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MEASUREMENTS

FundamentalQuantities

 Arequantitieswhicharenotdefinedintermsofotherquantities.

 Arealsocalledbasicquantities.

Ser.

No.

Examplesofquantities SIUnit Symb

ol

1 Length Metre M

2 Mass Kilogra

m

Kg

3 Time Second S

4 Thermodynamic

temperature

Kelvin K

5 Electriccurrent Ampere A

6 LuminousIntensity Candela Cd

7 Amountofsubstance Mole mol.

DerivedQuantities

 Arequantitieswhichareexpressedintermsofthefundamentalquantities.

Ser.

No.

Examplesof

quantities

SIUnit Symb

ol

Base

Unit

1 Moment Newtonmet

re

Nm Kgm2/s2

2 Work Joule J Kgm2/s2

3 Energy Joule J Kgm2/s2

4 Power Watt W Kgm2/s3

5 Pressure Pascle Pa Kgm2/s3
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6 Charge Coulomb C As

7 Current Ampere A C/s

StandardNotation(ScientificNotation)

 Isthesimplestwayofwritingquantitieswhereallquantitieshaveasingle

wholenumberandothersareexpresseddecimalfractions.

Example

 Express0.000000001instandardnotation.

1.Shiftthedecimalpointtotherightsothatthereisonlyonewholenumber.

2.Multiplythenumberby10raisedtothepowerequivalenttothenumberof

shiftsto

theright.

3.Sincethedecimalisshiftingtotheright,thepowershouldbecomea

negativeone.

0.000,000,001=1.00x10-9

 Express1,000,000,000instandardnotation.

Dosteps1to3butnowtotheleft.

1,000,000,000=1.00x109

PrefixesandSIunits

 Thesearesymbolsusedtodescribeacertainunitofquantity.

Prefi

x

symb

ol

Magnitud

e

atto Α 10-18

femt

o

£ 10-15

pico Ƥ 10-12
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nano Ղ 10-9

micr

o

Ս 10-6

mill M 10-3

centi C 10-2

deci D 10-1

deca Da 101

hect

o

H 102

kilo K 103

Meg

a

M 106

Giga G 109

Tera T 1012

Peta P 1015

Exa E 1018

Measurementoflength

 Ismeasuredinmetres(m).

 Measuredusingtapemeasure,metrerule,etc.

 Theaboveinstrumentsonlymeasurelargelength.

 Verysmalllengthismeasuredusing

 Verniercalliper

 Micrometerscrewgauge

Challengesofusingametreruletomeasurelength

 Itfailstomeasuretheseconddigitofadecimalfraction

 2.2cmcanbeseeneasily.
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 2.24cmisdifficultbecauseitdoesnotshow0.04onit,

Verniercalliper

 Wasinventedin17thcenturybyFrenchtechniciancalledPierreVernier.

 Isusedtomeasureshortdistancessuchasadiameterofasmallball

bearing,thinrod,etc.

 Ithasafixedjawandslidingjaw.

 Slidingjawiscentrallyalignedbyathinflatbar.

 Ithasthespring-loadedbuttonusedtopreventtheslidingjawfrommoving

unnecessarily.

Fixedjaw Slidingjaw

Usingaverniercalliper

 Ithasascaleof9mm.

 Thesearedividedintotenequaldivisions.

 Eachdivisionisof0.9mm.

 Thedifferencebetweenonedivisionandanotheriso.1mmor0.01cm.

 0.1mmiscalledleastcount(LC).

 Theseconddecimalvalueisobtainedbyidentifyingamarkonthevernier

scalewhichcoincideswithamarkonthescalecalledverniercoincidence

(VC).

 MultiplyingVCwith0.01cm=(VCxLC).

Micrometerscrewgauge

 Isanotherinstrumentformeasuringverysmalllengthsuchasdiameterofa

wire,thinrods,thicknessofapaper.

 WasfirstmadebyanastronomercalledWilliamGeorgein17thcentury.
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Spindle Thimble

Sleeve Ratchet

Zeroadjusting

Screw U-frame

 U-frame

 Holdsananvilatoneendandaspindleattheotherend.

 Sleeve

 Hasalinearmainscale(sleevescale)markedinmillimetresorhalf

millimetres.

 Thimble

 Hasacircularscale.

 Iscalibratedfrom0toeither50or100divisions.

 Iscalledheadscale(thimblescale).

 Whenthimbleisrotatedthespindlecanmoveeitherforwardor

backwards.

 Ratchet

 Preventstheoperatorfromexertingtoomuchpressureontheobject

tobemeasured.

 Zeroadjustingscrew

 Isusedtoclearzeroerror.

Readingamicrometerscrewgauge

 Movementofthethimbleiscontrolledbyascrewcalledpitch.

 Theseareof1mmand0.5mm.

 1mmpitchhas100divisionscalledheadscaledivisions.

 Inthiscaseeachdivisionis0.01mmwithleastcount(LC)as0.01mm.

LC= =0.01mm1mm

100

 A0.5mmpitchhas50divisionswiththeLCas0.01mm.
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LC= =0.01mm0.5mm

50

 Thethimblereadingcalledtheheadscalecoincidence(HSC)isthevalueof

themarkonthethimblethatcoincideswithhorizontallineonthesleeve.

 Themainscalereadingistakenbyconsideringthereadingofamarkonthe

fixedthatisimmediatelybeforethesleeveenterstherimoftheheadscale.

 Thelinearmainscaleonthesleeveiscalibratedinmillimetresorhalf

millimetres.

 Theleastcountis0.01mm

 Themicrometerscrewgaugereading=MSR+(HSCxLC)

=4.0+(80x0.01)

=4.0+0.8

=4.8mm

Measurementoftime

 Timeistheintervalbetweentwodistinctevents.

 TheSIunitoftimeisthesecond(s).

 Canbemeasuredusingstopwatch,stopclockanddigitalclocks.

 Digitalstopwatchiscommonlyusedinourlaboratories.

 Digitalstopwatchescandisplayhours,minutes,secondsandmilliseconds.

Measuringtimeintervalusingasimplependulum

 Apendulumisasmallmasscalledbobsuspendedbyalightinextensible

stringfromafixedpivot.

8
5

8
0
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 Itundergoesoscillatorymotion.

AnActivity

Aim:

 Tomeasuretimeintervalusingapendulum

Materials

 Bob(mass)

 String

 Nailorfixedpoint

Procedure

 Tiethebobtothestringandstringtothepointortothenail.

 Displaythesuspendedbobthroughasmallangleandreleaseit.

 Usethestopwatchtotime20oscillationsofthependulum.

 Repeatsteps2and3twomoretimesandgettheaveragevalueoftime.

 Definethetimeforoneoscillation.

Period= Time

Numberofoscillations

Measuringtimeusingcathoderayoscilloscope

 Cathoderayoscilloscope(C.R.O)usescathoderaystodisplaywaveforms

onafluorescentscreen
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Electron Deflectionsystem

Gun

Y X Fluorescentscreen

A1 A2

C

6V(LT) Y

V1 Electronbeam

V2

 Electrongun

 Consistsofafilament(F)whichissurroundedbyacathodeC,two

anodesA1andA2andathirdelectrode(controlgrid).

 Deflectingsystem

 Consistsoftwopairsofplates.

 AhorizontalpaircalledY-plate.

 AverticalpaircalledX-plate,

 Attheendofevacuatedglasstubeisthefluorescentscreencoated

withmateriallikephosphorandzincsulphide.

 Whencathodeisheatedbycurrentfromalowemitted(L.T)supply,

freeelectronsareemittedfromitssurface.

 TheseemittedelectronsareacceleratedandfocusedbyanodeA1

andA2maintainedatapositivevoltagetothecathodes.

 Theelectricfieldsbetweenthecathodesconvergethebeamintoa
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finespotonthefluorescentscreen.

 Brightnessofthespot

 Thisiscontrolledbyacontrolgrid.

 Makingthegridmorenegativeinpotentialwithrespecttothecathode

decreasesnumberofelectronspassingthroughpersecond.

 Thisreducesthebrightnessofthespot.

 Therefore,thebrightnessofthespotdependsontheincreaseof

numberofelectronspassingthroughpersecond.

Basiccontrolonalaboratorycathoderayoscilloscope

 TheX-platesareconnectedtothetime-basecircuit.

 XandY-controlknob(lasttwolowerknobs)areusedtoshiftthespot

manuallytotheXandYdirection.

Procedureforoperatingcathoderayoscilloscope.

Timebase

Inputterminal
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 Switchontheoscilloscopewhenthetime-baseknobisoff.

 AdjusttheX-shiftandY-shift(lasttwolowerknobs)tillthespotappears.

 SetthespottothecentreofthescreenusingXandYshiftsadjustments.

 Adjustfocusandbrightnesscontrolknobstoobtainsharpandbrightspot.

TheY-deflectionplate

 Whenthetimebaseisswitchedoff,apotentialdifferenceisappliedtotheY-

plate.

 TheelectronspotisdeflectedupordownalongtheY-axis.

 SometimesthespotproducedonY-axisistoosmall.

 TheY-gaincanbeusedtoadjustthedeflection.

TheX-deflectionplates

 X-platesareconnectedtothetime-basecircuit.

 Thiscreatesanelectricbeamthatmovesfromlefthandsideofthescreento

therighthandsidewhenthevoltagesrisetomaximumandtotheleft

 ThemechanismsweepsthespotalongtheX-axis.

 Thetime-basedknobcanbeusedtoadjustthespotalongtheX-axis.

Measurementofsmalltimeinterval

 Eventsoccurringwithinashortintervaloftimee.g.soundwavecanbe

detectedbyamicrophone.

 Microphoneconvertssoundenergyintoelectricalenergy.

 Thesesignalsarefedtothecathoderayoscilloscopewhosetime-baseison.

 Theseareseenonthescreenofthecathoderayoscilloscope.

Cathoderayoscilloscope

screen

Timebetweentwowaves
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 Thetimeintervalbetweenthetwowavescanbecalculatedifyouknowthe

timebaseofthecathoderayoscilloscopeandthedistancebetweenthetwo

signals.

Measurementofvolume

 Volumeisdefinedasanamountofspaceoccupiedbyanobject.

 SIunitofvolumeiscubicmetre(m3).

 Volumeismeasuredusinginstrumentssuch

 Measuringcylinder

 Burette

 Pipette

 Measuringflask

Measuringcylinder

Burette

 Whentakingthevolumereading,themeasuringinstrumentmustbeup-right.

Factorstoconsiderwhenchoosingtheappropriateinstrumentformeasurement

ofvolume.

 Natureofthesubstance

 Theamountofthesubstance
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Investigation

Aim

 Toinvestigatethevolumeofadropofwater.

Materials

 Burette

 Water

Procedure

 Filltheburettetothelevelandrecorditsvolumeasvolumeone.(V1).

 Runout10dropsofwater.

 Noteandreadthenewlevelasvolumetwo(V2).

 SubtractV2byV1i.e.V2–V1.Thisisthevolumeof10dropsofwater.

 Divide10dropsintothevolumeof10dropsofwaterfoundin4.Thisisthe

volumeofonedropofwater.

Volumeofonedropofwater=volumeofndropsofwater

ndropsofwater

Measurementofmass

 Massismeasuredusingbeambalances

 Triplebeambalances

 Digitalbeambalances

Triplebeambalance

 Firstbeaniscalibratedin100-grammarks.

 Secondbeamisin10-grammarks.

 Thirdbeamisin1-grammarks.

 Thetriplebeambalancecanbeusedto:

 Measuretherequiredmassofaquantityfromthegivensample.

 Determinethemassofagivensampleofasubstance.
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UNITTWO

SCIENTIFICINVESTIGATION

Scientificinvestigation

 Isthesystematicwayusedbythescientiststofindsolutiontotheproblem

orananswertoaquestion.

 Ascientistmustplanfortheinvestigation.

Scientificinvestigationdesign

 Statethetopicorproblemtobesolved

 Thestatementshouldbepreciseandfocusedtomakeitmanageable.

 Suggestahypothesisontheproblemtobesolved.

 Isaproposedexplanationgivenonthebasisoflimitedevidenceasa

startingpointforfurtherinvestigation.

 OutlineSMARTobjectivesfortheinvestigation

 S-specific

 A-achievable

 R-realistic

 T-timebound

 Identifythevariablesinvolvedintheinvestigation

Theseareofthreetypesnamely

Independentvariables

 Istheonethatresearcherhasacontrolover

 Thecontrolistobringachangeinanothervariable.
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Dependentvariables

 Istheonethatchangesasaresultofthechangeinthevariable

thatis

variedbytheresearcher.

 Thisrespondstochangesintheindependentvariable.

Controlledvariables

 Isthequantitythattheresearcherwantstoremainconstantso

thatit

doesnotaffectthedependentvariable.

 Theresearcherdeliberatelykeepthecontrolledvariable

constantby

varyingindependentvariable.

 Thisisdonetoobtainthecorrespondingchangeinthe

dependent

variable.

 Identifyapparatus/resourcestobeusedtocarryouttheresearch.

Theseshouldbeabletogivereadingsandresultstotheexpected

degreeof

accuracytominimizeerrors

 Outlinetheprocedureofcarryingouttheexperiment

Theseshouldincludelogicalstepssetupdiagramsandprecautionary

measure

wherenecessary.

 Identifytheappropriatemethodsofcollectingdata

Thesemethodsshouldbe

 Efficient

 Applystandardprocedures

 Enhancecollectionofprimarydata

Theyshouldalsobecosteffective.
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 Speculateoridentifyanypossibleconstraints,risksandsuggestedwaysto

handlethem.

 Suggestmethodsandtoolsofdataanalysisthatwillbeused.

Theseincludegraphsandcharts.

 Incorporatetheuseofsecondarysourceofinformationtovalidatethe

resultsobtained.

Theseincludebooks,magazines,journalsandinternetlinks.

Exercise

Prepareascientificinvestigationdesignthatyoushouldusetinvestigatehowthe

temperatureofafixedmassofwatervarieswithtimefrom0oCuntilitboils.

Carryingoutascientificinvestigation

 Thisisthesecondstageafterdesigningascientificinvestigation.

 Togetappropriateandaccuratedataconsiderthefollowing

Carryouttheoutlinedproceduresandtrails.

 Makesurethattheproceduresfollowedcangiveaccurate

results.

 Howeverobservehealth,safetyandenvironmentalmeasures.

Collectandrecordthedatatotherightprecisionasyoucarryoutthe

procedures

 Methodsofrecordingdataincludetables,charts,

photographingand

recordingofsound.

Exercise

Presenttheinformationcollectedbelowthatwasobtainedintheinvestigationto

determinehowpressureaffectsthevolumeofamixedvolumeofafixedmassof

gasatconstanttemperature.

Pressure(x

105pa)

Volume

(cm3)

1.00331 7.339
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1.02180 7.241

1.03907 7.143

1.02565 7.038

1.07390 6.88

1.08481 6.83

1.09388 6.78

1.011137 6.67

1.12196 6.63

Dataanalysisinascientificinvestigation

 Therawdatacollectedandrecordedneedtobeanalysed.

 Thisisinordertogivemeaningfulinformation.

 Analysismayinclude

Organizingthedataandstudyingthetrend

 Thisistodeterminehowitisvaryingoritremainsconstant.

Drawgraphsandcharts

 Thisistoshowthetrendinthesetofdata.

Calculatingrequiredvaluesthatarerepresentationofthedata.

Interpretingthegraphs,chartsandthecalculatedvaluestoderive

meaningful

information.

Identifyingsourcesoferrorsinexperiment.

Guidelinesonhowtodrawgraphs

 Agraph

Isadiagramthatshowstherelationshipsbetweentwoormore

quantities.

Ithashorizontalaxiscalledx-axisandverticalaxiscalledy-axis
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 Featuresofagraph

 Title

 Axes

 Scale

 Plottingpoints

 Line/curveofthebestfit

 Slope(gradient)

 Title

 Indicatesthevariableswhoserelationshipisrepresentedinthegraph.

 Thefirstquantityinthestatementofthetitleshouldberepresented

ontheY-axis(verticalaxis)

 Thesecondquantityinthestatementofthetitleshouldbe

representedontheX-axis(horizontalaxis).

 Normally,thedependentvariabletakestheverticalaxiswhilethe

independentvariabletakesthehorizontalaxes.

 Axes

 Thesearedrawnperpendiculartoeachotherwitharrowsindicating

thedirectionoftheincreasingvalues.

 Axesshouldbelabelledwiththesymbolsofthequantities

representedonthem.

 Bothaxesmusthaveastartingvalueatthepointoftheirintersection.

 Mostofthetimethestartingpointiszero.

 Scale

 Choiceofscaleenablesonetoplotallthepointsobtainedorgivento

getagraphofareasonablesize.

 Verticalscaleandhorizontalscaledoesnotnecessarilybethesame.

 Itisimportanttochooseaconvenientscalewhichenablesoneto

representandreadallpossiblevaluesdataonthegrid.

Note
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 Astandardgraphpaperusedshouldhave1cmgrid.

Howtodeterminethescale

 Where
Vh-Vl

n

 Vhisthehighestvalueinthecolumn

 Vlisthelowestvalueinthecolumn

 nlengthincentimetresalongtheaxiswherethepointswillbeplotted.

Plottingpoints

 Usesmallxoranencircleddo.

 Theseshouldnotbetoobigbutsmall.

 Itisimportanttoconfirmtheplottingforeachpoint.

Line/curveofthebestfit

 Inbothlineandcurvegraph,joinonlythebestfit.

 Leavetherestoutsidetheline.

 Drawingofthelineorcurveofthebestfitminimizeserrors.

Slope

 Isthemeasureoftheextenttowhichthevariableintheverticalaxischanges

inrelationtothechangeinthevariableonthehorizontalaxis.

 Slope= Changeinthenerticalaxis

Changeinthehorizontalaxis

G= where =Yf–Yiand =Xf–Xi
∆Y

∆X
∆Y ∆X

G=
-Yf Yi

-Xf Xi

Determinationofkeyquantities

 Insomeexperimentsaslopeisnotenoughtoleadustomakeconclusion.

 Suchexperimentsmightrequiretocalculatesomeotherquantities.

 Thesequantitiescanbecalculatedusingtheexpressiongiven.
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Example

 Afterplottingagraphofy(sinr)andx(sini),youneedalsotocalculatethe

refractionindex(n)oftheslope(s).

 Findingreciprocaloftheslopeofthegraphgivestherefractionindexi.e.n=

where1

s

 nshouldbeexpressedtothesamesignificantfigures.

 TheworkingatthisstageshouldbedoneinSIunitswheretheunits

exist.

 Iftheunitsofaslopearestandardunitsconvertthembeforebeing

used.

Determinationofexperimentalerrors

Anerroristhevariancebetweenameasurementandthetrueoraccepted

value.

Termsrelatedtoerror

 Uncertainty

 Istheintervalaroundavaluesuchthatanyrepetitionofthe

measurementwillproduceanewresultthatliewithinthisinterval.

 Precision

 Isthedegreetowhichrepeatedmeasurementsunderunchanged

conditionshowthesameresults.

 Accuracy

 Isthedegreeofclosenessofameasurementtotheactualvalue.

Classesofexperimentalerror

 Absoluteerror

 Isthedifferenceinmagnitudebetweenvalueofthemeasurement

obtainedandactualvalue.

 Isdeviationofthemeasurementfromtheactualvalue.

i.e.measuredvalue–actualvalue.

 Sometimes,itisdefinedashalfoftheleastvalue(count)thatcanbe
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measuredusingthegiveninstrument.

 Absoluteerrorcanbeminimisedbybeingmoreaccuratewhentaking

anymeasurement.

 Relativeerror

 Istheratiooftheabsoluteerrortothetruevalue,usuallyexpressedas

apercentage.

Relativeerror=Absoluteerrorx100

actualvalue

 Relativeerrorcanbeminimizedbyminimizingabsoluteerror.

 Systematicerror

 Istheonethatarisesfromtheerrorinmeasuringinstrument.

 Thevalueremainsthesame.

 Systematicerrorcanbecorrectedby

 correctingthepositionofzeroor

 usingerror-freeinstruments.

 Zeroerror

 Isthereadingthataninstrumentgiveswhenitissupposedtogivea

readingofzero.

 Sourcesofzeroerrorcanbe

Usingamaladjustedinstrument(aninstrumentthatistoberesetto

zerobefore

usingit)

Usingwronglycalibratedinstrument.

Usingadamagedmeasuringinstrument.

 Zeroerrorcanbeminimizedby

 Resettingmeasuringinstrumentstozeroreadingbeforeusingthem.

 Usinginstrumentsthatarecorrectlycalibrated.

Note
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Whenthezeroerrorisnegative,actualreadingisfoundbyaddingthe

magnitudeoftheerror.

Whentheerrorispositive,theactualreadingisfoundbysubtracting

thevalue

ofanerror.

 Environmentalerrors

 Arethoseerrorsariseduetoconditionsthatareexternaltothe

measuringinstrument.

 Temperature.

 Humidity.

 Pressure.

 Magneticfield.

 Electricfield.

 Canbeminimizedbycontrollingtheexternalenvironmentwhere

possible.

 Randomerrors

 Errorsarisefromtheinconsistencyintherepeatedmeasurementsof

thequantity.

 Duetounpredictablefluctuationsinthe

 readingsofameasuringinstrument.

 Inaccuratetakingofreadingsfrommeasuringinstrument.

 Canbeminimizedbytakingtheaverageofnumbersofrepeated

observations..

 Parallaxerrors

 Alsocalledobservationalerrors.

 Duetoreadingofwrongvalueonaninstrument

 Duetowrongpositioningoftheeyes.

 Poorvisionbytheobserver.

 Canbeminimizedby
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 Correctpoisoningofeyeswhenreadingthevalueinthe

instrument.

Drawingconclusionsfromaninvestigation.

 Isasummaryofwhatwasestablishedthroughinvestigation.

 Researchercompareshypothesisandthefindingstogiveastatement.

 Thestatementfirmsthehypothesistrueornottrue.

Presentationoftheresultsofascientificinvestigation.

 Allfindingsofthescientificinvestigationhavetobecommunicatedina

formalwaytotheinterestedparties.

Importantguidelinesonhowtopresenttheresultsofscientificinvestigation.

 Identifytheaudience.

 Willassistinchoiceofpresentationmethodsandtools.

 Presentationshouldbewellorganised.

 Shouldhavetitle,objective,hypothesis,introduction,experimentand

straighttothepoint.

 Presentationshouldbesummarisedandstraighttothepoint.

 Leveloflanguageusedshouldbesuitabletothepoint.

 Presentationshouldbemadeclearlyandconcisely.

 Audial/visualaidsshouldbeusedeffectively.

 Shouldbeaudible/visible.

 Completethepresentationwithinareasonabletime.

 Attheend,theaudienceshouldcommentoraskquestions.

Methodsofpresentation

 Oralpresentation.

 Powerpointpresentation.

 Posterpresentation.
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 Videoconferencing.

 Scientificjournalandpublicationsandreports.

Evaluatingascientificinvestigation

 Researchershouldevaluatetheentireprocessoftheinvestigationagainst

theobjectivesoutlinebeforethecommencementoftheinvestigation.

 Theresearchershould

 Determinewhethertheobjectivesoftheinvestigationweremetornot.

 Highlightthechallengesthataffectedparticularstagesofthe

investigation.

 Discusswaysofaddressingthechallengesencounteredduringthe

investigation.

 Pointoutareasthatwouldrequirefurtherinvestigation.

 Suggestthereportshouldbesubmittedforpeerreviewbeforethe

reportisadopted.

Laboratoryreport

 Explainswhatyoudidinanexperiment,whatyoulearnedandwhatthe

resultsmeant.

 Simplereportshouldhave

 Title-twotypeofthem.

 Thetitlepage

 Notallreportshavetitlepages.

 Thetitlepageisasinglepagethatcontains

o Titleoftheexperiment.

o Nameoftheresearcherandlaboratorypartner.

o Teacher’sname(supervisor).
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o Datewhenthelabwasperformedorthedate

reportwasestablished.

 Title

 Sayswhatyoudidinbriefi.eaimfortenwordsorless.

 Describethemainpointoftheexperimentorinvestigation.

 Theaim

 Isthepurposeofcarryingouttheexperiment.

 Maybeoneormany.

 Forinstrumental-basedpractical,theapparatususedarenormally

mentioned.

 Introduction.

 Isasingleparagraphthatstatestheobjectiveoftheexperiment.

 Providesthereaderwithbackgroundtotheexperiment.

 Sometimesabriefsummaryonhowtheexperimentwasperformed,

resultsobtainedandconclusion.

 Inthisparagraph,thehypothesisisalsostated.

 Materials

 Isasinglelistofeverythingneededtocompleteyourexperiment.

 Makesurethatitisaccurateandcomplete.

 Methods

 Aresteps/proceduresthatshowhowyoucarriedouttheexperiment.

 Thedescriptionofstepsshouldbedetailedbutprecisesothatanyone

canreadthissectionandduplicateit.

 Stepsshouldbeclearandfiguretodiagramyourexperimentalsteup

shouldbeprovided.

 Results

 Thiscontainstherawdatathatyouobtained.

 Datashouldbesummarisedintheformsof
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 Tables

 Figures

 Graphs

 Photographs

 Alltheseformsofsummarisingthedatashouldhavetitles.

 Labeltheaxesonthegraphandincludeunitsofmeasurements.

 Discussion

 Isthemostimportantpartofthereport.

 Iswhereyouexplain,interpretandanalysedata.

 Youdeterminewhetherornotahypothesiswasaccepted.

 Pleaseexplainthelogicthatallowsyoutoacceptorrejectthe

hypothesis.

 Allmistakesmadeshouldbediscussed.

 Describewaysofimprovingtheexperiment.

 Listfutureexperimentsthatmightclarifyareasofdoubtinyour

results.

 Conclusion

 Iswhereyousumupwhathappenedintheexperiment,whetheryour

hypothesiswasrejectedandwhatdoesthismean.

 Mostofthetimesasingleparagraph.

 References

 Includeslistofbooks,journals,websitesetcusedinyourresearchon

theprocessofcarryingoutyourexperimentandwritingareport.
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UNITTHREE

PROPERTIESOFMATTER

THEKINETICTHEORYOFMATTER

 Statesthatmatterismadeupoftinydiscreteparticlesthatarealwaysin

randommotion.

 “Kinetic”isderivedfromGreekword“Kineo”whichmeans“Imove”.

 So,particlesinasubstanceareinconstantmotionregardlessofitsstateof

matter.

 Thetheoryexplainsthatparticlesarepackedinsolids,liquidsorgasesand

areboundbydifferentattractiveforcesbetweenthem.

 Theyobservetheeffectoftemperatureonthem.

 So,thearrangementofparticlesofmatterandthewaytheymove

determinesthestateofasubstancei.e.solid,liquidorgaseousstate.

Kinetictheoryofsolids

 Solidshavestrongcohesiveforceofattractionbetweenparticles.

 Moleculesarecloselypackedinfixedpositionsbyattractiveforces.
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 Havethehighestdensitycomparedwithliquidsandgases.

 Havedefiniteshapes.

 Largeforceisneededtochangethesizeandshape.

 Requirealotofheatenergytomeltintoliquid.

 Particlesormoleculesvibratecontinuouslyinafixedormeanposition.

 Whensolidsareheated

 Kineticofparticlesincreases.

 Particlesvibratevigorouslyintheirfixedpositions.

 Cohesiveforcesbetweenmoleculesareweakened.

 Intermolecularforcesbecomeweak.

 Particlesstarttoflow.

 Thetemperatureatwhichtheseparticlesstarttoflowiscalled

meltingpoint.

 Theprocessofchangingofstatefromsolidtoliquidiscalled

melting.

Kinetictheoryofliquids

 Havemoderateintermolecularforceofattractionbetweenparticles.

 Particlesarelooselypacked.

 Havelowerdensitycomparedtosolids.

 Particlesarefreetomoverandomly(flowwhilestickingtogether).

 Donothavedefiniteshape(Takestheshapeofthecontainer)

 Whenliquidsareheated

 ParticlesacquiremorekineticenergyAndmovefaster.

 Theintermolecularforceisweakened.

 Moleculesescapethroughthesurfaceofaliquid.

 Thetemperaturewhereparticlesstarttoescapefromtopofthe

liquidisboilingpoint.
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 Theprocessofchangingfromliquidtogasisevaporation.

Kinetictheoryofgases

 Haveveryweakintermolecularforcesexperienceduponcollision.

 Havenodefiniteshape.

 Fillthecontainer.

 Moleculesmoverapidlyandfreely.

 Increaseintemperatureincreaseskineticofparticles.

 Particlesofgasmovemorevigorouslyindifferentdirections.(Thisiscalled

kinetictheoryofgases)

 Vigorousmovementofgasparticlesdirectedtoonepointgiveslargeforce.

 Thiscreatespossibleforcethatrotateturbinesingeothermalelectricplates.

Causesofgaspressure

 Pressureisforceexitedperunitarea.

 Gasmoleculesareincontinuousmotion.

 Theyconstantlycollidewitheachotherandthewallsofthecontainer.

 Containerexperiencesanoutwardpusheachtimeamoleculestrikesitand

bouncesoff.

 Constanthittingpersecondproducesasteadyoutwardforcepergivearea.

 Thisiswhatisbeingdefinespressure.

Factorsaffectinggaspressure

 Numberofmolecules(particles)inthecontainer.

 Temperatureofthegas.

 Sizeofparticlesofthegas.

 Volumeofthecontainerinwhichparticlesare.

EFFECTOFTEMPERATUREONTHEMOLECULARSPEED

 Particles/moleculesoffluidsandsolidsarealwaysmovingrandomlyor

vibrateaboutameanposition.
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 Highertemperaturemakesthemoleculesmovefasterthanbefore.

Absolutezerotemperature

 Isthetemperaturewheremoleculesstopmoving(havezeroenergy)andthe

gassamplehaszerovolume.

 At-273oCtheoreticallymoleculeshavezeroenergy.

 Thisisequaltoabsolutezerosinceitisequalto0Kelvin(0K).

UNITFOUR

ROPERTIESOFMATTER

THERMOMETRY

TEMPERATURESCALES

 Isarangeofvaluesformeasuringthedegreeofhotnessorcoldness.

 Thedegreeofhotnessorcoldnessiscalledtemperature.

 Temperatureisexpressedin

 DegreesCelsiusalsocalledcentigrade.

 DegreesFahrenheit.

 Kelvin.

 KelvinscaleistheSIunitforthetemperature.

 DegreeCelsiusandkelvinarecommonlyused.

TheCelsiusscale

 UsesthedegreeCelsius(oC)asaunitofmeasuringtemperature.

 Hastwofixedvalue

 MeltingpointforiceoC.

 Boilingpointofwater100oC.

 Thisonlyunderstandardatmosphericpressureof101325pa.

 Thesetwopointsarecalledthelowerandtheupperfixedpoints.

 WasinventedbySwedishinventor,AndersCelsiusin1742.
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 Itwasnamedunderhisname.

TheKelvinscale

 UsesKelvinasaunitofmeasuringtemperature.

 Usesabsolutezero(-273oC).

 -273oC=0K.

 WasinventedbyProfessorWilliamThomas,alectureratGlasgowUniversity.

 WasaBritishPhysicist.

 HewasgiventhetitleofBoronKelvinofLogosin1892.

 Heusedhistitleasaunitofmeasurement.

RelationshipbetweenCelsiusandKelvinscales

 ToconvertCelsiustoKelvinweadd273tothegivendegreeCelsius

temperaturescale.

 32oCtoKelvin=32+273=305K.

 ToconvertKelvintoCelsiuswesubtract273toKelvintemperaturescale.

 305K=305-273=32oC

Thermometers

 Athermometerisaninstrumentformeasuringtemperature.

Thermometricsubstance

 Isthesubstanceusedintheconstructionofthermometers.

 Definethetemperaturescalebyassigningfixedlowerforcedpointandupper

forcedpoint.

 Thermometricsubstancecanbeliquid,gasorsolid.

 Buttheirpropertieschangeuniformlywithtemperature.

Thermometricpropertiesofasubstance

 Shouldremainconstantiftemperatureisconstant.

 Shouldchangeuniformlywithchangeintemperature.
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 Shouldchangeuniformlyforevery1oCchangeintemperature.

 Shouldacquirethermalequilibriumasquicklyaspossible,whentemperature

measurementsareneeded.

 Shouldcoverawiderange(shouldnotfreezeorboilatnormaltemperature).

 Shouldbeabletoregistertherapidchangingtemperature.

 Shouldhavealargechangeevenifthechangeintemperatureissmall.

 Shouldbesuchthatthetemperaturecanbetakeneasilywithoutwaitingfor

alongtime.

Typesofthermometers

 Liquid–in–glassthermometer.

 Electricalresistancethermometer.

 Digitalthermometer.

 Constantvolumegasthermometer.

 Thermocouplethermometer.

Liquid-in-glassthermometer

 Usesmercuryorcolouredalcohol.

 Liquidisfilledintothebaseofthethermometercalledabulb.

 Bulbisconnectedtothecalibratedcapillarytubethroughwhichtheliquid

riseswithincreaseintemperature.

Mercury-in-glassthermometer

 Istheoneinwhichitsthinwalledbulbisfilledwithmercury.

 Precautionswhenconstructingit.

 Thewallsofthebulbshouldbethintoensurethatmercurycanbe

heatedeasily.

 Quantityofmercuryshouldbesmallsothatitshouldtakelittletimeto

warmup.

Bulb Mercury Thincapillarytube
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 Thethincapillarytubeshouldbeofuniformcross-sectionsothatthe

mercurylevelchangesuniformlyalongitslength.

 Advantagesofusingmercuryasthermometricsubstance

 Mercuryisshinyopaqueliquidthatitsmeniscuscaneasilybeseen

andreadingstakenwithoutdifficulties.

 Mercurydoesnotwetglasssoitcannotsticktothesidesofthe

capillarytube.

 Mercuryiseasilyobtainedasapuresubstance.

 Mercuryhasalargeincreaseinvolumefor1oCriseintemperature.

 Mercury-in-glassthermometerhasawiderangeoftemperaturesince

mercuryfreezesat-39oCandboilsat357oC.

 Mercuryhasabilitytotransferheatenergyeasily.

 Disadvantagesofusingmercuryasathermometricsubstance.

 Usuallytisonlythebulbwhichisincontactwiththebodywhen

takingthetemperature.

 Thereisachangeininitialpressureduetothedifferentpositionsof

thethermometeri.e.thereadingofthemercurylevelislowerwhenthe

tubeisverticalascomparedtothereadingwheninhorizontalposition.

 Mercurytakessometimetocontracttotheoriginalvolume.The

samethermometercannotbeusedtomeasurealowtemperature

soonafterhightemperature.

 Theymaybenon-uniformityinthecapillaryboreoftube.

 Itisnosuitabletomeasuretemperature.

Alcohol–in–glassthermometer

 Thisusescolouredalcoholinsteadofmercury.

 Thevolumeofalcoholchangesuniformlyandeasilywhenheated.

 Thechangeissixtimesthatofmercury.

 Therangeoftemperaturethatcanbemeasuredwiththisthermometeris

limitedi.e.boilsat78oCandfreezesat-112oC.

 Itisidealformeasuringlowtemperatures.
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 Advantagesofusingalcoholasathermometricsubstance

 Hasaverylowfreezingpointof112oChenceitssuitablein

thermometertorecordverylowtemperatures.

 Canbecolouredbrightlybyaddingdyethatmakesitclearlyvisible

throughtheglass.

 Hasuniformexpansionandcontractionthanevenmercury.

 Isgoodthermalconductor,cheapandeasilyavailable.

 Disadvantagesofusingalcoholasathermometricsubstance

 Alcoholstickstothewallsoftheglassthuswettingit.Thismakesit

difficulttoreadthetemperatureaccurately.

 Alcoholhaslowboilingpointandcannotbeusedtomeasurehigh

temperatures.

Clinicalthermometer

 Itisaninstrumentdesignedtomeasurehumanbodytemperature.

 Ithasthefollowing:

 Athinwalledbulbcontainingmercury.

 Acapillaryboreisverynarrowanduniformdiameter.

 Hasalimitedrangefrom35oCtoabout43oC.

 Thenormalbodytemperatureisabout36.9oC.

Six’sMaximumandMinimumThermometer

 Isusedtomeasuremaximumandminimumtemperatureofaplaceduring

theday.

Narrowcapillarytube

Bulb Constriction
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 WasinventedbyphysicistcalledJohnSix.

 IthasaU-tubeconnecttotwobulbs.

 TheU-tubecontainsmercury.

 Thetwobulbscontainalcoholwhichoccupiesthefullvolumeofonebulb

leavingtheotherbulbwithaspace.

 Hastwoindicesfittedwithlightfinespring.

 Whenthetemperatureisveryhigh,mercurypushestheindex2tothe

maximum.

 Thepositionindex2isthemaximum.

 Usethemagnettoresettheindicestothesamelevel.

 Whenthetemperatureisverylow,mercurypushestheindex1up.

 Thepositionofindex1istheminimum.

Thermocouplethermometer

 Thisusesthethermocoupleeffect.

 WasdiscoveredbyaGermanphysicistcalledThomasSeebeck(1170-1831).

 Heusedtherelationshipbetweenheatflowandelectriccurrent.

 Hediscoveredthatwhentwoendsofmetalpiecesareatdifferent

temperatures,

 electriccurrentflowsfromthehotendtothecoldend.

BulbA Airandalcohol

vapour

BulbB

Alcohol

Index1

Index2

Mercury
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 Theamountofcurrentthatflowsdependsonthetemperature

differencebetweenthetwoends.

 Differentamountofelectriccurrentflowsthroughdifferenttypesof

metals.

 Thecurrentcanbemeasuredbyconnectingagalvanometeratsomepointin

theloop.

 Thevalueofcurrentcanbeusedtodeterminethetemperatureatoneendif

thetemperatureattheotherendisknown.

 Thermocouplethermometerisusedtomeasureveryhightemperaturewhich

ordinarythermometerscannotmeasure.

 Usesofthermocouple

 Isusedinindustriestodetermineiftherequiredtemperatureis

reached.

 Canbeusedinhomes,officesandbusinessplacesasthe

temperaturesensorinthermostats.

 Areusedasflamesensorinsafetydevices.

 Areusedtomeasureveryhightemperature.

UNITFIVE

Copperwire Galvanometer

JunctionB

JunctionA

Brass

G
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PRESSURE

PRESSURE

 Isforceexertedperunitarea.

P=f

A

 Forceismeasuredinnewton(N)andareainsquaremetre(m2).

 PressureismeasuredinN/m2.

 UnitforpressureisPascal(pa).

Pressureinsolids

 Pressureinsolidsdependsontheforceexertedbythesolidandtheareaof

contactwiththesolid.

 Thelargertheparticlethegreaterthepressureandthesmalltheparticlethe

lowthepressure.

Pressureinliquids

 Liquidsexertpressureonallthewallsofthecontainer.

 Liquidpressurehasthefollowingproperties:

 Liquidpressureincreaseswithincreaseindepth.

 Liquidpressureatequallevelisthesame.

 Liquidpressureincreaseswithincreaseindensity.

 Liquidfindsitsownlevel.

Formulaforpressureinliquids

P=f

A

ButF=mg

P-mg

A

Butm=℮vandv=Ah

m=℮Ah
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P= =℮hg;where℮isdensity,hisheight(depth)andgisgravitationalfield℮Ahg

A
strength.

Example

 Calculatethepressureatthebottomofabeakerwhenitisfilledwithwater

toaheightof12cm.takethedensityofwateras1g/cm3andg=10N/kg.

P=℮gh

℮=1g/cm3=1000kg/m3

g=10N/kg

h=12cm=0.12m

p=1000kg/m3x10N/kgx0.12m

p=1200Nm2

Applicationofliquidpressure

 Watersupplysystem.

 Drinkingstraw.

 Hydraulicmachines

 Hydrauliccarbrake.

 Hydraulicjack

 Hydraulicoilpump

Atmosphericpressure

 Isthepressureexertedbyairparticlesintheatmosphere.

 Ismeasured

 Mercurybarometer

 Theaircolumnsubtractedgivesthevalueofthepressure

exerted.

h
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P-h℮g

 Sinceg=10N/kg,convertallthereadingtokg,m3.

Example

 Ifhinthediagramaboveis75mm,findthepressureexerted.

 ℮=13600kg/m3

 g=10N/kg

 h=75mm=0.075m

 p=h℮h

=0.075mx15600kg/m3x10N/kg

=10200N/m2

 Manometer

 Isaninstrumentusedtomeasuregaspressure.

 Hasatransparenttubecontainingaliquid.

 Oneendisleftopenwiththeotherendisusuallyconnectedto

thegaswhosepressureismeasured.

 InIthelevelofthemercuryisthesameinbothsides.

 Thisimpliesthatgaspressureisequaltoatmosphericpressure.

Pg=PA

Pressureapplied Pressure

applied

GasPressure

H

I II
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 WhenPg PA,Pg=PA+Pressureduetomercurycolumn>

P2=PA+h℮g

 WhenPA Pg,PA=Pg+pressureduetomercury>

PA=Pg+h℮g

Pg=PA-h℮g∴

Example

BelowisaU-tubemanometerusedtodeterminethepressureofthegasusedto

inflatethetyre.Densityofthemercuryis13600kg/m3andgravityis10N/kgwith

atmosphericpressureof1.02x105pa.Calculatethepressureofthegas.

PA Pg>

pg=PA-h℮g∴

=1.02x105pa–(0.69mx13600kg/m3x10N/kg)

=1.02x105pa-93840pa

=8160pa

Thepressureofthegasusedtoinflatethetyreis8160pa.∴

Fluids

 Thesearemadeupofliquidsandgases.

Applicationofpressureinfluids

 Hydraulicbrakes

 Hydraulicpress

 Drinkingstraw

0.69

m
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 Syringes

 Liftpump

 Forcepump

 Bicyclepump

 Siphon

Hydraulicbrakes

 Usestheprincipleoftransmissionofpressure.

 Whenasmallforceisappliedonthebrakepedalofthecar,itpushesthe

pistoninthemastercylinder.

 Thisproducespressurethatisequallytransmittedtothepistonintheslave

cylinder.

 Thepressureforcesthebrakepadstocomeintocontactwithlargediskand

slowsorstopsthecar.

 Thepistoninthemastercylinderaresmallerindiameterthanthepistonin

theclavecylinder.

 Thesmallforceappliedismultipliedbythelargepistonintheslavecylinder.

Force Mastercylinder Brakepeds

exerted

Tyre

Tootherbrakes Slavemaster

Axle

Rim

Largedisc

Force=30N Force

Piston1

Piston2
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Drinkingstraw

 Suckingthroughastrawreducestheairpressureinsidethestraw.

 Theatmosphericpressureforcestheliquidintothemouththroughthestraw.

Syringes

 Consistofatight-pistoninbarrel.

 Isusedbydoctors.

 Whenthepistonispulled,thespaceiscreatedinthebarrel.

 Thislowersthepressureinsideandallowsairtooccupythespace.

 Pushingthepistonreducesthepistonreducedthespaceinsideandpushes

airout.

Liftpump

 Isusedtoraiseliquidfromalowleveltoahighlevel.

 Ishascylindricalmetalbarrelwithadeliverytube.

 Apistonisplacedinsidethebarrelwithtwovalves.
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 Thepumpisoperatedbymeansoflevers.

Forcepump

 Consistsoftwovalves,asolidpiston,twocompartmentsAandBandthe

outlettube.

 Thepumpisopenedbymovingthesolidpistonupanddownusingalever

system.

Piston

A B

Valve

air outlet2

valve1 air

Water

 Duringupstroke

 Whenthepistonmovesup,itcreatesanemptyspaceincompartment

A.

 Theairbetweenthepistonandvalve1expandstofillthespace.

 ThisreducesthepressureoftheairincompartmentAbelowthe

atmosphericpressure.

 Theatmosphericpressureonthewatersurfaceforcesthewaterup

pastvalve1intothecompartmentA.

 Valve2doesnotopensincepressureaboveitisatmospheric.

 Duringdownstroke

 Valve1closeduetoweightandthatofthewateraboveit.

 IncreaseinpressureincompartmentA,opensvalve2.

 ThisallowswateroutthroughtheoutlettubeviacompartmentB.

 AiristrappedincompartmentB.

Bicyclepump

 Consistsofaflexibleleatherwasheratoneendofthepistoninsidea
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barrel.

 Thepumpisusedtoinflatetubesorballoonswhosematerialsarenottoo

hardtoexpand.

 Theflexibleleatherwasheractsasvalveasapiston.

Handle Piston Barrel Leatherwasher

 Thepumpisoperatedbyhands.

 Thepistonispushedinandoutwithinthebarrel.

 Pushinginmakestheairoutofthepumpintothetube.

Siphon

 Isaflexibletubeusedtoemptycontainere.g.petroltank.

 Toemptytheliquidinthecontainer,thesiphonisfirstfilledwithliquid.

 Oneendispushedintotheliquidandtheotheronelefthanging.

UPTHRUST

 Istheupwardforceexertedbywateronthebodyimmersedinit.

FACTORSAFFECTINGTHEMAGNITUDEOFUPTHRUST

 Density

 Asthedensityoftheliquidincreases,theupthrustincreasesandvice

versa

 Thevolumeofthebodyimmersedintheliquid

 Thegreatertheheightandhencethevolumeoftheportionofthe

objectsubmergedintoliquid,thegreatertheupthrustexertedonthe

body

 Upthrustisequaltotheweightoftheliquiddisplaced
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ARCHIMEDES’PRINCIPLE

 Statesthatwhenabodyiswhollyorpartiallyimmersedinafluid,it

experiencesanupthrustwhichisequaltotheweightofthefluiddisplaced.

 Upthrustisequaltotheweightoffluiddisplacedminusapparentlossin

weight.

TAKENOTE

 Thesameeffectisobservedforapartiallyimmersedcube.

 Theforcesonthesidesareequalbutactinoppositedirectionshencethenet

forceonthesidesofthecubeiszero.

THELAWOFFLOATATION

 Statesthatafreelyfloatingbodydisplacesafluidofweightwhichisequalto

itsownweight.

APPLICATIONOFFLAOTATION

 Manufacturingofship

 Shipismadeupofmetalandair.Thismakestheshipfloatonwater.

 Whentheshipisloadeditdisplacesmorewaterthanwhenitisnot

loaded.

 Submarines

 Isthetypeofshipthatcanfloatonwaterandsinkinwater.

 Submarineshaveinternaltankscalledballasttank.

 Ballasttankcanbefilledwithwaterorair.

 Whenwaterisallowedtofill,itcansinkinwaterandwhenfilledwith

airitfloats.

APPLICATIONOFARCHIMEDE’SPRINCIPLEANDRELATIVEDENSITY

 Usedinfindingrelativedensity

 Findthemassofthesolidinair.

 Immerseitinacontainerfullofwater.

 Collectthedisplacedwaterandfinditsmass.

 Dividethemassoftheobjectbymassofdisplacedwater.
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Relativedensityofsolid= massofsolidinair

massofdisplacedwater

Relativedensityofliquid=upthrustinliquid

upthrustinwater

HYDROMETER

 Isaninstrumentformeasuringtherelativedensityofaliquiddirectly.

 Itconsistsofanuppertemandlowerbulb.

 Boththestemandthebulbcontainair.

Stem

Bulb

Leadshots

UPPERSTEM

 Consistsofahallownarrowglasstubeandscaleontheinsideofthetube.

 Thescaleisgraduatedinrelativedensitiesnoevenlyspacedout.

 Thethinstemgivestheinstrumentagreatersensitivity.

LOWERBULB

 Consistsofawidebulbwhichisloadedwithleadshotstokeepthe

hydrometeruprightintheliquid.

 Thebulbdisplacesareasonableamountoftheliquidmakingitexperiencea

reasonableamountofupthrust.

TYPESOFHYDROMETER

 Lactometer

 Istheonetotestthepurityofmilk.

 Isforcheckingwhetheranywaterhasbeenaddedtomilk.

 Hasarangefrom1.015to1.045.
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 Puremilkhasarelativedensityof1.030.

 Itisgraduatedinpercentageofpurityofmilk.

 Wisusedfor0%purewhileMisusedfor100%purityofpuremilk.

 Spirit/wines/beerhydrometer

 Fordeterminingpercentageofalcoholinbeers,winesandspirits.

 Acaracidhydrometer

 Fortestingthestateofchargeofacidbatteries.

 Isdonebymeasuringtherelativedensityofsulphuricacidinthe

battery.

 Isenclosedinglasstubefittedwitharubberbulb.

 Therubberbulbissqueezedtoexpeltheairfromtheglasstubeto

reducepressure.

 Whenreleasingthebulb,theatmosphericpressureforcestheacidup

intotheglasstube.

 Thehydrometerismadetofloatandrelativedensitycanberead.

 Whenfullychargedtherelativedensityis1.25.

 Iftherelativedensityoftheacidis1.18,thebatteryneedsrecharging.

 Ithasaredbandaroundthetopofthestem.

 Isacidlevelreachesthisband,thebatteryrequirescharging.
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UNITSIX

GASLAWS

GASLAWS

 Thesearethelawswhichdescribetherelationshipoftwovariablesamong

temperature,pressureandvolumewhenonevariableiskeptconstant.

 Thequantitieswhichexplainthebehaviourofafixedmassofgasare

pressure,temperatureandvolume.

 Therearethreegaslaws

 Boyle’sLaw

 Charles’Law

 PressureLaw

PRESSURELAW

Itstatesthatforafixedmassofgasatconstantvolume,pressureisdirect

proportiontoitstemperatureinKelvinscale.
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i.e.P T∝

P=KT

K=P

T
Giventwopositions,(P1,T1)and(P2,T2),

K= =P1

T1

P2

T2

=P1

T1

P2

T2

=P1T2 P2T1

Example

Agaswhoseoriginaltemperatureandpressureare30Kand300KN/ isexpandedm2

untilitsnewpressureis60KN/ whileitsvolumeremainsconstant.Whatisitsm2

temperature?

Solution

Given: =300KN/ , =30K, =60KN/ , =?P1 m2 T1 P2 m2 T2

=P1T2 P2T1

=T2
P2T1

P1

=T2
60KN/ x30m2

300KN/m2

=6K.

Exercise

1.Anelectriclightbulbhasvolumeof200cm3.Itcontainsargongasatpressureof

1.1x

105paandtemperatureof289K.Whenthelightisswitchedon,thepressure

increased

~ steadilyto1.8x105pa.Whatisthetemperatureoftheargonintheelectriclight

bulbthat

createdthisnewsteadypressure?

2.Agaswhoseoriginalpressureandtemperaturewere17paand34Kisexpanded

untilits

newpressureis51pawhileitsvolumeremainsconstant.Whatisitstemperature?

BOYLE’SLAW

Itstatesthatforthefixedmassofgasatconstanttemperature,thevolumeis

inverselyproportionaltoitspressure.

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

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


53

i.e.V ∝ 1

P

V=K

P
K=VP

Giventwopositions( )and(V1P1 )V2P2

K= =V1P1 V2P2

Example

Ifacertainamountofgasoccupies100litresat100Kpa.Whatisthepressure

requiredtooccupyitinto10litresatthesametemperature.

Solution

Given:

=100l, =100kpa,V1 P1

=10l, =?V2 P2

=V1P1 V2P2

=P2
V1P1

V2

=100lx100kpa

10l
=1000kpa.

Exercise

1.Agaswhoseoriginalpressureandvolumewere300paand14m2isexpanded

untilitsnew

pressureis60pawhileitstemperatureremainsconstant.Whatisitsnewvolume?

2.Aquantityofgaswhoseoriginalvolumeandpressurewere35land12pawere

compressed

itsvolumereducedto7lwhileitstemperatureremainsconstant.Findthenew

pressureof

thegas.

CHARLES’LAW

Itstatesthatforthefixedmassofgasatconstantpressure,volumeisdirectly

proportionaltoitstemperatureinKelvin.

i.e.V T∝

V=KT

K=V

T
Giventwopositions( )and( ),V1T1 V2T2

K= =V1

T1

V2

T2
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=V1

T1

V2

T2

=V1T2 V2T1

Example

Aquantityofgaswhoseinitialtemperatureandvolumeare576Kand20m3

respectivelyiscooledataconstantpressureuntilitsnewvolumeis10m3.Findthe

finaltemperatureofthe

gas.

Solution

Given:

V1=20cm
3,T1=576K,

V2=10cm
3, T2=?

V1T2=V2T1

T2=
V2T1

V1

= x576K
10m3

20m3

=288K

Exercise

1.Calculatethevolumeoccupiedbyasampleofgasat42oCifitoccupies5litresat

22oC.

2.Aquantityofgaswhoseinitialtemperatureandvolumeare244Kand12m3

respectivelyis

cooledataconstantpressureuntilitsvolumeis24m3.Findthefinaltemperature

ofthegas.

THEIDEALGASEQUATION

Itisformedwhenthepressurelaw,Boyle’slawandCharles’lawarecombined.

Thisisanequationshowingtherelationshipamongthetemperature,pressureand

volume

whentheyallvary.

i.e.V Tand V∝ ∝ 1

P

V ∝ T

P

V=KT

P
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K=VP

T

Giventwopositions(V1P1T1)and(V2P2T2),

K= =V1P1

T1

V2P2

T2

=V1P1T2 V2P2T1

Example

Thepressureof15mlofoxygengasat8oCis12atm.Whatisthevolumeifthe

pressureis770torrandtemperatureis20oC.

Solution

Given:V1=15ml, P1=12atm, T1=8
oC,P2=770torr, T2=20

oC and V2=?

Inthisproblem,youarerequiredtoconvertpressuretooneunit,eitherintotorror

atmandtemperaturetoKelvin.

i.e.P1= =9120torr,12atmx760torr

1atm
T1=8+273=281K

T2=20+273=293K

=V1P1T2 V2P2T1

=V2
V1P1T2

P2T1

=185.25ml

=185ml

Exercise

1.Thevolumeofairinacontaineris24m3andhasapressureof16atmwhenthe

temperature

is21oC.Calculateitspressurewhenthevolumeisreducedto12m3andits

temperatureto

171oC.

KINETICTHEORYOFMATTER

 Isthetheorythatexplainsthebehaviourofgases.
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 Itstatesthatgasesaremadeupoftinyparticleswhicharealwaysinmotion.

ASSUMPTIONSMADEINKINETICTHEORYOFGASES

 Agasismadeupoftiny,identical,solidparticleswhichareinconstant,rapid

andrandommotion.

 Theparticlesmoveinastraightlineandtheirmotionisonlyaffectedby

collisions.

 Allcollisionsareperfectlyelastic.

 Thetimethattheparticlesareactuallyincontactwitheachotherorwiththe

wallsofacontainerisnegligiblecomparedwiththetimebetweentwo

successivecollisionswiththewalls.

 Theforceofattractionbetweentheparticlesisnegligible.

 Theactualvolumeoftheparticlesisnegligiblecomparedwiththespacein

whichtheparticlesmove.

 Ifthegasobeysalltheassumptionsabove,iscalledidealgas.

UNITSEVEN

MACHANICS

SCALERSANDVECTORS

SCALERS

 Thesearequantitieswithmagnitude(size)only.

 Pressure

 Speed

 Temperature

 Distance

 Mass

 Density

 Area

 Energy
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 Volume

VECTORS

 Thesearequantitieswithbothmagnitudeanddirection.

 Displacement

 Velocity

 Acceleration

 Momentum

 Magneticfield

 Temperaturegradient

REPRESENTINGVECTORS

 Arerepresentedbyalinewithanarrowhead( )

 Thelengthofthelinerepresentsthemagnitudeandanarrowheadshows

thedirection.

 Thelengthmaybedrawntoagivenscale.

PROPERTIESOFVECTORS

 Theyhavemagnitude.

 Theyhavedirections

 Theycanbemovedfromonepositiontoanotheraslongasthemagnitudes

anddirectionsaremaintained.

 Whenthevectorisreversed,itisassignedanegativevalue.

ADDITIONANDSUBTRACTIONOFVECTORS

VECTORADDITION

 Thesumofthevectorsiscalledresultant.

ADDITIONOFPARALLELVECTORS

7N + 12N = 19N
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ADDITIONOFVECTORSTOOPPOSITEDIRECTION

18N + 10N = 8N

ADDITIONOFVECTORSUSINGTRIANGLERULE

 Thisisascalediagram.

 Thefollowingstepsshouldbefollowed

 Reducethemagnitudeofthetwocoplanarvectorstothesizethatcan

suitthespacetobedrawn.

 Drawonevectortotheconvertedlengthwiththeheadpointingtoone

direction.

 Fromtheheadofthisvectorconstructthegivenangle.

 Throughthegivenangledrawthesecondvectortotheconverted

units.

 Jointhetailofthefirstvectorandheadofthesecondvectorby

drawingastraightline.

 Thislineistheresultantandmeasureitusingyourruler.

 Convertyourreadingto(N)usingthescaleyouareusing.

 Example

Findresultantforceinthefigurebelow

 Usingascaleof100N=1cm

a=200N

60o

b=300N
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200N=2cmand300N=3cm

 Drawthetriangleasshownbelowwhichhasa=2cmandb=3cm.

 Maintaintheangleatthepointshownasshownbelow.

RESOLVINGVECTORSUSINGPARALLELOGRAMRULE

 Thisisanotherscaledrawinginwhichresultantisthediagonalofthe

parallelogram.

 Youcompletetheremainingtwosidesoftheparallelogramusingthegiven

twocoplanarforcesandthendrawthediagonalfromthegivenangletothe

anglewhereheadsofthedrawnvectorsmeet.

 Thefollowingstepsshouldbefollowed;

 Converttheunitstothescalethatcansuitthepapertobeused.

 Copythetwoforceswiththemagnitudefoundafterconvertingthe

unitsbutmaintaintheangle’smagnitudeandposition.

 Useconstructionrulestocompletevectorsparalleltothedrawn

vectorstoformaparallelogram.

 Fromthegivenangle,drawadiagonaltomeettheheadsofthe

constructedvectors,measureitandconverttheunitsfoundusingthe

givenscale.

 Thisbecomestheresultantforce.

 Usingtheexampleinthetriangleruleandthesamescale,itwillbeas

shownbelow.

R a

60o

b

a R

60o

b
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RESOLVINGVECTORSUSINGVECTORCOMPONENTS

 Asinglevectorhastwocomponents;horizontalcomponentandvertical

component.

 Sometimestheforcesactingagainstthebodycanbetwoormore.

 Thesewillstillgiveasingleresultant.

 Theseareresolvedbybreakingeachvectorintohorizontalandvertical

components.

 Allhorizontalcomponentsareaddedandverticalcomponentsarealso

addedgivingthesumofhorizontalcomponentsandthesumofvertical

components.

Example

 Usingvectorabelowtofindhorizontalandverticalcomponents.

a

 Vectorahascomponentsindicatedinthefigurebelowusingtrianglerule.

y

a

θ

x
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 ahasahorizontalcomponentxandverticalcomponenty.

 tofindausingangle ;sin = hencey=asin andcos = hencex=aθ θ y

a
θ θ x

a
cos .θ

 UsingPythagorastheorema= ∑(x)2+∑(y)2√

 Tofinddirectionoftheresultantusetan = .θ ∑verticalcomponents

∑horizontalcomponents

Example

Resolvethefollowingvectors

Resultant∴

= (- 105.326)2√

+

(231.557)2

=8.044N

Direction;tan = ; =tan-1 =66oθ 231.557

105.326
θ 231.557

105.327

R=8.04N66obelowx-axis.

UNITEIGHT

LINEARMOTION

LINEARMOTION

Vecto

r

Horizontalcomponent Verticalcomponent

200N

140N

-200Ncos30o=-

153.209N

140Ncos70o=

47.883N

200Nsin30o=

100.000N

140Nsin70o=

131.557N

∑ =-

105.326N

=231.557

140N

200N

30o 70o

Box
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 Isamotionmadebyabodyasitmovesfromoneplacetoanother.

 Thisinvolvestimetaken,distancecovered,speed,velocityandacceleration

ofthemotionandrelationshipsamongstthem.

DISTANCE

 Isthetotallengthofthepathbetweentwopoints.

 Ismeasuredinunitsoflengthsuchaskm,m,cmetc.

 Determiningthedistancebetweentwopoints,thedirectionisnotconsidered.

 DistancecoveredfromKaliyekatoChipasulathroughArea23andArea22

=3km+6km+4km

=13km

 Iftherewerethelengthfromoneareatoanother,thepersonwouldmovea

distanceof13kmfromKaliyekatoChipasulaiftheroutetoArea23andArea

22isfollowed.

DISPLACEMENT

 Isthestraightlinedistancebetweentwopointsinthedirectionofmotion.

(Moredirectroutefromonepointtoanotherinthedirectionstated).

Kaliyeka Chipasula

4km

3km

Area22

Area23 6km

Chipasula

Kaliyeka displacement

Area23 Area22
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 ShortestroutefromKaliyekatoChipasulaisthedisplacement.

 Thearrowindicatesthedirectionofmotion.

 TheSIunitfordisplacementismetre(m).

SPEED

 Isthedistancemovedbythebodyperunittime.

Speed=distancemoved

timetaken

 Directionisnotconsidered.

 SIunitofspeedismetrespersecond(m/s).

UNIFORMSPEED

 Iswhenthebodycoversequaldistancesinunittimeintervals.

 Normallythebodymovingbetweentwopointsmoveswithvaryingspeed.

 Thisiscallednon-uniformspeed.

 Thespeedbetweentwopointsiscalledaveragespeed.

Averagespeed=Totaldistancecovered

Totaltimetaken

Example

Whatisthespeedofaracingcarinmetrespersecondifthecarcovers360kmin

2hours?

Speed= = =180km/hrsDistancecovered

Timetaken

360km

2hrs

Changethekmtomandhourstoseconds.

Speed= =50m/s180x1000

1x60x60

VELOCITY

 Isthechangeofdistanceinaparticulardirection.

Velocity=Distancemovedinaparticulardirection

Timetaken
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 Isthedisplacementcoveredinaunittimeortherateofchangeof

displacementandtime.

Velocity=Displacement

Timetaken

 Insomecasesthevelocityofamovingbodykeepsonchanging.Insuch

cases,itisbettertofindaveragevelocity.

Averagevelocity=Totaldisplacement

Totaltimetaken

 Whenthevelocityinaparticulardirectionisconstant,thevelocityiscalled

uniformvelocity.

 TheSIunitforvelocityismetrespersecond(m/s).

 Whensketchingthevelocityofthebody,thedirectionshouldbeincluded.

Example

AcartravellingfromtownAtotownB200kmeastofAin3hours.Thecarchanged

directionandtravelledadistanceof150kmduenorthfromtownBtotownCin

2hours.Calculate:

(a)Speed=Totaldisplacementcovered

Totaltimetaken

= = =70km/h200km +150km

3h+2h

350km

5h

(b)Averagevelocity=
Displacement→

AB

Timetaken

Displacement

(m)

0 4 8 1

2

Timetaken(s) 0 2 4 6

C

Displacement 150km

A 200km B
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Displacement= (AB)2+(BC)2√

= 2002+1502√

=250km

Averagevelocity= = =50km/h250km

3h+2h

250km

5h

MEASURINGVELOCITY

 Canbemeasuredinanumberofwayssuchasusingticker-tape-timer.

TICKER-TAPE-TIMER

 Isanelectricalvibratorwhichmovesametalpinupanddown50timesevery

second.

 Thisgivesonecompletevibrationas1/50second=0.02s.

 Asthepinmovesdownwards,itpressesadotonthecarbonpaperdisc.

 Thetapeisattachedtoamovingbody.

 Eachsuccessivepairofdotsrepresentsatimeintervalof0.02second.

 Thedistancebetweenanytwosuccessivepairofdotsisthedistancethe

objecthasmovedin0.02second.

 Therefore,thetaperecordsthedistancemovedandtimetakenbyamoving

body.

 Sincethedotsareequallyspaced,thevelocityifthesameatallpointsonthe

tape.

Velocityofthetape=Displacement

Timetaken.

ACCELERATION

 Istherateofchangeofvelocity.
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Acceleration=Changeinvelocity

Timetaken

a= =∆v

∆t

v-u

t

 TheSIunitofaccelerationismetrespersquaresecond(m/s2).

 Whenaccelerationispositive,itmeansthatitsvelocityisincreasing

commonlycalledacceleration.

 Whentheaccelerationisnegative,itmeansthatitsvelocityisdecreasing

commonlycalleddeceleration.

UNIFORMACCELERATION

 Iswhentherateofchangeofvelocitywithtimeisconstant.

Example

Acaracceleratesfromresttoavelocityof20m/sin5seconds.Thereafter,it

deceleratestoarestin8seconds.Calculatetheaccelerationofthecar

a.Inthefirst5seconds

Acceleration= = = =4m/s2Changeinvelocity

Timetaken

20m/s-0m/s

5s

20/s

5s

(acceleration)

b.Inthenext8seconds

Acceleration= = = =-2.5m/s2Changeinvelocity

Timetaken

-20m/s
0m

s

8s

-20m/s

8s

(deceleration)

ACCELERATIONDUETOGRAVITY

 Istheaccelerationduetopulloftheearthontheobject.

 Allfreelyfallingbodiesneartheearth’ssurfaceareattractedtowardsthe

centreoftheearthwithanacceleration.
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 Thisaccelerationiscalledtheaccelerationofthefreefall.

FREEFALLBODY

 Isthebodythathasbeenallowedtofallfreely.

Speed= =Distancecovered

Timetaken

s

t

 Constantacceleration=Finalvelocity+Initialvelocity

2

Speed= =V+U

2

s

t

s=t(V+U)

2

forafreefallbodyU=0,

s=∴ tv

2

Butv=gravitationalpull(g)

s=∴ gt2

2

=x,x= andg=speed gt2

2

2x

t2

 Ifyouhavespeedandtime,youcancalculategravitationalpulloverthebody.

 ghastwomeanings

 thegravitationalfieldstrengthwhichis10newtonsperkilogram

(g=10N/kg).

 theaccelerationofafreefallbodywhichis10metrespersecondper

second

(g=10m/s2).

ACTIVITY

Aim

 todetermineaccelerationduetogravityusingasimplependulum.
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Apparatus

 stopwatch

 pendulum

 standandclamp

 table

procedure

 Assembletheapparatusasshownbelow.

 Displacethependulumthroughasmallangle 10oandreleaseit.θ <

 Usethestopwatchtotime20oscillationsofthependulum.Repeatthe

experimentandcalculatetheaveragetimefor20oscillations.Doforatleast

sixdifferentlengths.Recordyourresultsinthetablebelow.

Length

(m)

Timetaken(t)for20

oscillations(s)

Averagetime(t)for

20oscillations(s)

Period(T)=
t

20

T2(s2)

0.60

0.70

0.80

0.90

1.00

1.10

 DrawagraphofT2againstl.

 Drawthelineofbothbestfitthroughthepoints.

 Determinethegradient.

Stand String
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Discussion

 PlottingthegraphofT2againstlwilllookliketheonebelow.

 Thegradientwillbe∆T
2

∆l

 Forasimplependulumoscillatingwithasmallamplitude,theperiod(T)is

givenbytwopiesquarerootoflengthovergravity.

T=2π√
l

g

=√
l

g
T

2π

= 2 =l

g (
T

2π)
T2

4π2

g= l4π2

T2

 Tocalculateaccelerationduetogravityisgivenby

g= l4π2

T2

butT2= andy=mx+cl4π2

g

 InthegraphT2=y,l=xvalues

Y=mx+c T2=mx+c⇒

Atc=0,T2=ml

T2(s2)

l(m)

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

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


70

SubstitutingT2= l4π2

g

=mll4π2

g

m= =∴ l4π2

gl

4π2

g

 Gradientofthegraph(m)=4π
2

g

g=∴ 4π2

m

 Gravity= 4π2

gradientofthegraph

Exercise

1.Thefollowingresultswereobtainedinacertainexperimenttodetermine

factorsaffectingtheperiodofapendulum.

Length 0 5 10 15 20 25 30 35 40

Time(t)for10

oscillations

0 1.

7

3.

2

4.

4

5.

5

6.

5

7.

4

8.

2

8.

6

Period(T)= (s)t

10

a.Completethetablebydeterminingtheperiodofeachtimefor10

oscillations.

b.Plotagraphofperiod(T)insecondsagainstlength(l)incentimetres.

2.Aformthreestudentperformedanexperimenttodeterminetheoscillation

duetogravitybytimingonoscillatingpendulumandobtainedthefollowing

results.

Lengthofpendulum

(m)

0.1

2

0.1

3

0.1

4

0.1

5

0.1

6

0.1

7

0.1

8

Time(t)for20

oscillations

30.

5

32.

0

36.

7

40.

2

45.

0

48.

6

50.

3

a.Explainhowthelengthofthependulumismeasured.

b.Plotthegraphoft2againstL.

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

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


71

c.Determineaccelerationduetogravity.

d.Listtheprecautionsyouwouldtakeinthisexperimenttomeasure

accurateresults.

MOTION–TIMEGRAPHSANDTHEIRINTERPRETATIONS

DISTANCE-TIMEGRAPHS

 Abodyatrest.

 Thisshowsthatthedistancecoveredbythebodydoesnotchange

withtime.

 So,thebodyisatrest(isnotmoving).

 Movingbodywithconstantacceleration.

Distance(s)(m)

Time(t)in(s)

Distance(s)in(m)

Time(t)in(s)
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 Thisshowsthatasthedistancetravelledbythebodyincreases,the

timeisalsoincreasing.

 Itthiscase,speedcanbepresentedby

 Speed= .∆s

∆t

 Butgradient= .∆s

∆t

 gradient=speed.∴

 Thisshowsthatthebodyismovingwithconstant(uniform)speed.

 Speedincreasingwithtime.

 Thisshowsthatthespeedisincreasing(notuniform).

 Thisimpliesthattheobjectisaccelerating.

 Examplesmayinclude;

 Bodyrollingdownaninclinedplane.

 Acaracceleratinguniformlyfromrest.

 Speeddecreasingwithtime.

 Thisshowsthatthespeedisdecreasing(notuniform).

 Thisimpliesthatthebodyisdecelerating.

Distance(s)in(m)

Time(t)in(s)

Distance(s)in(m)

Time(t)in(s)
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 Examplesmayinclude;

 Abodythrownverticallyupwards.

 Abodyrollinguphilloraninclinedplane.

 Acardeceleratingtotherest.

Example

Belowisadistance–timegraphforamotorist.Useittoanswerquestionsthat

follow.

1.Howfarwasthemotoristfromthestartingpointafter10seconds?

ThisisdistanceAB.

Aisat0mandBisat15m

AB=15m–0m=15m∴

=15mAB

2.Calculatetheaveragespeedofthemotoristforthefirst10seconds.

Speed=gradient

Gradient=∆s

∆t

Speed=
m(15-0)

s(10-0)

Distance(s)

inmetres

B C

D

Time(t)inseconds

25

20

15

10

5

0

A 0 10 20 30
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Speed= =1.5m/s15

10

Speed=1.5m/s

3.Describethemotionofthemotoristin

a.BC

AtBC,themotoristisatrestbecausethedistancedoesnotchangeno

matterthetimeischanging.

b.CD

AtCD,themotoristismovingataconstantspeeddowntothestarting

point.(Themotoristisdecelerating.)

DISPLACEMENT-TIMEGRAPHS

 Displacementofthebodyhasastartingpointanddirectionofmotion.

0–thisisreferencepoint.

 Positiveuniformincreaseindisplacementwithtimetotherighthand

direction.

 Whenthebodymovestotherightofthenumberline,both

displacementandtimeareincreasing.

 Onthegraph,itisshownonthefirstquadrant.

 Thegradientofthedisplacement-timegraphgivesvelocityofthe

Displacement

s∆

t∆

Time(s)
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body.

V=∆s

∆t

 Negativeuniformincreaseindisplacementwithtimetotheleftdirection.

 Whenthebodymovestotheleftofthenumberline,displacementis

decreasingwhiletimeisincreasing.

 Onthegraph,itisshownonthefourthquadrant.

 Youcouldseefromthegraphthaty-valuesaredecreasingbuttimeis

increasing.

 Objectatrest

 Displacementdoesnotchangewithtime.

 Thebodyisatrest(stationary).

 Displacementincreasesnon-linearlywithtime.

 Thegradient(velocity)isincreasing.

 Thebodyisaccelerating.

 Displacementdecreasesnon-linearlywithtime

t∆

s∆

Displacement

Time

Displacement

Time

Displacement

Time
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 Thevelocityisdecreasing.

 Thebodyisdecelerating.

SPEED–TIMEGRAPHS

 Objectatrest.

 Atrestthebodycoversnodistancesinceitisnotmoving.

 Thespeedisthereforezero(0m/s).

 Thegraphwillmovealongx-axis.

 However,changeinspeedandtimeiscalledacceleration.

a=∆speed

∆time

 Accelerationisthereforethegradientofspeed-timegraph.

 Theobjectatrestgivesanacceleration(gradient)ofzero.

 Abodymovingwithuniformspeed.

 Thegradientforthisgraphiszero(0m/s).

Speed

Time

Speed

Time
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 Thisonehasuniformspeed.

 Abodymovingwithnon-uniformspeed.

 Ifwetakegroundasourreferencepoint,

 Upwardsisapositivedirection.

 Itstartswithsomespeedwhichthenstarttodecreasetozero.

 Thenthestonestartsdroppingasitsspeedstartsincreasing

fromzero.

 Thestonenowmovestooppositedirection(downwards).



 Anobjectmovingwithuniformincreaseinspeed.

 Whenabodymoveswithuniformacceleration,itsspeedchangesby

equalamountinequalintervaltime.

 Thespeed-timegraphforauniformchangingwillbeastraightline.

 Abodymovingwithnon-uniformacceleration.

Speed

Time

Speed

Time

Speed

Time
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 Considerabodyfallinginair.

 Asthebodyfallsthroughair,thespeedincreasesbutnotregularly.

 Abodymovingwithnon-uniformdeceleration.

 Considerabodyfallinginwater.

 Asthenbodyfalls,thespeedacceleratesandthenreduces.

 Iftheaccelerationisreducingnon-linearly,thebodyissaidtobe

undergoingnon-uniformrandommotion.

AREAUNDERSPEED-TIMEGRAPH

 Uniformspeed.

 Considerabodymovingatconstantspeedof m/sforatime,t∪

seconds,thedistancextravelledbyabodymovingwithaspeed ∪

foratimetisgivenby;

Distance(x)=constantspeed( )xtime(t)∪

X= t∪

 Theproduct tistheareaunderspeed-timegraph.∪

 Theareaunderaspeed-timegraphgivesusthedistancecoveredby

theobject.

 Uniformacceleration.

Speed

Time

Speed(m/s)

∪

t=distance∪

Time(s) t

Speed(m/s)

V

Area=½vt

0 t

Time(s)
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 Distancecovered=½vxt=areaunderthevelocitytimegraph.

 Canbepresentedwiththegraphbelow.

VELOCITY-TIMEGRAPHS

 Avelocity-timegraphtellsushowthespeedanddirectionofanobject

changes.

 Wherethereisnochangeindirectionavelocity-timegraphlookslike

speed-timegraph.

 Thegradientofthevelocity-timegraphisnumericallyequalto

acceleration.

 Theareaundervelocity-timegraphsgivesthedistancecoveredbythe

object.

 Abodymovingatconstantvelocity.

 Theareainthiscase,arectangleOABCgivesthedistancecoveredby

thebody.

 Distancecovered=AreaofOABC=OCxOA.

 Abodymovingwithsteadyaccelerationfromrest.

 Thegradientofvelocity-timegraphrepresenttheacceleration.

Velocity(m/s)

C B Gradient

=0

O A

Time(s)

Velocity(m/s)

B

O A

Time(s)
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 Gradient= =accelerationchangeinvelocity(∆v)

changeintime(∆t)

 Therateofchangeofvelocity(acceleration)isuniform.

 Theareaunderthegraph,i.e.areaof OAB,givesthedistance∆

coveredbythecar.

i.e.distancecovered=areaof OAB=½ OAxAB)∆ (

 Abodydeceleratinguniformly.

 Ifthebrakesareapplied,thebodydeceleratesuniformlytorest.

 Abodymovingwithnon-acceleration.

 Sometimesaccelerationisnotuniform.

 Itmaybeincreasingordecreasing.

EFFECTSOFAIRRESISTANCEONTHEMOTIONOFABODYFALLINGTHROUGH

AIR

Investigation:

Aim:

Velocity(m/s)

O

Time(s)

Velocity(m/s) Velocity(m/s)

Time(s) Time(s)

Increasingacceleration Decreasing

acceleration
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 Toinvestigatethemotionofabodyfallingthroughtheair.

Apparatus:

 Burette

 Glycerine

 Threesteelballs

 Completestand

 Clamp

Procedure:

 Clamptheburettevertically.Carefullyfilltheburettewithglycerineusinga

funnel.

 Carefullydroponesteelballfromabovetheliquidsurface(Theballshould

notslidealongthewallsofaburette).

 Observethemovementoftheballthroughtheglycerine.

 Repeatthisfortwomoretimesusingtheotherremainingsteelballs.

Observation:

 Initiallythespeedoftheballincreasesandeventuallybecomesconstant.

Discussion

 Whenanobjectisfallinginairoranyotherfluid,threeforcesactonit.

 Theseareweightofthebody(w),up-thrust(u)andviscousdrug(fluid

friction)(Fr).

U Fr

w

 Theviscousdragincreaseswithincreaseinspeedofthefallingbody.

Initiallyw (u+Fr)>
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 Hencethebodyacceleratesdownwards.

 Asviscousdrag(Fr)increases,itreachesapointwhere(U+Fr)=W.

 Theresultantforceiszero.

 Thebodymovesatuniform(constant)velocity.

 Thisconstantvelocityiscalledterminalvelocity(Vt).

TERMINALVELOCITY

 Isthemaximumdownwardvelocitypossibleforaparticularobjectfalling

throughafluid.

DESCRIPTIONOFTHEMOTIONINTHEGRAPH

 OA–velocityincreaseswithtime(constantacceleration).

 AB–accelerationdecreasestozerouptoterminalvelocity.

 BC–bodyatconstantvelocity(terminalvelocity).

MOTIONOFTHEBODYINTHEVACUUM

 Thebodyfallsfreely.

 Themotionisduetoitsweightonly.

 Thereisnoairresistanceandup-thrust.

 Thevelocityofthebodyisincreasingwithtime.

 Thebodyhasuniformacceleration(a)equaltoforceofgravity(g).

Velocity(m/s)

B C

A

0

Times(s)

Velocity(m/s)

Time(s)
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EQUATIONOFUNIFORMLYACCELERATEDMOTION

o LettheinitialvelocityatpointPbe(u)andfinalvelocityatQbe(v).

o ThedistancetravelledPQintime(t)is(s).

Acceleration=Changeinvelocity

Timetaken

=Finalvelocity -initialvelocity(U)(V)

Timetake(t)

a=V-U

t

V=U+at

o Averagevelocity= = ……………………..(i)displacement(s)

Timetaken(t)

s

t

Averagevelocity= = ………(ii)Initialvelocity+finalvelocity

2

U+V

2

Equation(i)=equation(ii)

i.e. =s

t

U+V

2

s= t(U+V)

2

butV=U+at

s= t[U+(U+at)]

2

s=Ut+Utat2

2

s= = Ut+½at22Ut+at2

2
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FromequationV=U+at,t=V-U

a

=s

t

V+U

2

=s

V-U

a

V+U

2

=as

V-U

V+U

2

2as=(V+U)(V–U)

2as=V2–U2

V2=U2+2as

Theequations

 V=U+at

 s=Ut+½at2

 V2=U2+2as

Arereferredtoastheequationsofuniformacceleratedmotion.

EQUATIONOFMOTIONUNDERGRAVITY

o IfthestoneisthrownverticallyupwardsfrompointAwithinitialspeedu,it

experiencesadecelerationof10m/s2ifthereisnoairresistanceuntilthe

speedreducestozeroatthemaximumheightB.

o Afterthat,itacceleratesasitfallsdownduetogravityat10m/s2.

o Whenanobjectisthrownupwards,itsaccelerationduetogravitybecomes

negative.

o Whendownwards,itsaccelerationispositive.

B

A C

Groundlevel
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o Thus,theequationV=U+atbecomesV=U–gt.

o Motiondownwards,(pointBtopointC)acceleratesa=g=-10m/s2.

VatpointB=0m/s,V=U+gt,V=0m/s+gt,V=gt.

o IfthemaximumheightabovethestartingpointisH,

S=Ut+½at2 ⇒ H=Ut+½gt2

ForupwardH=½gt2 sinceU=0m/s.

o Formotionupwards,V2=U2+2asbecomesU2=-2gHandV2=2ghfor

downwards.

UNITNINE

WORKANDENERGY
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WORK

o Istheproductofforceanddistancemovedinthedirectionoftheforce.

W=Fxd

o SIunitisjoule(J)

Examples

1.Astationarytrolleywashitbyanothertrolleyonthesamehorizontalflat

surfacewithaforceof20N.Ifthestationarytrolleymoved15minthe

directionoftheforce,calculatetheworkdone.

W=Fxd

W=20Nx15m

W=300j

2.Atowingtruckwasusedtotowabrokencarthroughadistanceof30m.the

tensioninthetowingchainwas2000N.ifthetotalfrictionis150N,

determine

a.Workdonebythepullingforce.

W=Fd

W=2000Nx30m

W=60,000j

b.Workdoneagainstfriction.

W=Frd

W=150Nx30m

W=4500j

c.Usefulworkdone.

Wnet=Fd–Frd

Wnet=60,000j–4500j

Wnet=55500j

WORKDONEAGINSTFORCEOFGRAVITY

o Thegravitationalforce(weight)actingonabodyofmass(m)isequaltothe

productofmassandaccelerationduetogravity.
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i.eW=mg

o Workdoneagainstgravitytoliftabodythroughheightisgivenby

Work=ForcexVerticalheight

W=mgh

Example

1.Calculatetheworkdonebyaweightlifterinraisingaweightof400Nthrough

averticaldistanceof1.4m.

W=mgh

mg=400N,h=1.4m

W=400Nx1.4m

W=560j

WORKDONEDUETOINCLINEDPLANE

o Considertheinclinedplanebelowofabodyofmass(m)movedupbya

force(F)throughadistance(d).

mg

h

mg ground

C

h

θ

F(
ap
pli
ed

for
ce)
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 Workdonebytheappliedforce,

Workdone=forcexdistance

W=fd

 Workdoneagainstthegravitationalforce,

Workdone=weightofobjectxverticalheight

W=mgh

o Incasetheverticalplaneisfrictionlessforce;

 Workdonebyappliedforce=workdoneagainstgravity.

o Incasethereissomefrictionalforceopposingtheslidingoftheobjectalong

theplane

 Workdonebytheappliedforce workdoneagainstgravity.>

 Workdoneagainstfriction=workdonebyappliedforce–workdone

againstgravity.

o Efficiencyofthesystem=workdoneagainstgraivityx100

workdonebytheappliedforce

Exercise

1.Aboxofmass100kgispushedbyaforceof920Nupaninclinedplaneof

length10m.Theboxisraisedthroughaverticaldistanceof6m.

a.Calculate

(i) Theworkdonebytheappliedforce.

(ii) Theworkdoneagainstthegravitationalforce.

b.Whydotheanswersto(i)and(ii)differ?

WORKDONEBYAFORCEACTINGATANANGLE

o AssumingtheappliedforceisFandthedistanced:

Tocalculateworkdone,findthehorizontalcomponentandmultiplyitwith

distancemoved.
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i.e.Horizontalcomponent=Fcosθ

Workdone=Fcos xdθ

Exercise

1.Astudentpushedalawnrollerwithaforceof800Natanangleof39otothe

lawnsurface.Calculatetheworkdoneiftherollerispushedfor30m.

2.Apersonpushedablockalongahorizontalroughsurfaceasshowninthe

figurebelow.Thesurfacehasafrictionof30Nagainstthemotionofthe

block.Theblockmovedthroughadistanceof12m.Calculateworkdone.

MECHANICALENERGY

o Aretwoclassesofmechanicalenergy:

 Potentialenergy:isenergyofheight

e.g.gravitationalpotentialenergy,elastic(strain)potentialenergy.

 Gravitationalpotentialenergy

 Istheenergypossessedbyabodybyvirtueofits

verticalposition.

 Whenabodyofmass(m)israisedthroughavertical

height(h),theworkdoneagainstgravityisequaltothe

potentialenergygainedbythebody.

P.E.=workdoneagainstgravity

PE=mgh

Example

1.Acraneisusedtoliftabodyofmass40kgthroughaverticalheightof5m.

F=450N

30o

Fr=30N
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calculatemmmthegravitationalP.E.storedinthebody.Takeg=10m/s2.

GravitationalP.E.workdone=againstgravity.

=mhg

=40kgx10n/kgx5m

=2000j.

2.Astoneofmass100gisprojectedverticallyupwardwithavelocityof20m/s.

FindthegravitationalP.E.atthemaximumheightreachedbythestone.Take

g=10m/s2

Fromtheequationmotion;

V2=U2+2as

02=202+2(-10)h

0=400–20h

20h=400m

h=20m

GravitationalP.E.=mgh

=0.100x10x20

=20j

 Elasticpotential(strain)energy

 Istheenergypassedbyorpossessedbyacompressed

ofstretchedspring.

 Thisenergyisduetothestateofstrainoftheobject.

 Workdoneinstretchingthespring:

=ElasticP.E.gainedbythespring

=averageforcexextension

= (e)0+F

2
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=½Fe

 Workdoneisstoredaselasticpotentialenergy.

Note:

o Sincetheforceisnotuniform(Fincreasesfrom0toF),weshouldusethe

averageforceincalculatingtheworkdone.

Example

1.CalculatetheelasticgravitationalP.E.storedinaspringwhenstretched

through4cmbyaforceof2N.

ElasticP.E.=½Fe

=½x2x0.04

=0.04j

2.Calculatethekineticenergyofacarofmass1200kgmovingwithvelocityof

40m/s.

KineticEnergy=½mv2

=½x1200x402=960,000j.

Exercise

1.Abodyofmass400gfallsfreelyfromatowerandreachesthegroundafter4

seconds.Calculatethekineticenergyofthemassasithitstheground.Take

g=10m/s2

2.Acarofmass1000kgtravellingat36km/hisbroughttorestbyapplying

brakes.Calculatethedistancetravelledbythecarbeforecomingtorest,if

thefrictionalforcebetweenthewheelsandtheroadis2000N.

CONSERVATIONOFMECHANICALENERGY

 Energycanneitherbecreatednordestroyedbutcanbeonlyconvertedfrom

oneformtoanother.

 Lossinpotentialenergy=gaininkineticenergy

 Lossinkineticenergy=gaininpotentialenergy.

P.E.=K.E.

mgh=½mv2
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Vmax= 2ghmax

Example

1.Whatisthevelocityofanobjectdroppedfromacliffofheight20mjust

beforeitstrikestheground?Takeg=10m/s2.

P.E.lost=K.E.gained

V= 2gh

V= 2x10x20

V=20m/s

Exercise

1.Agirlofmass25kgrolleddownfromappoint,AtoapointBontheslideof

3mhighgoingdown.Ifthepullofgravityis10kg/N.Calculate

a.Potentialenergyofthegirl.

b.Kineticenergyofthegirl.

2.A150gballfallsverticallydownwardsfromaheightof1.8monahorizontal

plate.Onhittingtheplate,theballreboundstoaheightof1.25m.Findthe

a.Velocityoftheballjustbeforehittingtheplate.

b.Kineticenergyoftheballasithitstheplate.Takeg=10m/s2.

ENERGY–WORKTHREOREM

 Thenetworkdonebythenetforceontherigidbodyisequaltothechangein

kineticenergyofthebody.

DERIVATIONOFTHEENERGYWORKTHEOREM

W=mas

ButF=ma

W=mas

Buta=m( -V2 U2

2s

=m( - )V2 U
2

2
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Note:

 Notethatforceisavectorquantityhenceaforceappliedtoslowthespeed

oftheobjectisintheoppositedirection(negative)andthenetworkitdoesis

also.

 Theenergy-worktheoremdoesnotapplyifobjectbeingactedonbythenet

forceisrigidassomeoftheenergyisusedtodeformtheobject.

Example

1.Ifaconstantforceof20Nisappliedonatrolleyofmass;

Network=changeinK.E.

Fxs=½m(V2–U2)

Substitutingforeachofthevalues;

20x1.5=½x0.5(V2–02)

30=0.25V2

V2= =12030

0.25

V= 120

V=10.95m/s

Exercise

1.Thefrictionalforcebetweenthewheelofamotorbikeandthegroundis

150N.Theairresistanceactingonthemotorbikeandthecyclistis90N.A

drivingforceof960Nisappliedonthemotorbikebytheengineovera

distanceof5m.Ifthetotalmassofthemotorbikeandthecyclistis180kg,

anditstartedfromrestfindthe

a.Resultantforceonthemotorbike.

b.Finalvelocityofthemotorbike.

c.Accelerationofthemotorbike.
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UNITTEN

MACHINES

MACHINES

 Isthedevicethatmakesworkdoneeasier.

 Machineswhichwerediscussedinformtwowere

 Levers

 Inclinedplane

 Pulleysystems

 Mechanicaladvantage(M.A.)

 Istheratiooftheloadandeffort.

i.e.Mechanicaladvantage=Load

Effort

M.A.=L

E

 Velocityratio(V.R.)

 Istherationofthevelocityoftheefforttothevelocityoftheload.

i.e.Velocityratio=distancemovedbytheeffort

distancemovedbytheload

 Efficiency

 Nomachineisperfect.

 Ineverymachine,someenergyiswastedinovercomingfriction.

i.e.energyinput=energyoutput+energylostagainstfriction.

 Outputisalwayslessthantheinput.
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 Efficiencyistheratiooftheenergyoutputofamachinetoitsenergy

input

i.eEfficiency=energyoutputx100

energyinput

=usefulworkoutputx100

workoutput

=loadxdistancemovedbytheloadx100

effortxdistancemovedbyeffort

= xLoad

Effort

distancemovedbytheloadx100

distancemovedbyeffort

But isM.A,and isLoad

Effort

distancemovedbytheload

distancemovedbyeffort

1

V.R

efficiency=M.Ax =∴ 1

V.R

M.Ax100

V.R

Example

1.Amachineisusedtoliftaloadof400Nwithaneffortof80N.Calculate;

a.Themechanicaladvantageofthemachine.

M.A.=L

E

M.A.=400N

80N

M.A.=5

b.Theefficiencyofthemachine,ifitsvelocityratiois8

Efficiency=M.A.x100

V.R

Efficiency=5x100

8

Efficiency=62.5%
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Exercise

1.Aneffortof250Nraisealoadof900Nthroughadistanceof5m.Iftheeffort

movesthrough25m,calculate

a.Theworkdoneinraisingtheload.

b.Theworkdonebytheeffort.

c.Theefficiencyofthemachine.

TYPESOFMACHINES

 Theforcemultiplier.

 Arethosethatallowasmallefforttomovealargeload

 Examples

 Levers

 Screwjackofacar

 Hydraulicpress

 Hydraulicmachines

 Thedistanceorspeedmultiplier.

 Arethosethatallowasmallmovementoftheefforttoproducealarge

movementoftheload.

 Examples

 Bicyclegears

 Levers

LEVERS

 Isrigidbarcapableofrotationaboutafixedpointcalledpivot(fulcrum).

 Arethreetypesofleversdependingonthepositionofthepivotwithrespect

totheloadtobeovercomeandeffortapplied.

 Firstorderlever

 Pivotisbetweentheloadandtheeffort

 Examples

 Crowbar
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 Apairofscissors

 Clawhammer

 See-saw

 spanner

 secondorderlever

 Loadisbetweenthepivotandeffort.

 Examples

 Wheelbarrow

 Bottleopener

 Thirdorderlever

 Effortisbetweenthepivotandtheload.

 Examples

 Fishingrod

 Tweezers

 Forces

INCLINESPLANE

 Isashapeorrampthatenablesustoraiseheavyloadstoacertainvertical

height.

 Supposetheloadofmass200kgispulledalonganinclinedplanebyaforce

of1500N,andd=5m,h=3m,calculate

a.Mechanicaladvantage

M.A.=L

E

Load(L)

Effort(E)

Pivot
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M.A.=200x10

1500

M.A.=1.33

b.Velocityratio

V.R=distancemovedbyeffort

distancemovedbyload

V.R=5

3

V.R.=1.67

c.Efficiencyofthemachine

Efficiency=M.A.x100

V.R.

Efficiency=1.33x100

1.67

Efficiency=80%

PULLAYS

 Isusuallyagroovedwheelofrim.

 Pulleysareusedtochangethedirectionofforce.

TYPESOFPULLEYS

 Singlefixedpulley

Fixedpoint

Tension(T)

Effort(e)

Load(L)
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 Hasfixedsupportwhichdoesnotmove.

 Thetensionintheropeisthesamethroughout

 Theloadisequaltotheeffortifthereisnolossofenergy(nofriction).

 TheM.A.istherefore1

 Fixedpulleyhasthefollowingapplicationsineverydaylife

 Raisingflag.

 Raisingbrickupbythebuilders.

 Raisingwaterfromthewell.

 Load(L)=tensioninrope(T)=effort(E).

 Singlemovingpulley

 Thetotalforcesupportingtheloadisgivenbythetension(T)plus

effort(E).

 Tensionforceisequaltotwicetheeffort.(2E).

 Theloadisequaltotwicetheeffort(2E).

M.A.=L

E

M.A.=2E

E

T E

L
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M.A.=2

 Theeffortmovetwicethedistancemovedbytheload

V.R. =2distancemovedbyeffort

distancemovedbyload

 2T=L

T=E

2E=L

 Blockandtacklepulley

 Consistsoftwopulleysets.

 Onesetisfixedandtheotherisallowedtomove.

 Pulleysareusuallyassembledsidebysideinablockorframeonthe

sameaxle.

 Thepulleysandropesarecalledthetackle.

 4T=L

T=L

4E=L

T1 T2

E T1

E

T2 T3

T4
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NOTE:

 Inaperfectpulleysystem,themechanicaladvantageisequaltothevelocity

ratioandbothareequaltothenumberofsectionsofthestringsupporting

theload.

 Theweightoftheblockinthelowersectionofthesystemandfractioninthe

pulleyreducesthemechanicaladvantageofthesystem.

 Velocityratioofapulleysystemisnumericallyequaltothenumberofstring

sectionssupportingtheload.

SREWSANDBOLTS

 Areuseddailytoholdthingstogether.

 Thedistancebetweenthetwosuccessivethreadsiscalledpitch.

 Whenthescrewisturnedthroughonerevolutionbyaforceappliedatthe

screwhead,thelowerendmovesupordownthroughadistanceequaltoits

pitch.

 Theworkingofscrewsandboltsisbasedontheprincipleofaninclined

plane.

THEWHEELANDAXLE

 Screwdriver,steeringwheel,aboxspanner,abrassandwindlessare

examplesofwheelandaxle.

 Revolutionofthewheel,effortmovesthroughadistance2πRwhiletheload

movesthroughadistanceof2πrwhere

R=wheelradius

R=axleradius.

 Thevelocityratio=distanccoveredbyeffort

distancecoveredbyload

Bolt

Srew
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V.R.=2πR

2πr

V.R.=R

r

 Mechanicaladvantagemaybecalculatedusingtheprincipleofconservation

ofenergy

i.e.Workdonebyeffort=workdoneontheload

Effortx2πR=loadx2πr

M.A.=L

E

M.A.=2πR

2πr

M.A.=R

r

 Inwheelandaxle,M.A.=V.R.

GEARS

 Aretoothedwheelsofdifferentdiameters.

 Theyturntogetherwiththeiraxles.

 Aredesignedtoraiseorlowerthespeedoftherotation.

 Effortisappliedononeaxlewhiletheloadactsonanotheraxleofthegear

wheel.

 Inputgearwheel/thedrivingwheelprovidestheeffort.

 Theoutputwheel/drivenwheelworksagainsttheload.

 Whenthegearsarefittedintoeachother,theyaresaidtobeengagedor

meshed.

 Thelargergearwithmoreteethalwaysturnsslowly.

RELATIONSHIPBETWEENTHETWOGEARS

 =Numberofteethonasmallwheel

Numberofteethonalargewheel

speedofrotationoflargewheel

speedofrotationofsmallerwheel

 :whenthetimeofrotationisthesame
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.R.=V Speedofrotationofdrivingwheel

Speedofrotationofthedrivenwheel

V.R.=Revolutionpersecondofthedrivingwheel

Revolutionpersecondofthedrivenwheel

V.R.= numberofteethonthedrivenwheel(load

Numberofteethonthedrivenwheel(Effort)

 Velocityratiomaybegreaterorlessthanone.

 Incars,V.R.canbechangedatwill.

 Thegearboxhasasetofgearsthatcanbecombinedinanumberofways.

 Inclimbingupahill,themechanicaladvantageandvelocityratiohavetobe

high.

 Asmallergearshoulddrivealargegearwheel.

 Onflatroadorgoingdownthehill,theweightofthecarisnotpartofthe

load.

 Thisrequireslowermechanicaladvantageandlowvelocityratio.

CHAINSANDBELTS

 Awheelcanbedrivenbyanotherwheelalthoughtheyarenotindirect

contact.

e.g.conveyorbelts

 Thishasthesamevelocityratioasthatofapairofgearwheelofradiibut

notincontact.

 Theonlydifferenceisthatthetwowheelsrotateinthesamedirectionunlike

thegearwheels.

 Atoothedwheelcanalsobedrivenbyanotheronenotincontact.

e.g.bicyclechain.

 Thevelocityratioisobtainedinthesamewayasinthegearssystem

HYDRAULICMACHINE

 Consistoftwopistonsofdifferentdiametersandliquidcontainedinavessel

 Thebiggerpistoniscalledthevampistonwhilethesmalleroneiscalledthe
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pumppiston.

UNITELEVEN

ELECTRICCURRENTANDPOTENTIALDIFFERENCE

BASICSYMBOLS

Namethefollowingbasiccircuitsymbols

 Cell

 Battery

 Powersupply

 Openswitch

 Closeswitch

 Wirejoined

 Connectingwire

 Lamp

 Ammeter

V

A
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 Voltmeter

 Resistor

 Variableresistor

 Diode

 Thermostat

 Lightdependingresistor

 Lightemittingdiode(LED)

COMPONENTSOFACIRCUIT

Connectingwire Cell

Bulb Switch

ELECTRICCURRENT

 Istherateofflowofcharges

 Isthemovementofchargedparticlescalledelectrons.

 Theconductingpaththroughwhichelectronsmoveiscalledelectriccircuit.
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I=Charge(Q)

Time(s)

I=Q

t

 TheSIunitofcurrentistheampere(A).

 Ampereistheamountofchargepersecond.

A=Coulomb

Seconds

 Smallestcurrentcanbemeasuredinmilliamperes(mA)andmicroamperes

(A)μ

1mA=1x10-3A

1A=1x10-6Aμ

DETERMININGTHETOTALCHARGEPASSINGTHROUGHAPOINTINACIRCUIT

 Is(n)electronspassthroughapointAandthateachelectroncarriese

coulombsofchargethenthetotalcharge(Q)passingthroughpointAis

equaltothe(ne)

Q=ne

ButQ=It

It=ne∴

I=ne

t

Example

1.Calculatetheamountofchargethatpassesthroughapointinacircuitin3

secondsifthecurrentinthecircuitis0.5A.

Q=It

Q.=0.5Ax3sec

Q=1.5C

Exercise

1.Howlongwouldittakeforachargeof1200Ctoflowwhenacurrentofμ

0.01Aisflowinginacircuit.
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2.Findtheamountofcurrentpassingthroughalampif600Cofchargeflows

throughitin4minutes.

MEASURINGOFELECTRICCURRENT

 Ismeasuredusinganinstrumentcalledanammeter.

 Anammeterisconnectedinseriesinacircuit.

 Positiveterminalofanammeterisconnectedtoapositiveterminalofa

cell/batteryagainwiththenegativesconnected.

CURRENTINSERIESCIRCUIT

 Isthesameatanypointinacircuit.

i.e.I1=I2=I3

CURRENTINPARALLELLCIRCUIT

 Thetotalcurrentinequaltothesumofthecurrentcomponentsinthecircuit.

 Itisnotthesameatdifferentpoints.

i.e.IT=I1+I2+I3

I1I1 I2 I3

IT

I1

I2
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POTENTIALDIFFERENCE(pd)

 Istheworkdoneinmovingonecoulombofchargefromonepointtoanother.

 TheSIunitofpotentialdifferenceisvolt(V).

Volt= Joule

Coulomb

pd(V)=∴ workdone(J)

chargemoved(C)

THEVOLT

 Isonejouleneededtomoveonecoulombofchargefromonepointto

another.

 Pdindicatestheenergygiventoeachcoulombofchargeinacircuit.

MEASURINGPOTENTIALDIFFERENCE

 Ismeasuredusingandinstrumentcalledthevoltmeter.

 Voltmeterisconnectedinparallelinthecircuitbecauseithashigh

resistance.

ELECTROMOTIVEFORCE(emf)

 Istheenergyavailablebetweentheterminalsofthecellpercoulombforthe

completecircuit.

i.e.

VOLTAGEINSERIESCIRCUIT

 Theemfisequaltosumofthepd.

i.e.sumofthevoltageinthecircuitgivestotalvoltage.

V

VT

I1V1 V2

V3
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VT=V1+V2+V3

VOLTAGEINPARALLELCIRCUIT

 Isthesameacrossthecomponentsinthecircuit.

V0=V1=V2=V3

UNITTWELVE

ELECTRICALRESISTANCE

ELECTRICALRESISTANCE

 Itistheoppositiontotheflowofanelectriccurrentinacircuit.

 Itisthevoltageperunitcurrent.

R=V

I

 Itismeasuredinohms(Ω).

1Ω=V

A

FACTORSAFFECTINGRESISTANCE

 Thelengthofaconductor.

 Thecrosssectionalareaofaconductor.

V0

V1

V2
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 Typeofmaterialaconductorismadeof.

 Temperature.

OHM’SLAW

 Statesthatthecurrent(I)flowinginaconductorisdirectlyproportionalto

thepotentialdifference(V)acrossitifthetemperatureandotherphysical

quantitiesoftheconductorremainconstant.

VαI

V=KI

K=V

I

 Ohm’slawestablishedbyGeorgeSimonOhm.

 Mostmetalsandsomenon-metalsobeythislaw.

OHMICCONDUSTORS

 AreallconductorsthatobeyOhm’sLaw.

NON-OHMICCONDUCTORS

 AreallmaterialswhichdonotfollowOhm’sLaw.

VαI

V=KI

K=V

I

ButR=V

I

 Therefore,resistanceisdefinedastheratioofp.d(V)acrosstheendsofa

conductortothecurrent(I)passingthroughit.

TYPESOFRESISTORS

 Fixedresistors

 Aretheoneswhoseresistanceisalmostconstant.

 Aremadefromvarietyofmaterials.
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 Carbon.

 Carriermaterials.

 Thesearebakedandcoveredwithceramictube.

 Colourcodeforcarbonresistors

 Hasfourcolourcodes.

 Firstcodeandsecondgivesfirstandseconddigitsfromthe

left.

 Thethirdgivesnumberofzerosaddedtothetwodigits.

 Thefourthcolourgivestolerance.

 Tablebelowshowscolourcodesandtheirvalues

Colou

r

Blac

k

Brow

n

Re

d

Orang

e

Yello

w

Gree

n

Blu

e

Viole

t

Gre

y

Whit

e

Value 0 1 2 3 4 5 6 7 8 9

 Tablebelowshowscolourcodesfortolerance

Colou

r

Re

d

Gol

d

Silve

r

No

colour

± 2 5 10 20

1st2nd3rd4th

 If1stisgreen,2ndisblue,3rdisgreenand4thissilver,the

resistorhasthevalueof5,600,000 10%±

 Standardnotation

 Insomefixedresistors,theresistanceisprintedontheresistor.

 Tosimplifycolouredresistors,mostofthemhavestandard

notationsasfollows

 R27=0.27Ω

 2R7=2.7Ω

 3R0=3000Ω
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 47R=47kΩ

 2M2=2.2MΩ

 Variableresistors

 Aretheoneswhoseresistancescanbevaried.

 Usesthefollowingsymbols

 Areoftwotypesnamely

 Circulartypeofrheostat

 Aknobisconnectedtotherotatingarm.

 Theknobturnstherotatingarmcarbonfilmforsmall

controlofcurrent.

 Whenitisconnectedtoterminal1and3,yougeta

maximumresistancewhichcannotbechanged.

 Terminals2and3areusedtocontrol/varythe

resistance.

 Straightvariablerheostat

 Mostcommonlyusedinthelaboratories.

 Terminals1and3providefixedresistancewhile1and2

provideavariableresistance.

Metalslide

Knob Rotating

arm

3

2

Carbonfilmorfine 1

constantanwire

Terminal 2

1 3

Coilofresistantwire
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INTERNALRESISTANCE(r)

 Whenthecellisdrivingcurrentthroughitself,itlosessomevoltagecalled

internalresistance.

 Thisresultsfrompropertiesofthesubstancesusedintheconstructionof

thecell.

USESOFELECTROMOTIVEFORCE

1.Drivingthecurrentthroughthecelltoovercomeinternalresistance.

2.Drivingthecurrentthroughtheexternalresistance(r).

 Thetotalemfisgivenbyp.d.acrossexternalresistance(R)+p.d.across

internalresistance(r).

=IR+Irε

=I(R+r)ε

UNITTHIRTEEN

ELECTRICCIRCUIT,ENERGYANDPOWER

ELCTRICCIRCUIT

 Istherateofenergyconsumptionbyadeviceinagiventimeandcost.

ARRANGEMENTSOFRESISTORSINACIRCUIT

 Resistanceinseriescircuit

RT

I1R1 R2

R3
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VT=V1+V2+V3

ButV=IRandIisthesameateverypointinseries.

IRT=IR1+IR2+IR3∴

DividebyIateverypoint

=IRT

I

I( +R1 R2+ )R3

I

RT=R1+R2+R3

 Inseries,thesumoftheresistanceinthecomponentsisequaltothe

totalresistanceinthecircuit.

 Resistanceinparallelcircuit

IT=I1+I2+I3

ButI= andVisthesameateverypointinparallelcircuit.V

R

= + +∴ V

RT

V

R1

V

R2

V

R3

=V( + + )V

RT

1

RT

1

RT

1

RT

DividingbyVbothsides

= + +1

RT

1

R1

1

R2

1

R3

 Sumoftheinverseoftheresistanceinthecomponentsisequaltothe

inverseofthetotalresistance.

ELECTRICALENERGY

RT

R1

R2
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 Istheamountofworktobedone.

 Whencurrentflowsthroughtheconductors,isconvertedintoformsof

energysuchasheat,sound,light,etc.

 Mostappliancesgiveoutheat.

 So,electricityhasheatingeffect.

FACTORSAFFECTINGHEATINGEFFECTOFANELECTRICCURRENT

1.Amountofcurrent.

2.Resistanceofaconductor(substance).

3.Timeforwhichcurrentflows.

4.Thepotentialdifferenceacrossaconductor.

FORMULAFORELECTRICALENERGY

I=V

R

V=W

Q

W=VQ………………………………………..(i)∴

ButI= wheretisinseconds.Q

t

Q=It…………………………………………...(ii)∴

ButV=IR

W=I2Rt………………………………………..(iii)∴

ButI=V

R

W=()2Rt∴ v

R

W= ……………………………………………(iv)tV2

R

ButW=E

E=∴ tV2

R
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Exercise

1.Acurrentof2.0Aispassedthrougharesistorof20Ωfor1.0hours.Calculate

theelectricalenergyconvertedintoheatenergyintheresistor.

2.Findanelectricalenergyconsumedinacircuitifthecurrentwasallowedto

flowfor3hourswhoseresistanceis1Ωandcurrentof3A.

3.Anelectricironconsumed2.592mjofenergyin1hourwhenconnectedto

themainspowersupplyof240V.Calculatethecurrentthroughthefilament

intheelectriciron.

ELECTRICALPOWER

 Istherateofelectricalenergyintootherformsofenergy.

Power=Energy

time

P= ……………………………………………..(i)E

t

ButE=QV

P= ……………………………………………(ii)QV

t

ButQ=It

P=ItV

t

P=IV………………………………………….(iii)

WhenV=IR

P=I2R………………………………………..(iv)

WhenI=V

R

P= RV2

R2

P …………………………………………(v)V2

R

Exercise

1.Atorchbulbislabelled2.5V,0.3A.Calculatethepowerofthebulb.
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2.Anelectricbulblabelled40w,240V.Calculate

a.Theresistanceofthefilamentusedinthebulb.

b.Thecurrentthroughthefilamentwhenthebulbworksnormally.

POWERRATING

COST OFELECTRICALENERGY

 Thecommercialunitsof

electricalenergyareworked

outfromtheequationE=Pt

wherePispowerinkwandtin

hours.

 Therefore,itsunitis

kilowatthour(kwh).

 InMalawi,ESCOMisresponsibleforchargingtheelectricalenergyusedby

anyapplianceorthehouses.

 Amountofenergyusediscalculatedbysubtractingpreviousreadingfrom

currentreading.

 Thisismultipliedbycostperkwh.

 Energy,Mines,NaturalResourcesandEnergy(MAREP)chargestaxof4.5%

andMalawiEnergyRegulatoryAuthority(MERA)charges1%.

 Surtaxof16.5%forconsumptionischargedonit.

Exercise

1.Whatisthecostofheatingwaterinatankwitha3kwheaterfor90minutes

ifthecostofelectricityisK25.4perunit.

2.Calculatethetotalbillforusingatelevisionsetrated200wfor10days,and

electrickettlerated2.5efor30daysattherateofK25.4perunitandasurtax

Appliance Power

rating

Filament

Refrigerator

Television

Electriciron

Roomheaterand

grill

Electrickettle

Immersionheater

Electriccooker

85w–

150w

150w

200w

750w

1–3kw

2–3kw

3kw

3–5kw
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of16.5%oftheconsumption.

DOMESTICWIRING

 Thedomesticsupplyis240Vacwithfrequencyof50Hz.

 Issuppliedbytwocablesfromalocalsub-station.

 Cablesarelivewire(L)andneutralwire(N).

 Livewireislinkedtothepositiveterminalofacellorbatterywhileneutral

wiretothenegativeterminal.

 Theswitchinthecircuitmustbefittedinthelivewire.

 Thisistoswitchonoroff.

COLOURCODESFORWIRESUSEDINTHEHOUSEWIRING

1.Brownforlive(rediscommonlyusedinMalawi)

2.Blueforneutral.

3.Green/yellow/greenstripedyellowforearth.

 Makesurethattheearthleadgoestothemetalcaseoftheappliance.

FUSE

 Isashortthinpieceofwireoflowmeltingpoint.

 Itmeltsassoonasthecurrentexceedsitsratedvalue.

 Isfittedinthecircuittopreventdangerouslylargecurrentfromflowing.

 Shouldbefittedinlivewireliketheswitch.

THREEPINPLUGSANDSOCKET
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 Notethattheearthpinislongerthantheotherpins.

THREEEPINPLUG SOCKET

THREEEPINPLUG
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 Thelivepinisontherighthandsideoftheplugwhenconnecttothesocket.

EARTHCONNECTION

 Earthconnectsthemetalcaseofanappliancetotheground.

 Thispreventsitfrombecominglive(preventsshock).

 Ifthereisnoearthing(usingtwopinplug),apersonwhotouchesthemetal

casewouldgetanelectricshock.

 Applianceswithnon-metalliccasecanbeconnectedusingatwopinplug.

HOUSEHOLDWIRING

 Everycircuitconnectedinparallelwithpowersupplyi.e.acrossliveand

neutralwire.

 Thisgiveseverycircuitto240Va.c.

 Theelectricityrecordstheelectricalenergyconsumedinthewholehouse.

 Consumerboxdistributescurrenttoseveralseparatecircuits.

 Consumerboxalsohousesthemainswitch.

 Thelightingcircuitscontainsalllightsforthewholehouse.
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 Theringmaincircuitprovidesparallelcircuitconnectionstoeachelectrical

appliancepluggedintothesocket.

ELECTRICALHAZARDS

 Hazardsareallsituationsthatposeathreattolife,health,propertyor

environment.

 Theseinclude

1.Poorwiringanddefectiveelectricwires.

2.Wateroutletsbeingclosetoelectricoutlets.

3.Pouringwateronelectricfire.

4.Coveringelectricalcordsandwireswithheavyelectricalcovercanleadto

overheating.

5.Overloadingtheoutletleadingtooverheatingandelectricalfire.

6.Useoflongextensioncordswhichcancausetrippingoraccident.

7.Touchingelectricalappliancewithwethandsleadingtoelectricalshock.

8.Brokensocketsandelectricalappliancesleadingtoelectricalshock.

ELECTRICALSAFETY

1.Donottouchnakedelectriccableswithbarehandstoavoidelectricshock.

2.Alwayspayattentiontothewarningsignalsgivenoutbyappliances.

3.Usetherightsizecircuitbreakersandfusetoavoidoverloading.

4.Ensurethatpotentialdangerouselectricaldevicesornakedwiresareoutof

reachofchildren.

5.Youshouldavoidcubetapsandotheroutlet-stretchingdevices.

6.Alwaysreplacebrokenplugsandnakedwires.

7.Usethecorrectappliancesinacorrectsockettoavoidoverloading.
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