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 Introductiontonuclearphysics

 Structureofanatom

 Isotopes

 Radioactivity

 Radioactivedecayandhalflife

 Typesofradiationsemittedandtheirproperties

 Dangersofradioactivity

 Applicationsofradioactivity.

UNITONE

SCIENTIFICINVESTIGATION

SKILLSREQUIREDTODEVELOPFORSOMEONETOCARRYOUTSCIENTIFIC
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INVESTIGATIONS

 Makinganobservation

 Involvescriticallylookingatanaturalphenomenaastheytakeplace.

 Proposingahypothesis

 Ahypothesisisanideathatissuggestedasapossibleexplanationor

answertotheobservedproblem.

 Designinganexperimenttotestthehypothesis

 Identifythevariables

 Controlledvariables

 Arevariableskeptconstantsothattheydonotinterfere

withtheresults.

 Independentvariables

 Arevariablesyoucontrolasyouwishwithinsuitable

rangesoftheinvestigation.

 Dependentvariables

 Areallvariablesyoumeasureeverytimeyouchangeyour

independentvariables.

 Outlinetheapparatusandprocedureormethodtobefollowed.

 Methodsofdatapresentation

 Thisincludes

 drawingtablestoshowthequantitiesbeingmeasuredandtheir

unitsofmeasurements

 drawinggraphs

 drawingbarchartsetc

 Drawingconclusionfrom theinvestigation

 Itinvolvescomparisonofthehypothesisandtheresultsofthe

investigation.

 Thiscomparisonmakesyouacceptorrejectthehypothesis.

 Evaluatingthestrengthoftheevidence
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 Youindicatewhatcouldbesourceofthelimitationsofhypothesisif

accepted.

 Ifnotaccepted,comeupwithanotherhypothesisandinvestigation.

STRATEGIESOFPLANNINGANINVESTIGATION

 Safetymeasures

 Requiredtobefollowedwhencarryingoutaninvestigation

successfully.

 Itincludesthehardfactorsincaseofapparatusandchemicals.

 Theapparatusandchemicalstobeused

 Shouldbeappropriateforthemeasurementofquantitiesinvolved.

 Shouldhavecorrectscaleandrangeofvalues.

 Incaseofchemicalswithprecautions,followtheprecautionmeasures

asstipulatedonthecontainerofthechemicals.

 Beconversantonhowtheapparatuscanbeoperatedandused.

 Theprocedureormethod

 Clearlyshowthestepstobefollowedwhenconductingthe

investigation.

 Indicatequantitieswhichwillbevariedandvaryatwill.

 Showhoweachquantitywillbemeasured.

 Indicatethevalueofthequantitythatwillbekeptconstant.

 Repeatedreadings

 Thisisdonetoimprovethereliabilityoftheresultsobtained.

 Findingtheaverageoftherepeatedresultsreducesexperimentalerror.

THESTRUCTUREOFASCIENTIFICINVESTIGATION

 Aim oftheexperiment

 Isabeliefandconcisestatementoftheobjectiveoftheexperiment.

 Isderivedfrom thehypothesisinitiallystated.

 Apparatus/equipmenttobeused
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 Includeallmaterialstobeused.

 Theseareidentifiedandlistedhere.

 Procedure/method

 Isasectionofstep-by-stepaccountofwhatistobedone.

 Youalsoindicateitwillbedone.

 Awelllabelleddiagram oftheset-upshouldbeincluded.

 Quantitiestobevaried,measured,keptconstantshouldbeindicated

clearlywiththeirvalues.

 Astatementonhowtheresultswillbeanalysedshouldbeincluded.

 Results

 Resultsofmeasurementsareshownhere.

 Theseincludegraphs,chartandtables.

 Analysis

 Iswheretheresultoftheinvestigationarediscussed.

 Theusualpointsofdiscussionare

 Trendofthegraph

 Explainwhythegraphcurvedecreases,increasesor

straightline.

 Thegradientofthegraph

 Relatethequantitiesyouareinvestigatingwiththe

gradientofthegraphwherepossible.

 Areaunderthegraph

 Itmaysometimesberelatedtothequantityof

investigationinsomeway.

 Conclusion

 Youstatecarefullytheresultsanalysed.

 Indicatelimitationsoftheinvestigationyoucarriedout.

 Sourcesoferrorsmustbeindicated.
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 Alsogiveareasthatrequireimprovement

 Itshouldfinallydiscusstheextenttowhichthehypothesis(aim)has

beenachieved.

SAMPLESCIENTIFICINVESTIGATION

Thisshouldbaseontheobservationmadeinacommunity.

 Observation

 Ifastudentobservedthatabottlefilledwithwaterandclosedtightly

placedinthefridgebreaksasthewaterfreezes

 From thisobservationonecancomeupwiththehypothesis.

 Hypothesis

 Waterexpandswhenturnstoiceandoccupiesagreaterspacethan

whenitisliquid.

 Experimentation

 Aim

 Toshowthatwaterexpandswhenitfreezesandbecomesice.

 Apparatus

 Twoidenticalglassbottlese.g.25mlbottles

 Refrigerator

 Water.

 Procedure

 Fillthetwoglassbottleswith25mlofwateratroom

temperature.

 Putthetwobottlesinthefridge,oneinthefreezercompartment

whiletheotherinthecoolingcompartment.

 Closethefridgeandallowthebottlesbeinthefridgeovera

night.

 Removethetwobottlesandobservewhathappens.

 Results

 Thewaterlevelinthebottleplacedincoolingcompartmentis
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lowerthanbefore.

 Thewaterlevelinthebottleinthefreezingcompartment

increasesandthebottlemaybreakduetoexpansionofwater.

 Analysisoftheresults

 Sincenowaterwasadded,andtheincreaseinlevelofwaterin

onebottlewhosewaterfrozenisanindicationthatwater

expandedwhenfreezing.

 Conclusion

 TheresultsIfoundaresimilartothehypothesis.Therefore,

waterexpandswhenfreezing.

 Strengthandweaknesses

 Thestrengthisthattheexperimentwasconductedonlyfor

waterwhichiseasytocomparethefindingsfrom twobottles.

 Itweaknessisthatitdoesnotgiveevidencethatotherliquid

scanbehaveinthesamewaysincetheywerenottried.

 Possiblesourcesoferrorinstudents

 Parallaxerrors

 Occurswhentheeyeisnotwellpositionedwhenreadingthe

volumeofthewaterinthemeasuringcylinders.

 Tominimizethis,oneshouldplacetheeyeinthesame

horizontallevelofthelowestpointofthemeniscusofthewater

inthemeasuringcylindersandreadthereadings.

 ThecorrectleveloftheeyeisB.

A

B

C
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UNITTWO

THERMALEXPANSION

EXPANSION

 Istheincreaseinsizeofthesubstancewhenheated

 Theincreasemagnitudeanddirectiondependsonthetypeofsubstanceand

amountofheatappliedtoit.

CONTRACTION

 Isthedecreaseinsizeofthesubstancewhencooled.

 Everysubstancehasitsownrateofexpansionexceptforgases.

EXPANSIONANDCONTRACTIONINSOLIDS

 Allsolidsexpandwhenheated.

 Therateofexpansionvarieswithdifferentsolids.

DEMONSTRATINGEXPANSIONCONTRACTIONINSOLIDS

ACTIVITYONE
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 Aim

 Todemonstrateexpansionandcontractionusingthinmetalrod

 Apparatus

 Thinmetalrod

 Rollersconnectedtoapointer

 Sourceofheat

 G-clamp

 Procedure

 Clamponeendofthelongthinmetalrodtightlywithendoftherod

restingonarollerfittedwithathinpointerasshownbelow.

 Heatthemetalrodforsometimeandobservewhathappenstothe

pointer.

 Removetheburnerandallowtherodtocoolandobservewhat

happenstorod.

 Repeattheexperimentwiththinmetalrodsofdifferentmaterialsand

observewhathappens.

 Observation

 Thepointerdeflectsintheclockwisedirectionwhentherodisheated

andanticlockwisewhentherodisbeingcooled.

 Thepointerdeflectsdifferentlywithdifferenttypesofmetals.

 Discussion

 Whenmetalsareheated,theyincreaseinlength.

Clamp Pointerfixedto

roller

Thinmetalrod

Roller

Table Smooth

surface
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 Thisincreaseinlengthmakestherollertorollhencemakingpointer

deflects.

 Uponcooling,themetaldecreasesinsizehencemakestherolleragain

torollandmakesthepointerdeflectanticlockwise.

 Conclusion

 Solidsexpandwhenheatedandcontractwhencooled.

 Differentsolidsexpandandcontractdifferently.

ACTIVITYTWO

 Aim

 Todemonstrateexpansionandcontractionusingthebarandgauge

apparatus.

 Apparatus

 Abarandgaugeapparatus.(Thisisabarwithasuitablewooden

handleandgaugeofwhichabarfitsintothegaugeatroom

temperature)

 Bunsenburner

 Procedure

 Movethemetalbarintoandoutofthegaugeatroom temperatureand

observewhathappens.

 Keepthemetalbarawayfrom gaugeandheatthebarforsometime.

 Trytofitthebarintothegaugeandobservewhathappens.

 Allowthebartocoolandtrytofititintothegaugeandobserve.

 Observation

 Atroom temperature,thebarfitexactlyintothegauge.

 Afterthebarisheated,themetalbardoesnotfitintothegauge.Itis

larger.

 Themetalbaragainfitsexactlywhencooled.

 Discussion

 Whenthebarisheated,thereisanincreaseinlengththanbeforehence
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itdoesnotfitin.

 Whencooled,thebargoestoitsoriginalsizehencefitswell.

 Conclusion

 Solidsexpandwhenheatedandcontractwhencooled.

ACTIVITYTHREE

 Aim

 Todemonstrateexpansionandcontractionofsolidsusingtheballand

ringapparatus.

 Apparatus

 Aballandaring

 Bunsenburner

 Abowlofcoldwater

 Procedure

 Arrangethesettingasshownbelow.

 Movetheballinandoutofthemetalringatroom temperature

 Keepthemetalballawayfrom theringandheatitforsometime.

 Trytopasstheballthroughthemetalringandrecordyourobservation.

 Coolthemetalballagaininabowlofcoldwaterandtrytopasstheball

throughtheringandrecordyourobservation.

 Observation

 Atroom temperature,themetalballpassesthroughthering.

Metal

ball

Metalring
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 Whentheballisheated,itdoesnotpassthroughthemetalring.

 Whenitiscooled,itpassesthroughiteasily.

 Discussion

 Whenmetalballisheateditexpended.Therewasanincreasein

volumeandtheballcouldnotpassthroughthemetalring.

 Whenthemetalballwascooled,itcontractedandgainedtheoriginal

volumewhichmakesittopassthroughthemetalringeasily.

 Conclusion

 Solidsexpandwhenheatedandcontractwhencooled.

WHYDOSOLIDSEXPANDWHENHEATED?

 Whensolidsarebeingheated,themoleculesstarttovibratewithlarge

amplitudeonafixedposition.

 Thismakesthem tocollidewitheachotherhencemovefarapart.

 Asthedistancebetweenthemoleculesincrease,thevolumealsoincrease.

EXPANSIONOFLIQUIDS

 Allliquidsexpandwhenheated.

 Expansiondodifferatthesametemperature.

INVESTIGATIONTODEMONSTRATEEXPANSIONOFLIQUIDS

 Aim

 Todemonstrateexpansionofliquids

 Apparatus

 Aglassflask

 Longnarrowglasstubing

 Colouredwater

 Tripodstand

 Arubberstopper

 Bunsenburner
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 Wiregauze

 Procedure

 Fillaglassflaskwithcolouredwater.

 Fittheflaskwithrubberstoppercarryinglongnarrowglasstubing.

 Marktheinitiallevelofwaterintheglasstubebeforeheating.

 Heatthewaterintheflaskandobservethelevelofwaterintheglass

tube.

 Observation

 Thelevelofwaterafterheatingwashigherthanthelevelofwater

beforeheating.

 Discussion

 Whenheating,theglassflaskexpandsandthelevelofwaterdropsfirst.

 Whenheatingcontinued,thelevelofwaterstartedtoincrease.

 Whenthewaterwasallowedtocooldown,thelevelofwaterwent

downtoitsinitiallevel

 Conclusion

 Liquidsexpandwhenheatedandcontractwhencooled.

WHYLIQUIDSEXPANDONHEATING

Glasstube

Levelafter

heating

Levelbefore

heating

Colouredwater

Heat
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 Moleculesinliquidsarecloselycompactedbutcanslideononeanother.

 Whenheated,thegainextrakineticenergywhichmakesthem tomovefar

apart.

 Thismakesthevolumetoincrease.

EXPANSIONOFGASES

 Gasalsoexpandwhenheated.

 Gaseshaveequalexpansionrate.

INVESTIGATIONTODEMONSTRATEEXPANSIONOFGASES.

ACTIVITYONE

 Aim

 Todemonstratetheexpansionofair.

 Materials

 Athinglassflask

 Alongnarrowglasstube

 Arubberstopper

 Procedure

 Takeathinglassflaskopenedontop.

 Closetheflaskwiththerubberstoppercarryingalongnarrowtube.

 Inverttheflasksothattheglasstubedipsintothewaterinacontainer

andrecordyourobservation.

Thinglassflask

Air

Narrowlongtube

Bubbles Colouredwater
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 Placeyourhandsovertheflasktowarm itforsometimeandobserve

whathappens.

 Removeyourhandsfrom theflaskandwaitforsometimeandobserve

whathappens.

 Observation

 Thewaterlevelrisesfrom theglassflasktothenarrowglasstube

dippedinwater.

 Whentheflaskiswarmed,thelevelofwaterinthetubedropsand

somebubblesareseenescapingfrom theflaskthroughthetube.

 Onremovingthehandsfrom theflask,waterlevelrisestheglasstube

again.

 Discussion

 Waterlevelintheglasstubedropsbecauseoftheexpansionoftheair

intheglassflaskwhenwarmed.

 Whencooled,thewaterlevelrisesuptheglasstube.

 Conclusion

 Gasesexpandwhenheatedandcontractwhencooled.

ACTIVITYTWO

 Aim

 Todemonstratetheexpansionofgases.

 Materials

 Glassbulbwithairinside.

 Ametreruleinverticalposition

 Areservoirwithmercury

 Steam

 Glassjacket

 Procedure

 Setuptheapparatusasshownbelow.

Steam

Reservoir

(mercury)

Gas Metre

ruler
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 Calculatewaterat0oCthroughthejacketandadjustreservoirsothat

thelevelofmercuryisthesamebothsides.

 Measurethevolumeofair(gas)inthebulb.

 Passthesteam throughthejacketuntilthetemperatureisconstant.

 Adjustthelevelofmercuryinbothsidesuntiltheyarethesameand

measurethevolumeofairinthebulb.

 Observation

 Whenpassingthecoldwaterat0oC,thevolumeoftheairinthebulb

reduces.

 Thevolumeofairincreasesonpassingthesteam throughtheglass

jacket.

 Discussion

 Thevolumeofairreduceswhencoldwaterispassedthroughdueto

contraction.

 Thevolumeofairincreasedwhenthesteam ispassedthoughdueto

expansion.

 Conclusion

 Gasesexpandwhenheatedandcontractwhencooled.

EFFECTSOFTHERMALEXPANSION

 Forceproducedduetoexpansionandcontractioncan

 makemetalstobend

 makebuildingtocrack

 makeglassbottlefullofwaterwhenfrozenbreaks

 makerailwaylinestobend
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 maketheeggshelltobreak

APPLICATIONOFTHERMALEXPANSION

 Ledtothedevelopmentofthermostatsusedasautomaticswitchesin

electricalappliances.

 Industriesusehotrivetswhenjoiningthesteelplatestogether,whencooling,

theforceofcontractionpullstheplatesfirmlytogether.

 Metalpipescarryingsteam arejoinedusingexpansionjoints(loops)which

allowthepipestoexpandorcontracteasilywhensteam orhotwaterpasses

throughthem orwhenpipescooldown.

 Telephoneandelectriccablesarelooselyconnectedtogiveroom for

contraction.

 Surveyorsmeasuringtapesaremadeupofalloys(ironandnickelcalledinvar)

sothatthereshouldbeaverysmallchangeinlengthduetochangesin

temperature.

 Expansionchannelsaremadeinconcreteroadsorwhenmakingcemented

floorsofbuildingstogiveroom forexpansionduringhotdays.

 Constructionattheendofconcretebridgeshassteelmetalsrestingonrollers

sothatitshouldnotbeaffectedwhencontractingandexpanding.
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UNITTHREE

DENSITY

DENSITY

 Isdefineasthequotientofmassanditsvolume.

i.e.density=
mass

volume

 Whenthevolumeisincreased,thedensityisreducedandwhenthemassof

thesubstanceincreases,thedensityincreases

 So,itcanbedefinedasmassperunitvolume.

 Densityisthederivedquantity.

 SIunitfordensityis .
kg

m3

DETERMININGDENSTIESOFSOLIDS

DENSITYOFREGULAROBJECTS

 Findthemassusingabalance.

 Measureitsdimensionsandmultiplythem tofindvolume.

 Dividethevolumeintothemass.

DENSITYOFIRREGULAROBJECTS

 Findthemassusingabalance.

 Useliquidtofinditsvolumeusingtheprincipalthatthedisplacedamountof

waterisequaltothevolumeofthesolid.

 Pourthewaterinthemeasuringcylinderandrecorditsvolume.
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 Immerseintheirregularsolidandrecordthenewvolume.

 Subtractthefirstvolumebeforethesolidwasimmersedfrom the

secondvolumeafterimmersingthesolid.Thiswillgiveyouthevolume

ofthesolid.

 Dividethemassbythevolume.

DETERMININGTHEDENSITYOFLIQUIDS

 Measurethemassofthecleancontainer.

 Pourintheknownvolumeofliquidandmeasureitsmass.

 Subtractthemassoftheemptycontainerfrom themassofcontainerplus

liquid.Thisgivesthemassoftheliquid.

 Tofindthevolume,usethemeasuringcylinder.

 Dividethemassbythevolume.

DETERMININGDENSITYOFGASES

 Findthemassofdeflatedballoonorplasticpaper.

 Inflateitandfindthenewmass.

 Subtractthemassofdeflatedcontainerfrom theinflatedcontainer.

 Tofindthevolumeusethemeasuringcylinder,

 Fillitwithwaterandputitupsidedown.

 Connectedtheinflatedballoontoitandrecordthevolumeofwater

displaced.Thisisthevolumeofthegasinflatedin.

 Dividethemassbythevolume.

DETERMININGDENSITYOFANALLOY

 Analloyisthemetallicsubstancemadebymeltingtwoormoretypesof

metalstogetherinacontrolledproportion.

 Inthiscase,youaddthemassesofthecombinedmetalsandaddthe

volumesofthecombinedmetals.

 Dividethetotalmassbytotalvolume.

COMPARISONOFDENSITIESOFSOLIDS,LIQUIDSANDGASES
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 Solidshavehighestdensitiesbecausetheirparticlesarecloselycompacted

hencehavegreatestmasses.

 Theyarefollowedbyliquidssinceparticlesarealsocloselypackedbutwith

looseconnection.

 Gaseshavetheleastdensitiesbecauseparticlesarealwaysinmotion.

EFFECTOFTEMPERATUREONDENSITYODASUBSTANCE

 Densityisdefinedasmassperunitvolume.

 Whenthesubstanceisheated,thevolumeincreaseswithnochangeinmass.

 Whenthismassisdividedbythenewlargervolume,thequotientislowered.

 Henceincreaseintemperaturedecreasesthedensity.

 However,coolingthesubstancereducesthevolumeduetocontraction.

 Thisincreasesthedensityofthesubstance.

 Mostliquidsexpandsteadilyonheating.

 Waterbehavesinanunusual(abnormal)manner.

 Whenwaterisheatedabove0oC,temperaturerisesupto4oCwithout

changingitsvolume.

EFFECTSOFANOMALOUSEXPANSIONOFWATER

 Above4oC,volumestartstoincreaselikeotherliquids.

 Between0oCto4oC.Watershowsabnormalbehaviour(unusual)called

unusualexpansionofwater.

 Thusafixedmassofwaterhasaminimum volumeat4oC.

Volume

4oC

Temperature
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 From thegraphitisseenthatafixedmassofwaterisminimum at4oC.

 That’swherethewaterhastheminimum density.

1.Survivalofaquaticorganismsinfreezeroflakesandponds.

 Themaximum densityofwaterisat4oC.

 Anythingaboveorbelow4oCbecomeslessdense.

 Thefrozenwaterbecomeslessdensehencefloatsontop.

 Thismakesthebottom waterstillatliquidstate.

2.Burstingofwaterpipes.

 Whenwaterisbelow4oC,itstartstofreezeandexpands.

 Thisexpansionincreasesthevolumeandcannotfitintothepipes

hencepipesbreak.

3.Weatheringofrocks.

 Whenwaterfreezesintherockcracks,itexpandshenceincreasingthe

crackoftherock.

 Thisresultsintobreakingoftherock(weathering).

4.Floatingandsinking.

 Whenbodieshavehigherdensitiesthanthatofwater,theysinkin

water.

 Whentheyhaveequalorlowerdensitiesthanthatofwater,theyfloat

Density

4oC

Temperature
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onwater.

APPLICATIONOFFLOATINGANDSINKINGINRELATIONTODENSITY

 Developmentoflargemachineswhichfloatofwater.Theyaremadeinsucha

waythattheaveragedensityshouldbelowerthanthatofwater.

 Submarineismadewithareserveofairbagtobeusedwhentheywantitto

floattoreduceitsdensitytothatofwater.
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UNITFOUR

SPECIFICHEATCAPACITY

HEAT

 Istheform ofenergywhichpassesfrom thebodyofhightemperaturetothe

bodyoflowtemperature.r

 TheSIunitofheatisjoule(J).

HEATCAPACITY

 Isthequantityofheatenergyrequiredtochangethetemperatureofthe

substanceby1kelvin.

 Heatcapacityvariesdirectproportionaltothechangeintemperature.

Heatcapacity=
amountofheatenergy(Q)

Temperaturechange(∆θ)

 TheSIunitofheatcapacityisjouleperkelvin(
J

K)
Examples

200jofheatenergyisneededtochangethetemperatureofagivenmassof

waterfrom 25oCto34oC.Howmuchheatenergyisneededtochange

temperatureofthismassofwaterfrom 20oCto48oC?

Solution

Initialtemperaturechangewas(34–20)oC=14oC

Finaltemperaturechangewas(48-20)oC=28oC

If14oCusedtheheatenergy(Q)of200j

28oCcanusedmoreenergy∴

Q=
Finaltemperaturechangexinitialenergyused

Initialtemperaturechange
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=
Cx200j28o

C14o

=400j.

Exercise

 Calculatethequantityofheatrequiredtoraisethetemperatureofametal

blockofcapacityof520j/kfrom 9oCto39oC.

 Thequantityofheatrequiredtoraisethetemperatureofwaterfrom10oCto

65oCis6200j.Calculatetheheatcapacityofwater.

SPECIFICHEATCAPACITY

 Istheheartenergyrequiredtochangethetemperatureofasubstanceof

mass1kgby1kelvin.

Specificheatcapacity(C)=
Haetcapacity(Q)

Massofthesubstancexchangeintemperature

C=
Q

m∆θ

Q=mC∴ ∆θ

 TheSIunitofspecificheatcapacityisjouleperkilogram perkelvin(J/kgK).

Exercise

 Calculatetheheatenergyrequiredtoraisethetemperatureof2.5kgof

aluminium from 20oCto40oCifthespecificheatcapacityofaluminium is

900J/knK.

 18000Jofheatissuppliedtoraisethetemperatureofasolidofmass5kg

from 10oCto50oC.Calculatethespecificheatcapacityofthesolid.

 Findthefinaltemperatureofwaterif12000Jofheatissuppliedbyheaterto

heat100gofwaterat10oCifspecificheatcapacityofwateris4200J/kgK.

NB

 Solidshavehighestspecificheatcapacitiesbecausetheyrequirealotof

energytomeltthem.

 Thisisfollowedbyliquidsthengases.

SPECIFICHEATCAPACITIESOFSOMESUBSTANCES
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SOLIDS LIQUIDS

SUBSTANCE SPECIFICHEAT

CAPACITY(J/kgK)

SUBSTANCE SPECIFICHEAT

CAPACITY(J/kgK)

Aluminium 900 Castoroil 2130

Brass 370 Coconutoil 2400

Copper 390 Glycerol 2400

Cork 2000 Mercury 140

Glass 670 Oliveoil 2000

Ice 2100 Paraffinoil 2130

Iron 460 Sulphuricacid 1380

Lead 130 Water 4200

Silverandtin 230 Seawater 3900

APPLICATIONOFSPECIFICHEATCAPACITY

 Materialswithhighspecificheatcapacityabsorbsalotofheatenergywith

smallraiseintemperature.Thismakeswatertobeusedincarradiatorsand

hydrogengasenclosedinelectricgenerator.

 Materialswithlowspecificheatcapacityarequicklyheatedupand

experiencebigchangeintemperature.Theyareusesinmakingcooking

utensils.

 Sensitivethermometersaremadefrom materialswithlowspecificheat

capacityinordertodetectevensmallamountofheatenergysuppliedwithits

changeintemperature.

 Materialswithhighspecificheatcapacityareusedinmakinghandlesof

heatingdevicessuchaspans.

 Watertakenbyhumanbeingisusedtoregulatethetemperatureofthebody

sinceithashighspecificheatcapacity.

 Seawaterhaslittlechangeintemperatureduringthedayandnightbecauseit

hashighspecificcapacity.Coldduringthedayandwarm duringthenight.
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UNITYFIVE

HEATTRANSFER

HEAT

 Istheform ofenergywhichpassesfrom thebodyofhightemperaturetothe
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bodyoflowtemperature.

 TheSIunitofheatisjoule(J).

TEMPERATURE

 Isthedegreeofcoldnessorhotnessofthebody.

 KineticTheoryofMatterstatesthatparticlesofmatterarealwaysinmotion.

 Temperaturecanbedefinedasameasureoftheaveragekineticenergyofthe

moleculesofasubstance.

 TheSIunitfortemperatureisKelvin(K).

 ButthecommonmeasureoftemperatureisindegreesCelsius(oC).

DIFFERENCESBETWEENHEATANDTEMPERATURE

 Heatisaform ofenergywhiletemperatureisthedegreeofhotnessand

coldness.

 Heatismeasuredinjoules(J)whiletemperatureismeasuredindegrees

Celsius(oC).

MODESOFHEATTRANSFER

 Conduction

 Convection

 Radiation

CONDUCTION

 Isthetransferofheatthroughsolids.

 Conductionoccursfrom regionofhightemperaturetotheregionoflow

temperature.

 Thereisnovisiblemovementoftheheatedparticles.

FACTORSAFFECTINGHEATTRANSFERTHROUGHCONDUCTION

 Temperaturedifferences.

 Heatenergyinsolidsflowduetodifferencesintemperature.The

higherthetemperaturedifference,thehighertheenergyflow.

 Materialdifferences.
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 Differentmaterialsconductheatatdifferentrates.

 Thickness/crosssection

 Thickmaterialsconductheatfasterthanthinmaterials.

 Length/sizedifferences.

 Shortmaterialsconductheatfasterthanlongmaterials.

 Durationofheating.

 Timetakentoheatthematerialwilldeterminehowmuchheatis

conductedthoughthematerial.

TYPESOFCONDUCTORS

 Goodconductors

 Poorconductors

GOODCONDUCTORS

 Allmaterialswhichallowheattopassthroughthem easily.Mostoftheseare

metals.

 Theseconductheatwithdifferentrates.

POORCONDUCTORS

 Allmaterialswhichhavepoorabilitytotransferheatthroughthem.Examples

oftheseincludewater,air,wood,plastics,papersetc.

RELATIVECONDUCTIVITIES

 Differentsubstancesatroom temperatureconductheatdifferently.

 Theconductivityofheatinairatroom temperatureissaidtobe1.

 Theheatconductionofdifferentsubstancesrelatedtoheatconductioninair

atroom temperatureiscalledrelativeconductivity.

 Someoftherelativeconductivitiesareasfollows;

SUBSTANCE CONDUCTIVITY SUBSTANCE CONDUCTIVITY

Air 1 Mercury 270

Wood 6 Iron 3000

Cardboard 8 Brass 4500
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Brick 23 Aluminium 8000

Water 25 Copper 16000

Glass

(window)

35 Silver 18000

CONVECTION

 Isamodeofheattransferthroughfluidsbyactualphysicalmovementof

moleculesofthefluidsduetotemperaturedifferenceswithinthefluid.

 Convectionoccursfrom bottom goingupthecontainerofthefluid.

Example;Whenwaterisboiling,itstartsfrom downgoingup.

APPLICATIONOFCONVECTION

 Fixingofwindowsinbuildingsusesairconvection.

 Naturalconvectioncurrentsovertheearth’ssurface.

 Seabreeze

 Duringtheday,thetemperatureofthelandrisesfasterthanthe

temperatureoftheseawater.

 Theairoverthelandbecomeswarmerthantheairoverthesea

water.

 Thewarm airoflessdenserisesfrom thelandallowingthecold

airovertheseatoblowtotheland.

 Thismovementofcoldairfrom theseatothelandiscalledsea

breeze.

 Landbreeze

 Duringthenight,thelandcoolsfasterthantheseawater.

 Warm airfrom thesearisesup.

 Thedenserairfrom thelandmovestotheseamakestheland

becomewarm.

 Thismovementofcoolairfrom thelandtotheseaiscalledland

breeze.

 Electricaldevices
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 Theyhavetheirheatingcoilatthebottom.

 Therefrigeratorshavetheirfreezingunitatthetop.

RADIATION

 Movementofheatinenergythroughthevacuum.

 Istheheattransferthatdoesnotaffecttheintermediatemedium

 Heattransferfrom thesunusesradiation.

 Theheatthatisbeingtransferrediscalledradiant.

 Amountofheatenergyradiateddependsuptemperatureofthebody.

FACTORSAFFECTINGRADIATION

 Temperatureofthebody.

 Increaseintemperatureincreaseamountofenergyradiated.

 Colourofthebody.

 Dullcolourssuchasblackabsorbmoreheatenergythanbrightcolours

suchaswhite.

 Typeofconductor.

 Badconductorsaregoodabsorbersandgoodemitterswhilegood

conductorsarepoorabsorbersandpooremitters.

APPLICATIONOFHEATTRANSFER

 Constructionofvacuum flasks.

 Constructiondomestichotwatersystem.

 Extractionofsolarenergy.

 Constructionofsolarheater.

 Constructionofsolarconcentrations.

 Constructionofglassthatchedhouses.

UNITSIX
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POWERANDMACHINES

POWER

 Istherateofdoingworkinaunittime.

 TheSIunitisjoulespersecond(J/s)alsocalledwatt(W).

 IJ/s=1watt

 Wattistherateoftransferofenergyof1jouleinonesecond.

RELATIONSHIPBETWEENPOWERANDVELOCITY

 Workdone=forcexdistancecovered.

 Power=
workdone

timetakeinseconds

Power=
forcexdistancemoveinthedirectionofforce

timetakeninseconds

But =velocity.
distancemovedinthedirectionofforce

timetake

Therefore,power=forcexvelocity

P=Fv

Exercise

 Aforceof100Ndragsaboxataconstantvelocityof5m/s.Whatisthepower

ofthesourceoftheforce?

 Astudentofmass45kgrunsupaflightof40stepsinastaircaseeach15cm

in12seconds.Findthepowerofthestudent.

 Acarenginedevelopeda24kwwhiletravellingalongalevelroad.Iftherewas

aresistanceof800Nduetofriction,calculatethemaximum speedattained.

MACHINES

 Amachineisanydevicethatmakesworktobedoneeasily.
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 Isanydevicethatfacilitatesaforceappliedatonepointtoovercomeanother

forceatadifferentpointinthesystem.

TERMSUSEDINMACHINES

 Mechanicaladvantage

 istheratiooftheloadandappliedforce

Mechanicaladvantage=
load

effert

M.A.=
L

E

 Velocityratio

 Istheratioofvelocityofeffortandvelocityoftheload

Velocityratio=
velocityofeffort

velocityofload

Velocityofeffort=
displacementmadebyeffort(effortdistance)

timetaken

Velocityoftheload=
displacementmadebytheload(loaddistance

timetake

Velocityratio=
effortdistance

tloaddistance

 Efficiencyofmachine

 Ishowbestisittouseamachine.

 Ismeasuredinpercentages.

 Istheratiousefulenergyoutputmultiplyby100andenergyinput.


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Efficiency=
usefulenergyoutputx100

energyinput

Butusefulenergyoutput=loadxdistancemovebytheloadand

energyinput=effortxdistancemovedbytheeffort

efficiency= x
Load

Effort

Distanceloadismoved

Distancemovedbyeffort

But =M.A.and =
Load

Effort

Distanceloadismoved

Distancemovedbyeffort

1

V.R.

Therefore,efficiency=
M.A.x100

V.R.

NB

 Nomachineis100%efficiency.

 Someenergyislostwhenthemachineovercomesfrictionalforceinmovable

partofthemachineandsurface.

THEEEFECTOFFRICTIONONMECHANICALADVANTAGE,VELOCITYRATIOAND

EFFICIENCYOFAMACHINE.

 Mechanicaladvantage(M.A.)

 Whenthefrictionalforceishigh,theeffortappliedisalsohigh.

 Thisreducesthemechanicaladvantageofamachine.

 Velocityratio

 Isnotaffectedbythefriction.

 Theangleatwhichthemachineisdoesaffectthevelocityratio.

 Efficiencyofamachine

 Isaffectedbythefriction.
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 DecreaseinM.A.alsoreducestheefficiencyofthemachine.

 increasedfrictionlowerstheefficiencyofthemachine.∴

Exercise

 Amachinewhosevelocityratiois8isusedtoliftaloadof300N.Theeffort

requiredis60N.

a.Whatisthemechanicaladvantageofthemachine?

b.Calculatetheefficiencyofthemachine.

 Aneffortof250Nraisesaloadof900Nthrougha5m inamachine.Ifthe

effortmovesthrough25m,find

a.Thetotalusefulworkdoneinraisingtheload.

b.Theworkdonebytheeffort.

c.Theefficiencyofthemachine.

 Calculatetheefficiencyofamachineif8000Jofworkisneededtoliftamass

of120kgthroughaverticalheightof5m.

TYPESOFMACHINES

 Forcemultipliers

 Arethosethatallowasmallefforttomovealargeload

 Leversaregoodexamplesuchas

 Screwjackofacar

 Hydraulicpress

 Hydraulicjack

 Hydraulicbreaks

 Distanceorspeedmultipliers

 Arethosewhichmultiplythedistanceorspeed.

 Inclinedplanesandpulleysaregoodexamplessuchas

 Bicyclegears

 Cargears
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 Inclineplanes

 Pulleysystems

EXAMPLESOFMACHINES

 Inclinedplanes

 Pulleys

 Levers

INCLINEDPLANES

 Isaslopeorrampthatenablesustoraiseaheavyloadtoacertainvertical

height.

 Supposetheloadofmass200kgispulledalonganinclinedplaneaboveby

theforce(e)of1500N,distance(d)of5m andheight(h)of3m,calculating

a.Mechanicaladvantageofthemachine

M.A.= = =1.33
L

E

200x10N

1500N

b.Velocityratioofthemachine

V.R.= = =1.67
Distancemovedbytheeffort

Distancemovebytheload

m5

3m

c.Efficiencyofthemachine

Efficiency= = 80%.
M.A.x100

V.R.

1.33x100

1.67

Effort

Load d h
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PULLEY

 Isusuallyagroovedwheelorrim.

 Pulleysareusedtochangethedirectionofforce.

TYPESOFPULLEYS

 Singlefixedpulleys

 Hasfixedsupportwhichdoesnotmove.

 Eithertheloadoreffortdoesmove.

 Thetensionintheropeisthesamethroughout.

 Theloadisequaltotheeffortiftheseisnolossofenergy(friction)

 TheM.A.istherefore1

 Applicationoffixedpulley

 Raisingofflag

 Raisingbricksupbybuilders

 Raisingwaterfrom thewell

 Singlemovingpulleys

Fixedpoint

Tension(T)

Effort(e)

Load(L)
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 Thetotalforcesupportingtheloadifgivenbythetension(T)plusthe

effort(E).

 Tension(T)forceisequaltotwicetheeffort(2E).

 Theload(L)isequaltotwicetheeffort(2E).

M.A.= = = 2
L

E

2E

E

 Theeffortmovestwicethedistancemovedbytheload.

V.R.= = = 2
Distancemovedbyeffort

Distancemovebytheload

2

1

 SinceM.A=V.R,thepulleysystem has100%efficiencyifthereisno

frictionalforce.

 Blockandtacklepulleys

 Consistsoftwopulleysets.

 Onesetisfixedwhiletheothersetisallowedtomove.

 Pulleysareusuallyassembledsidebysideinablockorframeonthe

sameaxle.

 Thepulleysandropesarecalledthetackle.

T E

L

T1 T2

E T1

E

T2 T3

T4
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 Foreachofthepulleysabove,

 Forasinglefixedpulley,L=T=E

E=L∴

 Forasinglemovablepulley,2T=L,andT=E

2E=L∴

 Fortheblockandtackle,4T=L,T=E

4E=L∴

NOTE:

 Inaperfectpulleysystem,themechanicaladvantageisequaltothevelocity

ratioandbothareequaltothenumberofsectionsofthestringsupportingthe

load.

 Theweightoftheblockinthelowersectionofthesystem andfractioninthe

pulleyreducesthemechanicaladvantageofthesystem.

 Velocityratioofapulleysystem isnumericallyequaltothenumberofstring

sectionssupportingtheload.

LEVER

 Isarigidbarcapableofrotationaboutafixedpointcalledpivotoffulcrum.

 Arethreetypesofleversdependingonthepositionofthepivotwithrespect

totheloadtobeovercomeandeffortapplied.

 Pivot

 Isbetweentheloadandtheeffort.

 Crowbar

 Apairofscissors

 Clawhammer
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 Pliers

 See-saw

 spanner

 Load

 Isbetweenthepivotandeffort.

 Wheelbarrow

 Bottleopener

 Effort

 Isbetweenthepivotandtheload.

 Fishingrod

 Tweezers

 Forceps

PRINCIPLESOFMOMENTS

 Amomentofforceaboutapointistheproductoftheforceandperpendicular

distancefrom thepointtothelineofactionoftheforce.

PRINCIPLESOFLEVERS

 Statesthatsum clockwisemomentatapointisequaltothesum ofanti-

clockwisemomentatthesamepointofequilibrium.

MECHANICALADVANTAGEOFALEVER

 Takingmomentaboutthepivotas

Loadxloadarm =effortxeffortarm

=
Load

Effort

Effortarm

Loadarm

L

E

Loaddistance(arm) effortdistance(arm)↔ ↔

pivot
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But =mechanicaladvantage
Load

Effort

M.A = =
Load

Effort

Effortarm

Loadarm

V.R.=
Effortarm

Loadarm

 Sinceeffortarm isusuallygreaterthanloadarms,levershavemechanical

advantagegreaterthan1.

 Examplesofleversandtheiruses

 Bottleopeners,lidopenersusedtoopenbottletopsandlids

respectively.

 Seesawandbeam balanceusedforplayinggamesandcomparing

weightsofdifferentobjects.

 Hingesareusedinclosingandopeningofthedoors,windowsetc.

 Spannersareusedintighteningandlooseningboltsandnuts.

 Apairofscissorsorgardenshearsusedincuttingetc.

 Crowbarusedinmovingheavyloads.

UNITSEVEN

ELECTROSTATICS

ELECTROSTATICS
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 Isthestudyofbranchofphysicsthatdealswithphenomenaduetoattraction

orrepulsionofelectriccharges.

ELECTROSTATICCHARGINGBYRUBBING

 Whenpolythenestripeisrubbedagainstsilk,itacquiresattractiveproperty.

 Thisisbecauseithasbeenchargedbyfriction.

 Itcanattractthinstream ofwater,smallpiecesofpaper,andtinypiecesof

cloth.

 Thisimpliesthatbodiescanbechargedbyrubbingeachother.

 Thesechargescannotbemovefrom onepointtoanother.

 Thesearestaticcharges.

TYPESOFSTATICCHARGES

 Positivecharges

 Arechargeswhichthebodygainswhenitloseselectron(s).

 Silkloseselectron(s)whenrubbedagainstthepolythene.

 Negativecharges

 Arechargeswhichthebodygainswhenitgainselectron(s).

 Polythenegainselectron(s)whenrubbedagainstsilk.

SOURCESOFELECTROSTATICCHARGING

 Chargescanbegainedwhenmaterials

 Gainelectrons

 Polythenegainselectron(s).

 Loseelectrons

 Clothlooseelectron(s).

TAKENOTE

 Theexcessnegativechargesononebodyisequaltotheexcesspositive

chargesontheotherbody.i.e.nochargehavebeencreated.

 Duringtherubbingprocess,materialsmayacquireeithernegativeorpositive

charges.
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 Thequantityofchargeproducedinsomecasesmaybesmallandinsome

casesthechargesmayescapebeforetheyaredefected.Adryatmosphere

andacleandrystateofthebodyareessentialforholdingtheelectrical

charges.

THELAW OFCHARGES

 Likechargesrepelandunlikechargesattract.

CONFIRM THATABODYISCHARGED

 Bringchargedbodiesclosetogether.

 Iftheyattract,theyhavedifferenttypesofcharges.

 Iftheyrepel,theyhavethesametypeofcharge.

 Noattraction,theyareneutral.

 SIunitforchargeiscoulomb(C),namedafterafamousscientistcalled

CharlesAugustindeCoulomb(1736–1806)

EARTHING

 Thismeanstoneutraliseachargedbody.

 Lowchargescanbeearthedbytouchingthechargedbodywithourhands.

 Highchargesshouldbeconnectedtothethickmetalrod.

 Themetalplateisconnectedtotheearth.

 Thisconductsexcesselectronsflowfrom theplatetotheearth.

 Ifapositivelychargedplateisconnectedtotheearth,theelectronsfrom the

earthmovetotheplateandneutralisethedeficiencyofelectrons.

ELECTRICFIELDANDELECTRICFIELDPATTERNS

ELECTRICFIELD

 Isindicatedusingarrowlines.

 Thearrowindicatesdirectionofelectricfieldandthetailiswheretheelectric

fieldcomesfrom.

 Theselinewhichshowdirectionofmovementofchargesarecalledelectric

fieldlinesorelectriclineofforce.

 Numberoffieldlinesindicatesthestrengthofcharge.Themorethelines,the
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highthecharge.

 Theseelectricfieldlinesarealsocalledfieldpatternsorfluxpatterns.

PROPERTIESOFELECTRICLINESOFFORCE

 Linesofforcesstartat90ofrom thepositivechargeandendonthenegative

chargeat90o.

 Notwolinesofforcescanevercrosseachother.

 Thefieldlinescancontractorexpandsothattheyneverintersecteachother.

FACTORSAFFECTINGTHEMAGNITUDEOFTHEFORCEBETWEENTWOCHARGED

BODIES

 Quantityofcharge

 Thegreaterthequantityofcharge,thegreatertheforcebetweenthe

body.

 Distanceofseparation

 Thegreaterthedistance,thesmallertheforce.

LEAFELECTROSCOPE

 Isaninstrumentusedfordetectingandtestingsmallelectriccharges.

 WasinventedbyAbraham attheendof18thcentury.

 Theelectroscopeshouldbechargedbeforebeingused.

 Ifuncharged,itcandetectthepresenceofchargebutnotindicatingthetype

ofchargepresent.

 Iftheelectroscopeischargedpositively,theleafelectroscopeleafletscan

attracteachotherifnegativechargesarepresentandrepelifpositivecharges

Brassdiscorcap

Insulator

Brassrod

Goldleaf

Earthmetalcase

Dryair
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aredetected.

 Ifchargednegatively,positivechargescanmakeleafletsattractandnegative

chargescanmakeleafletrepel.

METHODSOFCHARGING

 Contact

 Isdonewhenthechargedbodyiscontactwiththebodytobecharged.

 Thealignmentofdomainspointtoonedirection.

 Thebodybecomescharged.

 Induction

 Thechargedbodyisbroughtclosetothebodytobecharged.

 Thealignmentofdomainspointtoonedirection.

 Thebodybecomescharged.

USESOFLEAFELECTROSCOPE

 Detectingpresenceofcharges.

 Identifyingtypeofcharges.

 Distinguishingbetweenconductorsandnon-conductors.

EFFECTSANDAPPLICATIONOFELECTROSTATICS

 Onegetsashock.

 Thecarthathasbeenleftsolongonthesunlightbecomescharged

andupontouchingtheknobonegetsshock.

 Whenoneisshocked,thecar’schargesbecomeneutralised.

 Thedischargingofthechargesismostlydonebythechainconnected

tothevehicles.

 Thechargespassthroughthechaintotheearth.

 Cleaningthemirrorwithadryclothmakesboththemirrorandclothbecome

charged.Thismakesdustparticlestobeattractedonthesurfaceofthe

mirror.

 Paintingofcarsusingspraygun,thepaintreceivesapositivechargewhich

makesittobeattractedtothecarbody.
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 Removalofdustandsmokeparticlesfrom thechimneyuseselectrostatic

attraction.Thisreducestheairpollutionwhichisahealthhazard.

 Electrostaticinductionisusedinphotocopyingmachines.

 Therubbersinsulatorcalledconductiverubberisusedtomakeaeroplane

tyres.Thisreducestheriskofanexplosionduringrefuellingtheaircraft.

LIGHTNINGARRESTOR

 Isusedtopreventtallbuildingsandtowersagainstthedestructiveeffectof

lightning.

 Ismadeupofthemetalrodattachedtothemetalplateandburieddeepinthe

groundoneendwhiletheotherendpointupabovethebuildingto

conductelectronsdowntheearth.

UNITEIGHT

LIGHT
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LIGHT

 Isaform ofenergythatenablesustoseethesurroundingobjects.

 Isnotvisiblebutitseffectisfeltbyeyes.

 Ittravelsinastraightline.

TERMSUSEDINSTUDYOFLIGHT

 Luminousbodies

 Arebodieswhichemitlightontheirown.

 Arealsoknownasself-luminousbodies.

 Examplesinclude

 Sun

 Torch

 Fire

 star

 Non-luminousbodies

 Arebodieswhichhavenolightoftheirown.

 Arevisibleinthepresenceofsomeluminousbodies.

 Examplesinclude

 Moon

 Polishedbodies

 Opticalmedium

 Aresubstancesthroughwhichlightcanpass.

 Arethreetypesofthem

 Transparentbodies

 Theonesthroughwhichlightpasswithnoproblem e.g.

windowglass.

 Translucentbodies

 Theonethroughwhichlightpassespartiallye.g.some
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plasticcontainers.

 Opaquebodies

 Theonesthroughwhichlightcannotpasse.g.claypot.

 Arayoflight

 Isthepaththroughwhichlighttravelsinamedium.

 Isshownusingasinglearrowline.

 Abeam oflight

 Isacollectionofraysoflight.

 Thesecanbe

 Parallelbeam oflight

 Rayswhichpointtoonedirectionbutdonotmeet.

 Convergentbeam oflight

 rayswhichoriginatefrom differentpointsandmeeton

onefocalpoint.

 Divergentbeam oflight

 Raysoriginatefrom onepointtodifferentdirections.

FORMATIONOFSHADOWSANDESCLIPSES
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SHADOWS

Isashadecastbyanobjectblockingthedirectrayoflight.

FORMATIONOFSHADOW WITHAPOINTSOURCE

 Whenlightisallowedtopassthroughasmallopeningblockedbyopaque

object,thepathoflightisalsoblocked.

 Formsatotaldarknessonthescreen.

 Thisregionofacompletedarknessiscalledumbra.

FORMATIONOFSHADOW WITHANEXTENDEDSOURCEOFLIGHT

 Whenlightispassedthroughalargeopeningblockedbyopaqueobject,

formsanextendedsourceoflight.

 Thisformstwotypesofshadowsonthescreen.

 Atotaldarknessisformedatthemiddleofthescreencalledumbra.

 Surroundingtheumbra,thereispartialdarknesscalledpenumbra.

ECLIPSE

 Iswhenlightisblockedorcutofffrom regionofobservation.

 Aretwotypesofeclipses

 Solareclipse

 Lunareclipse

Screen

Smallhole opaquebody

Sourceof Shadow

light

Penumbra

Umbra
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SOLARECLIPSE

 Happenswhenthemoonisbetweenthesunandearth.

 Theshadowofthemoonisformedontheearth.Theshadowiscalledeclipse

oreclipseofthesun.

 Dependingonthepositionofthesun,somepartslieintheregionofumbra

whiletheotherpartslieontheregionofpenumbra.

 Totaleclipseliesintheregionofumbrawhilepartialeclipseliesintheregion

ofpenumbra.

LUNARESCLIPSE

 Themoonisnon-luminousobject.

 Canbeseenonlywhenlightfrom thesunfallsonit.

 Whatisseenisonlytheshapeofthelightedportion.

 Theearthisbetweenthesunandmoon.

 Thisiscalledlunareclipseoreclipseofthemoon.

PINHOLECAMERA

 Isaninstrumentaninstrumentthatcanbeusedtoshowthatlighttravelsina

straightline.

 Form animagesmallerthantheobject.

 Theimageisupside-down.

Moon Earth

Umbra

Penumbra

Sun

Sun Earth Moon

Umbra Moon

Penumbra

Moon
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 Formsarealimage.

MAGNIFICATION

 Ishowbigorsmalltheimageisascomparedtotheobject.

 Istherationoftheheightofimageandtheheightoftheobject.

Magnification= =
heightofimage(IM)

heightofobject(OB)

imagedistance(V)

objectdistance(U)

M = =
IM

OB

V

U

REFLECTION

 Isthebouncingoffoflight.

 Aretwotypesofreflectionsnamely

 Regularreflection

 Whenthelightstrikesasmoothsurface.

 Theparallelraysoflightform parallelreflectedraysoflight.

 Diffusereflection

 Whenthelightstrikesaroughsurface.

 Parallelraysoflightmakescatteredreflectedraysoflight.

Parallelrays parallelreflected

rays

Parallelrays scatteredrays
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PLANEMIRROR

 Isathinglassplatecoatedwithsilverononesideandaprotectivelayeron

theotherside.

 Canreflectlightrays.

LAWSOFREFLECTION

 Incidentray,reflectedrayandnormalraylieinthesameplane

 Theangleofincident(i)andangleofreflection(r)areequal.

IMAGEFORMATIONFORAPOINTOBJECT

 Tworayscanbeusedtolocatethepositionoftheimageusingplanemirror.

 Thereflectedrayandincidentraysmeetatapoint.

 Thispointofcontactisthepositionoftheimage.

 Theimageiscalledvirtualimageandcannotbeprojectedonascreen.

 Imagedistancefrom themirrorisequaltotheobjectdistancefrom themirror.

 OM =IM

IMAGEFORMTIONFORANEXTENDEDOBJECT.

Incidentray Normalline Reflectedray

I r

Mirror

IM

OM

Pointobject
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 Ifanobjectisextendedinfrontofaverticalplanemirror,theimageformedis

erect.

 Thesizeoftheimageisthesameasthesizeoftheobject.

 Theimageisupright.

 Theimageformedislateralinversionimage.

 Thisistheimagewhoselefthandsideisseentobetherighthandside.

CHARCTERISTICSOFIMAGESFORMEDBYPLANEMIRRORS

 Thesizeoftheimageisequaltothesizeoftheobject.

 Theimageiserect.

 Theimageisvirtual.

 Theimageislateralinverted.

 Theimagedistanceisequaltotheobjectdistanceandisbehindthemirror.

ROTATIONOFTHEPLANEMIRROR

 Forthesameincidentray,theangleofrotationofthereflectedrayistwicethe

angleofrotationofthemirror.

PARALLELMIRRORS

 Whentheobjectisplacedbetweentwoparallelmirrors,theimageformedon

onemirrorisreflectedtoform anotherimageontheothermirror.

 Thatimagecanalsoform anotherimageontheothermirror.

WORKINGOUTNUMBEROFIMAGESFORMEDTWOMIRRORSATANANGLE

Image

Object MirrorImage

Object Eye
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 Numberofimagesformed(n)= -1
completeturn

angleθ

Iftheangleis60o,n= -1
360

60

=6–1

=5

APPLICATIONOFREFLECTIONOFLIGHT

 Inperiscope

 Isaninstrumentforseeingdistantobjects.

 Twomirrorsareplacedparalleltoeachother.

 Thismakestheimageformedononemirrorformsanimageon

anothermirror.

 Inkaleidoscope

 Forproductionofseriesofbeautifulimages.

REFRACTIONOFLIGHT

 Isthebendingoflightaftercrossingsubstancesoftwodifferentdensities.

 Thinroddippedintowaterappearstobebentatthewatersurface.

 Poolwatersappearstobeshallowthanitsrealdepth.

 Whenlightispassedfrom densersubstancetothelessdensesubstance,it

bendsawayfrom thenormalline.

 Whenitispassedfrom lessdensetodenser,itbendstowardsthenormalline.

Mirror Object

Eye Mirror

Downloaded for  FREE  from  www.kizitochikuni.com  - For more info:  contact@kizitochikuni.com

https://kizitochikuni.com
https://kizitochikuni.com
mailto:contact@kizitochikuni.com


55

 So,reflectioncanbedefinedasthechangeofdirectionorbendingoflight

whenittravelsfrom onemedium toanother.

MONOCHROMATICLIGHT

 Istheonethathasasinglefrequencyofsinglewavelength.

 Whitelightisnotmonochromaticlightbecauseitismadeupdifferentcolours.

DISPERSIONOFWHITELIGHT

 Whitelightcanbedispersedintoalightspectrum.

 Dispersionisthesplittingofwhitecolourintoitsconstituentcolours.

 Thecoloursstartingfrom topare

 Red

 Orange

 Yellow

 Green

 Blue

 Indigo

 Violet

Air

Water

Air
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UNITNINE

INTRODUCTIONOFNUCLEARPHYSICS

NUCLEARSTRUCTUREOFANATOM

Neutron Shell(orbit)

Proton

Electron Nucleus
N

P

Downloaded for  FREE  from  www.kizitochikuni.com  - For more info:  contact@kizitochikuni.com

https://kizitochikuni.com
https://kizitochikuni.com
mailto:contact@kizitochikuni.com


57

NUCLEUS

 Isthemostinnerpartofanatom.

 Makesthemassofthewholeatom.

 Iscomprisedofprotonsandneutrons.

NEUTRONS

 Areunchargedparticlesinthenucleusofanatom.

PROTONS

 Arepositivelychargedparticlesinthenucleusofanatom.

PROTONSANDNEUTRONS

 Numberofprotonsandnumberofneutronstogethermakeupatomicmass.

 Protonsalonegivestheatomicnumber.

NUCLEARNOTATIONS

 AtomicnumberisdenotedbyasymbolA.

 AtomicmassisdenotedbyasymbolZ.

ISOTOPES

 Theseareatomsofthesameelementwithdifferentatomicmassbutsame

atomicnumber.

 Thisisbecausetheyhavedifferentnumberofneutronsintheirnuclei.

 Hydrogenhasthefollowingisotopes

H1
1

H2
1
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H3
1

RADIOISOTOPES

 Areisotopesasaresultofspontaneousdisintegrationofanatom toattain

stability.

RADIOACTIVITY

 Isthespontaneousdisintegrationofanatom toattainstability.

 Istheemissionofparticlesorelectromagneticradiationsbynuclei.

 Isalsoknownasradioactivedecay.

TYPESOFRADIOACTIVEDECAY

 Radioactivityresultsintothreeformsofsubatomicparticles.

 Theseinclude

 Alphaparticles()α

 Betaparticle()β

 Gammaray()γ

ALPHAPARTICLES()α

 Anucleusejecttwoprotons.

 Thesereducethemassofanatom.

 Itresultsintotransformationoftheelementintoadifferentelement.

 Theparticleishelium nucleus( )innature.H4
2

 Theatomicmassofaparentnucleusdecreasesby4whiletheatomic

numberdecreasesby2.

 Asyoucanseeabove,theparticlesispositivelycharged.

+U238
92 Th234

90 He2 +4
2
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 Thischargemakesittodeflectmagneticfield.

 Theydeflectlessbecausetheyhavelargemasses.

 Thesehavelesspenetratingpower.

 Theycannotpenetratetheskin.

 Theseareverydangerouswhentheyareinjectedorinhaled.

 Theirpenetratingpowerisone.

BETAPARTICLE()β

 Anegativelychargedparticleidenticalwithelectronisproducedi.e .e0
-1

 Yourecallthatnuclearstructureofanatom showsnoelectroninthenucleus.

 Theseelectronsareproducedinthenucleuswhenaneutron.Changesintoa

proton.

 Duringbetadecay,themassnumberofaradioactiveelementremains

unchanged,whiletheatomicnumberincreasesbyoneunit.

 Theparticlemovesatnearlythespeedoflighti.e.3x108m/s.

 Ithasgreaterpenetratingpowerthanalpha.

 Ithasthepenetratingpowerof100.

 Theparticleisnegativelycharged.

 Ithasalmostnomass(negligiblemass).

 Itisdeflectedtowardsthepositivepoleofastrongmagneticfield.

 Thedeflectionismuchgreaterthanthatofalpha.

GAMMARAY()γ

 Sometimesthenucleuscanremainunstableevenafteremittingthealphaor

betaparticles.

 Itpossessesalotofenergyafterthedecay.

 Itemitsarayoflighttogetridoftheexcessenergy.

+n1
0 P1

1 e0
-1

+P27
15 S32

16 e0
-1

+ +C14
6 N14

7 e0
-1 N14

7 γ
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 isunstable.Itgainsstabilitybythelossofgammarays.N14
6

 Thisdoesnotmakeanychangeofbothatomicnumberandatomicmass.

 Gammaraysarenotparticles.

 Theydonotpossessanycharge.

 Thesedonotdeflectinthepresenceoftheelectricandmagneticfield.

 Theyhavethepenetratingpowerof10,000.

DEFLECTIONSUMMARY

PENETRATINGPOWERSUMMARY

NUCLEARSTABILITY

 Thenucleusofanatom containsmanyprotonsandneutrons.

 Sinceprotonscarrysimilarchanges,theyrepeleachother.

 Thisrepulsionisduetoshortdistancesbetweentheprotons.

 Theprotonsareboundbyapowerfullocalisedforcewiththehelpofthe

neutronswhichbalancetheopposingforcesoftheprotons.

_ _ _ _ β

γ

+ + + +α

α
β

γ

Sheetofpaper Sheetofaluminium Leadmetal

blockthick

2cm thick
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 Thisforceiscallednuclearbindingforce.

 Thisforceislimitedtonumberofprotonscoexistwiththeneutronsina

nucleus.

 Ifthenumberisgreater,thenucleibreakontheirowntoachievestability.

 Thisleadstotheradioactivity.

HALF-LIFEANDRATESOFDECAY

 Half-lifeistimeittakesforhalftheoriginalamountofisotopeinagiven

sampletodecay.

 Itistimetakenforasubstancetodecayhalfofitsmass.

 ItisformedbyN= whereNisradioactivenucleipresent,NoisnumberN0
-λt

ofnucleipresentattimet,λisdecayconstantandtistimetaken.

 Half-lifeisindicatedasT½.

 therelationshipbetweenhalf-lifeanddecayconstantis T½ = .
0.693

λ

USESOFRADIOISOTOPES

 generationofatomicenergy

 nuclearfission

 isthesplittingofheavynucleusintotwolighternucleiof

approximatelythesamesize.

 Slowmovingneutronsareusedtostrikenucleioflessstable

heavyelements.

 Asshownabovetheprocessinvolvesthereleaseofenergy.

 nuclearfusion

 itisthecombiningoftwosmallnucleitoform heavynucleus

whichisunstable.

 Somemassisconvertedintolargeamountofenergy.

+ + +EnergyU235
92 N1

0 Ba144
56 Kr90

30

+ + +EnergyH2
1 H3

1 H4
2 N1

0
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 Carbondating

 Carbon14isusedtoestimatewhenacertainfossilcouldhavebeen

existing.

 Medicaluse

 Cobalt60isusedtocurbcancer.

 Gammaradiationspenetratethebodyandkillthecancerouscells.

 Gammaradiationisusedtosterilisesurgicalinstruments.

 Usedfortreatinggoitre

 Fordiagnosingofcirculatoryproblem

 Treatingtumours

 Industrialuse

 Radioactivityisusedinpackagingindustries

 Teafactoryusessuchisotopestodetectwhetherthetealeaves

arepackedcorrectlyornot.

 Detectingofoilleaksinpipelines.Short-livedradioisotopesare

introducedinthepipetobedetectedfrom wherethepipeisbroken.

 Agriculturaluse

 Tracingfertilizeraction.

 Sterilisingmaleinsectssoastoreducepopulation.

 Obtaininginformationaboutanimalandplantnutrition.

DANGERSOFRADIOISOTOPES

 Cancauseskinburn.

 Cancausecellionisationinthebody.

 Cancauseuncontrolledgrowthoftissueandcancer.
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 Canaffectgeneticmake-upthatcanresultintodeformedbabiesborn.

 Canresultintoemissionofenormousamountofenergyintheform ofheat.

 Causesrednessoftheskin.

 Blisteringandsores.

DETECTIONOFRADIATIONS

 Photographicplate

 Whenexposedtoradiations,radiationspenetratetheplate.

 Penetrationexposesthesurface.

 Electroscope

 Canbemadeusingmoneyclipsandthepaperinsidethecigerate

packet.

 Airmoleculesbecomechargedbyalphaions.

 Thisdischargestheelectroscope.

 Thegoldleafrepels

 SparkCounter

 Devicefordetectingradiations.

 Consistsofafinewirestretchedbelowapieceofwiregauze.

 Ahighvoltagebetweenthegauzeandwireisadjusteduntilitisalmost

Brassdiscorcap

Insulator

Brassrod

Goldleaf

Earthmetalcase

Dryair
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butnotquitesparkling.

 Theionisingpoweroftheradiationswouldthenmaketheairionized

becomingconductive.

 Sparksarethenproducedunderhighvoltage.

 Geiger-MullerTube

 Consistsofalongtubecontaininginertgasatlowtemperature.

 Ithasaprotectivecoverforthemicawindow.

 Thetubehasanodeaswellascathode.

 Thetubeisconnectedtoanamplify.

 Whenaradioactivesourceisbroughtfrom thesourcepenetrateitand

ionisesthegasinside.

 Thisinducesacurrent.

 Whenevercurrentflowsintheamplify,aclickisheard.

 CloudChamber

 Deviceusedtodetectionizatingradiations.

wiregauzeα

High

voltage Spark

source Wire

Thinwire Micawindow

Amplifier

GeigerMullerTube

Protective

cover
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 Consistsofclosedcontainerfilledwithsupersaturatedvapour.

 Whentheionizingradiationpassesthroughthevapour,thevapour

leavesatrailofchargedparticles(ions).

 Ionssavesascondensationcentreforvapour.

 ScintillationCounter

 Isalsoadevicefordetectingandmeasuringradiationsbymeansof

tinyvisibleflashesproducedbytheradiationswhenitstrikesa

sensitivesubstancecalledphosphor.

 Theindividualflashesarecausedbyabsorptionandre-emissionof

radiationbythephosphor.

 Thisdetectsonlygammaraysbecauseitisverythick.

PRECAUTIONSMEASURES

 Handleradioactivesubstanceswithforcepsneverwithbarehands.

 Coveranycutontheskinbeforehandlingradioactivesubstances.

 Donotpointradioactivesubstancestowardsahumanbody.

 Returnradioactivesubstancestotheircontainersoonafteruseandstore

them inleadcontainer.

 Alwayscheckforradiationsafterexperiment.

 Donotstaylonginaregionofradioactivesubstances.

 Ifpossible,useleadshieldingwheninaregionofradioactivesubstances.
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