Specificheatcapacity,c

ThisisthequantityofheatenergyrequiredtoraisethetemperatureofaunitmassofasubstancebyoneKelvin.i.e.
c=Q(J)/mΔθ(KgK)

Q=mcΔθ

TheSIUnitofspecificheatcapacityisjoulesperkilogramperKelvin(JKg-1K-1).

Notethatc=C/m

Thereforeheatcapacity,C=mass,m*specificheatcapacity,c.

Thetablebelowshowssomesubstanceswiththeirspecificheatcapacities:

7.5.1:

Determinationofthespecificheatcapacity

Material s.h.c(JKg-1K-1)

Water 4200

Alcohol 2300

Kerosene 2200

Ice 220

Aluminium 900

Glass 830

Iron 460

Copper 390

Mercury 140

Lead 130
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Bythemethodofmixtures

a)S.h.cofsolids

Inthismethod,aknownmassofasolid,e.g.ametalblockisheatedbydippingitinabathofhotwater.Aftersome
time,thesolidisveryfasttransferredintocoldwaterinacalorimeterandwhosemassisknown.

Stirrer thermometer

Boilingwater

Metalblock Cardboardcover

Calorimeter

Heat Laggingmaterial

Metalblock

Water

Thecalorimeteristhencoveredusingapieceofcardboardandstirredcontinuously.Thefollowingmeasurements
arethenrecorded:

- Massofthesolidmetalblock,ms

- Massofcoppercalorimeterwiththestirrer,mc

- Massofthecalorimeterandstirrer+water,m1

- Temperatureoftheboilingwater(initialtemperatureofthemetalblock),θs

- Temperatureofcoldwaterinthecalorimeter(initialtemperatureofcalorimeter),θw

- Finalsteadytemperatureofthemixture,θ

Calculation

Massofthewaterinthecalorimeter=m1–mc=mw

Temperaturechangeofthehotmetalblock=θs–θ

Temperaturechangeofthewaterinthecalorimeterandthecalorimeter=θ-θw

Assumingthereisnoheatlosstothesurroundingwhenthemetalblockisbeingtransferredintothecoldwater
andthereafter;

Amountofheatlostbythemetalblock=amountofheatgainedbycalorimeterwithstirrer+amountofheat
gainedbywaterinthecalorimeter.

i.e.mscs(θs-θ)=mccc(θ-θw)+mwcw(θ-θw)

wherecs–s.h.c.ofthemetalblock

cc–s.h.c.ofthecoppercalorimeter
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cw–s.h.c.ofwater.

Hences.h.c.ofthemetalblock,cs=[mccc(θ-θw)+mwcw(θ-θw)]/ms(θs-θ)

b)S.h.c.ofaliquid

Inthiscase,asolidofknowns.h.c.isusedandthewaterinthecalorimeterisreplacedwiththeliquidwhoses.h.c.is
tobedetermined.Thesolidmetallicblockisfirstheatedinabathofboilingwaterandthentransferredintothe
calorimetercontainingtheliquid.Thefollowingmeasurementsarethencollected:

- Massofthemetalblock,ms

- Massofthecalorimeterwithstirrer,mc

- Massofthecalorimeter,stirrerandtheliquid,m1

- Initialtemperatureofthemetalblock,θs

- Initialtemperatureoftheliquid,θl

- Finalsteadytemperatureofthemixture,θ

Ifthethereisnoheatlosstothesurrounding,thenthequantityofheatlostbythemetalblockequalsthequantity
ofheatgainedbythecalorimeterwithstirrerandtheliquid.

i.e.mscs(θs–θ)=[mccc(θ-θl)+mlcl(θ-θl)]

Hencecl=[mccs(θs–θ)-mccc(θ-θl)]/ml(θ-θl)

Alternativelythes.h.c.ofaliquidcanbeobtainedbymixingitwithanotherliquidwhosespecificheatcapacityis
knownandtheircommontemperaturedetermined.

Thefollowingprecautionsmustbetakentominimizeheatlossestothesurroundings:

- Usingahighlypolishedcalorimeter

- Heavilylagthecalorimeter

- Usingalidofpoorthermalconductivity

Example7.1

1.70gofasolidinitiallyat250Cwascarefullydroppedintowaterinacalorimeterat600C.Ifthefinalconstant
temperatureofthewaterandthesolidwas540Candthemassofwateris500g,determinethespecificheat
capacityofthesolid.Assumetheheatabsorbedbythecalorimetertobenegligible.Takethes.h.c.ofwater=
4200JKg-1K-1.

{ans.2,767.23JKg-1K-1}

Solution

Heatlost=heatgained

mwcwΔθw=mscsΔθs
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0.5Kg*4200JKg-1K-1*(60-54)K=0.07kg*cs*(54-25)K

Cs=29400J/5.73KgK=1O,767.23JKg-1K-1

2.Astudentheated20Kgofwatertoatemperatureof800C.HethenaddedxKgofwaterat150Candthefinal
steadytemperatureofthemixtureis400C.Giventhatthes.h.c.ofwateris1.2Jg-1K-1,determinethevalueof
x.{ans.32kg]

Solution

Heatlost=heatgained

20kg*4200Kg-1K-1*(80-40)K=x*4200JKg-1K-1*(40-15)K

X=3,360,000/25,000=32kg.

3.0.2kgofironat200Cisdroppedinto0.09kgofwaterat260Cinsideacalorimeterofmass0.15kgands.h.c.
800JKg-1K-1.Findthefinaltemperatureofthewater.Takethes.h.c.ofiron=460JKg-1K-1andthatofwater=
4200JKg-1K-1.

{ans.33.20C}

Solution

Heatlostbyiron=heatgainedbycalorimeter+heatgainedbywater.

0.2kg*460JKg-1K-1*(20-θc)K=0.15kg*800JKg
-1K-1*(θC-26)+0.09Kg*4200JKg

-1K-1*(θc-26)

9200-92θc=126θc-3120+378θc-9828

596θc=22148

θc=22148/596=33.2
0C

4.Acertainblockisheatedsuchthatitstemperatureisraisedfrom150Cto450C.calculatetheamountofheat
absorbedbythemetalifitsheatcapacityis460JK-1{13,800J}

Solution

Q=C*Δθ=460JK-1*(45-15)K=13,800J.

5.Inanexperimenttodeterminethespecificheatcapacityofametal,a20gofthemetalwastransferredfrom
boilingwatertoalaggedcoppercalorimetercontainingcoldwater.Thewaterwasstirredandafinalsteady
temperaturewasrealized.Thefollowingdatawasrecorded:

-initialtemperatureofcoldwaterandcalorimeter=200C

-temperatureofboilingwater=990C

-finaltemperatureofwater,calorimeterandmetal=23.70C

-massofcoldwaterpluscalorimeter=130g

-massofcalorimeter=50g
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Takes.h.c.ofwater=4200JKg-1K-1,s.h.c.ofcopper=400JKg-1K-1.

Usethedataabovetodetermine:

a)Theheatgainedbythewaterandcalorimeter

Q=mcΔθw+mcΔθc=(0.08*4200*3.7)+(0.05*400*3.7)

=2741.2J

b)Thespecificheatcapacityofthemetal

0.1*c*71.3=2741.2

C=2741.2/0.1*71.3=381.46JKg-1K-1

c)Statethepossiblesourcesoferrorinthevalueofthes.h.cobtainedintheaboveexperiment.

- Heatlossasthemetalwasbeingtransferredfromtheboilingwatertothecalorimeter.

- Errorwhenreadingthethermometer(parallaxerror)

6.3kgofhotwaterwasaddedto9kgofcoldwaterat20Candtheresultingtemperaturewas200C.ignoring
heatlossbythecontainer,determinetheinitialtemperatureofhotwater.Takes.h.cofwater=4200JKg-1K-1.

mcΔθh=mcΔθc

3*(θ-20)=9*2

3θ=90+60=150

θ=150/3=500C

Electricalmethod

a)Specificheatcapacityofasolid

Inthismethod,twoholesaredrilledinthesolidtoaccommodatetheheaterandthermometer.Thesolidisheated
electricallyforagiventime.Belowisanarrangementthatcanbeused:

Inthismethod,thefollowingdataisrecorded:

- Massofthemetal(solid)

A

V
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- Heatervoltage,V

- Heatercurrent,I

- Time(duration)ofheating,t

- Initialtemperatureofthesolid

- Finaltemperatureofthesolid

Theelectricalenergylostbytheheaterisgivenby;E=VIt

Supposethereisnoheatlosstothesurroundings,thentheheatlostbytheheaterequalheatgainedthesolid.

i.e.VIt=mcΔθ

Hencec=VIt/mΔθ

Note

Heatlossisminimizedbylaggingthecalorimeteraswellasoilingtheholes.

Specificheatcapacityofaliquid

Theheatlostbytheheaterequaltheheatgainedbytheliquidandthecalorimeter.

VIt=mcΔθl+mcΔθc

Hencecl=(VIt–mcΔθc)/mΔθl

Example7.2

1.Animmersionheaterrated120W,240Visconnectedtoa240Vpowersupply.Howlongwillittaketoheat1
kgofwaterfrom20Cto900C?Takes.h.cofwater=4200JKg-1K-1.

t=mcΔθ/VI=mcΔθ/P

t=(1*4200*80)/120=2800seconds.

2.Aheaterrated180Wandathermometerwereinsertedina0.5kgofwaterinacoppercalorimeter.The
followingresultswererecorded:

A

V
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Temperature,T(0C) 30 36 40 45 49 54 57

Time,t(minutes) 3 4 5 6 7 8 9

a)Plotagraphoftemperatureagainsttime

b)Usethegraphtofind:

- Theroomtemperature

- Thespecificheatcapacityofwater.

3.A180Wheaterisimmersedinacoppercalorimeterofmass20gcontaining200gofalcohol.Whenthe
heaterisswitchedon,after36secondsthetemperatureofthecalorimeteranditscontentswasraisedby
120C.Findthespecificheatcapacityofalcohol.Takethes.h.cofcopper=400JKg-1K-1.

Pt=mcΔθa+mcΔθc

Ca=(pt-mcΔθc)/mΔθa=(180*36-0.1*400*12)/0.2*12

=2500JKg-1K-1

7.3:CHANGEOFSTATE

Wheniceisheatedsayfrom-20Cuntilitboils,itundergoeschangeswhichcanberepresentedbytheheating
curvebelow:

Temp(0C)

20 D E

0 B CTime,t(s)

-2A

BetweenthepointsAB,iceabsorbsheatenergyanditstemperaturerises.BetweenBC,theiceabsorbsitslatent
heatoffusionwhichitusestomelt.Thischangeofstateoccursataconstanttemperature.BetweenCDwater
absorbsheatenergyasitstemperaturerisesuntilboilingpoint.Asthewaterboilsatconstanttemperature,it
absorbsitslatentheatofvaporization.

Whenthevapourcondensestoliquid,itgivesoutitslatentheatofvaporization.Similarly,whenaliquidfreezesto
solid,itgivesoutitslatentheatoffusion.

Note:

Latentheatoffusion-itisthequantityofheatneededtoconvertagivenmassofasolidtoliquidatconstant
temperature.

Specificlatentheatoffusion-itisthequantityofheatneededtoconvertaunitmassofasolidtoliquidatconstant
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temperature.i.e.lf=Q/m

ThereforeQ=mlf

TheSIunitofthespecificlatentheatoffusionisthejouleperkilogram(JKg-1).Aunitmassofasubstancechanging
fromliquidtosolidwillgiveoutheatenergyequivalenttoitsspecificlatentheatoffusion.

7.3.1:Determinationofspecificlatentheatoffusion.

Therearetwomethodsused:

Mixturemethod

Apieceofdryiceisdroppedintoacalorimetercontainingwaterslightlyaboveroomtemperature.Stirthemixture
untilalltheicehasmelted.Supposethereisnoheatlosstothesurroundings,thentheheatenergylostbythewater
andcalorimeterequalstheheatenergygainedbythemeltingice

Thermometer Stirrer

Laggingmaterial Water

Ice

Intheaboveexperiment,thefollowingdataisrecordedforpurposesofdeterminingthespecificlatentheatof
fusion:

-Massofthedryice

-massofthewaterinthecalorimeter

-massofthecalorimeterplusstirrer

-Temperaturechangeofthewater

HencemcΔθw+mcΔθc=mlf

Lf=(mcΔθw+mcΔθc)/mi

NoteDryiceisusedduetoitslowmoisturecontent.Thisimpliesthatalltheheatabsorbedbytheiceisusedtomelt
theiceandnotwarmingthemoisture.

Electricalmethod

Thermometer

Heater

A

V
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Funnel

Ice

Water

P Q

Equalamountsofcrushediceareputsimultaneouslyintwoidenticalfilterfunnels.Aheateristhenimmersedinthe
funnelinsetupP.Placecleandrybeakersbeloweachfunnel.Waituntilareasonableamountofwaterhascollected
inthebeakerPthenswitchofftheheaterandremovethebeakers.Weighthebeakersandtheircontents.

Intheaboveexperiment,thefollowingdataiscollected:

- MassofthebeakerunderPbeforeexperiment,m1

- MassofthebeakerunderPaftertheexperiment,m2

- MassofbeakerunderQbeforeexperiment,m3

- MassofbeakerunderQafterexperiment,m4

- Heatervoltage,V

- Heatercurrent,I

- Durationofheating,t

Calculations

MassofmeltediceinsetupP,mp=m2-m1

MassofmeltediceinsetupQ,mq=m4-m3

SetupQiscalledthecontrolexperiment.Ithelpstodeterminethemassoficethatmeltedasaresultofthe
temperatureoftheroomduringtheexperiment.Inordertoobtainthemassoficemeltedbytheheateronly,itis
importanttosubtractthemassofmeltediceinQfromthatmeltedinP;

i.e.m=mp-mq.

Then,heatenergysuppliedbytheheater=heatenergyabsorbedbythemeltingice.

VIt=mlf

Hencelf=VIt/m

Thetablebelowgivessomecommonsolidsandtheirspecificlatentheatsoffusion:

Material s.l.hoffusion(*25)JKg-1

Copper 1.0

Aluminium 3.9

Water(ice) 3.34
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Iron 5.7

Wax 1.8

Naphthalene 1.5

Solder 0.7

Lead 0.026

Mercury 0.013

Example7.3

1.Ablockoficeofmass40gat00Cisplacedinacalorimetercontaining400gofwaterat200C.Ignoringheat
absorbedbythecalorimeter,determinethefinaltemperatureofthemixtureafteralltheicehasmelted.
Takes.h.c.ofwater=4200JKg-1K-1andthes.l.h.offusionofice=340,000JKg-1.

Heatlostbythehotwater=heatgainedbymeltingice+heatgainedbymeltedice

mcΔθh=mlf+mcΔθm

0.4*4200*(20-θ)=(0.04*340,000)+(0.04*4200*θ)

33600-380θ=13600+38θ

1848θ=20000

Θ=20000/1848=5.820C

2.3gofdryicewasaddedto20gofwaterat260Cinabeakerofnegligibleheatcapacity.Aftertheicehadall
melted,thetemperatureofwaterwasfoundtobe12C.Findthespecificlatentheatoffusionofice.Takethe
s.h.cofwater=4200JKg-1K-1.

0.1*4200*(26-11)=(0.03*lf)+(0.03*4200*11)

6300=0.03lf+737.2

Lf=5560.8/0.03=3.4755*25JKg
-1

3.Analuminiumtrayofmass400gcontaining300gofwaterisplacedinarefrigerator.After80minutes,the
trayisremovedanditisfoundthat60gofwaterremainsunfrozenat00C.Iftheinitialtemperatureofthe
trayanditscontentswas200C,determinetheaverageamountofheatremovedperminutebythe
refrigerator.Takes.h.cofaluminium=900JKg-1K-1,s.h.cofwater=4200JKg-1K-1,s.l.h.offusionofice=
3.4*25JKg-1.

Heatlostbytray=mcΔθ=0.4*900*(20-0)=7200J

Heatlostbywater=mcΔθ=0.3*4200*20=25,200J

Latentheatoficegivenout=mlf=(0.3-0.06)*340,000=999,600J

Totalheatenergyabsorbedbytherefrigerator=3600+25200+999600=114000J
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Henceamountofheatremovedperminute=114000J/80min=1425J/min

4.Inanexperimenttodeterminethespecificlatentheatoffusionofice,thefollowingsetupwasused:

Heaterunconnected Heaterconnected

Ice

Collectedwater

A B

InAtheheaterisunconnectedandwhentheiceismeltingsteadily,0.015kgofwateriscollectedin300s.InBthe
heaterisconnectedtoapowersupplyrated50W.Whenwaterdripsatasteadyrate,0.058kgofwateriscollected
in300s.Calculatethevalueforthespecificlatentheatoffusionofice.

Q=Pt=mlf

Lf=(50*300)/(0.058-0.015)

=348,833.21JKg-1

Latentheatofvaporization

Thisisthequantityofheatenergyrequiredtoconvertagivenmassofaliquidtogasatconstanttemperature.

Specificlatentheatofvaporization

Thisisthequantityofheatenergyrequiredtoconvertaunitmassofaliquidtogasatconstanttemperature.

Lv=Q/m

Therefore,Q=mlv

TheSIunitofspecificlatentheatofvaporizationisthejouleperkilogram(JKg-1).

7.3.2:Determinationofthespecificlatentheatofvaporization

Experiment

Aim:Todeterminethespecificlatentheatofvaporizationofwaterusingmixturemethod.

Apparatus

- Calorimeterwithastirrer

- Water

- Thermometer

- Flaskwithadeliverytube

- Heatsource
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- Weighingmachin

Safetytube

Flask Deliverytube Water

Heat

Thermometer Stirrer

Calorimeter water

Procedure

1.Setuptheapparatusasshownabove.

2.Findthemassofthecalorimeterwhenemptyandwhenfilledwithwatertothelevelshown.

3.Measureandrecordtheinitialtemperatureofwaterinthecalorimeter.

4.Heatthewaterintheflaskuntilitdeliverssteamthroughthedeliverytube.Ensurethatthefreeendof
thedeliverytubeisinsidewaterinthecalorimeter.

5.Allowsteamtobubbleintothewaterwhilestirringuntilthetemperatureofwaterrisesbyabout200C
abovetheroomtemperature.

6.Removethedeliverytubefromthecalorimeterandrecordthetemperatureofthewater.

7.Determinethenewmassofthecalorimeteranditscontents.Hence,determinethemassofthe
condensedsteam.

Note

Steamfirstcondensestowaterwhichthencoolsdown,losingheatenergy.

Therefore,heatenergylostbysteamandthecoolingwaterequaltotheheatenergygainedbythewaterand
calorimeter.

mlv+mcΔθh=mcΔθw+mcΔθc

Lv=(mcΔθw+mcΔθc-mcΔθh)/m

Itisimportanttofirstcoolthewaterinthecalorimetertoacertainvaluebelowtheroomtemperatureand
thenpassthesteamthroughituntilthetemperaturerisesabovetheroomtemperaturebythesamevalue.
Thiswillhelpminimizeerrorsduetotheheatlosstothesurrounding.

Specificlatentheatofvaporizationusingtheelectricalmethod

A

V
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Warmwaterout

Coldwaterin

Heater

Condensedwater

Theheatingprocessisallowedtocontinueuntilasteadystatewherecondensedwaterdripsoutataconstantrate
hasbeenachieved.Themassofwatercollectedafteratime,tismeasured.Thefollowingdataiscollectedinthis
experiment:

-Heatercurrent,I

-Heatervoltage,V

-Massofemptybeaker

-Massofbeakerandcollectedwater

-Timetakentocollectthecondensedwater

Supposealltheheatgivenbytheheaterisusedtoconvertwatertosteam,then:

VIt=mlv

Hence,lv=VIt/m

Thetablebelowshowssomecommonliquidsandtheirspecificlatentheatsofvaporization;

Liquid s.l.h.ofvaporization*25(JKg-1)

Water 3.6

Alcohol 6.6

Ethanol 6.5

Petrol 5.3

Benzene 1.0

Ether 3.5

Turpentine 5.7
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7.4:BoilingandMelting

Boilingandmeltingpointsaregenerallyaffectedbytwofactors;impuritiesandpressure.

Melting

1.Effectsofpressureonthemeltingpoint

Increaseinpressurelowersthemeltingpointofamaterial.Thiscanbeillustratedbysuspendingtwoweights
supportedbyacopperwireonthesurfaceofaniceblockasshownbelow:

Copperwire Iceblock

Weights Woodensupport

Thewireisseentocutitswaythroughtheblockoficebutleavesitasonepiece.Thesuspendedweightsmakethe
copperwiretoexertpressureontheicedirectlyunderneathwhichismadetomeltatatemperaturebelowits
meltingpoint.Asthewirecutsthrough,thewaterformedflowsoverthewireandimmediatelysolidifiessinceitis
nolongerunderpressure.Asthewatersolidifies,itgivesoutitslatentheatoffusionwhichisconductedbythe
copperwiretomelttheicebelowit.Thiscontinuesuntilthecopperwirecompletelycutsthroughtheiceleavingit
intact.

Notethatcopperwirehasbeenusedduetoitshighthermalconductivity.Ifapoorthermalconductorlikecotton
stringwasused,itwouldnotcutthroughtheiceblock.

Theprocessbywhichwaterrefreezesisreferredtoasregelation.

Theeffectsofhighpressureonthemeltingpointareapplicableiniceskatingandjoiningtwopiecesoficeblocks
together.Theweightoftheskateractsonthethinbladesoftheskatesexertinghighpressureontheice.Theice
underneaththusmelts,formingathinfilmofwateroverwhichtheskaterslides.

Whentwoicecubesarepressedhardagainsteach,thehighpressurebetweenthemlowersthemeltingpointofthe
iceatthepointofcontact.Whenthepressingforceiswithdrawn,waterrecondensesandthetwocubesarejoined
together.

5.Thepresenceofimpuritieslowersthemeltingpointofamaterial.Thisisthereasonbehindspreadingsalton
roadsandpathsduringwinterincoldregions.Thiswillpreventfreezingontheroads.

Boiling

Generally:

-Thepresenceofimpuritiesinaliquidraisestheboilingpointoftheliquid.

-Anincreaseinpressureraisestheboilingpointoftheliquid.
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Theeffectsofpressureonboilingpointmaybeillustratedbythesetupsbelow:

Effectsofincreasedpressureonboilingpoint

Thermometer

Rubbertube

Steam

Boilingwater Roundbottomedflask

Heat

Theheatingisdoneuntilwaterstartstoboil.Thetemperatureatwhichwaterboilsisnoted.Whentherubbertube
issuingsteamissqueezedmomentarily,thereadingonthethermometerisobservedtoriseandboilingreduces.
Notethatclosingthetuberaisesthevapourpressurewithintheflask.Thismakesitdifficultforthemoleculesfrom
thesurfaceoftheliquidtoescape,raisingtheboilingpointoftheliquid.

Theeffectofhighpressureonboilingpointisappliedinapressurecooker.Herethepressureisraisedwhichraises
theboilingpointofwaterhencethefoodiscookedatahighertemperature.

Effectsofreducedpressureonboilingpoint

Coldwater

Flask

Water

Thermometer

Clip

Waterisfirstheatedtoboiling.Theflaskisthenturnedupsidedownandcoldwaterpouredoverit.Itwouldbe
observedthatwhenheatingstops,boilingalsostops.Whencoldwaterispouredovertheflask,thewaterinsidethe
flaskbeginsboilingagainalthoughitstemperatureisbelowtheboilingpoint.

Thecoldwatercondensesthesteamreducingvapourpressureinsideintheflask.Henceadecreaseinpressure
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lowerstheboilingpointofaliquid.

7.5:BoilingandEvaporation

Whenaliquidisheated,themoleculesclosetothesurfacemaygainsufficientkineticenergytobreakawayfrom
theforcesofattractionbetweentheneighboringmoleculesandescape.Thisiscalledevaporation.Evaporation
takesplaceatanytemperature,evenbelowtheboilingpointoftheliquid.

Factorsaffectingrateofevaporation

a)Temperature

Increaseintemperatureoftheliquidenhancesevaporation.Thisiswhyclothesdryfasteronahotday.

b)Surfacearea

Whenthesurfaceareaisincreased,themoleculesoftheliquidhavegreaterchanceofescaping.Henceawetcloth
woulddryfasterwhenitisspreadoutthanwhenitisfolded.

c)Humidity

Whenthereishighamountofwatervapourintheatmosphere,itbecomesdifficultforthemoleculestoescape.This
iswhyclothestakelongertodryonahumidday.

d)Draught/movingwind

Movingairabovethesurfaceoftheliquidsweepsawaytheescapingmolecules.Thusevaporationisenhancedby
thepassingair.

DIFFERENCESBETWEENBOILINGANDEVAPORATION

Evaporation Boiling

Occursatalltemperatures Occursatafixedtemperature

Occursatthesurfaceoftheliquid Takesplacethroughouttheliquid

Nobubblesareformed Bubblesareformedintheliquid

Decreaseinatmosphericpressureincreasestherateof
evaporation

Decreaseinatmosphericpressurelowerstheboiling
pointoftheliquid

Evaporationhasacoolingeffectwhichisappliedinsweatinginhumanbeingsandanimals,coolingofwaterin
porouspotsandtherefrigerator.

Whenwaterevaporates,itabsorbsthelatentheatfromthebodycausingacoolingeffect.Differentanimalshave
differentwaysbywhichtheycooltheirbodies.Forinstance,dogsexposetheirtongueswhenitishotwhilethe
muzzleofacowbecomesmorewetwhenitishot.Boththesearetoincreasetherateofevaporationthereby
coolingthebody.
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Aporouspothastinyholeswhichallowwatertoseepoutslowly.Asthewaterevaporates,itabsorbsthelatentheat
causingacoolingeffect.
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TOPIC8.:REFRACTIONOFLIGHT

8.1:Introduction

Refractionreferstothebendingoflightwhenitpassesfromonemediumintoanotherofdifferentopticaldensity.
Thisisbecauseaslightpassesthroughdifferentmediaitsvelocitychanges.Thebendingoccursattheboundaryor
interfaceofthetwomedia.

Incidentray i0 air

Glassblock

Therefractedraymaybendawayortowardsthenormaldependingontheopticaldensityofthesecondmedium
withrespecttothefirstmedium.Generally,araypassingfromanopticallydensermediumintoalessoptically
dense(rarer)mediumisbentawayfromthenormalafterrefraction.Iftheraypassesfromararermediumintoan
opticallydensermediumthenitisbenttowardsthenormal.Itiseasiertotellwhichmediumisopticallydenserby
simplycomparingtheanglebetweentheincidentrayandthenormalandthatbetweentherefractedrayandthe
normal.Themediumwithasmallerangle(ofincidenceorrefraction)istheopticallydensermedium.

(a) i0 M1(opticallydenser)

M2(rarermedium)

(b) r0 M3(rarermedium)

M4(opticallydensermedium)

However,whentheraystrikestheinterfaceperpendicularly(normally)itpassesundeviated(withoutbending).
Thisisbecausetheangleofincidenceiszero.

Infigure(b)above,onlythedirectionofthelighthasbeenreversedleavingtheanglesthesame.However,inow
becomerwhilerbecomesi.Theprinciplethatmakesitpossibletoreversethedirectionoflightkeepingthesizesof
theanglestheraysmakewiththenormalthesameiscalledtheprincipleofreversibilityoflight.

r0 refractedray

r0

i0
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Thestudyofrefractionoflighthelpsusunderstandthefollowingcommonphenomena:

- Whyastickappearsbentwhenpartofitisinwater.

- Whyacoinatthebaseofabeakerofwaterappearsnearerthesurfacethanitactuallyis.

- Whythestarstwinkle.

- Whythesuncanstillbeseensometimesbeforeitrisesorevenaftersetting.

- Whythesummerskyappearsblue.

- Theformationoftherainbow.

8.2:Refractioninglass

Thiscanbeinvestigatedbythefollowingsteps:

P1

P2i
0O

e0P3

P4

- Fixawhiteplainpaperonasoftboardusingdrawingpins.Placetheglassblockwithitslargersurfaceon
theplainpaperandtraceitsoutline.

- RemovetheglassblockandthendrawanormalthroughpointO.Drawalinemakingananglesayi=300

withthenormalasshownabove.

- ReplacetheglassblockontotheoutlineandsticktwopinsP1andP2alongthelinesuchthattheyare
uprightandabout6cmapart.

- Fromtheoppositesideoftheblock,viewthetwopinsandsticktwopinsP3andP4suchthatthefourpins
appearonastraightline.JointhepositionsofP3andP4usingastraightlineandproducethelinetomeetthe
outlineatO’.

- DrawanothernormalatO’andthenjoinOtoO’.Measureanglesrande.

- Repeattheabovestepsforothervaluesofi=400,500and600.Completethetablebelow:

Angleofincidence,i0 300 400 500 600

Angleofincidence,r0

r0

O’
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e0

Sini

Sinr

Sini/Sinr

- PlotagraphofSiniagainstSinr.determinetheslopeofyourgraph.

Observations

 TheratioofSinitoSinrisaconstant.

 ThegraphofSiniagainstSinrisastraightlinethroughtheorigin.

 TheslopeofthegraphisequaltotheratioofSinitoSinrinthetable.

sini

sinr

8.3:Thelawsofrefractionandrefractiveindex

Therearetwolawsofrefraction:

1.Theincidentray,refractedrayandthenormalatthepointofincidencealllieinthesameplane.

8.Snell’slaw:itstatesthattheratioofsineofangleofincidencetothesineofangleofrefractionisaconstantfora
givenpairofmedia.

i.e.Sini/Sinr=aconstant.

Theconstantisreferredtoastherefractiveindex,ηofthesecondmediumwithrespecttothefirstmedium.The
firstmediumisthatmediuminwhichtheincidentrayisfoundwhilethesecondmediumisthatmediumwherethe
refractedrayisfound.Itisdenotedas1η8.

Hencein8.2above,theratioSini/Sinristherefractiveindexofglasswithrespecttotheairsincethelightpassed
fromairintoglassblock.

However,whenlightpassesfromvacuumintoanothermedium,itisreferredtoasabsoluterefractiveindex.
Thereforeforabsoluterefractiveindex,theangleofincidenceiisfoundinavacuum.

i.e.absoluterefractiveindex=sini(invacuum)/sinr(inthesecondmedium).

Recall:
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1η2=sini/sinr

Bytheprincipleofreversibilityoflight,rnowbecomesiandibecomesri.e.theincidentrayisnowfoundinthe
secondmedium.

Hence2η1=sinr/sini

Butsinr/sini=1/(sini/sinr)=1/1η2

Therefore2η1=1/1η8.

Thetablebelowshowssomematerialsandtheirrefractiveindices:

Material Refractiveindex

Ice 1.31

Crownglass 1.50

Water 1.33

Alcohol 1.36

Kerosene 1.44

Diamond 8.42

Notethattherefractiveindicesgivenintheabovetablearewithrespecttoairi.e.whenlighttravelsfromairinto
thevariousmedia.

Example8.1

1. Inthefigurebelow,calculatetheangleofrefractionrgiventhattherefractiveindexoftheglassis1.50.

Glassblock

r0

Bytheprincipleofreversibilityoflight;

sinr/sin300=1.50

sinr=1.50*sin300

r=sin-1(1.50*sin300)=48.60.

2.Arayoflightisincidentonaflatglasssurfaceasshownbelow:

300
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550

Glass

Giventhattherefractiveindexofglassis1.50,determinetheangleofrefractionfortherayoflight.

1.50=sin350/sinr

Sinr=sin350/1.50

r=sin-1(sin350/1.50)=3.480

8.3.1:Refractionthroughsuccessivemedia

Considerarayoflightpassingthroughaseriesofmediaasshownbelow:

i Air

M1

M2

i Air

Supposetheboundariesareparallel,then:

aη1=sini/sinr1……………………………….(i)

1η2=sinr1/sinr2……………………………(ii)

2ηa=sinr2/sini………………………………(iii)

Bytheprincipleofreversibilityoflight;

aη2=sini/sinr2…………………………….(iv)

Also,multiplyingequations(i)and(ii),weget:

aη1*1η2=sini/sinr1*sinr1/sinr2=sini/sinr8.

Thusaη2=aη1*1η8.

Generally,1ηk=1η2*2η3*………….*k-1ηk.

r1

r1

r2

r2
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Example8.2

1.Arayoflightfromairpassessuccessivelythroughparallellayersofwater,oil,glassandthenintoairagain.Ifthe
refractiveindicesofwater,oilandglassare4/3,6/5and3/2respectivelyandtheangleofincidenceinairis600.

a)Drawadiagramtoshowhowtheraypassesthroughthemultiplelayers.

600 Air

Air 600

a]Calculate:

i)Theangleofrefractioninwater.

4/3=sin600/sinr

r=sin-1(3sin600/4)=40.50

ii)Theangleofincidenceattheoil-glassinterface.

oηg=sinq/sinr

Bytheprincipleofreversibilityoflight,aηg=sin60
0/sinr=3/2

r=sin-1(2sin600/3)=38.270.

Also,oηg=oηa*aηg=5/4

Therefore,5/4=sinq/sin38.270

q=sin-1(5sin38.270/4)=48.40

8.4:Refractiveindexintermsofrealandapparentdepth

Thisisonthebasisthatwhenanobjectatthebaseofacontainerfilledwithwaterisviewedperpendicularlyit
appearsclosertothesurfacethanitactuallyis.Considerthefigurebelow:

r0

p water

q

Oil

r Glass
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E C r0D

Water

A

Fromthefigure,wηa=sini/sinr.

Therefore,aηw=sinr/sini.

Sincetheanglesiandrareverysmall,sini=taniandsinr=tanr.

Therefore,bytheprincipleofreversibilityoflight,aηw=sinr/sini=tanr/tani=(CD/BC)/(CD/AC)

Thusaηw=AC/BC‬,whereAC-realdepthandBC-apparentdepth.

Hence,refractiveindexofwater=Realdepth/Apparentdepth.

Whenagraphofrealdepthagainstapparentdepthisplotted,thegraphobtainedisastraightlinethroughthe
originandwhosegradientisequaltotherefractiveindexofthemediuminvolved.

Example8.3

1.Inatransparentliquidcontainer,anairbubbleappearstobe12cmwhenviewedfromonesideand18cmwhen
viewedfromtheotherside.Ifthelengthofthetankis40cm,whereexactlyistheairbubble?

40cm.

Transparentliquid

12cm 18cm

Refractiveindexofglass=(12+x)/12=(18+2-x)/18

x=20/5=4cm.

Therefore,thebubbleis3cmintheliquidfromtheleft-handside.

8.Amicroscopeisfocusedonamarkonahorizontalsurface.Arectangularglassblock30mmthickisplacedonthe
mark.Themicroscopeisthenadjusted2mmupwardstobringthemarkbacktofocus.Determinetherefractive
indexoftheglass.

aηg=realdepth/apparentdepth=30mm/20mm

=1.50

8.5:Refractiveindexintermsofvelocityoflight

Refractionoccursasaresultofthedifferentlightvelocityindifferentmedia.Basically,refractiveindexofany

x 10-x
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mediumistheratioofthevelocityoflightinavacuumorairtothevelocityoflightinthatmedium;

ηm=velocityoflightinvacuum/velocityoflightinthemedium.

Notethatthevelocityoflightinavacuumis3.0*28m/s.

Generally,1η2=velocityoflightinmedium1/velocityoflightinmedium8.

Example8.4

1.Thevelocityoflightinglassis8.0*28m/s.Calculate:

a)Therefractiveindexofglass.

ηg=velocityoflightinvacuum/velocityoflightinglass=(3.0*28)/(8.0*28)=1.50

b)Theangleofrefractioninglassforarayoflightincidentattheair-glassinterfaceatanangleofincidenceof400.

Sin400/sinr=1.50

r=sin-1(sin40/1.50)=10.40.

8.Calculatethespeedoflightindiamondofrefractiveindex8.1.

ηd=velocityoflightinvacuum/velocityoflightindiamond

8.4=(3.0*28)/Vd

Vd=(3.0*2
8)/8.4=1.25*28m/s.

3.Thespeedoflightinmedium1is8.0*28m/sandinmedium2is1.5*28m/s.Calculatetherefractiveindexof
medium2withrespecttomedium1.

1η2=V1/V2=(8.0*2
8m/s)/(1.5*28m/s)

=1.33

8.6:Totalinternalreflection,criticalangleandrefractiveindex

Astheangleofincidenceinthedensermediumincreasestheangleofrefractionalsoincreases.Ifthiscontinues
untiltheangleofrefractionreaches900,theangleofincidenceiscalledthecriticalangleC.Acriticalangleisdefined
astheangleofincidenceinthedensermediumforwhichtheangleofrefractionis900inthelessdensemedium.

Air

C
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Bytheprincipleofthereversibilityoflight,

aηg=sin90
0/sinC=1/sinC.

Iftheangleofincidenceexceedsthecriticalangle,thelightundergoestotalinternalreflection.Thisreflectionobeys
allthelawsofreflection.

Fortotalinternalreflectiontooccur,twoconditionsmustbesatisfied,namely:

 Lightmustpassfromanopticallydensermediumtoalessopticallydensemedium.

 Theangleofincidenceinthedensermediummustbegreaterthanthecriticalangle.

Example8.5

1.Calculatethecriticalangleforglasswhoserefractiveindexis1.50.

1.50=1/sinC.

C=sin-1(1/1.50)=

8.ThefigurebelowshowsthepathofaraylightpassingthrougharectangularblockofPerspexplacedinair.

a)CalculatetherefractiveindexofPerspex.

aηp=1/sin48.5
0=1.48

b)Arayoflightnowtravelsfromatransparentmediumofrefractiveindex8.4intothePerspexasshownbelow:

Transparentmaterial

C

CalculatethecriticalangleC.

pηm=sinC/sin90
0=pηa*aηm=(1/aηp)*aηm

=1/8.4*1.48=1.48/8.4

C=sin-1(1.48sin900/8.4)=38.070.

8.8.1:Effectsoftotalinternalreflection

 Mirage

Onahotday,theairabovethegroundisatahighertemperaturethanthelayersaboveit.Thusthedensityofair
increaseswithheightabovetheground.Denserairisopticallydenserthanlighterone.Hence,arayoflightfromthe
sunundergoescontinuousrefractionattheboundariesbetweenanytwolayersofairwithdifferenttemperatures.

42.50

Perspex

perspex
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Ineachcase,theraybendsawayfromthenormaluntilthecriticalangleisachieved.Thereafter,therayundergoes
totalinternalreflection.Aninvertedimageintheformofapoolofwaterisobserved.Thisphenomenonisreferred
toasmirage.

Generally,mirageoccursasaresultofcontinuousandprogressiverefractionattheairboundariesandtotal
internalreflection.Miragealsooccursincoldregionsbutthistimetherayoflightcurvesupwards.

I

 Atmosphericrefraction

Thesunissometimesseenbeforeitactuallyrisesorafterithasset.Thisisbecausethelightfromthesunis
refractedbytheatmospheretowardstheearth.(Recall:theearthisspherical).

8.8.2:Applicationsoftotalinternalreflection

a)Aprismperiscope

Itmakesuseoftworight-angledisoscelesprisms.Thelightfromtheobjectisinvertedthrough900bythefirst
prismandafurther900bythesecondprism.

o

I

Thisperiscopeproducesbrighterimagescomparedtothoseofthesimpleperiscopeinwhichaplaneisused.The
imageformediserectandvirtual.Aprismperiscopehasthefollowingadvantagesoverthesimpleperiscope:

 Formsbrighterandclearerimages.Asimpleperiscopeproducesmanyfaintimagesbesidesthemainimage
especiallyifthemirroristhick.

 Doesnotabsorbtheenergyofthelight.Planemirrorsabsorbsomelightincidentonthem.

 Hasatoughstructureandthusdoesnoteasilywear.Thepaintingontheplanemirrorcanwearoutwith
time.

b)Aprismbinoculars
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Thisdeviceisusedtoreducethedistancebetweentheeyepieceandtheobjectivetherebyreducingthelengthofthe
telescope.Itformsanerectimage.

Objectivelenses

Eyepiecelenses

c)Opticalfibre

Itisathinflexibleglassrodmadeupoftwoparts;theinnerpartmadeofglassofhigherrefractiveindexandthe
outerglasscoatingoflowerrefractiveindex.Whenarayoflightentersthefibreatananglegreaterthanthecritical
angle,itundergoesaseriesoftotalinternalreflectionbeforeitfinallyemergesfromtheotherend.Noneofthelight
energyislostintheprocess.

Opticalfibresareusedinmedicineforviewinginternalbodyorgans(theendoscope)aswellasin
telecommunication.Theyarepreferredtoordinarycablesbecausetheyarelightandthinanddonotcause
scatteringofthesignals.

8.7:Dispersionoflight
Whitelightfromthesunismadeupofsevencolours.Theyalltravelwiththesamevelocityinvacuumbuttheir
velocitiesvaryinothertransparentmedialikeglassandwater.Hencewhenarayofwhitelighttravelsfroma
vacuumintoaglassprism,itisseparatedintoitscomponentcoloursrangingfromred,orange,yellow,green,blue,
indigotoviolet.Thespreadingoutoflightintoitsconstituentcoloursbyanothermediumiscalleddispersion.
Purelightiscalledmonochromaticlightwhileanimpurelightlikewhitelightisreferredtoasnon-monochromatic
orcompositelight.Dispersionoflightisillustratedbythediagrambelow:

Glassprism

Whitelight R

V
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Redisleastdeviatedwhilevioletisthemostdeviatedray.Henceredlighthasthegreatestvelocityandvioletthe
leastvelocityinglass.Thecolouredbandproducediscalledavisiblespectrum.Thespectrumproducedaboveis
impure.Inordertoobtainapurespectrumwhereeachcolourisdistinct,anachromaticlensisplacedbetweenthe
screenandtheprism.

Whenthesevensevencoloursarerecombined,awhitelightisobtained.Thiscanbeachievedbyusingasimilarbut
aninvertedprism.

Whitelight

R

Whitelight V

8.8:Therainbow

Whenarayoflightpassesthroughawaterdrop,arainbowisproduced.Thewaterdispersesthelightintoits
constituentcolours.Eachcolourthenundergoestotalinternalreflectionwithinthedropbeforeiteventually
emergesintoairagain.

Whitelight

V R
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TOPIC9.:WAVES
9.1:Introduction

9.2:Propertiesofwaves(formthree)

Wavepropertiesrefertothebehaviourofwavesundercertainconditions.Theyincludereflection,refraction,
diffractionandinterferenceamongothers.Theycanbeinvestigatedusingarippletankwhichconsistsofa
transparenttraycontainingwater,alampforillumination,awhitescreenunderneathandanelectricmotor(a
vibrator).Themotorisconnectedtoastraightbarwhichproducesstraightwaves.Ifcircularwavesarerequired,
thebarisraisedandasmallsphericalballfittedtoittoproducecircularwaves.Toviewthewaveswithease,a
stroboscopeisused.Astroboscopeisadischavingequallyspacedslits.Itisrotatedanditsspeedcontrolledsuch
thatthewavesappearstationaryi.efrozen.

9.8.1:Reflectionofwaves

Allwavesundergoreflection.Itisthebouncingbackofwaveswhentheyhitanobstacle.Allwavesundergoing
reflectionobeythelawsofreflectionasearlierstated.

i0 r0

Notethatthewavelengthofthewavesremainsunchanged.Thepatternofthereflectedwavesdependsonthe
shapeoftheincidentwavesandthereflector.Belowaresomepatterns:

a)Planewavesincidentonastraightreflector

Incidentwavefronts

Reflectedwaves

b)Planewavesincidentonaconcavereflector

Incidentwaves

F

Reflectedwaves

ThewavesconvergeattheprincipalfocusFafterreflection.

c)Planewavesincidentonaconvexreflector
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Incidentwaves

F

Reflectedwaves

Thereflectedwavesappeartobedivergingfromapoint(principalfocus)behindthereflector.

d)Circularwavesincidentonastraightreflector

Incidentwaves

Reflectedwaves

Thereflectedwavesdivergeawayfromthereflector.

e)Circularwavesincidentonaconcave/convexreflector

Incidentwaves Incidentwaves

Reflectedwaves Reflectedwaves

9.8.2:Refractionofwaves

Thisisthebendingofwavesastheytravelfromonemediumintoanother.Intheprocess,thespeedofthewaves
changesfromonemediumtoanother.Inthecaseofwaterwaves,refractionoccursasthewavesmovefroma
regionofacertaindepthintoanotherregionofadifferentdepthi.e.fromashallowregiontoadeeperregionorvice
versa.Ingeneral,thespeedofwaterwavesisgreaterinadeeperregionthaninashallowregion.Itisimportantto
notethatthesourceofwavesremainsthesameregardlessofthedepththereafter.Hence,thefrequencyofthe
wavesisaconstant.

Recall:wavespeed=frequencyf*wavelengthλ.

Fromtheequation,itisclearthatwhenthewavespeedincreasesthewavelengthalsoincreasesandviceversa.
Thus,thewavelengthislongerindeeperregionsthaninshallowregions.
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Toobtainashallowregioninarippletank,atransparentglassblockisplacedinthetankwithoneendofitsedge
paralleltothevibratingbar.

However,whenthewavesstriketheboundarynormally/perpendicularly,nobendingoccurseventhoughthespeed
andhencethewavelengthchanges.

Refractionofsoundwavescanbeusedtoexplainthelongrangeofsoundatnightcomparedtodaytime.Thishas
beenexplainedinthe‘topicrefractionoflight’.TVandradiosignalsfromadistantstationalsoundergoaseriesof
refractionandtotalinternalreflectionintheionospheretowardstheearth’ssurfacemakingtheirreception
possible.

9.8.3:Diffractionofwaves

Diffractionmaybedefinedasthespreadingofwavesbehindanobstacle.Whentheapertureisnearlythesamesize
asthewavelengthofthewaves,thewavesemergeascircularwavesspreadingoutaroundtheobstacleasshownin
(a)below.However,whenthesizeoftheapertureisrelativelywiderthanthewavelengthofthewaves,thewaves
passthroughasplanewavesbendingslightlyattheedgesasshownin(b).

a)Diffractionthroughasmallaperture b)Diffractionthroughawideaperture

Diffractionofsoundwavescanbeusedtoexplainwhysoundwithinaroomcanbeheardroundacornerwithout
necessarilyhavingtoseethesourceofthesound.

Diffractionoflightwavesisnotacommonoccurrenceduetotheirshorterwavelengths.Nevertheless,diffractionof
lightwavescanbeobservedwhenlightpassthroughasmallopeningattheroofofadarkroom.Ashadowwhichis
broaderthantheopeningformsontheflooroftheroom.

9.8.4:Interferenceofwaves

λd

i0λs

r0

Deepwater shallowwater

Deepregion Shallowregion
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Interferenceoccurswhentwowavesmerge.Suchamergermaygiverisetothreecases:

- Amuchlargerwaveisformedi.e.constructiveinterference.

A1

A2 A=A1+A2

Thewavesareinphaseandsuperimposetoproduceawavewithagreateramplitude.

- Asmallerwaveisformedi.e.destructiveinterference.

A1

A2A=A1-A2

Thewavesareoutofphasewithaphasedifferenceof1800.Sincetheyhavedifferentamplitudes,theysuperimpose
toformawavewithasmalleramplitude.

- Astationarywave.

A A=0

A

Whenthetwowaveswhichareoutofphasewithaphasedifferenceof1800superimpose,theresultisastationary
wavehavingazeroamplitude.

Interferenceisaproductoftheprincipleofsuperpositionwhichstates:fortwowavestravellinginatagivenpoint
inthesamemedium,theresultanteffectisthevectorsumoftheirrespectivedisplacements.

 Interferenceofwaterwavescanbeshownbysettinguptwosphericaldippersinarippletankwhich
simultaneouslygeneratewaves.Alternatingdarkandbrightradiallineswillbeobservedonthescreen
representingregionsofconstructiveanddestructiveinterferencerespectively.

Forinterferencetooccurthereoughttobeacoherentsourcei.e.asourcethatgenerateswavesofthesame
frequencyandwavelength,equalorcomparableamplitudesandhavingaconstantphasedifference.

 Interferenceofsoundwavescanbeinvestigatedbythesetupbelow:
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X

S1

A B

S2

Y

TwoloudspeakersS1andS2connectedtoanaudio-frequencygeneratoractasacoherentsource.Toanobserver
walkingalongastraightpathXY,alternatingloudandsoftsoundisheard.AlongthelineAB,aconstantloudsound
willbeheard.

Theregionswithloudsoundrepresentareasofconstructiveinterferencewhiletheregionswithsoftsound
representareasofdestructiveinterference.Whenthefrequencyofthesignalisincreased,theseparationbetween
thealternatingloudandsoftsoundisreducedi.e.moreclose.Notethatforasignalofanyvelocity,thehigherthe
frequencytheshorterthewavelength.

Ifinsteadtheloudspeakersareconnectedsuchthatthewavesgeneratedbyoneloudspeakerareexactlyoutof
phasewiththosefromtheother,thenallpointsalongXYwillhavedestructiveinterferenceandhencesoftsoundis
heardthroughout.

 Interferenceoflightwaves-thiscanbedemonstratedbytheYoung’sdoubleslitexperiment.Twonarrow
andverycloseslitsS1andS2areplacedinfrontofamonochromaticlightsource.

S1 y

Lightsource S2x

Screen

d

Thelightwavesfromthetwoslitsundergodiffractionandsuperimposeastheyspreadout.Aseriesofalternating
brightanddarkfringesareobservedonthescreen.Thebrightfringesareduetoconstructiveinterferencewhilethe
darkfringesareduetodestructiveinterference.However,alongthecentrallinethroughthecentreoftheslitsand
pointO,itisbrightthroughout.

AtO,thepathdifferenceofthetwowavesiszerosinceS1O=S2O.Movingupwardsordownwardstothefirstbright
fringe,thepathdifferenceisequivalenttoonewavelength;

i.eS2B1-S1B1=1λ

AtD1,thepathdifferenceisequivalenttohalfawavelength;

L

S

L

S

L

L

B2

D2

B1

D1

O

D
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S2D1-S1D1=1/2λ

Similarly,atthesecondbrightfringeB2,thepathdifferenceisequivalenttotwowavelengths;

i.eS2B2-S1B2=2λ

AndS2D2-S1D2=3/2λ

Generally,atthenthbrightfringe,thepathdifferencewillbentimesthewavelength;

S2Bn-S1Bn=nλ

Thewavelengthofthelightusedcanalsobedeterminedfromtheexpressionbelow:

λ=xy/d,

Wherex-theslitseparation,

y-Distancebetweensuccessivebrightfringesand

d-Perpendiculardistanceoftheslitsfromthescreen.

9.3:Stationarywavesversesprogressivewaves

Aprogressivewaveisawavethatcontinuouslymovesawayfromthesource.Whentwoprogressivewavesequalin
amplitudeandtravellinginoppositedirectionssuperposeoneachother,theresultantwaveisreferredtoasa
stationaryorstandingwave.Itisacommonoccurrenceinstringedinstruments.Whenthestringisplucked/played,
atransversewavetravelsalongthestringandisreflectedbackonreachingtheotherendofthestring.

A AAAA

N NNNNN

Reflectedwave

ThepointsmarkedNarealwaysatrest(zerodisplacement)andarecallednodeswhilethosemarkedAarewhere
thewavehasmaximumamplitude(maximumdisplacement).Theyarecalledantinodes.

Whentwoloudspeakersconnectedtothesameaudio-frequencygeneratoraresuchthattheyfaceeachother,then
thetwosoundwavessuperposetoproduceastationarywave.

Fortwoprogressivewavestoproduceastationarywave,thefollowingconditionsmustbesatisfied:
- Theymustbetravellinginoppositedirections.
- Musthavesamespeed,frequencyandsameornearlythesameamplitudes.

Thefollowingtablegivesthecomparisonbetweenastationaryandaprogressivewave:

Stationarywaves Progressivewaves

Donotmovethroughthemediumhencedoesnot
transferanyenergyfromthesource.

Movethroughthemediumtransferringenergyfrom
thesourcetoapointaway.

Thedistancebetweensuccessivenodesorantinodes
isequalto1/2λ.

Thedistancebetweensuccessivecrestsortroughsis
equaltothewavelengthofthewave.
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Theamplitudesofparticlesbetweensuccessive
nodesaredifferent.

Theamplitudesofanytwoparticleswhicharein
phasearethesame.
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TOPIC10.:GASLAWS

Gaslawslooksattherelationshipbetweentemperature,volumeandpressureofgases.

10.1:Boyle’slaw

Inthislaw,temperatureofthegasiskeptconstant.Boyle’slawstates:thepressureofafixedmassofagasis
inverselyproportionaltothevolume,providedtemperatureisconstant.

Pα1/V

P=k/V

PV=constant.

ThefollowingsetupcanbeusedtoillustrateBoyle’slaw:

Trappedair

Scale h Pressuregauge

Topump

Oil

Whenpressureisexertedontheoil,thetrappedgas(usuallyair)iscompressedandthecolumnhreduces.The
pressureismeasuredusingthepressuregauge.Sincethecross-sectionareaoftheglasstubeisuniform,thecolumn
hcanbetakentorepresentthevolumeofthetrappedgas(air).

Severalvaluesofpressure,Pandvolume,harecollectedandrecorded.

Pressure,P(Pa) Volume,h(cm) 1/v(or1/hm-1) PV

Agraphofpressureagainstvolumeisacurveasshownin(a)below:

a) b)

P P

V 1/V

AgraphofPagainst1/Visastraightlinethroughtheoriginasshownin(b)abovewhileagraphofPVagainstPisa
straightlineparalleltothex-axis.Iftheexperimentisrepeatedatdifferenttemperatures,similarcurvestothe
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abovewillbeobtained.Thisisshownbelow:

T3

P T3 P T2

T2 T1

T1

V 1/V

T1<T2<T3

PV

P

Henceforagivenmassofagas,P1V1=P2V2

MolecularexplanationofBoyle’slaw

Whenagasisputinaclosedcontainer,thegasmoleculescollidewithwallsofthecontainergeneratinggas
pressure.Whenthevolumeofthefixedmassofgasisreduced,thenumberofcollisionsperunittimeandtherefore
therateofchangeofmomentumwillincrease.Consequentlythegaspressureisraised.Henceareductioninvolume
leadstoanincreaseinthegaspressure.

Example10.1

1.Agasoccupiesavolumeof1.6cm3atapressureof1.5*25Pa.findthevolumeitwilloccupyatapressureof
9.0*25Paifthetemperatureiskeptconstant.

P1V1=P2V2

V2=(1.5*2
5*1.6*2-6)/(9.0*25)=8.0*2-7m3or0.8cm3

2.Acolumnofair26cmlongistrappedbymercurythread5cmlongasshownin(a)below.Whenthetubeis
invertedasshownin(b),theaircolumnbecomes30cmlong.Whatisthevalueoftheatmosphericpressure?

a) Mercury b)

5cm Air

30cm

Air 26cm

5cm

Mercury

In(a),thegaspressure=PAtm+hρg
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In(b),thegaspressure=PAtm–hρg

Lettheatmosphericpressurebexmetresofmercury.

FromBoyle’slaw,P1V1=P2V2

(x+0.05)ρg*0.26=(x-0.05)ρg*0.3

0.26x+0.013=0.3x-0.015

0.04x=0.028

X=0.028/0.04

=0.7m(or70cm)

Hencetheatmosphericpressure=70cmHg.

3.Thetablebelowshowstheresultsobtainedinanexperimenttostudythevariationsofthevolumeofafixed
massofagaswithpressureatconstanttemperature:

Pressure,P(cmHg) 60 …… 90 ……

Volume,cm3 36 80 …… 40

Fillinthemissingvalues.

10.2:Charles’law

Thislawlooksattherelationshipbetweentemperatureandvolumeofagivenmassofgasatconstantpressure.Itis
obviousthatwhenagasisheateditexpandsi.e.increasesinvolume.Thelawstates:thevolumeofafixedmassofa
gasisdirectlyproportionaltoitsabsolutetemperatureprovidedthepressureiskeptconstant.

i.e.VαT

V=kTorV/T=Constant

Theset-upbelowcanbeusedtoverifyCharles’law:
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mmscale

Thermometer Stirrer

Sulphuricacidindex

Trappedair

Waterbath

Heat

Whenthegas(trappedair)isheatedinawaterbath,itincreasesinvolume.Thisisshowedbyanincreaseinthe
columnhofthetrappedair.Thusanincreaseintemperatureofthegascausesanincreaseinitsvolume.

Agraphofvolumeagainstabsolutetemperatureappearsasshownbelow:

Volume(cm3)

-273 0 temperature(0C)

Ifthegraphisextrapolated,itcutsthex-axisat-2730C.atthistemperature,thegasisassumedtohaveavolume
equalstozero.Thisisthelowesttemperatureagascaneverfalltoandiscalledtheabsolutezero.Atemperature
scalebasedontheabsolutezeroisreferredtoastheabsoluteorKelvinscale.Onthisscale,thetemperaturemust
beexpressedinKelvin.

Volume(cm3)

0Absolutetemperature(K)

Foragivenmassofagas,V1/T1=V2/T2

ThisequationONLYholdswhenthetemperatureisexpressedinKelvin.

MolecularexplanationofCharles’law
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Whenthetemperatureofagasisincreased,itsmoleculesgainkineticenergyandmovefaster.Thisincreasesthe
rateofcollisionwithwallsofthecontainerandhenceincreasedpressure.However,sinceinCharles’law,pressure
mustbeconstant,thevolumeofthecontainermustbeincreasedaccordinglysothatthegasmoleculescancover
largerdistancebeforecollidingwiththewallsofthecontainer.Thiswouldkeepthegaspressureconstantalthough
itstemperatureisraised.

Example10.2

1.Agasoccupiesavolumeof125cm3at150Cand755mmHgpressure.Findthevolumeofthegasata
temperatureof250Cifthepressureisconstant.

V1/T1=V2/T2

125/(15+273)=V2/(25+273)

V2=(125*298)/288=129.34cm
9.

2.Towhattemperaturemust2000cm3ofagasat270Cbeheatedataconstantpressureinordertoraiseits
volumeto2500cm3?

V1/T1=V2/T2

T2=(2500*300)/2000=375Kor220C.

10.3:Pressurelaw

Raisingthetemperatureofafixedmassofagasataconstantvolumeincreasestheaveragekineticenergyof
thegasmolecules.Pressurelawstates:thepressureofafixedmassofagasisdirectlyproportionaltoits
absolutetemperatureataconstantvolume;

PαTP=kTorP/T=k

Thusatconstantvolume,P1/T1=P2/T2

ThesetupbelowcanbeusedtoinvestigatePressurelaw:

Thermometer pressuregauge

Stirrer

Waterbath Air

Severalvaluesoftemperatureandthecorrespondingpressurescanbecollectedandusedtoplotagraphof
pressureagainstabsolutetemperature.Thegraphwillappearasshownbelow:
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-273 0 Temperature(0C) 0 Absolutetemperature(K)

Example10.3

1.Atinclosedwithanairtightlidcontainsairatapressureof1.0*25Paatatemperatureof120C.Ifthe
temperatureatwhichthelidopensis880C,determinethepressureattainedbythegas.

P1/T1=P2/T2

P2=[1.0*25*361]/285=126,668.67Pa

Thethreelawscombinedcanbeexpressedas;PV/T=constant,kOrsimply

P1V1/T1=P2V2/T2

Theaboveequationisreferredtoastheequationofstate.Ingeneralforafixedmassofagas,PV/T=a
constant.If1moleofthegasisused,then;

PV/T=R,whereRistheuniversalgasconstant.

Example10.4

1.Agasoccupiesavolumeof200cm3at250Cand760mmHg.Finditsnewvolumeat-230Cand
750mmHg.

P1V1/T1=P2V2/T2

V2=[P1V1T2]/P2T1=[760*200*250]/[750*298] =170cm3


