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TOPIC1:INTRODUCTIONTOPHYSICS

PhysicsfallsunderabroadercategoryofScience.ScienceisdividedintothreeareasnamelyBiology,Physicsand
Chemistry.Themainobjectiveofthesesubjectsistostudyandtrytounderstandtheuniverseandeverythingin
it.Thethreesubjectsareverymuchinterrelated.

Specifically,Physicsisabranchofsciencethatdealswiththestudyofmatterandhowitrelatestoenergy.What
ismatter?Matteriseverythingthatweseeandinteractwithwhichhasmassandoccupiessomespace.

Intryingtostudytheuniverse,Physicistsinmostcasesendeavortocarryoutexperimentswherequantitiesare
measuredandthencollectedasdata.Suchdataandobservationsmadearethenusedtostudyanylogical
pattern(s)torevealanyrelationshipbetweenthedata.Beforetheactualexperimentation,propositionscanbe
madewhichareactuallyinvestigatedbytheexperiment.Thisiscalledahypothesis.Thedataistakenthrougha
processofanalysisandinterpretationandconclusionsdrawn.Theconclusionmayormaynotconcurwiththe
hypothesisearlierstated.Incaseofanypatternbetweenthequantities,thiscanbeexpressedintheformofalaw,
principleortheory.

Alawisadescriptionofarelationshipbetweenquantitiesthatmanifestsitselfinrecurringpatternsofevents.
SomeofthelawswewillbelookingatincludeHooke’slaw,Ohm’slaw,etc.

Atheoryisanexplanationofphenomenaintermsofmostbasicnaturalprocessesandrelationships.Theoriesare
tentativebutcanhelpusaffirmalreadyknownlaws.Whentestedandproved,atheorycanbecomealaw.A
theorythathassurvivedlongertimeisassumedtopossesssomemeasureoftruth.

Physicsasasubjectisdividedintosixbroadbranchesasdiscussedbelow:

i. Mechanics

Thisbranchdealsmajorlywithmotionsundertheinfluenceofforces.Underthisbranch,welookintodetailsthe
aspectsoflinear,circularandoscillatorymotionsaswellasmotionoffluids.

ii. Optics

Thisbranchtakesakeenlookatthebehavioroflightinvariousmedia.

iii. Electricityandmagnetism

Thisbranchlooksattheinteractionbetweenelectricfieldsandmagneticfieldsandtheapplicationsofsuch
interactions.

iv. Thermodynamics

Thisbranchlooksathowheatasaformofenergyistransformedto/fromotherformsofenergy.

v. AtomicPhysics

Thisareaofstudyistargetedatthebehaviorofparticlesofthenucleusandtheaccompanyingenergychanges.

vi. Waves

Itdealswiththestudyofthepropagationofenergythroughspace.

Physicsdoesnotonlyrelatetheremainingtwosciencesubjectsbutalsoenjoysarelationshipwithothersubjects
aswell.Forinstance,itisthefoundationoftechnologicaldevelopmentinanycountry.

ThestudyofPhysicscanopenupmanyavenuesofprofessionsincludingengineering,degree,diplomaor
certificatecourses.
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N/B.Addtherelationshipbetweenphysicsandotherdisciplines,careeropportunitiesinphysicsandbasic
laboratoryrules.

TOPIC2:MEASUREMENTS

2.1:Physicalquantities

Thestudyofphysicsdealsmostlywithphysicalquantities.Itinvolvesinvestigation,makingobservations,
collectionofdataandtheiranalysis,interpretationanddrawingconclusions.oneimportantaspectindata
collectionistakingmeasurements.Whentakingmeasurements,onemustfirstknowthequantitytobemeasured
andtheunitformeasuringit.

Forpurposesofuniformity,physicalquantitieshavebeenassignedspecificunitswhichareacceptableworld
over.ThesearereferredtoasInternationalStandardUnit(SIUnit).

Physicalquantitiesarecategorisedintotwonamelybasicphysicalquantitiesandderivedphysicalquantities.

Abasicphysicalquantityisaquantitythatcannotbeobtainedbyeithermultiplicationordivisionofotherbasic
physicalquantities.Theyareseveninnumber.Thetablebelowshowsthesevenbasicphysicalquantities,their
symbols,SIunitsandthesymbolstotheunits:

Basicphysicalquantity Symbolofquantity SIUnit Symbolofunit

Length L Metre M

Mass M Kilogram Kg

Time T Second S

Electriccurrent I ampere A

Thermodynamictemperature T Kelvin K

Amountofsubstance Mole Mol

Luminousintensity Candela Cd

Aderivedphysicalquantityisonewhichcanbeobtainedbyeithermultiplicationordivisionofotherbasic
physicalquantities.Thetableshowssomeofthederivedphysicalquantities,howtheyareobtainedandtheirSI
Units:

Derivedphysicalquantity Howitiscalculated SIUnit Symbolofunit

Area Length*length Squaremetre m2

Volume Length*length*length Cubicmetre m3

Pressure Force/area newtonpersquaremetre
orpascal

N/m2orPa

Density Mass/volume Kilogrampercubicmetre Kg/m3

2.2:Length

Lengthcanbedefinedasthedistancebetweenanytwopoints.TheSIunitoflengthisthemetre(m).Other
multiplesandsubmultiplesofthemetrearestatedbelow:

Kilometre(km);1m=10-3km Centimetre(cm);1m=100cm

Hectometre(Hm);1m=10-2Hm Millimetre(mm);1m=1000mm

Decametre(Dm);1m=10-1Dm Micrometre(μm);1m=106μm

Decimetre(dm);1m=10dm

Lengthcanbeestimatedormeasuredaccuratelyusingappropriatemeasuringinstrument.Thetypeof
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instrumenttobeusedatanytimedependsontwofactors:

- Theobjecttobemeasured.

- Thedesiredaccuracy.

2.2.1:Estimation

Thismethodinvolvescomparingtheobjecttobemeasuredwithanotherofstandardmeasure.Forexample,the
heightofatallflagpostcanbecomparedwiththatofawoodenrodwhoselengthisknown.Thusatanygiven
time;

Heightofflagpost/heightofrod=lengthofshadowofpost/lengthofshadowofrod

Fromthisexpression,theheightoftheflagpostcanbeestimated.Supposetheheightoftherod=1m,lengthof
shadowofrod=120cmandlengthofshadowofpost=480cm,thentheheightoftheflagpostisgivenby;

Hp/100cm=480cm/120cm

Hp=100x4=400cm

Also,thethicknessofasheetofpapermaybeestimatedbytakingseveralsheetsofthepaperandmeasuring
theirthicknessthendividingbythenumberofsheetsofpaper;

Thicknessofasheetofpaper=thicknessofnpapers/numberofpapers,n.

2.2.2:Accuratemeasurement

Tomeasurelengthaccurately,thefollowinginstrumentscanbeused:

a)Metrerule

Ametreruleismarkedincentimetres.Itismarked0and100cmatitsextremeends.Ifsomespaceisleftbefore
0cmand100cmmarkthenitisreferredtoasaruler.

0 100cm 0 100cm

(a)Metrerule (b)Ruler

Thesmallestscaledivisionofametreruleis0.1cm(1mm).Thesmallestscaledivisionofanyinstrumentis
knownasitsaccuracy.Thustheaccuracyofametreruleis0.1cm.

Whenusingametre,onemustensurethefollowing:

- Thattheobjecttobemeasuredisincontactwiththemetrerule.

- Thatoneendoftheobjectisat0cmmark.

- Thattheeyeisperpendiculartothescalesoastoavoidparallaxerror.

b)Verniercalipers(formtwowork)

Averniercalliperismoreaccuratecomparedtoametrerule.Ithastwoscales;themainscaleandvernierscale.
Ithasanaccuracyof0.01cmcomparedtothatofametreruleof0.1cm.Italsohastwojaws;theinsidejawsand
outsidejaws.Theobjectwhoselengthistobemeasuredisplacedbetweentheoutsidejaws.

Insidejaws
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Mainscale Vernierscale

Outsidejaws

Considerasectionofthescaleshownbelow:

Mainscale

2 3cm

0 10

Vernierscale

Thesmallestscaledivisionofthemainscaleis0.1cm.Thewholeofthevernierscaleisoflength9mm(0.9cm)
whichissub-dividedintotenequaldivisions.Thereforeeachdivisionofthevernierscalerepresents0.09cm.The
accuracyofthecallipersisgivenbythedifferencebetweenthetwoleastreadings;

i.e.accuracyofaverniercalliper=0.1–0.09=0.01cm

Thereadingbytheverniercalliperscanbeobtainedinthreesteps:

Step1:Readingofthemainscale.Takethereadingofthemainscalejustbeforethezeromarkofthevernier
scalei.e.mainscalereading=2.1cm.

Step2:Readingofthevernierscale.Checkwhichmarkonthevernierscalecoincidesexactlywithamarkonthe

mainscalei.e2ndmark.Vernierscalereading=(nthmarkx0.01)cm.

Step3:Addingthetworeadings.

Thereforeforthefigureabove,thereading=2.1+(2x0.01)

=2.1+0.02

=2.12cm

c)Micrometerscrewgauge

Adjustingscrew Spindle Thimblescale

Anvil Sleevescale Ratchet

Thimble
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Amicrometerscrewgaugecanbeusedtomeasureverysmalldistancesaccuratelylikemeasuringthediameter
ofathinwire.Theaccuracyofamicrometerscrewgaugeis0.01mm.Italsohastwoscales;sleevescaleanda
thimblescale.Thesleevescaleismarkedinmillimetreswhilethethimblescaleisdividedintoeither50or100
equaldivisions.

-+

mm 0 5 25 mm0 5 80

20 75

(a)Thimblehaving50divisions (b)Thimblehaving100divisions

Thedistancemovedbythespindleinonecompleterotationofthethimbleiscalledapitch.

In(a),thespindleadvancesorretreatsby0.5mmpercompleterotationofthethimble;

50divisionsonthethimblescale=0.5mm

And1division=0.5mm/50=0.01mm

In(b),thespindlemovesthrough1mmpercompleterotationofthethimble.

Similarly,100divisions=1mm

Hence1division=1mm/100=0.01mm

Sowhetherthethimblehas50or100divisions,theleastreadingofthemicrometerscrewgaugeremainsthe
samei.e0.01mm.

Takingmeasurementsusingthemicrometerscrewgaugealsoinvolvesthreesteps:

Step1:Takingthesleevescalereading.Readtheobservablemarkattheedgeofthethimbleinmm.

Step2:Takingthethimblescalereading.Readoffthemarkonthethimblescalethatcoincidesdirectlywiththe
centrelineofthesleevescale.

Hencethethimblescalereading=(nthmark*0.01)mm.

Step3:addingthetworeadings.Thesumofthetworeadingsgivesthereadingbythemicrometerscrewgauge.

Example2.1

1.Statethereadingindicatedineachcase:

15 65

0 5 5 10

10 60

(a) (b)

a)Reading=7.5+(12x0.01)
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=7.5+0.12=7.62mm

b)Reading=12+(62x0.01)

=12+0.62=12.62mm

2.2.3:Zeroerrorofaverniercalliperandmicrometerscrewgauge

Whenthejawsoftheverniercalliperareclosedwithoutanyobjectbetweenthemthenthezeromarksofthe
mainscaleandthatofthevernierscaleshouldcoincide.Inthiscasethecalliperissaidtohavenozeroerror.

0 1cm

0 10

However,whenthetwozeromarksdonotcoincidethenthecalliperhasazeroerror.Whenthezeroofthe
vernierscaleisfoundtotheleftofthezeroofthemainscale,thecalliperissaidtohaveanegativezeroerror.If
theinstrumentisusedwiththiserror,thenthereadingobtainedwillbelowerthantheactualvalue.Togetthe
actualreadingtheerrormustbeaddedtotheinstrument’sreading.

0 1cm

0 10

Zeroerror=-(3x0.01)=-0.03cm

Ifthezeroofthevernierscaleistotherightofthezeroofthemainscale,thecalliperhasapositivezeroerror.

0 1cm

0 10

Zeroerror=+{0+(1x0.01)}=+0.01cm

IftheIcalliperisusedwithsuchanerror,thereadingobtainedwillbehigherthantheactualvalue.Hencethe
errorshouldbesubtractedfromthereadingtogetthecorrectvalue.

Similarly,whenthemicrometerscrewgaugeisclosedwithoutanyobjectbetweenitsanvilandspindleandthe
0markofthethimblescalefailstocoincidewiththecentrelineofthesleevescalethenitissaidtohaveazero
error.Notethattheedgeofthethimbleshouldalsobeinlinewiththezeromarkofthesleevescalewhentaking
thezeroerror.

5 0

0 0 0 5 0 95

0

(a)Noerror (b)Anegativezeroerror (c)Apositivezeroerror

In(b),theerror=-(3x0.01)=-0.03mm

In(c),theerror=+(4x0.01)=+0.04mm.

Generally,whenthesignsofthezeroerrorsaretakenintoaccount,allzeroerrorsaresubtractedfromthe
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instrument’sreadingtogivethecorrectreading.

Example2.2

1.Amicrometerscrewgaugewasusedtomeasurethediameterofathinwire.Thereadingisasshowninthe
figurebelow:

mm0 5 55

50

Statethediameterofthewireifthemicrometerhad:

a)Anegativezeroerrorof0.22mm

Correctreading=instrument’sreading–zeroerror

=7.52-(-0.22)

=7.52+0.22=7.74mm

b)Apositivezeroerrorof0.10mm

Correctreading=7.52-(+0.10)

=7.52-0.10=7.42mm

2.3:Area(formone)

Areaisdefinedasthemeasureofsurface.ItsSIUnitisthesquaremetre(m2).Otherunitsofareaincludecm2,

km2,hectaresetc.areacanalsobeestimatedorcalculatedaccurately.Theareaofregularshapescanbe
calculatedfromknownformulas;

e.g.areaofatriangle=½(basexheight)

Areaofarectangle=lengthxwidth

Areaofacircle=πr2

Theareaofirregularshapescanbeestimatedbycountingthenumberofsmallsquareswhicharecoveredbythe
irregularobject.Notthatinthiscasetheareaofeachsmallmustbeknown.Considerthefigurebelowofan
irregularly-shapedobject.
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Thenumberofcompletesquarescoveredbytheshape=14

Thenumberofincompletesquarescoveredbytheshape=19

Therefore,thenumberofcompletesquarescoveredbytheshapeisapproximately(14+19/2)=23.5squares.

Supposetheareaofonesquareis1cm2,thentheareaoftheshapeisapproximately;

Area=23.5x1=22cm2.

2.4:Volume

Volumeistheamountofspaceoccupiedbyanobject.It’smeasuredincubicmetre(m3).Othercommonlyused

unitsincludecm3,ml,litreetc.

2.4.1:Volumeofregularlyshapedobjects

Volumesofregularlyshapedobjectscanbecalculatedfromknownformulas.Generally,thevolumearegular
objectisgiventheproductofitscrosssectionareabytheheight.

Volume=crosssectionareaxheight

2.4.2:Volumeofliquids

Volumesofliquidscanbemeasuredusingspecificinstruments.Theseincludethemeasuringcylinder,volumetric
flask,beaker,buretteandpipette.Notethatliquidshavenodefiniteshapesbuttaketheshapeofthecontainerin
whichtheyareput.

2.4.3:Volumeofirregularlyshapedobjects

Volumesofirregularlyshapedsolidscanbeobtainedbydisplacementmethod.Thismayinvolveusinga
measuringcylinderoraEurekacan.

Usingameasuringcylinder.

Thecylinderisfirstfilledwithwateruptoacertainlevelanditsvolumereadoff.Thentheobjectwhosevolume
isrequiredisimmersedinthewatercompletely.Thenewlevelisreadoff.Thevolumeoftheobjectisequalto
thedifferencebetweenthetworeadings.

Vf

Vi

Usingtheeurekacan

Thecanisfirstfilledwithwateruntilitoverflowsthroughthespout.Aftertheflowhasstopped,carefully
immersetheobjectandcollectthewaterwhichflowsoutthroughthespoutusingameasuringcylinder.Wait
untilthelastdropcomesoutandthenreadoffthevolumeofthewatercollected.Thisisequaltothevolumeof
thesolidimmersedsinceithasbeendisplacedbythesolid.

Thesetwomethodsonlyworkwhenthesolid:
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- Doesnotreactwithwater.

- Doesnotabsorbwater.

- Cansinkinwater(denserthanwater).

2.4.4:Volumeofafloatingobject

Thesamemethodofdisplacementisusedbutwithasinker.Itinvolvesthreesteps:

1.Filltheeurekacanwithwater.

2.Carefullyimmersethesinkerandnotethevolumeofwateritdisplaces.

3.Filltheeurekacanagainandnowimmerseboththesinkerandthefloatingobject.Notethenewvolume
ofwaterdisplaced.

Thedifferencebetweenthetwovolumesgivesthevolumeofthefloatingobject.

2.5:Mass

Massisthequantityofmatterinabody.Itismeasuredinkilogram.Othercommonlyusedunitsincludegram,
milligramandtonne.

1kg=0.001ton

1kg=1000g

1kg=1000000mg

Massofabodydependsonthenumberofparticlesithasanditssize.Hencethemassofabodyisthesame
everywheresincethenumberofparticlesinabodyisalwaysconstant.Massismeasuredusingabeambalance.
Thereareothertypesofbalanceswhichmaybeusedtomeasuremass.Theseincludethetoppanbalanceanda
leverbalance.

2.6:Density

Densityisdefinedasthemassperunitvolumeofasubstance;

Density=mass/volume

TheSIUnitofdensityisthekilogrampercubicmetre.Theothercommonlyusedunitisgrampercubic

centimetre(g/cm-3).Thesymbolofdensityisrho(ρ).

Thedensityofaregularlyshapedobjectcanbeobtainedbyfirstfindingitsmassandvolumeseparatelyandthen
substitutingintheformula,ρ=m/v.

Example2.3

1. Anobjectofmass50.1ghasadensityof16.7gcm-3.Whatisthevolumeoftheobject?

ρ=m/v

Therefore,v=m/ρ=50.1g/16.7gcm-3

=3cm3
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2.6.1:Densitybottle

Thisisaspecialglassbottlethatcanbeusedtodeterminethedensityofliquidsandcertainsolidslikeleadshot.
Thebottlehasitscapacityindicatedonitssurface.

a)Densityofaliquidusingadensitybottle

Theemptybottlewithitsstopperisfirstweighedanditsmassnoted,saym1.Itisthenfilledwiththeliquid,
stopperreplacedandwipedcarefully.Itshouldalwaysbeheldbyitsnecktoavoidunnecessaryheatingand
expansionofthebottle.Thebottleisthenweighedandthemassnoted,saym2.

(a)Emptybottle (b)Bottlefilledwithwater

Thedifferencebetweenthetwovolumesisequaltothevolumeoftheliquidinthebottle.Supposethecapacityof
thebottleisV,thenthedensityoftheliquidisgivenby:

Densityofliquid=(m2-m1)/V.

b)Densityofasolid(leadshot)usingadensitybottle.

Theemptybottleisfirstweighedanditsmassnoted;m1.Someleadshotareaddedintothebottleandweighed
again.Letthemassofthebottleandleadshotbem2.Hencethemassofleadshotis(m2-m1).Wateristhenadded
intothebottleuntilitiscompletelyfilled.Thenewmassofthebottleanditscontentsnoted.Letthemassof
bottle,leadshotandaddedwaterbem3.Thusthemassofwateraddedis(m3-m2).

Sincethedensityofwateris1gcm-3,thevolumeofwateraddedtothebottleisgivenby;

Vw=m/ρ=(m3-m2)/1=(m3-m2).

SupposethecapacityofthebottleisV,thenthevolumeoftheleadshotisgivenby;

VL=V-Vw=V-(m3-m2).

Andthedensityofleadshot=(m2-m1)/{V-(m3-m2)}.

Note:

1.Thereshouldbenoairbubblesintheliquidbeingusedtofillthebottle.

2.Thesolidbeingusedin(b)aboveshouldbeonethatdoesnotdissolveinandreactwithwater.

Example2.4

1.Themassa50cm3densitybottleis10.0gwhenemptyand60.0gwhenfilledwithcopperturningsuptoa
certainlevel.Somewaterisaddedintothebottleuntilitisfull.Themassofthebottleanditscontentsis
foundtobe90.0g.Determinethedensityofthecopperturnings.

Massofcopperturnings=60.0–10.0=50.0g

Massofwateradded=90.0–60.0=30.0g



11|Page
©PHYSICSPLUS

Sinceρofwater=1gcm-3

Thevolumeofwateradded=30.0/1=30cm3

Therefore,thevolumecopperturnings=50–30=20cm3.

Hencedensityofcopperturnings=50g/20cm3=2.5gcm-3.

2.6.2:Densityofmixtures

Thedensityofmixtureisthemassofthemixturedividedbyitsvolume;

Densityofmixture=massofmixture/volumeofmixture.

Thedensityofamixturealwaysliesbetweenthedensitiesofitsconstituentsubstances.

Example2.5

1.1800cm3offreshwaterofdensity1000kgm-3ismixedwith2200cm3ofseawaterofdensity1025kgm-3.

Calculatethedensityofthemixtureingcm-3.

Volumeofmixture=1800+2200=4000cm3

Massoffreshwater=1800x1=1800g

Massofseawater=2200x1.025=2255g

Hencedensityofmixture=(1800+2255)g/(1800+2200)cm3

=4055/4000=1.01375gcm-3

2.7:Time

Timeisthemeasureofdurationofanevent.TheSIUnitoftimeisthesecond(s).timecanalsobemeasured
inmicroseconds(μs),milliseconds(ms),minutes(min),hours(hr),days,weeks,months,yearsetc.timecan
bemeasuredusingstopwatchesorstopclocks.Astopwatchismoreaccuratecomparedtostopclock.

2.8:Theoildropexperiment(formtwo)

Theaimofthisexperimentistoestimatethesizeofanoilmolecule.Whenadropofoilisplacedonthe
surfaceofcleanwater,itspreadsoutintoauniformcircularpatch.Theoillowersthesurfacetensionof
waterwhoseparticlesthenpullawayfromtheoil.

Thepatchisassumedtohaveathicknessequaltothethicknessoftheoilmolecule.Theoildropisalso

assumedtobeaperfectsphere.Thusitsvolumeisgivenby4/3(πr3).Forclarityofthepatch,some
lycopodiumpowderisgentlysprinkledofthesurfaceofwater.

So,volumeofanoildrop=volumeofpatch.

4/3(πr3)=πrp
2t;

Wherer=radiusoftheoildrop,

rp=radiusofpatch.

t=thicknessoftheoilmolecule.
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Intheexperiment,anumberofassumptionsaremade.Theseinclude:

- Volumeofanoildropisequaltothevolumeofthepatch.

- Theoildropisaperfectsphere.

- Thepatchisperfectlycircularandonemoleculethick.

- Theoildropisonemoleculethick.

Theknowledgeoftheoildropexperimentcanbeusedtodeterminetheextentofenvironmentaldamageasa
resultofoilspillagefromshipsinlargewaterbodies.
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TOPIC3:FORCE

Forceisdefinedasapushorapullonabody.siunitofforceisthenewton(N).forceisavectorquantityi.e.has
bothmagnitude(size)anddirection.

3.1:Effectsofforceonabody

 Setsabodyintomotion.

 Canstopamovingbody.

 Canincreaseorreducethespeedofamovingbody.

 Canchangethedirectionofamovingbody.

 Maydeform(changetheshapeof)abody.

Forceisrepresentedbyastraightlinewithanarrow,whichshowsthedirectioninwhichitacts.Onenewtonis

theforcewhichgivesamassof1kganaccelerationof1m/s2.

3.2:Typesofforce

Forcecanbecategorizedintwoways.Theseare:

 Aseitherapushorapull

 Aseithercontactornon-contactforce

Contactforcesarethoseforcesbetweenbodieswhichareincontacte.g.actionandreaction,viscousdrag,friction
etc.Non-contactforcesactbetweenbodiesatadistancee.g.gravitationalforce,magneticforce,electrostatic
forceetc.

Belowaresomecommontypesofforces:

3.2.1:Gravitationalforce

Itistheforcethatattractsallobjectstowardsthecentreoftheearth.Itisuniqueineveryplanet.Theearth’s
gravitationalforceisthatforceofattractionbetweentheearthandthebody.Thepullofgravityonabody
towardsthecentreoftheearthiscalleditsweight.Weightvariesfromplacetoplacealthoughitsmassremains
constant.

Theweightofabodyistheproductofitsmassandthegravitationalforceactingonthebody

i.e.weight=mass*gravitationalforce.

3.2.2:Tension

Whenastringisstretchedorcompressedatbothofitsends,itexperiencesaforcecalledtension.Astretchedor
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compressedmaterialwilltendtoregainitsoriginalshapewhenthestretchingorcompressingforceis
withdrawn.Materialsthatdonotbreakafterstretchingorcompressionissaidtobeelastic.

3.2.3:Upthrust

Whenanobjectisimmersedinafluid(liquid/gas),thereisalwaysanoppositeupwardforceactingonit.Thisis
calledupthrustforce.

NB.Thereisnoupthrustforceinavacuum.

Upthrustforce=Weightofobjectwheninair--Weightoftheobjectwhenimmersedinfluid(Apparentweightoftheobject)

3.2.4:Frictionforce

Thisistheforcethattendstoopposethemotionofoneobjectoveranotherwhentheyareincontact.Friction
forceisusefulinmanywaysforinstanceduringwalking,writing,applyingbrakes,lightingamatchstick,etc.
Frictioninfluidsiscalledviscousdragorsimplyviscosity.

3.2.5:Magneticforce

Amagnetcaneitherattractorrepelamagneticmaterial.Thisforceofattractionorrepulsioniscalledmagnetic
force.Materialsthatarenotaffectedbyamagnetaresaidtobenon-magneticmaterials.

3.2.6:Electrostaticforce

Thisistheforceofattractionorrepulsionbetweenstaticcharges.Likechargesrepelwhileunlikechargesattract.
Electrostaticforceisevidentinthefollowingcases:

Aplasticpenorrulerrubbedondryairpicksupsmallpiecesofpaperplacedonatable.

Suchapencanattractastreamofwaterfromawatertap.

Aglasswindowwipedusingadrypieceofclothonadrydayimmediatelyattractsdustparticles.

Brushedshoesattractdustparticles.

Whencombingadryhair,acrackingsoundisproduced.

Alltheseareasaresultofattractionbetweentheformedchargesandtheoppositecharges.

3.2.7:Centripetalforce

Thisistheforcethatconstraintsabodytomaintainacircularpathasitmove.Itisusuallydirectedtowardsthe
centreofthecircle.

3.2.8:Actionandreaction

Actionandreactionareequalandoppositeforces.Whenablockofwoodrestsonatableitsweightisexertedon
thetable.Thisisactionforce.Thetableontheotherhandexertsanequalupwardforceontheblockofwood.
Thisisreactionforceanditpreventstheblockfromsinkingdownbelowthetable.

3.2.9:Cohesiveandadhesiveforce

Cohesiveforceistheforceofattractionbetweenmoleculesofthesamekinde.g.forcebetweenwatermolecules.
Adhesiveforceistheforceofattractionbetweenmoleculesofdifferentkindse.g.forcebetweenwatermolecule
andthesurfaceofglass.

Forinstancewhenamoleculeofwaterisputonacleanglasssurface,thewaterspreadson(wets)theglass
surface.Thisisbecausethereisgreateradhesiveforcebetweenwaterandglassmoleculethanthecohesiveforce
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betweenthewatermolecules.However,whentheglasssurfaceiswaxed,thewaterformssphericalballs.Thisis
becauseforawaxedsurface,theadhesiveforcebetweenwaterandglassislowerthanthecohesiveforce
betweenwatermolecules.

Mercuryontheotherhandwillformsphericalballsbothonacleanandwaxedglasssurface.Thisisbecause
cohesiveforcebetweenmercurymoleculesisgreaterthanadhesiveforcebetweenmercuryandglassmolecules.
Waxingtheglasssurfaceinthiscaseevenlowerstheadhesiveforcefurther.

Cohesiveandadhesiveforcecanbeusedtoexplainthemeniscusofwaterandmercuryinaglasstube.

Water Mercury

Fig.(i) Fig.(ii)

Infig(i),greateradhesiveforcebetweenglassandwatermakeswatertoriseupthenarrowglasstubeby
capillaryactionsothatasmanywatermoleculesaspossiblecanbeincontactwithglass.Hencethemeniscusof
watercurvesdownwards.Thenarrowertheglasstubethehigherthelevelofwater.

Infig(ii),cohesiveforcebetweenthemercurymoleculesisgreaterthantheadhesiveforcebetweenmercuryand
glass.Mercurythussinksdownthetubesothatitsmoleculescansticktogether.Hencethemeniscusofmercury
curvesupwardsfromtheglasssurface.Thenarrowerthetube,thelowerthelevelofmercuryinthetube.

3.2.10:Surfacetension

Thecohesiveforcebetweenthemoleculesofaliquidgivesitsomestrength.Thesurfacecanthusresist
stretching.Surfacetensionistheforcethatmakesthesurfaceoftheliquidtobehavelikeafullystretchedelastic
skin.

Surfacetensionallowslightinsectstorestoverwaterwithoutsinking.asteelrazorbladeorneedlefloatson
waterifplacedcarefullybutsinkswhensoapsolutionorkeroseneisplacedaroundit.Alsoifoneendofthe
needleispressedintothewater,itbreaksthesurfacetensionandtheneedlesinks.

Molecularexplanationofsurfacetension

Considertwomolecules,AandBshownbelow:

AmoleculeAdeepinthewaterissurroundedbyothermoleculesfromallsides.Thenetforceonthismoleculeis
thuszeroi.e.theforcescancelout.AmoleculeBatthesurfacehasfewermoleculesontheupperpart.Theinward
resultantforceonBthuscausesthesurfaceofwatertobeundertension.

Note:

Differentliquidshavedifferentstrengthsofsurfacetension.

Activity1

1.Describethebehaviorofsoapbubblewhenblowntothewiderendofafunnel.

B

A
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2.Explainwhyaglasstumblercanbefilledwithwaterabovethebrimwithoutpouringout.

3.Explainwhybrushbristleswouldspreadwhenitisdippedinwaterbutclingtogetherwhentakenoutof
water.

3.3:Factorsaffectingsurfacetension

3.3.1:Temperature

Whenthetemperatureofaliquidisincreasedthekineticenergyofitsmoleculesisalsoincreased.Theinter-
moleculardistanceincreasesloweringthecohesiveforcebetweentheliquidmolecules.Consequentlythesurface
tensionoftheliquidisreduced.

3.3.2:Impurities

Thepresenceofimpuritiesinaliquidlowersitssurfacetension.Examplesofimpuritiesincludekeroseneand
detergentslikesoapsolution.

3.4:Massandweight

Massisdefinedasthequantityofmatterinasubstance.Weightontheotherhandisthepullofgravityonan
object.Weightofabodydependsonthemassofthebodyandthegravitationalfieldstrengthattheplace.The
earthisflatteratthepolessuchthatthedistancebetweenthecentreoftheearthandthepolesisshorterthan
theradiusoftheearthattheequator.Thisimpliesthattheforceofattractionbetweenthesurfaceoftheearth
anditscentreisgreateratthepolesthanattheequator.Henceabodywillweighmoreatthepolesthanatthe
equator.

Thetablebelowsummarizesthedifferencesbetweenmassandweight:

Mass Weight

Isthequantityofmatterinabody Isthepullofgravityonabody

Measuredinkilogram Measuredinnewton

Constant/sameeverywhere Variesfromplacetoplace

Measuredbyabeambalance Measuredbyspringbalance

Scalarquantity Vectorquantity

Ascalarquantityisaquantitythatcanbedescribedintermsofmagnitude(size)onlyegspeed,distance,areaetc
whileavectorquantityisaquantitythathasbothmagnitudeanddirectione.g.displacement,velocity,
momentumetc.

Example3.1

1.Abodyweighs75Nontheearth’ssurface.Calculateitsmassingramsifg=10N/kg.

W=mxg

m=W/g=75N/10Nkg-1

=7.5kg=7500g

2.Amanweighs900Nonearthand150Nonthemoon.Iftheearth’sgravitationalfieldstrengthis10N/kg,
determinethemoon’sgravitationalfieldstrength.

Massonearth=W/g=900N/10Nkg-1
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=90kg=massonthemoon

Gravitationalfieldstrengthonthemoon=W/m=150N/90kg

=1.67N/kg

3.5:Measurementofforce

Themostcommoninstrumentformeasuringforceisthespringbalance.Itusestheprincipleofextensionwhen
thereisastretchingforce.Somespringbalancesarecalibratedinnewtons(N)whileothersarecalibratedin
kilogramorevengram.Inthelattercase,itisadvisabletoconvertthekgorgintonewtons.

Twoormorespringbalancescanbeassembledtoactasonespringbalance.Whenthespringsarejoinedin
series,thecombinedextensionwillbethesumoftheindividualspringextension.

However,whentheyareconnectedinparallel,thespringswillsharetheload.Thecombinedextensiontherefore
willbetheextensionofonespringdividedbythenumberofsuchspringsinparallel.

Example3.2

1.Thefigurebelowshowstwoidenticalspringbalancessupportedasshown:

A B

Statethereadingoneachspringbalance.

Eachspringwillread=80/2=40N

2.Threeidenticalarrangedasshownbelowwereusedtosupportaloadofweight20N.Ifthebeamhasa
weightof1Nandeachspringwouldextendby1cmifaloadofweight4Nissuspendedfromit,determine
theextensionofeachspring.

A B

C

ExtensioninspringA=ExtensioninspringB={(21/2)x1cm}/4N=2.265cm

ExtensioninspringC=(20Nx1cm)/4N=5cm

N/B.AddscalarandvectorquantitiesaswellasProblemsinvolvingW:MxG

Scalarquantity-aquantitywithmagnitudeonlye.gvolume,area,temperature,luminousintensity

Vectorquantity-aquantitywithbothmagnitudeanddirectione.gforce,displacement,velocityetc

8kg

20N
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TOPIC4:PRESSURE

4.1:Introduction

Pressureisdefinedasthecompressiveforceactingnormally(perpendicularly)perunitarea;

i.e.pressure=force/area

TheSIunitofpressureisnewtonpersquaremetre(N/m2).Pressurecanalsobeexpressedinpascals(Pa);

1N/m2=1Pa

AtmosphericpressureissometimesexpressedasmmHg,cmHgoratmospheres.

Foragivenamountofforce,thesmallertheareaofcontactthegreaterthepressureexerted.Thisexplainswhyit
wouldbeeasierforasharppintopenetrateapieceofcardboardthanabluntonewhenthesameforceisused.

4.2:Pressureinsolids

Asolidrestingonahorizontalsurfaceexertsanormalcontactforceequalstoitsweight.Thepressureofthesolid
onthesurfacedependsontheareaofcontact.

Areaofcontact,A

Weight,W

Example4.1

1.Amanwhosemassis90kgstandsonafloor.

a)Iftheareaofcontactbetweenhisfeetandtheflooris0.0368m2,determinehowmuchpressurehe
abletoexertonthefloor.

P=F/A=900N/0.0368m2

=24,456.5217N/m2.

b)Whatpressurewillheexertonthefloorifnowhestandsononefoot?

P=900N/(0.0368/2)=48,913.0435N/m2

4.3:Pressureinfluids

Afluidisatermthatreferstoeitherliquidsandgases.Thesetupbelowcanbeusedtoillustratepressurein
fluids:

C

B

A

C

B

A
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ThelowerholeAisobservedtothrowwaterthefarthest,followedbyholeBandCtheclosest.Thisindicatesthat
pressureatAisgreaterthanthatatBandpressureatBisgreaterthanthatatC.

Conclusion

Pressureinfluidsincreaseswithdepthi.e.thegreaterthedepththehigherthepressureitexerts.

Thisexplainswhythewallsofadamaremadewiderdownwards.

Widerwall

Adiverunderwaterexperiencespressureduetotheweightofwaterabovehimplustheatmosphericpressure
abovethewatersurface.Thedeeperthediver,thegreaterthepressure.

Whenaliquidispouredintoasetofconnectedtubesofdifferentshapes,itrisesupuntilthelevelsarethesame
inallthetubes.

4.4:Thefluidpressureformula

Consideraliquidofdensityρinacontainerofuniformcross-sectionareaA,suchthatthedepthoftheliquidin
thecontainerish;

Crosssectionalarea,A

Liquid Depth,h

Volumeoftheliquid=A*h

Mass=volume*density

=Ahρ

Weightoftheliquid=mass*gravitationalfieldintensity=forceexerted

=Ahρg
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Fromthedefinitionofpressure,P=F/A

=Ahρg/A

=hρg

Itisthusclearthatpressureinfluidsisdirectlyproportionaltotheheightofthecolumnh,thedensityofthefluid
ρandthegravitationalfieldstrengthg.

Note:Pressureinfluidsdoesnotdependonthecrosssectionareaofthecontainerwhichholdsit.

Example4.2

1.Calculatethepressureexertedbyacolumnofkeroseneof850mm.takethedensityofkerosene=800kgm
-3.

P=hρg=0.85mx800kgm-3x10N/kg

=6800Pa

4.5:Transmissionofpressureinfluids

ThefigurebelowshowsaliquidunderpressureduetotheforceFactingontheplunger.

P

Piston

F P

P

Assumingthattheholesareidentical,whentheplungerispushedforward,theliquidsquirtsoutthroughthe
holeswithequalforce.IfthepistonareaisA,thenthepressuredevelopedisF/A.thispressureistransmitted
equallytoallpartsoftheliquid.ThisiscalledPascal’sprinciple.Theprinciplestatesthatpressureappliedatone
partofaliquidistransmittedequallytoallotherpartsoftheenclosedliquid.Gasescanalsotransmitpressurein
asimilarwayprovidedtheyareincompressible.

TheworkingofhydraulicmachinesisbasedonPascal’sprinciple.

4.6:Atmosphericpressure

Thetermatmospherereferstotheairsurroundingtheearth.Theweightofairabovetheearth’ssurfaceexerts
pressureontheearth.Thispressureiscalledatmosphericpressure.Thepresenceofatmosphericpressurecan
bedemonstratedbythecrushingcanexperiment;

Coldwater

Boilingwater

Thecanisfilledwithwaterthenheatedforseveralminutes.Aftersometime,thecanissealedandthencooledby
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runningcoldwateroverit.

Whenthewaterisheated,steamisproducedwhichdisplacesairinthecan.Whencoldwaterisrunoverit,steam
condensesleavingavacuuminthecan.Pressureinsideisthusreducedbelowtheexternalatmosphericpressure.
Hencethecancrushesinwards.

Atmosphericpressureisalsoveryvitalwhenusingadrinkingstraw.Bysuckingthroughadrinkingstrawthe
pressureinsideisreduced.Theatmosphericpressureactingonthesurfaceoftheliquidovercomesthepressure
insidethestraw.Thepressuredifferenceandhencetheresultantforcepushestheliquidupthestraw.

4.7:Measurementofpressure

Atmosphericpressureismeasuredusinganinstrumentcalledabarometer.Thefollowingaresometypesof
barometers:

 Amercurybarometer

Torricelianvacuum

MercuryPatmh

Atmosphericpressurecansupportaliquidcolumninatube.Oneendofthetubeisclosedandthetubeisfilled
withmercury.Wheninvertedandwiththeopenendbelowtheliquidsurfaceinthecontainer.Theatmospheric
pressure(Patm)ontheopensurfaceistransmittedbytheliquidtothebaseoftheliquidcolumnandsupportsits
weight.

Withtheliquidcolumnh,theatmosphericpressurecanbedeterminedfromtheequation;

Pressure=hρg

Whereh-istheheightoftheliquidcolumn

ρ-Densityoftheliquid(mercury)

g-Gravitationalfieldstrength

Atsealevelatmosphericpressurecansupportapproximately76cmcolumnofmercuryequivalentto
approximately10mcolumnofwater.Mercuryisthuspreferredasabarometricfluidsinceitgivesashorterand
measurablecolumncomparedtowater.

Ingeneral,atmosphericpressuredecreaseswithaltitude.Thevalueofatmosphericpressureatsealeveliscalled
thestandardatmosphericpressureandisattimesreferredtoasoneatmosphere.

Pressureatsealevel=hρg=0.76m*13600kg/m3*10N/kg

=103,360N/m2

Ifthereisairtrappedinthespaceabovethemercurycolumnthenthebarometerisfaulty.Thisspaceabovethe
mercurycolumniscalledtoricellianvacuum.Totestwhetherthisspacehassomeairtrapped,thetesttubeis
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tilteduntilitisatthesamelevelwiththemercurycolumnwhenthetubeisupright.Ifthespaceistrulyavacuum,
thetesttubewillbecompletelyfilledwithmercurywhileifithastrappedairaspacewillstillremainatthetop.

A B C

Spacehavingair

Normallythetoricellianvacuumcontainssomelittlemercuryvapour.

Notethatthisbarometerisnotreadilyportable.

 Amanometer

ThisisaU-shapedtubeopenonbothends.Oneendisconnectedtoasourceofgaswhosepressureistobe
determined.Theotherarmisopentotheatmosphere.Thiscreatesapressuredifferencewhichdisplacesthe
manometerliquid.

Trappedgas Patm

Pg h

A B

ThepointsAandBareatthesamelevelandassuchexperiencethesameamountofpressure.ThepressureatA
isthegaspressurewhilethatatBequalsthepressureduetotheliquidcolumnplusatmosphericpressure;

Pg=PA+hρg

 Fortinbarometer

Scale

Screwforadjustingthescale

Mercury Protectivebrasstube

Ivorypointer

Glass Leatherbag

Thefixedivoryindexwithasharppointactsasthezeromarkofthemainscale.Beforetakinganyreadingthe
levelofthemercuryinthereservoirmustfirstbeadjusteduntilthetipoftheivoryindexjusttouchesthesurface
ofmercury.
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Theheightofmercurycolumnisthenreadfromthemainscale.thisreadingisthenusedtocalculatethepressure
attheplace.Anychangeintheatmosphericpressurecausesthelevelofmercuryinthereservoirtomoveupor
down,hencetheadjustmentoftheivoryindexisnecessary.

 Aneroidbarometer

Thistypeofbarometerismoreportable.

Pointer

Scale Coiledspring

Partialvacuum Corrugatedmetalbox

Lever

Strongspring

Whenthepressureoutsidethecorrugatedmetalboxisreduced,theboxexpandssettingtheleversintomotion.
However,whenthepressureoutsideincreases,theboxreducesinvolume.Theresultantmovementsofthe
springsandleversmovesthepointeracrossthescalerecordingthevalueoftheatmosphericpressure.

Theaneroidbarometercanalsobeusedtomeasureheights.Forinstance,altimetersareaneroidbarometers
usedinaircraftstomeasureheights.

 Pressuregauge

Pressuregaugesarealsoeasilyportable.Itiscommonlyusedtomeasuregaspressure,tyrepressure,etc.It
consistsofacoiledflexiblemetaltube.Whenthepressureinsidethetubeincreases,thetubeuncoils.The
movementofthetubeismagnifiedbytheleverandgearmechanismwhichthenmovesthepointeracrossthe
scale.

Scale Pointer Leverandgearsystem

Flexiblemetaltube

4.8:Applicationsofpressure

1.Abicyclepump

Barrel Air
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Valve

Upstroke Washer

Theleatherwasherisveryflexibleandworksbothasavalveandapiston.Duringtheupstroke,airinthebarrel
expandsanditspressurereducedbelowtheatmosphericpressureoutside.Thepressuredifferenceandhence
theresultantforceactingdownwardspushestheairpastintothebarrel.Thevalveremainsclosedduetothe
highpressureinthetube.

Duringdownstroke,airinthebarreliscompressedraisingitspressure.Thishighpressurepressestheleather
washeragainstthewallofthebarrelhencenoairleaksout.Whenthepressureoftheairinthebarrelovercomes
thatinsidethetube,theairisforcedthroughthevalveintothetube.Theworkdoneincompressingtheairinthe
barrelgeneratessomeheatraisingthetemperatureofthebarrel.

2.Thehydraulicmachines

ThesemachinesapplyPascal’sprincipleintheirworking.Theyincludethefollowingmachines:

a)Hydrauliclift

F1

Piston(areaA1) Piston(areaA2)

WhenaforceF1isexertedonthesmallerpistonofcrosssectionareaA1,thepressuredeveloped(F1/A1)is
transmittedbytheliquidtothelargerpistonofcrosssectionareaA2andisabletosupportaloadF2.Alternatively,
thepressureexertedontheliquidbythelargerpistoncanbeexpressedasF2/A2.Ifthesystemisinequilibrium,
thenF1/A1=F2/A2.

b)Hydraulicbrakesystem

Mastercylinder

Tootherwheels

Slavecylinder Footpedal

Brakelining Drum

Brakeshoe

Spring

Theforceappliedonthefootpedalexertspressureonthemastercylinder.Thispressureistransmittedequally
bythebrakefluidtotheslavecylinder.Thepistonsoftheslavecylinderarethenforcedtoopenoutwards.This
opensthebrakeshoe.Thebrakeliningthenpressesthedrum,resistingtherotationofthewheel.Whentheforce
onthefootpedalisreleased,thereturnspringpullsbackthebrakeshoeandthewheelcanrotateonceagain

F2
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.Thepressureexertedonthemastercylinderistransmittedequallytoallthefourwheelsandsothebraking
forceisuniform
Inorderforthebrakesystemnottofail,theliquidusedshouldhavethefollowingproperties;

 Beincompressible.
 Havelowfreezingpointandhighboilingpoint.
 Shouldnotcorrodepartsofthebrakesystem.

3.Theliftpump

Theliftpumpreliesontheatmosphericpressuretoraisewaterfromaboreholeorwell.Ithastwovalves,Aand
B.

Upstroke

Force

Piston Plunger

Patm hPatm

Tostartthepump,watermustbepouredontopofthepiston,aprocesscalledpriming.Thiscreatesanair-tight
sealaroundthepistonandinvalveA.Thepumpisoperatedbymeansofalever.Ithastwocycles,upstrokeand
downstroke.

Duringupstroke

Whentheplungermovesupduringupstroke,valveAclosesduetothepressureofwateraboveitplustheweight
oftheplunger.Atthesametime,airabovevalveBexpandsandtheatmosphericpressureonthesurfaceofwater
pusheswaterpastvalveBintothebarrel.TheplungerismovedupanddownuntiltheregionbetweenAandBis
filledwithwater.Waterabovethepistonisthenliftedoutthroughthesidetube.

Duringdownstroke

Duringdownstroke,valveBclosesduetoitsweightpluspressureofwaterabovethepiston.

Limitationoftheliftpump.

Theatmosphericpressurecanonlysupportacolumnofwaterofabout10mmi.e.Normalatmosphericcanraise
watertoamaximumheightof10m.

Inpractice,thisheightisusuallybelow10m.Thisdueto;

 Lowatmosphericpressureinplacesathighaltitudes.

 Leakagesatthevalvesandpiston

BB

AA
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4.Theforcepump.

Upstroke Downstroke

R Trappedair

Q

Inthisdesign,thepressureusedtoraisewateriscreatedbythepersonoperatingthepumphandle.Thepump
handlemovesapistoninthecylinder,whichisplacedwithin10mofthewaterleveli.e.10morbelow[h].The
cylinderisconnectedtoachamber.

Upstroke.

Duringupstroke,airabovevalvePexpandsanditspressurefallsbelowatmosphericpressure.Theatmospheric
pressureonthewatersurfacepusheswateruppastvalvePintothebarrel.
ThepressureabovevalveQisatmosphericpressureandhencethisvalveremainsclosedduringthisstroke.

Downstroke

Duringdownstroke,valvePcloses.IncreaseinpressureinwaterinthebarrelopensvalveQandwaterisforced
intothechamberR.Aswaterfillsthechamber,someairistrappedandcompressedattheupperpart.

Inthenextupstroke,valveQclosesandthecompressedairforceswaterupthedeliverypipeensuringa
continuousflowofwaterasthevalvesopenandclose.

NB:Theheighttowhichwatercanberaisedisaffectedbytwofactors,namely:

 Thestrengthofthepersonpumpingi.e.theforceappliedduringthedownstroke

 Theabilityofthepumpanditsworkingpartstowithstandthepressureofthelongcolumnofwaterin
thechamberR.

5.Siphon

PAtm

A B

h

C

ThepressureatAandBisthesameandequaltotheatmosphericpressure.ThepressureatCistheatmospheric
pressureplusthepressureduetothecolumnofwater,h.

Pc=Patm+hρg

PP

PP

QQ
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ThepressureofthesurroundingairatCisatmosphericpressure.Thiscreatesapressuredifference.The
resultantdownwardforceduetothispressuredifferencecauseswatertoflowoutoftheendC.Thewater
columndoesn’tbreakduetostrongcohesiveforcebetweenwatermolecules.

Forthesiphontowork,thefollowingconditionsmustbemet:

 TheendCmustbebelowthesurfaceoftheliquidtobeemptied,A.

 ThetubemustfirstbefilledwiththeliquidhavingNObubbleinit.

 Oneendofthetubemustbeintheliquid

 Thetubemustnotrisebeyondthebarometricheightoftheliquidfromthesurfaceoftheliquid.

Notethatasiphoncanworkinavacuumprovidedapressuredifferenceiscreated.

TOPIC5:PARTICULATENATUREOFMATTER

5.1:Introduction

Matter–isanythingthatoccupiesspaceandhasmass.Matterexistsinthreestatesnamely;solid,liquidandgas.

Experiment

Aim:todemonstratethatmatterismadeupofsmallerparticles

Apparatus:Beakers,potassiumpermanganatecrystals,water.

Procedure

i. Pourwaterintothebeakertillitishalffull

ii. Dissolvesomepotassiumpermanganatecrystalsuntilthesolutionispurple

iii. Transferhalfthesolutionintoanotherbeakerandfillitwithwater

iv. Continuetheprocesswithotherbeakers,comparingthecolourofthesolutionthrougheachdilution.

Observation

1stdilution lastdilution

Thecolourofthesolutionfadesawaythrougheachdilutionuntilthesolutionappearscolourless.

Thisshowsthattheparticlesofpotassiumpermanganatearespreadoutevenlyinthewater.Eachdilution
spreadsthemoutfurtherasthewatermoleculesincreaseinnumber.Hencethepurplecolourfadesawaywith
eachdilutionuntilitbecomescolourless.

Conclusion

Potassiumpermanganateismadeupoftinyparticles.

Also,whensomesaltparticlesareputinaflaskandwateradded,itisobservedthataftershakingtheflaskto
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dissolvethesalt,thevolumeofthefinalsolutionislessthantheoriginalvolumeofthewaterplusundissolved
salt.Thisisbecausesaltparticlesfittedintosomespacesbetweenthewatermolecules.Hencetheparticlesofthe
solutionaremorepackedtogether,reducingthevolumeofthesolution.Thisalsoindicatesthattheparticlesof
waterandthoseofsaltdifferinsize.

5.2:Brownianmotion

Brownianmotionreferstotheirregularmovementoflightparticleswhentheyareknockedbyheavierbodies.

Experiment1

Aim:TodemonstrateBrownianmotioninliquids

Apparatus:Beaker,handlens,pollengrains(chalkdust),transparentlid.

Procedure

i. Pourwaterintothebeakerabout¾full.

ii. Sprinklepollengrainsonthesurfaceofthewater.

iii. Coverthebeakerwithatransparentlid.

iv. Bytheuseofahandlens,observethebehaviorofthepollengrainsonthewatersurface.

Observation

Thepollengrainssuspendedinthewaterareinconstantrandommotion.

Thepollengrainsareconstantlyknockedbysmallerinvisibleparticlesofwaterfromallsides.Thenetforceon
thepollengrainatanyinstantmakesittomovewithanirregularpattern.ThisiscalledBrownianmotion.

Experiment2

Aim:todemonstrateBrownianmotioninair(thesmokecellexperiment)

Apparatus:Adrinkingstraw,smokecell,microscopeandabrightlightsource

Procedure

i. Burnoneendofthestrawandletthesmokefillthesmokecellfromtheotherend.

ii. Removethestrawandcoverthecellusingthecoverplate.

iii. Illuminatethecellandwiththeuseofamicroscopeobservethebehaviorofthesmokeparticlesinthe
smokecell.

Observation

Brightspeckswhichareincontinuousrandommotionareobserved.

Thebrightspecksaresmokeparticlesscatteringlight.Therandommotionisduetoconstantcollisionbetween
smokeparticlesandinvisibleairparticlesandalsowithwallsofthecell.

Theabovefindingscanbesummarizedbythekinetictheoryofmatterwhichstates:matterismadeupoftiny
particleswhichareincontinuousrandommotion.
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5.3:Statesofmatter

Matterexistsinthreestateswhichareinterconvertiblethrougheitherheatingorcooling.

5.3.1:Solids

Insolidstate,theparticlesarecloselypackedtogetherduetostrongcohesiveforcebetweenthem.Theyvibrate
intheirfixedpositions.Hencesolidshavedefiniteshapeandvolume.Whenthetemperatureofthesolidisraised,
thevibrationbecomesrapid.Atacertaintemperaturetheparticlesofthesolidbreakawayfromthestructureof
thesolidandthesolidissaidtohavemelted.Thistemperatureiscalledthemeltingpointofthesolid.

5.3.2:Liquids

Theparticlesofaliquidaregenerallynotascloseasinsolids.Theattractiveforcebetweentheliquidparticlesis
weakerthansolids’.Henceliquidshaveneitherdefiniteshapenorvolumebuttaketheshapeofthecontainer.

Thedensityofaliquidisalittlelessthanthatofitsliquid.Thisisbecausetheliquidoccupiesmorespacethanits
ownsolid.Hencesolidmaterialssinkintheirownliquids.

Whenaliquidisheatedtoacertaintemperature,itchangestoagas.Thistemperatureisknownasitsboiling
pointandtheprocessiscalledvaporization.

Aliquidcansometimesloseitsenergyandfallbacktosolidstate.Thisiscalledfreezing.

5.3.3:Gases

Ingases,theparticlesarefarapartwiththeweakestcohesiveforce.Forthisreasongasesarehighly
compressible.Gaseshavedensitieswhicharemuchlessthanthoseoftheirrespectiveliquidsandsolids.

Gasparticlescansometimeslosetheirenergyandfallbacktoliquidstate.Thisiscalledcondensation.

NB:certainsolidschangedirectlytogaswhenheatedwhilesomegasescanbecooleddirectlytosolid.This
processiscalledsublimation.

Melting Boiling

Freezing Condensation

SOLID LIQUID GAS

Sublimation

5.4:Diffusion

Diffusionisdefinedastheprocessbywhichparticlesmovefromaregionofhighconcentrationtoaregionoflow
concentration.

 Diffusioninliquidscanbedemonstratedbyputtingapotassiumpermanganatecrystalatthebottomofa
beakerofwater.Aftersometimethewaterisobservedtoturndeeppurpleatthebottomandlight
purplenearthetop.

AlsowhenasaturatedcopperIIsulphatesolutionisaddedtowaterinabeaker,initiallythewaterlayerfloatson
topofthecopperIIsulphatesolutionduetoitslowerdensity.Aftersometimetheboundarydisappearsandthe
twoformahomogeneouspalebluemixture.

Whenwarmliquidsareusedintheillustrationsabove,similarobservationswouldbemadebutafterashorter
time.Thissuggeststhattemperaturespeedsuptherateofdiffusion.
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 Diffusioningasesisfasterthaninliquidsduetotheirlowerdensity,highkineticenergyandweaker
cohesiveforces(orlargerintermoleculardistance).Diffusioningasescanbeinvestigatedbysettingup
twogasjars,onefilledwithairandtheotherwithbrominegasasshownbelow.

A B

Brominegas Air

Aftersometimeapalebrowngasmixtureisobservedinboththejars.ThebrominegasspreadsintojarB
whileairparticlesalsospreadintojarA.

NB:Therateofdiffusionwillbeslowerwhenthegasjarsweresetupright.Thisisbecausethedensergas
willtendtoremainatthebaseandthelighteroneup.

Thisexperimentshouldbecarriedoutinafumedcupboardorfumechamber.

 Diffusioninsolidsisveryslowbutcanoccurbetweentwometalslikegoldandlead.

5.4.1:Rateofdiffusion

Therateofdiffusionbetweenammoniagasandhydrochloricacidgascanbeinvestigatedbythesetupbelow.

Cottonwoolsoakedinconc.ammoniasolution Cottonwoolsoakedinconc.hydrochloricacid

Whitedeposit

Aftersometime,awhitedepositofammoniumchlorideisformedneartheendwiththehydrochloricacid.This
indicatesthatammoniagasdiffusesfasterthanhydrochloricacidgas.Notethatammoniagasislightercompared
tohydrochloricacidgas.

Conclusion

Therateofdiffusiondependsonthedensityofthesubstanceandthetemperature.

5.4.2:Diffusionthroughporousmaterials

Porouspot

Hydrogengas
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Aporouspothasveryfineholesthroughwhichhydrogengasdiffusesintothepotwhileairdiffusesout.The
levelofwaterinthetubefallsashydrogendiffusesintothepot.Ifhydrogenissuppliedforalongertime,bubbles
ofhydrogengaswillbeobservedfromtheendinthewater.

Whenthegassupplyisstopped,hydrogengasdiffusesoutofthepotasairdiffusesintothepotandthelevelof
waterinthetuberises.

TOPIC6:THERMALEXPANSION

6.1:Introduction

Temperature–itisthedegreeofcoldnessorhotnessofabodyonsomechosenscale.Itismeasuredusinga

thermometer.TheSIunitoftemperatureistheKelvin(K).OtherunitsincludedegreesCelsius(0C),Fahrenheit,F.
Temperatureisabasicphysicalquantityaswellasascalarquanity.

6.2:Temperaturescale

Thescaleofathermometerisobtainedbyselectingtwotemperaturescalledfixedpoints;thelowerfixedpoint

andtheupperfixedpoint.Thelowerfixedpointisthetemperatureofpuremeltingice.Itistakentobe00C.The
upperfixedpointisthetemperatureofsteamabovepureboilingwateratnormalatmosphericpressure.Itis

takentobe1000C.Thetemperatureofsteamisusedsinceimpuritiesdonotaffectitstemperaturebutwillraise
theboilingpointofwater.Therangebetweenthesetwopointsisthendividedintoequaldivisions.

OntheKelvin(absolute)scale,00Cisat273Kwhile1000Cisat373K.Hencetoconvert0CtoK,add273tothe

temperaturein0C.

Activity6.1

1.ConvertthefollowingintoKelvin:

a)350C b)-1110C c)-2730C

2.Convertthefollowinginto0C:

a)123K b)323K

6.3:Typesofthermometers

Athermometerisdesignedaccordingtothepurposeforwhichitisrequired.Thefollowingaresomeofthe
commonlyusedthermometers:

6.3.1:Liquid-in-glassthermometer

Stem
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Liquidthread

Bulb

Inthisthermometertheliquidexpandsupacapillarytubewhenthebulbisheated.Theliquidusedinthis
thermometershouldpossesthefollowingqualitiesforthethermometertobeeffective:

 Beeasilyvisible

 Expandandcontractuniformly

 Haveawiderangeoftemperaturei.ehighboilingpointandlowfreezingpoint

 Besensitivetosmalltemperaturechanges

 Shouldnotwettheglass

Themostcommonlyusedliquidismercuryalthoughcolouredalcoholcanalsobeused.Waterdoesnotmeetall
theabovedesirableproperties.Thetablebelowcomparesmercuryandalcoholasathermometricliquid:

Mercury Alcohol

Hashighb.p,3570C Haslowb.p,780C

Relativelyhighfreezingpoint,-390C Lowfreezingpoint,-1150C

Goodthermalconductor Poorthermalconductor

Hasregularexpansion Hasaslightirregularexpansion

Doesnotwettheglass Wetstheglass

Easilyvisible Iicolouredtomakeiteasilyvisible

Thesethermometersarecommonlyusedinnormallaboratories.

6.3.2:Aclinicalthermometer

Thisisaspecialthermometerusedtomeasurehumanbodytemperature.Ithasashortscalebetween35—430C.

Thisisbecausetheoptimalbodytemperatureis370C.Ithasaconstrictiontopreventbackflowofthemercury
intothebulb.Thisistoallowtimetotakethereading.Afterusethethermometerisshakentoreturnthemercury
backtothebulb.

Methylatedspiritcanbeusedtosterilizethethermometerafteruse.

6.3.3:Six’smaximumandminimumthermometer

Saturatedvapour

Oil

Maximumindex

Bulb Minimumindex

Mercury
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Itisusedtorecordminimumandmaximumtemperaturesofagivenplace.Whenthetemperatureofthe
surroundingrises,theoilinthebulbAexpandspushingthemercurywhichinturnpushesuptheoilintheother
arm.Thiscompressesthevapourabovetheoilandthemaximumindexispusheduptothemaximumposition.
Thisisthemaximumtemperature.

Whenthetemperaturefalls,theoilcontractsbackintothebulb.Mercuryflowsbackpushingtheminimumindex
totheminimumposition.Thisgivestheminimumtemperature.

Aftertakingthereadings,theindicesarepulleddowntothelevelofthemercuryusingamagnet.

6.3.4:Abimetallicthermometer

Itismadeupofacoiledbimetallicstripwhoseoneendisfixedandtheotherendconnectedtoapointer.
Commonlyusedmetalsarebrassandinvar.Whenthetemperaturerisesbrassexpandsmorethaninvar.The
stripthuscurlsforcingthepointertomoveoveracalibratedscale.

6.4:Expansioninsolids

Asolidcanexpandinthreeways:

 Linearexpansion;increaseinlength

 Superficialexpansion;increaseinsurfacearea

 Cubicexpansion;increaseinvolume

Solidsexpandwhenheatedandcontractwhencooled.Duringexpansionthevolumeincreases,densitydecreases
butmassremainsthesame.Expansioninsolidscanbedemonstratedbytheballandringexperiment.

Whenboththeballandringareatroomtemperature,theballeasilypassesthroughtheringbutwhentheballis
heateditdoesnotgothroughthering.Whenleftincontactforsometimetheballfinallypassesthroughthering
again.

Onheatingtheballexpandedandsocouldnotgothroughthering.Aftersometimeitwentthroughbecausethe
balllostsomeofitsheattotheringwhichthenexpandedwhiletheballslightlycontracted.

Differentsolidslikemetalswillexpandatdifferentrateswhenexposedtothesameamountofheatforthesame
duration.Thiscanbeinvestigatedbythebarandgaugeexperiment.

Oneendofthemetalbarisfixedwhiletheotherendiskeptincontactwiththepointer.Anyslightexpansionof
thebarismagnifiedbythelongpointerandcanbereadfromthescale.Theexperimentisthenrepeatedusing
barsofothermaterials.Thepointerreadingsarethenusedtocomparetheirratesofexpansion.

Intheaboveexperiment,thefollowingparametersmustbekeptconstant:

 Lengthoftherods

 Diameter/thicknessoftherods

 Sourceofheat

 Durationofheating

Themeasureofthetendencyofamaterialtoexpandiscalleditsexpansivity.Theabilityofamaterialtoexpand
whenheatedisreferredtoasitslinearexpansivity.
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Linearexpansivity,α=expansion(changeinlength)/{originallength*temperaturechange}

TheSIunitoflinearexpansivityisperKelvin(K-1).

Linearexpansivityofasubstancemayalsobedefinedasthefractionofitsoriginallengthbywhicharodofthe
samesubstanceexpandsperKelvinriseintemperature.

Example6.1

1.Considerabrassrodoflength50.2cmat16.60C.iftherodisheateduntilatemperatureof99.50Cwhere
itsnewlengthis50.279cm,determinethelinearexpansivityofbrass.

Linearexpansivity,α=e/l0*ΔT=(50.279-50.20)cm/50.2cm*(99.5-16.6)K

=0.079/50.2-82.9

=1.9*10-5K-1

Thetablebelowshowssomesubstanceswiththeirlinearexpansivities:

Material Linearexpansitivty(*10-5)K-1

Aluminum 2.6

Copper 1.68

Brass 1.9

Iron 1.2

Steel 1.1

Concrete 1.1

Platinumalloy 0.9

Glass 0.85

Invar 0.1

silica 0.042

Theknowledgeoflinearexpansivityisusedindesigningvariousmaterialstoensurethattheyareabletooperate
wellundervaryingthermalconditions.Forinstanceordinaryglasshasahigherlinearexpansivitythanapyrex
glass.Whenhotwaterisputinanordinaryglass,itbreaksbutwhenapyrexglassisuseditdoesnotcrack.The
pyrexglasshaslowerlinearexpansivityandcannotsufferverylargeforcesofexpansionwhiletheordinaryglass
doesasitundergoestemperaturechanges.

Inbuildingandconstruction,concreteisalwaysreinforcedusingsteelbecausebothhavethesamelinear
expansivity.

6.5:Bimetallicstrip

Itisformedwhentwometalsofdifferentlinearexpansivitiesarerivetedtogethere.g.brassandironorbrassand
invar.Whenthetemperatureofthestripisraised,brassexpandsmorethaniron.Hencethestripcurveswith
brasscurvingoutwardsandironinwards.Whenthetemperaturefalls,brassagaincontractsmorethanironand
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thestripcurveswithbrassnowontheinnersideandbrassontheouterside.

6.6:Applicationsofexpansionandcontractioninsolids

6.6.1:Railwaylines

Railwaylinesarefixedwithgapstoallowforexpansionwhentemperaturerises.Theboltholesarealsoovalin
shapeforthesamereason.Anotherwayofcreatingroomforexpansioninrailwaylinesisbyplaningtheendsof
therailssothattheyareabletooverlapduringexpansion.

6.6.2:Telephone/electricitywires

Telephoneandelectricitywiresarelooselyfixedduringinstallationtoallowforcontractionduringcoldweather.

6.6.3:Steampipes

Pipescarryingsteamfromboilersarefittedwithexpansionloopstoallowforexpansionandcontraction.
Withouttheloopthepipeislikelytobreakduetotheresultantforceasaresultofexpansionandcontraction.It
isnecessarythatoilcompaniesmakethisallowancewhenconstructingfuelpipelines.

6.6.4:Steelbridges

Intheconstructionofsteelbridges,oneendisfixedwhiletheotherendisplacedonrollers.Thisistoallowfor
expansionandcontraction.

6.6.5:Rivets

Rivetsarefittedwhenhotandthenhammeredflat.Oncooling,therivetcontract,pullingthetwoplatesfirmly
together.

6.6.6:Thermostat

Itisadevicethatcanbeusedtocontrolthetemperatureofaroom.Itusesabimetallicstrip.Itisconnectedtoa
heatercircuit.Whenthetemperatureoftheroomrisesbeyondthesetvalue,thebimetallicstripexpandsand
bendsawaybreakingthecontact.Hencetheheatercircuitisswitchedoff.

Thestripcoolsandcontractsandthecontactisremadeswitchingontheheatercircuit.Thesettingknobisused
toadjustthetemperatureatwhichthethermostatisswitchedonandoff.

Otherusesofthethermostatincludecontrollingthetemperatureofelectriciron,cookersandfridge,firealarms
andcarindicators.

6.7:Expansionandcontractioninliquids

Therateexpansioninliquidsismorethaninsolidsbecausetheparticlesareslightlyfarapart.When
temperatureincreases,theliquidmoleculesgainmoreenergyincreasingtheirrateofmovement.Theweak
bondsbetweenthesemoleculesarefurtherweakened.Themoleculesthusexpandandoccupymorespace.
Expansioninliquidscanbedemonstratedbythesetupbelow:

Liquid
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Whenheated,theleveloftheliquidintheglasstubefirstdropsandthenstartsrising.Thisinitialfallinthelevel
isbecausetheglasswasheatedfirstandexpanded.Latertheliquidreceivedtheheatenergyandexpandedhence
theriseinthelevel.

Justlikesolids,liquidsexpandatdifferentrates.Inordertoinvestigatethis,anumberofidenticalflasksarefilled
withdifferentliquidsensuringthattheirinitiallevelsarethesameintheglasstubes.Forafaircomparison,the
tubesshouldbeidenticali.e.ofsamediameter.Theflasksarethensimultaneouslyimmersedinabathofhot
water.Thebathofwatershouldbestirredcontinuouslytoensurethattemperatureisuniform.

Itwillbeobservedthattheleveloftheliquidsinthetubesdifferaftersometime.Ifwater,alcoholand
methylatedspiritwereused,itwouldbeobservedthatmethylatedspiritexpandedthemost,followedbyalcohol
andwatertheleast.

6.8:Expansioningases

Gaseshavethehighestrateofexpansionbecausetheirparticlesareveryfarapartandareheldbyveryweak
forces.Whenheated,theygainmoreenergyandmovefartherapartoccupyingmorespace.Itcanbeshownbya
roundbottomedflaskfittedwithaglasstubeinatight-fittingcork.Theflaskisfirstinvertedwiththeglasstube
dippedinwater.Byuseofthepalms,theflaskiswarmedforsometime.

Air

Itwillbeobservedthatthelevelofwaterinthetubedropsandifwarmedforalongertime,bubblesareobserved
escapingfromtheendofthetubeinwater.Thisshowsthatairexpandedonheatingandneededmorespace,
hencethedropinthelevelofwaterinthetubeandthebubbles.

Iftheheatiswithdrawn,thelevelofthewaterrisesagaininthetube.Expansionandcontractioningasesisthe
basisoftheformationoflandandseabreezes.

6.9:TheUnusualexpansion(anomalous)expansionofwater

Itisnormalexperiencethatsubstancesexpandonheatingandcontractoncooling.Butforwater,thisisneverto

bebetweenthetemperatures00Cand40C.Watercanexistasasolid(ice),liquid(liquidwater)andasagas
(steam).

Attemperaturesbelow00C,waterexistsasasolid,occupyingabiggervolume.Whenheated,itexpandsjustlike

anyothersolidupto00C.At00C,icemeltsatconstanttemperature.Meltingisaccompaniedbyadecreasein

volumebyabout8%.Beyond00C,watercontractsfurtherupto40C.Thereforewaterhasminimumvolumeat

40Candhencemaximumdensitywhichisslightlyhigherthan1g/cm3.

Above40C,waterexpandslikeanyotherliquid.Thisbehaviorofwaterisdescribedasanomalous,unusual,or
irregular.
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Thevariationofvolumewithtemperatureanddensitywithtemperaturewhenwaterisheatedisillustratedby
thegraphsbelow:

6.9.1:Effectsofanomalousexpansionofwater

a.Biologicalimportance

Duringcoldweather,thetemperatureoflakesandpondsdropsandwatercontracts,becomesdenserandsinks.

Acirculationofwateristhussetupuntilallthewaterattainmaximumdensityi.e.at40C.Iffurthercoolingoccurs

(below40C),thenanywaterbelow40Cwillstayatthetopduetoitslowerdensity.At00C,iceformsontopand
thisactsasaninsulatortothelayersbelow.Hencethewarmthunderneathcansustainaquaticlifeandthusthe
aquaticanimalsandplantscansurvivethere.

b.Icebergs

Icehasaslightlylowerdensity,about0.92g/cm3,thanthatofwaterandhenceitfloatswithasmallportion
abovethewatersurface.Therestandabiggerportionoftheicerestsunderwater.Thisiscalledaniceberg.
Icebergsposeagreatdangertoshipsasthesubmergedpartscannotbeseeneasilybynavigators.

c.Weatheringofrocks

Watersometimesfindsitswayintocrackswithintherocks.Whensuchwaterfreezesduringcoldweather,it
expandsforcingtherocktobreakintosmallerpieces.Thisisveryimportantforagricultureassoilisformed.

d.Burstingofwaterpipes

Attimesthewaterflowingthroughapipemayfreezewhenitpassesthroughacoldregion.Thewaterthus
contracts,expandingandthismayleadtopipeburstsifexpansionallowanceswerenotcateredfor.



38|Page
©PHYSICSPLUS

TOPIC7:HEATTRANSFER

7.1:Heatandtemperature

Heatmaybedefinedasaformofenergythatflowsfromahotbodytoacoldbody.ItsSIunitisthejoule(J).
Whenabodylosesheatitstemperatureisloweredwhilewhenabodygainsheatitstemperaturerises.Iftwo
bodieswhichareatthesametemperatureareincontact,thereisNOnetheattransferandthebodiesaresaidto
beatthermalequilibrium.Noinstrumentcanmeasuredirectlytheamountofheatonabody.

Temperatureontheotherhandisthemeasureofthedegreeofhotnessorcoldnessofabody.ItsSIunitisthe

Kelvin(K).ThemostcommonlyusedunitisdegreesCelsius(0C).Heatenergycanonlyflowifthereisa
temperaturedifferencebetweenthetwobodies.

7.2:Modesofheattransfer

Therearethreemodesofheattransfernamelyconduction,convectionandradiation.

7.2.1:Conduction

Conductionismainlyprominentinsolids.Whenasolidisheated,sayfromoneend,theotherendalsobecomes
hotaftersometime.Themeansbywhichtheheatisconductedtotheotherendcanbeexplainedbytwotheories:

a)Particle/atomicvibration

Whenamaterialisheatedfromoneend,theheatenergyenteringthematerialincreasesthevibrationofthe
particles/atomsatthatend.Theseatomsalsosettheotherneighboringatomsintovibrationtransferringthe
energytotheotherend.

b)Free/mobile/delocalizedelectrons

Generallymetalshavefreeelectronswhichmovealloverthemetalbody.Heatenergysuppliedatoneendofthe
materialincreasesthekineticenergyoftheelectronswhichthentransfersthisenergytotheotherend.

Theabilityofamaterialtoconductheatiscalledthermalconductivity.Materialsthateasilyconductheatare
referredtoasgoodconductorse.g.mostmetals.Thisisbecausemetalsconductbothbyatomvibrationaswellas
movementoffree/delocalizedelectrons.Thisiswhycookingutensils,solderingironsaremadefrommetals.Non
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-metalsaregenerallybadconductorsofheatbecausetheydonothavefreeelectrons.

Thesetupbelowcanbeusedtocomparethermalconductivityofdifferentmaterials:

Hotwater

Wax

Theorderinwhichwaxontherodsfallistheorderofthermalconductivityofthematerialsi.e.therodfrom
whichwaxfirstfallsisthebestthermalconductoranddecreasesinthatorder.Itisimportanttoensurethe
followingwhendoingthiscomparison:

- Usesamelengthoftherodswiththesamelengthinthehotwater.

- Keepthetemperatureofthewaterbathuniform

- Usesamethicknessoramountsofwax

Belowisatableofgoodandbadconductors:

NB:

 Duringthermalconduction,heatflowsthroughmaterialswithoutthematerialsshiftingormoving.

 Thermalconductionrequiresamaterialmedium.

Factorsaffectingthermalconductioninsolids

 Temperaturedifferencebetweentheendsofthematerial

Moreheatflowswhenthetemperaturedifferenceislarge.

 Cross-sectionarea

Thethermalconductivityofathickermaterialishigherthanthatofathinneroneofthesamematerial.Thisis
becausethenumberoffreeelectrons(metalsonly)perunitlengthofthethickermaterialishigherthanthatofa
thinnerone.Also,thenumberofatomsvibratingperunitlengthofthethickermaterialishigherthanthatofa

Goodthermalconductors Badthermalconductors

Silver Concrete

Copper Glass

Aluminum Brick

Brass Asbestospaper

Zinc Rubber

Iron Wood

Lead Water

Mercury Air
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thinnerone.

 Lengthoftheconductor

Heatenergyreachestheotherendofashorterconductorfasterthanalongerone.Heattravelsinaconductor
alongimaginarylinesknownaslinesofheatflow.Theselinesdivergeawayfromthehotendandthereforeasthe
lengthoftheconductorincreases,someoftheenergyis‘dropped’.

 Natureofthematerial

Somematerialsaregoodconductorswhileothersarebadconductorse.g.copperisabetterconductorcompared
toiron.

Theabovefourfactorscanbecombinedtogetherinthefollowingequation:

Rateofheatflow= thermalconductivityofthematerial,k*Cross-sectionarea,A*Temp.Difference,Δθ

Length,l

Lagging

Thisinvolvescoveringgoodconductorswithbadone(insulators)withtheaimofminimizingheatlosstothe
surroundings.Forinstancepipesusedtoconveyhotwaterfromboilersarenormallycoveredusingthick
asbestosmaterial.

Conductioninliquids

Conductioninliquidsisnotaspronouncedasinsolids.Liquidsaregenerallypoorthermalconductorswiththe
exceptionofafewlikemercuryandsomeelectrolytes(e.g.saltsolution).Notethatmercuryexistsasaliquidat
roomtemperature.Thermalconductivityofwatermaybeinvestigatedbythesetupbelow:

Steam

Icewrappedinawiregauze

Icewrappedinwiregauzeisplacedatthebottomofaboilingtubecontainingwaterandheatedfromthetop.Itis
observedthataswaterattheboilsproducingsteam,theiceremainsunmelted.Thisshowsthatheatdidnot
reachthebottomevenhavingbeenaidedbythewiregauzewhichisagoodconductor.Inthisexperiment:

- Theboilingtubeismadeofglasswhichisapoorthermalconductorandthuslimitsthepossibleheat
conductiondownthetubebyglass.

- Theiceiswrappedinwiregauzetoensurethatitdoesnotfloatonwater.Wiregauzeisagoodthermal
conductorbutstilltheicedidnotmelt,indicatingthatthereisverylittle,ifany,heatconducteddownby
water.

- Heatingwateratthetopeliminatesthepossibilityofheattransfertotheicebyconvection.
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Althoughliquidsarepoorthermalconductors,someliquidsarebetterconductorsthanothers.Thiscanbe
investigatedbythesetupbelow:

Asbestosshieldtopreventdirectheating

Heat Copperrod

Regionofmeltedwax Wax

Mercury Water

Thetesttubesarecoatedwithauniformlayerofwax.Whentherodisheatedasshown,thewaxonthetesttube
withmercuryisobservedtomeltdownwardsaftersometime.Lateron,waxontheothertesttubestarted
meltingbutveryslowly.

Inconclusion,mercuryisabetterthermalconductorcomparedtowater.Notethattheheatingshouldbedoneat
thecentreforafairresult.Also,theregionoftherodsintheliquidsshouldbethesame.

Conductioningases

Gasesaretheworstthermalconductors.Thisisbecausetheyhavelargerintermoleculardistanceminimizing
collisionbetweentheirmolecules.Thiscanbeverifiedbythesetupbelow:

Hotregion

Unburntgasregion

Matchstick

Amatchstickheldintheunburntgasregionofaflameisneverignitedbytheheatfromthehotregionaboveit.
Thisshowsthatgasesarepoorthermalconductors.

Applicationsofgoodandpoorconductors

 Cookingutensils,solderingironandboilersaremadeofmetalsbecausetheyaregoodthermal
conductors.Insomecookingutensils,theirhandlesarecoveredusingbadheatconductorssuchaswood,
plastic

 Integratedcircuits(ICs)andtransistorsinelectronicdevicesarenormallyfixedtoaheatsink;ametal
platewithfins.Thisistoconductawayundesiredheatwhichmayotherwiseaffecttheoperationofthe
device.

 Firefightersputonprotectiveclothingmadefromasbestosmaterialtokeepthemsafewhileputtingout
fires.Filmactorsinvolvedinstuntsinvolvingburningalsoputonsimilarclothing.

 Birdsflaptheirwingsaftergettingwetinordertointroduceairpocketsintheirfeathers.Airisapoor
thermalconductorandhencereducesheatlossfromtheirbodies.Thesameappliestowool,fur,and
thatchonroofs.Softboardceilinghavemanyairpocketsthanconcreteonehenceitspreferencetothe
concreteceiling.

 Whenheatingliquidsusingaglassbeaker,thebeakerisusuallyplacedonawiregauze.Awiregauzeisa
goodheatconductorandhencespreadsouttheheattoalargerareaofthebeaker.Ifthegauzewasnot
used,heatwouldonlybeconcentratedonasmallareaandthebeakermaycrackasaresult.
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 Insomebuildingswheretheinsidetemperatureistobestabilized,doublewallsareconstructedwithan
insulatorlikeglasswoolorfoamplasticbetweenthem.Also,doubleglazedwindowshaveairtrapped
betweenthetwoglasssheets.

7.2.2:Convection

Itisaprocessbywhichheatistransferredinfluids.Thetermfluidreferstobothliquidsandgases.Inthiscase
heattransferisbyactualmovementofthefluiditself.Whenaportionofliquidatthebottomofacontaineris
heated,theparticlesthereacquiremoreenergyandexpand.Sinceitsmassdoesnotchange,theliquidinthat
portionbecomeslessdenseandrisestothetop.Cold,heavyportionoftheliquidmovedowntoreplacethewarm
risingportion.Acirculationofhotandcoldwatersetsupaconvectionalcurrent.Heattransferinthismanneris
calledconvection.

However,ifheatedfromtopnoconvectioncurrentissetup.Thisisbecausehot,lighterliquidcannotsinkdown
belowthecold,heavyliquid.

Toshowconvectioninliquids,abeakerisfilledwithwaterandsomecrystalsofpotassiumpermanganateplaced
atonecornerofthebeaker.

Traceofpurplecoloration

Potassiumpermanganate Water

Heat

Whenheatedfromthepositionshown,apurplecolorationisobservedtorisefromthepotassiumpermanganate
crystalformingaloop.Hencewhenaliquidisheated,itrisesandacoldonedescendstoreplaceit.This
movementoftheliquidformsconvectioncurrents.

Convectioningasescanbedemonstratedusingthesetupbelow:

Smoke

Smolderingrug

B Pathofsmoke A

Asmolderingstraw/rugburningononeendisusedtointroducesmokethroughchimneyAintothebox.After
sometime,thesmokeisobservedtoexistthroughchimneyB.however,whenthecandleisputoff,NOsmokeis
suckedintothebox.

ThecandleheatsuptheairaboveitwhichthenexpandsandrisesupchimneyB.cold,heavyairisdrawnin
throughchimneyAtoreplacetherisingwarmair.Itcarriesalongwithitsmokeparticles.Hencesmokeexists
throughchimneyAsolongasthecandleisburningandtheproducessmoke.

Applicationsofconvection

Candle
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I. Thedomestichotwatersystem

Valve

Maininlet Expansionpipe

Overflowpipe Totaps

Coldsupplytank Hotwater

Storagetank A

ColdwaterdescendC Hotwaterrises

B

Coldwater Boiler

Heat

Waterisheatedupintheboiler,expandstherebybecominglessdense.ItthenrisesuptubeA.coldwater
descendstotheboilerthroughthereturnpipeB.Theforceofgravityhelpsinpushingthecoldwaterdownfrom
thecoldwatertanktotheboiler.Thestoragetankthuscontainshotwaterontheupperpartandcoldwateron
thelowerpart.Thevalvecontrolstheamountofwaterinthecoldwatertank.Theoverflowpipehelpsin
removingexcesswaterfromthecoldwatertank.

Thepipesconveyinghotwater,theboilerandthestoragetankarenormallylaggedtominimizeheatlossthrough
conduction.

II. Houseventilation

Generallywindowsofhousesarenormallyputclosertothefloorandventilationholes/openingshighupinthe
walls.Airexpelledbythehouseoccupantsiswarm,lighterandthusrisesandescapesthroughtheventilation
openings.Cold,freshheavierairflowsintotheroomthroughthewindowsanddoorstoreplacetheescapingair.
Thusacontinuouscirculationofairissetupintheroom.

Incertainmodernhouses,airconditioningdevicesarefittedtobringaboutforcedconvectionofair,givingout
colddryairandabsorbingwarmmoistair.

III. Carenginecoolingsystem

Acarenginegetsheatedasitoperates.Thisheatmustbedisposedoftoensuretheengineremainsefficient.The
engineisnormallysurroundedbyametallicwaterjacketconnectedtotheradiator.Themetalsurfaceconducts
awayheatfromtheenginetothewater.Waterisheatedupcausingconvectioncurrents.Thehotwateris
pumpedintotheradiatorwiththincopperfinsthatfurtherconductstheheatawayfromthewater.Fastmoving
airflowingbetweenthefinsspeedsupthecoolingprocess.

IV. Landandseabreeze.

Thisisanaturaloccurrence.Amassofwatertakesamuchlongertimetobeheateduptothesametemperature
asanearbyland.Italsolosesheatslowlycomparedtoland.Itisonthisargumentthatlandandseabreezesare
formed.

Duringtheday,landgetsheatedmuchfasterthananearbymassofwater.Themassofairjustabovethelandis
thusheatedfaster,expandsandrisesduetoitsreduceddensity.Coldairfromabovethewatere.g.sea,drifts
towardsthelandtoreplacethewarmrisingair.Thisistermedasseabreeze.
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Coldairdescends Warmairrises

Sea Land

Atnight,thelandcoolsfasterthanthesea.Theairabovetheseawillbeatahighertemperature.Itexpandsand
risesupduetoitslowdensity.Coldairfromthelanddriftstowardstheseatoreplacethewarmrisingair.This
constitutesalandbreeze.

Warmairrises Coldairdescends

Sea Land

7.2.3:Radiation

Itistheflowofheatenergyfromonepointtoanotherbymeansofelectromagneticwaves.ItrequiresNO
materialmedium.Thesewavesareabletopassthroughavacuum.Energyfromthesunreachestheearth’s
surfacebyradiation.Allbodiesemitandabsorbradiantenergy(radiation).Abodyemittingthermalradiation
canalsoemitvisiblelightwhenitishotenough.Thehigherthetemperatureofabodythegreatertheamountof
radiantenergyitcanemit.Thermalradiationcanbereflectedandcausesaheatingeffect.Theamountofradiant
energyabsorbedbyabodydependsonthenatureofitssurface.Dull/blacksurfacesaregoodabsorbersthan
shinny/polishedsurfaces.Thiscanbeillustratedbythesetupbelow:

Wax Dullsurface

Cork

Sourceofheat Polishedsurface

Aftersometime,thecorkonthedullsurfaceisobservedtofallofffirstoncethewaxmelts.Theoneonthe
polishedsurfacetakeslongertofalloff.Thisshowsthatdullsurfacesaregoodabsorbersofradiationthan
polishedsurfaces.Theradiationfallingonthepolishedsurfaceispartlyabsorbedandpartlyreflected.

Generally,goodheatabsorbersarealsogoodemitters/radiators.Henceblack/dullsurfacesaregoodemitters
whilepolishedsurfacesarepooremitters.Notethatpooremitters(polishedsurfaces)aregoodreflectors.

A black/dullsurface B

Air Air

Polishedsurface Black/dullsurface

x x

LimbA LimbB

Colouredwater

Aftersometime,thelevelofwaterinlimbAisobservedtorisewhilethatinlimbBfalls.TheboilingtubeB
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receivesmoreheatthanA.HencetheairinBexpandspushingthewaterinlimbBdown.Thisisaproofthatdull
surfacesaregoodemitters.

Applicationsofthermalradiators

1.Kettles,cookingpansandironboxeshavepolishedsurfacestominimizeheatlossthroughradiation.

2.Petroltanksarepaintedsilverybrighttoreflectawayasmuchheataspossible.

3.Buildingswhicharewhitewashedorpaintedusingbrightcoloursremaincoolevenduringhotconditions
becausethebrightcoloursreflectmuchofthesun’sradiation.Incoldregions,itistheinnerwallsand
roofswhicharepaintedwithbrightcoloursandtheouterwallswithdullcolours.Inveryhotcountries,
peopledoputonwhiteclothingbecausetheyreflectmuchlight.

4.Solarconcentrators

Concavereflectorsconcentratelightthatfallonthemtoacommonpoint.Thetemperatureatthispointmaybe
highenoughtoboilwater.

5.Greenhouseeffect

Agreenhouseactsasaheattrapbypreventingthereflectedradiationfromtheearth’ssurfacefrompassing
throughglass.Highenergeticshortwavelengthradiationfromthesunpassesthroughglasswithoutbeing
absorbed.Insidethegreenhouse,thisheatisabsorbedbytheearthandtheobjectsinit.Theseobjectsinturn
emitlongwavelengthradiationoflowamountofenergythatcannotpenetrateglass.Thisraisesthetemperature
insidethegreenhouse.Thisiscalledgreenhouseeffect.

Greenhousesprovideoptimumconditionsforplantsincoldregions.Intheatmosphereespeciallyatthelower
layers,thegasesandairpollutantssuspendedbehavelikeglass,trappingthelongwavelengthreflectedradiation.
Thismayraisethetemperatureoftheatmospheretosomedangerouslevels,aphenomenonknownasglobal
warming.

6.Solarheater

Asolarheaterusesradiationfromthesuntoheatwater.Itcomprisesacoiledblackenedcopperpiperestingona
blackenedinsulatingsurface.Radiationfromthesunpassesthroughglassandabsorbedbythecopperpipes.
Copperconductsthisheattothewaterflowingthroughit.

7.Athermos(vacuum)flask.

Avacuumflaskisdesignedtokeepitscontentsataconstanttemperaturebyminimizingheattransferintoorout
oftheflask.Ithasadoublewall;silveredtopreventheatlossorheatgainthroughradiation.Betweenthetwo
wallsisavacuumwhichisaperfectinsulatorandminimizesheatlossthroughconductionandconvection.The
cork/lidminimizesheatlossthroughconvection.
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TOPIC8:RECTILINEARPROPAGATIONOFLIGHTANDREFLECTIONATPLANESURFACES

8.1:Light

Lightisaformofenergythatenhancesvision.Certainobjectsareabletoproducetheirownlightandarecalled
luminousorincandescentobjects.Theyincludethesun,stars,burningcandle,etc.however,mostobjectscannot
producetheirownlightandcanonlybeseenwhenlightfallingonthemisreflected.Suchobjectsarereferredto
asnon-luminousobjects.Theyincludethemoon,planets,plants,walls,clothes,etc.

Thepathalongwhichlightenergytravelsiscalledarayoflight.Itisusuallyrepresentedbyalinewithanarrow
toshowthedirectionoftravel.Agrouporbundleoflightraysiscalledabeamoflight.

Differentobjectsbehavedifferentlywhenlightfallonthem.Forinstance,someobjectsdonotallowlighttopass
throughthemtotally.Suchobjectsaresaidtobeopaque,e.g.brickwalls,metals,wood,etc.someallowlight
throughthemandonecanseethroughthem.Thesearesaidtobetransparentandtheyincludeordinarycar
windscreen,normalglasswindowpanes.Someontheotherhandallowlighttopassthroughthembutone
cannotseethroughthem.Theyarecalledtranslucentobjectsandtheyincludegreasedpaper,someglasspanes,
etc.

8.2:Rectilinearpropagationoflight.

Thisisapropertyoflightwhichsuggeststhatlighttravelsinastraightline.Toinvestigatethis,threecardboards
eachwithaholeatitscentrearearrangedsuchthattheholesarealongastraightline.Lightfromalitcandleon
onesideofthecardboardsisseenfromtheotherendasshownin(a)below.However,whenoneofthe
cardboardsisdisplaced,lightiscutoffasshownin(b).

a)
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b)

Anotherwayofdemonstratingrectilinearpropagationoflightisbyplacinganopaqueobjectalongthepathof
light.Ashadowisformedwhosenaturedependsonthesizeoflightsource,sizeoftheobjectandthedistance
betweenthedistancebetweentheobjectandthesourceoflight.

Screen

Penumbra

Shadow

Object

Umbra

Whenthelightsourceissmalle.g.apointsource,theshadowformedisuniformlydarkandiscalledumbra.
However,whenthelightsourceislarge,theshadowformedwillhaveapartialshadowalongitsedges.Thisis
calledpenumbra.NotethatpointswithintheumbrareceiveNOlightatallwhilepointswithinthepenumbra
receivesomeamountoflightbutnotasmuchasitwouldiftheobstaclewasnotthere.

8.3:Eclipses

Aneclipseoccurswhenthereispartialortotaldisappearanceofeitherthesunormoonwhenviewedfromthe
earth.Therearethreetypesofeclipsesnamely;thesolareclipse,annulareclipseandlunareclipse.

8.3.1:Solareclipse

Itisalsocalledeclipseofthesun.Itoccurswhenthemoonpassesbetweenthesunandtheearth.Sincethesunis
biggerthanthemoon,boththeumbraandpenumbraareformed.

Penumbra

Earth

Umbra

Sometimesthetipofthemoonumbrafailstoreachthesurfaceoftheearth.Thisiscalledanannulareclipse.

Moon Penumbra

Earth

Umbra

Notethatsolareclipseisveryrare.ThisisbecausetheMoon’sorbitaroundEarthisinclinedatanangleofjust

over50totheplaneofEarth'sorbitaroundtheSun(theecliptic)i.e.thepathofthemoonaroundtheearthisnot
aperfectcircle.

8.3.2:Alunareclipse/eclipseofthemoon

Sun
E

Sun
E
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Itoccurswhentheearthisbetweenthemoonandthesun.Theshadowcastbytheearthpreventslightfromthe
sunfromreachingthemooni.e.duringthelunareclipsethemoonpassesthroughtheearth’sumbra.Thiseclipse
occursonlyatnightwhenthereisafullmoon.

EarthMoon

Umbra

Penumbra

8.4:Thepin-holecamera

Itisaclosedboxwhichispaintedblackontheinside.Ithasasmallholeononefaceandascreenmadeofa
translucentpaperontheoppositeface.Theobjecttobeviewedisplacedinfrontofthefacewiththehole.

Pinhole screen

Image

Object

Objectdistance,u

Imagedistance,v

Theraysfromtheobjectfallonthescreenforminganinvertedimage.Theinnerpartofthecameraispainted
blacksoastopreventreflectionofthelight.Thesizeoftheimageformeddependsonthedistanceoftheobject
fromthepinhole,uandthedistanceofthescreenfromthepinhole,v.ifthecameraismovednearertheobject,
theimagebecomesbigger.

Whentheholeismadelargertheimagebecomesblurred(notclear).Thisisbecausemanyraysoflightwillbe
allowedtothescreen,eachformingitsownimage.Theresultisoverlappingimagesorblurredimage.

Generally,apinholecameraformsarealandinvertedimage.

Oneadvantageofthepinholecameraisthatitformsfocusedimagesofbothfarandnearobjects.

Apinholecamerahassomelimitationswhichinclude:

-Itcannottakemotionpictures.
-Itsexposuretimeistoolongduetothesizeofthehole.
Theratiooftheimagesizetotheobjectsizeisreferredtoasmagnification.

i.e.magnification,m=imagesize/objectsize

Itcanalsobeshownthatmagnificationistheratiooftheimagedistancetotheobjectdistance.

E
Sun



49|Page
©PHYSICSPLUS

i.e.magnification,m=imagedistance,v/objectdistance,u

Magnificationhasnounits.

Example8.1

1.Thedistancebetweenthepinholeandthescreeninapinholecamerais20cm.astudentusesthecamera
toformanimageofaperson4maway.Theperson’sheightis140cm.whatistheheightoftheimage?
Determinethemagnification.

v/u=hi/ho

hi=(140cm*20cm)/400cm=7.0cm

m=v/u=20/400=0.05

2.Alampofheight6cmstandsinfrontofapinholecameraatadistanceof24cm.thecamerascreenis8cm
fromthepinhole.Whatistheheightoftheimageofthelamponthescreen?

v/u=hi/ho

hi=(6cm*8cm)/24cm=2cm.

8.5:Reflectionoflight

Whenarayoflightstrikesasurface,partofitbouncesoff.Whenthesurfaceissmoothorhighlypolished,all
incidentlightisreflectedbackuniformly.Thisiscalledregular/specularreflection.

Aroughsurfaceonthehandresultsinanirregular/diffusereflection.

8.5.1:Termsused

Incidentray-isaraytravellingfromthesourcetothereflectingsurface.

Reflectedray-istheraythatbouncesofffromthereflectingsurface.

Normal-isalinedrawnperpendicularlyatthepointwheretheincidentraystrikesthereflectingsurface.

Angleofincidence-istheanglebetweentheincidentrayandthenormal.

Angleofreflection-istheanglebetweenthereflectedrayandthenormal.
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ir

8.5.2:LAWSOFREFLECTION

Therearetwolawsofreflectionoflight:

i. Theangleofincidenceandtheangleofreflectionareequal.

ii. Theincidentray,reflectedrayandthenormalatthepointofincidencealllieonthesameplane.

8.6:Imagesformedbyaplanemirror.

Thefigurebelowshowshowaplanemirrorformsimagesofobjectsplacedinfrontofthem:

Object Image

Generally,animageformedbyaplanemirrorhasthefollowingcharacteristics:

- Itisvirtuali.e.notformedbyactualintersectionofrealrays.

- Itiserect/upright.

- Itisthesamesizeastheobject.

- Itislaterallyinvertedi.e.thesidewayturningeffect.

- Itisthesamedistancebehindthemirrorastheobjectisinfrontofthemirrori.e.imagedistance=object
distance.

8.6.1:Rotationofamirrorthroughanangle

Considerarayincidentonaplanemirrorasshownbelow.Theangleofincidenceis250.

250
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Rotatingthemirrorthrough100aboutthepointofincidenceintheclockwisedirection,theresultisasshownin
below:

550350

100

Thenewanglereflectionis350from250.

Whenthemirrorisrotatedthrough100aboutthepointofincidenceintheanticlockwisedirection,theresultis
asshownbelow:

150

Thenewangleofreflectionis150.

8.6.2:Mirrorsatanangle

Thenumberofimagesformedbytwoplanemirrorsplacedatanangletoeachotherdependsontheangleof
inclination.Thenumberofimagesformedbysuchanarrangementcanbecalculatedfromtheformula;n=

3600/θ–1

Wheren-thenumberofimagesformed

Θ-Angleofinclinationofthemirrors.

Example8.2

1.Atwhatangleshouldtwomirrorsbeinclinedtoform:

a)17images?

17=360/θ-1

18*θ=360

Θ=360/18=200

b)29images?

Θ=360/30=120

8.7:Applicationsofreflectionatplanesurfaces

1.Thekaleidoscope

Itcomprisesoftwoplanemirrorsinclinedatanangleof600insideatube.Ithasaground-glassplatetoadmit
light.Apieceofbrightlycolouredglassisplacedontheglassplate.Thisactsasanobject.Whenonelooksdown

I2 I1
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thetube,fiveimagesoftheobjectareseenwhichtogetherwiththeobjectformasymmetricalpatterninsix
sectors.

Akaleidoscopemaybeusedbydesignerstoobtainideasonsystematicpatterns.

2.Theperiscope

Thisisanobjectthatcanbeusedtoviewobjectsoverobstacles.Itconsistsoftwoplanemirrorsfacingeachother

atanangleof450.Itisusedtoinsubmarinesandalsotowatchovercrowds.

Object

Eye

Image

Aperiscopeingeneralformserect(upright)andvirtualimages.Periscopesusedinsubmarinesaremore
elaborate,inwhichprismsareusedinsteadofplanemirrorsandthetubesupportingthemincorporatesa
telescopetoextendtherangeofvision.
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TOPIC9:ELECTROSTATICSI

9.1:introduction

Electrostaticsreferstothestudyofstaticcharges.Someofthecasesillustratingtheeffectsofstaticcharges
include:

) Whenaplasticrulerorpenisrubbedonthehair,itpicksupsmallpiecesofpaperwhenitisbrought
closertothem.

b)Whenaglasswindowpaneiswipedusingadrypieceofclothonadryday,itimmediatelyattractsdust
particles.

c)Whenanylonclothistakenoffthebody,acrackingsoundisproduced.

Theaboveobservationsresultfromtheformationofstaticcharges.Thesechargesareasaresultoffriction
betweentherubbedsurfaces.Generallywhenaglassrodisrubbedusingsilk,itgainspositivechargeswhile
whenapolythenerodisrubbedusingfurorcloth,itgainsnegativecharges.

Therearetwotypesofchargesnamelynegativeandpositivecharge.Whenthenumberofnegativeandpositive
chargesinanymaterialarethesamethenthematerialissaidtobeneutral.Whentherearemorepositive
chargesthannegativecharges,thebodyissaidtobepositivelychargedwhileiftherearemorenegativecharges
thanthepositivecharges,thebodyissaidtobenegativelycharged.

Theoriginofchargecanbetracedbacktotheatom.Anatomconsistsofsmallerparticlesnamelyprotons
(positivelycharged),electrons(negativelycharged)andneutrons(neutralinnature-hasnocharge).Protonsand
neutronsarefoundatthenucleuswhileelectronsarefoundontheenergylevelsaroundthenucleus.Forany
atom,thenumberofprotonsequaltothenumberofelectrons.Henceanatomisneutral.

9.2:Basiclawofelectrostatics

Thislawstatesthatunlikechargesattractwhilelikechargesrepel.

9.3:chargingamaterial
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Therearethreewaysofchargingabodynamelybyinduction,contactmethodorbyseparation.

9.3.1:Inductionmethod

Thismethodinvolvesthreemainstepsasillustratedbelow:

e-

i) ii) iii)

Instep(i),apositivelychargedglassrodisbroughtclosetoasuspendedpolystyreneball.Thenegativecharges
willbeattractedtowardsthesidewiththeglassrodwhilethepositivechargesarerepelledaway.

Theballisthenearthedbytouchingitwiththefingeronthesideawayfromtheglassrodasshownin(ii)above.
Electronswillflowfromtheearthtoneutralizethepositivechargesontheball.

Instep(iii),thefingeriswithdrawnfirstandthentheglassrod.Thenegativechargesrepeleachotherthereby
spreadingallovertheball.Hencethepolystyreneballbecomesnegativelycharged.

Notethatwhenabodyischargedbyinductionmethod,itacquiresanoppositechargetothatoftheinducing
charge.

9.3.2:Contactmethod

(i) (ii) (iii)

Apositivelychargedglassrodisbroughtintocontactwithasuspendedpolystyreneballandthenwithdrawn.
Whentheglassrodisrolledonthepolystyreneball,theinducednegativechargesontheballareneutralized.
Whentheglassrodiswithdrawn,thepositivechargesareredistributedallovertheball.Hencetheballbecomes
positivelycharged.

Notethatwhenabodyischargedbycontactmethod,itgainsthesamechargeasthechargingmaterial.

9.3.3:Separationmethod

Twospheresareplacedincontactsothattheyformasingleconductor.Anegativelychargedrodisthenbrought
closetobutnottouchingoneofthespheresasshownbelowinfigure(i)below.
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(i) (ii) (iii)

Withtherodinposition,thecontactbetweenthetwospheresisbrokenasin(ii)above.Whentherodisfinally
withdrawn,thechargesontheindividualspheresareredistributedandtheyeventuallyacquireoppositecharges
asshownin(iii)above.

9.4:Thegold-leafelectroscope

Brasscap

Metalrod

Insulator Metacasing

Plate Earthconnection

9.4.1:Chargingamicroscope

Amicroscopecanbechargedbyeitherinductionorcontactmethod.

i. Inductionmethod

e-

(a) (b) (c) (d)

Whenanegativelychargedpolythenerodisbroughtnearthecapofunchargedelectroscope,positivechargesare
attractedtothecapleavingnegativechargesontheplateandleaf.Theleafthusdiverges.

Withtherodinposition,theelectroscopeisearthedbytouchingthecap.Electronsthenflowfromthe
electroscopetotheearth.Theleafmomentarilyfallsbutwhenthefingerandtherodarewithdrawninthatorder,
thepositivechargesareredistributedthroughouttheelectroscopeandtheleafdivergesagain.

Assignment9.1

1.Describehowtochargeanelectroscopenegativelybyinductionmethod.

ii. Contactmethod

Gold/aluminiumleaf
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(a) (b) (c)

Thenegativechargesontheelectroscopeareattractedtothecapandneutralizedleavingpositivechargesonthe
plateandleaf.Hencetheleafdiverges.Whentherodiswithdrawnthepositivechargesareredistributedallover
theelectroscope.

Notethatwhenanelectroscopeischargedbycontactmethod,itacquiresthesamechargeasthatofthecharging
material.

Assignment9.2

1.Describehowtochargeanelectroscopenegativelybycontactmethod.

9.4.3:Usesoftheelectroscope

a)Todistinguishbetweenaconductorandaninsulator.

Whenaconductorisbroughtintocontactwithachargedelectroscope,theleaffalls.Whentheelectroscopeis
positivelycharged,electronsflowfromtheearththroughthematerialtotheelectroscopetoneutralizethe
positivecharges.Whentheelectroscopeisnegativelycharged,electronsflowthroughthematerialtotheearth.
Hencetheleaffalls.

However,foraninsulatortherewillbenoeffectontheleafdivergenceoftheelectroscope.

b)Totestthequantityofchargeonachargedbody.

Thedegreeofleafdivergenceisproportionaltothequantityofchargeonabodyi.e.thehigherthequantitythe
largerthedivergence.

c)Todetectthepresenceofchargeonabody.

Whenachargedbodyisbroughtclosetothecapofanelectroscope,thebehavioroftheleafwilldetermine
whetherthebodyischargedornot.Thiswillbelookedatinthenextpoint.However,whenanunchargedbodyis
broughtclosetothecapofachargedelectroscope;eitherpositivelyornegatively,theleafdivergencereduces
whileiftheelectroscopeisuncharged,theywillbenoeffectontheleafdivergence.

d)Totestthesignofthechargeonachargedbody.

Inthiscase,theinitialchargeontheelectroscopemustbeknown.Whenabodyhavinganoppositechargeis
broughtnearthecapoftheelectroscope,theleafdivergencedecreasesduetoattraction.Whenasimilarchargeis
broughtnearthecap,theleafdivergenceincreasesduetorepulsion.Thisissummarizedinthetablebelow:

Chargeonelectroscope Chargeonthebody Effectonleafdivergence

+ + Increase

- - Increase

+ - Decrease

- + Decrease

+/- Uncharged Decrease
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FORMTHREE

ELECTROSTATICSII

9.5:Chargedistributiononthesurfaceofaconductor(FORMTHREEWK)

Thequantityofchargeperunitareaofthesurfaceofaconductoriscalledchargedensity.Thechargedistribution
onaconductordependsontheshapeoftheconductor.Generally,thechargeconcentrationonaspherical
conductorisuniformwhilethatonasharppointishigh.

Thehighchargeconcentrationatsharppointsmakesiteasiertogainorlosecharges.Theeffectsofhighcharge
concentrationatsharppointscanbeseeninthefollowingcases:

9.5.1:Electricwind

Whenahighlychargedsharppointisbroughtclosetoacandleflame,theflameisobservedtodriftawayasif
therewaswind.Thehighchargeconcentrationatthesharppointionizesthesurroundingairproducingboth
positiveandnegativecharges.Oppositechargesareattractedtothepointwhilesimilarchargesarerepelled
awayfromthepointblowingawaytheflame.
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Ifthepointisbroughtveryclose,theflamesplitsintotwo;onepartmovestowardsthepointandtheotherpart
awayfromthepoint.Thisisbecauseaflamehasbothpositiveandnegativeions.Thenegativeionsareattracted
towardsthepointwhilethepositiveionsarerepelledawayfromthepoint.

9.5.2:Lightningarrestors

Whencloudsmoveintheatmosphere,theyrubagainsttheairparticlesandproducealargeamountofstatic
chargesbyfriction.Thesechargesinducelargeamountsoftheoppositechargeontheearth.Henceahigh
potentialdifferenceiscreatedbetweentheearthandcloud.Thismakesairtobeachargeconductor.The
oppositechargesattracteachotherandneutralize,causingthunderandlightning.Lightningcanbevery
destructivetobuildingsandotherstructures.

Lightningarrestorsareusedtosafeguardsuchstructures.Itconsistsofathickcopperplateburieddeepunder
theground.Theplateisconnectedbyathickcopperwiretothespikesatthetopofthebuilding.Thearrestor
assumesthesamechargeastheearth.Atthespikes,ahighchargedensitybuildsupandastrongelectricfield
developsbetweenthecloudandthespikes.Theairaroundthespikesisionized.Theoppositechargesattract
eachotherandneutralize.Excesselectronsflowtothegroundthroughthethickcopperwire.

Itisforthisreasonthatpeopleareadvisednottotakeshelterundertreeswhenitisraining.

9.6:Applicationsofstaticcharges(JUSTMENTIONTHETWO)

 Electrostaticprecipitator

Oneofthecausesofairpollutiongloballyisincreasedindustrialization.Someindustrieshaveindeedresponded
tothischallengebyinstallingelectrostaticprecipitatorswhicharefoundwithinthechimneys.

Anelectrostaticprecipitatorconsistsofacylindricalmetalplatefixedalongthewallsofthechimneyandawire
meshsuspendedthroughthemiddle.

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

Thenozzleofthesprayingcanischarged.Whenspraying,thepaintdropletsacquiresimilarchargeandspread
outfinelyduetorepulsion.Asthedropletsapproachametallicbody,theyinduceoppositechargewhichthen
attractsthemtothemetalsurface.Thisensuresthatlittlepaintisused.

9.7:Dangersofstaticcharges

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

Itisthereforeadvisabletostorefuelsandotherflammableliquidsinmetalliccontainerssothatanycharges
generatedcancontinuallyleakout.Thisalsoexplainswhylongchainshangunderneathfueltankersasthey
move.

9.8:Electricfield(FORMTHREEWK)

Thisistheregionaroundachargedbodywhereitsinfluence(attractionandrepulsion)canbefelt.Itis
representedlinesofforcecalledelectricfieldlines.Thedirectionofanelectricfieldisthedirectioninwhicha
positivechargewouldmoveifplacedatthatpoint.

Electricfieldlineshavethefollowingproperties:

 Originatefromapositivechargeandterminateatanegativecharge

 Donotcrosseachotheri.e.donotintersect

 Areparallelatuniformfield,closetogetheratstrongfieldsandwidelyspacedatweakerfields.

9.8.1:Electricfieldpatterns

Theelectricfieldpatternbetweentwochargedbodiesobeysthelawofelectrostatics.Belowaresomepatterns
betweenchargedbodies:

(a) (b)

c)

NB/Attheneutralpoint,theresultanteffectiszero.

9.9:Capacitors

Acapacitorisadeviceusedforstoringcharge.Itconsistsoftwoormoremetalplatesseparatedbyavacuumora

Neutralpoint
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materialmedium(insulator).Thismaterialisknownasa‘dielectric’.Othermaterialsthatcanbeusedasa
dielectricincludeair,plastic,glasse.t.c.thesymbolofacapacitorisshownbelow:

Therearethreemaintypesofcapacitorsnamelypapercapacitors,electrolyticcapacitorsandvariablecapacitors.
Othersincludeplastic,ceramicandmicacapacitors.

9.9.1:Chargingacapacitor

Experiment:Tochargeacapacitor

Apparatus:Unchargedcapacitorof500µF,6.0Vpowersupply,rheostat,voltmeter,milliammeter,switch,
connectingwiresandastopwatch.

C

Procedure

i. Setuptheapparatusasshownabove.

ii. Closetheswitchandrecordthevaluesofcurrent,Iatvarioustimeintervals.Tabulateyourvaluesin
thetablebelow:

Time,t(s) 0 10 20 30 40 50 60 70

Current,I(mA)

It(mAs)

iii. Plotagraphofcurrent,Iagainsttime,t

iv. PlotagraphofItagainsttime.

Observations

Thechargingcurrentisinitiallyhighbutgraduallyreducestozero.Agraphofcurrent,Iagainsttimeappears
asshownbelow:

I(mA)

m

v
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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.

9.9.2:Dischargingacapacitor

Experiment:Todischargeacapacitor

Apparatus:Achargedcapacitor,resistor,galvanometer,switchandconnectingwires.

C

Procedure

- Setuptheapparatusasshownabove.

- Closetheswitchandrecordthevaluesofcurrentatvarioustimeintervalsinthetablebelow.

Time,t(s) 0 10 20 30 40 50 60 70

Current,I(mA)

- Plotagraphofcurrent,Iagainsttime,t.

Observations

Thevalueofcurrentisseentoreducefrommaximumvaluetozerowhenthecapacitorisfullydischarged.
Thegalvanometerdeflectsbutintheoppositedirectiontothatduringcharging.

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

+

I(mA) p.d(V)

G



62|Page
©PHYSICSPLUS

t(s)

-

t(s)

Agraphofchargeinthecapacitor,Qagainsttime,tduringdischargingalsoappearslikethatofp.dagainst
timei.e.p.dacrossthecapacitorisdirectlyproportionaltothechargestored.

9.10:Capacitance

Capacitanceofacapacitorisdefinedasthemeasureofthechargestoredbythecapacitorperunitvoltage;C
=Q/V

HenceQ=CV

Recall:Q=It

ThereforeQ=CV=It

TheSIUnitofcapacitanceisthefarad,F.Afaradisthecapacitanceofabodyifachargeofonecoulombraises
itspotentialbyonevolt.

Othersmallerunitsofcapacitanceare:microfarad(µF),nanofarad(nF)andpicofarad(Pf).

i.e.1µF=10-6F

1nF=10-9F

1pF=10-12F

9.10.1:Factorsaffectingcapacitanceofacapacitor

Thecapacitanceofaparallelplatecapacitordependsonthreefactors,namely:

- Areaofoverlapoftheplates,A

- Distanceofseparation,dbetweentheplates

- Natureofthedielectricmaterial

Experiment:Toinvestigatethefactorsaffectingcapacitance

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

K L

Procedure
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- Fixtheplatesontheinsulatingsupportsothattheystandparallelandclosetoeachotherasshownabove.

- ChargeplateKtoahighvoltageandthenconnectittotheunchargedelectroscope.Earththesecondplate,
L.

- Whilekeepingtheareaofoverlap,Athesamevarythedistanceofseparation,dandobservetheleaf
divergence.

- Whilekeepingthedistanceofseparation,dconstantvarytheareaofoverlap,Aandobservetheleaf
divergence.

- Whilekeepingboththeareaofoverlapandthedistanceofseparation,dconstantintroducetheglass
platebetweentheplatesofthecapacitorandobservewhathappenstotheleaf.

Observations

1.Whenthedistanceofseparationisincreasedtheleafdivergencealsoincreased.

2.Whentheareaofoverlapisincreasedtheleafdivergencedecreased.

3.Whentheglassplateisintroducedbetweentheplates,theleafdivergenceincreased.

Notethattheleafdivergencehereisameasureofthepotential,VofplateK.Hencethelargerthedivergence
thegreaterthepotentialandthusthelowerthecapacitance(sinceC=Q/V,butQisconstant).

Conclusion

Fromtheaboveobservations,itfollowsthatthecapacitanceisdirectlyproportionaltotheareaofoverlap
betweentheplatesandinverselyproportionaltothedistanceofseparation.Italsodependsonthenatureof
thedielectricmaterial.

C∝A/d

C=εA/dwhereεisaconstantcalledpermittivityofthedielectricmaterial(epsilon).

Ifbetweentheplatesisavacuum,thenε=ε0,knownasepsilonnoughtandisgivenby8.85*10
-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*10-6=0.0036C

2.Whatistheaveragecurrentthatflowswhena720μFcapacitorischargedto10Vin0.03s?

{ans.0.24A}

Solution

Q=CV=It
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I=720*10-6*10/0.03=0.24A.

3.Findtheseparationdistancebetweentwoplatesifthecapacitancebetweenthemis4.0*10-12Candthe

enclosedareais2.0cm2.Takeε0=8.85*10
-12Fm-1.{d=4.425*10-4m}

Solution

C=ε0A/d

d=8.85*10-12*2.0*10-4/4.0*10-12

=4.425*10-4m

9.10.2:Arrangementofcapacitors

a)Seriesarrangement

Considerthreecapacitors;C1,C2andC3arrangedasshownbelow:

C1 C2C3

V1V2V3

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
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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.

Example9.2

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.Thefigurebelowshowsanarrangementofcapacitorsconnectedtoa10Vd.csupply.

Determine:a)Thecombinedcapacitanceofthearrangement

b)Thetotalchargeinthecircuit

(ans.0.7778μF,7.778μC)

a)CBD=3*3/3+3=1.5μF



66|Page
©PHYSICSPLUS

CAE=2+1.5=3.5μF

C=3.5*1/3.5+1=0.7778μF

b)Q=CV=0.7778*10=7.778μC.

Assignment9.3

Thefigurebelowshowspartofacircuitconnecting3capacitors.Determinetheeffectivecapacitance
acrossAC.

10μF 15μF

A C

B5μF

9.10.3:Energystoredbyacapacitor

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

Example9.3

1.Thefigurebelowshowstwocapacitorsconnectedtoa12Vsupply

12V 12μF 6μF

Determine:a)theeffectivecapacitanceofthecircuit

b)Chargeoneachcapacitor
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c)Energystoredinthecombination

{ans.18μF,72μC,2.196*10-3J}

a)12+6=18μF b)Q1=12*12=144μC c)E=½CV2=1/2*18*10-6*122=2.196*10-3J

2.Inthefigurebelow,calculatetheenergystoredinthecombinedcapacitor.

2μF 3μF

2V

{ans.2.4*10-6)

C=2*3/2+3=1.2μF

E=½*1.2*10-6*22=2.4*10-6J

9.10.4: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,thecapacitor
dischargesinstantlytoflash.
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TOPIC10:CURRENTELECTRICITY

10.1:Introduction

Electriccurrentisdefinedastherateofflowofcharges.

i.e.current,I=amountofchargeQ/timeofflow,t

TheSIunitofelectriccurrentistheampere(A).Othersmallerunitsincludemilliampere(mA)and
microampere(µA):

1A=103mA

1A=106µA

Chargeisusuallymeasuredinunitscalledcoulomb(C).Whenaswitchinanelectricalcircuitisopenthecircuitis
referredtoasanopencircuitandwhenitisclosedsuchthatcurrentflows,itissaidtobeclosed.Socurrentonly
flowsinaclosedcircuit.Thoughelectronsflowfromthenegativeterminaltothepositiveterminalofacell,the
conventionalcurrentdirectionisfrompositivetonegativeterminalofacell.

Thechargeofanelectronisecoulomb.Ifnelectronspassthroughapointinacircuit,thetotalchargeQcrossing
thatpointisgivenby:

Q=ne

ThereforeI=Q/t=ne/t

Generally,thechargeofanelectronis-1.6*10-19C.Incalculations,thenegativesignisalwaysignored.

Example10.1

1.Ifthecurrentinacircuitis2A,calculate:

a)Thechargethatcrossesapointinthecircuitin0.6s.

I=Q/t
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Q=2*0.6=1.2C

b)Thenumberofelectronscrossingthepointpersecond.Takee=1.6*10-19C.

I=Q/t=ne/t

1.2/0.6=(n*1.6*10-19)/0.6

n=1.2/(1.6*10-19)=7.5*1018electrons.

2.Achargeof180Cflowsthroughaconductorfor3minutes.Calculatethecurrentflowingthroughthe
conductor.

I=Q/t=180/(3*60)

=1A

10.2:Commonelectricalsymbols

Belowaresomeofthecommonlyusedelectricaldevicesandtheirsymbols:

+ -

Acell Ammeter Milliammeter Voltmeter

OR

Agalvanometer Abulb/filament a.cpowersupplyAwitch

Afixedresistor Avariableresistor Arheostat Acapacitor

OR

AfuseWirescrossingwithconnectionWirescrossingwithnoconnection

10.3:Electromotiveforce(emf),potentialdifference(terminalvoltage)ofacellandinternalresistance

Forchargestoflowthroughaconductor,workmustbedonetoovercometheresistanceofferedbytheconductor.
Someworkisalsodonetodrivechargesthroughthecellitself.Theenergyrequiredtodothisworkmustbe
suppliedbythecellitself.Themaximumenergyavailablepercoulombbetweentheterminalsofacellwhen
thereisnoresistancei.e.inanopencircuitisreferredtoasitselectromotiveforce(emf).

Ontheotherhand,thepotentialdifferencebetweentheterminalsofacellistheenergypercoulombbetweenits
terminalswhensupplyingcurrenti.e.inaclosedcircuit.Itisalsocalledterminalvoltage.

V
V
2

A Vm

G
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V1=theelectromotiveforceofthecell

V2=potentialdifference/terminalvoltage

Generally,emfofacellislargerthantheterminalvoltage.

Thedifferencebetweentheemfandterminalvoltageisduetotheresistanceofferedbythecellitself.This
resistancebythecelliscalledinternalresistance.Theworkdonepercoulombtoovercomeinternalresistanceis
knownasthelostvolts.

i.e.lostvolts=emf-terminalvoltage.

10.4:Arrangementofcells

 Supposethreecellseachofemf1.5Vareconnectedinseries,thenthetotalemfofthecircuitisthesumof
theemfofthethreecells.

Inseriesarrangementofcells,apositiveterminalofonecellisconnectedtothenegativeterminalofthenext
cell.Thecurrentflowingthroughthecircuitwillbehigherandhencethebulbwouldbebrighterthanwhenit
wouldhavebeenasinglecell.

 Inparallelconnectionofcells,allthepositiveterminalsareconnectedtogetherandallthenegative
terminalsalsoconnectedtogether.

Inthiscase,thebulbusesanemfequivalenttotheemfofonecell.Thecurrentflowinginthecircuitwillalsobe
lower.Theadvantagethismethodofconnectionhasoverseriesconnectionisthatitcansupplycurrentfora
longertime.

10.5:Arrangementofelectricalcomponents

Electricaldevicescanalsobeconnectedinseriesorparallelorevenacombinationofthetwo.Considerthree
bulbsconnectedasshownbelow:

(a) (b)

In(a),thebulbshavebeenconnectedinseries.Inthiscase,thecurrentflowingthroughthebulbsisthesameand
isequaltothecircuitcurrent.Thesumofthevoltagedropacrossthebulbsisequaltothetotalcircuitvoltage.
Whenonebulbisfaulty,theremainingbulbswillstopworkingsincethecircuitwillbeincomplete.

In(b)wherethebulbshavebeenconnectedinparallel,thevoltagedropacrossthebulbsisthesameandisequal
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tothevoltagesuppliedbythecell.Thesumofthecurrentthroughtheindividualbulbsisequaltothecircuit
current.Theadvantageofthismethodofconnectionisthatwhenoneofthebulbsisfaultytheremainingbulbs
willstillbeworking.Thismethodiscommonlyusedinwiringoflightingcircuitsinhouses.

10.6:Measurementofvoltageandcurrent

Inthelaboratory,voltagesaremeasuredusingavoltmeterwhilecurrentismeasuredusinganammeterora
milliammeter.Thevoltmeterisalwaysconnectedinparallelwiththecomponentswherepotentialdifferenceis
tobemeasured.Theyofferveryhighresistancetotheflowofcurrent.Thusverynegligiblecurrentflowsthrough
it.

Ammetersontheotherhandareconnectedinserieswiththeothercomponentswherecurrentistobemeasured.
Thisisbecausetheyhaveverynegligibleresistanceandhencedoesnotinterferewiththecurrent.

+ -

+

-

Notethatthepositiveterminalofthevoltmeterorammeterisalwaysconnectedtothepositiveterminalofthe
cellorbattery.

10.7:Conductorsandinsulators

Aconductorisamaterialthatallowsfreeflowofchargesthroughite.g.copper,silver,aluminium,etc.Thereare
alsothosematerialswhichdonotallowflowofchargesthroughtheme.g.drywood,plastic,rubberetc.Theyare
generallyreferredtoasinsulators.Conductorsarefurthercategorizedaseithergoodorpoorconductors.The
goodconductorsaregenerallymetalsandtheyconductelectriccurrentatafasterrate.Thisismadepossibleby
thefactthatmetalshavenumerousfreeelectronsmovingwithinthemselves.Anexampleofapoorconductoris
graphite.Suchconductorspossesslessnumberoffreeelectronsandhenceconductslowly.Insulatorsdonot
havefreeelectronsatall.

Therearealsoagroupofmaterialswhoseelectricalconductivityliesbetweenthatofaconductorandan
insulatori.e.theyconductonlywhenundercertainconditions.Examplesofsuchmaterialsincludesiliconand
germanium.Theyarereferredtoassemiconductors.

Someliquids(solutions)arealsoverygoodelectricalconductorslikedilutesulphuricacid,sodiumchlorideand
potassiumhydroxide.

10.8:Sourcesofelectricity

Belowaresomeofthecommonsourcesofelectricity:

- Chemicalcells

- Generators

- Solarcells

Inthistopic,wearegoingtolookatchemicalcells.

1.Chemicalcells

Thesecellsrelyonchemicalreactionstoproduceelectromotiveforce.Chemicalcellsareoftwotypes:

A

v



72|Page
©PHYSICSPLUS

- Primarycells

- Secondarycells.

 Primarycells

Thesearefurthergroupedintoasimplecellandadrycell.

a)Asimplecell

Asimplecellconsistsoftwoplates;zincplatewhichisthenegativeplateandcopperwhichisthepositiveplate
anddilutesulphuricacidastheelectrolyte.

Zinc Copper

_ +

Dilutesulphuricacid

Withtheswitchopen,bubblescanbeobservedaroundthezincplateindicatingthatthereactionbetweenzinc
andtheacidisfasterthanthatbetweencopperandtheacid.Whentheswitchisclosedthemilliammeterdeflects
andthebulblights,asignthatcurrentisflowinginthecircuit.

Whenzincreactswiththeacid,zincformsanionbyliberatingelectronswhichflowthroughtheconnectingwire
tothecopperplate.

Zn(s) Zn2+(aq) +2e-

Meanwhilethedilutesulphuricaciddissociatesintohydrogenions(H+)andsulphateions(SO4
2-).Thehydrogen

ionsfromtheacidwillmovetothecopperplatewheretheyareneutralizedbytheelectronsfromthereaction
betweenzincandtheacid.Theresultisformationofhydrogengasbubblesaroundthecopperplate.

H+
(aq)+2e

- H2(g)

Theprocessofformationofhydrogengasbubblesaroundthecopperplateiscalledpolarization.Thiswillmake
itdifficultforelectronstoflowandhencethesizeofthecurrentgoesdownandthebulbbecomesdim.
Polarizationcanbeminimizedbyaddingadepolarizere.g.potassiumdichromate.Thedepolarizershouldbeone
whichdoesnotreactwiththeelectrolyte.

Alsoasthezincreactswiththeacid,itdissolvesandexposesthehiddenimpuritiesofcarbonandiron.These
impuritiespromotethereactionbetweenzincandtheacid.Thezincisthereforeeatenupevenwhenthereisno
currentbeingsuppliedi.e.inanopencircuit.Thisiscalledlocalaction.Itcanbeminimizedbyusingpurezincor
applyingalayerofmercuryonthezincplate.Theprocessiscalledamalgamation.

Polarizationandlocalarereferredtoascelldefects.

b)Drycell

Itiscalledleclanchécell.Theelectrolytehasbeenreplacedwithammoniumchloridepastewhiletheelectrodes
arenowcarbonrodasthepositiveterminalandzinccasingasthenegativeterminal.Thecarbonrodis
surroundedbymanganese(IV)oxidemixedwithcarbonpowder.

Metalcap Sealandinsulator

m
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Carbonrod(positive) Manganese(IV)oxideandcarbonpowder

Ammoniumchloridepaste Zinccase(negative)

Whenthecellisworking,zincisconvertedtozincchlorideliberatinghydrogenions.Thehydrogenionsare
neutralizedbytheelectronsfromthereactionbetweenzincandammoniumchlorideandhydrogengasis
produced.Oxygenfrommanganese(IV)oxidecombineswiththehydrogenproducedtoformwater.Hence
polarizationisminimized.However,thewaterformedmakesthecelltobewet.Carbonpowderactsasacatalyst
sinceitisusedtoquickentheworkingofmanganese(IV)oxide.

Inordertominimizelocalaction,purezincshouldbeusedoritshouldbecoatedusingmercury.Notethatlocal
actioncannotbecompletelyeradicated.

Anewdrycellhasanemfof1.5Vandcannotberenewedonceitsenergyisexhausted.Adrycellshouldalways
bestoredinadryplace.

 Secondarycells

Beforeuseasecondarycellisfirstchargedusingelectricity.Theenergyisstoredinchemicalform.Whenthecell
isinuse,thestoredenergyisconvertedtoelectricalenergy.Therearetwocommonlyusedsecondarycells:

- Lead-acidaccumulator

- Alkalineaccumulator

a)Lead-acidaccumulator

Itisthemostreliable,longlastingandcost-effectivesecondarycell.Itconsistsofanumberofcellsconnectedin
series.Severalcellsconnectedinseriesformsabattery.Thepositiveplateislead(IV)oxidewhilethenegative
plateisspongylead.Theplatesareveryclosetooneanotherandareseparatedbyinsulatingsheetstokeepthem
outofcontact.

Thecurrentcarryingcapacityofthebatterydependsonthesurfaceareaandthenumberofplatesinthecell.The
largerthesurfaceareathehighertheamountofchargeitcanstore.Thecapacityofthecellisalsodirectly
proportionaltothenumberofplates.

Theelectrolytecomprises64%waterofrelativedensity1.00and36%sulphuricacidofrelativedensity1.84.
Whentheaccumulatorisworking(discharging),waterisproducedwhichlowerstherelativedensityoftheacid.
Whencompletelydischarged,therelativedensityoftheacidis1.18.Inordertoregainitsenergy,the
accumulatorisrechargedusingdirectcurrent.Inthiscase,thepositiveterminalofthechargingunitisconnected
tothepositiveterminaloftheaccumulator.

+ _
DCm

-+
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Rechargingalead-acidaccumulator

Themaximumamountofenergyanaccumulatorcanstorewhenfullychargedisreferredtoasitscapacity.Itis
calculatedinampere-hour(Ah);

i.e.capacity=currentinampere*timeinhours.

Notethattheinternalresistanceofacellisinverselyproportionaltothelineardimensionsoftheplates.

Example10.2

1.Whatisthecapacityofacellwhichcansupplycurrentof250mAfor4hours?

Capacity=250/1000*4=1Ah.

2.ThechargestoredbyacellAofplatedimensions0.2m*0.2mis108000C.

a)WhatchargeisstoredincellBofplatedimensions0.4m*0.4m?

ChargestoredbyA/ChargestoredbyB=AreaofplateA/AreaofplateB

108000C/QB=(0.2*0.2)/(0.4*0.4)

QB=(108000*0.16)/0.04=432000C.

b)WhatistheratioofinternalresistanceofcellAtothatofcellB?

ResistanceofAα1/lengthofA

AndresistanceofBα1/lengthofB

Therefore,resistanceofA/resistanceofB=lengthofB/lengthofA

=0.4m/0.2m=2:1

Careforthelead-acidaccumulator

1.Theleveloftheelectrolyteshouldalwaysbemaintainedabovetheplates.Thiscanbedonebytoppingup
usingdistilledwater.

2.Neverdrawlargecurrentfromtheaccumulatorforalongertimesincethiscanweakentheelectrodes.

3.Neverleavetheaccumulatorinadischargedconditionforalongtime.

4.Alwayskeeptheterminalsclean.

5.Neverputtheaccumulatordirectlyontheground.Insteadrestitonsomeinsulator.

c)Alkalineaccumulator

Thisaccumulatorusesalkalinesolutionastheelectrolytee.g.potassiumhydroxide.Somecommontypesof
alkalineaccumulatorsincludeanickel-ironandnickel-cadniumaccumulators.Theseaccumulatorsarepreferred
wherelargecurrentmayberequiredforemergencye.g.inhospitals.

Advantagesofalkalineaccumulatoroverlead-acidaccumulator

1.Largecurrentcanbedrawnfromthemoverashorttime.
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2.Minimalmaintenanceisrequired.

3.Theyareeasilyportable(lighter).

4.Theycanbekeptinadischargedstateforalongertimewithoutruiningthecells.

Disadvantagesofalkalineaccumulatoroverlead-acidaccumulator

1.Theirinitialcostisveryhighi.e.expensive.

2.Theyhavealoweremfpercell.

10.9:Howtouseanammeterandvoltmeter

 Connectthepositiveterminaloftheammeter/voltmetertothepositiveterminalofthebattery.

 Ensurethatthepointerisinitiallyatzeroi.e.thereisnozeroerror.Ifthereisazeroerror,correctit
beforeusingtheinstrument.

 Selectanappropriatescaletouse.

 Avoidparallaxerrortakingreadingsi.e.viewthescalenormally.

10.10:Ohm’slaw(formthreework)

Thislawrelatesthecurrentflowingthroughaconductorandthevoltagedropacrossthatsectionofthe
conductor.Thelawstates:thecurrentflowingthroughaconductorisdirectlyproportionaltothepotential
differenceacrossitsendsprovidedtemperatureandotherphysicalfactorsarekeptconstant.Thefollowingset
upcanbeusedtoinvestigateOhm’slaw:

- ClosetheswitchandadjustthecurrentflowingthroughtheconductorTusingtherheostattotheleast
possiblevalue.Recordthecorrespondingvoltmeterreading.

- Increasethecurrentinstepsrecordingthecorrespondingvoltmeterreadings.Recordyourvaluesinthe
tablebelow:

CurrentI(A)

VoltageV(V)

- Plotagraphofvoltageagainstcurrent.Hencedeterminetheslopeofthegraph.

Agraphofvoltageagainstcurrentisastraightlinethroughtheorigin.Hencevoltagedropacrossthe
conductorisdirectlyproportionaltothecurrentthroughit;

T

v

A
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Voltage(V)

∆V Slope=∆V/ΔI=resistanceR

ΔI

CurrentI(A)

VαI

V/I=constant

TheconstantisknownasresistanceRoftheconductorTunderinvestigation.

Thus,V/I=R

OrV=IR.

Hencetheslopeofavoltage—currentgraphisequaltotheresistanceRoftheconductorT.electrical
resistancecanbedefinedastheoppositionofferedbyaconductortotheflowofelectriccurrent.Itis
measuredusinganohmmeter.

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

1Ω=10-3kΩ

1Ω=10-6MΩ

MaterialswhichobeyOhm’slawaresaidtobeohmicmaterialswhilethosewhichdonotobeythelaware
saidtobenon-ohmicmaterials.Thegraphofvoltageagainstcurrentfornon-ohmicmaterialsisacurveor
maybeastraightlinebutdoesnotpassthroughtheorigin.

Theinverseonresistanceiscalledconductance;

Conductance=1/resistanceR.

Example10.3

1.Calculatethecurrentflowingthrougha8Ωdevicewhenitisconnectedtoa12Vsupply.

I=V/R

I=12V/8Ω=1.5A

10.10.1:Factorsaffectingtheresistanceofaconductor

Therearethreemainfactorsthataffecttheresistanceofaconductor:

a)Temperature

Increaseintemperatureenhancesthevibrationoftheatomsandthushigherresistancetotheflowofcurrent.

b)LengthoftheconductorL
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Theresistanceofauniformconductorincreaseswithincreaseinlength.

c)CrosssectionareaA

Aconductorhavingawidercrosssectionareahasmorefreeelectronsperunitlengthcomparedtoathinone.
Henceathickermaterialhasabetterconductivitythanathinnerone.Generally,resistancevariesinverselyas
thecrosssectionareaofthematerial.

Therefore,ataconstanttemperatureresistancevariesdirectlyasthelengthandinverselyasthecrosssection
areaoftheconductor;

RαL/A

R=(Aconstant*L/A)

Orsimply,AR/L=constant

Theconstantiscalledtheresistivityofthematerial;

Resistivityϱ=(crosssectionareaA*resistanceR)/lengthL.

Resistivityismeasuredinohm-metre(Ωm).

Example10.4

1.Awireofresistance3.5Ωhasalengthof0.5mandcrosssectionarea8.2*10-8m2.Determineits
resistivity.

Resistivityϱ=AR/L=(8.2*10-8m2*3.5Ω)/0.5m

=5.74*10-7Ωm

2.TwoconductorsAandBaresuchthatthecrosssectionareaofAistwicethatofBandthelengthofBis
twicethatofA.Ifthetwoaremadefromthesamematerial,determinetheratiooftheresistanceofAto
thatofB.

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

10.11:Resistors
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Aresistorisaspeciallydesignedconductorthatoffersaparticularresistancetotheflowofelectriccurrent.
Therearethreemaingroupsofresistors:

a)Fixedresistors-offerfixedvaluesofresistance.Theyhavecolourbandsaroundthem.

b)Variableresistors-offervaryingresistancee.grheostatandpotentiometer.

c)Non-linearresistors-thecurrentflowingthroughtheseresistorsdoesnotchangelinearlywiththe
voltageapplied.Examplesincludeathermistorandlight-dependentresistor(LDR).

10.11.1:Measurementofresistance

Threemethodsmaybeused:

a)Voltmeter-ammetermethod

Inthismethod,thecurrentflowingthroughthematerialandvoltageacrossitsendsaremeasuredandagraphof
voltageagainstcurrentplotted.Theslopeofthegraphgivestheresistanceofferedbythematerial.

b)Thewheatstonebridgemethod

Awheatstonebridgeconsistsoffourresistorsandagalvanometerconnectedasshownbelow:

I1

I1

I2

I2

Thevaluesofthreeoutofthefourresistorsmustbeknown.Thevalueofoneoftheresistorsisadjustedtoa
pointthatthegalvanometerdoesnotdeflect.Atthispoint,thevoltagedropacrossR1isequaltothatacrossR3.
Similarly,thevoltagedropacrossR2isequaltothatacrossR4.NotethatthecurrentflowingthroughR1isequal
thatthroughR2.Also,thecurrentthroughR3isthesametothatthroughR4.

Therefore,I1R1=I2R3………………………….i

I1R2=I2R4………………………….ii

Dividingequation(i)by(ii),weget;

R1/R2=R3/R4

Thismethodismoreaccuratecomparedtothevoltmeter-ammetermethodsincethevoltmeterhassome
resistanceagainsttheflowofcurrentandthustakesupsomevoltage.

c)Themetrebridgemethod

R1

R3 R4

R2

G
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Thismethodreliesonthefactthatresistanceisdirectlyproportionaltothelengthoftheconductor.

L1 K L2

ThevaluesofR1andR2mustbeknown.SupposeatpointKthegalvanometerdoesnotdeflect,thenthevoltage
dropacrossR1equalthevoltagedropacrossthesectionL1.Similarly,thevoltagedropacrossR2equalsthe
voltagedropacrossthesectionL2.IfthecurrentthroughR1andR2isI1andthatthroughthesectionL1andL2isI2,
then;

I1R1=I2L1…………………………..i

I1R2=I2L2……………………………ii

Dividingequation(i)by(ii),weget;

R1/R2=L1/L2

Example10.5

1.Inanexperimenttodeterminetheresistanceofanichromewireusingthemetrebridge,thebalance
pointwasfoundtobeatthe40cmmark.Giventhatthevalueoftheresistortotherightis30Ω,calculate
thevalueoftheunknownresistorR.

A C B

LAC/LCB=R/30Ω

40cm/60cm=R/30Ω

R=(30*40)/60=20Ω

10.11.2:Resistornetworks

a)Seriesnetwork

Whenresistorsarearrangedinseriesthesamecurrentpassthrougheachoneofthem.Considerthreeresistors

P Q

G

R1 R2

R 30Ω

G
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connectedasshownbelow:

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.

b)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

I/V=(1/R1+1/R2+1/R3)
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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,thearrangementissystematically
reducedtoasingleresistor.

Example10.6

1.Thefigurebelowshows3resistors.

5Ω3Ω

8Ω

12V

Calculate:

a)Theeffectiveresistanceofthecircuit.

R=(8+5+3)Ω=16Ω

b)Thetotalcurrentinthecircuit.

I=V/R=12V/16Ω=0.75A

c)Thevoltagedropacrosseachresistor.

V8Ω=0.75*8=6.0V

V5Ω=0.75*5=3.75V

V3Ω=0.75*3=2.25V

2.Threeresistorsareconnectedasshownbelow:

5Ω

3Ω

6Ω
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12V

Calculate:

a)Thetotalresistanceofthecircuit.

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

1/R=(6+10+5)/30=21/30

R=30/21=1.4286Ω

b)Thecurrentthrougheachresistor.

I5Ω=12V/5Ω=2.4A

I3Ω=12V/3Ω=4.0A

I6Ω=12V/6Ω=2.0A

3.Thefigurebelowshowsfiveresistorsand6.0Vsupply.

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=7.1107A

10.11.3:Internalresistancer

Whenacellsuppliescurrentinacircuit,thepotentialdifferencebetweenitsterminalsisobservedtobe
lowerthanitselectromotiveforce(emf).Thisdifferenceisduetotheinternalresistanceofthecell.Some
workmustbedonetoovercomethisresistanceandsothedropintheemfofthecellisresponsiblefor
this.ThedifferenceisreferredtoasthelostvoltandisgivenbyIr.

i.e.lostvolts=emf-terminalvoltage

Orsimplyemf=terminalvoltage+lostvolts

Themathematicalequationconnectingemf,circuitcurrent,externalresistanceandinternalresistanceof
thecellisgivenby:
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E=IR+Ir=I(R+r).

Internalresistanceofacellcanbeobtainedexperimentally.Insuchanexperiment,thefollowingdata
wasobtained:

CurrentI(A) 0.1 0.2 0.3 0.4 0.6 0.8

VoltageV(V) 1.43 1.30 1.19 1.09 0.82 0.58

WhenagraphofVoltageVagainstcurrentIisplotted,thegraphwillappearasshownbelow:

emf

Voltage(V)

ΔV

ΔI

TOPIC11:MAGNETISM

11.1:Introduction

Amaterialissaidtobemagneticifitissignificantlyaffected(attractedorrepelled)byamagnetwhenbrought
closertoit.Magneticmaterialsaredividedintotwo:

Ferromagneticmaterials-Magneticmaterialsthatarestronglyattractedbyamagnetlikenickel,cobaltandiron.

Paramagneticmaterials-Aremagneticmaterialsthatareweaklyattractedbyamagnete.galuminium.

Magneticmaterialscanfurtherbegroupedassoftorhardmagneticmaterials.

Softmagneticmaterials-thesematerialsareeasiertomagnetizeandalsolosetheirmagnetismfaste.gsoftiron.

Hardmagneticmaterials-thesematerialstakelong(ordifficult)tomagnetizeandoncemagnetizedtheydonot
losetheirmagnetismfaste.gsteel.

Materialsthatarenotaffectedbymagnetsarereferredtoasnon-magneticmaterialse.gwood,rubber,copper,
plasticsetc.

Allmagnetshavetwomainpropertiesnamelytheattractivepropertyandthedirectionalproperty.

Attractiveproperty-amagnethastwopoles;thenorthandSouthpolewhereitsattractionisstrongest.Thiscan
beobservedbydippingthemagnetinironfilings.Therewillbemorefilingsattractedaroundtheends.

Directionalproperty-whenabarmagnetissuspendedfreelyinairandallowedtoswing,itfinallysettlesinthe
Earth’sNorth-Southdirection.TheendofthemagnetfacingtheEarth’sNorthpoleiscalledtheNorth-seeking
poleorsimplytheNorthpolewhiletheendfacingtheEarth’ssouthpoleiscalledtheSouth-seekingpoleor
simplytheSouthpole.

CurrentI(A)

Theslopeofthegraph=-r(-internal
resistance)whilethey-intercept=emfof
thecell.
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11.2:Basiclawofmagnetism

Thelawstates:likepolesrepelwhileunlikepolesattract.

Amagnetwillalwaysattractamagneticmaterialregardlessofthepoleused.Also,twooppositepoleswillattract.
However,whentwosimilarpolesarebroughtclosetogether,theyrepel.Therefore,itisonlyrepulsionthatcan
beusedtoadequatelyidentifythepolesofanunknownmagnet.Neutralpoint

a)Unlikepoles(attraction) b)Likepoles(repulsion)

11.3:Magneticfieldpattern

Theregionaroundamagnetwithinwhichitsinfluence(attractionorrepulsion)isfeltisknownasamagnetic
field.Thefieldisstrongeraroundthepolebutweakerawayfromthepoles.Thefieldisrepresentedbylinesof
forcecalledmagneticfieldlines.

Magneticfieldlineshavethefollowingproperties:

- OriginatefromtheNorthpoleandterminateatthesouthpole.Thedirectionofamagneticfieldlineisthe
directioninwhichafreelysuspendedNorthpolewouldtendtomoveifplacedatthatpointinthefield.

- Leaveandmeetasurfaceatrightangles.

- Theynevercrosseachother.

- Theyareelasticinnature.Theyrepeleachothersideways.

Thefieldlinesareclosertogetherwherethefieldisstrongerandwiderapartwherethefieldisweak.Uniformly
spacedmagneticfieldlinesimplyuniformmagneticfield.

11.3.1:Theeffectofsoftironringinamagneticfield

Whenasoftironringorrodisplacedinamagneticfield,themagneticfieldlinesgetconcentratedalongthering
orrod,shieldingsomepartswithinthefieldfromtheinfluenceofthemagnet.Thisiscalledmagneticshieldingor
screening.

Softironring

11.4:Methodsofmagnetization

Magnetsaremadethroughaprocessknownasmagnetization.Therearefourmethodsmagnetization:

11.4.1:Inductionmethod

Whenapieceofnailisallowedtohangfromamagnet,itcanalsobeusedtoattractanotherlightmagnetic
materialbroughtclosertoit.Thenailisthereforesaidtohavebeenmagnetizedbyinduction.Themagnetism
gainedinthiswayistemporarysincewhenthemagnetiswithdrawn,thenaillosesitsmagnetism.

N S

N S S N

S N S N S N NS
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11.4.2:Strokemethod

Thisisachievedbystrokingthematerialfromoneendtotheotherrepeatedlyusingthesamepoleofamagnet.
Strokingcanbedoneintwoways:

a)Singlestroke

A B

Thesamepoleofthemagnetisusedtostrokethematerialfromoneendtotheotherrepeatedly.Theendofthe
materiallasttouchedbythemagnet(endB)acquiresapolarityoppositetothatofthestrokingpole.Inthiscase,
thestrokingpoleisSouthpole.HenceendBacquiresaNorthpoleandendAasouthpole.

Themagnetproducedbythismethodhasoneofitspolesnearertheendofthematerialthantheother.Thepole
formedattheendwherethestrokingpoleleavesthematerialisalwaysclosertotheendcomparedtothat
formedattheotherend.

b)Doublestroke

Inthiscasethematerialisstrokedsimultaneouslyfromthemiddleoutwardsusingtwomagnetsofopposite
polarities.

A B

TheendAacquiresaSouthpolewhileBacquiresaNorthpole.However,ifthesamepolaritiesareusedindouble
strokemethod,thematerialacquiressimilarpolaritiesateachofitsendsandalsosimilarpolaritiesatitscentre.

11.4.3:Hammeringmethod.

Itisalsocalledthemechanicalmethod.Thematerialisheateduntilitisredhot,puttolieintheNorth-South
directionoftheearthandthenhammeredrepeatedly.Theendofthemagnetfacingtheearth’smagneticnorth
poleacquiresaNorthpoleandtheotherendaSouthpole.Themagnetproducedinthiswayishoweverweak.

11.4.4:Electricalmethod

Thematerialtobemagnetizedisplacedinsideacylindricalcoilwoundwithmanyturnsofinsulatedcopperwire.
Suchacoilisreferredtoasasolenoid.Adirectcurrentisthenpassedthroughthecopperwire.Ifthecurrentis
allowedtoflowaroundthesolenoidforsometime,thematerialbecomesmagnetizedandcanbetestedfor
magnetismbybringingamagneticmaterialclosetoit.Thismethodreliesonthefactthatcurrentflowing
throughaconductorisusuallyaccompaniedwithsomemagneticeffectasisdiscussedelsewhereinthisbook.

A B

N

S

S

N

N

S



86|Page
©PHYSICSPLUS

Thepolarityofthemagnetproducedbythismethoddependsonthedirectionofflowofcurrent.Therearetwo
rulesthatcanbeusedtopredictthepolarityofthemagnetproduced:

 Theright-handgriprule-therulestates:ifacoilcarryingcurrentisgraspedintherighthandsuchthat
thefingersaligninthedirectionoftheflowofcurrentinthecoil,thenthethumbpointsinthedirectionof
theNorthpole.

North Current

 Theclockrule-ifonviewingoneendofthematerial,currentisflowingintheanticlockwisedirection
thenthatendwillbeaNorthpolewhileifitflowsintheclockwisedirectionthenthatendwillbeaSouth
pole.

Applyinganyoftheaboverulesinourcase,theendAacquiresaNorthpoleandBaSouthpole.

Electricalmethodiswidelyusedinindustriestomakemagnetssinceitisfast.

11.5:Demagnetization

Demagnetizationistheprocessbywhichamagnetlosesitsmagnetism.Amagnetcanloseitsmagnetismthrough
thefollowingways:

11.5.1:Hammering

ThemagnetisputtolieintheEast-Westdirectionoftheearthandthenhitvigorouslyordroppedrepeatedlyon
ahardfloor.

11.5.2:Heating

ThemagnetisfirstheateduntilredhotandthencooledwhileintheEast-Westdirection.

11.5.3:Electricalmethod

ThemagnetisplacedinsideasolenoidintheEast-Westdirection.Analternatingcurrentisthenpassedaround
thesolenoid.Thealternatingcurrentreversesthearrangementofthedipolesseveraltimesperunittimethus
disorientingthem.

Notethatduringdemagnetization,themagnetisplacedintheEast-Westdirectionsothatitdoesnotretainsome
magnetismduetotheEarth’smagneticfield.

11.6:TheDomainTheory

Ifabarmagnetweretobebrokenintosmallerpieces,eachpiecewillstillhavetwopoles;northandSouthpole.
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Thesmallestmolecularmagnetthatcanbeobtainedfromamagnetiscalledadipole.

Inmagneticmaterials(notmagnets),thesedipolesoccupytinyregionswithinthematerialcalleddomains.The
domainsareseparatedbyathinwall.Thedipolesineachdomainpointinaparticulardirection.Thustheaxesof
thedomainsinagivenmagneticmaterialpointindifferentandrandomdirections.Theoveralleffectistherefore
zero.Hencethematerialpossessesnomagnetism.

Dipoles

Domain

Whenthematerialisbeingmagnetized,thedipolesinthedomainsgetalignedinthesamedirection.The
materialispartiallymagnetizedwhenmajorityofthedipoleshavebeenalignedanditisfullymagnetizedwhen
allthedipoleshavebeenaligned.Atthispoint,thematerialissaidtohavereacheditssaturationpoint(magnetic
saturationpoint)andthewallsbetweenthedomainsdisappear.

Anyadditionalmagnetizingforceappliedaftermagneticsaturationhasbeenachievedhasnoeffectonthe
magneticstrengthofthematerial.

a) Partiallymagnetized b)Fullymagnetized

Demagnetizationisthereforeanyprocessthatinterfereswiththealignmentofthedipoles.During
demagnetization,thewallsbetweenthedomainsslowlyreturnasdisalignmentofthedipolesoccur.

11.7:Storageofmagnets

Allmagnetslosetheirmagnetismwithtime.Thepolesofthemagnettendtoreversethedirectionofthedipoles
init.Thisleadstoselfdemagnetization.Permanentmagnetscanalsolosetheirmagnetismthroughexposureto
hightemperaturesandmechanicalshock.Therefore,thereisneedtotakecareofthemagnets.

Barmagnetsarestoredinpairswithpiecesofsoftironkeepersatitsends.

KeeperKeeper

Thekeepersgetmagnetizedsothatthedipolesofthemagnetandthekeeperformaclosedloop.

11.8:Usesofmagnets

Magnetshavewideapplicationssuchas:

-Makingofcompasses.

-Removalofironsplinterfromtheeyewithoutundergoingasurgery.

-Constructionofelectricbells,loudspeakers,telephonereceivers,transformersetc.

-Resettingoftheindexinthesix’smaximumandminimumthermometer.

S N

N S
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TOPIC12:TURNINGEFFECTOFAFORCE

12.1:Momentofaforce

Wehaveseenearliertheeffectsofforceonabody.Onesucheffectisforcecanmakeabodyturnaboutapoint.
Theturningeffectofaforceisreferredtoasmomentofthatforce.itisdefinedastheproductoftheforceandthe
perpendiculardistancebetweenthelineofactionoftheforceandthepivot;

Momentofaforce=force(F)xperpendiculardistance(d)

d1d2

F1 Pivot F2

ThemomentofforceF1=F1xd1

Similarly,themomentofforceF2=F2xd2

TheSIUnitofmomentofaforceisthenewton-metre(Nm).Themomentofaforceisavectorquantityi.ehas
bothmagnitudeanddirection.

Theknowledgeofthemomentofaforcehelpsustounderstandwhy:

 Itiseasiertoopenorcloseadoorwiththehandlefarthestfromthehinges.

 Itiseasiertotightenorloosenaboltusingalongerspanner.

Example12.1

1.Aforceof20Nactsonauniformrodatadistanceof25cmfromthepivot.Determinethemomentofthe
force.
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Moment=forceFxperpendiculardistanced

=20Nx0.25m=5Nm

12.2:Principleofmoments

Considerthesystembelow:

d1d2

F1 F2

Themoment(s)totherightofthepivotisreferredtoastheclockwisemomentswhilethattotheleftisreferred
toastheanticlockwisemoments;

Clockwisemoment=F2d2

Anticlockwisemoment=F1d1

Whenabodyisinequilibrium;Clockwisemoment=Anticlockwisemoment

Theprincipleofmomentsstates:forabodyinequilibrium,thesumofclockwisemomentsisequaltothesumof
theanticlockwisemoments;

F2d2=F1d1

Forasystemofparallelforces,twoconditionsmustbesatisfiedforthesystemtobeinequilibrium:

 Thesumofclockwisemomentsmustbeequaltothesumofanticlockwisemoments.

 Thesumofupwardforcesmustbeequaltothesumofdownwardforcesi.ethealgebraicsumofthe
parallelforcesiszero.

F1d1 d2F2

d3d4

F3F4

Clockwisemoments=F1d1+F4d4

Anticlockwisemoments=F2d2+F3d3

Ifthesystemisinequilibrium,then:

F1d1+F4d4=F2d2+F3d3

AndF1+F2=F3+F4

12.3:Momentsofanti-parallelforces

Considertwoequalandparallelforcesactingonabodyinoppositedirectionsasshownbelow:

dF

l
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F

Clockwisemoment=F(d-l)

Anticlockwisemoment=Fl

Thetotalmomentofthesystem=F(d-l)+Fl=Fd-Fl+Fl=Fd

Hencethetotalmomentoftwoequalanti-parallelforcesistheproductofoneoftheforcesandtheperpendicular
distanceseparatingthem.

Whentwoequalforcesactonabodyinoppositedirections,oneofthemomentsactsinwardsandtheother
outwards.Theoveralleffectisaturningeffectonthebody.Suchforcesarecalledacouple.

Somecommonsituationswhereanti-parallelforcesareappliedincludeusingthebicyclehandlebars,car’s
steeringwheelwhennegotiatingabend,tighteningorlooseninganut,openingawatertap,movementofthe
bicyclepedalsetc.

Example12.2

1.Thefigurebelowshowsasystematequilibriumunderseveralforces.Findthedistancey.

4N

y

20cm 40cm

12N 2N

Clockwisemoments=(2Nx40cm)+4y

Anticlockwisemoment=12Nx20cm

But,Clockwisemoments=Anticlockwisemoment

80+4y=240

4y=160

y=40cm

2.Thediagrambelowshowsabarinequilibriumundertheactionoftwoforces.

20cm x

300Vc

20N 40N

Sincethelineofactionofthe3Nforcemustbeperpendiculartothedistance,theverticalcomponentVcofthe
forcewillbeused;

Vc=80Cos60=3x0.5=40N

Clockwisemoment=40x

Anticlockwisemoment=20Nx20cm

But,Clockwisemoments=Anticlockwisemoment



91|Page
©PHYSICSPLUS

40x=20Nx20cm

x=(20x20)/40=10cm

TOPIC13:EQUILIBRIUMANDCENTREOFGRAVITY

13.1:Centreofgravity

Theforceofgravitynormallytendstoattractallbodiestowardsthecentreoftheearth.Thepointofapplication
oftheresultantforceduetotheearth’sgravitationalpullisreferredtoasthecentreofgravityofthebody.Thisis
thepointatwhichthewholeweightofthebodyisconcentrated.

Centreofgravity

Totalweight

Itisatthispointwherethebodycanbebalanced.Thecentreofgravityofabodyisalsoitscentreofmass.

Thecentreofgravityofaregularobjectcanbeobtainedthroughgeometricalconstructionasitisitsgeometrical
centre.

c.o.g
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However,foranirregularobjectthecentreofgravitycanbelocatedthroughthefollowingsteps:

 Threeholesaremadeatdifferentpointsalongtheedgeoftheobject.

 Theobjectisthensuspendedinturnusingtheholesandaplumblineattachedtotracetheverticalline
throughitscentreofgravity.

 Thepointofintersectionofthethreelineswillbethecentreofgravityoftheirregularobject.

Centreofgravity

Attimesthecentreofgravitycanbeinanemptyspace,especiallyforhollowobjects.

13.2:Stabilityandequilibrium

Stabilityreferstothestateofrestofabodywhileequilibriumisthestateofbalanceofabody.Whenabodyisin
equilibrium,itstaysinthatpositionaslongasthereisnoexternalinfluenceonit.

Therearethreestatesofequilibriumnamely:

 Stableequilibrium

 Unstableequilibrium

 Aneutralequilibrium

Thesestatescanbeillustratedbythefollowingsetup:

Fig.i Fig.ii Fig.iii

a)Stableequilibrium

Whentheconeisgivenaslightdisplacementasshowninfig.i,itisobservedthatthelinethroughitscentreof
gravitystillpassesthroughthebasearea.Thecentreofgravityoftheconeisalsoraised.Whentheforceis
withdrawn,theobjectreturnstoitsoriginalpositionwithouttoppling.Thebodyissaidtohaveastable
equilibrium.

Inmodernbuses,theluggagecompartmentsaresituatedinthelowerpartsoastolowerthepositionofthe
centreofgravityandhenceincreasedstability.

b)Unstableequilibrium
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Infig.ii,theconehasbeenbalancedonitstip.Whenslightlydisplaced,theverticallinethroughitscentreof
gravitywillfalloutsideitsbaseasshownabove.Whentheforceiswithdrawn,theconewillnotbeabletoregain
itsoriginalpositionandisthussaidtobeinanunstableequilibrium.

Mostbuseswhichcarryheavyluggageontheuppercarrierarealwaysunstableastheircentresofgravityare
alwaysraised.

c)Neutralequilibrium

Infig.iii,theconehasbeenplacedonitssideandcanthereforerollover.However,thisdoesnotchangethe
positionofitscentreofgravity.Hencethebodyissaidtobeinastateofneutralequilibrium.

13.2.1:Factorsaffectingstability

 Areaofthebase

Abodywithalargerbaseareawillhavethelinethroughitscentreofgravitypassingthroughitsbaseevenwhen
tiltedthroughalargerangle.Hencethelargerthebaseareathemorestableabodyis.

 Thepositionofthecentreofgravity

Abodyhavingitscentreofgravityverylowismorestablecomparedtoonewitharaisedcentreofgravity.The
centreofgravityofabodycanbeloweredbymakingitsbaseheavier.

13.3:Applicationsofstability

 Busesarebuiltusinglightermaterialsontheupperpartbutheavyonesonthelowerpartinorderto
lowertheircentresofgravity.Theluggageisalsoputinthecompartmentsbelowthepassengerseats.
Boththesearemeanttoenhancestabilityofthebus.

 Racingcarshavewiderwheelbases.Theyarealsobuiltusingheavymetalsattheirbases.Theselower
theircentresofgravitytherebymakingthemmorestableandcanthereforemoveroundcornersat
relativelyhighspeedswithoutoverturning.

 Apersoncarryingabucketofwaternormallyleansontheoppositesideinordertoadjustthepositionof
hiscentreofgravityuntilastateofbalanceisachieved.
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TOPIC14:REFLECTIONATCURVEDSURFACES

14.1:Introduction

Wehavealreadylookedatreflectionbyplanemirrorsintopic8.Whenthereflectingsurfaceisinsteadcurved,
wecallitacurvedmirror.Therearetwotypesofcurvedmirrors;concaveandconvexmirror.Curvedmirrors
whosereflectingsurfacescurveinwardsarecalledconcavemirrorswhilethosewhosereflectingsurfacesbulge
outwardsarecalledconvexmirrors.

(a)Concavemirror (b)Convexmirror

14.2:Terms

Curvedmirrorsarepartsofasphere.Thefollowingtermsareusedincurvedmirrors:

P P

C F C F

 PoleP-itisthecentreofthemirror.
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 CentreofcurvatureC-itisthecentreofthesphereofwhichthemirrorispart.

 Radiusofcurvaturer-itistheradiusofthesphereofwhichthemirrorispart.

 Principalaxis-itisalinedrawnthroughthepoleofthemirrorandthecentreofcurvature.

 PrincipalfocusF–foraconcavemirror,itisthepointatwhichallraysparallelandclosetotheprincipal
axisconvergeatafterreflection.Inthecaseofaconvexmirror,itisthepointatwhichallraysparallel
andclosetotheprincipalaxisappeartodivergefromafterreflection.(Seethefigureabove).Itisalso
calledthefocalpoint.

 Focalplane-itisaplaneperpendiculartotheprincipalaxisandpassesthroughthefocalpoint.Itisthe
planewhereparallelraysbutnotparalleltotheprincipalaxisconvergeatorappeartodivergefromafter
reflection.

 Focallengthf-itisthedistancebetweenthepoleofthemirroranditsfocalpoint.

Whenraysareproducedbehindthemirror,theyareindicatedusingdottedlines.Thismeansthattheyare
imaginaryorvirtual.Hencethefocalpointandfocallengthofaconcavemirrorarerealwhilethefocalpointand
focallengthofaconvexmirrorarevirtual.Arealfocallengthisgivenapositivesignwhileanegativefocallength
isgivenanegativesign.

14.3:Raydiagrams

Curvedmirrorsformimageswhentworaysintersectorappeartointersect.Inraydiagrams,weusethe
followingsymbolstorepresentthetwocurvedmirrors:

Concavemirror Convexmirror

Therearefourimportantraysusedinraydiagrams.Theyinclude:

 AraypassingthroughCorappearingtopassthroughC:

C F FC

Therayisreflectedalongthesamepath.

 Arayparallelandclosetotheprincipalaxis.

C F FC

TherayisreflectedthroughtheprincipalfocusFforaconcavemirrororappeartocomefromtheprincipalfocus
oftheconvexmirror.

 AraypassingthroughtheprincipalfocusForappearingtopassthroughF
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Thereflectedraymovesparalleltotheprincipalaxis(bytheprincipleofreversibilityoflight).

 Arayincidentatthepoleofthemirror.

i0i0

r0r0

Therayisreflectedmakingthesameanglewiththeprincipalaxisastheincidentray.

14.4:Imageformationbysphericalmirrors

Thetablebelowprovidesasummaryofhowaconcaveandconvexmirrorformsimages:

Positionof
theobject

Imageformationbyconcavemirror Imageformationbyconvexmirror

Objectat
infinity

Imageformedisinverted,real,diminishedand
formedatF.

Imageformedisupright,virtualand
diminished.

Object
beyondC

Imageformedisreal,invertedanddiminished. Imageformedisvirtual,uprightand
diminished.

ObjectatC
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Imageformedisreal,invertedandsamesizeas
theobject

Imageformedisvirtual,uprightand
diminished.

Object
betweenC
andF

Imageformedisreal,invertedandmagnified. Imageformedisvirtual,uprightand
diminished.

ObjectatF

Imageformedisreal,invertedandatinfinity.

Imageformedisvirtual,uprightand
diminished.

Object
betweenF
andP

Imageformedisvirtual,uprightandmagnified. Imageformedisvirtual,uprightand
diminished.

Notethataconcavemirroralwaysformsrealandinvertedandimagesexceptwhentheobjectisplacedbetween
thefocalpointandthepoleofthemirrorwhenitformsavirtualandinvertedimage.Ontheotherhand,aconvex
mirroralwaysformsavirtual,erectanddiminishedimage.

Arealimageisthatimageformedbyactualintersectionofrealrayswhileavirtualimageisformedbyimaginary
rays.Furthermore,arealimagecanbeformedonascreenwhileavirtualimagecannotbeformedonascreen.

14.5:Linearmagnificationandthemirrorformula

Linearmagnificationisdefinedastheratiooftheimagesizetotheobjectsize;

M=Imagesize/Objectsize.

Similarly,itcanbeexpressedastheratioofthedistanceoftheimagetothedistancevofobjectufromthemirror.
Magnificationhasnounit.

Supposeanobjectisplaceducminfrontofasphericalmirroroffocallengthfsuchthattheimageisformedvcm
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fromthemirror,thenu,vandfarerelatedbytheequation;

1/f=1/u+1/v.

Thisequationisreferredtoasthemirrorformula.Theformulaholdsforbothconcaveandconvexmirrors.

Whenapplyingthemirrorformula,itisnecessarytoobservethefollowingpoints:

 Thatalldistancesaremeasuredfromthemirrorastheorigin.

 Allrealdistancesarepositivewhileallvirtualdistancesarenegative.

 Aconcavemirrorhasapositivefocallengthwhileaconvexmirrorhasanegativefocallength.

Example14.1

1.Aconcavemirroroffocallength10cmformsavirtualimage5cmhighand30cmfromthemirror.By
accuratescaledrawing,determine:

a)Thepositionoftheobject.

b)Theheightoftheimage.

c)Themagnificationoftheimage.

2.Determinetheposition,sizeandnatureoftheimageofanobject4cmtallplacedontheprincipalaxisofa
concavemirroroffocallength15cmatadistance30cmfromthemirror.

u=30cm,f=15cm,ho=4cm

1/v=1/f-1/u

=1/15–1/30=1/30

v=30cm

Also,m=v/u=hi/ho

Thus,hi=(30cmx4cm)/30cm=4cm.
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Thustheimageformedisrealandsamesizeastheobject.

3.Aconvexmirroroffocallength9cmproducesanimageonitsaxis6cmfromthemirror.Determinethe
positionoftheobject.

f=-9cm,v=-6cm.

1/u=1/f–1/v=-1/9–(-1/6)

1/u=(-2+3)/18=1/18

u=18cm

14.6:Determinationofthefocallengthofaconcavemirror

Thefocallengthofaconcavemirrorcanbeestimatedbyfocusingadistantobjectonascreen.Parallelraysfrom
adistantobjectconvergeatthefocalplaneofthemirror.

Window

Screen

f

Thedistancebetweenthemirrorandthescreenistheestimatedfocallengthoftheconcavemirror.

Alternatively,theobjectcanbeplacedinfrontoftheconcavemirroratvariousdistancesandmeasuringthe
correspondingimagedistancesthenapplyingthemirrorformula.Fromthevaluesofuandv,appropriategraph
isplotted.Therearethreepossiblegraphsthatcanbeobtainedfromthemirrorformula.Theseinclude:

 Agraphof1/uagainst1/v

Rearrangingthemirrorformula,wehave;

1/u=-1/v+1/f

Henceagraphof1/uagainst1/visastraightlinehavinganegativegradient.

1/u(cm-1)

1/v(cm-1)

Atthey-intercept,1/v=0.Substitutingthisinthemirrorformula,weobtain;

1/f=1/u.thusthey-interceptisequalto1/f.

Similarly,atthex-intercept1/u=0.Substitutinginthemirrorformula,weobtain;

1/f=1/vi.ethex-interceptisequalto1/f.
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Ifthevaluesoffobtainedfromthey-interceptandx-interceptabovearedifferentthenwedeterminetheir
average.

 Agraphofuvagainstu+v

Fromthemirrorformula,wehave;

1/f=1/u+1/v=(v+u)/uv

Anduv=f(u+v)

Henceagraphofuvagainstu+visastraightlinethroughtheoriginwhoseslopegivesthefocallengthofthe
mirror.

uv(cm2)

Slope=f

(u+v)cm

 AgraphofmagnificationMagainstv

Alsofromthemirrorformula,ifwemultiplythroughbyv,weobtain:

v/f=v/u+v/v

Butv/u=magnificationM.

Then,v/f=M+1.

Rearrangingtheequationwehave;

M=v/f-1

HenceagraphofmagnificationMagainstvisastraightlinewhoseslopeisequalto1/fandy-interceptis-1.

M

v(cm)

-1

14.7:Applicationsofsphericalmirrorsandcurvedreflectingsurfaces

14.7.1:Concavemirrors

Concavemirrorsareusedbydentiststomagnifyteethduringextractionandasashavingmirror.Inbothcases,
themirrorformsuprightandmagnifiedimages.Concavereflectorsarealsousedinprojectorlamps,solar
concentratorsandtelescopes.
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14.7.2:Convexmirrors

Convexmirrorscanbeusedinsupermarketstomonitorcustomers’activitiesandasdrivingmirrorsincarsand
motorcycles.Thisisbecauseconvexmirrorsprovideawidefieldofviewcomparedtoaplanemirror.

Widerfieldofview Narrowfieldofview

(a)Aconvexmirror (b)Aplanemirror

However,aconvexmirrorusedasadrivingmirrorhasonelimitation.Itformsavirtualdiminishedimagewhich
appearstobefartherawayfromtheobserverthanitactuallyis.Thismayleadtomisjudgmentbytheobserver
whichcanresultintoaccidents.
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TOPIC15:HOOKE’SLAW

15.1:Introduction

Thefollowingaresomeofthenotablepropertiesofmaterials:

1.Strength-itistheabilityofthematerialtobreakagewhensubjectedtoastretchingorcompressingora
shearingforce.Astrongmaterialisonethatcanwithstandalargeforcewithoutbreaking.

2.Stiffness-istheabilityofamaterialtoresistforceswhichtendtochangeitsshapeorsize.Astiffmaterial
resistsbendingandisnotflexible.

3.Ductility-istheabilityofthematerialtoelongatewhensubjectedtoastretchingforceandundergoes
plasticdeformationuntilitbreaks.Suchmaterialsarelead,copper,plasticine,etc.ductilematerialscan
berolledintosheetsandwires.

4.Brittleness-brittlematerialsarefragileanddonotundergoanynoticeableextensiononstretchingbut
snapsuddenly.Suchmaterialsincludeglass,drybiscuits,chalkboardchalk,etc.

5.Elasticity-istheabilityofamaterialtorecoveritsoriginalshapeandsizeaftertheforcingcausingthe
deformationiswithdrawn.Amaterialwhichfailstorecovershapebutispermanentlydeformedissaidto
beplastic.

15.2:ExperimentstoshowHooke’slaw

Experiment1

Aim:Toinvestigatethestretchingofaspiralspring

Apparatus:Aspiralspringwithapointerattached,ametrerule,retortstand,twosetsofclampsand20gmasses.

Stand Spring

Load

Scale

Procedure

- Arrangetheapparatusasshownabove.Notethepositionofthepointer,P0withoutanyloadsuspended.
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- Suspenda20gmassattheendofthespringandnotethenewpositionofthepointer,P.

- Increasetheloadinstepsof20gandrecordthecorrespondingpointerreadings.Precautionshouldbe
takennottooverstretchthespring.Determinetheextension,eofthespringineachcaseandcomplete
thetablebelow:

-

Massonspring,m(g) Stretchingforce,F(N) Extension,e(m) F/e(Nm-1)

0

20

40

60

80

100

- Unloadthespringandobservewhathappenstothespring.

- Plotagraphofthestretchingforce,Fagainstextension,e.

Observations

Aslongastheloadusedisnottoolarge,thespringalwaysreturnstoitsoriginallengthwhentheforceis
withdrawn.

TheratioF/eisaconstant.

Agraphofforce,Fagainstextension,eisastraightlinethroughtheorigin.

Ifthestretchingforceisincreasedbeyondacertainvalue,permanentdeformationoccursandthespringcannot
regainitsoriginallength.

A

F(N)

E

e(m)

PointEisreferredtoastheelasticlimitofthespring.Beyondtheelasticlimit,anincreaseinthestretchingforce
leadstopermanentdeformation.PointAiscalledtheyieldpoint.Beyondthispointthematerialbreaks.

Conclusion
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TheaboveobservationscanbesummarizedinHooke’slawwhichstates:forahelicalspringoranyotherelastic
material,theextensionisdirectlyproportionaltothestretchingforceprovidedtheelasticlimitisnotexceeded.

i.e.F∝e

F=kewherekisthespringconstant

k=F/e

Aspringconstanthastheunitnewtonpermetre(N/m).

Hencethegradientofaforce—extensiongraphequalsthespringconstant.

Thespringconstantofaspringisdependentonthematerialofthespring,cross-sectionareaofthewireused,
lengthofthespringandthenumberofturnsperunitlength.

Theareaunderthegraphofforceagainstextensiongivestheworkdoneinstretchingthespring;

F

F(N)

e Extension
(cm)

Workdone=½Fe=1/2ke2=F2/2k

Alternatively,whenaspringiscompressed,itshortensuntilapointwhenanyincreaseinthecompressiveforce
causesnonoticeabledecreaseinlength.Thisisshownonthegraphbelow:



105|Page
©PHYSICSPLUS

Length(m)

Compressiveforce

Example15.1

1.Aspringstretchesby1.2cmwhena600gmassissuspendedonit.Whatisthespringconstant?

{ans.500N/m}

K=F/e=6N/0.012m=500N/mor5N/cm

2.Thefigurebelowshowsaspringwhenunloaded,whensupportingamassof5gandwhensupportinga
stone.Usethediagramtodeterminethemassofthestone.{ans.3g}

6cm 8.5cm 7.5cm

Stone

5g

Solution

Whenforce,F=0.05N,e=8.5-6.0=2.5cm

Therefore,k=F/e=0.05N/2.5cm=0.02N/cm.

SoF=ke

Whene=7.5-6.0=1.5cm,F=0.02N/m*1.5cm=0.03N

Hencem=F/g=0.03/10*1000=3g

Experiment2
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Aim:Toinvestigatethesaggingofaloadedabeam.

Apparatus:2metrerules;onewithapointerattachedatoneend,six100gmasses,G-clamp,completeretort
stand,astringabout30cmlongandaweightholder.

Procedure

- Setuptheapparatusasshownabove.

- Recordtheinitialpointerposition,P0whennoloadissuspendedonthebeam.

- Suspenda100gmassonthebeamandrecordthenewpointerposition,Pn.Determinetheamountof
saggingofthebeami.e.Pn–P0

- Addmoreloadsinstepsof100gandrecordthenewpointerpositionineachcase.Completethetable
below:

Mass,m(g) Load,L(N) Amountofsagging(m)

100

200

300

400

500

600

- Plotagraphofload,Lagainsttheamountofsagging.

15.3:Arrangementofsprings

15.3.1:Seriesarrangement

Considerthreeidenticalspringsofspringconstantk.

m
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K

K

K

Load

IfonespringextendsbyecmwhensupportingaloadF,thenforthreespringsarrangedinseriesthetotal
extensionis3ecmwhensupportingthesameload.

Thusforonespring,k=F/e

Forthethreesprings,thecombinedspringconstantkc=F/3e

ButF/e=k.hencekc=1/3k

Ingeneral,fornidenticalspringseachofspringconstantkarrangedinseriesthecombinedspringconstantkc
canbecalculatedfromtheequationkc=1/nk

Ifthespringshavedifferentspringconstantsthenthecombinedspringconstantisgivenby;

1/kc=1/k1+1/k2+1/k3+…..+1/kn

15.3.2:Parallelarrangement

K k k

Load

IftheextensiononeachspringisecmwhensupportingaloadF,thenforthethreespringsinparalleltheyshare

F

F
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theloadandthuseachspringextendsonlybye/3cm.hencethecombinedspringconstantkc=F/(e/3)=3F/e.

ButF/e=individualspringconstant,k.

Thereforekc=3k.

Generallyfornidenticalspringseachofspringconstantk,arrangedinparallel,thecombinedspringconstantkc
isgivenby;kc=nk.Ifthespringsaredifferenti.e.differentspringconstants,thenthecombinedspringconstant
kcisgivenby;kc=k1+k2+k3+………..+kn

TOPIC16:WAVES

16.1:Introduction

Awaveisacontinuousdisturbanceofamedium.Apulseisshortliveddisturbanceproducedbyasingle
vibration.Wavesmaybeputintothefollowinguses:

- Radiowavesareusedforcommunicatione.ginradio,television,mobilephones,remotecontrolsystems,
etc.

- Microwavesareusedforcooking.

- Waterwavesareharnessedfortheproductionofhydropower.

- Soundwavesareusedinultra-soundinginhospitals.

Notethatwavescanalsobedangeroustotheenvironment.Forinstance,earthquakeswhichproduceshock
wavescanleadtodamageofbuildings,infrastructureifitsmagnitudeisverybig.

16.2:Typesofwaves

Wavesarebroadlycategorizedintotwonamelyelectromagneticandmechanicalwaves.

 Electromagneticwaves–thesewavesdonotrequireamaterialmediumfortheirtransmission.They
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includeradiowaves,radiantheat,lightandmicrowaves,etc.

 Mechanicalwaves–theyrequirematerialmediumfortheirtransmission.Theyincludewaterwaves,
soundwaves,etc.

Wavescanbefurtherclassifiedintermsofthepropagationoftheirparticlesasfollows:

1.Transversewaves

Inthiscase,thewavemotionisperpendiculartothevibrationoftheparticles.Electromagneticwavesaswell
waterwavesareexamplesoftransversewaves.

Displacement

Time,t

2.Longitudinalwaves

Thisisawaveinwhichthewavemotionisalongorparalleltothedirectionofvibrationoftheparticlesofthe
medium.Soundwavesareexamplesoflongitudinalwaves.Whenaslinkyspringisstretchedandreleasedalong
asmoothsurfacewithoneendfixed,thespringvibratestoandfrogeneratingregionsofcompressionand
regionsofrarefaction.

Rarefaction

Compression

Aregionofcompressioniswheretheparticlesofthemediumareundergreatpressureandarethereforeclosely
packedtogether.Aregionofrarefactioniswheretheparticlesarespreadoutduetolowpressure.

Somewavescontinuouslymoveawayfromthesourceandarereferredtoasprogressivewaves.

16.3:Characteristicsofwaves

Thefollowingtermsareassociatedwithawave:

a)Oscillation

Itisasinglecompletetoandfromovementfromthemeanposition.

b)Amplitude

Itisthemaximumdisplacementofthewaveparticlesoneithersidefromthemeanposition.Itismeasuredin
metre.Thepositionofmaximumdisplacementiscalledacrestwhilethepositionofminimumdisplacementis
calledatrough.

c)Frequency,f.

Itisthenumberofcompleteoscillationsorcyclesmadeinonesecond.Itismeasuredinhertz(Hz).Itcanalsobe
expressedasnumberofoscillationspersecond.

d)Period,T.
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Itisthetimetakentomakeacompleteoscillationorcycle.Itismeasuredinsecond.Notethat,f=1/TorT=1/f.

e)Wavelength,λ

Thisisthedistancetravelledbythewaveinoneperiodictime.Itcanalsobedefinedasthedistancebetweentwo
successiveparticleswhichareinphasee.g.betweentwosuccessivecrestsortroughs.Twoparticlesofa
waveformaresaidtobeinphaseiftheyareatsimilarpositionsandaretravellinginthesamedirection.

A

Displacement distance

λ

T

Displacement

time,t

Thewavelengthofalongitudinalwavecanbemeasuredasshownbelow:

λ

λ

f)Wavesinphase.

Displacement

Distance

g)Wavesoutofphase(phasedifference=1800)

Displacement

Distance

Activity16.1

1.Showtwowaveswhichare900outofphase.
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16.4:TheSpeedofawave

Sincewavelengthisthedistancecoveredbythewaveinoneperiod,thewavespeedcanbedeterminedas
follows:

Speed=distance/time=wavelength,λ/period,T

V=λ/T

ButT=1/f

Hencev=fλ.

Thuswavespeedistheproductofitsfrequencybywavelength.Thisformulaistrueforalltypesofwaves.

Example16.1

1.Asourceofwaveshasafrequencyof512Hz.Calculatethewavelengthofthewavesproducedifthespeedof
thewavesis330m/s.

λ=v/f=330/512=0.64m

2.Thewheelofacarisrotatedat120revolutionspersecond,calculate:

a)Theperiod,T

b)Thespeedofthewavesgeneratedifthewavelengthis1.5*10-2m.

T=1/120=0.0083s

V=fλ=λ/T=(1.5*10-2)/(8.3*10-3)=1.802m/s.

16.5:Propertiesofwaves(formthree)

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

16.5.1:Reflectionofwaves

Allwavesundergoreflection.Itisthebouncingbackofwaveswhentheyhitanobstacle.Allwavesundergoing
reflectionobeythelawsofreflectionasearlierstated.

i0 r0
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Notethatthewavelengthofthewavesremainsunchanged.Thepatternofthereflectedwavesdependsonthe
shapeoftheincidentwavesandthereflector.Belowaresomepatterns:

a)Planewavesincidentonastraightreflector

Incidentwavefronts

Reflectedwaves

b)Planewavesincidentonaconcavereflector

Incidentwaves

F

Reflectedwaves

ThewavesconvergeattheprincipalfocusFafterreflection.

c)Planewavesincidentonaconvexreflector

Incidentwaves

F

Reflectedwaves

Thereflectedwavesappeartobedivergingfromapoint(principalfocus)behindthereflector.

d)Circularwavesincidentonastraightreflector

Incidentwaves
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Reflectedwaves

Thereflectedwavesdivergeawayfromthereflector.

e)Circularwavesincidentonaconcave/convexreflector

Incidentwaves Incidentwaves

Reflectedwaves

Reflectedwaves

16.5.2:Refractionofwaves

Thisisthebendingofwavesastheytravelfromonemediumintoanother.Intheprocess,thespeedofthewaves
changesfromonemediumtoanother.Inthecaseofwaterwaves,refractionoccursasthewavesmovefroma
regionofacertaindepthintoanotherregionofadifferentdepthi.e.fromashallowregiontoadeeperregionor
viceversa.Ingeneral,thespeedofwaterwavesisgreaterinadeeperregionthaninashallowregion.Itis
importanttonotethatthesourceofwavesremainsthesameregardlessofthedepththereafter.Hence,the
frequencyofthewavesisaconstant.

Recall:wavespeed=frequencyf*wavelengthλ.

Fromtheequation,itisclearthatwhenthewavespeedincreasesthewavelengthalsoincreasesandviceversa.
Thus,thewavelengthislongerindeeperregionsthaninshallowregions.

Toobtainashallowregioninarippletank,atransparentglassblockisplacedinthetankwithoneendofitsedge
paralleltothevibratingbar.

However,whenthewavesstriketheboundarynormally/perpendicularly,nobendingoccurseventhoughthe
speedandhencethewavelengthchanges.

λd

i0λs

r0

Deepwater shallowwater

Deepregion Shallowregion
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Refractionofsoundwavescanbeusedtoexplainthelongrangeofsoundatnightcomparedtodaytime.Thishas
beenexplainedinthe‘topicrefractionoflight’.TVandradiosignalsfromadistantstationalsoundergoaseries
ofrefractionandtotalinternalreflectionintheionospheretowardstheearth’ssurfacemakingtheirreception
possible.

16.5.3:Diffractionofwaves

Diffractionmaybedefinedasthespreadingofwavesbehindanobstacle.Whentheapertureisnearlythesame
sizeasthewavelengthofthewaves,thewavesemergeascircularwavesspreadingoutaroundtheobstacleas
shownin(a)below.However,whenthesizeoftheapertureisrelativelywiderthanthewavelengthofthewaves,
thewavespassthroughasplanewavesbendingslightlyattheedgesasshownin(b).

a)Diffractionthroughasmallaperture b)Diffractionthroughawideaperture

Diffractionofsoundwavescanbeusedtoexplainwhysoundwithinaroomcanbeheardroundacornerwithout
necessarilyhavingtoseethesourceofthesound.

Diffractionoflightwavesisnotacommonoccurrenceduetotheirshorterwavelengths.Nevertheless,diffraction
oflightwavescanbeobservedwhenlightpassthroughasmallopeningattheroofofadarkroom.Ashadow
whichisbroaderthantheopeningformsontheflooroftheroom.

16.5.4:Interferenceofwaves

Interferenceoccurswhentwowavesmerge.Suchamergermaygiverisetothreecases:

- Amuchlargerwaveisformedi.e.constructiveinterference.

A1

A2 A=A1+A2

Thewavesareinphaseandsuperimposetoproduceawavewithagreateramplitude.

- Asmallerwaveisformedi.e.destructiveinterference.

A1
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A2A=A1-A2

Thewavesareoutofphasewithaphasedifferenceof1800.Sincetheyhavedifferentamplitudes,they
superimposetoformawavewithasmalleramplitude.

- Astationarywave.

A A=0

A

Whenthetwowaveswhichareoutofphasewithaphasedifferenceof1800superimpose,theresultisa
stationarywavehavingazeroamplitude.

Interferenceisaproductoftheprincipleofsuperpositionwhichstates:fortwowavestravellinginatagiven
pointinthesamemedium,theresultanteffectisthevectorsumoftheirrespectivedisplacements.

 Interferenceofwaterwavescanbeshownbysettinguptwosphericaldippersinarippletankwhich
simultaneouslygeneratewaves.Alternatingdarkandbrightradiallineswillbeobservedonthescreen
representingregionsofconstructiveanddestructiveinterferencerespectively.

Forinterferencetooccurthereoughttobeacoherentsourcei.e.asourcethatgenerateswavesofthesame
frequencyandwavelength,equalorcomparableamplitudesandhavingaconstantphasedifference.

 Interferenceofsoundwavescanbeinvestigatedbythesetupbelow:

X

S1

A B

S2

Y

TwoloudspeakersS1andS2connectedtoanaudio-frequencygeneratoractasacoherentsource.Toanobserver
walkingalongastraightpathXY,alternatingloudandsoftsoundisheard.AlongthelineAB,aconstantloud
soundwillbeheard.

Theregionswithloudsoundrepresentareasofconstructiveinterferencewhiletheregionswithsoftsound
representareasofdestructiveinterference.Whenthefrequencyofthesignalisincreased,theseparation

L

S

L

S

L

L
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betweenthealternatingloudandsoftsoundisreducedi.e.moreclose.Notethatforasignalofanyvelocity,the
higherthefrequencytheshorterthewavelength.

Ifinsteadtheloudspeakersareconnectedsuchthatthewavesgeneratedbyoneloudspeakerareexactlyoutof
phasewiththosefromtheother,thenallpointsalongXYwillhavedestructiveinterferenceandhencesoftsound
isheardthroughout.

 Interferenceoflightwaves-thiscanbedemonstratedbytheYoung’sdoubleslitexperiment.Twonarrow
andverycloseslitsS1andS2areplacedinfrontofamonochromaticlightsource.

S1 y

Lightsource S2x

Screen

d

Thelightwavesfromthetwoslitsundergodiffractionandsuperimposeastheyspreadout.Aseriesof
alternatingbrightanddarkfringesareobservedonthescreen.Thebrightfringesareduetoconstructive
interferencewhilethedarkfringesareduetodestructiveinterference.However,alongthecentrallinethrough
thecentreoftheslitsandpointO,itisbrightthroughout.

AtO,thepathdifferenceofthetwowavesiszerosinceS1O=S2O.Movingupwardsordownwardstothefirst
brightfringe,thepathdifferenceisequivalenttoonewavelength;

i.eS2B1-S1B1=1λ

AtD1,thepathdifferenceisequivalenttohalfawavelength;

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.

B2

D2

B1

D1

O

D
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16.6:Stationarywavesversesprogressivewaves

Aprogressivewaveisawavethatcontinuouslymovesawayfromthesource.Whentwoprogressivewavesequal
inamplitudeandtravellinginoppositedirectionssuperposeoneachother,theresultantwaveisreferredtoasa
stationaryorstandingwave.Itisacommonoccurrenceinstringedinstruments.Whenthestringis
plucked/played,atransversewavetravelsalongthestringandisreflectedbackonreachingtheotherendofthe
string.

A AAAA

N NNNNN

Reflectedwave

ThepointsmarkedNarealwaysatrest(zerodisplacement)andarecallednodeswhilethosemarkedAare
wherethewavehasmaximumamplitude(maximumdisplacement).Theyarecalledantinodes.

Whentwoloudspeakersconnectedtothesameaudio-frequencygeneratoraresuchthattheyfaceeachother,
thenthetwosoundwavessuperposetoproduceastationarywave.

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

Thefollowingtablegivesthecomparisonbetweenastationaryandaprogressivewave:

Stationarywaves Progressivewaves

Donotmovethroughthemediumhencedoesnot
transferanyenergyfromthesource.

Movethroughthemediumtransferringenergyfrom
thesourcetoapointaway.

Thedistancebetweensuccessivenodesorantinodes
isequalto1/2λ.

Thedistancebetweensuccessivecrestsortroughsis
equaltothewavelengthofthewave.

Theamplitudesofparticlesbetweensuccessive
nodesaredifferent.

Theamplitudesofanytwoparticleswhicharein
phasearethesame.

TOPIC17:SOUND(formtwo)

17.1:Introduction

Asoundmaybedefinedasaformofenergyproducedbyavibratingobject.Soundmaybeenjoyableifwell
organizedsuchasinmusic.However,sometimessoundisanuisancee.gnoisepollution.Soundisalongitudinal
wave.Thehumanearcanbeusedtodetectsoundthatiswithintheaudiblerangei.eoffrequencybetween20Hz
and20kHz.

Whenanobjectvibrates,theairmoleculesarounditaresetintomotion,collideformingcompressionsand
rarefactions.Belowaresomecommonsourcesofsound:

 Avibratingthinwoodenstrip.

 Avibratingdrum.

 Avibratingaircolumn.

 Arotatingcoggedwheelandacard.
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 Loudspeakers.

 Atuningfork.

 Aguitarandotherstringedinstruments,etc.

17.2:Propagationofsound

Soundwavesrequireamaterialmediumtomovethrough.Theynevertravelinavacuum.Thiscanbeillustrated
bythesetupbelow:

Electricbell

Tovacuumpump

Initiallywhenthebellisonthesoundisheardfromoutsidebutastheairinsideissuckedout,thesound
graduallyfadesaway.Nosoundisheardatallwhenalltheairhasbeenwithdrawn.Hence,soundrequiresa
materialmediumforitspropagation.

Soundtravelsinallthethreestatesofmatter.Ittravelsfasterinsolids,followedbyliquidsandslowestingases.
Thisisbecausetheparticlesinsolidsareclosetogetherwhiletheyarefarapartingases.

17.3:Reflectionofsoundandspeedofsound.

Whenasharpsoundfallsonanobstacle,itisreflectedback.Reflectedsoundisknownasanecho.Soundwaves
obeythelawsofreflection.Whenanincidentsoundwaveandthereflectedsoundwaveoverlap,theoriginal
soundwillappearprolonged.Thiseffectisreferredtoasreverberation.

Tominimizethiseffect,theminimumdistancebetweenthesourceofsoundandthereflectorshouldbe17m.It
isforthisreasonthatintvandradiostudios,thewallsaremadeofabsorbentmaterialstominimizetheeffectof
echoes.

Theideaofechocanbeusedtoestimatethespeedofsoundinair.Itentailsmeasuringthedistancebetweenthe
sourceofthesoundandthereflectorandtheaveragetimeintervalbetweentheproductionofthesoundandthe
hearingoftheecho;

Thus,speedofthesound=totaldistancecovered/timeinterval.

Supposethedistancebetweenthesourceofsoundandthereflectorisxandthetimeintervalbetweenthe
productionofthesoundandthehearingoftheechoist,thespeedofthesoundisexpressedas;

Speedv=2x/t.

Example17.1

1.Amanmakesaloudsoundandhearsanechoofthesound1.2slater.Ifthespeedofsoundinairis330m/s,
calculatethedistancebetweenthemanandtheobjectreflectingthesound.

Letthedistancebetweenthemanandthereflectorbex,then;
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Speedv=2x/t=2x/1.2=330m/s

x=(1.2*330)/2=198m

2.Astudentstandingbetweentwocliffsand500mfromthenearercliffclappedhishandsandheardthefirst
echoafter3sandthesecondecho2slater.Calculate:

a)thespeedofthesoundinair

Speedv=(2*500)m/3s=333.3m/s.

b)thedistancebetweenthecliffs

Letthedistancebetweenthestudentandtheothercliffbex.

Then,2x/(3+2)=333.3

x=(333.3*5)/2=833.25m

Therefore,thedistancebetweenthetwocliffsis=(500+833.25)=1333.25m

17.4:Factorsaffectingspeedofsoundinair

Thespeedofsoundinairundernormalconditionsisabout330m/s.However,thiscanchangedependingonthe
prevailingfactorsasillustratedbelow:

-Temperatureoftheair:warmairislighterthancoldair.Anincreaseinthetemperatureofaircausesan
increaseinthespeedofthesound.

-Wind:ifwindblowsinthedirectionofthesound,itsspeedwillberaisedwhileifitblowsagainstthesound,the
speedwillbereduced.

-Humidity:thespeedofsoundincreaseswithhumidity.Moistairhavingwatervapourinitislessdense
comparedtodryair.Anincreaseinthehumidityoftheairmakestheairlighterandhencethespeedoftheairis
increased.

-Densityofair:thegreaterthedensityofairtheloweritsspeed.

Notthataslongasthetemperatureofairisconstant,thereisnoeffectofchangingpressureonthespeedof
sound.

TOPIC18:FLUIDFLOW

18.1:Introduction

Afluidreferstoliquidsandgases.Thestudyofflowoffluidsiscalledhydrodynamics.Whenanobjectmoves
throughafluid,itexperiencessomeresistanceintermsoffriction.Thefrictionexperiencedinfluidsisreferred
toasviscosityorviscousdrag.

However,inthistopicviscosityisassumedtobenegligible.Certainshapesexperiencealotofresistancewhen
movinginfluids.However,wehavesomeshapeswhichpenetrateeasilyinfluidslikeair.Suchshapesarecalled
streamlinedbodies.Theyincludeshapesofsalooncars,ships,rockets,fish,birdsetc.

Whenafluidisatrestinahorizontaltube,itexertsthesamepressureatallpointsalongthetube.Thiscanbe
illustratedbyconnectingsimilarverticaltubesalongthehorizontalone.

A B C



120|Page
©PHYSICSPLUS

Theleveloftheliquidisthesameinallthetubes.Thisindicatesthatthepressureactingontheliquidisthesame
allthrough.However,whentheliquidissettoflowitslevelinthetubeswillvary.Thismeansthatthepressure
exertedbytheliquidvariesalongthehorizontaltube.

D EF

Astheliquidflowsthroughthetube,thereexistsfrictionalforcebetweenthemoleculesoftheliquidandthewall
ofthetube.Asaresult,thepressureexertedbytheliquidreducesastheliquidcontinuetoflow.Hencethe
pressureoftheliquidisgreateratthebeginningofflowandlowerattheendofflow.

18.2:Typesofflow

Therearethreemaintypesofflowasfarasfluidflowisconcerned:

18.2.1:Streamlineflow

Inthistypeofflow,thefluidmoleculesinallthelayerstravelinthesamedirectionwiththesamespeed.The
moleculesmovealongpathscalledstreamlines.Instreamlineflow,thestreamlinesareparalleltoeachother.

Streamlines

Forafluidtohavestreamlinekindofflow,thefollowingconditionsarenecessary:

-Thefluidmustbenon-viscoussothatthevelocityofthefluidatallpointsalongthetubeisthesame.

-Thefluidmustbeincompressiblesothatthedensityofthefluidisthesameatallpoints.

18.2.2:Turbulentflow

Whenanobstacleisplacedonthepathofthestreamlines,themoleculeswillhitthebarrier,losesomeofits
energyandmaythenchangedirection.Thiscanleadtoadisturbanceofsomesoughtresultinginformationof
eddiesorwhirls.Thisisreferredtoasturbulentflow.

Obstacle

18.2.3:Laminarflow
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Thisiswhereallthemoleculesineachlayermovewiththesamevelocitybutdifferentfromthatoftheother
layersi.e.eachlayerhasitsownvelocity.

18.3:Rateofflow

Thisisthevolumeoffluidpassingthroughagivenregionperunittime.Itisalsoknownasthevolumeflux.

Rateofflow=volumeoffluid/timeinterval

TheSIUnitofrateofflowisthecubicmetrepersecond(m3/s).Thefluidshouldnotexceedacertainvelocity
calledthecriticalvelocity.Ifthecriticalvelocityisexceeded,turbulenceoccurs.

Supposeafluidtakesatimet(s)toflowthroughapipeofcross-sectionareaAandlengthL,then:

ThevelocityѴofthefluid=lengthL/timet.

Therefore,L=Ѵt……………………………………..(i)

AreaA

L

Also,thevolumeVofthefluidthatpassesthroughtheregionL=cross-sectionareaA*lengthL.

ThusV=AL………………………………………………(ii)

Substitutingequation(i)in(ii),weget:

V=AL=AѴt

Therefore,therateofflow=volumeflowing/timedinterval

=V/t=AѴt/t

=AѴ

Hencetherateofflowistheproductofthecross-sectionareaandthevelocitywithwhichthefluidsflows.

Ifthedensityofthefluidisρ,thenthemassfluxisgivenbytheproductofthevolumefluxandthedensityofthe
fluid;

Massflux=volumeflux*densityofthefluid=AѴρ.

Massfluxmaybedefinedasthemassofthefluidpassingthroughagivenpointperunittime.

Example18.1

V1

V2
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1.600gofwaterflowsthroughatubeofuniformcross-sectionareaof20cm2in10s.Ifthedensityofwateris

1000kgm-3,calculatetherateofflowofthewater.

Rateofflow=volume/time

Butvolume=mass/density=0.6kg/1000kgm-3=6.0*10-4m3

Therefore,rateofflow=(6.0*10-4m3)/10s

=6.0*10-5m3/s

18.4:Theequationofcontinuity

Supposeafluidofdensityρflowsthroughatubeofvaryingcross-sectionasshownbelow:

Cross-sectionareaA2

Ѵ1Ѵ2

Cross-sectionareaA1

Then,iftheflowisstreamlinetherateofflowofthefluidwillbethesameatallpointsofthetube.

Thus,therateofflowinthewiderregion=A1Ѵ1.

Similarly,therateofflowinthenarrowerregion=A2Ѵ2.

Therefore,forastreamlineflow;A1Ѵ1=A2Ѵ2.

Generally,forastreamlineflowwhenafluidflowsfromaregionofcross-sectionareaA1withavelocityѴ1intoa
regionofcross-sectionareaA2withavelocityѴ2,then:

A1Ѵ1=A2Ѵ2=aconstant.

Thisequationiscalledtheequationofcontinuity.Theequationonlyholdsunderthefollowingconditions:

 Whentheflowisstreamline.

 Whenthefluidisnon-viscous.

 Whenthefluidisincompressible.

Sincethemassisdirectlyproportionaltovolume,themassfluxwillalsobeconstant;

Therefore,A1Ѵ1ρ=A2Ѵ2ρ.

Example18.2

1.Inthefigurebelow,calculatethespeedofwaterhavingastreamlineflowatpointP.Thediameterofthe

pipeatPis2cmand6cmatQ.ThespeedofwateratQis0.3ms-1.
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P

Q

APѴP=AQѴQ

πx0.012xѴP=πx0.03
2x0.3

ѴP=(0.03
2x0.3)/0.012=2.7m/s

2.Alawnsprinklerhas40holeseachofcross-sectionarea2.0x10-2cm2.Itisconnectedtoahorsepipeof

cross-sectionarea1.6cm2.ifthespeedofwaterinthehorsepipeis1.2m/s,calculate:

a)Therateofflowinthehorsepipe.

Rateofflow=AѴ

=(1.6x10-4)x1.2m/s=1.92x10-4m3/s

b)Thespeedatwhichwateremergesfromtheholes.

A1Ѵ1=A2Ѵ2

1.92x10-4m3/s=(2.0x10-2x10-4)xѴ2

Ѵ2=(1.92x10
-4m3/s)/(2.0x10-2x10-4m2)=2.4m/s.

18.5:Bernoulli’sprinciple

Theprinciplestates:providedafluidisnon-viscous,incompressibleanditsflowstreamline,anincreaseinits
velocitycausesacorrespondingdecreaseinthepressureitexerts.

Recall:Theequationofcontinuity,A1Ѵ1=A2Ѵ2.

Rearrangingtheequation,weget;

A1/A2=Ѵ2/Ѵ1

Hencevelocityoftheliquidisinverselyproportionaltothecross-sectionareai.ethesmallerthecross-section
areathelargerthevelocityandviceversa.Thiscanbeobservedwhenwaterisallowedtoflowthroughatubeof
varyingcross-sectionareaasshownbelow:

A B C

Waterin Waterout

Thevelocityishighinthenarrowerregionandlowinthewiderregion.Thusthepressureoftheliquidisgreater
inthewiderregioncomparedtothenarrowerregion.Thisisshownbytheheightoftheliquidsinthevertical
tubesi.ethegreatertheheightthelargerthepressure(hint:P=hρg).



124|Page
©PHYSICSPLUS

SupposeafluidofmassmanddensityρflowsthroughatubewithavelocityѴatapointwhereitspressureisP,
then:

Thekineticenergyperunitvolumeofthefluid=K.E/VolumeV=mѴ2/2V

Butm/V=ρ

Therefore,K.Eperunitvolume=½ρѴ2

Similarly,potentialenergyperunitvolumeofthefluid=P.E/VolumeV

=mgh/V

Therefore,P.Eperunitvolume=ρgh

Forafluidwhichisincompressible,non-viscousanditsflowstreamline,thesumofthepressureP,kineticenergy
perunitvolumeandpotentialenergyperunitvolumeisaconstant;

P+½ρѴ2+ρgh=aconstant

ThisisthealternativestatementofBernoulli’sprinciple.

ThefollowingaresomeoftheeffectsofBernoulli’sprinciple:

 Whenalightpieceofpaperisheldinfrontofthemouthandsomeairblownaboveit,thepaperis
observedtobeliftedupwards.Thisisbecausethevelocityofairabovethepaperincreasescausinga
correspondingdecreaseinpressurethere.Apressuredifferenceisthuscreatedandtheresultantupward
forceliftsthepaperupwards.

 Whenalighttennisballofnegligibleweightismadetospininair,itisobservedtocurveawayfromits
initialpath.

Directionofmovementoftheball

Streamlines

Tennisball

Astheballspins,itdragsairalongwithit.Supposetheballspinsinthedirectionshown,thenthevelocityofair
onthelowersidewillbelowersinceitopposesthestreamlinesonthatside.Ontheupperside,thevelocityofair
ishigher.ByBernoulli’sprinciple,therewillbegreaterpressureactingfrombelowtheball.Theresultant
upwardforcemakestheballtocurveawayfromitsoriginalpath.

18.6:ApplicationsofBernoulli’sprinciple

18.6.1:Aspraygun

Piston Nozzle

A B

Barrel P

Liquid
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Whenthepistonispushedforward,aportionoftheairinthebarrelisforceddownintothereservoirthroughA
whiletheremainingportionflowstowardsthenozzle.Theairhashigherpressureinthewiderregionandlower
pressureinthenarrowerregion.ThustheairforcedthroughAexertsalotofpressureonthesurfaceofthe
liquidinsecticideinthereservoir.TheresultantupwardforcepushestheliquidupthetubeB.thisisthenblown
tothenozzlewhereitleaveswithahighvelocity.

18.6.2:Carburetor

AirventVenturi

Floater Airsuckedin Mixtureofpetrolandairto

Petrol combustioncylinder

Withthehelpofthepressureexertedbythefloater,petrolisforcedintotheventuriwhereitmixeswithfast-
movingair.Themixtureisthendrawnintothecombustioncylinderoftheenginewhereitisburnttohelp
operatethecar.

18.6.3:Aerofoil

Theyarestructuredinsuchawaythattheairflowingabovethemdoessoatveryhighspeedsthanthatbelow
them.Thustheresultantupwardforceactingonthemhelpsthemtorisetogreaterheights.Examplesofaerofoil
includeaircraftwingsandhelicopterpropellers.

18.7:DangersofBernoulli’seffect

 Blowingofrooftops-whenafastmovingairpassesabovearooftop,theairpressureabovetheroofwill
behigherthanthatbelowit.Thustheresultantupwardsforceactingontheroofmayblowitoffifitis
largeenough.

 Caraccidents-whenasmallcarandalargetruckbothtravellingathighspeedsandinopposite
directionsovertakeeachother,thesmallcarislikelytobedraggedontothetruck.Thespeedofair
betweenthecarandthetruckisveryhighandhencealowpressureexistsbetweenthem.Theresultant
inwardforceactingthemdrawsthemclosertogether.Thecarbeinglighterhasahigherchanceofbeing
draggedontothetruck,causinganaccident.
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TOPIC19:LINEARMOTION(formthreetopicone)

19.1:Introduction

Thestudyofmotionisdividedintotwoareasnamelykinematicsanddynamics.Kinematicsdealswiththe
motionaspectonlywhiledynamicsdealswiththemotionandtheforcesassociatedwithit.

Therearethreecommontypesofmotion:

 Linearortranslationalmotion.

 Circularorrotationalmotion.

 Oscillatoryorvibrationalmotion.

Inthistopic,weconcentrateonlinearmotion.

Notethatallmotionisrelativei.ethestateofabody;atrestorinmotion,isONLYtruewithrespecttothe
observer’sposition.

19.2:Termsassociatedwithlinearmotion

 Distance-isthelengthofthepathcoveredbyabody.Itonlygivesthemagnitudebutnodirectioni.eitis
ascalarquantity.

 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).

Ifthevelocityofabodydecreaseswithtime,itsaccelerationbecomesnegative.Anegativeaccelerationis
referredtoasdecelerationorretardation.
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Example19.1

1.Abodycoversadistanceof10min4seconds,restsfor10secondsandfinallycoversadistanceof90min
6seconds.Calculateitsaveragespeed.

Averagespeed=totaldistance/time=(10m+90m)/(4s+10s+6s)

=100m/20s=5m/s.

2.Abodymoves30mdueeastin2seconds,then40mduenorthin4seconds.Determineits:

a)Averagespeed.

displacement 40m

30m

Averagespeed=totaldistance/time=(30m+40m)/(2s+4s)

=70m/6s=11.67m/s.

c)Averagevelocity.

d)Averagevelocity=totaldisplacement/time=50m/6s

=8.33m/s.

3.Abodyismadetochangeitsvelocityfrom20m/sto36m/sin0.1s.Whatistheaccelerationproduced?

a=(v-u)/t=(36m/s–20m/s)/0.1s

=160m/s2.

4.Aparticlemovingwithavelocityof200m/sisbroughttorestin0.02s.Whatistheaccelerationofthe
particle?

a=(v-u)/t=(0m/s-200m/s)/0.02

=-200/0.02=-10,000m/s2.

19.3:Motiongraphs.

Therearetwocategories;displacement-timegraphsandvelocitytimegraphs.

19.3.1:Displacement-timegraphs

Theslopeofadisplacement-timegraphgivesthevelocityofthebody.

Thevariousdisplacement-timegraphsareasillustratedbelow:

D B

Displacement A

(m) C
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Time(s)

GraphA:thebodyisatresti.ethereisnochangeindisplacementastimechanges.Theslopeofthegraphand
hencethevelocityiszero.

GraphB:thebodymoveswithauniformorconstantvelocity.

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

GraphD:thegraphbecomeslessandlesssteepwithtimei.ethebodyhasahighervelocityatthebeginningand
decreaseswithtime.Therefore,thebodyissaidtobedecelerating.

19.3.2:Velocity-timegraphs

Theslopeofavelocity-timegraphgivestheaccelerationofthebody.Notethattheareaunderavelocity-time
graphgivesthedistancecoveredbythebody.

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.Hencetheacceleration
ofthebodydecreaseswithtime.

19.4:Determinationofvelocityandacceleration

Twomethodsareapplicablehere:

Method1:Usingappropriateinstrumentse.gatapemeasureandastopwatchtomeasurethedisplacementofa
bodyandthedurationthenapplyingtheformula;

Velocity=totaldisplacement/timetaken.

Method2:Usingaticker-timer.Itisusedtomeasurevelocityofabodyspecificallyovershortdistances.It
consistsofanelectronicvibratorwhichmakesdotsonamovingpapertapeattachedtotheobjectwhosevelocity
isbeingmeasured.Thedotsaremadeatacertainsetfrequency.Forinstance,aticker-timerwhosefrequencyis
50Hzmakesdotsatintervalsof0.02s.Thetimeintervalbetweensuccessivedotsisreferredtoasatick.

Thespacingbetweenthedotsdependsonthemannerinwhichthebodyismovingi.emovingatconstant
velocityorwithincreasingvelocityordecreasingvelocity.Generally,thedotsareclosetogetherwhenthe
velocityislowandwideapartwhenthevelocityishigh.Therearethreepossiblepatternsthatcanbeobtained
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byaticker-timerasillustratedbelow:

a)Movingatconstantvelocity.

Thedotsareequallyorevenlyspaced.

Directionofmotionofthebody

b)Movingwithincreasingvelocity(accelerating).

Thespacingbetweenthedotsisinitiallysmallbutincreasesaway.

Directionofmotionofthebody

c)Movingwithdecreasingvelocity(decelerating).

Thespacingbetweenthedotsisinitiallylargebutdecreasesaway.

Directionofmotionofthebody

Example19.2

1.Apapertapewasattachedtoamovingtrolleyandallowedtorunthroughaticker-timer.Thefigurebelow
showsasectionofthetape.

A 15cm B C 30cm D

Ifthefrequencyoftheticker-timeris100Hz,determine:

a)ThevelocitybetweenABandCD.

1tick=1/100=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)aboveareaveragevelocitiesandassucharetakentobethevelocitiesat
themidpointsofABandCDrespectively.Hence,thetimetakenforthechangeinvelocityisthetimebetweenthe
midpointsofABandCD.

A 15cm B C 30cm D
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VABΔt=10ticks*0.01=0.10s VCD

Therefore,acceleration=(VCD-VAB)/Δt=(600-300)cms
-1/0.10s=3000cms-2.

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

0.5cm 2.5cm

Δt=5ticks*0.02s=0.10s

Notethat1tick=1/50=0.02s.

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

Finalvelocityv=2.5cm/0.02s=125cms-1

Hence,acceleration=(v-u)/Δt=(125-25)cms-1/0.10s

=1000cms-2

19.5:Equationsoflinearmotion

Therearethreeequationsgoverninglinearmotion.Considerabodymovinginastraightlinefromaninitial
velocityutoafinalvelocityv(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.

Theareaunderthegraph(areaofatrapezium)givesthedisplacementofthebody.

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

s=½(u+v)t.

Butv=u+at,
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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}2.

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.

Example19.3

1.Aparticletravellinginastraightlineat2m/sisuniformlyacceleratedat5m/s2for8seconds.Calculatethe
displacementoftheparticle.

s=ut+½at2=(2*8)+(½*5*82)

=176m.

2.Anobjectacceleratesuniformlyat3ms-2.Itattainsavelocityof19m/sin5seconds.

a)Whatwasitsinitialvelocity?

v=u+at

u=19-(3*5)=19-15=4m/s.

b)Howfardoesittravelduringthisperiod?

s=ut+½at2=(4*5)+(½*3*52)=57.5m

3.Acartravellingat20m/sdeceleratesuniformlyat4m/s2.Inwhattimewillitcometorest?

v=u-at,(aisnegativesincethebodyisdecelerating).

0=20-4t

t=20/4=5seconds.

19.6:Motionsundertheinfluenceofgravity
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Theseincludefreefall,verticalprojectionandhorizontalprojection.Thethreeequationsoflinearmotionhold
formotionsundertheinfluenceofgravity.

19.6.1: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.

Example19.4

1.Ahammerfallsfromthetopofabuilding5mhigh.

a)Howlongdoesittaketoreachtheground?Takeg=10ms-2.

h=½gt2

5=½*10t2

t=1½=1s

b)Withwhatvelocitydoesitstriketheground?

v=(2gh)½=(2*10*5)½=10m/s.

19.6.2:Verticalprojection

Whenabodyisprojectedverticallyupwards,itdeceleratesuniformlyduetogravityuntilitsvelocityreducesto
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)



133|Page
©PHYSICSPLUS

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,thevelocityofthebodyjustbeforehittingitspointofprojectionasitfallsbackisthesameinmagnitudebut
inoppositedirectiontoitsinitialvelocity;v=-u.

Example19.5

1.Abulletisshotverticallyupwardsandrisestoamaximumheightof1000m.Calculate:

a)theinitialvelocityofthebullet,

u=(2ghmax)
½=(2*10*1000)½=

b)thetotaltimeofflight.

t=2u/g=2*

2.Anobjectisreleasedtofallverticallyfromaheightof100m.Atthesametime,anotherobjectisprojected
verticallyupwardswithavelocityof40m/s.

a)Calculatethetimetakenbeforethetwoobjectsmeet.

Letthetimetakentomeetbet.then,afteratimetthedistancecoveredbytheobjectmovingdownwardswillbe;

sd=½gt
2,(sinceu=0).

=½*10t2=5t2

Thedistancecoveredbytheobjectprojectedupwardsafteratimetwillbe;

su=ut-½gt
2=40t-5t2
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Butsd+su=100m

Therefore,5t2+40t-5t2=100

t=100/40=2.5s

b)Atwhatheightabovethepointofprojectiondotheymeet?

su=ut-½gt
2=(40*2.5)-(½*10*2.52)

=68.75m

19.6.3:Horizontalprojection

IftwoobjectsAandBatapointsomeheightabovethegroundaresuchthatAisallowedtofallfreely(vertically
downwards)whileisBgivenahorizontalprojectionwithaninitialvelocityu,thenbothobjectstakethesame
durationtoreachtheground.Thisisbecausebothareactedonbythesamegravitationalforce.Theobjectonthe
horizontalprojectionmoveswithaconstantvelocityu.hence,thehorizontalaccelerationoftheobjectiszero.
Fortheobjectfallingfreely,theaccelerationisequivalentto‘g’andtheinitialvelocityuiszero.However,the
objectunderhorizontalprojectionwillstrikethegroundsomedistanceawayfromthepointtheotherobject
strikestheground.Thishorizontaldistancecoveredbytheobjectisreferredtoasthe‘rangeR’.

NotethatbothAandBwillstrikethegroundwiththesamevelocity.

u

u=0 u

a=g

u

PathofA PathofB(a=0)

Sincea=0forthehorizontalprojection,s=R=ut.

Also,thetimetakentoreachthegroundinbothcasesisexpressedas;

t=u/g.

Example19.6

1.Astoneisthrownatavelocityof30m/stothehorizontalbyagirlatthetopofatreewhoseheightis30m.
Calculate:

a)thetimetakenforthestonetostriketheground.

Sincebothfreefallandhorizontalprojectiontakethesameduration;

h=½gt2

30=½*10*t2

t=6½=

b)thevelocityatwhichthestonestrikestheground.

u=0(forfreefall).
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Therefore,v=(2gh)½=(2*10*30)½

=

2.Ajetfighteronpracticemovingatavelocityof100m/sreleasedabombabovethegroundwhichhitsthe
groundafter3s.Calculate:

a)thedistancefromthegroundtothejet,

h=½gt2=½*10*32

=45m

b)thehorizontaldistancefromthetargetwhenthebombisreleased.

R=ut=100*3

=300m.

19.7:Experimentaldeterminationofaccelerationduetogravity.

Thiscanbedoneasfollows:

L Metrerule

-Settheapparatusasshowninthediagramabove.Setthelengthofthestringat30cm.notethatthelengthl
ismeasuredfromthecentreofthebob.

-Displacethebobsidewaysthroughasmallangleofabout100andreleaseitsoastooscillate.

-Withthehelpofastopwatch,measureandrecordthetimefortenoscillations(allowsomelittleoscillations
afterreleasebeforetiming).Repeatthissteptwiceorthriceanddeterminetheaveragetime.

HencecalculatetheperiodT(timeforoneoscillation).

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

Length,l(cm) Timefor10oscillations,t(s)

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

Period,T(s) T2(s2)
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-plotagraphofT2againstlengthlinmetres.

Observationsandconclusion

Thefrequencyofoscillationincreaseswithdecreaseinlengthofthestring.AgraphofT2againstlengthlisa
straightlinethroughtheorigin.

Generally,agraphofT2againstlengthforasimplependulumsatisfiestheequationT2=4π2l/g.

Hence,theslopeofthegraphaboveisequalsto4π2/g.

T2(s2)

Slope=4π2/g

0 Length(m)



137|Page
©PHYSICSPLUS

TOPIC20:REFRACTIONOFLIGHT

20.1:Introduction

Refractionreferstothebendingoflightwhenitpassesfromonemediumintoanotherofdifferentopticaldensity.
Thisisbecauseaslightpassesthroughdifferentmediaitsvelocitychanges.Thebendingoccursattheboundary
orinterfaceofthetwomedia.

Incidentray i0 air

Glassblock

Therefractedraymaybendawayortowardsthenormaldependingontheopticaldensityofthesecondmedium
withrespecttothefirstmedium.Generally,araypassingfromanopticallydensermediumintoalessoptically
dense(rarer)mediumisbentawayfromthenormalafterrefraction.Iftheraypassesfromararermediuminto
anopticallydensermediumthenitisbenttowardsthenormal.Itiseasiertotellwhichmediumisoptically
denserbysimplycomparingtheanglebetweentheincidentrayandthenormalandthatbetweentherefracted
rayandthenormal.Themediumwithasmallerangle(ofincidenceorrefraction)istheopticallydensermedium.

(a) i0 M1(opticallydenser)

M2(rarermedium)

(b) r0 M3(rarermedium)

M4(opticallydensermedium)

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

r0 refractedray

r0

i0
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Infigure(b)above,onlythedirectionofthelighthasbeenreversedleavingtheanglesthesame.However,inow
becomerwhilerbecomesi.Theprinciplethatmakesitpossibletoreversethedirectionoflightkeepingthesizes
oftheanglestheraysmakewiththenormalthesameiscalledtheprincipleofreversibilityoflight.

Thestudyofrefractionoflighthelpsusunderstandthefollowingcommonphenomena:

- Whyastickappearsbentwhenpartofitisinwater.

- Whyacoinatthebaseofabeakerofwaterappearsnearerthesurfacethanitactuallyis.

- Whythestarstwinkle.

- Whythesuncanstillbeseensometimesbeforeitrisesorevenaftersetting.

- Whythesummerskyappearsblue.

- Theformationoftherainbow.

20.2:Refractioninglass

Thiscanbeinvestigatedbythefollowingsteps:

P1

P2i
0O

e0P3

P4

- Fixawhiteplainpaperonasoftboardusingdrawingpins.Placetheglassblockwithitslargersurfaceon
theplainpaperandtraceitsoutline.

- RemovetheglassblockandthendrawanormalthroughpointO.Drawalinemakingananglesayi=300

withthenormalasshownabove.

- ReplacetheglassblockontotheoutlineandsticktwopinsP1andP2alongthelinesuchthattheyare
uprightandabout6cmapart.

- Fromtheoppositesideoftheblock,viewthetwopinsandsticktwopinsP3andP4suchthatthefourpins
appearonastraightline.JointhepositionsofP3andP4usingastraightlineandproducethelinetomeet
theoutlineatO’.

- DrawanothernormalatO’andthenjoinOtoO’.Measureanglesrande.

r0

O’



139|Page
©PHYSICSPLUS

- Repeattheabovestepsforothervaluesofi=400,500and600.Completethetablebelow:

Angleofincidence,i0 300 400 500 600

Angleofincidence,r0

e0

Sini

Sinr

Sini/Sinr

- PlotagraphofSiniagainstSinr.determinetheslopeofyourgraph.

Observations

 TheratioofSinitoSinrisaconstant.

 ThegraphofSiniagainstSinrisastraightlinethroughtheorigin.

 TheslopeofthegraphisequaltotheratioofSinitoSinrinthetable.

sini

sinr

20.3:Thelawsofrefractionandrefractiveindex

Therearetwolawsofrefraction:

1.Theincidentray,refractedrayandthenormalatthepointofincidencealllieinthesameplane.

2.Snell’slaw:itstatesthattheratioofsineofangleofincidencetothesineofangleofrefractionisaconstantfor
agivenpairofmedia.

i.e.Sini/Sinr=aconstant.

Theconstantisreferredtoastherefractiveindex,ηofthesecondmediumwithrespecttothefirstmedium.The
firstmediumisthatmediuminwhichtheincidentrayisfoundwhilethesecondmediumisthatmediumwhere
therefractedrayisfound.Itisdenotedas1η2.

Hencein20.2above,theratioSini/Sinristherefractiveindexofglasswithrespecttotheairsincethelight
passedfromairintoglassblock.

However,whenlightpassesfromvacuumintoanothermedium,itisreferredtoasabsoluterefractiveindex.
Thereforeforabsoluterefractiveindex,theangleofincidenceiisfoundinavacuum.

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

1η2=sini/sinr

Bytheprincipleofreversibilityoflight,rnowbecomesiandibecomesri.e.theincidentrayisnowfoundinthe
secondmedium.

Hence2η1=sinr/sini

Butsinr/sini=1/(sini/sinr)=1/1η2

Therefore2η1=1/1η2.

Thetablebelowshowssomematerialsandtheirrefractiveindices:

Material Refractiveindex

Ice 1.31

Crownglass 1.50

Water 1.33

Alcohol 1.36

Kerosene 1.44

Diamond 2.42

Notethattherefractiveindicesgivenintheabovetablearewithrespecttoairi.e.whenlighttravelsfromairinto
thevariousmedia.

Example20.1

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)=22.480

20.3.1: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/sinr2.

Thusaη2=aη1*1η2.

Generally,1ηk=1η2*2η3*………….*k-1ηk.

Example20.2

1.Arayoflightfromairpassessuccessivelythroughparallellayersofwater,oil,glassandthenintoairagain.If
therefractiveindicesofwater,oilandglassare4/3,6/5and3/2respectivelyandtheangleofincidenceinairis

r1

r1

r2

r2
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600.

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)=35.270.

Also,oηg=oηa*aηg=5/4

Therefore,5/4=sinq/sin35.270

q=sin-1(5sin35.270/4)=46.190

20.4:Refractiveindexintermsofrealandapparentdepth

Thisisonthebasisthatwhenanobjectatthebaseofacontainerfilledwithwaterisviewedperpendicularlyit
appearsclosertothesurfacethanitactuallyis.Considerthefigurebelow:

E C r0D

r0

i0

B

p water

q

Oil

r Glass
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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.

Example20.3

1.Inatransparentliquidcontainer,anairbubbleappearstobe12cmwhenviewedfromonesideand18cm
whenviewedfromtheotherside.Ifthelengthofthetankis40cm,whereexactlyistheairbubble?

40cm

Transparentliquid

12cm 18cm

Refractiveindexofglass=(12+x)/12=(18+10-x)/18

x=20/5=4cm.

Therefore,thebubbleis16cmintheliquidfromtheleft-handside.

2.Amicroscopeisfocusedonamarkonahorizontalsurface.Arectangularglassblock30mmthickisplacedon
themark.Themicroscopeisthenadjusted10mmupwardstobringthemarkbacktofocus.Determinethe
refractiveindexoftheglass.

aηg=realdepth/apparentdepth=30mm/20mm

=1.50

20.5:Refractiveindexintermsofvelocityoflight

Refractionoccursasaresultofthedifferentlightvelocityindifferentmedia.Basically,refractiveindexofany
mediumistheratioofthevelocityoflightinavacuumorairtothevelocityoflightinthatmedium;

ηm=velocityoflightinvacuum/velocityoflightinthemedium.

Notethatthevelocityoflightinavacuumis3.0*108m/s.

Generally,1η2=velocityoflightinmedium1/velocityoflightinmedium2.

x 10-x
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Example20.4

1.Thevelocityoflightinglassis2.0*108m/s.Calculate:

a)Therefractiveindexofglass.

ηg=velocityoflightinvacuum/velocityoflightinglass=(3.0*108)/(2.0*108)=1.50

b)Theangleofrefractioninglassforarayoflightincidentattheair-glassinterfaceatanangleofincidenceof

400.

Sin400/sinr=1.50

r=sin-1(sin40/1.50)=25.40.

2.Calculatethespeedoflightindiamondofrefractiveindex2.4.

ηd=velocityoflightinvacuum/velocityoflightindiamond

2.4=(3.0*108)/Vd

Vd=(3.0*10
8)/2.4=1.25*108m/s.

3.Thespeedoflightinmedium1is2.0*108m/sandinmedium2is1.5*108m/s.Calculatetherefractiveindexof
medium2withrespecttomedium1.

1η2=V1/V2=(2.0*10
8m/s)/(1.5*108m/s)

=1.33

20.6:Totalinternalreflection,criticalangleandrefractiveindex

Astheangleofincidenceinthedensermediumincreasestheangleofrefractionalsoincreases.Ifthiscontinues

untiltheangleofrefractionreaches900,theangleofincidenceiscalledthecriticalangleC.Acriticalangleis

definedastheangleofincidenceinthedensermediumforwhichtheangleofrefractionis900inthelessdense
medium.

Air

Bytheprincipleofthereversibilityoflight,

aηg=sin90
0/sinC=1/sinC.

Iftheangleofincidenceexceedsthecriticalangle,thelightundergoestotalinternalreflection.Thisreflection
obeysallthelawsofreflection.

Fortotalinternalreflectiontooccur,twoconditionsmustbesatisfied,namely:

 Lightmustpassfromanopticallydensermediumtoalessopticallydensemedium.

 Theangleofincidenceinthedensermediummustbegreaterthanthecriticalangle.

C
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Example20.5

1.Calculatethecriticalangleforglasswhoserefractiveindexis1.50.

1.50=1/sinC.

C=sin-1(1/1.50)=

2.ThefigurebelowshowsthepathofaraylightpassingthrougharectangularblockofPerspexplacedinair.

a)CalculatetherefractiveindexofPerspex.

aηp=1/sin42.5
0=1.48

b)Arayoflightnowtravelsfromatransparentmediumofrefractiveindex2.4intothePerspexasshownbelow:

Transparentmaterial

C

CalculatethecriticalangleC.

pηm=sinC/sin90
0=pηa*aηm=(1/aηp)*aηm

=1/2.4*1.48=1.48/2.4

C=sin-1(1.48sin900/2.4)=38.070.

20.6.1:Effectsoftotalinternalreflection

 Mirage

Onahotday,theairabovethegroundisatahighertemperaturethanthelayersaboveit.Thusthedensityofair
increaseswithheightabovetheground.Denserairisopticallydenserthanlighterone.Hence,arayoflightfrom
thesunundergoescontinuousrefractionattheboundariesbetweenanytwolayersofairwithdifferent
temperatures.Ineachcase,theraybendsawayfromthenormaluntilthecriticalangleisachieved.Thereafter,
therayundergoestotalinternalreflection.Aninvertedimageintheformofapoolofwaterisobserved.This
phenomenonisreferredtoasmirage.

Generally,mirageoccursasaresultofcontinuousandprogressiverefractionattheairboundariesandtotal
internalreflection.Miragealsooccursincoldregionsbutthistimetherayoflightcurvesupwards.

42.50

Perspex

perspex
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I

 Atmosphericrefraction

Thesunissometimesseenbeforeitactuallyrisesorafterithasset.Thisisbecausethelightfromthesunis
refractedbytheatmospheretowardstheearth.(Recall:theearthisspherical).

20.6.2:Applicationsoftotalinternalreflection

a)Aprismperiscope

Itmakesuseoftworight-angledisoscelesprisms.Thelightfromtheobjectisinvertedthrough900bythefirst

prismandafurther900bythesecondprism.

o

I

Thisperiscopeproducesbrighterimagescomparedtothoseofthesimpleperiscopeinwhichaplaneisused.The
imageformediserectandvirtual.Aprismperiscopehasthefollowingadvantagesoverthesimpleperiscope:

 Formsbrighterandclearerimages.Asimpleperiscopeproducesmanyfaintimagesbesidesthemain
imageespeciallyifthemirroristhick.

 Doesnotabsorbtheenergyofthelight.Planemirrorsabsorbsomelightincidentonthem.

 Hasatoughstructureandthusdoesnoteasilywear.Thepaintingontheplanemirrorcanwearoutwith
time.

b)Aprismbinoculars

Thisdeviceisusedtoreducethedistancebetweentheeyepieceandtheobjectivetherebyreducingthelengthof
thetelescope.Itformsanerectimage.

Objectivelenses

Eyepiecelenses
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c)Opticalfibre

Itisathinflexibleglassrodmadeupoftwoparts;theinnerpartmadeofglassofhigherrefractiveindexandthe
outerglasscoatingoflowerrefractiveindex.Whenarayoflightentersthefibreatananglegreaterthanthe
criticalangle,itundergoesaseriesoftotalinternalreflectionbeforeitfinallyemergesfromtheotherend.None
ofthelightenergyislostintheprocess.

Opticalfibresareusedinmedicineforviewinginternalbodyorgans(theendoscope)aswellasin
telecommunication.Theyarepreferredtoordinarycablesbecausetheyarelightandthinanddonotcause
scatteringofthesignals.

20.7:Dispersionoflight

Whitelightfromthesunismadeupofsevencolours.Theyalltravelwiththesamevelocityinvacuumbuttheir
velocitiesvaryinothertransparentmedialikeglassandwater.Hencewhenarayofwhitelighttravelsfroma
vacuumintoaglassprism,itisseparatedintoitscomponentcoloursrangingfromred,orange,yellow,green,
blue,indigotoviolet.Thespreadingoutoflightintoitsconstituentcoloursbyanothermediumiscalled
dispersion.

Purelightiscalledmonochromaticlightwhileanimpurelightlikewhitelightisreferredtoasnon-
monochromaticorcompositelight.Dispersionoflightisillustratedbythediagrambelow:

Glassprism

Whitelight R

V

Redisleastdeviatedwhilevioletisthemostdeviatedray.Henceredlighthasthegreatestvelocityandvioletthe
leastvelocityinglass.Thecolouredbandproducediscalledavisiblespectrum.Thespectrumproducedaboveis
impure.Inordertoobtainapurespectrumwhereeachcolourisdistinct,anachromaticlensisplacedbetween
thescreenandtheprism.

Whenthesevensevencoloursarerecombined,awhitelightisobtained.Thiscanbeachievedbyusingasimilar
butaninvertedprism.

Whitelight

R
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Whitelight V

20.8:Therainbow

Whenarayoflightpassesthroughawaterdrop,arainbowisproduced.Thewaterdispersesthelightintoits
constituentcolours.Eachcolourthenundergoestotalinternalreflectionwithinthedropbeforeiteventually
emergesintoairagain.

Whitelight

V R

TOPIC21:NEWTON’SLAWSOFMOTION

21.1:Introduction

Thelawsgoverningthemotionofabodyaregroupedintothree.Theyarebasedontheeffectsofforceonabody.
Someoftheeffectsofforceonabodyinclude:

 Forcecanmakeastationarybodytostartmoving.

 Canmakeamovingtostop.

 Candeformabodyi.e.changeitsshape.

 Canchangethedirectionofamovingbody.

 Canchangethespeedofamovingbody.

21.2:Newton’sfirstlawofmotion

Thelawstates:abodyremainsinitsstateofrestoruniformmotioninastraightlineunlessacteduponbyan
externalforce.Thisexplainsthefollowingcommonobservations:

- Passengersinabusarepushedforwardwhenbrakesareappliedsuddenlyorbackwardswhenabusat
resttakesoffsuddenly.Hencethefittingofseatbeltsinvehicles.

- Acoinplacedonacardboardontopofaglasstumblerdropsintothetumblerwhenthecardboardis
pulledsideways.

- Athletesrunpastthefinishlineofaracebeforetheyfinallystop.

Theseobservationsshowthatbodieshaveanin-builtreluctancetochangesintheirstateofmotionorrest.The
tendencyofabodytoresistchangeinitsstateofrestormotioniscalledinertia.HenceNewton’sfirstlawof
motionisalsoreferredtoasthelawofinertia.

21.3:Newton’ssecondlaw
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Thislawstates:therateofchangeofmomentumofabodyisdirectlyproportionaltotheresultantexternalforce
actingonthebodyandtakesplaceinthedirectionoftheforce.

Momentofabodyisdefinedastheproductofitsmassandvelocity.Sincevelocityisavectorquantity,
momentumisalsoavectorquantityhavingbothmagnitude(size)anddirection.

MomentumP=massm*velocityv

Hencetheunitofmomentumisthekilogram-metrepersecond(kgm/s).Thedirectionofmomentumisthesame
asthatofthevelocity.Thechangeofmomentumisthereforecausedbyachangeinvelocity.

Supposethevelocityofabodyofmassmchangesfromaninitialvalueutoavaluevafteratimet,then:

TheinitialmomentumPi=mu

ThefinalmomentumPf=mv

Thechangeinmomentum=finalmomentum-initialmomentum

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.Theunit
ofimpulseisthenewton-second(Ns).Impulseisalsoequaltothechangeinmomentum(mv-mu).Henceimpulse
canalsobeexpressedinkgm/s.

Example21.1

1.Twostonesofmass8kgand4kgmovewithvelocities3m/sand6m/srespectively.Comparetheir
momentum.

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

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

Hencetheyhavethesamemomentum.

2.Aballofmass35gtravellinghorizontallyat20m/sstrikesabarriernormallyandreboundswithaspeed
of16m/s.Findtheimpulseexertedontheball.

Impulse=Ft=m(v-u)=(0.035*20)–(0.035*-16)

=1.26Ns

Notethatthetwospeedsareinoppositedirections.
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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.

Theupwardaccelerationoftheballisnegative10m/s2.

S=ut+1/2at2=(15*0.03)+(1/2*-10*0.032)=10m/s.

21.4:Newton’sthirdlaw

Thelawstates:foreveryactionthereisanequalandoppositereaction.Welookattheworkingofaliftinrelation
tothethirdlawofmotioninthreesituations:

a)Whentheliftisatrest.

Thisimpliesthattheresultantforceontheliftiszeroi.e.actionandreactionareequalinsize.Theforceactingon
theliftistheweightofthepersonstandinginthelift.Thisisbalancedbythereactionbythefloorofthelift.

Therefore,weightmg=-reactionR,

Orsimply;mg+R=0.

b)Whentheliftdescendswithanaccelerationa

Forthelifttomovedownwards,theweightoftheoccupantmustbegreaterthanthereactionbythefloorofthe
lift.Therefore,theresultantforcepullingtheliftdownwardsisequaltothedifferencebetweentheweightmg
andthereactionR;

ResultantforceF=mg-R.

Fromthesecondlawofmotion,theresultantforceF=ma.

Therefore,ma=mg-R.

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

c)Whentheliftascendswithanaccelerationa

Inthiscase,thereactionbytheflooroftheliftmustbegreaterthantheweightoftheoccupant.Hence,the
resultantforceF=ma=R-mg.

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

Thefollowingaresomecaseswherethethirdlawofmotionhasbeenappliedineverydaylife:

- Aballoonmovesinanoppositedirectionwhenairinitisreleased.

Reaction
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Airout

- Whenagunisfired,thebulletleavesthegunwhilethegunrecoilsbackwards.

- Forapersonrunningorwalking,oneexertsabackwardforceonthegroundwiththegroundexertinga
forwardpushonthefootoftheperson.Thismakesrunningorwalkingpossible.

Example21.2

1.Amanofmass75kgstandsonaweighingmachineinalift.Determinethereadingontheweighing
machinewhenthelift:

a)Ascendswithanaccelerationof2m/s2.

F=ma=R-mg

(75*2)=R-(75*10)

R=150+750=900N

b)Descendsataconstantvelocityof1.5m/s.

F=ma=mg-R

Buta=0sincethevelocityisconstant.

Therefore,75*0=75*10–R

R=750N

c)Descendswithanaccelerationof2.5m/s2.

75*2.5=75*10–R

R=750-187.5=562.5N

2.Acarofmass1500kgisbroughttorestfromavelocityof25m/sbyaconstantforceof3000N.Determine
thechangeinmomentumproducedbytheforceandthetimeittakesthecartocometorest.

ΔP=mv-mu=1500(0-25)=-37500kgm/s.

Ft=ΔP

Weignorethenegativesigninthispartbecausetimeisascalarquantity.

3000*t=37500

t=37500/3000=12.5seconds.

21.5:Collisionandthelawofconservationofmomentum

Thisbodystatesthatwhentwoormorebodiescollide,theirtotallinearmomentumbeforeandaftercollision
remainconstantprovidednoexternalforceactsonthem;
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i.e.momentumbeforecollision=momentumaftercollision.

Therearebasicallytwotypesofcollisionsnamelyelasticandinelasticcollision.

a)Elasticcollision

Thisiswherethebodiesmoveseparatewaysaftercollision.Inthiscollision,notonlylinearmomentumis
conservedbutalsokineticenergy;

- Totallinearmomentumbeforecollision=totallinearmomentumaftermomentum.

- Totalkineticenergybeforecollision=totalkineticenergyaftercollision.

b)Inelasticcollision

Thisiswherethecollidingbodiessticktogetherandmoveasonebodyaftercollision.Inthistypeofcollision,
itisonlylinearmomentumwhichisconservedbutnotkineticenergy.Thisisbecauseduringthiscollision,
somedeformationtakesplacewhicheatsuppartoftheenergywhilesomeisconvertedtoheat,soundor
lightenergy.

- Totallinearmomentumbeforecollision=totallinearmomentumaftercollision.

Example21.3

1.Abulletofmass20gisshotfromagunofmass20kgwithamuzzlevelocityof200m/s.ifthebulletis
30cmlong,determine:

a)Theaccelerationofthebullet.

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

v2=u2+2as

2002=0+(2)(0.3a)

a=40000/0.6=6.667*104m/s2

b)Therecoilvelocityofthegun.

Totallinearmomentumbeforecollision=totallinearmomentumaftercollision

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

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

2.A5kgmassmovingwithavelocityof10m/scollideswitha10kgmassmovingat7m/salongthesame
line.Ifthetwomassesjointogetheronimpact,findtheircommonvelocityiftheyweremoving:

a)Inoppositedirections.

Totallinearmomentumbeforecollision=totallinearmomentumaftercollision

(5*10)+(10*-7)=(5+10)v

15v=-20

v=-20/15=-1.33m/s
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thebodiesmoveintheinitialdirectionofthe10kgmass.

b)Inthesamedirection.

Totallinearmomentumbeforecollision=totallinearmomentumaftercollision

(5*10)+(10*7)=(5+10)v

15v=120

v=120/15=8m/s

3.Abulletofmass10gtravellinghorizontallyat100m/sembedsitselfinablockofwoodofmass990g
suspendedfromalightinextensiblestringsothatitcanswingfreely.Find:

10gh

a)Thevelocityofthebulletandblockimmediatelyaftercollision.

(0.01*100)+(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)(10)h

h=0.05m

21.6:Friction

Thisisaforceactingbetweentwosurfacesincontactandtendstoopposetheintendedmotion.Frictionmaybe
beneficialbutcanalsobeanuisance.

21.6.1:Advantagesoffriction

 Makeswalking,writingpossible.

 Requiredforbrakingincars,bicyclesetc.

 Makesrotationoftheconveyorbeltsinfactoriespossible.

990g

1000g1000g
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 Necessaryforlightingmatchsticks.

 Usefulwhenusingnuts,bolts,screwjacks,vicesetc.

21.6.2:Limitationsoffriction

-Alotofenergyislostintheformofheat.

-Causeswearandtearontheparsofmachines.

-Mayleadtonoisepollution.

Itisthereforeimportanttominimizefrictionatallcost.Thiscanbedonethroughthefollowingways:

 Usingrollers.

 Usingballbearings.

 Lubrication

 Aircushioning.

21.6.3:Factorsaffectingfriction

FrictionalforceisdirectlyproportionaltothenormalreactionR;

FαR

OrsimplyF/R=aconstant.

Theconstantiscalledcoefficientoffrictionµ.Itisameasureofthenatureofthesurfacesincontact.

Hence,frictionalforceF=normalreactionR*coefficientoffrictionµ.

Whenthetwobodiesareatrest,thenthecoefficientoffrictionisreferredtoascoefficientofstaticfrictionwhile
iftheyareinrelativemotion,itiscalledcoefficientofkineticfriction.Coefficientoffrictionhasnounits.

Hence,frictiondependsontwofactors:

1.ThenormalreactionR.

2.Thenatureofthesurface.Frictionalforceisgreaterbetweenroughsurfacesthanbetweensmooth
surfaces.

Notethatfrictionalforceisindependentoftheareaofcontactofthetwosurfacesandrelativevelocityofthe
bodies.

21.7:Viscosity

Frictionexertedbyfluidsiscalledviscosityorviscousdrag.Itistheforcewhichopposesrelativemotion
betweenlayersofthefluid.Viscosityiscausedbytheforcesofattractionbetweenthemoleculesofthefluid.
Whenabodyisputinafluid,threeforcesactonit,namely:

- Weightofthebodywhichactsdownwards.

- Upthrustduetothefluidwhichactsupwards.

- Viscousdragduetothefluidwhichactsupwards.
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UpthrustU ViscousdragF

WeightW

Whenthebodyentersthefluid,itsweightisinitiallyhigherthanthetotalupwardforcesi.e.upthrustplus
viscousdrag.Theresultantforceactingonthebodyacceleratesittowardsthebottomofthecontainer.Asthe
bodysinksdown,theviscousdragincreasesuntilthethreeforcesbalancei.e.W=U+F.atthispoint,thebody
attainsitsmaximumconstantvelocitycalledterminalvelocity.Theresultantforceonthebodyisthereforezero.

Thegraphofvelocityagainsttimeforabodyfallingthroughafluidappearsasshownbelow:

Terminalvelocity

Velocity(m/s)

Time(s)

Notethatviscositydecreaseswithincreaseintemperature.

TOPIC22:WORK,ENERGY,POWERANDMACHINES

22.1:WorkandEnergy

Whenaforceactingonabodydisplacesthebodyinthedirectionoftheforceworkissaidtohavebeendone.
Workistheproductofforceanddisplacementinthedirectionoftheforce;

Workdone=forceF*displacements.

TheSIUnitofworkisnewton-metre(Nm).

1Nm=1joule(1J).

Ajouleisdefinedastheworkdonebyaforceofonenewtontodisplaceabodythroughonemetreinthedirection
oftheforce.

Othermultiplesofthejouleincludekilojoule(kJ)andmegajoule(MJ).

Energyonthehandistheabilityorcapacitytodowork.Anythingthatpossessesenergyiscapableofdoingwork.
TheSIUnitofenergyisthejoule.Energyhasthefollowingcharacteristics:

- Itisnotvisible.

- Occupiesnospace.

- Hasnomassnoranyotherphysicalproperty.
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Themostcommonsourcesofenergyincludethesun,wind,geothermal,waterfalls,nuclearoratomicenergy,
fuelsetc.

Energyresourcesmaybegroupedintotwo:

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

 Non-renewableenergy-theirsuppliesareexhaustiblei.e.cannotbereusedonceexhaustede.g.wood,
coalbiogas,petroleumetc.

Energyexistsinmanyformssuchasmechanical,chemical,heatandelectricalenergyamongstothers.Inthis
topic,wewilllookatmechanicalenergy.

22.1.1:Mechanicalenergy

Itisdividedintotwoareasnamelykineticenergyandpotentialenergy.

Kineticenergyistheenergypossessedbyabodyinmotion.Supposeabodyofmassmismovingwithaconstant
velocityv,thenitskineticenergyisgivenby;

Kineticenergy=½(mv2).

Potentialenergyontheotherhandisaformofstoredenergyinabodywhenitisinaparticularstateorposition.
Abodyinaraisedpositionpossessesgravitationalpotentialenergygivenby;

P.Eg=mgh,wherem-massofthebody,g-gravitationalfieldstrengthandh-heightabovetheground.

Also,astretchedorcompressedmaterialisabletoregainitsoriginalshapewhenreleased.Thisisbecauseit
possessesatypeofpotentialenergyknownaselasticpotentialenergy.AscanberecalledfromHooke’slaw,the
workdoneinstretchingorcompressinganelasticmaterialisgivenby;

W=½(Fe)=½(ke2).

Hencetheelasticpotentialenergyisgivenby;

P.Ee=½(Fe)=½(ke
2).

22.1.2:Thelawofconservationofenergy

Thelawstates:energycanneitherbecreatednordestroyedbutcanbetransformedfromoneformtoanother.

Alternativestatement:thesumofkineticenergyandpotentialenergyofasystemisaconstant.

Belowistheenergytransformationinahydroelectricpowerstation:

Example22.1

P.Eofwaterina

waterfall
K.Eenergyof

fallingwater

K.Eofrotating

turbines

Electrical

energy

Heatand

sound
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1.Aforceof40Nisappliedonabody.Thebodymovesahorizontaldistanceof7m.Calculatetheworkdone
onthebody.

W=F*s=40N*7m

=280Nmor280J

2.Aboxofmass30kgispushedupaninclinedplaneoflength14musingaforceof130Nasshownbelow:

130N

14m h

200

Ifthetrackisinclinedatanangleof200,calculate:

a)Theheightoftheplatform.

Sin200=h/14

h=14sin200=

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.Acraneisusedtoliftabodyofmass30kgthroughaverticaldistanceof6.0m.

a)Howmuchworkisdoneonthebody?

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

b)Whatisthepotentialenergystoredinthebody?

P.E=mgh=30*10*6=1800J

c)Commentonthetwoanswersabove.

Workdoneonthebodyisequaltothepotentialenergystoredinthebody.Hencetheworkdoneagainst
gravityisstoredasthepotentialenergy.

4.Aspringofspringconstant25N/misstretchedsuchthatitslengthincreasesfrom10cmto20cm.

30kg
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calculatetheamountofworkdoneonstretchingthespring.

W=½(ke2)=½(25)(0.12).

=0.125J

5.Abodyofmass12kgispulledfromtherestwithaconstantforceof25N.Theforceisappliedfor6.0s.
Calculate:

a)Thedistancetravelled.

F=ma

a=25N/12kg=2.1m/s2,u=0,t=6

s=ut+1/2at2=(0*6)+1/2(2.1)(62)=37.8m

b)Workdoneonthebody.

W=F*s=25*37.8=945J

c)Thefinalkineticenergyofthebody.

K.E=workdone=945J

d)Thefinalvelocityofthebody.

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

v={(2*945)/12}1/2=12.6m/s.

22.2:Power

Powerisdefinedastherateofdoingwork;

Power=workdone/time.

TheSIUnitofpoweristhewatt(W).

1W=1J/s.

Othermultiplesofthewattincludethekilowatt(kW)andmegawatt(MW);

1W=10-3kW

1W=10-6MW

Thepowerofadeviceisthemeasureofhowfastthedevicecanperformagiventaskorconvertagiven
amountofenergy.Forexample,adevicerated1kWconverts1000Jofenergytoanotherforminonesecond.

Power=workdone/time=Fd/t.

Butd/t=velocityv.

Therefore,power=forceF*velocityv.

Example22.2
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1.Apersonofmass60kgclimbs16muparopein20seconds.Findtheaveragepowerdevelopedbythe
person.

Power=workdone/time=(600*16)/20=480W

2.Apersonofmass40kgrunsupaflightof50stairseachofheight20cmin5seconds.Calculate:

a)Theworkdone.

W=mgh=40*10*(50*0.2)=4000J

b)Theaveragepoweroftheperson.

Power=4000J/5s=800W

c)Explainwhytheenergythepersonactuallyusestoclimbupisgreaterthanthecalculatedworkdone.

22.3:Machines

Amachineisadevicethatmakesworkeasier.Inamachine,aforceappliedatonepointofasystemisusedto
generateanotherforceatadifferentpointofthesystemtoovercomeaload.Thefollowingtermsareusedin
machines:

a)Effort-theforceappliedtothemachine.

b)Load-theforceexertedbythemachine.

c)Mechanicaladvantage(M.A)-theratiooftheloadtoeffort.

M.A=Load/Effort.

Ithasnounits.

Itisdependentonfrictionbetweenthemovingpartsandtheweightofthepartsofthemachinethathave
tobeliftedwhenoperatingthemachine;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)
expressedasapercentage;

Efficiencyη=(workoutput/workinput)*100.

Efficiencyalsodependsonthefrictionbetweenthemovingpartsandtheweightofthemoveableparts.
Hencetheefficiencyofamachineisalwayslessthan100%.

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

=(load/effort)*(loaddistance/effortdistance)
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Butload/effort=mechanicaladvantage(M.A),

And,loaddistance/effortdistance=1/velocityratio

Therefore,efficiencyη=(M.A/V.R)*100.

Example22.3

1.Amachinerequires6000Jofenergytoliftamassof55kgthroughaverticaldistanceof8m.Calculateits
efficiency.

Workinput=6000J

Workoutput=F*s=55*10*8=4400J

Efficiency=(workoutput/workinput)*100=(4400/6000)*100=73.33%

2.Aneffortof250Nraisesaloadof900Nthrough5minamachine.Iftheeffortmovesthrough25m,find:

a)Theusefulworkdoneinraisingtheload.

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

b)Theworkdonebytheeffort.

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

c)Theefficiencyofthemachine.

Efficiency=(workouput/workinput)*100=(4500/6250)*100=72%.

3.Amachinewhosevelocityratiois8isusedtoliftaloadof300N.Theeffortrequiredis60N.calculate:

a)Themechanicaladvantageofthemachine.

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

b)Theefficiencyofthemachine.

Efficiency=(M.A/V.R)*100=(5/8)*100=62.5%

22.4:Typesofmachines

Belowaresomeofthecommonmachines:

22.4.1:Inclinedplane

L

h

θ

ThedistancemovedbytheeffortisLwhiletheverticalheightmovedbytheloadish.
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Also,sinθ=h/L

Orsimplyh=Lsinθ

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

HenceV.R=1/sinθ.

Example22.4

1.Amanusesaninclinedplanetolifta81kgmassthroughaverticalheightof4.0m.Giventhattheangleof

inclinationoftheplaneis300anditsefficiencyis75%,determine:

a)Theeffortneededtomovetheloaduptheinclinedplaneataconstantvelocity.

V.R=1/sin30=2

Therefore,(M.A/2)*100=75

M.A=(2*75)/100=3/2

3/2=810N/effort

Effort=(810*2)/3=540N

b)Theworkdoneagainstfrictioninraisingthemassthroughtheheightof4.0m.

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

Workoutput=load*loaddistance=81*10*4=3240J

Therefore,workdoneagainstfriction=4320-3240=1180J

22.4.2:Ascrewandbolt

Forascrew,whentheeffortappliedontheheadmovesthroughacompleterevolution,thescrewadvancesbya
distanceequivalenttoonepitch.Apitchisthedistancebetweentwosuccessivethreads.

d

Pitch

Distancemovedbytheeffort=circumference=πd

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

Forthebolt,effortisappliedatthefreeendofthespanner.

RadiusR

Pitch

Therefore,thedistancemovedbytheeffortinonerevolution=circumference=2πR.

Hence,V.R=circumference/pitch=2πR/pitch.

Notethatacombinationofascrewandlevercanbeusedasajackforfittingheavyloadse.gcarjack.Whentwo
ormoresystemsarecombinedtogether,theoverallvelocityratioistheproductoftheindividualvelocityratios;

CombinedV.R=V.R1*V.R2*………..*V.Rk

Example22.5

1. Thefigurebelowshowsascrewjackwhosescrewhasapitchof1mmandhasahandleof25cmlong.

25cm

1mm

Determinethevelocityratioofthejack.

V.R=2πr/pitch=2π(25cm)/0.1cm=1571

22.4.3:Leversystem

Loadarm

Effortarm

Effort

Thevelocityratioofaleversystemistheratiooftheeffortarmtotheloadarm;

V.R=Effortarm/Loadarm.

22.4.4:Gears

L
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Agearisawheelwithequallyspacedteethorcogsaroundit.Thewheelonwhichtheeffortisappliediscalled
thedriving(input)gearwhiletheloadgearisreferredtoasthedriven(output)gear.Supposethedrivinggear
hasnteethandthedrivengearNteeth,thenwhenthedrivinggearmakesonecompleterevolutionthedriven
gearmakesn/Nrevolutions.

V.Rofthesystem= Numberofrevolutionsmadebytheeffort(driving)gear

Numberofrevolutionsmadebytheload(driven)gear.

V.R=1revolution =N/n

n/Nrevolutions

Hence,velocityratioofagearsystemistheratioofthenumberofteethofthedrivengeartothenumberofteeth
ofthedrivinggear;

V.R= Numberofteethofthedrivengear

Numberofteethofthedrivinggear

Example22.6

1.Adrivinggearhaving25teethengageswithasecondgearwith100teeth.Athirdgearwith30teethon
thesameshaftasthesecondoneengageswithafourthgearhaving60teeth.Find:

a)Thetotalvelocityratioofthesystem.

CombinedV.R=V.R1*V.R2

V.R1=No.ofteethofdrivengear/No.ofteethofdrivinggear

=100/25=4

V.R2=60/30=2

Hence,V.R=4*2=8

b)Themechanicaladvantageofthesystemifitsefficiencyis85%.

Efficiency=(M.A/8)*100=85

M.A=(85*8)/100=6.8

22.4.5:Pulleys

Apulleyisawheelwithagroovetoaccommodateastringorrope.Therearethreepossiblesystemsofpulleys
namelysinglefixed,singlemoveableandablockandtackle.

25

100

30

60
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a)Singlefixedpulley

E

Inthisarrangement,boththeeffortandloadmovethroughthesamedistance.Hencethevelocityratioofthe
systemisone.

b)Singlemoveablepulley

E

Theloadissupportedbytwosectionsofthestring.Iftheloadispulledupwardsthroughadistanceof1m,each
sectionofthestringalsomovesthrough1m.Hencetheeffortmovesthroughatotaldistanceof2m.

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

c)Ablockandtackle

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

E

Inthiscase,therearefoursectionsofthestringsupportingtheload.Hence,whentheloadmovesupwards
throughadistanceof1m,eachsectionofthestringalsoshortensby1m.Therefore,thetotaldistancemovedby
theeffort(string)is4m.

Thus,V.Rofthesystem=effortdistance/loaddistance=4m/1m=4.Coincidentally,thevelocityratioofthe
systemisthesameasthenumberofsectionsofthestringsupportingtheload.

Generally,thevelocityratioofablockandtacklesystemisgivenbythenumberofsectionsofthestring
supportingtheload.

Practically,theefficiencyofanypulleysystemislessthan100%.Thisisasaresultoftworeasons:

- Thefrictionbetweenthemoveableparts.

- Theweightofthepartsthathavetobeliftedwhenoperatingthesystem.

L

L

L
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Example22.7

1.Thefigurebelowshowsapulleysystemusedtoraiseaload.

a)Statethevelocityratioofthesystem.

V.R=numberofstringssupportingtheload=6

b)Ifaneffortof1000Nisneededtoraisealoadof4500N,determinetheefficiencyofthe
system.

M.A=load/effort=4500N/1000N=4.5

Efficiency=(M.A/V.R)*100=(4.5/6)*100=75%

c)Calculatethewastedenergyifamassof500kgisliftedupthroughaheightof2musingthe
samesystem.

Workouput=load*loaddistance=500*10*2=10000J

Efficiency=(workoutput/workinput)*100

Therefore,(10000J/workinput)*100=75

Workinput=(10000*100)/75=13333.33J

Wastedenergy=13333.33-10000=3333.33J

Alternatively,wastedenergy=25%ofworkinput=(25/100)*13333.33J=3333.33

22.6:Hydraulicmachine

Considerthediagrambelow:

Effort,EEffortpistonarea,a. Loadpistonarea,A

dl

de

Whentheeffortisappliedasshown,thevolumeoftheliquidleavingtheeffortarmisthesameasthevolumeof
theliquidenteringtheloadarm;

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

de/dl=A/a

Therefore,thevelocityratioofahydraulicsystemistheratiooftheareaoftheloadpistontotheareaofthe
effortpiston.Ifthepistonsarecircularthen;

V.R=areaofloadpiston/areaofeffortpiston=πR2/πr2

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

L

L



166|Page
©PHYSICSPLUS

Example22.8

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

2.

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.

22.7:Wheelandaxle

ItconsistsofalargewheelofradiusRattachedtoanaxleofradiusr.

Wheel Axle

E

E

Notethatinthiscase,boththewheelandaxlemakethesamenumberofrevolutionsatanytime;

Thus,inonerevolutionthedistancemovedbytheeffort=2πR,

L

L
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Andthedistancemovedbytheload=2πr.

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

Thusthevelocityratioofawheelandaxleistheratiooftheradiusofthewheeltotheradiusoftheaxle.

Example22.9

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)*100

=(7/14)*100=50%

22.8: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)wheeltotheradiusof
thedriving(effort)wheel.

TOPIC23:HEATINGEFFECTOFELECTRICCUURENT

23.1:Introduction

Whencurrentflowsthroughaconductor,heatenergyisgeneratedintheconductor.Theheatingeffectofan
electriccurrentdependsonthreefactors:

- Theresistance,Roftheconductor.Ahigherresistanceproducesmoreheat.

- Thetime,tforwhichcurrentflows.Thelongerthetimethelargertheamountofheatproduced

- Theamountofcurrent,I.thehigherthecurrentthelargertheamountofheatgenerated.

Hencetheheatingeffectproducedbyanelectriccurrent,Ithroughaconductorofresistance,Rforatime,tis



168|Page
©PHYSICSPLUS

givenbyH=I2Rt.ThisequationiscalledtheJoule’sequationofelectricalheating.

23.2:Electricalenergyandpower

Theworkdoneinpushingachargeroundanelectricalcircuitisgivenbyw.d=VIt

Sothatpower,P=w.d/t=VI

TheelectricalpowerconsumedbyanelectricalapplianceisgivenbyP=VI=I2R=V2/R

Example23.1

1.Anelectricalbulbislabeled100W,240V.Calculate:

a)Thecurrentthroughthefilamentwhenthebulbworksnormally

b)Theresistanceofthefilamentusedinthebulb.

{ans.0.4167A,576.04Ω}

Solution

a)I=P/V=100/240=0.4167A

b)R=P/I2=100/0.41672=576.04ΩorR=V2/P=2402/100=576Ω

2.Findtheenergydissipatedin5minutesbyanelectricbulbwithafilamentofresistanceof500Ω
connectedtoa240Vsupply.{ans.34,560J}

Solution

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

3.A2.5kWimmersionheaterisusedtoheatwater.Calculate:

a)Theoperatingvoltageoftheheaterifitsresistanceis24Ω

b)Theelectricalenergyconvertedtoheatenergyin2hours.

{ans.244.9488V,1.8*107J}

Solution

a)P=VI=I2R

I=(2500/24)1/2=10.2062A

V=IR=10.2062*24=244.9488V

b)E=VIt=Pt=2500*2*60*60=1.8*107J

ORE=VIt=244.9488*10.2062*2*60*60=1.8*107J

4.Anelectricbulbislabeled100W,240V.Calculate:

a)Thecurrentthroughthefilament

b)Theresistanceofthefilamentusedinthebulb.
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{ans.0.4167A,575.95Ω}

Solution

a)P=VII=P/V=100/240=0.4167A

b)FromOhm’slaw,V=IR R=V/I=240/0.4167=575.95Ω

23.3:Applicationsofheatingeffectofelectriccurrent

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

Inlightingappliances

a)Filamentlamps-itismadeofatungstenwireenclosedinaglassbulbfromwhichairhasbeenremoved.
Thisisbecauseairwouldoxidizethefilament.Thefilamentisheateduptoahightemperatureand

becomeswhitehot.Tungstenisuseddueitshighmeltingpoint;34000C.Thebulbisfilledwithaninactive
gase.g.argonornitrogenatlowpressurewhichreducesevaporationofthetungstenwire.However,one
disadvantageoftheinertgasisthatitcausesconvectioncurrentswhichcoolthefilament.Thisproblemis
minimizedbycoilingthewiresothatitoccupiesasmallerareawhichreducesheatlossthrough
convection.

b)Fluorescentlamps-theselampsaremoreefficientcomparedtofilamentlampsandlastmuchlonger.
Theyhavemercuryvapourintheglasstubewhichemitsultravioletradiationwhenswitchedon.This
radiationcausesthepowderinthetubetoglow(fluoresce)i.e.emitsvisiblelight.Differentpowders
producedifferentcolours.Notethatfluorescentlampsareexpensivetoinstallbuttheirrunningcostis
muchless.

Inelectricalheating

c)Electriccookers-electriccookersturnredhotandtheheatenergyproducedisabsorbedbythecooking
potthroughconduction.

d)Electricheaters-radiantheatersturnredatabout9000Candtheradiationemittedisdirectedintothe
roombypolishedreflectors.

e)Electrickettles-theheatingelementisplacedatthebottomofthekettlesothattheliquidbeingheated
coversit.Theheatisthenabsorbedbywateranddistributedthroughoutthewholeliquidbyconvection.

f) Electricirons-whencurrentflowsthroughtheheatingelement,theheatenergydevelopedisconducted
totheheavymetalbaseraisingitstemperature.Thisenergyisthenusedtopressclothes.The
temperatureoftheelectricironcanbecontrolledusingathermostat(abimetallicstrip).

TOPIC24:QUANTITYOFHEAT

24.1:Introduction

Whenheatistransferredfromonebodytoanother,thebodywhichlosesheathasitstemperatureloweredwhile
thatwhichgainsheathasitstemperatureraised.

24.2:Termsused
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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:

24.2.1:

Determinationofthespecificheatcapacity

Bythemethodofmixtures

a)S.h.cofsolids

Inthismethod,aknownmassofasolid,e.g.ametalblockisheatedbydippingitinabathofhotwater.After
sometime,thesolidisveryfasttransferredintocoldwaterinacalorimeterandwhosemassisknown.

Stirrer thermometer

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

Water 4200

Alcohol 2300

Kerosene 2200

Ice 2100

Aluminium 900

Glass 830

Iron 460

Copper 390

Mercury 140

Lead 130
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Boilingwater

Metalblock Cardboardcover

Calorimeter

Heat Laggingmaterial

Metalblock

Water

Thecalorimeteristhencoveredusingapieceofcardboardandstirredcontinuously.Thefollowing
measurementsarethenrecorded:

- 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

Assumingthereisnoheatlosstothesurroundingwhenthemetalblockisbeingtransferredintothecold
waterandthereafter;

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

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.
istobedetermined.Thesolidmetallicblockisfirstheatedinabathofboilingwaterandthentransferredinto
thecalorimetercontainingtheliquid.Thefollowingmeasurementsarethencollected:

- Massofthemetalblock,ms
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- Massofthecalorimeterwithstirrer,mc

- Massofthecalorimeter,stirrerandtheliquid,m1

- Initialtemperatureofthemetalblock,θs

- Initialtemperatureoftheliquid,θl

- Finalsteadytemperatureofthemixture,θ

Ifthethereisnoheatlosstothesurrounding,thenthequantityofheatlostbythemetalblockequalsthe
quantityofheatgainedbythecalorimeterwithstirrerandtheliquid.

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

Example24.1

1.70gofasolidinitiallyat250Cwascarefullydroppedintowaterinacalorimeterat600C.Ifthefinal

constanttemperatureofthewaterandthesolidwas540Candthemassofwateris500g,determinethe
specificheatcapacityofthesolid.Assumetheheatabsorbedbythecalorimetertobenegligible.Takethe

s.h.c.ofwater=4200JKg-1K-1.

{ans.10,769.23JKg-1K-1}

Solution

Heatlost=heatgained

mwcwΔθw=mscsΔθs

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

Cs=29400J/2.73KgK=1O,769.23JKg-1K-1

2.Astudentheated20Kgofwatertoatemperatureof800C.HethenaddedxKgofwaterat150Candthe

finalsteadytemperatureofthemixtureis400C.Giventhatthes.h.c.ofwateris4.2Jg-1K-1,determinethe
valueofx.{ans.32kg]

Solution

Heatlost=heatgained

20kg*4200Kg-1K-1*(80-40)K=x*4200JKg-1K-1*(40-15)K
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X=3,360,000/105,000=32kg.

3.0.2kgofironat1000Cisdroppedinto0.09kgofwaterat260Cinsideacalorimeterofmass0.15kgand

s.h.c.800JKg-1K-1.Findthefinaltemperatureofthewater.Takethes.h.c.ofiron=460JKg-1K-1andthatof

water=4200JKg-1K-1.

{ans.37.20C}

Solution

Heatlostbyiron=heatgainedbycalorimeter+heatgainedbywater.

0.2kg*460JKg-1K-1*(100-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=37.2
0C

4.Acertainblockisheatedsuchthatitstemperatureisraisedfrom150Cto450C.calculatetheamountof

heatabsorbedbythemetalifitsheatcapacityis460JK-1{13,800J}

Solution

Q=C*Δθ=460JK-1*(45-15)K=13,800J.

5.Inanexperimenttodeterminethespecificheatcapacityofametal,a100gofthemetalwastransferred
fromboilingwatertoalaggedcoppercalorimetercontainingcoldwater.Thewaterwasstirredanda
finalsteadytemperaturewasrealized.Thefollowingdatawasrecorded:

-initialtemperatureofcoldwaterandcalorimeter=200C

-temperatureofboilingwater=990C

-finaltemperatureofwater,calorimeterandmetal=27.70C

-massofcoldwaterpluscalorimeter=130g

-massofcalorimeter=50g

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

Usethedataabovetodetermine:

a)Theheatgainedbythewaterandcalorimeter

Q=mcΔθw+mcΔθc=(0.08*4200*7.7)+(0.05*400*7.7)

=2741.2J

b)Thespecificheatcapacityofthemetal

0.1*c*71.3=2741.2

C=2741.2/0.1*71.3=384.46JKg-1K-1
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c)Statethepossiblesourcesoferrorinthevalueofthes.h.cobtainedintheaboveexperiment.

- Heatlossasthemetalwasbeingtransferredfromtheboilingwatertothecalorimeter.

- Errorwhenreadingthethermometer(parallaxerror)

6.3kgofhotwaterwasaddedto9kgofcoldwaterat100Candtheresultingtemperaturewas200C.ignoring

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

mcΔθh=mcΔθc

3*(θ-20)=9*10

3θ=90+60=150

θ=150/3=500C

Electricalmethod

a)Specificheatcapacityofasolid

Inthismethod,twoholesaredrilledinthesolidtoaccommodatetheheaterandthermometer.Thesolidis
heatedelectricallyforagiventime.Belowisanarrangementthatcanbeused:

Inthismethod,thefollowingdataisrecorded:

- Massofthemetal(solid)

- Heatervoltage,V

- Heatercurrent,I

- Time(duration)ofheating,t

- Initialtemperatureofthesolid

- Finaltemperatureofthesolid

Theelectricalenergylostbytheheaterisgivenby;E=VIt

Supposethereisnoheatlosstothesurroundings,thentheheatlostbytheheaterequalheatgainedthesolid.

i.e.VIt=mcΔθ

Hencec=VIt/mΔθ

A

V
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Note

Heatlossisminimizedbylaggingthecalorimeteraswellasoilingtheholes.

Specificheatcapacityofaliquid

Theheatlostbytheheaterequaltheheatgainedbytheliquidandthecalorimeter.

VIt=mcΔθl+mcΔθc

Hencecl=(VIt–mcΔθc)/mΔθl

Example24.2

1.Animmersionheaterrated120W,240Visconnectedtoa240Vpowersupply.Howlongwillittaketo

heat1kgofwaterfrom100Cto900C?Takes.h.cofwater=4200JKg-1K-1.

t=mcΔθ/VI=mcΔθ/P

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

2.Aheaterrated180Wandathermometerwereinsertedina0.5kgofwaterinacoppercalorimeter.The
followingresultswererecorded:

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.A180Wheaterisimmersedinacoppercalorimeterofmass100gcontaining200gofalcohol.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

A

V
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24.3:CHANGEOFSTATE

Wheniceisheatedsayfrom-100Cuntilitboils,itundergoeschangeswhichcanberepresentedbythe
heatingcurvebelow:

Temp(0C)

100 D E

0 B CTime,t(s)

-10A

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

Whenthevapourcondensestoliquid,itgivesoutitslatentheatofvaporization.Similarly,whenaliquidfreezes
tosolid,itgivesoutitslatentheatoffusion.

Note:

Latentheatoffusion-itisthequantityofheatneededtoconvertagivenmassofasolidtoliquidatconstant
temperature.

Specificlatentheatoffusion-itisthequantityofheatneededtoconvertaunitmassofasolidtoliquidat
constanttemperature.i.e.lf=Q/m

ThereforeQ=mlf

TheSIunitofthespecificlatentheatoffusionisthejouleperkilogram(JKg-1).Aunitmassofasubstance
changingfromliquidtosolidwillgiveoutheatenergyequivalenttoitsspecificlatentheatoffusion.

24.3.1:Determinationofspecificlatentheatoffusion.

Therearetwomethodsused:

Mixturemethod

Apieceofdryiceisdroppedintoacalorimetercontainingwaterslightlyaboveroomtemperature.Stirthe
mixtureuntilalltheicehasmelted.Supposethereisnoheatlosstothesurroundings,thentheheatenergylost
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bythewaterandcalorimeterequalstheheatenergygainedbythemeltingice

Thermometer Stirrer

Laggingmaterial Water

Ice

Intheaboveexperiment,thefollowingdataisrecordedforpurposesofdeterminingthespecificlatentheatof
fusion:

-Massofthedryice

-massofthewaterinthecalorimeter

-massofthecalorimeterplusstirrer

-Temperaturechangeofthewater

HencemcΔθw+mcΔθc=mlf

Lf=(mcΔθw+mcΔθc)/mi

NoteDryiceisusedduetoitslowmoisturecontent.Thisimpliesthatalltheheatabsorbedbytheiceisusedto
melttheiceandnotwarmingthemoisture.

Electricalmethod

Thermometer

Heater

Funnel

Ice

Water

P Q

Equalamountsofcrushediceareputsimultaneouslyintwoidenticalfilterfunnels.Aheateristhenimmersedin
thefunnelinsetupP.Placecleandrybeakersbeloweachfunnel.Waituntilareasonableamountofwaterhas
collectedinthebeakerPthenswitchofftheheaterandremovethebeakers.Weighthebeakersandtheir
contents.

Intheaboveexperiment,thefollowingdataiscollected:

- MassofthebeakerunderPbeforeexperiment,m1

- MassofthebeakerunderPaftertheexperiment,m2

A

V
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- 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(*105)JKg-1

Copper 4.0

Aluminium 3.9

Water(ice) 3.34

Iron 2.7

Wax 1.8

Naphthalene 1.5

Solder 0.7

Lead 0.026

Mercury 0.013

Example24.3

1.Ablockoficeofmass40gat00Cisplacedinacalorimetercontaining400gofwaterat200C.Ignoringheat
absorbedbythecalorimeter,determinethefinaltemperatureofthemixtureafteralltheicehasmelted.

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

Heatlostbythehotwater=heatgainedbymeltingice+heatgainedbymeltedice

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

33600-1680θ=13600+168θ

1848θ=20000

Θ=20000/1848=10.820C

2.16gofdryicewasaddedto100gofwaterat260Cinabeakerofnegligibleheatcapacity.Aftertheicehad

allmelted,thetemperatureofwaterwasfoundtobe110C.Findthespecificlatentheatoffusionofice.

Takethes.h.cofwater=4200JKg-1K-1.

0.1*4200*(26-11)=(0.016*lf)+(0.016*4200*11)

6300=0.016lf+739.2

Lf=5560.8/0.016=3.4755*105JKg
-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*105JKg-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

Henceamountofheatremovedperminute=114000J/80min=1425J/min

4.Inanexperimenttodeterminethespecificlatentheatoffusionofice,thefollowingsetupwasused:

Heaterunconnected Heaterconnected

Ice

Collectedwater

A B

InAtheheaterisunconnectedandwhentheiceismeltingsteadily,0.015kgofwateriscollectedin300s.InBthe
heaterisconnectedtoapowersupplyrated50W.Whenwaterdripsatasteadyrate,0.058kgofwateris
collectedin300s.Calculatethevalueforthespecificlatentheatoffusionofice.

Q=Pt=mlf

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

=348,837.21JKg-1

Latentheatofvaporization
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Thisisthequantityofheatenergyrequiredtoconvertagivenmassofaliquidtogasatconstanttemperature.

Specificlatentheatofvaporization

Thisisthequantityofheatenergyrequiredtoconvertaunitmassofaliquidtogasatconstanttemperature.

Lv=Q/m

Therefore,Q=mlv

TheSIunitofspecificlatentheatofvaporizationisthejouleperkilogram(JKg-1).

24.3.2:Determinationofthespecificlatentheatofvaporization

Experiment

Aim:Todeterminethespecificlatentheatofvaporizationofwaterusingmixturemethod.

Apparatus

- Calorimeterwithastirrer

- Water

- Thermometer

- Flaskwithadeliverytube

- Heatsource

- Weighingmachin

Safetytube

Flask Deliverytube
Water

Heat

Thermometer Stirrer

Calorimeter water

Procedure

1.Setuptheapparatusasshownabove.

2.Findthemassofthecalorimeterwhenemptyandwhenfilledwithwatertothelevelshown.

3.Measureandrecordtheinitialtemperatureofwaterinthecalorimeter.

4.Heatthewaterintheflaskuntilitdeliverssteamthroughthedeliverytube.Ensurethatthefreeend
ofthedeliverytubeisinsidewaterinthecalorimeter.
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5.Allowsteamtobubbleintothewaterwhilestirringuntilthetemperatureofwaterrisesbyabout
200Cabovetheroomtemperature.

6.Removethedeliverytubefromthecalorimeterandrecordthetemperatureofthewater.

7.Determinethenewmassofthecalorimeteranditscontents.Hence,determinethemassofthe
condensedsteam.

Note

Steamfirstcondensestowaterwhichthencoolsdown,losingheatenergy.

Therefore,heatenergylostbysteamandthecoolingwaterequaltotheheatenergygainedbythewater
andcalorimeter.

mlv+mcΔθh=mcΔθw+mcΔθc

Lv=(mcΔθw+mcΔθc-mcΔθh)/m

Itisimportanttofirstcoolthewaterinthecalorimetertoacertainvaluebelowtheroomtemperature
andthenpassthesteamthroughituntilthetemperaturerisesabovetheroomtemperaturebythesame
value.Thiswillhelpminimizeerrorsduetotheheatlosstothesurrounding.

Specificlatentheatofvaporizationusingtheelectricalmethod

Warmwaterout

Coldwaterin

Heater

Condensedwater

Theheatingprocessisallowedtocontinueuntilasteadystatewherecondensedwaterdripsoutataconstant
ratehasbeenachieved.Themassofwatercollectedafteratime,tismeasured.Thefollowingdataiscollectedin
thisexperiment:

-Heatercurrent,I

-Heatervoltage,V

-Massofemptybeaker

-Massofbeakerandcollectedwater

A

V
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-Timetakentocollectthecondensedwater

Supposealltheheatgivenbytheheaterisusedtoconvertwatertosteam,then:

VIt=mlv

Hence,lv=VIt/m

Thetablebelowshowssomecommonliquidsandtheirspecificlatentheatsofvaporization;

Liquid s.l.h.ofvaporization*105(JKg-1)

Water 22.6

Alcohol 8.6

Ethanol 8.5

Petrol 6.3

Benzene 4.0

Ether 3.5

Turpentine 2.7

24.4:BoilingandMelting

Boilingandmeltingpointsaregenerallyaffectedbytwofactors;impuritiesandpressure.

Melting

1.Effectsofpressureonthemeltingpoint

Increaseinpressurelowersthemeltingpointofamaterial.Thiscanbeillustratedbysuspendingtwoweights
supportedbyacopperwireonthesurfaceofaniceblockasshownbelow:

Copperwire Iceblock

Weights Woodensupport

Thewireisseentocutitswaythroughtheblockoficebutleavesitasonepiece.Thesuspendedweightsmake
thecopperwiretoexertpressureontheicedirectlyunderneathwhichismadetomeltatatemperaturebelow
itsmeltingpoint.Asthewirecutsthrough,thewaterformedflowsoverthewireandimmediatelysolidifiessince
itisnolongerunderpressure.Asthewatersolidifies,itgivesoutitslatentheatoffusionwhichisconductedby
thecopperwiretomelttheicebelowit.Thiscontinuesuntilthecopperwirecompletelycutsthroughtheice
leavingitintact.

Notethatcopperwirehasbeenusedduetoitshighthermalconductivity.Ifapoorthermalconductorlikecotton
stringwasused,itwouldnotcutthroughtheiceblock.

Theprocessbywhichwaterrefreezesisreferredtoasregelation.
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Theeffectsofhighpressureonthemeltingpointareapplicableiniceskatingandjoiningtwopiecesoficeblocks
together.Theweightoftheskateractsonthethinbladesoftheskatesexertinghighpressureontheice.Theice
underneaththusmelts,formingathinfilmofwateroverwhichtheskaterslides.

Whentwoicecubesarepressedhardagainsteach,thehighpressurebetweenthemlowersthemeltingpointof
theiceatthepointofcontact.Whenthepressingforceiswithdrawn,waterrecondensesandthetwocubesare
joinedtogether.

2.Thepresenceofimpuritieslowersthemeltingpointofamaterial.Thisisthereasonbehindspreadingsalton
roadsandpathsduringwinterincoldregions.Thiswillpreventfreezingontheroads.

Boiling

Generally:

-Thepresenceofimpuritiesinaliquidraisestheboilingpointoftheliquid.

-Anincreaseinpressureraisestheboilingpointoftheliquid.

Theeffectsofpressureonboilingpointmaybeillustratedbythesetupsbelow:

Effectsofincreasedpressureonboilingpoint

Thermometer

Rubbertube

Steam

Boilingwater Roundbottomedflask

Heat

Theheatingisdoneuntilwaterstartstoboil.Thetemperatureatwhichwaterboilsisnoted.Whentherubber
tubeissuingsteamissqueezedmomentarily,thereadingonthethermometerisobservedtoriseandboiling
reduces.Notethatclosingthetuberaisesthevapourpressurewithintheflask.Thismakesitdifficultforthe
moleculesfromthesurfaceoftheliquidtoescape,raisingtheboilingpointoftheliquid.

Theeffectofhighpressureonboilingpointisappliedinapressurecooker.Herethepressureisraisedwhich
raisestheboilingpointofwaterhencethefoodiscookedatahighertemperature.

Effectsofreducedpressureonboilingpoint

Coldwater

Flask

Water

Thermometer
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Clip

Waterisfirstheatedtoboiling.Theflaskisthenturnedupsidedownandcoldwaterpouredoverit.Itwouldbe
observedthatwhenheatingstops,boilingalsostops.Whencoldwaterispouredovertheflask,thewaterinside
theflaskbeginsboilingagainalthoughitstemperatureisbelowtheboilingpoint.

Thecoldwatercondensesthesteamreducingvapourpressureinsideintheflask.Henceadecreaseinpressure
lowerstheboilingpointofaliquid.

24.5:BoilingandEvaporation

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

Factorsaffectingrateofevaporation

a)Temperature

Increaseintemperatureoftheliquidenhancesevaporation.Thisiswhyclothesdryfasteronahotday.

b)Surfacearea

Whenthesurfaceareaisincreased,themoleculesoftheliquidhavegreaterchanceofescaping.Henceawet
clothwoulddryfasterwhenitisspreadoutthanwhenitisfolded.

c)Humidity

Whenthereishighamountofwatervapourintheatmosphere,itbecomesdifficultforthemoleculestoescape.
Thisiswhyclothestakelongertodryonahumidday.

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
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muzzleofacowbecomesmorewetwhenitishot.Boththesearetoincreasetherateofevaporationthereby
coolingthebody.

Aporouspothastinyholeswhichallowwatertoseepoutslowly.Asthewaterevaporates,itabsorbsthelatent
heatcausingacoolingeffect.

TOPIC25:GASLAWS

Gaslawslooksattherelationshipbetweentemperature,volumeandpressureofgases.

25.1:Boyle’slaw

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

Pα1/V

P=k/V

PV=constant.

ThefollowingsetupcanbeusedtoillustrateBoyle’slaw:

Trappedair

Scale h Pressuregauge

Topump
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Oil

Whenpressureisexertedontheoil,thetrappedgas(usuallyair)iscompressedandthecolumnhreduces.The
pressureismeasuredusingthepressuregauge.Sincethecross-sectionareaoftheglasstubeisuniform,the
columnhcanbetakentorepresentthevolumeofthetrappedgas(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)abovewhileagraphofPVagainstP
isastraightlineparalleltothex-axis.Iftheexperimentisrepeatedatdifferenttemperatures,similarcurvesto
theabovewillbeobtained.Thisisshownbelow:

T3

P T3 P T2

T2 T1

T1

V 1/V

T1<T2<T3

PV

P

Henceforagivenmassofagas,P1V1=P2V2

MolecularexplanationofBoyle’slaw

Whenagasisputinaclosedcontainer,thegasmoleculescollidewithwallsofthecontainergeneratinggas
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pressure.Whenthevolumeofthefixedmassofgasisreduced,thenumberofcollisionsperunittimeand
thereforetherateofchangeofmomentumwillincrease.Consequentlythegaspressureisraised.Hencea
reductioninvolumeleadstoanincreaseinthegaspressure.

Example25.1

1.Agasoccupiesavolumeof1.6cm3atapressureof1.5*105Pa.findthevolumeitwilloccupyatapressure

of3.0*105Paifthetemperatureiskeptconstant.

P1V1=P2V2

V2=(1.5*10
5*1.6*10-6)/(3.0*105)=8.0*10-7m3or0.8cm3

2.Acolumnofair26cmlongistrappedbymercurythread5cmlongasshownin(a)below.Whenthetube
isinvertedasshownin(b),theaircolumnbecomes30cmlong.Whatisthevalueoftheatmospheric
pressure?

a) Mercury b)

5cm Air

30cm

Air 26cm

5cm

Mercury

In(a),thegaspressure=PAtm+hρg

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.Thetablebelowshowstheresultsobtainedinanexperimenttostudythevariationsofthevolumeofa
fixedmassofagaswithpressureatconstanttemperature:

Pressure,P(cmHg) 60 …… 90 ……

Volume,cm3 36 80 …… 40
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Fillinthemissingvalues.

25.2:Charles’law

Thislawlooksattherelationshipbetweentemperatureandvolumeofagivenmassofgasatconstantpressure.
Itisobviousthatwhenagasisheateditexpandsi.e.increasesinvolume.Thelawstates:thevolumeofafixed
massofagasisdirectlyproportionaltoitsabsolutetemperatureprovidedthepressureiskeptconstant.

i.e.VαT

V=kTorV/T=Constant

Theset-upbelowcanbeusedtoverifyCharles’law:

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)
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0Absolutetemperature(K)

Foragivenmassofagas,V1/T1=V2/T2

ThisequationONLYholdswhenthetemperatureisexpressedinKelvin.

MolecularexplanationofCharles’law

Whenthetemperatureofagasisincreased,itsmoleculesgainkineticenergyandmovefaster.Thisincreasesthe
rateofcollisionwithwallsofthecontainerandhenceincreasedpressure.However,sinceinCharles’law,
pressuremustbeconstant,thevolumeofthecontainermustbeincreasedaccordinglysothatthegasmolecules
cancoverlargerdistancebeforecollidingwiththewallsofthecontainer.Thiswouldkeepthegaspressure
constantalthoughitstemperatureisraised.

Example25.2

1.Agasoccupiesavolumeof125cm3at150Cand755mmHgpressure.Findthevolumeofthegasata

temperatureof250Cifthepressureisconstant.

V1/T1=V2/T2

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

V2=(125*298)/288=129.34cm
3.

2.Towhattemperaturemust2000cm3ofagasat270Cbeheatedataconstantpressureinordertoraiseits

volumeto2500cm3?

V1/T1=V2/T2

T2=(2500*300)/2000=375Kor1020C.

25.3:Pressurelaw

Raisingthetemperatureofafixedmassofagasataconstantvolumeincreasestheaveragekineticenergy
ofthegasmolecules.Pressurelawstates:thepressureofafixedmassofagasisdirectlyproportionaltoits
absolutetemperatureataconstantvolume;

PαTP=kTorP/T=k

Thusatconstantvolume,P1/T1=P2/T2

ThesetupbelowcanbeusedtoinvestigatePressurelaw:

Thermometer pressuregauge

Stirrer

Waterbath Air
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Severalvaluesoftemperatureandthecorrespondingpressurescanbecollectedandusedtoplotagraphof
pressureagainstabsolutetemperature.Thegraphwillappearasshownbelow:

-273 0 Temperature(0C) 0 Absolutetemperature(K)

Example25.3

1.Atinclosedwithanairtightlidcontainsairatapressureof1.0*105Paatatemperatureof120C.Ifthe

temperatureatwhichthelidopensis880C,determinethepressureattainedbythegas.

P1/T1=P2/T2

P2=[1.0*105*361]/285=126,666.67Pa

Thethreelawscombinedcanbeexpressedas;PV/T=constant,kOrsimply

P1V1/T1=P2V2/T2

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

PV/T=R,whereRistheuniversalgasconstant.

Example25.4

1.Agasoccupiesavolumeof200cm3at250Cand760mmHg.Finditsnewvolumeat-230Cand
750mmHg.

P1V1/T1=P2V2/T2

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

TOPIC26:THINLENSES

26.1:Introduction

Alensisgenerallyatransparentmaterialhavingatleastonecurvedsurface.Alensworksbywayofrefractionof
light.Therearetwocommontypesoflenses:

1.Converging/convexlens-itisthickeratthemiddle.
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2.Diverging/concavelens-itisthinneratthemiddle.

26.2:Termsused

a)Centreofcurvature,C-itisthecentreofthesphereofwhichthesurfaceofthelensispart.Alenshastwo
centresofcurvature.

C

b)Radiusofcurvature,r-itistheradiusofthesphereofwhichthelensispart.

c)Principalaxis-astraightlinejoiningthetwocentresofcurvature.

d)Opticalcentre,P-itisapointontheprincipalaxismidwaybetweenthelenssurfaces.

e)Principalfocus,F-foraconverginglens,itisthepointalongtheprincipalaxisatwhichraysparallelandclose
totheprincipalaxisconvergeafterrefractionbythelens.Foradiverginglens,itisthepointalongtheprincipal
axisfromwhichraysparallelandclosetotheprincipalaxisseemtodivergefromafterrefractionbythelens.

F F

f f

f)Focallength,f-itisthedistancebetweentheopticalcentreandtheprincipalfocus.Itisrealforaconverging
lensandvirtual(negative)foradiverginglens.

g)Focalplane-whenparallelrayswhicharenotparalleltotheprincipalaxisareincidentonalens,therays
convergeatorappeartodivergefromapointwhichisperpendiculartotheprincipalaxisandpassesthroughthe
principalfocus,F.thisplaneiscalledthefocalplane.

F

C F P F C
C F F C
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26.3:Lensraydiagrams

Therearethreemainraysinraydiagramsasshownbelow:

a.Arayparalleltotheprincipalaxis

Foraconverginglens,theraysconvergeatFafterrefractionwhileforadiverginglens,theraysappeartodiverge
fromFafterrefraction.

b.AraypassingthroughorappearingtopassthroughF.

Inbothcases,therefractedraysareparalleltotheprincipalaxis.

c.Araydirectedtotheopticalcentreofthelens.

Inbothcases,therayspassundeviated.

NB:inraydiagrams,thefollowingsymbolsareusedforthetwolenses:

Converginglens Diverginglens

Notethatinraydiagrams:

1.Realrays,realobjectsandrealimagesarerepresentedusingcontinuouslines.

2.Virtualraysandvirtualimagesarerepresentedusingbrokenlines.

3.Tolocateanimage,theremustbeatleasttworaysintersecting,whetherrealorvirtual.

Sometimes,ascalemaybeusedinraydiagrams.Ifused,thenthescalechosenforobjectandimagedistances
neednotbenecessarilyequaltothatoftheobjectandimageheightsbutthetwomustbegivenonthediagram.

26.4:Imageformationbythinlenses
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26.4.1:Imageformationbyaconverginglens.

Thisissummarizedbythetablebelow:

Positionof
object

Raydiagram Characteristicsofimage

BetweenFand
thelens

I O

Imageis:
- Virtual
- Upright/erect
- Magnified
- Onsamesideas

theobject
AtF

O
Imageis:

- Real
- Inverted
- Atinfinity

BetweenFandC
O

I

Imageis:
- Real
- Inverted
- Magnified
- BeyondC

AtC Imageis:
- Real
- Inverted
- Samesizeas

object
- AtC

BeyondC Imageis:
- Real
- Inverted
- Diminished

Atinfinity Imageis:
- Real
- Inverted
- Diminished
- AtF

26.4.2:Imageformationbyadiverginglens
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Generally,adiverginglensformsavirtual,uprightanddiminishedimageregardlessofthepositionoftheobject.

26.5:Thelensformulaandmagnification

Theequation1/f=1/u+1/vwherefisthefocallengthofthelens,uistheobjectdistanceandvtheimage
distance,iscalledthelensformula.Theequationtakesintoaccountthesignsofu,vandfandholdsforboththe
converginganddiverginglens.

Theratiooftheimagesizetotheobjectsizeiscalledmagnificationofthelens.Whenthemagnificationisless
thanonetheimageisdiminishedwhilewhenitismorethanone,theimageismagnified.Whenthemagnification
isone,thentheobjectandimageareofthesamesize.

Magnificationcanalsobeobtainedfromtheratioofimagedistancetoobjectdistancei.e.

Magnification,m=imageheight/objectheight=imagedistance,v/objectdistance,u

Example26.1

1.Anobjectisplacedinfrontofaconverginglensoffocallength12cm.determinethepositionoftheimage
andthemagnificationoftheimage.Hencestatethenatureoftheimageformedwhentheobjectdistance
is:

a.16cm(ans:v=48cm,imagerealandmagnified)

b.8cm(ans:v=-24cm,imageisvirtualandupright)

2.Anobjectisplaced4cminfrontofadiverginglensoffocallength6cm.findthepositionand
magnificationoftheimageformed.Hencestateitsnature.

3.Anobject10cmhighisplaced30cminfrontofaconverginglensoffocallength20cm.determinethe
positionandheightoftheimageby:

a.Calculation

b.Scaledrawing

26.6:Determinationofthefocallengthofaconverginglens.

Method1:Byusingthelensformula

Screen

f

 Focusclearlytheimageofadistantobjectliketreeorwindowonthescreenbyadjustingtheposition
ofthelensappropriately.Measurethedistancebetweenthelensandscreen,

f=………………..cm.

 Nowsetuptheapparatusasshownbelow:

u v
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Settheobjectdistance,u=65cm.adjustthepositionofthescreenuntilasharpimageoftheobjectis
observed.Measurethedistance,v.

Reducetheobjectdistanceinstepsof10cmandmeasurethecorrespondingvaluesofv.

Recordyourresultsandcompletethetablethetablebelow:

u(cm) 65.0 55.0 45.0 35.0 25.0

V(cm)

1/u(cm-1)

1/v(cm-1)

 Plotagraphof1/uagainst1/v.hencedeterminethefocallength,fofthelens.

Notethatfromthelensformula,1/f=1/u+1/v

Making1/uthesubjectoftheformula,wehave1/u=-1/v+1/f.

When1/v=0,1/u=1/fi.e.y-intercept

Andwhen1/u=0,1/v=1/fi.e.x-intercept.

Thereforethegraphisastraightlinewhoseslopeis-1andthey-interceptandx-interceptgive1/f.ifthe
valuesofthetwointerceptsaredifferent,thentheiraverageisobtained.

1/f

1/u(cm-1)

1/f 1/v(cm-1)

Method2:Displacementmethod

P1P2

u v

u1 v1
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S

 Estimatethefocallengthofthelensbyfocusingadistantobject.

f=………..cm

 Setuptheapparatusasshownabove.Thedistance,Sshouldbeequaltoormorethan4f.adjustthe
positionofthelenstoapositionP1whereasharpimageoftheobjectisobtainedonthescreen.Measure
andrecorduandv.

 KeepingSconstant,movethelenstoanotherpositionP2whereanotherclearbutdiminishedimageof
theobjectisformedonthescreen.Measureandrecordu1andv1.

 IncreasethevalueofSinstepsof5cmandrepeatsteps2and3above.Completethetablebelow:

S(cm)

U(cm)

V(cm)

U1

V2

d=v-u

(S2-d2)(cm2)

 Plotagraphof(S2-d2)againstS.

 GiventhattheequationS2=4fS+d2satisfiesthegraphdrawn,determinethevalueoff.

NotethatS=u+v…………………………………………(i)

Andd=u1-uord=v-v1

Butu1=vandv1=u

Therefore,d=v–u…………………………………………….(ii)

Addingequations(i)and(ii),weobtain;

S+d=u+v+v–u=2v

V=(S+d)/2 …………………………………………………(iii)

Alsosubtractingequation(ii)from(i),weget;

S–d=u+v–v+u=2u

u=(S–d)/2 …………………………………………………..(iv)

Substitutingequations(iii)and(iv)inthelensformula,weget;

1/f=1/{(S-d)/2}+1/{(S+d)/2}

1/f=2/(S-d)+2/(S+d)
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1/f=4S/(S2-d2)

(S2-d2)=4Sf

Henceagraphof(S2-d2)againstSisastraightlinethroughtheoriginandwhoseslopeequalto4f.

ThetwopositionsP1andP2areknownasconjugatepoints.

26.7:Otherpossiblegraphsfromthelensformula

1.Fromthelensformula;1/f=1/u+1/v

1/f=(v+u)/uv

uv=(u+v)f

Henceagraphofuvagainst(u+v)isastraightlinethroughtheoriginandwhoseslopeequaltothefocal
length,fofthelens.

2.Also,fromthelensformula;1/f=1/u+1/v

Multiplyingthroughbyv,weobtainv/f=v/u+1

Butv/u=m

Therefore,m=v/f–1

Henceagraphofmagainstvisastraightlinewhoseslopeequalto1/fandthey-intercept=-1.

Method3:Planemirrormethod

Crosswire

(a) f (b) Imageofthecrosswire

Adjustthepositionoftheobjectuntilasharpimageofthecrosswireisformedalongside(closeto)theobject
crosswireasshownin(b)above.Thedistancebetweentheobjectandthecentreofthelensgivesthefocal
lengthfofthelens.

Alternatively,thesetupbelowcanbeusedtodeterminef:

ImageofpinEye

Pin Slidingcork

Glassrod
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Lens

Planemirror

Adjustthepositionofthecorkupanddownuntilthepinanditsimagejustcoincidei.e.noparallaxbetweenthe
objectpinanditsimage.Thedistancebetweenthecentreofthelensandthepingivesthefocallengthofthelens.

26.8:Powerofalens

Itisthemeasureoftherefractingabilityofthelens.Itisexpressedasthereciprocalofthefocallength

i.e.powerofalens=1/focallength

Itismeasuredindioptre(D).

Theshorterthefocallengththehigheritsrefractingability.Thepowerofaconverginglensispositivewhilethat
ofadiverginglensisnegative.

26.9:Applicationsoflenses

 Asimplemicroscope

Itisalsoknownasamagnifyingglass.Whenaconverginglensisusedsuchthattheobjectisfoundbetweenits
principalfocusandthelens,itformsavirtual,uprightandmagnifiedimage.Whenusedthiswayitservesasa
simplemicroscope.

 Acompoundmicroscope

Itconsistsoftwoconverginglenses,objectivelensandeyepiecelensbothofshortfocallengths.Thelenscloser
totheobjectiscalledtheobjectivelenswhilethatclosertotheeyeiscalledtheeyepiecelens.Thefocallengthof
theeyepiecelensislongerthanthatoftheobjectivelens.TheobjectisfoundbetweenFandCoftheobjective
lens.

O I

2F0 F0F0 2F0 FeFe

Thefirstimageformedbytheobjectivelensisreal,invertedandmagnified.Thisimagethenactsastheobjectfor
theeyepiecelens.Theeyepiecelensformsafinalimagewhichisgreatlymagnified.Assumingthemagnification
oftheobjectivelensismoandthatoftheeyepiecelensisme,thenthetotalmagnificationofthecompound
microscopem=mo*me.

Example26.2
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1.Inacompoundmicroscope,thefocallengthoftheobjectivelensis2.0cmandthatoftheeyepiecelensis
2.2cmandtheyareplacedatadistanceof8.0cm.arealobjectofsize1.00mmisplaced3.0cmfromthe
objectivelens.

a)Usethelensformulainturnforeachlenstofindthepositionofthefinalimageformed.

b)Calculatethemagnificationproducedbythearrangementoftheselensesandthesizeofthefinalimage
viewedbytheeye.

 Thelenscamera

Acameraisadevicethatisusedtotakephotographs.Itconsistsofaconverginglens,alight-sensitivefilm
enclosedinalight-tightboxblackenedontheinsideandashutter.Lightfromtheobjectentersthecamera
throughtheshutterwhichclosesautomaticallyafteragivenlengthoftime.Theamountoflightreachingthelens
iscontrolledbythediaphragm(stop).Thelightreachingthelensisrefractedtoformareal,invertedand
diminishedimageonthefilm.Toclearlyfocustheimage,thedistancebetweenthelensandfilmisadjusted
accordingly.Thefilmhassomelight-sensitivechemicalswhichchangeonexposuretolight.Thiscanthenbe
developedandprintedtogetaphotograph.

 Thehumaneye

Scleroticlayer(white) Choroidlayer(black) Ciliarymuscles

RetinaSuspensoryligaments

VitreoushumourFovea Iris

Lens Cornea

TocentralnervousSystem BlindspotAqueoushumour

Pupil

Thehumaneyeisanaturalopticalinstrument.Itcomprisesofthefollowingparts:

 Scleroticlayer-enclosestheeye.Thefrontpart(cornea)istransparenttoallowinlight.Itisthewhite
partoftheeye.

 Aqueoushumour-itisaclearfluid/liquidfoundbetweenthecorneaandthelens.Thishelpstomaintain
theshapeoftheeye.

 Iris-itisresponsibleforthecolouroftheeye.Ithasthepupilinthemiddlewhichallowsforpassageof
light.Bychangingthesizeofthepupil,theiriscontrolstheamountoflightenteringtheeye.

 Lens-itisanaturalconverginglens.Withthehelpoftheciliarymuscles,itsfocallengthcanbeadjusted
forfinefocusing.

 Vitreoushumour-itisajelly-likesubstanceandtransparentinnaturefoundbetweenthelensandretina.

 Retina-imagesareformedhere.Ithaslight-sensitivecells.

 Fovea-itisthecentralpartoftheretina.Thisiswheretheeyehasthebestdetailsandcolourvision.

 Blindspot-hascellswhicharenon-sensitivetolight.

 Ciliarymuscles-theysuspend/supportthelens.Itisalsoresponsibleforcontrollingtheshapeofthelens.
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Whenthemusclesrelax,thefocallengthofthelensincreases.Thisenablestheeyetofocusadistantobject.
Contractionofthemusclesontheotherhandreducestensioninthelens,thusreducingitsfocallength.This
enablesitfocusnearobjects.

Thisautomaticadjustmentoftheeyelenstobringtofocusontheretinaimagesofbothdistantandnear
objectsisreferredtoasaccommodation.

Theclosest/shortestdistanceanormaleyecanfocusclearlyisknownasitsnearpointwhilethefarthest
distanceanormaleyecanfocusclearlyisknownasitsfarpoint.Foranormaleye,thenearpointisusually
25cm.

Notethatthedistancebetweentheretinaandtheeyelensisalwaysconstant.

26.9.1:Eyedefects

Despitetheadjustmentsmadebytheeye,someeyescannotproduceclearimageswithinthenormalrangeof
vision.Therearetwocommoneyedefectsnamelymyopia(shortsightedness)andhypermetropia(long-
sightedness).

Myopia(shortsightedness)

Havingthisdefectmeansclearvisionfornearobjectsbutimagesofdistantobjectsareformedinfrontofthe
retina.Thecauseofthedefectistheeyeballbeingtoolongorshorterfocallength.Thedefectiscorrectedby
usingadiverginglensofappropriatefocallengthsothattheraysreachingtheeyelensappearasiftheyare
comingfromanearobject.

Defect Correction

Hypermetropia(long-sightedness)

Apersonwhoislong-sightedhasclearvisionofdistantobjectsbutcannotseeclearlycloserobjectsclearly.Itis
causedbytheeyeballbeingtooshortorlongerfocallengthsothattheimageofacloserobjectisformedbehind
theretina.Thedefectiscorrectedbyusingaconverginglensofappropriatefocallength.

Defect Correction

26.9.2:Similaritiesanddifferencesbetweentheeyeandlenscamera

Similarities

1.Bothuseconverginglenses.

2.Inbothcases,theamountoflightallowedincanbecontrolled.Theeyedoesitthroughtheiriswhilethe
cameradoesthisthroughthediaphragm.

3.Inboth,areal,invertedanddiminishedimageisformed.Fortheeye,theimageisformedontheretina
whileforthecamera,itisformedonalight-sensitivefilm.

4.Inbothcasestheinnerpartisblack;fortheeye,thereisthechoroidlayerwhichisblackandforthe
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camera,theinnerpartispaintedblack.Thisistoabsorbstrayrays.

Differences

1.Thefocallengthoftheeyelenschangeswhilethatofthelenscameraisconstant.

2.Thedistancebetweenthelensandfilminalenscameracanbevariedbyzoomingwhilethedistance
betweentheeyelensandretinaisconstant.

3.Acameracantakeonlyonephotoatatimewhentheshutterisopenwhiletheeyeformsconstantly
changingpictures.

TOPIC27:UNIFORMCIRCULARMOTION

27.1:Introduction

Thisismotionaroundacurvedpathinwhichthespeedoftheparticleisuniform.Althoughthespeedisthesame,
velocityofthebodykeepsvaryingsincethereisaconstantchangeindirection.Thevelocityofsuchabodyatany
instantisalwaysdirectedalongthetangentofthecurvesuchthatifthebodybreaksaway,itmovesalongthe
tangent.

Sincethevelocityisconstantlychanging,abodyundergoinguniformcircularmotionisalwaysaccelerating.

27.2:Termsusedinuniformcircularmotion
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 Angulardisplacement,Ɵ-istheanglesweptatthecentrebyanarc.Itismeasuredinradian,Ɵc.

S

Ɵ=(arclength,S/radius,r)radians

WhenS=r,thenƟ=S/S=1radian.

Aradianisthereforetheanglesubtendedatthecentreofacirclebyanarclengthequaltotheradiusofthecircle.

Notethat2πc=3600

 Angularvelocity,ω-itistherateofchangeofangulardisplacement.

ω=∆Ɵ/∆t

TheSIunitofangularvelocityisradianpersecond(rads-1).

RememberƟ=S/r

Therefore,∆Ɵ=∆S/r,sincerisconstant.

Thusω=∆Ɵ/∆t=∆S/r∆t

But∆S/∆t=velocity,v

Henceω=v/r

Thusabodyincircularmotionhasbothlinearandangularvelocities.

 Period,T-itisthetimetakenbyabodytomakeonecompleterevolution.

Period,T=circumference(2πr)/linearvelocity,v.

ThereforeT=2πr/rωsincev=rω

AndT=2π/ω

Recallfrequency,f=1/T

Thereforef=1/(2π/ω)=ω/2π

Orsimplyω=2πf

 Angularacceleration,α-itistherateofchangeofangularvelocity.

α=ω/t

 Centripetalacceleration,a-itistheaccelerationofabodyundergoinguniformcircularmotionandis
alwaysdirectedtowardsthecentreofthecircle.

Itisgivenasa=v2/r.

r

θ

r

θ
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Butv=rω

Thereforea=(rω)2/r=rω2.

 Centripetalforce,Fc-itistheforcewhichkeepsthebodyonitscircularpath.ItisexpressedasFc=mv2/r
=ma

Wherem-isthemassoftheparticle

v-isitslinearvelocity

r-istheradiusofthepath

a-isthecentripetalacceleration

Also,a=rω2.ThusFc=mrω2

Hence,therearethreefactorsaffectingthecentripetalforce.Theseare:

- Massofthebody

- Radiusofthepath

- Angularvelocityofthebody.

Example27.1

1.Aparticlemovesatanangularvelocityof10πrads-1alongacircularpathofradius20cm.calculateits
linearspeed.

v=rω=0.2*10π=6.283m/s.

2.Acarofmass100kgmovesroundacirculartrackofradius100mwithalinearspeedof20m/s.calculate:

a)Theangularvelocity

ω=v/r=20/100=0.2rads-1

b)Thecentripetalforce

Fc=mv2/r=(100*202)/100=400N

c)Thecentripetalacceleration

a=v2/r=202/100=4m/s2

3.Calculatetheperiodandfrequencyofaparticleinacircularpathmovingatanangularvelocityof4πrads
-1.

T=2π/ω=2π/4π=0.5s

f=1/T=1/0.5=2Hz

27.3:Motioninahorizontalcircle

T
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Inahorizontalcircle,thetensioninthestringprovidesthecentripetalforceandisdirectedtowardsthecentreof
thecircle.

FC=T=mv2/r

Forafixedradius,thetensionisconstantallround.

Example27.2

1.Astoneofmass2kgiswhirledinahorizontalcircleofradius0.5m.Thetensioninthestringwasfoundto
be64N.Determinethevelocityofthestoneinthecircle.

V=(rFC/m)
1/2=(0.5*64/2)1/2=4m/s

2.Astoneofmass0.6kgattachedtoastringoflength0.5miswhirledinahorizontalcircleataconstant
speed.Ifthemaximumtensioninthestringis30Nbeforeitbreaks,calculate:

a)Themaximumspeedofthestone

V=(rFC/m)
1/2=(0.5*30/0.6)1/2=5m/s.

b)Themaximumnumberofrevolutionsperseconditcanmake

f=ω/2π=v/2πr

=5/2π*0.5=1.593Hz.

Assignment27.1

1.Astoneofmass5kgiswhirledattheendofastring5mlonginahorizontalcircle.Ifitiswhirledat
5revolutionspersecond,calculate:

a)Theangularvelocity

b)Thelinearvelocity

c)Thecentripetalacceleration

d)Thetensioninthestring

2.Anobjectofmass4kgmovesroundacircleofradius6mwithaconstantspeedof12m/s.calculate:

a)Itsangularvelocity

b)Thecentripetalforce

27.4:Motioninaverticalcircle

A

D B
Tmin

Tmax

T=Fc
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Mg C

Whenabodyiswhirledinaverticalcircle,twoforcesactonit.Thesearetheweight,mgofthebodyandthe
tension,Tonthestring.Thetensionvariesdependingonthepositionofthebody.Itisalwaysdirectedtowards
thecentreofthecircle.

Atthetopofthecircle,boththeweightofthebodyandthetensionaredirectedtothecentre.Hencethe
centripetalforceequaltothesumoftheweightofthebodyandthetension.

i.e.Fc=Tmin+mg

OrTmin=Fc-mg=mv
2/r-mg

Atthebottomofthecircle,thecentripetalforceisgivenbythedifferencebetweentheweightandthetension;
Fc=Tmax-mg

OrTmax=Fc+mg=mv
2/r+mg

AtBandD,thetensioninthestringprovidesthecentripetalforce;

T=Fc=mv
2/r

Hencetensionismaximumatthebottomandleastatthetop.

Whenthetensionisminimum,acertainminimumspeedmustbemaintainedinordertokeepthestringtaut.
Takingminimumtensiontobezero,wehave;

0=mv2/r–mg(fromtheequationofminimumtension)

mv2/r=mg

V2=rmg/m=rg

Therefore,v=(rg)1/2

Thisistheexpressionforminimumspeedthatthebodymustmaintain.Itisalsocalledthecriticalspeed.

Example27.3

1.Anobjectofmass8kgiswhirledroundrapidlyinaverticalcircleofradius2mwithaconstantspeedof
6m/s.Calculatethemaximumandminimumtensioninthestring.Takeg=10N/kg.

Tmax=mv
2/r+mg=8(62/2+10)=224N

Tmin=mv
2/r–mg=8(62/2-10)=64N

2.Anobjectofmass0.4kgisrotatedbyastringataconstantspeed,vinaverticalcircleofradius1m.Ifthe
minimumtensioninthestringis3N,calculate:

a)Thespeed,v

Tmin=mv
2/r–mg

3=0.4(v2/1-10)

V2=(3+4)/0.4=70/4
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V=(70/4)1/2=4.183m/s

b)Maximumtensioninthestring

Tmax=m(v
2/r+g)=0.4(70/4+10)

=11N

c)Thetensionwhenthestringisjusthorizontal

T=mv2/r=0.4*70/4=7N

3.Abobofmass1kgismovinginauniformcircularpathinaverticalplaneofradius1m.Ifitiswhirledata
frequencyof2cyclespersecond,calculate:

a)Thetensioninthestringwhenthebobisatthetoppartofthecircle

T=mv2/r–mg=mrω2-mg=mr(2π/f)2-mg

=(1*1*4*π2/22)-(1*10)

=147.95N

b)Tensionwhenitisatthebottom

T=mr(2π/f)2+mg

=(1*1*4*π2/22)+(1*10)

=167.95N

c)Atwhatpositionisthestringlikelytobreak?Why?

Atthebottomofthecircle.Thestringexperiencesmaximumtensionatthispoint.

d)Whatistheminimumspeedrequiredtomaintainthestringundertension.

V=(rg)1/2=(1*10)1/2=3.162m/s

27.5:Aconicalpendulum

Ɵ

T

VC

Ball

Mg

HC rHC r
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Whentheangularvelocity,ωoftheballincreasestheangleƟalsoincreasesandtheballrises.Thehorizontal
component,HCofthetensionprovidesthecentripetalforce;

i.e.FC=HC=mv
2/r

ButHc=TsinƟ

ThereforeTsinƟ=mv2/r…………………..(i)

AlsoTcosƟ=mg……………………………….(ii)

Dividingequation(i)by(ii),weget;

TsinƟ/TcosƟ=(mv2/r)/mg

ThereforetanƟ=v2/rg

AlsotanƟ=rω2/g (sincev=rω)

Example27.4

1.Astoneofmass2kgisattachedtoastring3mlongmadetorevolveinahorizontalcircleofradius1m.
find:

a) Thetensioninthestring

θ

3m

TcosƟ

Mg

Ɵ=Sin-1(1/3)=19.470

ThereforeT=mg/cosƟ=20/cos19.470

=21.21N

b)Thelinearvelocity,v

TsinƟ=mv2/r

Thereforev=(21.21sin19.470*1/2)1/2=1.88m/s

c)Theangularvelocity,ω

ω=v/r=1.88/1=1.88rads-1

2.Asmallpendulumbobofmass250gissuspendedbyaninelasticstringoflength0.5m.Thebobismade
torotateinahorizontalcircleofradius0.4mandwhosecentreisverticallybelowthepointofsuspension.
Calculate:

a)Themagnitudeofthecomponentforcesactingonthebobduetothetensioninthestring

0.5m

HCHC

HC rHC r
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0.3m

Vc

Mg

VC=TcosƟ=mg=0.25*10=2.5N

ButcosƟ=3/5

SoT=2.5*5/3=4.17N

HC=TSinƟ=(12.5/3)*4/5=3.33N

b)Theperiodofrotationofthebob

TSinƟ=mrω2

ω=(TSinƟ/mr)1/2=(3.33/0.4*0.25)1/2

=5.77rads-1

Butperiod,T=2π/ω=1.0889s

Assignment27.2

1.Anobjectofmass10kgiswhirledroundahorizontalcircleofradius4mbyarevolvingstringinclined
tothevertical.Iftheuniformspeedoftheobjectis5m/s,calculate:

a)Thetensioninthestring

b)Theangleofinclinationofthestringtothevertical

(Ans.T=118N,Ɵ=320)

27.6:Caseexamplesofcircularmotion

27.6.1:movementofcarsroundaflat(level)bend

Inthiscase,thecentripetalforceisprovidedbythefrictionalforcebetweenthetyresandtheroad,i.e.

FR=FC=mv
2/r

Iftheroadisslippery,thenthefrictionalforcemaynotbesufficienttoprovidetherequiredcentripetalforce.
Henceskiddingmayoccur.

Toavoidskidding,thespeedofthecarshouldnotexceedacertainspeedlimit(criticalspeed).Thecriticalspeed
dependsontheradiusofthebend;thelargertheradiusthehigherthecriticalspeed.

Otherfactorswhichaffectfrictionalsosignificanthere.Theseincludethenatureoftheroadsurfaceandthe
natureofthetyres.

Example27.5

1.Acarofmass1200kgismovingwithavelocity25m/sroundaflatbendofradius150m.Determinethe
minimumfrictionalforcebetweenthetyresandtheroadthatwillpreventthecarfromslidingoff.

FR=mv
2/r=1200*252/150=5000N
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2.Aglassblockofmass100gisplacedinturnatvariousdistancesfromthecentreofatablewhichis
rotatingataconstantangularvelocity.Itisfoundthatatadistance8cmfromthecentre,theblockjust
startstoslideoffthetable.Ifthefrictionalforcebetweentheblockandthetableis0.4N,determine:

a)Theangularvelocityofthetable

FR=mrω
2

ω=(0.4/0.1*0.08)1/2=7.07rads-1

b)Theforcerequiredtoholdtheblockatadistanceof12cmfromthecentreofthetable.

F=mrω2=0.1*0.12*50=0.6N

c)Ablockofmass200gisnowplaced8cmfromthecentreofthetableandthetablerotatedatthesame
angularvelocity.Statewithareasonwhetherornottheblockwillslideoff.

Fc=mrω
2=0.2*0.08*50=0.8N

Sincetherequiredcentripetalforceisgreaterthanthefrictionalforce,theblockwillslideoff.

27.6.2:Bankedroad

Bankingreferstoraisingtheouteredgeoftheroadawayfromthecentreofthecurve.Theanglethroughwhich
theroadisraisediscalledtheangleofbanking.Bankingminimizeschancesofskidding/overturning.

HC=RSinƟ

Vc

R Ɵ R VC=RCosƟ

Hc Ɵ

Ɵmg

Inthiscase,thecentripetalforceisprovidedbythehorizontalcomponentofthenormalreaction.

ThereforeFC=RSinƟ=mv
2/r…………………………(i)

AlsoRCosƟ=mg…………………………………………..(ii)

Dividingequation(i)by(ii),weget;

tanƟ=v2/rg

Notethatfornoskiddingtooccur,tanƟmustbegreaterthanv2/rg(tanƟ˃ v2/rg)andthecriticalspeed,visgiven
by;

v=(rgtanƟ)1/2

Hencethecriticalspeed,vdependsontheradius,rofthecurveandtheangleofbanking,Ɵ.

Example27.6
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1.Themaximumspeedatwhichamotoristcannegotiateacorneronalevelgroundis20m/s.iftheradius
ofthecurveis100m,calculate:

a)Thecoefficientoffriction,μ

FR=FC=mv
2/r=μR=μmg

Thereforev2/r=μg

μ=202/100*10=0.4

b)Theangleatwhichtheroadshouldbebankedtoenablethemotoristnegotiatethecorneratacritical
speedof20m/s.

tanƟ=v2/rg=0.4

Ɵ=tan-10.4=21.80

2.Avehiclemovesroundabankedbalancedroadataspeedof20m/s.iftheradiusoftheroadis50m,
calculatetheangleofbanking.

tanƟ=v2/rg=202/50*10=0.8

Ɵ=tan-10.8=38.70

27.6.3:Aircraftbanking

Anaircraftturninginairachievesbankingbyloweringoneofitswingsandraisingtheother.Thisenablesitturn
atextremelyhighspeedwithoutoverturning.

27.6.4:Acyclistmovingroundacirculartrack.

x

c.o.g

Ɵy

Mg

FR

Foraflatroadsurface,frictionalforcebetweenthetyresandtheroadprovidesthecentripetalforce;

FR=FC=mv
2/r

Incaseswhenthefrictionalforceisnotsufficient,thecyclistislikelytoskid.Toavoidthis,thecyclistisadvised
toleaninwards.Thusthefrictionalforce,FRandthenormalreaction,Rproduceaturningeffectaboutthecentre
ofgravity.

Thustakingmomentsaboutthec.o.g.,weget;

Clockwisemoment=Rx

Andanticlockwisemoment=FRy
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Fornoskiddingtooccur,clockwiseandanticlockwisemomentsshouldbeequal;

Rx=FRy

FR/R=x/y

ButtanƟ=x/yandR=mg

ThereforetanƟ=FR/mg=μ

Whereμisthecoefficientoffriction.

HenceskiddingonlyoccurswhentanƟisgreaterthanμ(tanƟ˃ μ).

Example27.7

1.Acyclistwhoistravellingat20m/snegotiatesabendofradius45m.heinclinesatanangleƟtothe
vertical.Calculate:

a)Thecentripetalacceleration

a=v2/r=202/45=8.889m/s2

b)TheangleofinclinationƟ

tanƟ=v2/rg

Ɵ=tan-1(202/45*10)=41.630

2.7:Applicationsofcircularmotion

27.7.1:Centrifuges

Acentrifugeisadevicethatisusedtoseparatesubstancesofdifferentdensitiese.g.immiscibleliquidsor
solidssuspendedinliquids.Themixtureisputintubeswhicharethensetintorotation.Ataparticular
speed,themoredenseparticlesorsubstancemovefurtherawayfromthecentreofrotationwhilethe
lessdenseparticlesmoveinwardstowardsthecentreofrotation.

R2

R1

R3

Lighterparticles Heavierparticles

Sincecentripetalforcevariesdirectlyasthemassandinverselyastheradius,foralargerradiusthemassmust
behigherforthesameamountofcentripetalforce.Hencedenserparticlesarefarawayfromthecentreof
rotation.

Whentherotationstops,thetubesreturntotheverticalpositionwiththedenserparticlesatthebottom.

27.7.2:Satellites

Whentwobodiesofmassm1andm2areseparatedbyadistancer,thereexistsattractionalforcebetweenthem

givenby;F=Gm1m2/r
2
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WhereGistheuniversalgravitationalconstant.TheaboveequationisreferredtoasNewton’slawofuniversal
gravitation.Considerasatelliteofmassmorbitingtheearthatadistanceofrmetresaway.Supposethemassof
theearthisM,thenthecentripetalforcethatkeepsthesatelliteonthecircularpathisprovidedbythe
gravitationalforceofattraction.

HenceFC=mv
2/r=GMm/r2

Andv=(GM/r)1/2

Wherevisthevelocityofthesatellite.

Whenasatellitehasthesameperiodictimeasthatoftheearth,itwillappearstationarywhenviewedfromthe
earth’ssurface.Suchsatellitesaresaidtobeinaparkingorbit.Theyarewidelyusedinweatherforecastingand
intelecommunication.

27.7.3:Speedgovernor

Fuelcontrolvalve

θθ

Arm

Collar

Pivot

Todriveshaft

Astheshaftrotates,themassesalsorotatewithincreasingangularvelocity.Thustheangleθenlarges.Thecollar
isthenpulledupwardsbythearmswhichinturnpullstheleverup.Theleverisconnectedtothefuel/steam
valvewhichregulatestheflowoffuelorsteamwhichinturncontrolsthespeedoftheengine.

mm
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TOPIC28:ELECTROMAGNETICSPECTRUM

28.1:Introduction

Wehaveseenthatwavescanbecategorizedeitherelectromagneticormechanicalinnature.Electromagnetic
wavesarewavesresultingfromtheinteractionofoscillatingelectricandmagneticfields.Theyincludevisible
light,radiowaves,x-rays,infrared,ultraviolet,microwavesandgammaradiations.

Whenthesewavesarearrangedinacertainpatterne.gintheorderofincreasingfrequencyorwavelengththen
wegetanelectromagneticspectrum.

28.2:Theelectromagneticspectrum

Increasingfrequency

f(Hz)103108 101010141015 1022

R M IR V UV X G

λ(m)105 100 10-3 10-6 10-8 10-10-10-11 10-13

Decreasingwavelength

WhereR-Radiowaves

M-Microwaves

IR-Infrared

V-Visiblelight

UV-Ultraviolet

X-X-rays

G-Gammaradiation

[Hint:Roast(R)maize(M)is(IR)avery(V)unusual(UV)x-mass(X)gift(G)].

28.3:Propertiesofelectromagneticwaves

Thefollowingpropertiesarecommontoallelectromagneticwaves:

 Travelinavacuumwithaspeedof3.0x108m/s.
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 Donotrequirematerialmediumfortheirpropagation.

 Transverseinnature.

 Possesandtransferenergy.Theamountofenergypossessedbyanelectromagneticwaveoffrequencyf

isexpressedasE=hf,wherehisPlank’sconstantandisequalto6.63x10-34Js.Thewaveequationc=fλalso
applyforelectromagneticwaves.

 Carrynocharge(notcharged)andarenotdeflectedbyamagneticorelectricfield.

 Undergoreflection,refraction,diffraction,interferenceandpolarizationeffects.

 Canbeemitted,transmittedandabsorbedbymatter.

28.4:Production,detectionandapplicationsofelectromagneticradiations

Thetablebelowsummarizestheproduction,detectionandapplicationsofthevariouselectromagneticradiations:

Radiation Production Detection Application

Radiowaves Fromoscillatingelectrical
circuits.

Antennae(aerials),diodes,
earphones.

Intelecommunication-radiobroadcast,TVandsatellitecommunication,
cellulartelephone,radarandnavigationequipmentsetc.

Microwaves Fromspecialvacuumtubes
calledmagnetronswithin
microwaveovens.

Crystaldetectors,solidstate
diodes,antennae.

Cookinginmicrowavecookers.

Incommunication-mobilephones.

Inspeedcameras.

Infrared Fromthermalvibrationof
atomsinveryhotbodiese.g
thesun.

Thermopile,bolometer,
thermometer,photographic
film.

Heatingeffectontheskin.

Burglaralarms,inmilitarynightvisionmissiles,cooking,heatingand
dryingofgrains,ingreenhousing,inremotecontrolsforTVsand
VCD/DVDs,inphotography.

Visiblelight Sun,hotobjects,lamps,laser
beams.

Theeye,photographicfilm,
photocell.

Vision(sight),photography,photosynthesisandopticalfibre.Laser
beamsusedinlaserprinters,weaponaimingsystems,CDplayers.

Ultraviolet Thesun,sparks,mercury
vapourlamps.

Photographicfilm,
photocells,fluorescent
materialse.gquinine
sulphate.

Detectionofforgeries,skintreatmentandkillingofbacteria,
spectroscopyandmineralanalysis,makingofclothesandasourceof
vitaminD.

X-rays InX-raytubes Fluorescentscreenand
photographicfilm.

Radiography(identificationofinternalbodystructurese.gbones),cancer
therapy,crystallography(studyofcrystalstructure),pestandgerm
controlandairportsecurityckecks.

Gamma
radiation

Emittedbyradioactive
substances.

Radiationdetectorse.gGM
tube.

Sterilizingmedicalequipmentandfood.

Killingofcancercellsandothermalignantgrowths.

Pestcontrol.

Detectionofflawsinmetals.

28.5:Dangersofelectromagneticwaves

1.SomeoftheelectromagneticwaveslikeX-rays,ultravioletandgammaradiationpossesalotofenergy.
Thereforewhenexposedtothebodyinlargedoses,theycandamagethebodycells,causeskinburnsor
affecttheeyes.Similarly,radiowavescancausecancer,leukemiaamongotherdisorders.

2.Nuclearreactorexplosionsmayleadtolossesoflives.
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Example28.1

1)Aradiotransmitterproduceswavesoffrequency1.0x108Hz.Calculatethewavelengthofthesignal.

c=fλ

3.0x108m/s=1.0x108xλ

λ=3.0m

2)AnX-raymachineproducesaradiationofwavelength1.0x10-11m.calculate:

a)Thefrequencyoftheradiation.

c=fλ

3.0x108m/s=fx1.0x10-11m

f=3.0x1019Hz

b)Theenergycontentoftheradiation.Takeh=6.63x10-34Js.

E=hf=6.63x10-34Jsx3.0x1019Hz

=1.989x10-14J.

3)Arrangethefollowingradiationsinorderofincreasingwavelength:infrared,bluelight,UVlight,radio
wavesandX-rays.

X-rays,UVlight,bluelight,infraredandradiowaves.
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TOPIC29:ELECTROMAGNETICINDUCTION

29.1:Introduction

Whenaconductormoveswithinamagneticfieldatananglegreaterthanzero,currentisproducedinthe
conductorwhichcanbeshownbyconnectingagalvanometerinserieswiththeconductor.Thismethodof
generatingelectricityiscalledelectromagneticinduction.ItwasfirstdiscoveredbyMichaelFaradayaboutthe
year1831.

Electromagneticinductionhasbeenwidelyusedtoproduceinlargescaleelectricalenergyinpowerstations.

29.2:FactorsaffectingthesizeoftheinducedelectromotiveforceandFaraday’slaw

Lightcopperwire

θ

Whenthecopperwireismovedverticallydownwardsbetweenthepolesofthemagnet,thegalvanometeris
observedtodeflect.However,thedirectionofdeflectionchangeswhenthewireisnowmovedverticallyupwards.
Whentheconductoriskeptstationarybetweenthepolesofthemagnet,nodeflectionoccurs.Similarlywhenthe
wireisplacedparalleltothemagneticfield,nodeflectionisobserved.

Adeflectionofthegalvanometerindicatespresenceofinducedelectromotiveforcewhileabsenceofdeflection
indicatesnoinducedelectromotiveforce.

Thedeflectionismaximumwhentheanglebetweenthewireandthefieldis900,astrongermagnetisusedand
whenthewireismovedveryswiftly(atahighspeed).

ThesefactorscanbesummedupinFaraday’slawwhichstate:themagnitudeoftheinducedemfisdirectly

SN S

N

G



217|Page
©PHYSICSPLUS

proportionaltotherateofchangeofthemagneticfluxlinkage.Magneticfluxlinkagereferstothenumberof
magneticfieldlinescutbytheconductorperunitarea.

29.3:Lenz’slaw

Electromotiveinductionalsooccurswhenamagnetismovedtoandbackwithinasolenoidasshownbelow:

IN OUT

a b c d

Whenthemagnetispushedintothesolenoid,thegalvanometerisobservedtodeflectsametowhenitisbrought
outbutinoppositedirections.However,whenthemagnetiskeptstationaryinthesolenoidnodeflectionoccurs.

Specifically,whenthenorthpoleofthemagnetisbroughtintothesolenoidthegalvanometerdeflectstowards
theleftshowingthatcurrentflowsfrombtoabutdeflectstowardstherightwhenthemagnetismovedaway
fromthesolenoidshowingthatcurrentflowsfromctod.

TheseobservationsaresummarizedinLenz’slawwhichstate:theinducedcurrentflowsinsuchawaytooppose
thechangecausingit.Itisbasedontheprincipleofconservationofenergyi.ethemechanicalenergyofthe
movingmagnetisconvertedtoelectricalenergyintheformoftheinducedcurrent.

ThedirectionoftheinducedcurrentcanbepredictedbyFleming’srighthandrule:ifthethumb,firstandsecond
fingersoftherighthandareheldmutuallyatrightanglestoeachotherwiththeFirstfingerpointingthe
directionoftheField,thumbpointingthedirectionoftheMotionthentheseCondfingerpointsinthedirectionof
theCurrent.ItisalsocalledtheDynamorule.

Thumb(motion)

1STFinger(field)

2NDFinger(inducedcurrent)

29.4:Mutualinduction

Mutualinductionoccurswhenavaryingcurrentinonecoilinducescurrentinanotherclosecoil.Thefirstcoilin
whichcurrentflowsiscalledtheprimarycoilwhilethesecondcoilinwhichcurrentisinducediscalledthe
secondarycoil.

Thevaryingcurrentintheprimarycoilproducesamagneticfieldwhichlinkswiththesecondarycoilinducing

G

S

G

SS
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currentinit.

Primarycoil Secondarycoil

Whentheswitchisclosed,currentintheprimarycoilincreasesfromzerotomaximum.Asaresult,themagnetic
fluxlinkingupwithturnsofthesecondarycoilalsoincreasesfromzerotomaximum.Thischangingmagnetic
fluxinducescurrentinthesecondarycoilwhichmakesthegalvanometertodeflect.Oncethecurrenthasreached
maximumvalue,therewillbenofurtherincreaseinthemagneticfluxandthepointergoesbacktozero.

Whentheswitchisopen,thecurrentfallsfrommaximumtozerowithinaveryshorttime.Thisimpliesthatthe
magneticfluxoftheprimarycoiltakesaveryshorttimetochange.Theshorterthetimethehighertheinduced
currentandthusalargerdeflection.Hencemorecurrentisinducedduringswitchingoffthanduringswitching
on.

Themagneticfluxoftheprimarycoillinkingupwiththesecondarycoilcanbevariedby:

 Switchingthecurrentonandoff.

 Varyingthecurrentintheprimarycoilusingarheostat.

 Applyinganalternatingcurrent.

ThedirectionoftheinducedcurrentcanbepredictedapplyingtheRight-handgripruleandLenz’slaw
simultaneously.Whendoingso,theprimarycoilistreatedasifitwereabarmagnetmovingintothesecondary
coilduringswitchingonandasabarmagnetmovingawayfromthesecondarycoilduringswitchingoff.

Southpoleapproaching Southpolereceding

N SA B N SA B

ThusbyLenz’law,duringswitchingontheendAattainsaSouthpoleandBaNorthpolewhileduringswitching
offtheendAattainsaNorthpoleandBaSouthpolesuchthatineachcasetheeffectoftheprimaryfieldisbeing
opposedbythatofthesecondarycoil.

Theinducedemfandcurrentinthesecondarycoilcanbeincreasedby:

 Increasingthenumberofturnsinthesecondarycoilsothatmanyturnscanlinkupwiththemagnetic
fieldoftheprimarycoil.

 Windingboththeprimaryandsecondarycoilsonasoftironringorsoftironrod.Thiswillhelpto
concentratethemagneticfieldlineswithinthesecondarycoil.Softironisalsoeasiertomagnetizeand
demagnetize.

Softironring Softironrod

Primarycoil Secondarycoil

G

G

G

G
G
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Primarycoil Secondarycoil

29.5:Applicationsofelectromagneticinduction

29.5.1:Transformer

Atransformerisadevicethattransferselectricalenergyfromonecircuittoanotherbymutualinduction.It
compriseoftwocoils;theprimaryandsecondarycoils.Analternatingcurrentisfedintotheprimarycoilwhose
magneticfluxlinksupwiththesecondarycoilinducingcurrentinit.Boththeprimaryandthesecondarycoils
arewoundonacommonsoftironcoretoenhanceitseffectiveness.

Primarycoil Secondarycoil

a.c

a)Atransformer b)Circuitsymbolofatransformer

Foranytransformer,theratioofthenumberofturnsofthesecondarycoilnstothenumberofturnsofthe
primarycoilnpiscalledtheturn’sratio;

i.eturn’sratio=ns/np.

Foranidealtransformer(100%efficient);
Powerfedintotheprimarycoil(powerinput)=powergeneratedatthesecondarycoil(poweroutput).
i.eVpIp=VSIS.
Rearrangingtheaboveequation,weobtain:
VS/Vp=IP/IS.
Hencewhenthevoltageissteppedupthecurrentissteppeddown.
Therefore,foranidealtransformer:
ns/np=Vs/Vp=IP/IS.
Theefficiencyofatransformer={poweroutput/powerinput}x100.
Theequationns/np=Vs/Vpisreferredtoasthetransformerequation.
Therearetwotypesoftransformersnamelystep-downandstepuptransformer.
a)Stepdowntransformer

Inastep-downtransformer,therearemoreturnsontheprimarycoilthanthesecondarycoil(np˃ ns.thusthe
turn’sratioislessthanone(1).

Astepdowntransformerstepsdownvoltagebutstepsupcurrent.Hencetheinputvoltageislessthantheoutput
voltage.

b)Stepuptransformer
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Astepuptransformerstepsupvoltagebutstepsdowncurrent.Inastepuptransformer,therearemoreturnson
thesecondarycoilthantheprimarycoil.Thustheturn’sratioismorethanone.Theoutputvoltageisgreater
thantheinputvoltage.

Example29.1

1.Calculatethenumberofturnsofthesecondarycoilofastepdowntransformerwhichwouldenablea12Vbulb
tobeusedwitha240Vacsupplyifthereare480turnsintheprimarycoil.

ns/np=Vs/Vp

ns/480=12V/240V

ns=(480x12)/240=24turns

2.Whatcurrentwillflowinthesecondarycoilwhentheprimarycurrentis0.5Aifthevoltageintheprimarycoil
is240Vandthatinthesecondarycoilis48V?Assumetheenergylossisnegligible.

VS/Vp=IP/IS

48V/240V=0.5A/IS

IS=(0.5x240)/48=2.5A

3.Astudentdesignedatransformertosupplyacurrentof10Aatapotentialdifferenceof60Vtoanelectric
motorfromanacsupplyof240V.iftheefficiencyofthetransformeris80%,calculate:

a)Thepowersuppliedtothetransformer.

Efficiency=(poweroutput/powerinput)x100

80=[(60x10)/powerinput]x100

Powerinput=(60x10x100)/80

=750W

b)Thecurrentintheprimarycoil

Powerinput=VPxIP

IP=750W/240V=3.125A

4.Amodelofatransformersystemconsistsofapowergenerator,astepuptransformer,transmissioncablesand
astepdowntransformer.

1:80 90:1

400kW,500V Output

T1 T2

Giventhatthetotalresistanceofthecablesis200Ω,transformerT1is100%efficientandT2is95%efficient,
calculate:



221|Page
©PHYSICSPLUS

a)ThecurrentthroughtheprimarycoilofT1.

Powerinput=VPIP

100,000W=500VxIP

IP=100,000/500=800A

b)ThevoltageacrossthesecondarycoilofT1.

ns/np=VS/VP

80/1=VS/500V

VS=500x80=40000V

c)ThevoltageacrosstheprimarycoilofT2.

VPIP=VSIS

400,000=40000VxIS

IS=400,000/40,000=10A

ThisisthecurrentflowingthroughthesecondarycoilofT1.

Hencethevoltagedroppedacrossthecables(lostthroughresistance)=IR

V=10x200=2000V

ThereforethevoltageacrosstheprimarycoilofT2=40,000-2000

=38,000V.

d)ThemaximumpoweroutputofthetransformerT2.

effeciency=(poweroutput/powerinput)x100

95=(poweroutput/38000x10)x100

Poweroutput=[95x38000x10]/100

=361,000V

 Energylossesintransformers

Therearefourmaincausesofenergylossesintransformers:

i. Fluxleakage

Whenpartofthemagneticfluxoftheprimarycoilfailstoreachthesecondarycoil,itisreferredtoasmagnetic
fluxleakage.

Inordertominimizeenergylossthroughfluxleakagecanbereducedbywindingtheprimaryandsecondary
coilsnexttoeachonacommoncore.Alternatively,thesecondarycoilcanbewoundontopoftheprimarycoil.

ii. Resistance

Ascurrentflowsthroughthecoils,heatisgeneratedduetotheresistanceofthecoils.Theelectricalpowerloss
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asaresultofresistanceisgivenby=I2R.

Energylossthroughresistancecanbeminimizedbyusingthickercooperwires.

iii. Eddycurrents

Asthecurrentalternatesthemagneticfluxalsokeepsalternatinginthesoftironcoreproducingeddycurrents.
Thesecurrentsaresufficientenoughtogenerateheatwithinthecore.

Theenergylosscanbeminimizedbylaminatingthecorei.e.usingthinsheetsofsoftironplatesinsulatedfrom
eachother.

iv. Hysteresisloss

Theprocessofmagnetizationanddemagnetizationanytimecurrentreversesdogenerateheatwithinthecore.
Energylossinthiswayisreferredtoashysteresisloss.

Hysteresislosscanbeminimizedbyusingsoftironcorewhichiseasiertomagnetizeanddemagnetize.

Notethatdespitetheabovemeasures,someofsignificantheatisstillgeneratedwithinthetransformers.Thisis
furthercooledusingoil.

29.5.2:Alternatingcurrent(ac)generator

Itisalsocalledthealternator.Ageneratorisadevicethatconvertsmechanicalenergyintoelectricalenergy.It
consistsofacoilthatrotatesbetweenthepolesofastrongmagnet.

bc

N S

ad

1 X Carbonbrushes

Sliprings

Y 2

Carbonbrush Load

Supposethecoilisrotatedintheclockwisedirectionasshownabove,thenthesectionsabandcdcutthrough
themagneticfieldbetweenthepolesofthemagnetinducingcurrentinthecoil.ApplyingFleming’srighthand
ruleonthesectionab,theinducedcurrentflowsinthedirectionabcdandthroughtheloadviatheslipring2and
carbonbrushY.

Theinducedcurrentismaximumwhenthecoilishorizontalandreducestozerowhenthecoilisatthevertical
position.Attheverticalposition,thecoilisparalleltothemagneticfieldandthusnocurrentisinducedinthe
coil.Beyondtheverticalposition,theinducedcurrentincreasesfromzerotomaximumwhenthecoilisonce
againatthehorizontalposition.

ApplyingFleming’srighthandruleagain,theinducedcurrentflowsinthedirectiondcbaandthroughtheloadvia
theslipring1andcarbonbrushX.Henceinsecondhalfcycle,currentdirectionisreversed.Theinducedemfor
currentbytheacgeneratorappearsasshownbythegraphbelow:

Inducedemf/
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current

0 180360540720 anglemadewiththefield.

29.5.3:Directcurrent(dc)generator

Thisgeneratorunliketheacgeneratorproducesdirectcurrent.Itusesasplitringinsteadofaslipring.

b c cb

N S N S

d a

ad

X 1 2 Y X 21 Y

Carbonbrushes Splitring

Load

(a) (b)

Asthecoilrotatesfromthehorizontalpositiontotheverticalposition,theinducedcurrentreducesfrom
maximumtozero.Whenthecoilisrotatedintheclockwisedirectionasshowninfigure(a),theinducedcurrent
flowsinthedirectionabcdandthroughtheloadviathehalfsplitring2andcarbonbrushY.

Attheverticalpositionthecarbonbrushestouchthegapsbetweenthecommutators(halfsplitrings).Whenthe
coilgoespasttheverticalposition,thehalfsplitringsautomaticallyexchangethecarbonbrushesasshownin
figure(b)above.ApplyingFleming’srighthandruleagain,theinducedcurrentflowsinthedirectiondcbaand
throughtheloadviathehalfsplitring1andcarbonbrushY.thusthedirectionofcurrentthroughtheloadisin
onedirectiononlyhencedirectcurrentgenerator.

Thegraphofinducedcurrent/emfbyadcgeneratorappearsasshownbelow:

Inducedemf/Current

0 180360540720 anglemadewiththefield

Notethatthemagnitudeoftheinducedcurrentandelectromotiveforceproducedbyboththeacanddc
generatorscanbeincreasedinthefollowingways:

 Usingastrongermagnet.

 Increasingthenumberofturnsofthesecondarycoil.

 Increasingthespeedofrotationofthecoil.

 Windingthecoilonasoftironcore.

Insomegeneratorslikethebicycledynamo,thecoiliskeptstationarywhilethemagnetrotates.

29.5.4:Inductioncoil
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Aninductioncoilconsistsofaprimarycoiloffewerturnsandasecondarycoilofmanyturns,bothwoundona
softironcore.Whentheswitchisclosed,thesoftironcorebecomesmagnetizedandattractsthesoftiron
armature.Thisbreaksthecontactandcurrentstopsflowing.Thecoreisthusdemagnetized.Thearmatureis
releasedandthecontactisremade.Theprocessisrepeatedaslongastheswitchisclosed.

Thechangingmagneticfluxduringmagnetizationanddemagnetizationproducesaninducedemfandcurrentin
thesecondarycoil.Theinducedcurrentinthesecondarycoilproducessparksascurrentflowsthroughtheair
acrossthegapsattheendsofthesecondarycoilastheshowninthefigurebelow:

..

Sparks

PrimarycoilContact

C

Secondarycoil

Softironarmature

Thecapacitorisusedtostorechargeandthusreducesparking.

Thesparksproducedcanbeusedtoigniteanair-petrolmixturesuchasinthecarignitionsystem.

29.5.5:Themovingcoilmicrophone

Amovingcoilloudspeakerconvertssoundenergyintoelectricalenergy.

Magnet Diaphragm

Toamplifier Soundwaves

Whenapersonspeaksintothemicrophone,thesoundwavessetthediaphragmintovibration.Thismakesthe
coiltomoveforwardandbackcuttingthroughthemagneticfieldinducingcurrentinthecoil.Theinduced
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currentflowstotheamplifierforamplificationbeforeitisrelayedtotheloudspeakerwhereitisconvertedback
tosoundenergy.

TOPIC30:MAINSELECTRICITY

30.1:Introduction

Mainselectricityreferstotheelectricalpowersuppliedtohouseholds.Thepowerisgeneratedatthepower
stationandthentransmittedtotheconsumerseitherthroughoverheadtransmissionlinesorunderground
cables.

Someofthesourcesofmainselectricityincludewaterinhighdams,geothermal,wind,solarenergy,coaland
dieselenginegenerators,nuclearenergyandtidalwaves.

Notethatthechoiceofthesourceofmainselectricitytouseisdependentonitsavailabilityandabundanceas
wellastheimplicationsithasontheenvironment.

InKenya,themostutilizedsourceofmainselectricityishydroelectricity.Today,thereisalsoincreasedusageof
solarenergy,geothermalenergy,windenergyandcoal.

30.2:Electricalpowertransmission

Thisisprocessbywhichelectricalpowerisrelayedfromthegenerationplanttotheconsumersattheirhomes,
institutions,schools,industries,factoriesetc.InKenya,electricalpowerisdistributedusingthenationalgrid
system.Thenationalgridsystemisanetworkofcablesconnectingatacommonpointallthepowergeneration
plantsandthendistributedtotheconsumers.Thiswayitensuresavailabilityofpowerevenwhenoneofthe
stationsisshutdown.

Beforepowerisfedintothenationalgridsystem,itissteppedupi.e.voltageissteppedupbutcurrentisstepped
down.Mostpowerstationsgeneratebetween11kVand25kVwhichissteppeduptobetween132kVand400kV.
Attheconsumerend,astepdowntransformerisusedtostepdownthevoltagetoabout11kVatasubstation.
However,thisvalueisstilllargetobeusedthewayitis.Thepoweristhendistributedbycablestoanotherstep
downtransformerwhichissituatedjustneartheconsumer.Thistransformerfurtherstepsdownthevoltagetoa
consumablevalueof240Vfordomesticuseor415Vforfactories.

Highvoltagetransmissionhasthefollowingthreebenefits:

 Powerlossduetoresistanceofthecablesisminimal.

 Thincablescouldbeused.
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 Reducedcostinacquiringcablesandpoles.

However,highvoltagetransmissionhassomelimitations.Theseinclude:

 Highrisksofelectricshockincasethepolescollapseorthecableshangverylow.

 Highrisksoffireoutbreakonnearbybuildingsandvegetationwhenthecableshangtooloworwhenthe
cablestoucheachother.

 Harmfuleffectsofstrongmagneticfieldsduetothecurrentflowinginthecables.

Electricalpowerisgeneratedanddistributedasalternatingcurrent.Thisisbecauseofthefollowingreasons:

i. Transformersworkonalternatingcurrent/voltageonly.

ii. Itiseasiertostepupordown.

iii. Alternatingcurrentiseasiertorectify.

Example30.1

1.Somelengthofapowerlinehasaresistanceof10Ωandistransmitting11kVandacurrentof1A.Ifthe
voltageissteppedupto160kVbyatransformer,calculate:

a)Theinitialpowerloss

Powerloss=I2R=12x10

=10W

b)Thepowerlossafterstepup

VPIP=VSIS

10kVx1A=160kVxIS

IS=(10/160)=0.06875A

Hence,powerloss=0.068752x10

=0.048W

2.Apowerstationproduces50kWat240V.Thepoweristransmittedthroughcableswitharesistanceof
0.4Ω.Calculatethepercentagepowerlossduringtransmission.

Power=VI

50,000W=240VxI

I=50,000/240=208.33A

Hence,powerloss=208.332x0.4

=17,360.556W

%powerloss=(17360.556/50000)x100=34.72%
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30.3:Domesticwiring

Fromthestepdowntransformerneartheconsumer,poweristransmittedbytwocables;theliveandneutral
wiretotheconsumer’smeterwhichmeasuresandregisterstheamountofpowerconsumed.Thelivewireisat
fullpotentialof240Vwhiletheneutralwireisatzeropotentialsinceithasbeenearthedatthesub-station.From
themeter,electricityentersthefuseboxwhichcomprisesofthefollowing:

 Mainswitch-controlsalltheliveandneutralwiressimultaneously.Itisnormallyusefulduringrepairs.

 Livebusbar-itisabrassbaronwhichallthelivewiresofallthecircuitshavebeenconnected.Eachlive
wireisconnectedtothelivebusbarthroughafuse.

 Neutralbusbar-itisabrassbartowhichallneutralwiresofallthecircuitshavebeenconnected.

 Earthterminal-itisusedtoearththecircuit.Thiscanbedonebyburyingathickcopperwiredeep
undergroundorthroughametallicwaterpiping.

Afuseisathinwirewithverylowmeltingpointsuchthatifitisoverheateditmeltsandthecircuitgets
disconnected.Thiswayitisusedtosafeguardelectricalappliances.Fusesareratedinamperes.Normally,the
fuseratingisslightlyabovethemaximumcurrentrequirementoftheappliance.Allfusesmustbeconnected
alongthelivewire.

Indomesticwiring,therearethreeimportanttypesofwirescommonlyusednamelylivewire,neutralwireand
earthwire.

 Livewire-ittransmitsalternatingcurrentfromthesourcetotheapplianceorplug.Itisnormallyredor
brownincolour.

 Neutralwire-itisthereturnwirei.e.itreturnsthecurrentbacktothesourcecompletingthecircuit.Itis
usuallyatzeropotential.Itisnormallyblueorblackincolour.

 Earthwire-itearthsthecircuit.Itisnormallygreenoryellowincolour

However,attimesthefusemaymeltoffandthusfailtoserveitsrightfulpurpose.Somecausesthatcanleadto
meltingoffofthefuseinclude:

i. Shortcircuitingwhenbareconductorstoucheachother.

ii. Overloadingthecircuitwithmoreappliancesthanthefusecanaccommodate.

iii. Usingafuseoflowerratingthanthecurrentrequirementoftheappliance.

iv. Usingafaultyfusewhosewirecouldhavebeenoxidized.

Example30.2

1.Anelectriccookerhasanovenrated3kW,agrillrated2kWandtworingseachrated500W.Thecooker
operatesfrom240Vmains.Woulda30Afusebesuitableforthecookerassumingthatallthepartsareswitched
on?

Ioven=3000/240=12.5A

Igrill=2000/240=8.33A

2Irings=(2x500)/240=4.17A
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Totalcookercurrent=12.5+8.33+4.17

=25.0A

Withafuserated30A,itissuitable.

Notethatacircuitbreakercanalsobeusedtoservethesamepurposeasthefuse.Itshouldbenotedthata
circuitbreakerisbetterthanafusesinceforafuseonceithasblownoffitmustbereplacedwhileforacircuit
breaker,itdoesnotneedtobereplaced.Instead,thestripjustneedstimetocooloffandthenthecircuitwillbe
completeonceagain.

Thediagrambelowshowsatypicalhousewiringsystem:

Mainsupplycable

Meterbox

Fusebox

Socket

CookerHeater Lights

Ringmaincircuit

30 30A 15A 5 5
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30.3.1:Thelightingcircuit

Thisisthecircuitthatcontrolsallthelampswithinthehouse.Lampsarealwaysconnectedinparallelsothat
theyareoperatedfromthesamemainsvoltage.Thisalsoensuresthattheotherlampscontinuetoworkwhen
oneisfaulty.Thelightingcircuitusesverylowcurrentandthereforethinwiresareusable.Thisisalsothereason
whythelightingcircuitneedsnottohavetheearthwire.Italsohasalowratedfuse,mostly5Afuse.

Atwo-wayswitchcircuit

Inthiscircuit,alampisoperatedbytwoswitchesi.e.onecanputthelamponandtheoffandviceversa.Sucha
circuitisveryconvenientforlightingastaircaseorcorridors.

Notethatallswitchesareconnectedalongthelivewire.

30.3.2:Thecookercircuit

Theelectriccookerandwaterheaterbothusealotmorecurrentandthereforerequireahighratedfuse.Inmost
cases,theyarenormallysuppliedwiththeirowncircuits.Suchcircuitsareusuallyearthedandusethickerwires.

30.3.3:Theringmaincircuit

Thiscircuitsuppliespowertothesocketsaroundthehouse.Italsousesmorecurrentcomparedtothelighting
circuit.

Socketsareusedwithplugs.Therearetwotypesofplugsnamelyatwo-pinplugandathree-pinplug.Atwo-pin
plughasonlythelivepinandtheneutralpinwhileathree-pinplughasinadditiontotheabovetwoanearthpin
whichisnormallylongerthantheothertwopins.Thispinhastworoles:

i.Itisusedtoopentheblinds(socket)fortheothertwopins.

ii.Itisusedtoleakoutthechargeswhichcouldhavedevelopedinthesocket.

E

L Fuse

N

Someplugshaveafuseinsertedinthemalongthelivewiretosafeguardappliancesincaseofexcessivecurrent.

30.4:Thecostofelectricalenergy

Thecostofelectricalenergyconsumeddependsonthepowerratingoftheappliancesusedandthedurationof
use.Theelectricalenergyusedismeasuredbythemeterinkilowatt-hours(kWh).Itisgivenbytheproductof
thepowerinkilowattsandthetimeinhours;

Electricalenergyconsumed=power(kW)xtime(h).

Onekilowatt-hourisalsoreferredtoasoneunit;

1kWh=1unit

Thetotalcostofelectricalenergyconsumedbyahouseholdisgivenbytheproductofthenumberofunits
consumedandthechargesperunit;
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Totalcost=numberofunitsusedxcostperunit.

Example30.3

1.Asixbulbarrangementinahouserunsfor8hourseverynightfor5days.Ifeachbulbisrated100Wandthe
costofelectricalenergyissh.2.60perunit,howmuchwilltheownerofthehousepayattheendofthefivedays?

Electricalenergyconsumed=(6x0.1x8)x5=24kWh

Totalcost=24kWhxsh2.60=ksh.62.40

2.Anelectriccookerhasanovenrated3kW,agrillrated2kWandtworingseachrated500W.Thecooker
operatesfroma240Vmains.Whatisthecostofoperatingallthepartsfor30minutesifelectricitycostsSh1.50
perunit?

Totalunitsconsumed=[3+2+(2x0.5)]x30/60

=3kWh

Totalcost=3kWhxsh1.50

=Ksh4.50

TOPIC31:CATHODERAYSANDCATHODERAYTUBE

31.1:Introduction

Whenametalsurfaceisheated,theelectronsgainenergyandbecomeexcited.Atveryhightemperatures,the
electronsmaybreakofffromtheforceofattractionofthenuclei.Whenheatisusedtoextractelectronsfromthe
surfaceofametal,itisreferredtoasthermionicemission.

Cathoderaysarestreamsoffastmovingelectronsemittedfromthesurfaceofaheatedcathodeinsideavacuum.

31.2:ProductionofCathodeRays.

Cathode Anode Cathoderays

Heater

E.H.T.

Vacuum Fluorescentscreen

Fig.1CathodeRayTube

Cathoderaysareproducedinacathoderaytube.Thecathodeisheatedbytheheateremittingelectronsthrough
thermionicemission.Notethatthecathoderaysarestreamsofnegativelychargedparticles(electrons).Thus
onceemittedatthecathode,theelectronswillbeattractedbytheanodewhichisatapositivepotential.Hence
theroleoftheanodeistoacceleratetheelectronstowardsthescreen.Theanodeisconnectedtoanextrahigh
tension(EHT)source.

Thetubeisevacuated.Thisistopreventtheelectronsfrominteractingwithanyparticlesbeforereachingthe
screen.Thescreeniscoatedusingafluorescentmaterialthatglowswhenstruckbytheelectrons.

31.3:PropertiesofCathodeRays
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1.Theytravelinstraightlines.Whenanopaqueobjectisplacedalongthepathoftherays,asharpshadowofthe
objectisformedonthescreen.

2.Theyarecharged.Hencetheyaredeflectedbybothmagneticandelectricfields.

3.Theyposseskineticenergy.

4.Theycancausecertainsubstancese.gzincsulphidescreentogloworfluoresce.

5.TheycanproduceX-rayswhentheyaresuddenlystoppedbyametaltarget.

31.4:TheCathodeRayOscilloscope(CRO)

Thisisanelectricalinstrumentdevelopedfromthecathoderaytubeandwhichcanbeusedtodisplayand
analyzewaveforms.Itcandisplaybothalternatingcurrentanddirectcurrentwaveforms.Furthermore,itcanbe
usedtomeasurevoltagesthatvaryovertime.

Acathoderayoscilloscopehasthreemaincomponents:

 Theelectrongun.

 Thedeflectingsystem.

 Thedisplaysystem.

Anode Y-plates

Cathode Grid X-plates

Heater

Electrongun Deflectingsystem

Displaysystem

a)Theelectrongun

Itconsistsofthreepartsnamelythecathode,gridandanode.Thecathodeemitselectronsthroughthermionic
emission.Thegridconcentratestheelectronsintoatightbeam.Itisconnectedtothenegativeterminalofthe
EHTandthusitisatanegativepotential.Whenthenegativevoltageofthegridisraised,fewerelectronswill
movetowardsthescreenandthusthespotwillbelessbright.However,whenthegridvoltageislowered,more
electronswillmovetowardsthescreenandthusthespotwillbebrighter.Ingeneral,thegridcontrolstherateof
flowofelectronstothescreeni.e.intensity.

Theanodeontheothersideisatapositivepotentialandisusedtoacceleratetheemittedelectronstowardsthe
screen.Italsofocusestheelectronstoapointonthescreen.

b)Thedeflectingsystem

Thissystemplacestheelectronbeamonthescreen.itcompriseoftwopairsofparallelplatesnamelytheY-plates
andX-plates.

TheY-platesareresponsiblefortheverticaldeflection.Whentheupperplateisatapositivepotentialfor
instance,thebeamisdeflectedupwardswhileifthelowerplateisnowatapositivepotential,thebeamis
deflecteddownwards.However,whenbothplatesareatazeropotentialthebeamwillpassundeflected.
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Electronbeam

TheX-platesareresponsibleforthehorizontaldeflectionoftheelectronbeam.

Electronbeam

Thereisnodeflectionwhenthepotentialdifferenceacrosstheplatesiszerobutdeflectstowardstheplateata
positivepotentialwhenconnectedtoasourceofvoltageasshownonthefigureabove.

IfanalternatingvoltageisappliedsimultaneouslytoboththeYandX-plates,thenthespotonthescreenwould
oscillateupanddownandatthesametimemoveacrossthescreenfromlefttorighttracingawaveonthescreen.
Whenthespotreachestheextremeenditfliesbacktothestartingpointandprocessisrepeated.

Thespeedwithwhichthespotmovesonthescreencanbeadjustedbythetimebaseknob.

31.5:UsesoftheCRO

i. Usedasavoltmeter.

ThetimebaseisswitchedoffwhilethevoltagetobemeasuredisfedthroughtheY-gainoftheCRO.Theapplied
voltagedisplacesthespotverticallyonthescreen.TheY-gaincontrolknobcanbeusedtoamplifythedisplayon
thescreenbysettingittoacertainvalue.ThisisreferredtoasthesensitivityoftheCRO.

Hencethecorrespondingvoltagetothesignalonthescreenisexpressedas;

Voltage(V)=verticaldeflection(cm)xY-gainsettingorsensitivity(volts/cm)

Considerthewaveformshowninthefigurebelow:

Themaximumverticaldeflectionofthesignalis3cmor3divisionsoneitherside.SupposetheY-gainsettingis
50V/cm;

Thenthepeakvoltagerepresentedbythesignal=verticaldisplacement(cm)xY-gainsetting(V/cm).

=3cmx50V/cm=150V

Whenusedasavoltmeter,aCROhasthefollowingadvantagesovertheordinaryvoltmeters:

 Canmeasurebothdirectandalternatingvoltages.

 Canmeasureverylargevoltageswithoutbeingdamaged.
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 Doesnottakeanycurrentinthecircuitsinceithasinfiniteresistance.

 Itrespondsinstantly.Thepointerofordinaryvoltmetersalwaysswingsaboutthecorrectvalue.

ii. Usedtomeasurefrequency

ThesignalwhosefrequencyistobemeasuredisfedintotheY-gainandthetimebaseisswitchedonand
adjustedsothatthewaveformappearsstationaryonthescreen.Supposethetimebasesettingis10ms/cm,it
impliesthatthewavetakes10mstocover1cmhorizontally.Thiscanbeusedtodeterminethetimeofone
wavei.eperiodT.

Recall:frequency=1/periodT.

Intheexampleabove,supposethetimebaseissetat40ms/cm;

Then,periodT=numberofdivisionsfittingonewavextimebasesetting

=4cmx(40/1000)s/cm

=0.16s

Hencefrequencyofthesignal=1/0.16=6.25Hz

OtherusesoftheCROinclude:

 Measurementofsmalltimeintervals.

 Measurementofamplitudesofdirectandalternatingvoltages.

 Displayofelectricalsignalswhosevariationscanbeputintheformofvoltage.

31.6:Thetelevisiontube

Atelevisiontubecomprisesofthreeelectronguns,twosetsofcoilsfordeflectionandafluorescentscreen.There
aretwotypesTVtubesnamelytheblackandwhitetubeandacolouredtube.Thesignalisfedintothetelevision
throughthecontrolgrid.Thisvaryingincomingsignalregulatesthenumberofelectronsbeingemittedbythe
electrongunatanyinstant.Thisinturnregulatesthebrightnessofthespotonthescreen.

Thescreeniscoatedusinggreen,blueandredphosphors.Whenaredcolourisrequiredforinstance,thered
electrongunemitsaredelectronbeamwhichstrikestheredphosphoronthescreen.Thesamehappensfor
greenandbluecolours.

Forwhitecolour,allthethreeelectrongunssimultaneouslyfireelectronstothescreen.However,forblack
colour,nobeamisfiredtothescreen.Therestofthecoloursarejustobtainedfromacombinationofanytwoof
thethreecolours.

Thedeflectionofthebeamsisdonebythetwocoils;oneresponsiblefortheverticaldeflectionandtheotherfor
thehorizontaldeflection.Acurrentisfedintothesecoilsproducingamagneticfield.Astheelectronspass
betweenthecoils,theresultantforceonthemcausesthemtodeviate.

AmagneticfieldispreferredtoanelectricfieldinaTVtubebecauseitgivesawiderdeflectiononthescreenand
thusashortertubecanbeused.



234|Page
©PHYSICSPLUS

TOPIC32:X-RAYS

32.1:Productionofx-rays

X-raysareproducedwhenfastmovingelectronsaresuddenlystoppedbyametaltarget.Atthetimeoftheir
discoverybyaGermanPhysicistRon6tgen,theirnaturewasunknownandhencetheirnamex-rays.Generally,x-
raysareunchargedelectromagneticradiationsofshortwavelengthandhighpenetratingability(power).

X-raysareproducedinanx-raytube:

E.H.T Glasstube

Target

Cathode

Electronbeam Oilout

Lowvoltage Coolingfins

Oilin

Filament X-rays Copperanode

Currentinthefilamentemitselectronsatthecathodebythermionicemission.Theseelectronsarethenattracted
towardstheanodebythehighpotentialdifferencethatexistsbetweenthecathodeandanode.Onstrikingthe
target,theelectronstransfertheirkineticenergytothemetaltarget.About99.5%ofthisenergyisconvertedto
heatatthetargetandonly0.5%oftheenergyisresponsiblefortheproductionofx-rayradiations.

Assuch,thematerialofthetargetmustbeonethathasahighmeltingpointlikemolybdenumortungsten.The
anodeshouldalsobeagoodthermalconductorlikecoppersoastoensureefficientdissipationofheat.

Furthercoolingattheanodeisenhancedbyacirculationofoilaroundtheanodeandthepresenceofcoolingfins.
Insometubes,thetargetismadeinsuchawaytorotatesoastochangethepointofimpactandthusreducewear
andtear.
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Thetargetisinclinedatanangletodirectthex-raysoutofthetube.Theglasstubeisalsoevacuatedtoprevent
interferencewiththeelectronbeambeforereachingthetarget.Thecathodeisconcaveinshapetofocusthe
emittedelectronstothetarget.Thehighpotentialdifferenceisusedtoacceleratetheemittedelectronstowards
theanode.

Thex-raytubeiswellshieldedusingleadwhichabsorbsanystrayraystherebyprotectingtheuser.

32.2:PropertiesofX-rays

-Travelinstraightlineswiththespeedoflightinair;3.0x108m/s.Whenanopaqueobjectlikeaboneisplaced
onthepathofx-raysasharpshadowoftheobjectisformedonthescreen.

-Theycarrynocharge.Hencex-raysarenotdeflectedbyeithermagneticfieldsorelectricfields.

-Ionizeairmoleculesontheirpathsbyknockingoffelectronsinthem.

-Theycausecertainsubstancesandsaltstofluoresce.

-Theycausephotographingemulsion,apropertyusedinx-rayphotography.

-Theycausephotoelectriceffectwhenincidentonthesurfaceofsomemetals.

-Theycanreadilypenetratematter.Thedegreeofpenetrationdependsonthedensityofthematerialandthe
qualityofthex-rays.

-Theyobeythewaveequationv=fλ.

-Theyundergointerference,reflection,refractionanddiffractioneffects.

32.3:EnergyandQualityofx-rays

WhenanelectronofchargeeisacceleratedbyavoltageVappliedacrossthetube,theelectrongainsanamount
ofenergyequivalenttoeV(electronvolts).Thisenergyisconvertedintokineticenergyoftheelectron;

i.eeV=K.E

eV=½mѵ2,wherem-massoftheelectron(m=9.11x10-31kg)andѵ-thevelocityoftheelectron.

Also,accordingtoPlank’stheory,theenergyofanyelectromagneticradiationx-raysincludedisgivenby;

Energy,E=hf,whereh-isPlank’sconstantandf-isthefrequencyoftheradiation.

Henceforx-rays;eV=½mѵ2=hf=hѵ/λ.

Generally,mostenergeticx-raysarethosewithhigherfrequencyorshorterwavelengthwhiletheleast
energeticx-raysarethosewithlowerfrequencyorlongerwavelength.

Theenergyofx-raysdependsontheacceleratingpotentialbetweenthecathodeandtheanode.Thehigherthe
acceleratingpotential,thehighertheenergyoftheelectrons.Sinceitistheenergyoftheelectronsthatis
convertedintox-rays,thehighertheenergyoftheelectronsthehighertheenergyofthex-rays.

X-raysproducedbyhighenergeticelectronsorhighacceleratingvoltagearereferredtoashardx-rays.They
arehighqualityx-rays,haveveryhighfrequencyandhighpenetratingpower.
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X-raysproducedfromlowenergyelectronsorlowacceleratingvoltagearecalledsoftx-rays.Theyarelow
qualityx-rays,havelowenergycontent,lowfrequencyandlowpenetratingpower.

32.4:IntensityofX-rays

Intensityofx-raysreferstothenumberofx-raysproducedpersecond.Itdependsonthenumberofelectrons
strikingthetargetpersecond.Thisiscontrolledbythefilamentcurrent.Thehigherthefilamentcurrentthe
highernumberofelectronsemittedandhencethegreatertheintensityofthex-rays.

32.5:DetectionofX-rays

X-rayscanbedetectedby:

-Usingafluorescentscreen.Thescreenglowswhenstruckbythex-rays.

-Usingaphotographicplate.Theplateisblackenedwhenexposedtox-rays.

32.6:UsesofX-rays

Inmedicine

-Detectionoffractures,displacedbonesorotherstrangeobjectswithinthebody.

-Destructionofcancerousgrowthsandothermalignantgrowths.

-Testingdensitiesofbones.

-Detectionoflungswithtuberculosis.

Inindustries

-Detectionofflawsinmetalsandweldedjoints.

-Checkingpercentagesofcertainelementsinanore.

-Forsecuritychecksinairports.

-Tocheckthepurityorgenuinenessofcertainpreciousstoneslikegold,silveretc.

-Tosterilizesurgicalequipmentbeforepackaging.

-Detectionofleakagesinwaterpipes.

Incrystallography

-Tostudythecrystalstructureofsubstances.

32.7:DangersofX-rays

Excessiveexposureoflivingbodytissuestox-raysmayleadtodamageorkillingofthecells.X-rayscancause
deeprootedburns,mutationandseriousdiseases.

Thesecanbeminimizedby:

1.Limitingtheexposuretimeoflivingtissuestox-rays.
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2.X-raysourcesshouldbewellscreenedorshielded.

Example32.1(takeh=6.63x10-34Js,e=1.6x10-19C,me=9.11x10
-31kgandѵ=3.0x108m/s)

1.Calculatetheenergyofx-rayswhosefrequencyis3x1016Hz.

E=hf=6.63x10-34Jsx3x1016Hz

=1.989x10-17J

2.Inanx-raytube,anelectronisacceleratedbyapotentialdifferenceof1kV.

a)Determinethevelocityoftheelectronasitisreachingthetarget.

eV=½mѵ2

1.6x10-19Cx1000V=½x9.11x10-31kgxѵ2

ѵ2=3.5126x1014

ѵ=

b)Howmuchkineticenergywilltheelectronhaveacquiredwhenithitsthetarget?

eV=K.E=1.6x10-19Cx1000V

=1.6x10-16J

3.Explainhowyoucanincrease:

a)Qualityofx-rays.

Byincreasingtheacceleratingpotentialbetweenthecathodeandtheanode.

b)Intensityofthex-rays.

Byincreasingthefilamentcurrentsothatmoreelectronsareemittedperunittime.

4.Anx-raytubeoperatesat10kVandacurrentof15mA.Calculatethenumberofelectronshittingthetargetper
second.

I=ne

15x10-3A=nx1.6x10-19C

n=9.375x1016electrons.

5.Anx-raytubeoperatesat20kV.Whatistheshortestwavelengthinitsx-raybeam?

eV=hѵ/λ

1.6x10-19x20000V=(6.63x10-34Jsx3.0x108)/λ

λ=6.2156x10-11m

6.Stateanydifferencesbetweenx-raysandcathoderays.

-X-raysareunchargedwhilecathoderaysarecharged.
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-X-raysareproducedinanx-raytubewhilecathoderaysareproducedinacathoderaytube.

TOPIC33:PHOTOELECTRICEFFECT

33.1:Photoelectricemission

Wehavealreadyseenthatwhenametalsurfaceisheatedtoacertainextent,electronsaredislodged.Thisis
calledthermionicemission.Similarlywhenametalsurfaceisirradiatedusinganelectromagneticradiationofa
certainamountofenergy,electronsareemitted.Thisprocessiscalledphotoelectricemissionoreffect.The
energyoftheradiationistransferredtotheelectronsintheatomsofthemetal.Theelectronsgainenoughenergy
andgetdislodgedfromthemetalsurface.Theseelectronsarecalledphotoelectrons.

Photoelectricemissioncanbeshownbythefollowingset-ups:

33.1.1:Usingagalvanometer

UVRadiation

WhentheUVradiationisincidentonthemetalplateA,electronsareemittedwhicharethenattractedtowards
plateBduetoitspositivepotential.Thiscompletesthecircuitandthegalvanometerdeflects.

However,whenaglassbarrierisplacedalongthepathoftheUVradiationnodeflectionwillbeobservedasthe
glasscutsofftheradiationfromreachingthemetalplatehencenophotoelectronsareemitted.

B

A
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33.1.2:Usingacleanzincplateandunchargedelectroscope.

UVradiation

Cleanzincplate

WhenUVradiationisincidentonthecleanzincplate,electronsaredislodgedfromthezincplate.Thezincplate
thusloseselectrons.Someelectronsarethenattractedfromtheplateandleafoftheelectroscopetowardsthe
zincplateleavingtheelectroscopepositivelycharged.Hencetheleafoftheelectroscopediverges.

33.1.3:Usingacleanzincplateandachargedelectroscope

UVradiation Cleanzincplate

TheUVradiationdislodgeselectronsfromthesurfaceofthezincplateleavingitwithadeficitofelectrons.Itthen
attractssomeelectronsfromtheleafoftheelectroscope.Thisineffectdischargestheelectroscopeandtheleaf
divergencereduceswithtime.

However,whenapositivelychargedelectroscopeisused,theUVradiationdislodgeselectronswhichare
immediatelyattractedbackbythepositivechargesontheelectroscope.Thustheleafdivergenceremains
unchanged.

UVradiation Cleanzincplate

33.2:ThequantumtheoryandEinstein’sequation

ThistheorywasadvancedbyMaxPlank.Hesaysthatelectromagneticradiationslikelightarepropagatedin
smallpacketsofenergycalledquanta[singular-quantum].Theamountofenergyofaquantumisreferredtoasa
photon.

AccordingtoPlank,theenergyofaphotonisdirectlyproportionaltothefrequencyoftheradiation;

Eαf

Thus,E=hf:wherehisPlank’sconstant[i.eh=6.63x10-34Js].
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Sinceallelectromagneticradiationsobeytheequationc=fλ;

E=hc/λ,wherecisthevelocityoftheradiationinavacuumandλisthewavelength.

Hencethelargerthefrequency[theshorterthewavelength]thegreatertheenergyofaradiation.

Notethatalltheenergyofonephotonisabsorbedbyoneelectron.Thisimpliesthattheenergyoftheradiation
mustbesufficienttodislodgeanelectronfromthesurfaceofthemetalotherwisenoelectronwouldbeemitted.
Electronsofvariousmetalsrequiredifferentamountsofenergytobeemitted.

Theminimumenergyrequirementofanymetaltoemitanelectronisreferredtoastheworkfunction,w0ofthat
metal.Thisimpliesthattheradiationbeingusedmustmeetacertainminimumfrequencybelowwhichno
photoemissionoccurs.Thisminimumfrequencyiscalledthethresholdfrequency,f0.

Henceworkfunction,w0=hf0.

Foranyradiationoffrequencyfwhichislessthanthethresholdfrequencyf0ofthemetalsurface,theenergy,hf
oftheradiationwillbelessthantheworkfunction,w0ofthemetal.Hencenophotoemissiontakesplace.
However,whenthefrequency,foftheradiationisgreaterthanthethresholdfrequencyf0ofthemetal,thenthe
amountofenergyequilaventtotheworkfunctionofthemetalwillbeusedtoemitanelectronandtherestofthe
energywillbeconvertedintokineticenergyoftheelectron.

i.eenergyoftheradiation=workfunction+kineticenergyoftheelectron.

E=w0+k.e

hf=hf0+½mѵ
2,wherem-massofanelectron(9.11x10-31kg)andѵ-thevelocityoftheelectron.

ThisequationisknownasEinstein’sequationofphotoelectricemission.

Alternatively,theradiationbeingusedmustnotexceedacertainmaximumwavelengthforphotoemissionto
occur[recallw0=hf0=hc/λ0].thisiscalledthresholdwavelength.

Thekineticenergyofanelectronissometimesexpressedintermsofelectron-volt(eV).Itisthekineticenergy
gainedbyanelectronwhenitpassesthroughapotentialdifferenceofonevolt;

i.e1eV=[1Vx(1.602x10-19C)]=1.602x10-19J.

Example33.1

1.Calculatetheenergyofaphotonoflightoffrequency5.0x1014Hzin(a)joules(b)electron-volt.

a)E=hf=6.63x10-34x5.0x1014=3.315x10-19J

b){(3.315x10-19Jx1eV)/(1.602x10-19J)}=2.0693eV

2.Lightoffrequency4.3x1014Hzisirradiatedonasurfaceofmetalwhoseworkfunctionis2.6eV.Explain
whetherphotoelectricemissionwilloccurornot.

Energyoftheradiation=hf=[6.63x10-34x4.3x1014]/[1.602x10-19J]=1.7796eV

Sincetheenergyoftheradiationislessthantheworkfunction,nophotoelectricemissionwilloccur.

Alternatively;

Workfunction=hf0=2.6x1.602x10
-19
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f0=[2.6x1.602x10
-19]/[6.63x10-34]=6.2824x1014Hz

Sincethefrequencyoftheradiationislessthanthethresholdfrequencyofthemetal,thereisno
photoelectricemission.

33.3:Factorsaffectingphotoelectricemission

Therearethreemainfactorsaffectingphotoelectricemissionnamely:

- Energyoftheradiation

- Intensityoftheradiation

- Typeornatureofthemetal

33.3.1:Energyoftheradiation

Theamountofenergyoftheemittedelectronsisdirectlyproportionaltothefrequencyoftheradiation.Thiscan
beshownbyusingradiationsofdifferentfrequenciesandinvestigatingthestoppingpotentialforeachradiation.
Stoppingpotentialisthepotentialdifferenceatwhichnoneoftheemittedelectronsreachtheanode.

Colourfilter

Variousfiltersareusedinturntogivelightofdifferentfrequencies.Foreachfilter,thevariableresistorisusedto
varytheresistanceuntilnocurrentisregisteredbythemicro-ammeter.Notethatthesourceofd.cvoltageis
connectedinsuchawaythatitopposestheflowoftheejectedelectronsi.eitworksagainstthekineticenergyof
theejectedelectrons.

Theabsenceofareadingonthemicro-ammeterindicatesnoflowofelectrons.

Hence,whennoelectronflows;eVs=k.e

eVs=½mѵ
2.

SubstitutedintheEinstein’sequation,weobtain:

hf=hf0+eVs.

Belowisatypicalresultobtainedbyusingdifferentcolourfiltersofdifferentfrequenciesandtheir
correspondingstoppingpotentials:

Frequency,f(x1014)Hz 1.65 1.34 1.17 1.00

Stoppingpotential,Vs(V) 0.20 0.40 0.60 0.98

WhenagraphofthestoppingpotentialVsagainstfrequencyisplotted,thegraphwouldappearasshownbelow:

v

µ
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Stoppingpotential Slope=ΔVs/Δf=h/e

[Vs]

0

f0 Frequency,f[x1014Hz]

-w0/e

33.3.2:Intensityoftheradiation

Itisdefinedastherateofenergyflowperunitareawhentheradiationisnormaltothesurface(area);

Intensity=E/At

ButE/t=power,P.

Hence,Intensity=P/t.

Supposethesourceoftheradiationisadistancerfromthemetalplate,thentheintensityoftheradiationis
inverselyproportionaltothesquareofthedistancer;

Iα1/r2.

Thusasthedistancerdecreasestheintensityoftheradiationincreasesandhencethevalueofthecurrentis
increased.

r

33.3.3:Thetype(nature)ofthemetal

Eachmetalhasitsownworkfunctionandhencethresholdfrequency.Iftheenergyoftheradiationstrikingthe
metalisbelowitsworkfunctionthennoelectronwillbeejecteddespiteitsintensity.

Example33.2

1.Thethresholdwavelengthofaphotoemissivesurfaceis0.45µm.calculate:

a.Thethresholdfrequencyofthesurface.

f0=c/λ0=[3.0x10
8m/s]/[0.45x10-6m]

=6.67x1014Hz.

b.TheworkfunctionofthesurfaceineV.
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W0=hf0=[6.63x10
-34x6.67x1014]/[1.602x10-19]=2.76eV

c.Theminimumspeedwithwhichaphotoelectronisemittedifthefrequencyoftheradiationis7.5x1014Hz.

6.63x10-34x7.5x1014=[6.63x10-34x6.67x1014]+[½x9.11x10-31xѵ2]

Ѵ=[12.081x1010]½=3.4754x105m/s.

9.4:Applicationsofphotoelectriceffect

33.4.1:Photoemissivecell

Itconsistsofacathodeandananode.Whenlightfallsonaphotosensitivecathode,electronsaredislodgedwhich
arethenattractedbytheanode.Thiscompletesanexternalcircuitandcurrentflows.Whenabodypasses
betweenthecathodeandthesourceoflight,thelightiscutoffandnophotoemissiontakesplace.

Suchcellscanbeusedin:

 Automaticopeningofdoors

 Burglaralarmsforsecurity

 Automatedcountingmachine

 Reproductionofsoundfromafilm.

Belowisthesymbolofaphotoemissivecell.

33.4.2:Photovoltaiccells

Goldfilm

Copperoxide

Copper

Lightstrikesthecellonthegoldfilmsidewhichemitselectronsfromthecopperoxidesurface.Thecopperoxide
thusacquiresanegativepotentialandcopperapositivepotential.Apotentialdifferenceisthereforecreatedand
acurrentflowsthroughawireconnectingthegoldfilmandthecopperexternally.

Belowisthesymbolofaphotovoltaiccell:

33.4.3:Photo-conductivecell
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Itisalsocalledthelightdependentresistor.Theresistanceofthecellvarieswithintensityofthelightfallingonit.
Indarkness,theresistanceofthecellisgreatestandleastonabrightlight.Belowisthesymbolofthephoto-
conductivecell:

Lightdependentresistorcanbeusedinoperatingstreetlights,firealarms,detectionandmeasurementofinfra
redradiation.

TOPIC34:RADIOACTIVITY

34.1:Introduction

AnatomXofmassnumberAandatomicnumberZcanberepresentedas.Ifthenumberofneutronsinthe
nucleusisN,then:

A=Z+N.

Someatomshavethesamenumberofprotonsinthenucleusyetdifferentmassnumbers.Suchatomsare
referredtoasisotopes.Examplesofisotopesincludecarbon-12andcarbon-14.Theenergyholdingtheprotons
andneutronstogetherinthenucleusiscalledthebindingornuclearenergy.

Whentheratioofthenumberofprotonstothenumberofneutronsinanucleusisabout1:1,thenuclideissaid
tobestable,otherwiseitisanunstable.Forunstablenucleus,ithastoundergodisintegrationaprocesscalled
radioactivity.Radioactivityisthespontaneousdisintegrationofthenucleusofunstableatomtorelease
radiations.

Intheprocessofradioactivity,therearethreeradiationswhichmaybeemittednamelyalpha(α),beta(β)and
gamma(γ)radiations.Theirbehaviorcanbeobservedwhentheyarepassedthroughamagneticorelectricfield.

P

Q

R

+

-
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Radioactivesource

P-Betaradiation

Q-Gammaradiation

R-Alpharadiation

Alpharadiations:

 Arepositivelycharged.

 Aremassiveorheavyandthushaveshorterrangeinair.Theyareslightlydeflectedbystrongmagnetic
orelectricfieldduetotheirhighermass.

 Causethehighestionizationeffectontheparticlesontheirpathscomparedtobetaandgamma
radiations,therebylosingmostoftheirenergy.

 Havetheleastpenetratingabilityorpowercomparedtotheothertworadiations.Theycanbestoopedby
athicksheetofpaper.

Betaradiations:

 Arenegativelycharged.

 Arelightercomparedtoalpharadiations.Hencetheyaregreatlydeflectedbystrongmagneticorelectric
field.

 Havelongerrangeinair.

 Causelessionizationcomparedtoalpharadiations.Hencetheyhaveahigherpenetratingabilityor
power.Theycanpenetrateathicksheetofpaperbutcanbestoppedbyathinaluminiumfoil.

Gammaradiations:

 Aremasslessanddonothavecharge.Hencetheyarenotdeflectedbybothmagneticandelectricfields.

 Areelectromagneticwaves.

 Causeverylittleionization.Hencemostoftheirenergyisintact.Theyhavethehighestpenetratingability
orpowerofallthethreeradiations.Theycanpenetratethickpaperandaluminiumbutisstoppedby
thicklead.

34.2:Radioactivedecayandthedecayequations

Theoriginalatombeforethedecayprocessisreferredtoastheparent/mothernuclideandtheproductis
referredtoasthedaughternuclide.Aradioactivedecayprocessconsistsofaparentnuclide,adaughternuclide
andtheemittedradiation(s).

+Emittedradiation(s)

WhereX-theparentnuclide

Y-thedaughternuclide

Notethataparticularradioactivedecayprocessmustnotnecessarilyemitallthethreeradiations.

Supposearadioactivedecayprocesstakestheformshownbytheequationbelow:

+,whereXistheparentnuclide,YisthedaughternuclideandQistheemittedradiation;
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Then,A=m+aandZ=n+b.

Radioactivedecayisnotdependentonphysicalfactorslikepressure,temperatureorchemicalcompositionofthe
nuclide.

Therearethreetypesofradioactivedecay:

34.2.1:Alphadecay

Thisdecayprocessemitsalpharadiation(s).Alpharadiationisthenucleusofaheliumatomrepresentedby.Ifa
nuclidedecaysbyreleasinganalphaparticle,themassnumberoftheparentnuclideisreducedby4while
atomicnumberisreducedby2;

α +

Example34.1

α +

α +

34.2.2:Betadecay

Whenanatomundergoesbetadecay,itemitsabetaparticle.Abetaparticleisafastmovingelectronrepresented
by.Themassnumberofsuchanuclideremainsthesamewhileitsatomicnumberincreasesbyone(1).

β+.

Example34.2

β+

β+

34.2.3:Gammadecay

Gammadecaydoesnothaveanyeffectonthemassnumberoratomicnumberofthenuclide.Insteadthenuclide
attainsstabilitybysimplyreleasingenergyintheformofgammaradiation.

γ +gammaradiation.

Example34.3

γ +γ

Example34.4

1.Uranium,undergoesadecayemittingalphaandbetaparticlestobecomelead.Calculatethenumberof
alphaandbetaparticlesemitted.

+x()+y()

228=208+4x+0

x=20/4=5alphaparticles

Also92=82+2x-y
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y=82+10-92=0

Therewasnobetaparticleemitted.

2.Uranium,decaystopolonium,byemittingalphaparticles.Writedownthenuclideequationtorepresent
thedecayprocess.Hencedeterminethenumberofalphaparticlesemitted.

α +x()

234=218+4x

x=16/4=4alphaparticles.

Alternatively,92=84+2x

x=8/2=4alphaparticles.

34.3:Radiationdetectors

Belowaresomeoftheradiationdetectors:

34.3.1:Aphotographicfilm

Whenradioactiveradiationsstrikeaphotographicfilm,theycausephotographicemulsioni.ethefilmis
blackened.

34.3.2:Theleafelectroscope

Wehavealreadyseenthatalphaandbetaparticlescanionizeparticlesontheirpaths.Thisproducesions.Ifa
sourceoftheseradiationsisbroughtnearthecapofachargedelectroscope,theelectroscoperepelsionsof
similarchargebutattractsthoseoftheoppositecharge.Thisneutralizestheelectroscopeandtheleaffalls.

Thismethodismostsuitableforalphaparticlessincetheycausethehighestionizationbutisnotsuitablefor
gammaradiationsbecausetheycausetheleastionization.

34.3.3:TheGeigerMuller(GM)tube

Toratemeter Aluminiumtube(Cathode)

Thinmicawindow

Protectivegauze

400V

Insulatedbase Anode Argongasatlowpressure(withlittlebromine)

Theradiationentersthetubethroughthethinmicawindow.Theradiationionizesargongas.Oppositeionsare
attractedtoeitherthecathodeortheanodemakingapulseofcurrenttoflow.Astheseionsmovetowardseither
electrode,theycontinueionizingtheargongasproducingmoreions.Thecurrentispassedthroughanamplifier
andthentoaratemeterwhereitisregistered.

Notethatonlyonepulseshouldberegisteredforeachionizingparticleenteringthetube.However,duetothe
highenergycontentofthepositiveions,moreelectronsmaybeliberatedfromthesurfaceofthecathodewhen
struckbythepositiveions.Suchelectronsarecalledsecondaryelectrons.Thesecancausefurtherionization
renderingthepulseregisteredincorrect.

Tocounterthis,bromineisusedwhichactsasaquenchingagent,absorbingtheenergyofthepositiveions
beforetheyreachthecathode.
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Thismethodisnotsuitablefordetectionofgammaradiationsduetoitslowionizationeffect.

34.3.4:Thediffusioncloudchamber

Blackmetalbase Perspexlid Radioactivesource

Feltringsoakedinalcohol

Lightsource

Dryice[solidcarbon(iv)oxide]

Sponge

Wedge

Removablebase

Thisdetectorusestheconceptthatwhenanionizingradiationpassesthroughairwithsaturatedvapour,then
thevapourisobservedtocondenseontheionsformed.Thisexplainswhyaeroplanessometimeleavetrailsof
cloudbehindthemastheymovethroughsupersaturatedair.

Inthediffusioncloudchamber,alcoholvaporizesanddiffusestowardsblackmetalbase.Whenachargedparticle
fromtheradioactivesource;eitheralphaorbetaparticle,knockstheairparticlesionsareproduced.The
vaporizedalcoholcondensesontheformedions.Sincepositiveionsareheavy,theyremainbehindforming
trackswhichcanbeclearlyseenthroughthePerspexlid.Toenhancevisibility,asourceoflightisusedto
illuminatethechamber.

Thedryiceisusedtokeeptheblackmetalbasecoolwhilethespongeisusedtokeepthedryiceincontactwith
theblackmetalbase.

Eachradiationwillproduceaspecifictrackasshownbelow:

Tracksduetoalpharadiation

Theyare:

- Short,indicatingtheirshorterrangeinair.

- Straight;duetotheirmassitisnoteasytodisplacethemfromtheirpathbyairparticles.

- Thick,toshowtheyareheavyparticles.

Tracksduetobetaradiation
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Theyare:

- Long,indicatingtheirlongerrangeinair.

- Thin,indicationoftheirlowermass.

- Irregularindirection(notstraight),meaningthattheycanbedisplacedbyairparticles.

Tracksduetogammaradiation

Tracksduetogammaradiationaregenerallyscantyanddisjointed.Thesetracksdonotcomedirectlyfromthe
sourcebutfromelectronsreleasedbythegasatomswhentheyarestruckbygammaradiation.Theelectrons
thenproducetheirowntracks.

34.4:Backgroundradiation

Sometimesevenintheabsenceofaradioactivesourcenearby,aGMtubemaystillregistersomeradiations.This
iscalledbackgroundradiationanditispresentwithintheatmosphere.Someofthecausesofbackground
radiationincluderadioactivesubstancesinair,groundandbricksofbuildings,cosmicrays,sun’sradiations,
somerocks,naturalandartificialradioisotopesetc.

34.5:Thedecaylaw

Aradioactivedecayoccursbychancei.eitisnon-predictable.Thedecaystates:therateofdisintegrationatany
giventimeisdirectlyproportionaltothenumberofnuclidesremainingundecayed;

δN/δtα-N

δN/δt=-λN,whereN-isthenumberofnuclidesundecayed(remaining)andλ-isthedecayconstant.

NotethatthenegativesignindicatesthatthenumberNisdecreasingwithtime.

δN/δtisreferredtoastheactivityofthematerial.

Theaboveequationcanberearrangedas;

δN/N=-λδt

SupposeN0nuclidesreducetoNnuclidesbetweenatimet=0andt=Tinadecayprocess,thenbyintegrationwe
have;

δN/N=-λδt

=-λ

InN-InN0=-λ[0-T]

In(N/N0)=-λ[0-T]=λT

N/N0=e
λT

N=N0e
λt

34.6:Halflife,t½
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Thisisthetimetakenforhalfthenumberofnuclidesinitiallypresentinagivenradioactivesampletodecay.

Fromtheequation,N=N0e
λt;

Whent=t½,N=½N0.

Then,½N0=N0e
λt½

ThusIn½=λt½

0.693=λt½

Andt½=0.693/λ,whereλisthedecayconstant.

Itcanalsobeshownthat,N=N0(½)
T/t½

AgraphofthenumberofnuclidesremainingNagainsttimeTappearsasshownbelow:

N0

Countrate½N0

0t½ TimeT

Inordertoplotthecorrectgraph,itisadvisabletofirstsubtractthebackgroundradiationifdoesexistfromeach
countratebeforeplottingthevalues.Thiswillensurethatonlycountrateduetotheradioactivematerialisused
toplotthegraph.Thisisbecausethevalueofthebackgroundradiationusuallyfluctuates.

Example34.5

1.Aradioactivesubstanceisfoundtohaveanactivityof360countspersecond.30minuteslater,itwas
45countspersecond.Determineitshalflife.

360 t½ 180 t½ 90 t½ 45

Hence3t½=30minutes

t½=30/3=10minutes.

Alternatively

N=N0(½)
T/t½

45=360(½)30/t½

2-3=2-30/t½

-3=-30/t½

t½=-30/-3=10minutes

2.Aradioactivesubstancehasahalflifeof10hours.Calculatethepercentageofthesamplethatremainsafter
25hours.

N=N0(½)
25/10

Butpercentageofthesampleremainingafter25hrsisgivenby;[N/N0]*100
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Hence[{N0(½)
25/10}/N0]*100=17.68%

3.AGMtubeisusedtomeasurethedecayofacertainradioactivesubstanceandtheresultsareasshowninthe
tablebelow.Thebackgroundradiationis25countsperhour.

Time(hrs) 0 1 2 3 4 5

Countrate(counts/h) 425 255 175 105 73 51

Plotagraphofcountrateagainsttimeanduseittodeterminethehalflifeofthematerial.

34.7:Nuclearfusionandfission

Nuclearfusioniswherelightnucleicombinetoformaheaviernucleus.Theprocessisaccompaniedbythe
releaseoflargeamountsofenergy.Exampleisthefusionoflithiumandhydrogentogivehelium.

+++Energy

Nuclearfissionoccurswhenanucleussplitsintosmallermorestablenuclei.Thishappensbythenucleus
absorbinganeutron.Duringnuclearfission,thebindingenergyisreleased.Exampleisthefissionofuranium-
235;

+++3()+Energy

Nuclearfissionistheprincipleonwhichhydrogenbombswork.Thisprocessifnotcontrolledmayleadto
explosions.

34.8:Applicationsofradioactivity

Inmedicine:

 Gammarayscanbeusedtocontrolcancerousgrowthsinthehumanbody.

 Gammarayscanbeusedtosterilizesurgicalequipment.

 Canbeusedtomonitorbloodcirculationdisordersandthefunctioningofthyroidgland.

Incarbondating-itusestheratioofcarbon-12tocarbon-14toestimatetheagesoffossils.

Pipeleakages-thecontentbeingtransportedthroughthepipeismixedwithsomeradioactivesubstancewhich
canbedetectedbyaradiationdetectoronthegroundaroundtheareaofleakage.

InAgriculture-aradiationdetectorcanbeusedtomonitortheuptakeofmineralsintroducedtoplantsbymixing
itwithsomeweakradioactivesubstance.Gammarayscanalsobeusedtokillpestsormakethemsterile.

Determinationofthicknessesofthinmetalsheets,paperorplastics-aGMtubeisusedtomeasurethethickness
ofthemetalplates,paperorplastic.ThesourceofradiationisplacedononesidewhiletheGMtubeisplacedon
theoppositeside.Themetalplateispassedbetweenthesourceandthedetector.Thecountrateregisteredisa
measureofthethicknessofthemetalplate.Tobemoreefficient,athicknessgaugecanbeadaptedwhich
automaticallycontrolsthethicknessofthemetalfoils,paperorplastics.

34.9:Hazardsofradioactivityandtheirremedy

Theeffectsofradiationonahumanbodydependson:

 Thenatureoftheradiation,

 Dosageand
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 Partofthebodyirradiated.

Excessiveexposureofbodycellstoradiationscanleadtoburneffectsorgeneticdamage.Extremeheavydoses
canbefatal.Therecouldalsobedelayedeffectssuchascancer,leukemiaandhereditarydefects.

Gammaraysandbetaradiationaremoredangerouscomparedtoalpharadiationduetotheirhighdegreeof
penetration.

Precautionsshouldthereforebetakenwhenhandlingradioactivematerials.Theseinclude:

 Alwaysuseforcepstohandleradioactivematerials.Neverusebarehandstoholdsuchmaterials.

 Keepradioactivematerialsinthickleadboxes.

 Useradiationabsorbersinhospitalsandresearchlaboratories.

 Reducetimespentnearradiationsources.

TOPIC35:ELECTRONICS

35.1:Introduction

Thistopicisaboutelectroniccircuitsandtheirapplications.Preciselyitlooksattheelectricalconductivityof
materials.Underthistitle,materialscanbeclassifiedintothreegroups:

 Conductors

 Semiconductors

 Insulators

Conductorsarethosematerialswhichallowcurrenttoflowthroughthemeasily.Theyaremainlymetalslike
copper.

Materialswhichdonotallowcurrenttoflowthroughthemcompletelyarereferredtoasinsulators.Theyinclude
plastic,paper,drywood,rubberetc.

Semiconductorsarethosematerialswhoseelectricalconductivityliesbetweenthatofgoodconductorsand
insulators.Theyincludesilicon,germaniumetc.

Accordingtotheenergybandtheory,whentwoatomsarebroughtclosertooneanother,theenergylevels
aroundthenucleussplitintosmallersub-levelscalledbands.Theouterenergylevelsplitsmoreeasilygiving
manybandscomparedtotheinnerlevels.

3 3

2

1

2
1
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Therearetwoimportantbandsinanymaterialwhichdetermineitselectrical,opticalandmagneticproperties.
Thesearethevalenceandconductionbandswhichareseparatedbyaforbiddengap.

35.2:Semiconductors

Semiconductorsarethosematerialswhoseelectricalconductivityliesbetweenthatofgoodconductorsand
insulators.Theyhaveasmallerforbiddengap.Thevalencebandisalmostcompletelyfilledwithelectronswhile
theconductionbandhasalmostnoelectrons.

Whenthetemperatureofthesemiconductorisraisedtheelectronsgainmoreenergyandareabletomovefrom
thevalencebandacrosstheforbiddengaptotheconductionband.Thisincreasestheelectricalconductivityof
thesemiconductor.Henceconductivityofsemiconductorsincreaseswithtemperature.

Whenanelectronjumpsfromthevalencebandintotheconductionband,aholeisleftinitsplace.Thisistreated
asapositivecharge.Anotherelectroninthevalencebandmayjumpintotheholeformedcreatinganotherhole
whichmaybefilledbyyetanotherelectronandtheprocesscontinues.

Themovementoftheelectronsgenerateselectroncurrentwhilethatofholesconstituteholecurrent.Thusthe
netflowofcurrentinsemiconductorsisduetotheflowofelectronsandholes.

Valenceband Hole

Forbiddengap

Conductionband

Therearetwotypesofsemiconductorsasdiscussedbelow:

35.2.1:Intrinsicsemiconductors

Thesearepuresemiconductorswhoseelectricalconductivitycanbeenhancedbyincreasingthetemperatureof
thesemiconductor.Theyincludesilicon,germaniumetc.Theyhavefourelectronsintheiroutermostenergylevel.
Theirelectricalconductivityisdependentontheelectron-holepairmovement.Theelectronsandtheholesare
referredtoaschargecarriers.Atroomtemperature,intrinsicsemiconductorsareinsulators.

35.2.2:Extrinsicsemiconductors

Thesearesemiconductorsobtainedwhenasmallamountofimpurityisaddedtoanintrinsicsemiconductor.The
processofaddinganimpuritytoapuresemiconductortoimproveitselectricalconductivityisreferredtoas
doping.Generallyanextrinsicsemiconductorisanimpuresemiconductor.

Theimpuritycaneitherbeagroupthreeelemente.gboron,galliumandindiumoragroupfiveelemente.g
phosphorous,antimonyetc.

 Dopingusingagroupthreeelement

Whensiliconisdopedusingagroupthreeelementlikeboron,allthethreeelectronsontheoutermostenergy
levelofboronatomparticipateinbondingwiththeneighboringatomswhilesiliconwillhaveanextraelectron.A
vacancywillthereforeexistduetothemissingelectron.Thisistreatedasahole.Thisholeisresponsibleforthe
electricalconductivityofthedopedsemiconductor.Henceholesarethemajoritychargecarrierswhileelectrons
aretheminoritychargecarriers.Suchanimpurityiscalledanacceptorimpuritybecausetheycreateahole
whichcanacceptanelectron.

Anextrinsicsemiconductorinwhichthemajoritychargecarriersareholesiscalledap-typesemiconductor.

e- e- e- e- e- e- e- e- e-

e- e-

e-
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Boron

Hole

 Dopingusingagroupfiveelement

Whenapuresemiconductorisdopedusingagroupfiveelementlikephosphoroushavingfiveelectronsintheir
outermostenergylevels,fouroftheelectronsparticipateinbondingwiththeneighboringatomswhilethe
remainingelectronisusedforelectricalconductivityinthesemiconductor.Henceelectronswillbethemajority
chargecarrierswhileholeswillbetheminoritychargecarriers.Theimpurityisreferredtoasadonorimpurity
sinceitdonatesanelectronforelectricalconductivity.

Theresultantsemiconductorisknownasann-typesemiconductor.

Notethatbothp-typeandn-typesemiconductorsareelectricallyneutralsincetheimpuritiesaddedhavethe
samenumberofelectronsasthereareprotons.

35.3:AP-NJunctiondiode

Ap-njunctiondiodecanbeobtainedwhenanintrinsicsemiconductorisdopedsimultaneouslyusingatrivalent
andpentavalentimpuritiessuchthatonehalfformsap-typesemiconductorwhiletheremaininghalfformsann-
typesemiconductorrespectively.Theboundarybetweenthep-sideandthen-sideisreferredtoasap-njunction.

p-njunction

p-type

n-type

Immediatelythejunctionisformed,aregioncalleddepletionlayerisformedwhichpreventsthefreemovement
ofelectronsandholesacrossthejunction.Thusthedepletionlayerdevelopsapotentialbarrieratthejunction.It
actsasaninsulator.Forholestocrosstothen-sideandelectronstothep-side,thepotentialbarriermustbe
overcome.

Thesymbolofap-njunctiondiodeappearsasshownbelow:

Whenap-njunctiondiodeisconnectedtoapowersupplyitissaidtohavebeenbiased.Ap-njunctiondiode
allowscurrenttoflowonlyinonedirectionwhenthep-sideisconnectedtothepositiveterminalofthepower

SP

S

S

S
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sourceandn-sidetothenegativeterminalofthepowersource.Whenconnectedthisway,thediodeissaidtobe
forwardbiased.

Thecellprovidestheenergyfortheelectronstoovercomethepotentialbarrierandtheholesarealsoableto
crossovertothen-sidetherebycompletingthecircuit.Theelectronsandholesareattractedtotheoppositeends.
Thethicknessofthedepletionlayerisreducedandthechargesflowwithalotofease.

However,whentheterminalsofthecellarereversedsuchthatthen-sideisconnectedtothepositiveterminal
andthep-sidetothenegativeterminalofthecell,thenthediodeissaidtobereversebiased.

Whenthediodeisconnectedinthismanner,theholesinthep-typeareattractedawayfromthejunctionbythe
externalnegativepotential.Also,electronsareattractedawayfromthejunctionbytheexternalpositivepotential.
Thisincreasesthethicknessofthedepletionlayer.Thusthepotentialbarrierandhencetheresistanceofthe
functionisincreased.Averysmallcurrent(leakagecurrent)mayflowinthecircuitduetotheflowofminority
chargecarriers.

35.4:DiodeCharacteristics

Thisistherelationshipbetweencurrentandvoltageacrossadiodewhenconnectedtoapowersource.Theset
upbelowshowsacircuitinwhichadiodehasbeenforwardbiased:

Whentheswitchisclosed,currentflowsthroughthediodesinceitisforwardbiasedanditisrecordedbythe
milliammeter.Thevoltageacrossthediodeismeasuredbythevoltmeter.Thevariableresistorisusedtovary
thecurrentthroughthecircuit.Whenagraphofcurrentagainstvoltageisplotted,thegraphwillbeacurveas

e- e-e-
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shownbelow:

Current(mA)

VC Voltage(V)

Initiallyastheforwardvoltageisincreasedfromzero,nocurrentisregisteredbecausethevoltageisinsufficient
toovercomethepotentialbarrier.Whenthepotentialbarrieriscompletelyovercomecurrentstarttoincrease.
Thevoltageatwhichthepotentialbarrierisovercomeisreferredtoasthecut-involtage(Vc).Chargesthereafter
floweasilyacrossthejunction.

Sincethegraphisnon-linear,itimpliesthatadiodeisnon-ohmici.eitdoesnotobeyOhm’slaw.

However,whenthediodeisreversebiasedasmallcurrentcalledleakagecurrentflows.Asthereversevoltageis
increasedthesizeofthecurrentremainsthesameuntilacertainvaluewhenanappreciableamountofcurrent
startstoflow.Thisvoltageiscalledthezener/breakdownvoltage(VB).Atthisvoltagethediodeisdamagedand
thereforeconductselectriccurrentirrespectiveofthetypeofbiasing.

VB

Thediodecharacteristicscanbesummarizedbythecombinedgraphshownbelow:

+I

Reversebiasvoltage VB VCForwardbiasvoltage

-I

Example35.1

1.Calculatethecurrentflowingthroughthe2Ω,8Ωand3Ωresistorsinthefigurebelow.Assumethediodesare
ideal.Hencefindthevoltagedropacrosseachresistor.

D2

D1

10V

D1isreversebiasedwhileD2forwardbiased.

8Ω

3

2Ω
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Hence;I3Ω=0A

I2Ω=I8Ω=10/(2+8)=1A

Also,V3Ω=0V

V2Ω=1x2=2V

V8Ω=1x8=8V

35.5:Applicationsofdiodes

Diodesareusedinrectification.Rectificationreferstotheprocessofconversionofalternatingcurrenttodirect
current.Therearetwotypesofrectificationnamelyhalf-waveandfull-waverectification.

35.5.1:Half-waverectification

Hereasinglediodeisused.

1 A

2 B CRO

Duringthefirsthalfcycle,thediodeisforwardbiased.CurrentthusflowsthroughtheresistorRfromtheendA
toB.Duringthesecondhalfcycle,thediodeisreversebiased.Nocurrentflowsthroughthediodeandhenceno
currentinthecircuit.Henceinonecompletecycle,onehalfiswasted.Theoutputwillappearasshownbelow:

Current,I

Current,I

Time Time

Fig.(a)Inputsignal Fig.(b)Outputsignal

TheoutputsignalcanbedisplayedonaCROscreen.Inhalf-waverectification,halfoftheinputenergyinevery
cycleiswasted.Thislimitationiseliminatedinfull-waverectification.

35.5.2:Full-waverectification

Therearetwowaysofachievingfull-waverectification:

 Usingtwodiodes

D1

1

a.cB 2 A

D2

Duringthefirsthalfcycle,diodeD1isforwardbiasedwhileD2isreversebiased.Currentthusflowsthroughthe

R

R
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resistorRfromtheendAtowardsB.Duringthesecondhalfcycle,diodeD2willnowbeforwardbiasedwhileD1

reversebiased.ThuscurrentflowsthroughtheresistorfromtheendAtowardsB.

Notethatinbothhalfcycles,thedirectionofflowofcurrentthroughtheresistoristhesame.Theresultant
outputwillthereforetaketheformshownbelow:

Current Current

Time Time

Fig.(a)Input Fig.(b)Output

 Usingfourdiodes(bridgerectifier)

Abridgerectifierusesfourdiodessuchthatineachhalfcycletwodiodesareforwardbiasedandthe
remainingtwoarereversebiased.

1 d4d1

a.c B A

2 d3 d2

Duringthefirsthalfcycle,thediodesd1andd3areforwardbiasedwhiled2andd4arereversebiased.Current
thusflowsthroughdioded1andd3viatheresistorR.Duringthesecondhalfcycle,diodesd1andd3arenow
reversebiasedwhiled2andd4areforwardbiased.Currentthusflowsthroughd2andd4viatheresistorR.

NotethatinbothhalfcyclescurrentflowsthroughtheresistorRinonedirectiononlyi.efromendAtoB.This
kindofrectifiercanbeusedwithveryhighvoltages.

Ifasmoothrectifiedwaveisneeded,thenacapacitorisconnectedacrosstheresistor;

Outputcurrent

C Time

Asmoothenedwave

GOODLUCK,NOW FACETHEKNEC
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