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PhysicsasaScience

 Physicsisabranchofscience

 Scienceisdividedinto3mainbranches:-

a) Physics

b) Chemistry

c) Biology

DefinitionofPhysics

 Physicsisdefinedasthestudyofmatterandit’srelation

toenergy.

 Itinvolvesexplainingphenomenasuchas:

I. Thefallingofbodiestowardstheground,

II. Risingupofliquidsthroughadrinkingstraw,

III. Seasonaloccurrenceoftides,

IV. Aplasticpenrubbedagainstdryfurorhairpickssmall

piecesofpaper,

V. A cracklingsoundisheardwhenanylonclothis

removedetc.

StudyofPhysics

Thestudyofphysicsentails:

i. Measurementsofquantitiesandcollectionofdata.

ii. Drawingandtestingofhypothesesthroughexperiments

andobservation.

iii. Establishmentoflawsandprinciples

BranchesofPhysics

1. Mechanics

 Itdealswiththestudyofmotionundertheinfluenceof

force.

2. Electricityandmagnetism

RelationshipbetweenPhysics,OtherSubjectsandTechnology

1. PhysicsAndGeography

 Accurateuseofweatherinstrumentslikethermometer,wind

vane,raingaugesetc.requirephysicsknowledge.

 Conceptslikeheattransferbyconvectionwhichexplainthe

formationofconvectionalrainfallandpressurevariation

canbebestexplainedinphysics.

2. PhysicsandMathematics

 Manyconceptsinphysicslikelaws,effects,principlesetc.

areexpressedmathematically.

 Mathematicalskillsarethereforeveryinstrumentalinthe

leaningofphysics

3.PhysicsandChemistry

 Physicshashelpedinexplainingthenatureofparticles

withinatomsandthereforeatomicstructureofsubstances.

 Atomic structure of different /various substances

determinetheirreactivity(chemicalreactions).

4.PhysicsandHistory

 Historiansusecarbondatingtoestablishagesoffossilsand

thereforepastpatternsofearlierlife.

 Thisconceptofcarbondatingisexplainedbetterinatomic

physics.

5. PhysicsandHomeScience

 Physicsknowledgeisusedindesigningandmanufactureof

kitchenequipmente.g.electriccookers,microwaveovens,

enMechanisngjikosetc.

6. PhysicsandTechnology

 Machinesusedinthefieldofmedicinesuchasx-rays,body

scannersandlasersareallapplicationsofphysics.

 Manufactureanduseofsatellitesandmicrowavedishes

usedininformationtechnologytorelayinformationisbased

onphysicsknowledge
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 Itdealswithrelationshipbetweenelectricfieldand

magneticfieldandtheirapplicationsintheworkingof

motor,microphones,electro-magnetsetc.

3. Thermodynamics

 Itdealswiththetransformationofheattoandfromother

formsofenergyandtheaccompanyingchangesinpressure,

volumeetc.

4.Geometricoptics

 Itdealswiththebehavioroflightasitpassesthrough

variousmedia.

 Propertiesoflightlikereflection,refractionetc.are

studiedinthisbranchofphysics.

5. Waves

 Itdealswithpropagationofenergythroughspaceand

effectssuchasreflection,diffractionoflightandsound

waves.

6. Atomicphysics

 Itisdealswiththestudyofthebehaviorofparticles

constitutingthenucleus(centre)oftheatomandtheir

accompanyingenergychanges.

 Physicsknowledgeisalsousedindefenseindustryinthe

manufactureanduseofmostmodernandcomplexmachines.

7. PhysicsandBiology

 Knowledgeoflensesstudiedinphysicshasledtothe

manufactureofmicroscopesusedinthestudyofthecelland

diseases.

CareerOpportunitiesinPhysics

 Acareerreferstoajoboraprofessionthatonehasbeen

trainedforandintendstodoforalongperiodoftimee.g.

teachingcareer,medicine,engineering,electricaltechnician

etc.

 Acoursereferstolessonsinparticularsubject

 Anoccupationreferstoajoboraprofession.
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Examplesofcoursesofferedatuniversitylevel(degrees)

thatrequirephysicsknowledge

(a)Bachelorofeducation(science)

(b)BachelorofScience(civilengineering)

(c)Bachelorofmedicine

(d)Bachelorofarchitecture

(e)Bacheloroftechnology(productionengineering)

Examplesofcoursesofferedatcollegelevelthatrequire

physicsknowledge

(a)Diplomaincivilengineering

(b)Diplomaincomputerscience

(c)Diplomainwatertechnology

(d)Diplomainlaboratorytechnology

TheLaboratory

 A laboratoryisaspecialroomdesignedandequipped

conductingexperimentsandpractical.

MajorsystemsoftheLaboratory

i. Gaspipingsystem

ii. Electricalenergysupplysystem

iii. Watersystem

BasicLaboratoryRules

 Forsafetypurposes,thefollowinglaboratoryrulesmust

befollowedandobservedwhileinthelaboratory:

1. Locationsofelectricalswitches,firefightingequipment,

firstaidkit,gassupplyandwatersupplysystemsmustbe

FirstAidMeasures

Accident Possible Cause of

theAccident

FirstAidMeasures

Cuts  Poorhandlingof

glass apparatus

andcuttingtools

i.e.scalpelsand

razors

 Seek assistance

tostopbleeding

 Immediate

dressing of the

wound

burns  Nakedflames

 Splashes of

concentrated

acidsandbases

 Incaseofaburn

causedbyanacid

orabase,quickly

run cold water

overtheaffected

partasyouseek

for further

treatment

Poisoning  Inhaling

poisonousfumes

 Accidental

swallowing of

poisonous

chemicals

 Seekingimmediate

assistance

Eye

damage

 Bitsofsolids

 Dangerous

chemicals

 In case of

irritating

chemicals wash

youreyeswitha

lotofcleanwater.

Electrical

shock

 Touchingexposed

(naked)wires

 Using faulty

electrical

appliances

 Putoffthemain

switch first

before treating

theshock

RevisionExercise

1) Name3branchesofsciencesubjectinsecondary
schools

2) Explainthestepsinvolvedinscientificapproach.
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noted.

2. Windowsanddoorsshouldbekeptopenwhileworkingin

thelaboratory.

3. Anyinstructionsgivenmustbefollowedcarefully.NEVER

attemptanythingwhileindoubt.

4.Thereshouldnoeating,drinkingorchewinginthe

laboratory.

5. Ensurethatallelectricalswitches,gasandwatertapsare

turnedoffwhennotinuse.

6. Whenhandlingelectricalapparatus,handsmustbedry.

7. Neverpluginforeignmaterialsintoelectricalsockets.

8. Shirtsandblousesmustbetuckedinandlonghairtiedup.

9. Keepfloorsandworkingsurfacesdry.Anyspillageshould

bewipedoffimmediately.

10.Allapparatusmustbecleanedandreturnedtocorrect

locationofstorageafteruse.

11.Laboratoryequipmentshouldnotbetakenoutoflaboratory

unlessauthorized.

12.Anywasteafteranexperimentmustbedisposedof

immediately.

13.Handsmustbewashedbeforeleavingthelaboratory

3) Nameandbrieflyexplainthebranchesofphysics

4) Giveinstanceswherephysicsinterdependentwith
agriculture.

5) Groupthefollowingform1physicstopicsintothe
variousbranchesofphysics.

Topic Branchofphysics

1 MeasurementI

2 Force

3 Pressure

4 Particulatenatureofmatter

5 Rectilinearpropagationoflight
andreflectionatplanesurfaces

6 Thermalexpansion

7 Heattransfer

8 Electrostatics

9 Simple cells and electric
circuits
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ChapterTwo MEASUREMENTI

Introduction

 Measurementreferstotheprocessoffindingthesizeofa

physicalquantity.

 Scientistsallovertheworldhaveoneinternationalsystem

ofunitsi.e.systemeinternationaledeunites(SIunits)for

physicalquantities.

ReasonsforEstablishingSIUnits

1. Tohaveinternationaluniformityamongscientists.

2. Toavoidconfusionamongscientists.

TypesofPhysicalQuantities

i. Basic Physical Quantities (Fundamental Physical

Quantities)

 Thesearequantitiesthatcannotbeobtainedfromother

physicalquantities.

 There are seven basic quantities according to the

internationalsystemofunits(SIunits).Theyareasshownin

thetablebelow:

Basicphysicalquantity SIunit Symbolofthe

SIunit

Length Meter m

Mass Kilogram kg

Time Second s

Electriccurrents Ampere A

Thermodynamic

temperature

Kelvin K

3. Completethetablebelow

Basicquantity SI

unit

Symbolofunit Derived

quantity

Length

Mass

Electriccurrent

Thermodynamic

temperature

Luminousintensity

Amountofsubstance

4.WhyisitnecessarytoestablishSIunits?

LENGTH

 Itisthemeasureofdistancebetweentwopoints.Examplesof

lengthare:

 breadth

 diameter

 height

 Depthetc.

MultiplesandSub-multiplesofthemetre

1kilometer(1km)=1000m

1hectometer(1Hm)=100m

1decameter(1Dm)=10m

1m=10decimetre(dm)

1m=100centimeter(cm)
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Luminousintensity Candela Cd

Amountofsubstance mole mol

ii.DerivedPhysicalQuantities

 Thesearequantitiesobtainedbymultiplicationordivision

ofotherphysicalquantitiese.g.area,volume,work,density,

momentumetc.

1m=1000millimeter(mm)

1m=1000000micrometer(µm)

Exercise2.2

ConvertthefollowingintoSIunits

a) 1000km (answer:1000000m)

b) 0.00025mm(answer:0.00000025m)

c) 0.01Hm (answer:1m)

d) 25mm (answer:0.025m)

e) 25µm (answer:0.000025m)

MeasurementofLength

Therearetwomethodsthatcanbeusedinmeasurementoflength:

1. Measurementbyestimation.

2. Accuratemeasurementusingasuitablemeasuringinstrument.

Examplesofinstrumentsusedinmeasuringlength

I. Meterruleandhalf-meterrule.

II. Tapemeasureusedtomeasurerelativelylonglengthse.g.

lengthofasoccerfield.

III. Verniercalipers–usedtomeasureshortlengthse.g.

thicknessofatextbookordiameterofasmeasuring

cylinder.

Exercise2.1

1. Identifythemistake(s)inthefollowingSIunitsandhencewrite

themcorrectly.

(a) Amperes(a)

(b) Candela(cand)

(c) Metres(M)

(d) Kalvin

(e) Seconds

(f) Kilograms

(g) Pascals

(h) newtons
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IV. Micrometerscrewgauge–usedtomeasureveryshort

lengthse.g.diameterofawire.

2. Therearetwotypesofphysicalquantities:basicandderived

quantities,statethedifferencebetweenthetwo.
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Factors Considered When Choosing an Instrument for

MeasuringLengths

1. Sizeoftheobjecttobemeasured.

2. Levelofaccuracyrequired.

TheMeterrule

 Meterrulesandahalf–meterrulesaregraduated(calibrated)in

centimeterandmillimeter

 Thesmallestdivisiononameterrulescaleis1mm(0.1cmor

0.001m).Thisistheaccuracyofthemeterrule.

Note:

I. Accuracyofameasuringinstrumentisthesmallestvalue

thatcanbeaccuratelyobtainedusingtheinstrument.

II. Themeasurementtakenusingameasuringinstrumentmustbe

expressedtothenumberofdecimalplacesoftheaccuracy

ofthatinstrument.Forexample,anymeasurementtaken

usingameterruleshouldbeexpressedinwholenumberifin

millimeter,to1decimalplaceifincentimetersandto3

decimalplacesifinmeters.

ProcedureFollowedWhenUsingaMeterRule

1. Placethemeterruleincontactwiththeobjectwhose

lengthistobemeasured.

2. Placetheendoftheobjectagainstthezerocmmarkofthe

scale.

3. Positionyoureyeperpendicularlyabovethescale.

R1=77.9cm,R2=82.8cm,R3=25.5cm,R4=30.0cm,R5=3.4cm,R6

=7.0cm

Exercise

Expresstheabovereadingsin:

I. Mm

II. M

PrecautionWhenUsingaMeterRule

 Careshouldbetakentoavoiddamagetotheendsofmeter

rules.Thisisbecausemostofthemdonothaveashort

allowanceattheendstocaterfortear.

TapeMeasure

TypesofTapeMeasure

i. Tailor’stapemeasure

ii. Carpenter’stapemeasure

iii. Surveyor’stapemeasureetc.

Note:Thechoiceoftapemeasuredependsonthenatureandlength

ofdistancetobemeasured.
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SourcesofErrorWhenUsingaMeterRule

 Whenusingameterrule,anerrormayarisewhen:

I. theruleisnotincontactwiththeobject,

II. theendoftheobjectisnotalignedtothezeromarkof

themeterrulescale,

III. thepositionoftheeyeisnotperpendiculartothescale.

 NB:Theerrorthatoccurswhenthepositionoftheeyeisnot

perpendiculartothescaleiscalledparallaxerror.

PrecautionWhenUsingTapeMeasure

 Ensureitistaut(verystraight)duringuse.

MeasuringCurvedLengths

 Tomeasurecurvedlengthssuchasrailsandroadsonmaps,a

threadisplacedalongtherequiredlength.Thelengthisthen

foundbyplacingthethreadonamillimeterscale.

 Forcurvedsurfaceslikeacylinder,athreadisclosely

wrappedaroundthesurfaceanumberoftimes.

Experiment2.1

Aim/Objective

Tomeasurethecircumferenceofameasuringcylinderusinga

thread

Apparatus

i. 10mlmeasuringcylinder

ii. Thread

iii. Meterrule

Procedure

1. Closelywrapathinthreadtentimesaroundthecylinderas

shownbelow.

Example
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WhatarethereadingsindicatedbyarrowsR1,R2,R3,R4,R5andR6

below.

2. Markwithinkthebeginningandendoftheturns.

3. Removethethread.

4.MeasurethelengthbetweentheinkmarksandcallitR
1
.

5. Repeattwotimes,recordingreadingsasR
2
andR

3
soasto

ensureaccuracyofyourmeasurements.

6. Findtheaveragelengthas
R

1
+R

2
+R

3

3
.

ResultsandCalculations

 Averagelengthof10turns,R=
R

1
+R

2
+R

3

3

 Circumferenceofthecylinder=
R

10

 Diameterofthecylinder(D)isobtainedas:

D=
circumference

ResultsandCalculations

 Heightofthetreeisestimatedusingtheexpression:

heightofthetree,h
tree

heigthofrod,h
rod

=
lengthofshadowoftree,L

tree

lengthofshadowofrod,L
rod

Example

InanexperimenttoestimatetheheightofatreeinNyabururuGirls’

SecondarySchoolcompound,Gracerecordedthefollowingdata.

I. Lengthofshadowofthetree=1000cm

II. Lengthofshadowoftherod=200cm

III. Heightoftherod=100cm

IV. Determinetheheightofthetree
Exercise
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Solution

heigthofthetree,x

heigthoftherod
=
lengthofshadowoftree

lengthofshadowofrod

x

100
=
1000

200

x=5.0m

AREA

 Areareferstothemeasureofsurface.

 TheSIunitofareaisthesquaremeter(m2).

Multiplesandsub-multiplesofthesquaremetre

I. 1m2=1000000mm2

II. 1m2=10000cm2

III. 1km2=1000000m2

a)

Theoretical

1. Alength550cmofathinthreadwrapsaroundacylinderexactly

25times.Calculatethecircumferenceandtheradiusofthe

cylinder.(Take =
22

7
).

2. Philipfoundthattheperimeterofhisfarmingplotwas

approximately500strides.Hisstridewas1.1mlong.Whatwas

theperimeteroftheplot?

Experimental

1. Estimatethewidthofyourdeskbycountinghowmanyofyour

palmlengthsarethere

2. Describeamethodyoucanusetoestimatethethicknesswidthof

onesheetofpaperofyourbook.

3. Describeamethodthatcanbeusedtoestimatethethicknessof

arazorblade.

EstimationofLength

Experiment2.2

Aim/objective:Toestimatetheheightofatree

Apparatus

 Arodoflength2meters

 Ameterrule.

Procedure

1. Holdtheroduprightandmeasureitslength.

2. Measurethelengthofitsshadow.

3.Measurethelengthoftheshadowofatreeintheschool

compound.

Exercise

1. Expressthefollowinginsquarecentimeter

a) 0.00027km2

b) 4.5m2

2. ExpressthefollowinginSIunits

b) 9000cm2

c) 0.009cm2

d) 25km2

MeasurementofArea Example
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AreaofRegularly–ShapedObjects

 Area of irregular-shaped objects is obtained using

appropriateformulae.

A.Rectangle

Area=length×width

B.Circle

Area= r2,wherer=radius

C.Triangle

Estimatetheareaoftheirregularsurfaceshowninthefigure

belowbycountingthesmallsquares.Theareaofonecomplete

squareis1cm2.

Solution

o Area=

(numberofcompletesquares+1

2
×numberofincompletesquares)areaof

onesquare

o Area=(4+1

2
×22)×1cm2

o Area=15cm2

Exercise

1) Tracetheoutlineofyourpalmonagraphpaperandestimatethearea

oftheshapeobtained.

2) Determinetheareaofthetopofyourdesk.

3) Thediameteroftheboreofacapillarytubeis2.0mm.Calculatethe

cross-sectionareaoftheboreincm2(take =3.142)

4) Asheetofpapermeasures25cmby15cm.Calculateitsareainmm2
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Area=
1

2
(base×perpendicularheight

D.Trapezium

Area=
1

2
(sumofparallelsides)×height

AreaofIrregularly-ShapedSurfaces

 Areaofirregularlyshapedsurfacecanbeestimatedbysub-

dividingthesurfaceintosmallequalsquaresandthearea

obtainedas:

Area

=

(numberofcompletesquares+1

2
×numberofincompletesquares)

areaofonesquare

Volume

 Volumereferstotheamountofspaceoccupiedbymatter.

 Itisaderivedquantityoflength.

 TheSIunitofvolumeisthecubicmeter(m3)

MultiplesandSub-MultiplesoftheCubicMetre

(a) 1m3 =1000000cm3

(b) 1m3=1000000000mm3

(c) 1km3=1000000000m3

(d) 1m3=1000liters

(e) 1liter=1000ml

(f) 1l=1dm3

Exercise

ConverteachofthefollowingvolumestoSIunit

I. 1500000000cm3

II. 20.0liters

III. 1.0ml

IV. 9000000000mm3

V. 1000000l

VolumeofRegular–ShapedSolids

 Volumeofregularly–shapedsolidsisobtainedbyapplying

anappropriateformula.

1. Cuboid Examples
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Volume=cross-sectionareaxheight

Volume=length×breadth×height

2.Triangularprism

Volume=cross-sectionareaxlength

Volume=
1

2
base×height×length

3. cylinder

Volume=crosssectionareaxheight

Volume= r2h

4. Spheree.g.football

1) Arimoffoolscapscontains500papersandhasamassof2kg.The

sizeis300mmby200mmby50mm.find:

I. Thethicknessofonesheetofpaper.

200mm

500papers
=0.4mm

=0.0004m

II. Themassofonesheetofpaper.

o 500papers=2kg

 massof1paper=
2kg

500

o =0.004kg

III. Thevolumeoftherim.

o volume=L×W×h

o 300mmx200mmx50mm

=3000000mm3

=0.003m3

IV. Thevolumeofonesheetofpaper

Volumeof500papers=0.003m3

o volumeof1paper=
0.003m3

500

=0.000006m3

2) Ablockofglassis50cmlong,4.0cmthickand2.5cmhigh.Calculate

itsvolume

volumeoftheglassblock=length×breadth×height

=5.0cm×4.0cm×2.5cm

=50cm2

=0.000050m3

3) Findthevolumeofthecylindricaltinofradius7.0cmandheight

3.0cm.

volumeoftin= r2
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volume=
4

3
r3

5. Cone

volume=
1

3
r2h

=
22

7
×7cm×7cm×3cm

=462.0cm3

=0.0004620m3

4) Findthevolumeofatriangularprismifbase=6.0cm,height=5.0cm

andlength=12.0cm

volume=areaofcross-section×length

=(12×6.0cm×5.0cm)×12.0cm

=180.0cm3

=0.0001800m3

5) Findthevolumeofaspherewhoseradiusis3.0cm

volumeofsphere=
4

3
r3

=
4

3
×
22

7
×3.0cm×3.0cm×3.0cm

=113.14cm3

=0.00011314m3

6) Asphereofdiameter6.0mmismoldedintoauniformwireof

diameter0.2mm.Calculatethelengthofthewire.(take =
22

7
)

volumeofsphere=volumeofwire

4

3
R3= r2l

4

3
×
22

7
×3.0mm×3.0mm×3.0mm=

22

7
×0.1mm×0.1mm×l

36mm3=0.01mm2l

l=
36mm3

0.01mm2=3600mm=3.600ml
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MeasurementofVolumeofLiquids

i. UsingaContainerwithUniformCross-SectionArea.

 Theliquidispouredintothecontainerandtheheightofthe

liquidinthecontainerismeasured.Thevolumeoftheliquid

iscalculatedusingtheexpression:

Volumeofliquid=crosssectionareaofcontainer ×heightofliquid

Solution

Volumeof1drop=0.12cm3

volumeof100drops=1000×0.12cm3

=12cm3

initiallevel=24cm3

finallevel=(24+12)cm3

=36cm3
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ii. Usingasuitablevolumemeasuringapparatus

 Thefollowingapparatusareusedtomeasurevolume

accuratelyofliquidsinlaboratory:

a) Pipette

b) Burette

c) Volumetricflask

d) Syringe

 Pipetteandvolumetricflaskmeasurefixedvolumesof

liquids.

 Thefollowingapparatusareusedtoapproximatelymeasure

volumeofliquidsinlaboratory:

a) Measuringcylinders

b) Graduatedbeakers

c) Conicalflasks

TheBurette

Note:

 Whenusingameasuringvesselthereadingofthevolumeis

takenwiththeeyepositionedinlevelwiththebottomofthe

meniscus(forliquidswhichcurveupwards)asin(a)ortopof

themeniscus(forliquidswhichcurvedownwards)asin(b)

below.

MeasuringVolumeofIrregular-ShapedSolids

 Themethodusedinthiscaseiscalleddisplacementmethod

sincethesoliddisplacessomeliquidwhenimmersed.

Conditionsunderwhichdisplacementmethodworks:

Fordisplacementmethodtoworkbest,thesolidwhosevolumeisto

bedeterminedshould:

(a)notbesolubleintheliquidbeingused,

(b)notreactwiththeliquid,

(c)sinkintheliquidand,

(d)notabsorbtheliquid.

Experiments

Aim:Tomeasurevolumeofirregularly–shapedsolid

Requirements:stone,thread,measuringcylinder,water,Eurekacan

(alsocalleddisplacementoroverflow can),floaterandasinker.

Method1:Usingmeasuringcylinder

Procedure
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Thescaleoftheburetteismarkedsuchthatzerocm3markisat

thetopandthemaximumvaluemarkatthebottom.
1. Partlyfillthemeasuringcylinderwithwaterandnotthe

volumeV
1
ofthewater

2. Tiethestonewithathreadandloweritgentlyinthecylinder

untilitisfullysubmerged

3. NotethenewvolumeofwaterV2

Resultsandcalculations

Thevolumeofthestonecanbecalculatedas:

volume=V
2
-V

1

Example

Waterlevelinaburetteis24cm3.If100dropsofwaterfallfromthe

buretteandtheaveragevolumeofonedropis0.12cm3.Whatisthe

finalwaterlevelintheburette?

Method2:UsingEurekacan Example
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Procedure

1. FillEurekacanwithwateruntilitoverflows

2. Waitforthewatertostopcomingoutofthespout

3.Placeameasuringcylinderunderthespout

4.Tiethestonewithathreadandloweritgentlyintowater

untilitisfullysubmerged

5. Collectthewatercomingoutofthespoutusingameasuring

cylinder.

Resultsandcalculations

Thevolumeofwatercollectedinthemeasuringcylinderisthe

volumeofthestone.

Method3:Measuringvolumeofanirregular-shapedfloater

usingEurekacan

Procedure

1. FilltheEurekacanwithwateruntilitoverflows

2. Waitforthewatertostopcomingoutofthespout

3.Lowerthesinkertiedwithathreadgentlyintothecan

4.MeasurethevolumeV1thatflowsintothemeasuring

cylinder

5. RemovethesinkerandtieittothecorkasyoufillEureka

1) Determinethevolumeofwaterinthecylindershownbelow.

Solution:

Volume=33cm3

(Rememberthataccuracyofthescaleshownaboveis1cm3)

2) Ifastoneofvolume6cm3isinsertedtosinkinwaterintheabove

cylinderwhatwillbethenewwaterlevel?

Solution

Newlevel=initiallevel+volumeofstone

Newlevel=33cm3+6cm3

=39cm3

Mass

 Massisthequantityofmatterinanobject.

 TheSIunitofmassisthekilogram(kg).

MultiplesandSubmultiplesofthekilogram

 1kg=1000g

 1tonne=1000kg

 1g=1000mg

 1kg=1000000mg
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canagainandallowittooverflow.Thenplacethemeasuring

cylinderunderthespout.

6. Lowerthesinkerandcorktiedtogethergentlyandmeasure

V2thatoverflowsintothemeasuringcylinder.

Resultsandcalculations

Thevolumeofthestonecanbecalculatedas:Volume=V
2
-V

1

 1tonne=1000000g

1.

Exercise

2. Convert39.6mgintokg(answer:0.0000396kg)

3. Change50tonnesintog(answer:50000000g)

4. 340kgintotonnes(answer:0.340tonnes)

5. 20gintokg(answer:0.020kg)

6. 100gintokg(answer:0.100kg)

MeasurementofMass

 Therearethreeinstrumentsthatcanbeusedused:

I. Toppanbalance(electricaltype)

II. Beambalance(mechanicaltype)

III. Leverbalance(mechanicaltype)

AdvantagesofElectricalBalance(TopPanBalance)Overthe

BeamBalance(MechanicalType)

1. Electricalbalanceisaccurate.

2. Itiseasytousethanbeambalance.
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Density

 Itisdefinedasthemassperunitvolumeofasubstance.

 DensityisdenotedbyaGreekletterrho()

Density=
mass

volume

=
m

v
;v=

m
;m= ×v

 Sincemassismeasuredinkgandvolumeinm3thentheSIunit

ofdensityisthekilogrampercubicmeter(kg/m3orkgm-3)

1g/cm3=1000kg/m3

V=L×W×h

=6cm×4cm×3cm

V=72cm3

=
m

v
;

200g

72cm3=2.7777g/cm3

1g/cm3=1000kg/m3

2.7777g/cm3=2.777×1000kg/m3

=2778kg/m3

1. Thedensityofasubstanceis15g/cm3.ExpressthisinSIunits

1g1cm3=1000kglm3

15glcm3=
15g/cm3×1000kglm3

1gcm3

=15000kg/m3

2. Thefigurealongsideshowsameasuringcylinderwhichcontains

waterinitiallyatlevelA.Whenasolidofmass11gisimmersedin

waterthelevelraisestoB.Determinethedensityofthesolid.

Volumeofsolid=V
B
-V

A

48cm3-33cm3=15cm3

=
m

v

=
30g

15cm3=2.000
g

cm3

=2000kg/m3

Examples

3. Showthat1g/cm3=1000kg/m3

g/cm3=
1g

1cm3

=
0.001kg

0.000001m3
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=1000kg/m3

4. Determinethedensityinkg/m3ofasolidwhosemassis40gand

whosedimensionsincmare30×40×3

V=L×W×h

V=30×3×4=360cm3

=
m

v

40g

360cm3=0.11111gcm3

o 1g1cm3=1000kglm3

0.1111glcm3=
0.1111g/cm3×1000kglm3

1gcm3

=111.1kg/m3

5. Awoodenblockofmass200gis4.0cmwide3.0cmthickand6.0

cmlong.Calculatethedensityofthewoodenblockinkg/m3

Exercise

1. Thediagrambelowshowsthechangeinvolumeofwaterina

measuringcylinderwhenanirregularsolidisimmersedinit.

Giventhatthemassofthesolidis56.7gdeterminethedensityofthe

soliding/cm3(giveanswercorrectto2decimalplaces

2. Completethetable

mass volume Density

0.012kg 20cm3 0.6glcm3

200g ….….…cm3 800kglm3

……….tonnes 125m3 ….…..glcm3
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DensityBottle

 Itisasmallglassbottlefittedwithglassstopper(madeof

groundglass)whichhasaholethroughwhichexcessliquid

flowsout.

PrecautionsWhenUsingaDensityBottle

1. Thebottleshouldbeheldbytheneckwhenwipingit.Thisis

topreventitfromexpandingduetobodywarmthwhenheldby

sidesbyusinghands.

2. Theoutsideofthebottlemustbewipeddrycarefully.

3.Thereshouldbenoairbubbleswhenthebottleisfilledwith

liquid.

N/BDensitybottleisusedmeasurethedensityofeitherliquidor

solid.

V=
m

=
0.080kg

1000kg/m3

=0.00008m3

i) Volumeofthedensitybottle

Volumeofthedensitybottle

=Volumeofwaterfillingit.

Volumeofthedensitybottle=0.000008m3

ii) MassofsolidDinpartb)

iii) 96-8g

=48g

=0.088kg

iv) DensityofsolidD

=
m

v

=
0.088kg

0.00008m3

=1100kg/m3

v) Volumeofwaterinc)

V=
m

=
0.030kg

1000kg/m3

=0.000030m3

vi) MassofsolidDind).

m= ×v

m=1100×(0.000080-0.000030)

Examples

1. Themassofadensitybottleis20.0gwhenempty,70.0gwhenfull

ofwaterand55.0gwhenfullofasecondliquidx.Calculatethe

densityoftheliquid(takedensityofwatertobe1g/cm3)

Solution

 Massofemptydensitybottle=20.0g

 Massofdensitybottle+wat=70.0g

 Massofwaterindensitybottl=50.0g

 Volumeofdensitybottle=
m
=
50.0g

1g/cm3 =50cm3
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m=0.055k Massofdensitybottle+liquid=55.0g

 Massofliquidfillingthebottle

=55.0-20.0=35.0g

 Volumeofliquid=volumeofdensitybottle

=50cm3

 ofliquidx=
m

v

=
35.0

50
=
0.7g

cm3

=700kg/m3

2. InanexperimenttodeterminethedensityofacertainsolidD,the

followingreadingswereobtainedusingadensitybottle

a) Massofemptydensitybottle=8g

b) MassofadensitybottleandsolidD=96g

c) Massofdensitybottle+30gwater+solidD=132g

d) Massofdensitybottle+water=88g

Calculate

vii) Massofwaterindensitybottleinpartd).

88g-8g=80g

=0.080kg

viii) Volumeofwaterind)(takedensityofwaterbe1000kg/m3).

Exercise

Adensitybottlehasamassof17.5gwhenempty.Whenfullofwaterits

massis37.5g.Whenfullofliquidxitsmassis35g.Ifthedensityof

wateris1000kg/m3,findthedensityofliquidx.

DensityofMixtures

 Amixtureisobtainedbyputtingtwoormoresubstancesuch

thattheydonotreactwithoneanother.

 Thedensityofthemixtureliesbetweenthedensitiesofits

constituentsubstancesanddependsontheirproportions.

Densityofmixture=
Totalmassofthemixture

Totalvolumeofmixture

Example

1. Amixtureconsistsof40cm3ofwaterand60cm3ofliquidX.ifthe

densitiesofwaterandliquidX are1.0g/cm3 and0.8g/cm3

respectively,calculatethedensityofthemixture.

Massofwater=
w
×V

w

=1.0g/cm3×40cm3

=40g

massofliquidx=
x
×V

x

=0.8g/cm3×60cm3=48g

Densityofmixture=
massofwater+massofliquidX

volumeofwater+volumeofliquidX
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Densityofmixture=
40g+48g

40cm3+60cm3

Densityofmixture=
88g

100cm3=0.880g/cm3

2. Asolutioncontains40cm3byvolumeofalcoholand60cm3water.

Ifthedensityofthealcoholis0.79g/cm3andwateris1.0g/cm3.

Calculatethedensityofthesolution.

massofwater=
w×
V

w

=1g/cm3×60cm3=60g

massofalcohol=
a
×V

a

=0.79g/cm3×40cm3=31.6g

Densityofmixture=
massofwater+massofalcohol

volumeofwater+volumeofalcohol

Densityofmixture=
60g+31.6g

60cm3+40cm3=
91.6g

100cm3

=0.916g/cm3

SimplePendulum

 Itisadevicethatcanbeusedtodeterminetimeintervals.

 Itmakesoscillationswhendisplacedslightly.

 Anoscillationisacompletetoandfromotion.

Experiment

Aim:Todeterminetimetakentocompletegivenoscillations

Apparatus:Pendulumbob,thread,stopwatch,clamp,bossandretort

stand.

Procedure

i) Setyourapparatusasshownbelow.

i) Slightlydisplacethebobanddeterminethetimetakento

make3oscillations

ii) Repeattheprocedureforthefollowingnumberof

oscillationsandfillthetablebelow.

No.ofoscillations Time(s) Time for 1

oscillation,T(s)

2

4

6

8

Time

 Timeisthemeasureofduration.

 SIunitisthesecond(s).

Multiplesandsub-multiplesofsecond

1minute=60second

1hour=3600second

1day=24hours=86400second

1second=100cent-second

1second=1000millisecond(ms)

1second=1000000microsecond(µs)

MeasurementofTime
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Calculations

Timefor1oscillationcanbecalculatedas:

T=
Timefornoscillations

n

 Timeismeasuredusingeitherthestopwatchorastopclock

dependingonlevelofaccuracyrequired.

AdvantagesofStopWatchOverStopClock

1.) Stopwatchiseasytohandleandreadthanstopclock.

2.)Itismoreaccuratethanstopclock.

Example

ExpressthetimeshownonthestopwatchscreenbelowinSI.

=10×60+22

+34×0.01

=600+22+0.34=622.343seconds

RevisionExercise

1) IdentifythemistakeinthefollowingSIunitsandhencewritethem

correctly.

(a) Amperes(a)

(b) Candela(cand)

(c) Metres(M)

(d) Kalvin

(e) Seconds

(f) Kilograms

(g) Pascals

(h) newtons

2) convertthefollowingintoderivedSIunits

(a) 0.01cm

(b) 100cm2

(c) 20days

(d) 3.625g

(e) 324tonnes
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(f) 5dm3

(g) 400ml
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3) Estimatethelengthofthecurveshown.

4) DefinedensityandgiveitsSIunits.

5) Aburetteshowsaliquidlevelas20cm3.Tendropsofthesame

liquideachofvolume0.5cm3areadded.Calculatethenewliquid

level.

6) Anemptydensitybottlehasamassof15g.Whenfullofalcohol

ofdensity0.8g/cm3,itsmassis47g.Calculate:-

i) Thevolumeofthebottle.

ii) Itsmasswhenfullofwater.

iii)Itmasswhenfullofmercuryofdensity13.6g/cm3
.

7) Ameasuringcylindercontains8cm3ofwater.Asmallpieceof

brassofmass24gisloweredcarefullyintoameasuringcylinder

sothatitiscarefullysubmerged,ifthedensityofthebrassis

8g/cm3,whatisthenewreadingofthelevelofwaterinthe

cylinderinm3.

8) AEurekacanofmass60gandcrosssectionalareaof60cm2is

filledwithwaterofdensity1g/cm3.Apieceofsteelofmass20g

anddensity8g/cm3isloweredcarefullyintothecanasshown

.

Calculate;

a) ThetotalmassofwaterandtheEurekacanbeforethe

metalwaslowered.

b) Thevolumeofwaterthatoverflowered.

c) Thefinalmassoftheeurekacananditscontents

Iftheinitialreadingwasat0cmmark,determinethevolumeofonedrop.

14.AmixtureismadeupoftwometalsXandY.Themassofthe

mixtureis30gandthevolumeofthemixtureis4.5cm3.

DeterminethemassofmetalXinthemixture.(DensityofmetalX

is6000Kgm-3anddensityofmetalYis7900Kgm-3)
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d) Infindingthedensityofliquid,whyisthemethodof

usingdensitybottlemoreaccuratethantheoneofusing

ameasuringcylinder.

9) 25cm3ofaliquidxofdensity1.2g/cm3ismixedwithliquidof

volume30cm3and0.9g/cm3withoutchangeinvolume.Calculate

thedensityofthemixture.

10)Themassofanemptydensitybottleis25.0g.Itsmasswhenfilled

withwateris50.0gandwhenfilledformalinitsmassis60.0g.

Calculate.

a) Massofwater

b) Volumeofwater.

c) Volumeofbottle.

d) Massofformalin.

e) Volumeofformalin.

f) Densityofformalin.

11) Abutcherhasabeambalanceandmasses0.5kgand2kg.How

wouldhemeasure1.5kgofmeatonthebalanceatonce?

12)Determinethedensityinkg/m3ofasolidwhosemassis40gand

whosedimensionsincmare30x4x3

13)Figurebelowshowsthereadingonaburetteafter55dropsofa

liquidhavebeenused.
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ChapterThree FORCE

DefinitionofForce

 Forcereferstoapushorapullthatresultfrominteractionof

bodies.

 Itisthatwhichchangesthestateofmotionofabody.

 TheSIunitofforceisthenewton(N).

 Forcehasbothmagnitudeanddirectionandisrepresentedbya

straightlinewithanarrowasshownbelow.

 Thelengthofthelineshowsthemagnitudeoftheforcewhile

thearrowheadshowsthedirectionoftheforce.

EffectsofForce

i. Forcecanmakestationaryobjectmove.

ii. Itcanincreasespeedofmovingobject.

iii. Itcanstopamovingobject.

iv. Itcandecreasespeedofmovingobject.

v. Itcanchangeshapeofanobject(i.e.candeforman

object).

vi. Itcanmakeanobjectturnaboutafixedpoint(pivot).

Thisiscalledturningeffectofforce.

vii. Itcanchangethedirectionofamovingobject.

c) Thefigurebelowshowstwoobjectsofmassm1andm2acted

uponbyaforceF

IdentifyforceF

Gravitationalforce

2. CentripetalForce

 Thisisaforcewhichmaintainsabodytomoveinacircular

orbitorpath.

 Itisdirectedtowardsthecentreofthecircularorbit/

track.

Examplesofsituationsinwhichcentripetalforceactsinclude:

 Whirlingastonetiedtoastring.

 Theearthrevolvingaroundthesunalongitisorbit.

 Centrifugeusedtoseparategheefrommilk.

 Acarmovingroundacirculartrackorroad(corner).

3. Magneticforce

 Magneticforceistheforceofattractionorrepulsiondue

Exercise

Whichoftheeffectsabovecanbecausedby:

a) Apushonly?

b) Apullonly?

c) Apushorapull?
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toamagnet.

 Itisnon-contactforce.

 Magneticattractionoccursbetweenamagnetanda

magneticmaterialorbetweenunlikepolesofamagnetwhile

repulsionoccursbetweenlikepolesofmagnet.

4.Upthrustforce

 Upthrustisanupwardforceactingonobjectsimmersedin

fluids(liquidsorgases).

 Upthrustcanalsobedefinedastheapparentlossinweight

ofabodyimmersedinaliquidorgas.

Typesofforce

1. GravitationalForce

 Itreferstotheforceofattractionbetweenanytwobodies

e.g.forceofattractionbetweentheearthandthemoon.

 Gravitationalforceisanon-contactforce.

GravitationalForceoftheEarth

 Itistheforceofattractiononbodiestowardthecentreofthe

earth.

Factorsaffectinggravitationalforce

I. Massesoftheobjects-Thelargerthemassesthestronger

thegravitationalforce.

II. Distanceofseparationbetweenthetwoobjects.Thelonger

thedistanceofseparationtheweakergravitationalforce.

Examples

a) Whatarenon-contactforces?

 Thereareforceswhichactevenifobjectsarenotincontactwithone

another.

b) Explainwhyaballthrownupwardsreturnsbacktotheground

 Itisduetoattractionbyearth’sgravitationalforce
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Upthrustonabody

=weightofbodyinair-weightofbodyinfluid

 Upthrustisacontactforce.

Examplesofsituationsinwhichupthrustforceactsinclude:

 Balloonstorising

 Swimmersandboatsfloating

 Bodiesimmersedinliquidsweighinglessthantheirweightin

air.

f) Smootheningsurfaces.

g) Usingballbearings.

h) Aircushioning

6. ElectrostaticForce

 Electrostaticforceistheforceofattractionorrepulsion

betweenelectricallychargedbodies.

 Itisnon-contactforce.Therearetwotypesofelectrical

charges(positiveandnegative).

 Attractionoccursbetweenunlikechargesi.e.positiveand

negativewhilerepulsionoccursbetweenlikecharges.

Examplesofsituationsinwhichelectrostaticforceacts

include:

a) Aplasticrulerorpenrubbedwithpieceofdryclothorhair

attractspiecesofpaper.

b) Awipedglasswindowrapidlyattractsdustduetocharges

leftonthemduringwiping.

c) Polishedshoesrapidlyattractdustduetochargeslefton

themduringbrushing.

d) Anylonclothproducescracklingsoundandsticksonthe

bodywhenbeingremovedetc.

7. ActionandReactionForces

 Actionandreactionaretwoequalforcesactinginopposite

directions.

NumericalExample

Abodyweighs100Ninairand80Nwhensubmergedinwater.Calculate

theupthrustactingonit.

upthrust=apparentlossinweight

=100N-80N=20N

5. FrictionalForce

 Thisisaforcethatopposesmotionbetweentwosurfacesthat

areincontact.

 Frictionalforceinfluids(liquidandgases)iscalledviscous

drag(viscosity).

 Frictionalforceisacontactforceanditactsinthedirection

oppositetothatofmotionofthebody.
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 Theyarecontactforces.

 Whenablockofwoodisplacedonatable,itsweight

(action)actsonthetable.Thereactionofthetable(opposite

force)actsontheblock.

8. NuclearForce

 Thisisaforcethatbindsprotonsandneutronsinatomic

nuclei.

 Nuclearforceisacontactforce.

AdvantagesofFrictionalForce

Frictionalforcehelpsin:

a) Writing.

b) Braking.

c) Walking.

d) Erasing.

e) Lightingamatchsticketc

DisadvantagesofFrictionalForce

a) Causeswearandtear.

b) Hindersmotion.

c) Producesunwantedheat.

d) Producesunwantedsound.

MethodsofReducingFrictionalForce

i) Oilingandgreasing.

j) Usingrollers.

k) Streamliningbodies.
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9. TensionForce

 Itisaforcewhichactsonstretchedbodies.

 Tensionisasaresultoftwoopposingforcesappliedoneat

eachendofabody.

 Itisacontactforce.

10.SurfaceTension

 Surfacetensionisdefinedastheforceperunitlengthinthe

planeofaliquidsurfaceactingatrightanglesoneitherside

ofanimaginarylinedrawninthatsurface.

MolecularExplanationofSurfaceTension

 Amoleculedeepintheliquidissurroundedbyliquidonallsides

sothatthenetforceonitiszero.Amoleculeonthesurface

hasfewermoleculesonthevapoursideandthereforewill

experiencearesultantinwardforce,causingthesurfaceofthe

liquidtobeintension.

Examplesofsituationsinwhichsurfacetensionforceacts

include:

i) Asteelrazorbladeorneedlefloatswhencarefullyplaced

onwateralthoughsteelisdenserthanwater.

iii) Bristlesofabrushspreadinwaterbutclingtogether

whenthebrushisretrievedoutofwater.Theclinging

togetherofbristlesisduetosurfacetensionofwater

onthesurfaceofbristles.

iv) Adropofwaterfromaburetteorwatertapgrowsand

stretchesoutbeforeitfallsoffduetosurfacetension

onthesurfaceofthedrop.

Note:Surfacetensionactsalongthesurfaceofaliquidsoasto

reducesurfacearea.Thiscanbeillustratedbythefollowing

observations:

i) Whenbubbleofsoapisblowntothewideendofthe

funnelandtheleftwiththeupperend,thebubble

recedesslowlyuntilitflattenstoafilm.Ittherefore

makesitssurfaceassmallaspossible.

ii) Whenafilmofasoapcontainedinawireloopis

puncturedorpiercedatpointXasshownbelow,the

remainingpartofthefilmacquiresaminimumarea.The

threadisthereforepulledfromonesidemakinga

perfectcurve.Thisisbecauseofforcesofsurface

tensionfromonesideonly.
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ii) Aglassofwatercanbefilledwithwaterabovethebrim

withoutwaterpouringout.Thisisduetosurfacetension

onthesurfaceofwater.

FactorsAffectingSurfaceTension

i) Impurities

 Impurities reduce surface tensionof a liquid.Soap

(detergent)weakensthecohesiveforcesbetweensurface

liquidmoleculesandthereforereducingsurfacetension.

ii) Temperature

 Temperaturereducessurfacetensionoftheliquidbecauseit

weakenscohesiveforceofattractionbetweenliquid

molecules.
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Exercise  Thelevelofmercuryincapillarytubesislowerthanthatof

mercuryinthebasin.Beinglowestinthenarrowtube.

 Inbothcapillarytubesmercurycurvesdownwardsattheedge

(doesnotwetglass).Thisisduetostrongercohesiveforce

betweenmercurymoleculesthanadhesiveforcesbetween

mercuryandglassmolecules.

 Thedownwardcurveiscalledconvexmeniscus

WateronCleanandWaxedglasssurfaces

Explainthefollowingobservations:

a) Asteelneedleplacedcarefullyonthesurfaceofwaterdoesnot

sink.

b) Whenasmalldropofdetergentsisplacedonwater,thefloating

needlemovesrapidlyawayfromitandsinkswhenmoredetergent

isadded

c) A matchstickwrappedatoneendwithsoapstartsmoving

immediatelyinonedirectionwhenplacedonthesurfaceofwater.
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 Whenwaterisdroppedonacleanpieceofglass,itspreads

becauseadhesiveforcesbetweenglassandwatermolecules

arestrongerthancohesiveforcesbetweenwatermolecules.

 Whenwaterisdroppedonwaxedglasssurface,itrollsinto

smalldroplets.Thisisbecausewaxingreducesadhesive

forcebetweenwaterandglassmolecules.Cohesiveforce

becomesgreaterthanadhesiveforce.

MassandWeight

 Massisdefinedasthequantityofmatterinabody.

 Weightisthegravitationalpullonabody.Itisaforceand

thereforeitsSIunitisNewton(N).

 Thedirectionofactionofweightonearthistowardsthe

centreoftheearth

RelationshipbetweenMassandWeight

 Massandweightarerelatedasfollows:

weight

=mass×accelerationduetogravity

(Gravitationalfieldstrength)

W =Mg

Definitionofaccelerationduetogravity(g)

 Itisdefinedasthegravitationalforceactingonaunitmass

ataplace.

 TheSIunitofg(gravitationalfieldstrength)isthenewton

perkilogram(N/kg)

 Note:Agraphofweightversusmassisastraightline

11.Adhesion(adhesiveforce)

 Adhesionreferstotheforceofattractionbetweenmolecules

ofdifferentkinde.g.forceofattractionbetweenwaterand

glassmolecules.

Examplesofsituationsinwhichadhesiveforceactsinclude:

1) Liquidwettingglass.

2) Paintstickingonwall.

3) Inkstickingonpaper.

4)Chalkmarkstickingontheboard.

12.Cohesion(CohesiveForce)

 Cohesionreferstotheforceofattractionbetweenmolecules

ofsamekinde.g.forceofattractionbetweenwatermolecules.

SomeEffectsofAdhesiveandCohesiveForces

a) CapillaryTubesDippedinWater

 Inbothcapillarytubeswatercurvesupwardsattheedge(wets

glass).Theriseofwaterupthetubeisduetoadhesiveforces

betweenglassandwatermoleculesbeingstrongerthan

cohesiveforceofattractionbetweenwatermolecules.

 Theupwardcurveiscalledconcavemeniscus.

b) CapillaryTubesDippedinMercury
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throughtheoriginandtheslopeofthegraphgives

accelerationduetogravity,gi.e.
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DifferencesbetweenMassandWeight

Mass weight

Thequantityofmatterin
anobjectbody

Gravitationalpullonan
object

TheSIunitkg(kilogram) SIunitisthenewton

Constanteverywhere Variesfromplacetoplace

Ascalarquantity Avectorquantity

Measuredusingabeam

balance

Measuredusingaspring
balance

a) Time

b) Temperature

c) Energy

d) Speed

e) Area

f) Volume

g) Length

h) Mass

i) Distance.

1)

2) VectorQuantity

Avectorquantityisonewithbothmagnitudeanddirectione.g.

i) Weight

ii) Force

iii) Velocity

iv) Momentum

v) Acceleration

vi) Displacement

 Iftheweightofacaris8000N,8000givesmagnitudeof

theweight,NistheSIunitanddirectionistowardsthe

centreoftheearth.

Resultantvector

 Thisisthesumoftwoormorevectorstakingintoaccount

thedirectionofthevectors.

Example

Examples

1. Stateareasonastowhyweightofabodyvariesfromplacetoplace

ontheearth’ssurface.

Gravitationalfieldstrengthvariesfromoneplacetoanotheronthe

earth’ssurfacebeingstrongatthepolesandweakattheequator.

2. Anobjectweighs1000Nonearth’ssurface(g=10N/kg)

a) Calculateitsmass.

w=mg

1000N=m×10
N

kg

m=
1000N

10N/kg
=100kg

b) Ifthesameobjectweighs160Nonthemoonsurface,findthe

gravitationalfieldstrengthofthemoon.

W =mg

160=100×g

g=
160

100
=1.60N/kg
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3. Amassof7.5kghasaweightof30Nonacertainplanet.Calculate

theaccelerationduetogravityonthisplanet.

W =mg

30=7.5×g

g=
30

7.5
=4N/kg

4. Amanhasamassof70kg.calculate:

a) Hisweightonearthwherethegravitationalfieldstrengthis

10N/kg.

W =mg

70×10=700N

b) Hisweightonmoonwherethegravitationalfieldstrengthis

1.7N/kg.

W =mg

70×1.7=119N

ScalarandVectorQuantities

1) ScalarQuantity

 Ascalarquantityisonewithmagnitudeonlybutnodirection

e.g.

Findtheresultantforceoftheforcesactingonapoint

objectshownbelow.

(a)

Solution

(+4N)+(+5N)= +9N

(b)

Solution

(-7N)+(-3N)+(+2N)+(+4=-4N
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Examples

1) Thefigurebelowshowstwoglasstubesofdifferentdiameter

dippedinwater.

Explainwhyh2isgreaterthanh1

i) Adhesiveforceinnarrowtubeisgreaterthanadhesiveforce

inwidertube.

ii) Volumeofwaterinbothtubesisthesamehencethecolumnof

waterinnarrowtubeh2isgreater.

2) Nametwoforcesthatdeterminetheshapeofliquiddroponthesolid

surface

Cohesiveandadhesiveforces

3) Giveareasonwhyweightofthebodyvariesfromplacetoplace.

Thegravitationalfieldstrengthvariesfromplacetoplace.

4) Ametalbinwasobservedtofloatonthesurfaceofpurewater.

Howeverthepinsankwhenafewdropsofsoapsolutionwereadded

tothewater.Explainthisobservation.

Soapsolutionisanimpurity.Whenaddedtowater,itlowersthe

surfacetension(bydissolving)ofwatermakingtheneedletosink.

11) Definetheterms.

a) Mass

b) Weight.

12)Themassofalumpofgoldisconstanteverywhere,butitsweight

isnot.Explainthis.

13) Amanhasamassof70kg.Calculate:

a) Hisweightonearth,wherethegravitationalfieldstrengthis

10N/kg.

b) Hisweightonthemoon,wherethegravitationalfield

strengthis1.7N/kg.

14)Amassof7.5kghasweightof30Nonacertainplanet.Calculate

theaccelerationduetogravityonthisplanet.

15)Definethefollowingterms,givingexamples.

a) Vectorquantity

b) Scalarquantity

16) (a)Definearesultantvector.

(a) Findtheresultantofaforceof4Nandaforceof8N

actingatthesamepointonanobjectif:

i) Theforceactinthesamedirectioninthesamestraightline.

ii) Theforceactintheoppositedirectionsbutinthesame

straightline.

17)Showdiagrammaticallyhowforcesof7Nand9Ncanbecombined

togivearesultanttogivearesultantforceof:

(a)16N (b)2N
RevisionExercise

1) Byconsideringaction-reactionforces,identifywhywaterrisesupa

thincapillarytube.

2) Givetwoexamplesofcontactforceandnon-contactforce.

3) Sketchhowavectorquantityisrepresentedonadiagram.

4) DefineforceandgiveSIunit.

5) Namealltheforcesactingonthefollowingbodies:

(a) Aboxplacedonatable
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(b) Amasssuspendedfromaspringbalance.

(c) Amovingcarnegotiatingabend.

6) Definecohesiveforceandadhesiveforce.

7) Explainwhyamanusingaparachutefallsthroughairslowlywhilea

stonefallthroughairveryfast.

8) Aspringstretchesby6cmwhensupportingaloadof15N.

(b) Byhowmuchwoulditstretchwhensupportingaloadof

5kg?

(c) Whatloadwouldmakethespringextendby25mm?

9) Explaineachofthefollowing,usingthebehaviourofmolecules

wherepossible:

(a) Asteelneedleplacedcarefullyonthesurfaceofwaterdoes

notsink.

(b) Whenasmalldropofdetergentisplacedonwater,theneedle

movesrapidlyawayfromitandsinkswhenmoredetergentis

added.(assumethatdetergentdoesnotaffectthedensityof

water)

(c) Amatch–stickrubbedatoneendwithsoapstartsmoving

immediatelyinonedirectionwhenplacedonthesurfaceof

water.

10)Definesurfacetension.

a) Howdoestemperatureriseandimpuritiesaffectthesurface

tensionofwater?

b) Howwouldthesurfacetensionofwaterbeincreased?

ChapterFour PRESSURE



lydiaakama2@gmail.com

Page|45
Formorehighschoolnotes,setbooks,guidebooks

WhatsApp0716953563

DefinitionofPressure

 Pressurereferstoforceactingperpendicularlyperunitarea.

 Sinceforceismeasuredinnewtonsandareainsquaremeter,
thentheSIunitofpressureisthenewtonpersquaremeter
(N/m2)orthepascal(Pa).1newtonpersquaremeter(N/m2)=1
pascal(Pa)

Pressure=
Force

Area

F=P×A

P=
F

A
A=

F

P

PressureinSolids

Forceexertedbyasolidrestingonasurfaceisequaltotheweight
theobject.

Pressure=
Force(weightofsolid)

Areaofcontact

MaximumPressure=
weightofsolid

MinimumArea

MinimumPressure=
weightofsolid

MaximumArea

FactorsAffectingPressureinSolids

1. Weightofthesolid(force)

 Iftheareaofcontactbetweensolidandsurfaceisconstant,
pressureincreaseswithweight.

2. Areaofcontactofthesolidwithsurface.

 Thesmallerthearea,thehigherthepressureifsameforceis
applied.Thereforepressurecanbereducedbyincreasingthearea
ofcontact.

a)MinimumPressure=
Weight

MaximumArea

=
48×10

4×3

=
480

12
=40N/m2

b)MaximumPressure=
Weight

Minimumarea
=
480

2×3

=80N/m2

5. Anobjectwhoseareaofcontactwiththeflooris5m2exertsa
pressureof900pascal.Calculateitsmass

F(Weight)=P×A

Weight=900N/m2×5m2

m=
w

g

=
4500N

10N/kg
=450kg.

6. Trackswhichcarryheavyloadshavemanywheels.Explain.

Manywheelsincreasetheareaofcontactwiththegroundthereby
reducingpressureexertedontheroad.Thispreventsdamageofthe
roadsbytracks.

7. Ablockofcopperofdensity9g/cm3measures5cmby3cmby2cm.
Giventhatgis10N/kg,determine:

a) Themaximumpressure

Maximumpressure=
Weight

Minimumarea

Maximumpressure=
Vg

Minimumarea

=

9000
kg

m3×(30×10-6m3)×10N/kg

6×10-4m
2

=4500N/m2

Examples
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b) Theminimumpressurethatitcanexertonahorizontalsurface.

Minimumpressure=
Weight,W

Maximumarea

=
2.7N

15×10-4m
2

=
2.7N

0.0015m2=1800N/m2

8. Itispainfulifonetriestoliftaheavyloadbyathinstring.

Thereisasmallareaofcontactwiththefingerswhenathinstringis
used.Asaresult,morepressureisgeneratedandthisispainful.

1. Ablockofasoapstoneofdimension4mby2mby3mis48kgandis
madetorestonasmoothhorizontalsurface

2. Calculatetheminimumpressureitexertsonthesurface.

3. Calculatethemaximumpressureitwillexertonthesurface

Exercise 2. DensityoftheLiquid

 Pressureinliquidsincreaseswithdensityoftheliquid.

 Considertwoidenticalcylindersfilledwithwater(ofdensity
1000kg/m3)andglycerine(ofdensity1260kg/m3)respectively.

 PressureatpointBisgreaterthanpressureatpointAbecause
glycerineisdenserthanwaterandthereforeexertsmore
pressurethanwater.

ToDemonstrateVariationofPressurewithDepthofLiquids

 ConsideratalltinwithholesA,BandCequallyspacedonone
sidealongaverticallineasshownbelow.

 Whenthetinisfilledwithwater,thewaterjetsoutofthe
holeswiththatfromholeAthrownfarthestfollowedbythat
fromholeBandlastlyfromholeC.

 ThismeansthatpressureofwateratAisgreaterthanpressure
atBandpressureatBisgreaterthanpressureatC.Hence,
Pressureinliquidsincreaseswithdepth.

1. Apickupcarryingstonesweighs40,000N.Theweightisevenly
spreadacrossthe4types.Theareaofcontactofeachtirewiththe
groundis0.05m2.Calculatethepressureexertedbyeachtireonthe
ground.

2. Athumbisusedtopushathumbpinintoapieceofwood.Explainin
termsofpressurewhythepressureonwoodisgreaterthanthe
pressureonthethumb.

3. Anelephantofmass2800kghasfeetofaverageareaof200cm2.A
vultureofmass12kgwalksbesidetheelephantonamuddyarea,the
averageareaofthefeetofthevultureis2.0cm2.Whichoneislikely
tosink?Explainyouranswershowinganynecessarycalculations.

4. Agirlstandinguprightexertsapressureof15000N/m2onthefloor.
Giventhatthetotalareaofcontactofshoesandtheflooris0.02m2.

a) Determinethemassofthegirl.

b) Determinethepressureshewouldexertonthefloorifshestood
ononefoot.

5. Ablockofcopperofdensity8.9g/cm3measures10cm×6cm×4cm.
Giventhattheforceofgravityis10Nkg-1,determine:

a) Themaximumpressure.

b) Theminimumpressurethatitcanexertonahorizontalsurface.

PressureinLiquids

FactorsAffectingPressureinLiquids

1. DepthoftheLiquid

 Pressureinliquidsincreaseswithdepth.
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ToDemonstrateVariationofPressurewithDepthandDensityof
Liquids

 Consideratransparentglassvesselfilledwithwateranda
thistlefunnelconnectedtoau-tubefilledwithcoloredwater
tosomeleveldippedintoit.

 Itisobservedthatthedeeperthefunnelgoesbelowthe
surfaceofwater,thegreaterthedifferenceinlevelsof
waterinthetwolimbsoftheu-tube,h.Thisisduetoincrease
inpressurewithdepth.

 Thisisthereasonastowhywallsofadamarethickeratthe
bottomthanatthetopasshownbelow.Thickwallsatthebottom
ofthedamwithstandhighpressureduetowateratthebottom.

 Pressureincreasingwithdepthofliquidexplainswhyadiverat
thebottomoftheseaexperiencesmorepressureduetomore
weightofwaterabovehimthanadivernearthetop/surfaceof
thesea.

 Whenglycerineisusedinplaceofwateritisobservedthatat
thesamedepththedifferenceinlevels,hisgreaterthanwhen
waterisused.Thisisbecauseglycerinisdenserthanwaterand
thereforeitispressureatsamedepthishigherthanthatof
water.

ToDemonstratethatPressureatEqualDepth,ActsEquallyinAll
Directions

 Consideratinwithtwosimilarholesonitssideatsameheight
asshownalongside.

 Whenthetinisfilledwithwater,itisobservedthatwater
travelsoutoftheholesequalhorizontaldistancesfromthecan.

 Thepressurep,exertedatthebottom(base)ofthecontainer
bytheweightoftheliquidaboveitisgivenby:

P=
F

A
=

w(weightofliquid)

A(cross-sectionareaofthecontainer)

Butw= Ahg

WhereAh=volumeoftheliquid

∴P=
Ahg

A

P=hg.Thisisthefluidpressureformula.

 Fromtheformulaitisclearthatpressureinfluidsdoesnot
dependoncross-sectionareaofthecontainerholdingthe
liquid.

Examples

1.) Adiverworkingunderwateris15mbelowthesurfaceofthesea.
Calculatethepressureduetowaterexperiencedbythediver(take
g=10N/kg)anddensityofseawatertobeequalto1.03g/cm3.

P=hg
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Thereforepressureexertedatequaldepthissameinall
directions.

FluidPressureFormula

 Consideracontainerwithcross-sectionarea,A,filledwitha
liquidofdensity,,totheheight,h,asshownalongside.

=15m×1030kg/m3×10N/kg

=154500N/m2

2.) Thefigurebelowshowsaliquidinapail.

Iftheliquidhasadensityof0.79g/cm3,determinethepressureexerted
atthebottomofthepailbytheliquid.

o P=hg

=0.45m×790kg/m3×10N/kg

=3555N/m2

b) Suggestareasonwhypailmanufacturesprefertheshapeshown
toothershapes

Toreducetheheightofthepailbutmaintainthecapacity.This
reducesthepressureexertedbytheliquidatthebottomofthe
pail.

3.) Calculatethepressureexertedby76mmcolumnofmercurygiven
thatitsdensityis13.6g/cm3

o p=hg

o =0.76m×13600
kg

m3×10N/kg

o =103360N/m2

4.)Acolumnofglycerin8.20mhigh,acolumnofseawater10.08mhigh,a
columnofmercury0.76mhighandcolumnoffreshwater10.34mhigh
exertthesamepressureatthebottomofacontainer.Arrangethese
substancesindecreasingorderoftheirdensities.

Mercury,glycerine,seawater,freshwater
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Pascal’sPrinciple(ThePrincipleofTransmissionofPressurein
Liquids)

 Pascal’sprinciplestatesthatpressureappliedatonepartina
liquidistransmittedequallytoallotherpartsoftheenlarged
liquid.

DemonstratingPascal’sPrinciple

 Consideraliquidunderpressureduetoforce,F,actingonthe
plungerasshownbelow.

 Note:Theholesareofequaldiameter.

 Pressureexertedontheliquidbypiston,Sduetoforce,FS,is
PS.

P
S
=

F
S

A
S

 ByPascal’sprinciplethispressurePSisequaltopressurePL

exertedbyliquidonpiston,L.

P
S
=P

L

F
s

A
s

=
F
L

A
L

Examples
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 Whentheplungerispushedin,watersquirtsoutoftheholes
withequalforce.Thisshowsthatpressuregeneratedbythe
pistononthewateristransmittedequallytoallotherpartsof
theliquid.

ApplicationsofPascal’sPrinciple

 Pascal’sPrincipleisappliedintheworkingofthehydraulic
machines.Thesemachinesinclude:

a) Hydraulicpressusedtocompresstextileproductslike
blanketsforpacking.

b) Hydraulicliftusedtohoistcarsingarages.

c) Hydraulicbrakesystemusedforbrakingincars.

PressureTransmissioninHydraulicMachines

 Notethatpressureatsamelevelintheliquidisthesameasseen
earlier.

 Considerthehydraulicmachinebelowconsistingofasmall
piston,S,andalargepiston,L,ofcross-sectionasshown
alongside.

1. Thefigurebelowshowstwomassesplacedonlightpistons.The
pistonsareheldstationarybytheliquidwhosedensity0.8g/cm3.
DeterminetheforceF.

o hg+
F
B

A
B

=
F
A
(i.e.w=mg)

A
A

o
60×10N

0.0008m2=1.8m×800
kg

m3×10N/Kg+
F
B

0.00025m2

o 750000
N

m2=1440N/m2+
F
B

0.00025

o F
B
=(750000N

m2-1440
N

m2)0.00025m2

=187.14N

2. Theareaofthelargesyringeinanexperimentis18cm2andthatof
thesmalleroneis3.0cm2.Aforceof2Nisappliedonthesmaller
piston.Findtheforceproducedonthelargerpiston.
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o
F
s

A
s

=
F
L

A
L

o
2N

0.0003m2=
F
L

0.0018m2

F
L
=
2N×0.0018m2

0.0003m2 =12N

4.Thediagrambelowshowsau-tubefilledtwoliquids,xandy.Ifthe
densityofliquidyis1.00g/cm3,determinethedensityofliquidx.

o h
x x

g=hy yg

o 0.40m×
x
×10

N

kg
=0.30m×1000

kg

m3×10N/kg

o
4.0Nm

kg
×

x

=3000
N

m2

o
x
=750

kg

m3

HydraulicBrakeSystem

 Thehydraulicbrakesystemusestheprincipleoftransmissionof
pressureinliquids(Pascal’sprinciple)initsoperation.

PropertiesoftheHydraulicBrakeFluid

(a) Itshouldnotcorrodepartsofthesystem

(b) Itshouldbehighlyincompressible

(c) Itshouldhavealowfreezingpointandhighboilingpoint.

AtmosphericPressure

 Thisisthepressureexertedontheearth’ssurfacebythe
columnofairaroundit.

ToDemonstrateExistenceofAtmosphericPressure(CrushingCan
Experiment)

 Consideratincontainerwithsomewaterinit.Thecontaineris
heatedforsometimewhileopenandclosedafterwithdrawing
heating.Coldwateristhenpouredonitimmediately.

 Itisobservedthatthecontainercrushesinwardswhencold
waterispouredonit.Thisisbecausesteamfromboilingwater
drivesouttheairinsidethecontainerandapartialvacuumis
createdwhenthecontaineriscooled.Thehigheratmospheric
pressurefromtheoutsidecrushesthecontainerinwards.
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ModeofOperationofHydraulicBrakeSystem

 Whenasmallforceisappliedonthebrakepedal,itpushesthe
pistonofthemastercylinderinwards.Thisproducesapressure
thatisequallytransmittedtothepistonsintheslavecylinders.
Thepressuregeneratesaforcewhichpushesthepistonsofthe
slavecylinderoutwards.Thepistonsthenpushthebrakeshoes
andthereforethebrakeliningoutwards.Thebrakelining
touchesandstopsrotatingwheeldrum.

 Thereturnspringreturnsthebrakeshoesintotheiroriginal
positionafterforceonbrakepedalhasbeenremoved.

Example

Aseadiveris18mbelowthesurfaceofseawater.Ifthedensityofsea
wateris1.03g/cm3andgis10N/kg,determinethetotalpressureonhim.
(Takeatmosphericpressurepa=103000N/m2).

Totalpressure=hg+P
a

=18m×1030
kg

m3×10
N

kg
+103000N/m2

=288400N/m2

MeasurementofPressure

1) U-TubeMonometer

 Itisusedtomeasuregaspressure.

 Itconsistsofu-tubefilledwithsuitableliquidtosomelevel.

 Consideru-tubemanometerbelowinwhichonelimbisconnected
togassupply.

 AandBareatthesamehorizontallevelandthereforepressure
atAisequaltopressureatB.

 PressureatAisduetothegas,pgwhilepressureatBisdueto

2) Thediagrambelowshowamercurymanometer.Somedrygasis
presentintheclosedspace.Iftheatmosphericpressureis
105000N/m2anddensityofmercury13600kg/m3,determinepressure
ofthegas(takeg=10N/kg).

o hg+Pg=Pa

o 0.25m×13600
kg

m3×10
N

kg
+Pg=105000N/m2

o 34000N/m2+Pg=105000N/m2

o Pg=105000
N

m2-34000
N

m2

o =71000N/m2
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thecolumnofliquidandatmosphericpressure.

PressureatA,P
A
=PressureatB,P

B

Pg=hg+P
a

 Where isthedensityofliquidintheu-tube.

Examples

1) Theheight,hofawatermanometeris20cmwhenusedtomeasure
pressureofagas.

a) Determinethepressureduetogas,Ifatmosphericpressureis
103000N/m2

.

o Pg=hg+Pa

o =0.20m×1000kg/m3×10N/kg+103000N/m2

o =105000N/m2

b) Whatwouldbetheheightiftheliquidusedisglycerinofdensity
1.26g/cm3

o Pg=hg+Pa

o 105000
N

m2=h×1260kg/m3×10N/kg+103000N/m2

o 105000N/m2=12600N/m3×h+103000N/m2

o 2000N/m2=12600N/m3×h

h=
2000N/m2

12600N/m3=0.16m

2) MercuryBarometer

 Itisusedtomeasureatmosphericpressure.

 Itemploysthefactthatatmosphericpressuresupportsa
columnofliquidinatube.

ConstructionofMercuryBarometer

 Itismadeofathick-walledglasstubeofabout1mlongsealed
atoneend.

 Thetubeisthenfilledcarefullywithmercurytothetop.

 Anybubblesofairinthetubeareremovedbyclosingtheopen
endandinvertingthetubeseverally.

 Thetubeistheninvertedintoadishfilledwithmercury.

 Mercuryispreferredintheconstructionofbarometertoother
liquidsbecauseitsveryhighdensity.
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UsingMercuryBarometer

 Theheighth,ofthemercurycolumnisthemeasureof
atmosphericpressure.

 Thecolumnofmercuryh,atsealevelis76cmHg.InSIunititis:

P
a
=hg

0.76m×13600kg/m3×10N/kg=103360N/m2

 Theatmosphericpressureatsealeveliscalledoneatmosphere
orstandardatmosphericpressure(76cmHgor103360N/m2)

Examples

1) Astudentinaplacewherethemercurybarometerreads75cmwanted
tomakeanalcoholbarometer.Ifalcoholhasadensityof800kg/m3,
whatistheminimumlengthofthetubethatcouldbeused?

P
a
=h

Hg Hg
g=h

al al
g

0.75m×13600kg/m3×10N/kg=h
al
×800kg/m3×10N/kg

h
al
=
10200

8000
=12.75m

2) Thebarometricheightinatownis70cmmercury.Giventhatthe
standardatmosphericpressureis76cmmercuryandthedensityof
mercuryis13600kg/m3,determinethealtitudeofthetown.(Densityof
airis1.25kg/m3).

(Note:Standardpressurereferstotheatmosphericpressureatsea
level).

Pdifference=Patsealevel-Pattown

(h
Hgsl

-h
Hgtn

)×
Hg
×g=h

air
×

air
×g

(0.76-0.70)m×13600kg/m3×10N/kg=h
air
×1.25kg/m3×10N/kg

h
air
=

8160

12.50
=652.8m(Thisisthealtitudeofthetown)

3) Thefigurebelowshowsapersonsuckingwaterusingastraw.Explain
howsuckingismadepossible.

Whenonesuckspressureinsidethestrawreducesbelowtheatmospheric
pressure.Thepressuredifferencecauseswatertogointothestrawandrise
uptothemouth.

Siphon

 Siphonisusedtotransferliquidfromonecontainertoanother.

 Theuseofsiphontotransferliquidduetopressuredifference
iscalledsiphoning.Considerthesiphoningarrangementshown
below.

 PressureatA isequaltopressureatBanditisthe
atmosphericpressure,Pa

 PressureatcisequaltopressureatBpluspressuredueto
watercolumn,h,i.e.P

C
=P

B
+hg

 PressuredifferencebetweenBandC(i.e.P
C
-P

B
=hg)iswhat

makestheliquidtoflowfromtheuppercontainertothelower
one.

ConditionsunderwhichSiphonWorks

a) Thetubemustbefilledwiththeliquidfirst.Thiscreatesa
pressuredifference.

b) Theremustbeadifferenceinlevelsofliquidinthetwo
containers.

c) Theendofthetubemustremainbelowtheliquidsurfaceofthe
uppercontainer.

Example

Thefigurebelowshowshowtoemptywaterfromalargetankintoalow
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TestingtheVacuumintheBarometer

 Thevacuumistestedbytiltingthetube.Ifthetubeisfully
filledthenthespaceisavacuumbutifthetubeisnotfully
filledthenthespaceisnotavacuum;ithassomeairoccupyingit
andtherefore,thebarometerisfaulty.

lyingtankusingrubbertubing.

a) Explainwhythetubemustbefilledwithwaterbeforetheemptying
processstarts.

TocreatepressuredifferencebetweenCandDthiswillleadtocontinuous
flowofwaterfromtheuppertanktothelowertank.

b) Soonafterthetankbeginstoemptythelowerendismomentarily
blockedbyplacingafingeratendD.

I. DeterminepressuredifferencebetweenpointAandD.

o P
AD
=hg

o P
AD
=2m×1000

kg

m3×10
N

kg

o P
AD
=20000N/m2

II. whatwillbethepressureexperiencedbythefingeratpointD.(take
densityofwater=1000kg/m3andpa=100,000N/m2

o P
D
=P

atm
+hg

o P
D
=100000

N

m2+20000
N

m

2

o =120000Nm-2

2) TheBicyclePump

 Theleatherwasheractsasbothavalveandpistoninsidethe
pumpbarrel.

 Whenthepumphandleisdrawnoutasshown,airinthebarrel
expandsanditspressurereducesbelow theatmospheric
pressure.Airfromoutsidethepumpthenflowspastthe
leatherwasherintothebarrel.Atthesametime,thehigherair
pressureinthetyreclosesthetyrevalve.

 Whenthepumphandleispushedin,theairisforcedintothe
tyrethroughthetyrevalvewhichnowopens.

Note:Thereisanincreaseintemperatureofthepumpbarrel
duringpumpingthisisbecauseoftheworkdoneincompressing
air.

3) TheLiftPump
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ApplicationsofPressureinLiquidsandGases

1) ASyringe

 Whenthepistonispulledupwards(duringupstroke),spaceis
createdinthebarrelthusloweringthepressureinsidebelow
atmosphericpressure.Thehigheratmosphericpressureactingon
theliquidpushestheliquidintothebarrel.

 Duringadownstroke,thepressureinsideincreasesabove
atmosphericpressureandtheliquidisexpelledfromthebarrel.

 Tostartthepump,waterispouredontopofthepistonsothat
goodairtightsealismaderoundthepistonandinvalvePthe
pumpisoperatedbymeansofalever

Upstroke

 Whentheplungermovesupduringtheupstroke,valveRcloses
duetoitsweightandpressureofwateraboveit.Atthesame
time,airabovevalveexpandsanditspressurereducesbelow
atmosphericpressure.Theatmosphericpressureonthewaterin
thewellbelowthuspusheswateruptopastvalveintothe
barrel.

 TheplungerismovedupanddownhillthespacebetweenRand
Sisfilledwithwater.

Downstroke

 Duringdownstroke,valveSclosesduetoitsweightand
pressureofwateraboveit.
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LimitationsoftheLiftPump

 Inpractical,thepossibleheightofwaterthatcanberaisedby
thispumpislessthan10mbecauseof

i)Lowatmosphericpressureinplaceshighabove
sealevel,

ii)Leakageatthevalvesandpistons

4)TheForcePump

Thispumpisusedtoraisewatertoheightsofmorethan10m.

Upstroke

 Duringupstroke,airabovethevalveFexpandsanditspressure
reducesbelowatmosphericpressure.Theatmosphericpressure
onwaterinthewellpusheswateruppastvalveFintothebarrel.
PressureabovevalveGisatmospheric.Hence,thisvalvedoes
notopeninthisstroke.

Downstroke

 Duringthedownstroke,thevalveFcloses.Increaseinpressure
duetowaterinthebarrelopensvalveGandforceswaterinto
chamberSsothataswaterfillsthechamber,airistrappedand
compressedattheupperpart.Duringthenextupstroke,valveG
closesandthecompressedairexpandsensuringacontinuous
flow.

AdvantageofForcePumpovertheliftpump

a) Itenablesacontinuousflowofwater.

Exerciseonapplicationsofpressure

(a) Thefigurebelowshowsaliftpump

Explainwhy,whenthepistonis;

(b) Pulledupwards,valveAopenswhilevalveBcloses.

(c) Pusheddownwards,valveAcloseswhilevalveBopens

(d) Afterseveralstrokes,waterrisesabovethepistonasshownbelow.

Statehowwaterisremovedfromthecylinderthroughthespout.

(e) Aliftpumpcanliftwateruptoamaximumheightof10m.determine
themaximumheighttowhichthepumpcanraiseparaffin.(take
densityofparaffinas800kgm-3anddensityofwateras1000kgm-3)

(f) Stateonefactorthatdeterminestheheighttowhichaforcepump
canliftwater.
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b) Theheighttowhichitcanraisedoesnotdependon
atmospheric.

FactorsAffectingWorkingoftheForcePump

a) Amountofforceappliedduringthedownstroke.

 Abilityofthepumpanditsworkingpartstowithstandpressure
ofthecolumnofwaterinchamberc.
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RevisionExercise

1. Apistonwhosediameteris1.4mispushedintoacylindercontaininga
fluid,Ifthepressureproducedinthecylinderis4.0x105pa,Calculate
theforceappliedonthepiston.

2. Anoctopusisrestingintheocean.Iftheoctopusisatadepthof47m
inseawhosewaterhasadensityof1200kg/m3,calculatethepressure
experiencedbytheoctopus(Takeatmosphericpressure=1.0125x105

Pa)

3. Explainwhyifairgetsinthebrakesystemwouldreducethe
efficiencyofthebrakes.(2marks)

4. Aconcreteblockofmass50kgrestsonthesurfaceofthetableas
shownbelow.

Whatisthemaximumpressurethatcanbeexertedonthebenchby
theblock?

5. Aholeofarea4.0cm²atthebottomofatank5mdeepisclosedwitha
cork.Determinetheforceonthecorkwhenthetankisfilledwith
water.(Takeg=10ms̄²anddensityofwater=1000kgm̄³).

6. Ameasuringcylinderofheight25cmisfilledtoaheightof15cmwith
waterandtherestisoccupiedbykerosene.Determinethepressure
actingonitsbase(densityofwater=1gcm̄³densityofkerosene=
0.8gcm̄³andatmosphericpressure=103,000pa).

7. Stateoneadvantageofhydraulicbrakesovermechanicalbrakes.

8. Explainwhyaladywearingsharpheeledshoesisnotlikelytoskidona
slipperymuddyroad.

9. Whydoesatmosphericpressuredecreasetowardshigheraltitude?

10. ShowthatPressureinfluidsisgivenbyP=hg

11. Giveareasonwhynosebleedingislikelytooccuratthetopofa
mountain.

12. Ablockofglassofdensity2.5g/cm3hasdimensions8cmby10cmby
15cm.Itisplacedononeofitsfacesonahorizontalsurface.
Calculate:-

a) Theweightoftheblock

b) Thegreatestpressureitcanexertonthehorizontalsurface.

15.Thefigurebelowshowsahydraulicpress

Thetwopistonsareofareas10mm2and20mm2respectively.Aforceof
100Nisappliedonthesmallerpiston,findtheloadthatcanbeliftedon
thelargerpistonif:

a. Thepistonhasnegligibleweightandnofrictionalforcesexist.

b. Thepistonshavenegligibleweightandfrictional10Nand40N
respectively.

Thesmallerpistonhastheweight5Nthelargerpistonhasaweight
of10Nandthefrictionalforcesarenegligible.
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c) Theleastpressureitcanexertonthehorizontalsurface.

13.Thereadingofamercurybarometeris75.58cmatthebaseofa
mountainand66.37cmatthesummit.Calculatetheheightofthe
mountain(Densityofmercury=13.6g/m3anddensityofair=1.25kg/m3

14.Inahydraulicbrake,themasterpistonhasanareaof4mm2andthe
wheelpistoneachhasanareaof4cm2.Findtheforcesappliedtothe
wheelwhenaforceof10Nisappliedonthemasterpiston.
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ChapterFive PARTICULATENATUREOFMATTER



lydiaakama2@gmail.com

Page|62
Formorehighschoolnotes,setbooks,guidebooks

WhatsApp0716953563

Introduction

 Matterisanythingthatoccupiesspaceandhasmass.

 Matterisnotcontinuousbutitismadeupofeverytinyparticles
henceparticipatenatureofmatter.

 Particulatenatureofmatterthereforereferstotheexistenceof
matterinverytinyparticles.

ExperimenttodemonstratethatMatterismadeupofTinyParticles

i) UseofaPieceofPaper

 Apieceofpapercanbecutcontinuouslyuntilwhenthesmall
piecescannotbecutintopiecesanyfurther.Thissuggeststhatthe
sheetofpaperismadeoftinypiecesofpaper.Hencematteris
madeupoftinyparticles.

ii) DilutingPotassiumPermanganateSolution

 Theprocessofdilutingpurplepotassiummanganese(VII)can
continueuntilthesolutionappearscolorless.

 Thissuggeststhattheparticlesofpotassiumpermanganateare
spreadevenlyinwaterandeachdilutionprocessspreadthem
further.Thisisaproofthatmatterismadeupoftinyparticles
whichcanbeseparated.

Explainwhyitispossibletodissolvesugarinwaterwithoutanynoticeable
increasesinvolumeofwater.Thesugarparticlesoccupythesmall
intermolecularspacesofwatermolecules.Thisbehaviourofsugarsuggests
thatmatterismadeupofverytinyparticles.

Brownianmotion

 Brownianmotionreferstotherandommovementofliquidandgas
particles.

ToDemonstrateBrownianmotioninLiquids

 Considertheset-upalongsideinwhichchalkdustissprinkledon
thesurfaceofwaterinthebeakerandthebeakercoveredusinga
transparentlid.Thebehaviourofchalkdustisthenobservedwith
thehelpofahandlensasshownbelow.

 Thechalkdustisobservedtobeinconstantrandommotion.
Thisisduetothecontinuouscollisionofchalkdustparticles
withthewatermoleculeswhichareincontinuousrandom
motion.

ToDemonstrateBrownianmotioninGases(TheSmokeCell
Experiment)

 Considerthesetupbelowforthesmokecellexperiment.

 Note:Thesmokeisintroducedintothesmokecellbyburning
thestrawandlettingthesmokefillthesmokecellfromthe
otherend.Smokeisusedherebecausesmokeparticlesare
lightandbright.

 Theconverginglensisusedtofocus/concentrateconverge
thelighttothesmokecelltherebyilluminatingthesmoke.
Themicroscopeassiststheobserverseetheilluminated
smokeparticlesclearly.

 Thebrightspecksareobservedmovingrandomlyinthesmoke
cell.Thebrightspecksarethesmokeparticleswhichscatter
/reflectlightshiningonthem.Theymoverandomlydueto
continuouscollisionwithinvisibleairparticleswhicharein
continuousrandommotion.
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TheKineticTheoryofMatter

 TheaboveexperimentsonBrownianmotionconstitutethekinetic
theoryofmatterwhichstatesthatmatterismadeupoftiny
particleswhichareincontinuousrandommotion.

ArrangementofParticlesinMatter

Solids

 Particlesarecloselypackedtogetherinanorganizedmannerandin
fixedposition.

 Particlesinsoliddonotmoverandomlybutinsteadvibrateabout
theirfixedpositions(vibratorymotion)becauseofverystrong
intermolecularforce(cohesiveforce).Thisexplainswhysolids
havefixedvolumeanddefiniteshape.

Liquids

 Particlesinliquidsarenotcloselyfixedasinsolidsbutmove
about randomly (Brownian motion).This is because the
intermolecularforcesinliquidsareweakerthanthoseinsolids.

 Thesamereasonexplainswhyliquidshavenofixedshapebut
assumetheshapeofthecontainer.

 Theintermolecularforceinliquidsisstrongerthaningasesa
reasonastowhyliquidshavefixedvolumebutgasesdon’t.

Gases

 Particlesingasesarefurtherapartandhaveanincreasedrandom
motioncomparedtoliquidparticles.

 Thisisbecauseofveryweakintermolecularforcesingases
particlesascomparedtoliquidsandsolids.Thesamereason
explainswhygaseshavenodefiniteshapeandvolume.

Example

Usingablockdiagramandcorrectterminologyshowhowonestateof
matterchangestotheotherwhenthetemperatureischanged.Defineall
terminologiesused.

i) Melting-istheprocessbywhichasolidchangestoaliquidat
fixedtemperature.

ii) Evaporation -istheprocessbywhichaliquidchangestoa
gasatanytemperature.

iii) Condensation -istheprocessbywhichagaschangestoa
liquidatfixedtemperature.

iv) Freezing -istheprocessbywhichaliquidchangestoa
solidatfixedtemperature.

v) Sublimation -istheprocessbywhichasolidchangestogas
directlywithoutpassingtheliquidstate.

vi) Deposition -istheprocessbywhichagaschangestosolid
directlywithoutpassingtheliquidstate.

Diffusion

 Diffusionreferstotheprocessbywhichparticlesspread
fromregionofhighconcentrationtoaregionoflow
concentration.Noticeablediffusiontakesplaceinliquids
andgasesduetotheircontinuousrandommotion.

DemonstratingDiffusioninLiquids

 Considerthesetupbelowusedtoinvestigatediffusionin
liquids.Concentratedcopper(II)sulphate(blueincolour)is
carefullyandslowlyintroducedintothebeakerthrougha
funneltoobtaintwolayers.

 Aftersometime,itisobservedthattheboundarybetween
thetwoliquidsdisappearsandahomogenouspaleblue
mixtureisobtained.Thisisbecausethereisagreaterrateof
movementofwaterparticlesfromthewaterlayertocopper
(II)sulphatelayer.Atthesametimethereisgreater
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movementofcopper(II)sulphateparticlesfromthecopper
(II)sulphatelayertothewaterlayer.

 Note:Ifhotliquidsareused,formationofthemixturewillbe
fasterbecausetheparticlesmovefasterduetoincreased
kineticenergy.



lydiaakama2@gmail.com

Page|65
Formorehighschoolnotes,setbooks,guidebooks

WhatsApp0716953563

DemonstratingDiffusioninGases

 Considerthesetupbelowusedtodemonstratediffusionin
gases

 Whenthecardboardisremovedandthetwojarspressedtogether,
itisobservedthatahomogenouspalebrownmixtureformsinthe
twojars.Thisisbecausebrominegasspreadsintogasjar
containingairatagreaterrate.Atthesametimeairspreadsinto
gasjarcontainingbromineatagreaterrate.

 Note:Diffusioningasesisfasterthaninliquidsbecause:

(a)Gaseshavelowdensity.

(b)Gaseshavehighkineticenergy.

(c)Gasesveryweakcohesiveforces.

RatesofDiffusionofGases

 Differentgaseshavedifferentratesofdiffusiondependingon
theirdensityorrelativemasses.

 Agaswithahigherdensityhasheavierparticlesandthereforeits
rateofdiffusionislowerthanthegaswithlowerdensity.

Example

 Inthefigurebelow,ammoniagasandhydrochloricacidgasdiffuseandreact.

(a) Stateandexplaintheobservationmadeaftersometime.

 Awhitedepositisformednearthecottonwoolsoakedinconcentratedin

(b) Onthediagram,showtheobservation

(c) Iftheexperimentwasperformedatahightemperaturewillyou
expectittotakelongerorshortertimetoformwhitedeposit?
Explain.

Shortertime.Thisisbecauseanincreaseintemperatureincreases
thekineticenergyoftheparticlesofthegasesandhenceincreased

rateofdiffusionofthegases.

DiffusionthroughPorousMaterials

 Initially,hydrogengasdiffusesintotheporouspotsata
fasterratethanairdiffusingout.Asaresult,airbubblesout
ofwaterasshowninfigurei).

 Whenthegassupplyisstoppedhydrogengasdiffuseoutof
thepotthroughthefineholesatafasterratethanairgets
backintothepot.Thisdecreasesthegaspressureinthepot
andasaresultthehigheratmosphericpressureactingonthe
watersurfaceinthebeakertopusheswaterupthetubeasin
figureii).

Note:Thebeakerisusedtoconfinethehydrogengasaround
theporouspot.Itisobviousthatairisdenserthanhydrogen

gas.
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hydrochloricacid.Theammoniagasislessdenseandhaslightparticlesthusit
willdiffusefasterthanthehydrochloricgaswhichisdense.
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RevisionExercise
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1. Whatismatter?

2. Withtheaidofadiagram,describeanexperimentthatyouwoulduseto
showthatmatterismadeupoftinyparticles.

3. Duringaclassdiscussion,EmmanuelobservedthatBrownianmotionwas
onlyexhibitedbysmallparticles.

(a) Isthisobservationcorrect?

(b) Explainyouranswerin(a)above.

4. Statethekinetictheoryofmatter.

5. Distinguishbetweenthethreestatesofmatterintermsofthe
intermolecularforces.

6. Whatfactordeterminesthestateofmatter?

7. Explainwhysolidsarenotcompressiblewhilegasesare.

8. DefineBrownianmotion.

9. DuringBrownianmotionexperiment,thesmokeparticlesmustbesmall
andlight.Explainwhyitisnecessarythattheparticlesbelight.

10.Smokeisintroducedintosmokecellwhichisthenviewedundera
microscope.

(a) Whatdoyouobservethroughthemicroscope?

(b) Whatconclusioncanbedrawnfromthisobservation?

11. TemperatureaffectsBrownianmotion.Explain.

12.Lycopodiumpowderislightlysprinkledonacleanwatersurfaceina
largetray.Aredhotneedleisplungedintothecentreofthewater
surface.Stateandexplainwhatisobserved.

13. Definediffusion.

14.Describeanexperimenttodemonstratetheprocessofdiffusionin;

(i) Liquids

(ii) Gases.

15.Nameandexplainthefactorsthataffecttherateofdiffusioningases.
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ChapterSix THERMALEXPANSION
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Definition

 Thermalexpansionreferstoincreaseinvolumeofabodywhen
heated.

Temperature

 Temperatureisthedegree(extent)ofhotnessorcoldnessofa
bodyonsomechosenscale.

 Temperatureismeasuredusingathermometeranditisabasic
quantitywhoseSIunitistheKelvin.

 DegreeCelsius(0C)isanotherunitinwhichtemperaturescanbe
measured.

 Temperatureisascalarquantity.

Thermometers

 Athermometerisaninstrumentusedtomeasuretemperature.There
aremanytypesofthermometers,eachdesignedforaspecificuse.

Liquid-in-GlassThermometer(CommonThermometer)

 Theliquidcommonlyusedinaliquid–in–glassthermometeris
mercury.Alcoholcanalsobeused.

 Note:A liquidusedinthermometeriscommonlyknownas
thermometricliquid.

FeaturesofaLiquid–In–GlassThermometer

(a)
ABulb

 Containsthethermometricliquid.Itisthinwalledtoincrease
sensitivityofthethermometer(i.e.allowquicktransferofheat).

(b)CapillaryBore

 Itallowstheliquidinthebulbtoriseandfallwhentemperature
changes.

 Ithasasmalldiametertoincreaseitsaccuracysothatasmall
changeintemperaturecaneasilybemeasured.

ThermometricLiquids

 Theyinclude:

a) Mercury

b) Alcohol

c) Oilofcreosote

PropertiesofaGoodThermometricLiquid

a) Itshouldnotwetglass.

b) Itshouldexpanduniformly(regularly).

c) Itshouldbeagoodconductorofheat.

d) Itshouldbevisible.

e) Itshouldhavehighboilingpoint.

f) Itshouldhavelowfreezingpoint.

 Note:Watercannotbeusedasathermometerliquidbecause:

(a)Itwetsglass,

(b)Itexpandsirregularly(anomalously),

(c)Itisabadconductorofheat,

(d)Itisinvisible(colourless),

(e)Ithasarelativelyhighfreezingpoint.

ComparisonbetweenMercuryandAlcoholasThermometric
Liquids

Mercury Alcohol

Ithasahighboilingpoint

(3570C).

Ithasalowboilingpoint

(780C).

Ithasarelativelyhigher

meltingpoint(–390C).

Ithasalowmeltingpoint(-

1150C).

It is a good thermal

conductor.

It is a poor thermal

conductor.

Itexpandsregularly. Itsexpansionisslightly

irregular.
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(c)GlassStem

 Itismadeupofthickglasstostrengthenthethermometerand
thereforeprotecttheliquidinside.

 Thickglassalsoactsasamagnifyingglasstomagnifytheliquid
thread.

Itdoesnotwetglass. Itwetsglass.

Itisopaqueandsilvery. It is transparent and

therefore has to be

colouredtomakeitvisible.

 Notes

I. Alcoholthermometeristhebestforuseinverycold
conditionsbecauseitsfreezingpointisverylow(-1150c)
butcannotbeusedinaveryhightemperaturebecauseits
boilingpointisrelativelylow(780C).

II. Mercurythermometersisbestforuseinhightemperature
becauseofitshighboilingpoints(3570c)butcannotbe
usedinverylowtemperaturebecauseithasarelatively
highfreezingpoint(-390c).
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CalibratingLiquid-in–GlassThermometer

 Athermometerhastwomainfixedpoints:

I. Theupperfixedpoint(1000c)

II. Thelowerfixedpoint(0c)

 Theupperfixedpointismarkedbyputtingthebulbofthe
thermometerinsteamofwaterboilingatstandardatmospheric
pressureof76cmHg.

 Thelowerfixedpointismarkedbyputtingthebulbofthe
thermometerinpuremeltingice.

 Therangebetweenupperfixedpointandlowerfixedpointissub
dividedintoequaldivisionsof10Ceach.

TheCelsius(Centigrade)andKelvin(ThermodynamicTemperature)
Scale

 TheCelsiusscalehasfixedpointsat00Cand1000Cwhilethe
Kelvinscalehasfixedpointsat273Kforpuremeltingiceand373
Kforsteamorpureboilingwateratstandardatmosphericpressure.

 TemperatureonCelsiusscaleandKelvinscalearerelatedby:
T(K)= (℃)+273.

AbsoluteZeroTemperature

 ThisisthelowesttemperatureonKelvinscaleinwhichtheenergy
oftheparticlesinamaterialiszero.

 ItsvalueiszeroKelvin(-2730C).

1) Anuncalibratedmercurythermometerisattachedtoacmscale
whichreads14cminpuremeltingiceand30cminsteam.Ifitreads
10cminfreezingmixture,whatisthetemperatureofthefreezing
mixture?

o Inmeltingice,14cmcorrespondsto00C

o Insteam,30cmcorrespondsto1000C

o ∴1000C-00Ccorrespondsto30cm-14cm

o 1000Ccorresponds16cmlength

o 1cmcorrespondsto
1cm×1000C

16cm
=6.250C

o Temperatureofthefreezingmixtureis:

00C+(10-14)×6.250C=-250C

2) Afaultythermometerreads18℃aticepointand80℃atsteam
point.Determinethecorrecttemperaturewhenitreads60℃.

o Aticepoint,180Ccorrespondstoactually00C

o Atsteampoint,800Ccorrespondstoactually1000C

o (800C-180C)correspondstoactually(1000C-00C)

o 620Cfaultycorrespondstoactually1000C

o 10Cfaultycorrespondstoactually
10C×1000C

620C
=1.60C

o Correcttemperaturewhenfaultyonereads600Cis:

0℃+(60-18)×1.6℃=67.2℃

Exercise

1) Afaultymercurythermometerreads15℃whendippedintomelting
iceand95℃wheninsteamatnormalatmosphericpressure.What
wouldthisthermometerreadwhendippedintoaliquidat25℃

2) Whenmarkingthefixedpointsonathermometeritisobserved
thatat0℃themercurythreadisoflength2cmand9cmat100℃.
Whattemperaturewouldcorrespondtoalengthof4cm?Examples
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ClinicalThermometer

 Itisaspecialtypeofthermometerusedformeasuringhuman
bodytemperaturewhosetemperaturerangeisabout350C-
430C.

 Thetubehasaconstrictionwhichbreaksthemercurythread
fortemperaturereadingtobetaken.

 Afterthethermometerhasbeenreadthemercuryisreturned
tobulbbyalightlyshakingthethermometer.

 Methylatedspiritisusedtosterilizethethermometerafter
use.

 Note:clinicalthermometercannotbesterilizedbyboiling
waterbecauseitwillbreaksincetheboilingpointofwateris
farabovethetemperaturerangeofthethermometer.

3) Converteachofthefollowingfrom CelsiustoKelvin(Hint:use
T(K)= (℃)+273.)

a) -200C

T=-20+273=253K

b) 00C

T=0+273=273K

c) 100C

T=10+273=283K

d) -2730C

T=-273+273=0K

4) Convert each of the following from Kelvin to 0C (Hint:use
(℃)=T(K)-273.)

a) 0K

=0-273=-2730C

b) 167K

=167-273=-1060C

c) 283K

=283-273=10℃

d) 3450K

=3450-273=3177℃
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Six’sMaximumandMinimumThermometer

 Thisthermometerrecordsthemaximumandminimumtemperature
reachedinaplaceduringaspecifiedperiodoftime,sayaday.

ModeofOperationoftheSix’sThermometer

 Whentemperaturerises,thealcoholinbulbRexpandsandpushes
themercuryuptherightlimboftheu-tube.Themercurypushes
indexYupwards.Thelowerendofthisindexindicatesthemaximum
temperaturereachedduringthespecifiedperiod.

 Whentemperaturefalls,thealcoholinbulbRcontractsand
mercuryispulledback,risingupintheleftlimb.TheindexXis
thereforepushedupwards.Duringcontractionofalcohol,theindex
Yisleftbehindinthealcoholbythefallingmercury.Theminimum
temperatureisreadfromthelowerendofindexX.

Toresetthethermometer,amagnetisusedtoreturnthesteel
indicestothemercurysurfaces.

ExpansionandContractionofSolids

 Whensolidsareheatedtheyexpand(increaseinsize/volume)and
whencooledtheycontract(decreaseinsize/volume).Massofthe
soliddoesnotchangewhenitcontractsorexpands.

 Densityofthesolidincreaseswhenthebodyiscooled(because
volumedecreases)anditdecreaseswhenthebodyisheated
(becausevolumeincreases).

ExperimentstoDemonstrateExpansionandContractionofSolids

Observation:Whentheballisheated,itdoesnotpass
throughtheringbutwhenitisleftontheringforsometimes
itpassesthrough.Explanation:Whenheated,theballexpands
andsocannotgothroughthering.Whenitisleftonthering
forsometimethetemperatureoftheballdecreasesandthe
ballcontracts.Atthesametimetheringabsorbssomeheat
fromtheballitstemperatureincreasesandsoitexpands
allowingtheballtopassthrough.

2. TheBarandGaugeExperiment

Question

Inthefigurebelow,atroomtemperature,thebarfitsintothegauge.

(a) Explainwhatwouldhappenwhenthebarisheatedandyoutryto
fititinthegauge.

Thebardoesnotfitintothegaugebecauseitexpandswhenheated.

(b)Consideracasewherethebarisslightlybiggerthanthegaugeat
roomtemperature.Explainwhatyouwilldotomakethebarfit
intothegauge.

Heatthegaugesothatitexpandsandthebarwillfit.

ComparingExpansionandContractionofDifferentMetals
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1. TheBallandRingExperiment

 Theballandringexperimentapparatusareasshowninthefigure
below.Theballjustpassesthroughtheringatroomtemperature
andpressure.

Question

Anexperimentwassettocomparetheexpansionofdifferentmetals
asshownbelow.

(a) Explainhowtheexperimentworks

o Whenthemetalbarisheateditexpandsandpushesthepivotedpointer
andthereadingistakenonthescale.Metalbarsofthesamesizemade
ofdifferentmaterialsareattachedtotheclamponeatatimeand
heatedforthesamelengthoftime.Thereadingsonthescaleare
recordedandcompared.

(b) Whatprecautionsshouldbetakentoensurefairresult

i) Themetalsshouldbeofsamelengthanddiameter.

ii) Themetalsshouldbeheatedusingsameburner.

Themetalshouldbeheatedforsamelengthoftime.

Example

Thefigurebelowshowsabimetallicstripataroomtemperature(250C)

i) Drawthesamebimetallicstripwhenat900c.Explainthe
observation.

Whentemperatureincreasesaboveroomtemperaturealuminum
expandsatafasterratethancopper.
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LinearExpansivity

 Linearexpansivityisthetendencyofamaterialtoexpandwhen
heated.Differentmaterialshavedifferentlinearexpansivities
meaningthattheirratesofexpansionorcontractionarenotthe
sameexceptafewmaterials.

 TheunitoflinearexpansivityismeasuredinperKelvin.The
followingaresomeexamples;

Material LinearExpansivity(K-1)

Aluminum 26x10-6

Brass 19x10-6

Copper 16.8x10-6

Iron 12x10-6

Concrete 11x10-6

Steel 11x10-6

TheBimetallicStrip

 Bimetallicstripismadebyrivetingtogethertwometalsof
differentlinearexpansivities.Themetalwhichexpandsatahigher
ratewhenheatedcontractsfasterwhencooled.

 Considerabimetallicstripmadeofironandbrassatroom
temperatureandpressureinfigure(a)below.Brasshasahigher
linearexpansivitythanironandthereforeexpandsatafasterrate
thaniron.Whenthestripisheatedtoatemperaturegreaterthan
roomtemperatureitbendstowardsironasshowninfigure(b)and
whenthestripiscooled,itbendstowardsbrassasshowninfigure
(c)below.

ii) Draw thebimetallicstripwhenat-250C.Explainthe
observation.

Whentemperaturedecreasesbelowroomtemperaturealuminum
contractsatafasterratethancopper.

ApplicationsofExpansionandContractionofSolids

1) ExpansionjointsinSteamPipes

 Pipescarryingsteamarefittedwithloopsorexpansion
jointstoallowforexpansionwhensteamispassingthrough
themandcontractionwhentheyarecooled.Withouttheloop
theforceofexpansionandcontractionwillcausebreakage
ofthepipes.
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2. FixingofRailwayLine

 Railwaylinesareconstructedinsectionswithexpansiongapsand
thesectionsheldtogetherbyfishplates.Theboltholesintherails
areovaltoallowfreeexpansionandcontractionofrailsasthe
boltsmovefreelyintheholes.

 Amodernmethodofallowingforexpansionandcontractionin
railwaysistoplaneslanttherailssothattheyoverlap.

3.FixingofSteelBridges

 Inbridgesmadeofsteelgirders,oneendisfixedandtheotherend
placedonrollerstoallowforexpansionandcontraction.

4.Rivets

 Thickmetalplatesinshipsandotherstructuresarejoined
togetherbymeansofrivets.Arivetisfittedwhenhotandthen
hammeredflat.Oncoolingitcontractspullingthetwoplates
firmlytogether.

5. InstallationofTelephone/ElectricWires

 Theyarelooselyfixedtoallowforcontraction.Telephone
orelectricwiresappeartobeshorterandtautinthemorning.
Whenitishot,thewiresappearlongerandslackened.

6. TheBimetallicMetalApplication

 Oneofthemostcommonapplicationofabimetallicstripis
intheinthethermostat.A thermostatisadevicefor
maintainingasteadytemperature.Thethermostatshown
belowisusedforcontrollingthetemperatureofanironbox.
A heatercircuitisconnectedthroughtheelectrical
terminals.

 Iftheironboxbecomestoohotthebimetallicstripbends
curvingawayfromthelowercontact.Thisbreaksthe
contactsandswitchesofftheheater.Whenitcools,the
bimetallicstripbendsclosingupthegapbetweenthe
contactsandtheheaterisswitchedonagain.

 Iftheironboxisrequiredtobeveryhot(i.e.high
temperature),thesettingknobisadjustedtopushthemetalK
suchthatthe contactsare tighttogether.Forlow
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temperaturerangetheadjustingknobisreleasedsothatthe
positionKislowered.

 Thermostatisalsousedtocontrolthetemperatureof
electriccookers,electricheatersforwarmingrooms,and
fridges.

ExpansionandContractionofLiquids

ToDemonstrateExpansionofLiquids

 Considertheflaskbelowfilledwithcoloredwaterasshown
below.

 Whentheflaskisheateditisobservedthatwaterintheglass
tubefallsslightlyandthenstartsrising.

 Theinitialfallofthewaterlevelinthetubeisduetoexpansion
oftheflaskwhichgetsheatedfirst.Thewaterstartsexpanding
whenheatfinallyreachesitanditrisesupthetubesinceliquids

EffectsofAnomalousExpansionofWater

1) SupportAquaticLifeinPolarCountriesDuringWinter

 Duringwinterwaterfreezersintoice.Icebeinglessdense
thanwaterfloatsonwater.Sinceiceisapoorconductorof
heat,itinsulatesthewaterbelowagainstheatlosstoair
aboveit.

2) Anomalousexpansionofwaterleadstoformationofice
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expandfasterthansolids.

 Note:Differentliquidsexpanddifferently(i.e.theyhave
differentratesofexpansion)

 Iftheaboveexperimentwasrepeatedusingalcoholandthen
methylatedspiritforthesamelengthoftimeandusingsame
heater,itwouldhavebeennotedthatmethylatedspiritexpands
mostfollowedbyalcoholandfinallywater.

AnomalousExpansionofWater

 Anomalousexpansionofwaterisdefinedastheunusualbehavior
ofwaterinwhichitcontractswhenheatedandexpandswhen
cooledbetween0and40C.

 Considerheatingicefrom-80Cuntilitchangestowaterandits
temperature increasesto 80C.A plotof volume verses
temperatureforthewaterisasinfigure(a)whiledensityverses
temperatureisasinfigure(b)below.

bagswhichposeagreatdangertoships.

3)Itcausesweatheringofrockssincewhenwatertrappedin
freezes;itexpandsthusbreakingrocksintosmallpieces.

4)Itcausesburstingofwaterpipeswhenwaterfreezersin
them.

ExpansionofGases

ExperimenttoDemonstrateExpansionandContractionofGases

 Considerthesetupbelowwhichcanbeusedtodemonstrate
expansionandcontractionofgases.
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 Whentheflaskiswarmed,itisobservedthatthelevelofwater
columninsidetheglasstubedropsindicatingthattheairhas
expanded.Whentheflaskiswarmedfurther,somebubblesareseen
attheendofthetubeinwaterasairescapesfromtheflask.

 Whentheflaskiscooled,waterlevelisobservedtoriseupthe
glasstubebecausetheairinsidetheflaskcontractstocreate
space.

Examples

1) Thefigurebelowshowsabeambalancemadeoutofconcreteand
reinforcedwithsteel

Useadiagramtoexplainthebehaviouroftheshapeofthebeamwhenheated
up.

Thebeamexpandslinearly.Thebeamremainsstraightbutlongerthanbefore
heating.Bothconcreteandsteelhavesameratesofexpansion.Theirvalueof
linearexpansivityis11x10-6K

2) Statetwoliquidswhichareusedinthermometer.AlcoholandMercury.

3) Withareason,statewhichofthetwoliquidsin3(a)aboveisusedto
measuretemperatureinareaswheretemperaturesare:

(i)Below-400C alcohol,becauseithasalowfreezingpointof–115oC.

(ii)1500C,mercury,becauseithasahighboilingpointof357oC,

4) Whatdoyouunderstandbythestatement‘lowerfixedpoint’ona
temperaturescale?
Thisisthetemperatureofpuremeltingiceatstandard/normalatmospheric
pressure;

5) Nametwoadaptationsthatcanbemadetoamercurythermometerto
makeitmoresensitive.
Usingathinwalledbulb Usinganarrowercapillary
tube

6) Thefigurebelowshowsabimetallicstripmadeofbrassandiron.A
marbleisplacedatendAofthebimetallicstripasshownbelow:-

Stateandexplainwhatwillbeobservedwhenthebimetallicstripis
stronglycooled

7) ThefigurebelowrepresentsabimetallicstripofmetalsXandYat
roomtemperature

Thefigurebelowshowsitsshapewhendippedintocrushedice

Sketchadiagraminthespacegivenbelowtoshowtheshapewhenthe
stripisheatedtoatemperatureabovetheroomtemperature

8) Giveareasonwhyaconcretebeamreinforcedwithsteeldoesnot
crackwhensubjectedtoChangesintemperature.
Bothconcreteandsteelhavesameratesofexpansion.Theirvalue
oflinearexpansivityis11x10-6K

9) Aquaticanimalsandplantsareobservedtosurviveinfrozen
ponds.Explainthisobservation.
Waterfreezesandtheiceformedfloatsinwaterbecauseits
densityislessthanthatofwater,insulatingwaterbelowit.
Temperaturesincreasesdownthepondbecauseofanomalous
expansionofwater.
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Oncooling,thebrasscontractsmorethaniron,hencebecomeshorterthaniron
andformsupwardscurve,makingthemarbletorollandsettleatthecentreof
thecurve.
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RevisionExercise Explainhowriseintemperaturecausesthepointertomovein
thedirectionshown.
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9. Inthesetupshowninfigurebelow,itisobservedthatthelevelof
waterinitiallydropsbeforestartingtorise.Explain.

10.Giveareasonwhywaterisnotsuitableliquidforuseina
thermometer.

11. Thetemperatureofwaterinameasuringcylinderisloweredfrom
about200cto00c.Sketchagraphofvolumeagainsttemperature
assumingthatwaterdoesnotfreeze.

12.Figurebelowshowsaflaskfilledwithwater.Theflaskisfitted
withacorkthroughwhichatubeisinserted.Whentheflaskis
cooledthewaterlevelrisesslightlyandthenfallssteadily.
Explain.

13.Aclinicalthermometerhasaconstrictionintheborejustabove
thebulb.Statetheuseofthisconstriction.

14.Figurebelowshowsanaluminumtubetightlystuckinasteeltube.

Explainhowthetwotubescanbeseparatedbyapplyinga
temperaturechangeatthesamejunctiongiventhataluminum
expandsmorethansteelforthesametemperaturerise.

1. Onepropertyofaliquidthatisconsideredwhileconstructingaliquidin
glassthermometeristhattheliquidexpandsmorethantheglassforthe
sametemperaturechange.Stateanyothertwopropertiesoftheliquids
thatareconsidered.

2. Giveareasonwhyaconcretebeamreinforcedwithsteeldoesnotcrack
whensubjectedtochangeintemperature

3. Explainwhyaglasscontainerwiththickwallsismorelikelytocrack
thanonewithathinwallwhenaveryhotliquidispouredintoit.

4. Figurebelowshowsacircuitdiagramforcontrollingthetemperatureof
aroom.

i) Stateandexplainthepurposeofthebimetallicstrip.

ii) Describehowthecircuitcontrolsthetemperaturewhenthe
switchSisclosed.

5. Figurebelowshowsafirealarmcircuit.

Explainhowthealarmfunctions

6. Figurebelowshowsabimetallicstripatroomtemperature.Brass
expandsmorethaninvarwhenheatedequally.

Sketchthebimetallicstripafterbeingcooledseveraldegrees
belowroomtemperature

7. Figurebelowshowsabimetallicthermometer.
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15.Inanexperimenttoinvestigatetheunusualexpansionofwatera
fixedmassofwaterat00Cwasheateduntilitstemperature
reached200C.Ontheaxisprovided,sketchagraphofdensity
againsttemperatureofthewaterfrom00cto200C.

8. Figurebelowshowsaflatbottomedflaskcontainingsomewater.Itis
heateddirectlywithaveryhotflame.Explainwhytheflaskislikelyto
crack.
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ChapterSeven HEATTRANSFER
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DefinitionofHeat

 Heatisaformofenergywhichflowsfromapointofhigher
temperaturetoanotherpointoflowtemperature.

DifferencesbetweenHeatandTemperature

HEAT TEMPERATURE

Formofenergythatflows

due to temperature

difference.

Degree of hotness or

coldnessofabodyinsome

chosenscale.

Theflowofheatcannotbe

measuredprecisely.

Canbemeasuredaccurately

usingathermometer.

SIunitandjoules(J). SIunitisKelvin(k).

ModesofHeatTransfer

 Therearethreemodesofheattransfer:conduction,convection
andradiation.

Conduction

 Conductionisthetransferofheatwithinanobjectwithoutthe
movementoftheobjectasawhole.

MechanismsofHeatConduction

(a)Vibrationofmolecules

(b)Throughfreeelectrons

ClassificationofMaterialsInTermsofConduction

 Materialscanbeclassifiedasgoodorpoorconductorsintermsof
heatconduction.

(a)GoodConductors

Goodconductorsarematerialsthatcanallowheattopassthroughthem
e.g.

 Copper

 Silver

 Aluminium

 Brass

 Wood

 Air

 Water

 Rubber

 Plastic

 Glass

Example

Thefigurebelowshowspiecesofwoodandironofequallengthand
diametermaintainedincontactbyasheetofpaper.Aflameisthen
passed over the paper several times.

Stateandexplaintheobservationmade:

Thepapergetsblackedontheregioncoveringthewoodenrod.Thisis
becausewoodisapoorconductorofheatandthereforedoesnotconduct
heatfromthepaperandthereforethepaperburns.Ironisagood
conductorofheatandconductsheatawayfromthepaper.

FactorsAffectingThermalConductivity

1. NatureofMaterials

 Natureofmaterialmeanswhatthematerialismadeof.

 Considerthesetupbelow.

 Itisobservedthatthewaxattachedtocopperdropsfirst
followedbythatonaluminum,ironleadandthatofwooddid
notdropsincewoodisapoorconductor.

Precautions
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 Mercury

 Iron

 Zinc

 Tin

 Leadetc.

(b)PoorConductors(Insulators)

 Thesearematerialswhichdonotreadilyallowheattopass
throughtheme.g.

(a)Rodsofsamediametertobeused.

(b)Rodsequallengthtobeused.

(c)Waxofthesamesizetobeused.
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2. TheThickness/Diameter/CrossSectionAreaoftheConductor

 Considerthesetupbelow;

 Itisobservedthatthewaxonthethickerironroddropsfirst.This
isbecausemoreheatflowsthroughathickerconductorperunit
time.

 Therefore,conductivityofconductorsincreaseswiththickness
oftheconductor.

Precautions

(a)Equaltimeofexposureoftherodstoheat.

(b)Equallengthandtypeofrodsused.

(c)Samesizeofwaxused.

(d)Rodsplacedatequaldistancesfromtheheatsource.

3. TemperatureDifference

 ConsiderthesetupsAandBbelow.

 ItisobservedthatwaxinsetupBdroppedfirstbecauseof
greatertemperaturedifferentthaninA.Therefore,heatis
transferredfasterwhentemperaturedifferenceisgreater.

Precautions

(a)Therodsofequaldiameterused.

 ItisobservedthatwaxonrodBdroppedfirst.Therefore,
thermalconductivityincreaseswithdecreaseinlengthof
theconductor.

Precautions

(a)Rodsplacedatequaldistancefromheatsource.

(b)Rodsofsamematerialused.

(c)Waxofthesamesizeused.

(d)Rodsofsamethicknessused.

Lagging

 Laggingreferstothecoveringofagoodconductorofheat
withaninsulatingmaterialtoreduceheatlossthrough
surfaceeffects.

 Considerthesetupbelow;

 Plotsoftemperaturevariationfromthehotendtothecold
endwithlaggingandwithoutlaggingonsameaxeswillbeas
follows;

ApplicationsofLagging

 Ironpipescarryingsteamfromboilersorsteamwellsare
coveredwiththickasbestosmaterialwhichisaninsulatorto
reduceheatlossfromsteam.

ThermalconductivityInLiquids
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(b)Rodsofequallengthused.

(c)Waxofsamesizeused.

(d)Waxplacedatequaldistancefromoneendoftherodineachcase.

(e)Rodsofsamematerialused.

5. LengthoftheConductor

 Considerthesetupbelow;



 Liquidsaregenerallypoorconductorsofheat.
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ToDemonstratethatWaterisaPoorConductor

Experiment1

 Considerthesetupbelowfordemonstratingthatwaterisapoor
conductorofheat.



 Aftersometimesitisobservedthatwateratthetopofthetube
boilswhiletheiceremainedunmelted.Waterisapoorconductor
ofheat.Glassusedformakingtesttubeisalsoapoorconductor
ofheat.

Experiment2

 Anotherexperimentthancanbeusedtoshowthatwaterisapoor
conductorofheatisasshownbelow.

 Itisobservedthatthewaxcoatingonbeakercontainingmercury
meltedwhilethatonbeakercontainingwaterdidnotmelt.Thisis
becausemercuryisagoodconductorofheatwhilewaterisapoor
conductorheat.

ThermalConductivityinGases

 Gasesarepoorconductorsofheat.Thesetupbelowcanbeusedto
supportthisfact.

ApplicationsofGoodandPoorConductorsofHeat

(a)Cookingutensilsandboilersaremadeofmetalsthatconduct
heatrapidlywhiletheirhandlesaremadeofinsulators(poor
conductors).

(b)Modernbuildingsaremadeofdoublewallswithaninsulator
betweenthewallstominimizeheatlossfromthehouseand
thereforemaintainstabletemperature.

(c)Firefightersputonsuitsmadeofasbestoswhichisapoor
conductorofheattokeepthemsafewhileputtingofffire.

(d)Birdsflaptheirwingsaftergettingwettointroduceair
pocketswithintheirfeathersthishelpstominimizeheat
lossfromtheirbodies.

(e)Inexperimentsinvolvingheatingliquidsinglassvessel.The
vesselisplacedonawiregaugebecausethegaugeisagood
conductorofheatitthereforespreadstheheattoalarge
areaofthevessel.

Convection

 Convectionistheprocessbywhichheatistransferred
throughfluids.

ToDemonstrateConvectioninLiquids

Experiment1

 Considerthediagrambelowinwhichpotassiumpermanganate
crystalisputatonecornerinabeakercontainingwaterand
thebeakerheatedatthatpoint.

 Aftersometime,itisobservedthatapurplecolorationrises
upfrompotassiumpermanganateformingacircularloop.This
isduetocreationofconvectioncurrentsinwater.

Experiment2

Considerthesetupbelow
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 Itisobservedthatthematchstickheldwithintheunburntgas
regiondoesnotgetignitedbecausegasisapoorconductorof
heat.
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 Itisobserved thatthe purple colourationof potassium
permanganatemovesintheanti-clockwisedirectioninthetube.
Thisisduetocreationofconvectioncurrentbyheatwhose
directionisanti-clockwise

ConvectioninGases

 Considerthesetupshownbelow.

 Itisobservedthatthesmokeissuckedintotheboxthrough
chimneyPandexitsthroughchimneyQ.Thisisduetoconvection
currentswhicharesetupwhentheairintheboxisheated.

APPLICATIONSOFCONVECTIONINFLUIDS

1. Ventilation

 Ventilationreferstothesupplyoffreshairtotheroom.

 Warmairexhaledbytheoccupantsoftheroomrisesandgetsout
throughventilatorssinceitislessdense.Freshcoldairflowsinto
theroomthroughwindowsanddoors.Thiswayconvectioncurrent
issetupandthereisalwayssupplyoffreshair.

2. EngineCoolingSystem

 Enginecoolingisenhancedbybothconductionandconvection
processes.

 Themetalsurfaceconductsawayheatfromengine.This
heatsupthewatersettingupconvectioncurrentswhich
circulatesasshowninthediagram.

 Thehotwaterispumpedintotheradiatorwhichhasthin
copperfinsthatconductawayheatfromthewater.

 Thefinsaremadeofcopperbecauseitisthebestconductor
ofheat.Theyarepaintedblackbecauseablacksurfaceisa
goodabsorberofheat.

 Fastflowingairpastfinsspeedsupthecoolingprocess.

3.DomesticHotWaterSystem
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 Hotwaterrisesupbecauseoftheloweringofitsdensitywhen
heated.

 Coldwatermovedownfromthecoldwatertanktotheboiler
becauseitisrelativelyheavier.

 Theexpansionpipehasanoutletforexcesswaterthatcouldhave
resultedfromoverheating

 Thepipethatconveysthehotwaterandthecylinderarelaggedto
minimizeheatlosses.

ThermalRadiation

 Thermalradiationistheprocessbywhichheatistransferred
throughvacuum.Inthermalradiationthereforematterisnot
involvedintransferofheat

 Itisthroughthisprocessofradiationthatradiantheatreaches
theearth’ssurfacefromthesun.

 Thehigherthetemperatureofabodythemoretheamountof
thermalradiation.

AbsorptionandEmissionofRadiantHeat

 Agoodabsorberofradiantheatisalsoagoodemitterofradiant
heatwhileapoorabsorberofradiantheatisalsoapooremitterof
theheat.

 Considerthesetupbelow.

 ItisobservedthatwaterlevelinlimbArisesupwhilethatinlimb

ApplicationofThermalRadiation

1. SolarHeater

 Copperpipeisusedbecauseitisagoodconductorofheat
andwillconductheatintothewaterinsidethepipe.Itis
paintedblackcolourisagoodabsorberofheat.

 Theglasscoverallowradiantheatfromthesuntopass
throughandpreventstheweakerenergyemittedafter.

 Theblackcoppercollectorabsorbsheatenergyandconducts
ittocopperpipeswhichtransmitittothewater.

 Theinsulatingmaterialpreventsheatfrombeinglostfrom
thepipe.

 Thecopperpipeiscoiledseverallytoincreasesurfacearea
forabsorptionofheat.
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Bfalls.ThisisbecauseboilingtubeBreceivesmoreheatthan
boilingtubeAwarmingtheairinsideitmore.Theairexpandsand
thereforepushesdownthewaterinlimbB.Asaresultwaterlevel
inlimbArises.
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2. ThermosFlask

 Thestopperrubberpadandrubberringpadpreventheatloss
throughconductionsincerubberisapoorconductorofheat

 Silveredwallpreventsheatlossthroughradiationsincethe
shinnysurfaceisapoorradiatorandemitterofheat.

 Vacuumpreventheatlossthroughconductionandconvection
sincethetwomodesofheattransferrequirematerialmediumfor
transferofheat.

 Shockabsorberpreventsbreakingoftheglasswallsdueto
pressurefromtheoutside.

 Vacuumsealpreventsairfromreoccupyingthevacuum.Itis
throughthevacuumsealthatairwassuckedout.

3.GreenHouseEffect(HeatTrap)

 Greenhouseeffectisaphenomenoninwhichheatisallowedto
passthroughatransparentmaterialbutdoesnotpenetratetothe
outside.Thiswayheataccumulatesinthegreenhousecontinuously.

 Greenhousesareusedtoprovideappropriateconditionsinplants
especiallyincoldareas.

4.SolarConcentrators

6. Housesinhotareashavetheirwallsandroofspaintedwith
brightcolourstoreflectawayheatwhilethoseincoldareas
havewallsandroofspaintedsilverybrighttoreflectas
muchheataspossiblebacktothehouse.

7. Kettle,cookingpansandironboxeshavepolishedsurfacesto
reduceheatlossthroughthermalradiation

RevisionExercise

1. Twosimilaropentinswithequalamountsofwaterat800c
werelefttocool.IftinAisshinyandtinBisblackened,
sketchonthesameaxesthegraphsoftemperatureagainst
timeforthetwotins.

2. ThefigurebelowshowsaboxwithtwoglasstubesAandB
projectingfromthetopofarectangularwoodenboxwith
removableglassfront.

(i) Whatwillbethedirectionofthesmokethrough
thebox?

(ii) Whatconclusioncanbemadefromtheobservation?

(iii) Whyaretheventilationsforaroommadehighup
theroof?

3.Studythesetupbelowanduseittoanswerthequestions
thatfollows:

(a)Whatdoestheexperimentillustrates?
(b)Whattwofactorsshouldoneconsiderwhenselecting

therodtobeused?
(c)Statetheobservationsmadeinthisexperiment.
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 Concavereflectorisusedtoreflectradiantheatfromthesun
intoacommonpoint(focus).Temperatureatthispointisveryhigh
thereforetheconcentratedheatcanbeusedforpurposeslike
heatingwater.

4.ExplaintheGreenhouseeffect.
5. Nametwoexamplesofgreenhousegases.
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1. Thediagrambelowshowstheessentialfeaturesofasolar
heatingpanel.Asmallelectricpumpcirculatestheliquid
throughthepipes.

Statebrieflywhy:

i. Thepipesandmetalplatesareblackened.

ii. Thereisamaterialfibreglassonthepanel.

2. Thefigurebelowshowsanelectriciron.

TwometalplatesAandBarerivetedtoformabimetalstripasused

above.

(i) Whichmetalexpandsmore

(ii) Explainhowtheelectricironworkswhenthepowerison
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ChapterEight ELECTROSTATICSI

Introduction Exercise
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 Electrostaticsisabranchofphysicsthatdealswithstatic
electricitywhichisanon-movingelectricchargeonthesurface
ofanobject.

 Allsubstancesaremadeofatoms.Atomshavethreesub-atomic
particlesnamely:

 Protons
 Neutrons
 Electrons

 Protonshaveapositivecharge.Electronshaveanegative
charge.Neutronsdonothaveanycharge(i.e.theyareneutral).

TypesofCharges
 Positivecharge(s).Thesecharge(s)areobtainedwhenanatom

losesanelectron(s).
 Negativecharge(s).Thesecharge(s)areobtainedwhenanatom

gainsanelectron(s)
 TheSIunitofchargeisthecoulomb,C.

 Achargedatom(positivelyornegatively)iscalledanion.
 Abodythathasneitheranegativechargenorapositivecharge

containsanequalnumberofprotonsandelectrons(Neutralatom).
Whenthesechargesareequalinnumber,abodyiselectrically
neutral.

ElectrostaticChargesofaMaterial
 Ahardrubberrodgainsmillionsofelectronswhenitisrubbed

withawoolcloth.Theclothloseselectronstotherodand
becomespositivelycharged.Therubberbecomesnegatively
charged.

 Whenglassrodisrubbedwithfur,thefurloseselectronstothe
glassrod.Glassrodbecomesnegativelychargedandfurbecomes
positivelycharged.

 Abodyissaidtobepositivelychargedifithasanexcessof
positivechargesorithaslostsomeelectrons.

 Abodyissaidtobenegativelychargedifithasanexcessof
electronsi.e.Ifithasgainedsomeelectrons.

 Thefollowingmaterialsbecomesnegativelychargedbyfriction
whenrubbed:

 Polythene
 Mostplastics
 Ebonite

 Thefollowingontheotherhandbecomesposyitivelycharged
whenrubbed:

 Acetate
 Perspex
 Glass
 Fur

TheBasicLawofElectrostatics

 Itstatesthatlikechargesrepel,unlikechargesattract.

1. Twoballoonsinflatedwithairaretiedwithstringsandheld
1metreapart.Bothballoonsarerubbedwithfur.Whydothe
balloonsmoveapartwhenbroughtclosetogether?

2. Foreachsituationbelowstatewhethertheforcebetween
themisrepulsiveorattractive.

a) ConductorsandInsulators.
 Substanceswhichdonotallowelectronstopassthroughthem

arecalledinsulators.
 Substanceswhichallowelectronstopasseasilythroughthem

arecalledconductors.Thereasonswhythey(metals)conduct
easilyisbecausewithinanymetalsomeelectronsarenot
attachedtospecificatomsbutarefreetowanderabout.

 Ifyouweretoholdametalrodandrubitwithwoolwouldit
becharged?NO Howeverifyoufitpolythenehandleonto
themetalroditcanbechargedbyrubbingit.Weexplainthis
bysayingthatthepolytheneisaninsulatorandwillnotallow
electronstomovethroughitonalongitssurface.Whenan
insulatorisrubbed,theelectronswhicharetransferredcome
fromatomsonthesurface.Themetalsbecomechargedby
electronsfromthewool.Butifthemetalisdirectlyheld,
these electronsimmediately ‘leak’awaytotheearth
throughthehandonthebodywhereaswhenthehandleis
insulatedtheyremainonthemetalbecausetheycannotpass
throughtheinsulatinghandle.

ChargingMethods
Thefollowingmethodsareusedtochargematerials:

(a)Induction
(b)Contact
(c)Separation
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(a)Induction
Chargingpolystyreneballnegativelybyinduction
 Suspendthepolystyreneballcoatedwithaluminiumusingdrysilk

thread.
 Bringapositivelychargedglassrodclosetobutnottouchingthe

suspendedball.

Note:Thepositivechargesarerepelledwhilethenegativechargesare
attractedtotherod.
 Touchthesideoftheballawayfromtheglassrodwiththefinger.

Note:Electronsflowfromtheearthtoneutralizethepositivecharge
ontheball.
 Whileholdingtheglassrodneartheball,withdrawthefingerand

thentheglassrod.

Note:Theremainingnegativechargesredistributethemselves
uniformlyontheball.
 Whenabodyischargedbyinduction,itacquiresthechargesthat

areoppositetotheinducingcharge.

Question:
Explainbyuseofdiagramshowtheabovematerialcanbecharged
positivelybyinductionmethod.

(b)Contactmethod
 Suspendthepolystyreneballcoatedwithaluminiumusingdry

silkthread.
 Bringachargedglassrodclosetobutnottouchingthe

suspendedball.

 Bringachargedglassrodincontactwiththeball,rollingit
overthesurface.

 Withdrawthechargedrod.

Notes
a) Whenapositiverodisrolledontheball,someofthe

negativechargesinducedintheballareneutralizedbysome
positivechargesontherod.

b) Whentherodiswithdrawn,thepositivechargesredistribute
themselvesalloverthesurfaceoftherod.

c) Whenabodyischargedbycontactmethod,itacquires
chargesthataresimilartotheonesonthechargingrod.

Question:Explainhowamaterialischargednegativelyby
contactmethod

(c)SeparationMethod
 PlacetwospheresAandBtogethersothattheyforma

singleconductor.
 Bringachargedpolythenerodclosetobutnottouching

sphereA.
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 MovesphereBawaysoastobreakthecontact,whileholdingthe
chargedrodinposition.

 Withdrawthechargedrodandtestthetwospheresusinga
negativelychargedrodforthepresenceandtypeofchargeineach
sphere.

 Itconsistsessentiallyofametalcap(brass)androd(boast)
atwhichisconnectedapieceofverythinmetalfoilcalled
theleaf(sometimesgoldfoil,aluminum)supportedwitha
pieceofinsulatingmaterial(couldbecork,celluloseacetate)
whichformspartofaboxwithglassslides.

 Themetalcasingprotectstheleaffromtheeffectofthe
draught.

 Theglasswindowistransparentforobservationtobemade.
 Therodissupportedbyaplugofgoodinsulatorswhichstops

chargesgiventothecapfromspreadingtothecaseand
henceleakingaway.

 Thecapiscirculartoensureuniformdistributionofcharge
onit.

 Earthing-Processoflosingchargestoorgainingcharges
fromtheearththroughaconductor.Representedbythe
symbol:

ChargingaGoldLeafElectroscopebyContact
 Anelectroscopeischargednegativelybybringingacharged

polythenestripuptotheelectroscopeandrollitoverthe
electroscopecap.Thenegativelychargedpolythenerod
repelsthenegativechargewhichspreadsontheplateandthe
leaf,makingthemrepeleachotherhenceleafdivergence.If
theprocessisrepeatedseveraltimestheleafdivergence
willkeepsincreasinguntilitreachesthemaximumpoint.This
waytheelectroscopeissaidtohavebeenchargedby
contact.

 Themetalcap,leafandrodwillthereforeremaindiverged.
 Indampweather,thisprocessmaybedifficult.Itishelpedif

arazorbladeiscellotapedontothecapsothatitprojects
overtheedge.Therazoredgewillthenbefoundtogather
thechargemorereadilythanthecapalone.

 Tochargeanelectroscopepositively,achargecellulose
acetatestripisrubbedalongtheedgeofthecap.Electrons
areacceptedfromthecaptothestripwhichmeansthatthe
capandleafgainanetpositivecharge.

 Theleafthereforedivergesagain.

ChargingaGoldLeafElectroscopePositivelybyInduction
 Touchthecapoftheelectroscopewithyourfingertoensure

thatitisfullydischarged.
 Bringachargedrod(-)closetothecapoftheuncharged

electroscope.
 Whiletherodremainsinitsposition,touchthecap.
 Withdrawthefingerandsubsequentlyremovetherod.
Observations
 Whenthechargedrod(-)isbroughtclosetothecap,theleaf

rises.

 Whenthecapistouchedwhiletherodisinposition,theleaf

Exercise
Whenachargedrodisheldclosetoametalsphereplacedonan
insulatedstand,thechargedistributiononthesphereisasshown
below.

(a)Whatisthesignofchargeontherod?
(b)Describeasimplemethodtochargetherod.
(c)Explainwhythefarsideofthemetalspherehasapositive

charge.
(d)Whathappenstothechargesonthemetalsphere,ifthe

chargedrodismovedawayfromthesphere?

TheGoldLeafElectroscope
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divergencedecreases.
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 Whenthefingeriswithdrawnandthethentherod,theleaf
diverges.

Explanation
Whentherodisbroughtclosetothecap,electronsarerepelledto
theplateandtheleafmakingtheleaftodiverge.
Whenthecapistouched,electronsflowtotheearththroughthe
body.
Whentheearthconnectionisbrokenbyremovingthefingerand
therod,thepositivechargesredistributesontotheleafandthe
plate.Theleafasaresultdivergesandtheelectroscopebecomes
positivelycharged.

UsesofElectroscope
1. Detectingthepresenceofchargeonabody

 Chargedbodiesbroughtnearthecapwillcausetheleafto
rise(diverge).Iftheleafdoesn’tdivergethebodyis
uncharged.

2. Measuringtheinsulatingpropertiesofanobject(material)
 Chargetheelectroscopeandbringtheobjecttothetopof

theelectroscopeandearththeelectroscope.Therateat
whichtheleaffallisthemeasureoftheconductingabilityof
theobject.

3.Tomeasurethequantityofchargeonachargedbody
 Ifabodybeingtestedhaslittlechargeonittheleafofthe

electroscopewilldivergealittleandifthebodyhasmuch
chargeonittheleafwilldivergemore.

4.testingthesignofchargeonachargedbody
 Ifachargedbodyisbroughtnearthecapofacharged

electroscope,theleafoftheelectroscopewilldivergemore
ifthebodyandtheelectroscopehavesimilarchargesandthe
leafdivergencewilldecreaseifthetwohavedifferent
charges.

Testingforcharges
a) Chargeanelectroscopenegatively.Bringanegativelycharged

polythenestripclosetothecap.Noticethattheleafdiverges
further.

b) Bringupapositivechargecelluloseacetatestripclosetothe
samenegativelychargedelectroscope.Noticethatthistimethe
leafcollapses(decreaseindivergence.)

c) Placeyourhandonanyunchargedmetalclosetothecharged
electroscope.Noticeagainthattheleafcollapses.

 Notethattheresultsinexperiments(b)and(c)werethesame
hencethecollapsingoftheleafisnotevidenceforthepresence
ofachargedbody.Wecanthereforestatetherulefortestinga
chargeasfollows:

1) Iftheleafofchargeelectroscopedivergesfurtherwhenabody
broughtclosetothecapthenthatbodyischarged.

2) Thesignofthechargeonthebodyisthesameasthatonthe
electroscope.

 Increaseindivergenceistheonlysurewayoftestingthesignof
chargeonabody.Notethatchargingbycontactisnotasureway

ChargesinAir
Aircanbechargedby:

 Heating
 Radiations

ApplicationsofElectrostaticCharges
 Electrostaticsprecipitators

 Fingerprinting

 Spraypainting

 photocopying

DangerofElectrostatics
 Rubbingliquidmoleculescanbecharged.Iftheliquidis

inflammable,itcansparkandexplode.Itisadvisabletostore
fuelsinmetalcanssothatanychargesgeneratedcontinually
leakout.Thisisthereasonbehindthepresenceofloose
chainintankerscarryinginflammableliquids.

Assignment
1.Anylondresssticksonthebodyandcrackles
whenremoved.Explain.

2.Youaregivenapositivelychargedelectroscope
andachargedbody.Explainhowyouwilldetermine
thetypeofthechargeonthechargedbody.

3.Youareprovidedwiththefollowing:polythene
rod,dusterandaunchargedelectroscope.Explain
howyouwillchargetheelectroscopenegatively.

Charge on
electroscope

Charge
brought near
thecap

Effectonleaf
divergence

+ + Increase

- - Increase

+ - Decrease

- + Decrease

+or- Uncharged
body

Decrease
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butinductionis.
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ChapterNine CELLSANDSIMPLECIRCUITS
Introduction

 Electricalenergyisusedforlighting,Heatingandoperating
electronicdevicessuchasT.V,computers,highspeedtrainsetc.
Thisenergyiscarriedthroughconductorslikewires.

ElectricCurrent

 Electriccurrentistherateofflowofcharge(flowofchargeper
unittime).SIunitistheampere(A)

 Fromthedefinitionabove,

Current,I=
Charge,Q

Time,t

I=
Q

t
,Q=It

Notes

a) Acircuitthatallowschargestomoveinacompletepath
whentheswitchisclosedissaidtobeaclosedcircuit.

b) Acircuitthatdoesnotallowchargestomoveinacomplete
pathsuchacircuitissaidtobeanopen(brokencircuit).Open
circuitcanalsobeasaresultoflooseconnectionofwires.

c) Forclarityandneatness,symbolsareusedinrepresentingan
electricalcircuit.

DirectionoftheFlowofElectricCurrent

 Conventionally,theflowofcurrentisfromthepositive
terminaltothenegativeterminalofthecell.Itisopposite
tothedirectionofflowofelectrons.

 Theinstrumentformeasuringelectriccurrentiscalledan
ammeterwhileelectriccurrentflowiscontrolledbya
variableresistor.

Example

Calculatetheamountofcurrentflowingthroughabulbif360
coulombsofchargeflowsthroughitin3.5minutes.

Solution

I=
Q

t

I=
360

3.5x60

=1.714A

TypesofElectricCurrent

a) Directcurrent(d.c)–whichflowsinonedirectiononly

b) Alternatingcurrent(a.c)–whichreversesdirectionwithagiven
frequency

SimpleElectricCircuits

 Asimpleelectriccircuitconsistofacell,abulbandconnecting

wires.
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Device Symbol

Cell

Battery

Switch

Bulb/filamentlamp

Wirescrossingwith

noconnection

Wirescrossingwith

connection

Fixedresistor

Potentialdivider
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ElectromotiveForce(E.m.f)andPotentialDifference

 Electromotive force (E.m.f)refersto voltageacrossthe
terminalsofabatteryinanopencircuit(whennocurrentflowsin
thecircuit).

 Potentialdifference(Pd)referstothevoltageacrossthe
terminalsofabatteryinaclosedcircuit(whencurrentisflowing
inthecircuit).

 PotentialdifferenceandE.m.faremeasuredinvoltsbyan
instrumentcalledvoltmeter.Avoltmeterisalwaysconnectedin
parallel(across).

 ThedifferencebetweenPotentialdifferenceandE.m.fisknown
aslostvoltage e.m.f=P.d+lostvoltage

lostvoltage=e.m.f-P.d

 Thisvoltageislostbecauseoftheoppositiontotheflowof

CellsinParallel

 Twoormorecellsareplacedsidebyside,thepositive
terminalsjoinedtogetherandthenegativeterminalsalso
connectedtogether.

 Whencellsareinparallelarrangementtheire.m.f.isthesame
asthee.m.f.ofonecell.

 Currentissuppliedforalongertimeinparallelconnectionof
cells.

Note:Cellsshouldshouldbearrangedinparallelonlywhenthey
havethesamee.m.fotherwiseonewilldraintheother.

BulbsinSeriesandParallelConnection

BubsinParallel

 Eachbulbfunctionsindependently.Ifonegoesoff,others
continuelighting.

 There’sdecreasedresistanceasthecurrenthasmany
alternativeloops(completepaths)throughwhichtoflow.

 Bulbsinparallelhavethesamepotentialdifferencebut
differentamountsofcurrent.

BulbsinSeries

 Ifonebulbgoesoff,othersalsogooff.

 There’sincreasedresistancethusthebulbsmightnotbeas
brightasthoseinparallelconnection.

 Bulbsinserieshavethesamecurrentbutdifferentpotential
difference.

The table below shows

some of the electrical

symbolsusedindrawing

circuits.Fuse

Capacitor

Rheostat

Ammeter

Voltmeter

Galvanometer
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chargeswithinthecell(internalresistance)

ConnectingCellsinSeriesandParallel

CellsinSeries

 Twoormorecellsareconnectedsuchthatthepositiveterminalof
oneisjoinedtothenegativeterminalofanotherone.

 Twoormorecellsconnectedinseriesmakeabattery

Note:Connectingcellsinseriesincreasesthee.m.fandcurrentinthe
circuitishigher.

Note:Bulbsinparallelarrangementlightbrighterthanthosein
seriesarrangement.
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Example Note:

1) Materialswhoseelectricalpropertiesfallbetweenthoseof
conductorsandinsulatorsarereferredtoassemi-conductors
e.g.siliconandgermanium.

2) Someliquidssuchasdilutesulphuricacid,sodiumchloride
solutionandpotassiumhydroxideconductelectricity.They
arereferredtoaselectrolytes.

SourcesofElectricity

 Mainsources:

 Chemicalcells

 Generators

 Solarcells

 Othersourcesinclude:

 Thermocouples

 Piezoelectricity

ChemicalCells

ThesearecellsthatproduceanE.m.fasaresultofachemical
reactions.Theyarecategorizedintotwo:

I. Primarycells

 Thesearecellswhichcannotberechargedforuseagaine.g.
simplecell.

SimpleCell

Anelectricianinstalledelectricwiringinahouseandconnectedthe
bulbs and the switches as shown in the below.C

(a) Explainwhathappenswhenswitch:
(i) S1isclosed.

OnlybulbB1willlight;
(ii) S2isclosed.

BulbB1andB2lightsbutwithlessbrightnessbecause
ofincreaseinresistance.

(iii)S3isclosed.
BulbB1B2 andB3 willalllightbutwithmuchlessbrightness
comparedtoa(ii)

(b)(i)Usingaredrawndiagramshowthebestpositionthebulbs
shouldbeinstalled.

(ii)Explainwhyyouconsiderthearrangementin(b)(i)above
tobethebest.

Whenthebulbsareconnectedsuchthattheyareinparallel,thecircuit
résistanceissignificantlyreduced;andhencemorecurrentflow,the
bulblightswithequalbrightnesssincetheoperationvoltageisthe
same;
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Defectsofasimplecell

 Polarization–accumulationofbubblesaroundthecopper
plate(positiveplate).Thisdefectprovidesinsulationtothe
flowofcurrentandalsosetsupsome“local”cellswith
copperwhoseelectronflowtendstoopposetheflowof
electronsfromthezincplate.Theoveralleffectisincrease
intheinternalresistanceofthecell,whichreducestheflow
ofcurrent.

 Localaction–thezincplateisdepleted(eatenaway)asit
reactswithdilutesulphuricacid.Impuritiesinzincpromote
localaction.

ConductorsandInsulators

 Conductorsarematerialsthatallowelectriccurrenttoflow
throughtheme.g.copper,silver,graphiteandaluminium.

 Insulatorsarematerialsthatdonotallowflowofelectriccurrent
throughtheme.g.plastic,paperandrubber.
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WaysofcorrectingPolarizationdefect:

 Additionofpotassiumdichromate(depolarizer).Oxygenfromthe
depolarizercombineswiththehydrogenatomstoproducewater.

 Removingcopperplateandbrushingoffthegasbubbles.

WaysofcorrectingLocalactiondefect:

 Useofpurezinc.

 Coatingzincwithmercury(amalgamation).

TheLeclanche’cell

LocalactionandPolarizationhavebeenminimizedinthiscell.

 Thecarbonrod(positiveterminal)issurroundedwithmanganese
(IV)oxidemixedwithcarbonpowder.

 Carbonpowderincreasestheeffectiveareaoftheplateshence
reducedresistance.

 Themanganese(IV)oxideactsasadepolarizer(depolarizationis
slowthuslargecurrentscannotbedrawnoutofthiscellsteadily
foralongtime).

 Localactionisstilladefectinthiscell.

 Thecellisusedforpurposeswherecurrentisnotdrawnfromit
foraverylongtime,likeoperatingbellsandtelephoneboxes.It
hasalongerlifespanthanthesimplecell.

TheDryCell

 Itisreferredtoasdrycellbecauseithasnoliquid.

 TheammoniumchloridesolutionintheLeclanche’cellis
replacedwiththeammoniumchloridejellyorpastewhichis
usedastheelectrolyte.

 Manganese(IV)oxideandactasthedepolarizer.

 carbonpowderincreasesthesurfaceareaofthepositive
electrode(carbonRod)

 Thezinccaseactingasthenegativeelectrodegetsdepleted
bytheammoniumchlorideandchangestozincchloride.Local
actionisstilladefectinthiscell.

 Thecellcannotberenewedoncethechemicalactionstops.A
newdrycellhasane.m.fofabout1.5V.

Careforthedrycell

 Largecurrentsshouldnotbedrawnfromthedrycellwithina
shorttime.

 Theterminalsshouldnotbeshorted.

 Thecellsmustbestoredindryplaces.

Usesofthedrycells

 Drycellsareusedintorches,calculatorsandradios.

II. SecondaryCells:
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 Thesearerechargeablecells.

 Theyarealsocalledstoragecellsastheycanstore
electricalenergyaschemicalenergy.

 ExamplesaretheLead-acidaccumulatorandtheNickel-
alkalineaccumulator.
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Lead–acidaccumulator

 Consistofpositiveandnegativeplateswhicharemadeoflead-
antimonyalloy.

 Theplatesaredippedinsulphuricacidsolutionwhichisan
electrolyte.

 Thecapshavesmallventholeswhichallowgasestoescape(02and
H2)

 Ifthedensityoftheacidbecomestoolowtheaccumulatorissaid
tobedischarged.

 Itischargedbyconnectingad.csourceasshownbelow.

 Thisisthemostreliable,longlastingandcost-effectiveofthe
secondarycells.A 12V lead-acidaccumulatorhassixcells
connectedinseries.

CapacityofanAccumulator

 Thisistheamountofcurrentthatcanbedrawninagiventimefrom
thebattery.

 Itisexpressedinampere-hours(Ah).

Examples

1. Abatteryisrated120AH.Howlongwillitworkifitsteadily
suppliesacurrentof4A?

capacity=currentinamperes×timeinhours

120AH=4A×time

time=
120AH

4A
=30hours

2.Thecurrentcapacityofanaccumulatoris40Ah.Findtheamountof

MaintenanceoftheAccumulators

1) Theleveloftheelectrolyteshouldbecheckedregularlyand
maintainedabovetheplates.Toppingshouldbedoneby
distilledwater;NOTACID!

2) Theaccumulatorshouldbechargedwhenthee.m.fofthecell
dropsbelow1.8Vandwhentherelativedensityoftheacidis
fallsbelow1.12(usingahydrometer).

3) Largecurrentsshouldnotbedrawnfromthebatteryfora
longtime.

4)Shouldnotbeleftinadischargedconditionforalongperiod
assulphationmaytakeplace.(thelead(II)sulphatedeposits
ontheplateshardenupandcannotbeconvertedbacktolead
(II)oxideandlead.)

5) Shorting/overchargingoftheaccumulatorshouldbeavoided.

6) Theterminalsshouldalwaysbekeptcleanandgreased.

7) Theaccumulatorshouldnotbedirectlyplacedontheground
duringstorage.Itshouldberestedonsomeinsulatorlikea
woodenblock.

AlkalineAccumulators:

 Theelectrolyteinthiscaseisanalkalinesolution,suchas
potassiumhydroxide.

 The commontypesare nickel-cadmium and nickel-iron
accumulators.

AdvantagesofAlkalineAccumulatorsoverLead–Acid
Accumulators

1. Largecurrentscanbedrawnfromthemoverashortperiodof
time.

2. Theyrequireverylittleattentiontomaintain.

3. Theyarelighter(moreportable)thantheLead–acid
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currentflowingiftheaccumulatorisusedfor600minutes.

capacity=currentinamperes×timeinhours

40AH=I×
600

60

I=
40AH

10H
=4A

accumulators.

4.Theycanbekeptinadischargedconditionforaverylong
timebeforethecellsareruined.
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Disadvantages

1. Theyareveryexpensive.

2. Theyhavealowere.m.fpercell.

UsesofAccumulators

Theyareusedinships,hospitalsandbuildingswherelargecurrents
mightbeneededforemergency.

Differencesbetweenprimaryandsecondarycells

Primarycells Secondarycells

Cannotberechargedafter

use

Arerechargeable

Smallcurrentcanbedrawn

fromthem

Largecurrentcanbedrawnfrom

them

1. Youareprovidedwithacarbattery,aswitchandtwo
headlightsofacar.Drawapossiblecircuitdiagramforthe
arrangementthatwillallowthedrivertoswitchonthetwo
lightssimultaneously.

2. (a)Drawawell-labelleddiagramofadrycellandexplain
howitworks.

(b)Whatarethedefectsandtheremediesintheworkingof
adrycell?

(c)Howaredrycellsmaintained?

3.Eightdrycellscanbearrangedtoproduceatotale.m.fof
12V,justlikeacarbattery.

a. Whatise.m.fofanindividualcell?

b. Whyisitpossibletostartthecarwiththelead-acid
accumulator,butnotwitheightdrycellsinseries?

4.(a)Drawtwoseparatediagrams showing alead-acid
accumulatorwhenitis:

a) ChargingRevisionExercise
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b) Discharging.

(b)Describethechangesthatcanobservedduringthetwo
processesabove.

(c)Whyisitdangeroustolightacigarettenearachargingcar
battery?

5. (a)Whatdoyouunderstandbythetermcapacityofalead-
acidaccumulator?

(b)Whyisiteffectivetochargeacarbatteryoveralongtime
withaverysmallcurrentratherthanabigcurrentwithinashort
time?

(c)Acarbatteryisrated40Ahanditisexpectedtosupplya
constantcurrentfor120minutes.Whatisthestrengthof
currentdelivered?

6. Stateatleastfiveprecautionsthatyouwouldtaketo
maintainaccumulatorsinyourlaboratory.

7. State the advantage and disadvantage of lead-acid
accumulatorsoverthealkalineaccumulators.

8. Thefigurebelowshowsthesetupforasimplecell.

9. Intermsofelectrons,distinguishbetweengoodconductors,poor
conductorsofelectricityandinsulators.

10.(a)DefinecurrentandstateitsSIunit.

(b)(i)Achargeof180coulombsflowthroughalampevery
minute.Calculatethecurrentflowingthroughthelamp.

(ii)Calculatethenumberofelectronsinvolved(chargeof
electronis1.6x10-19C)

11.Abatterycirculateschargeroundacircuitfor1.5minutes.Ifthe
currentisheldat2.5A,whatquantityofchargepassesthewire?

12.Defineelectromotiveforceanddistinguishitfrompotential
differenceofacell.

13.(a)Drawacircuitdiagramofthree-celltorch.

(b)Whatdoyouunderstandby?

(i)Opencircuit?

(ii)Closedcircuit?

14.Explainwhylightsinahousearewiredinparallelandnotin
series.

15.(a)Givethreedifferencesbetweenprimaryandsecondarycells.

(b)Inmakingasimplecell,thetwoelectrodesusedarenotof
thesamekind.Explain.
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a)NametheElectrodeAandthesolutionB

b)Statetworeasonswhythebulbgoesoffafterashorttime

16.Stateoneadvantageofalead-acidaccumulatoroveradrycell
17.Stateonedefectofasimplecellandexplainhowitcanbe

corrected.
18.Thediagrambelowshowsasimplecell:-

a. Namezandsolutiony

b. Nameandexplainthedefectthatoccursatplatez

c. Giveonemethodofpreventingthedefectthatoccursat
thecopperplate

19.Explainwhyeight1.5Vcellsarrangedinseriestogiveatotalof
12Vcannotbeusedtostartacar.Butcarbatteryof12Vstartsa
car

20.Definethetermtoppingasusedinsimplecellsandcircuits.
21.I)Agirlopenedupausedupdrycellandfoundthefollowing:

a. Thezinccasingwasdepleted

b. Thecellwaswatery

II)Namethecelldefect

III)Threeidenticalbulbsareconnectedinserieswithabatteryofdry
cells.Atfirstthebulbsshinebrightlybutgraduallybecomedimmer.
Usingthesamecells,explainhowyouwouldincreasethebrillianceof
thebulbs

22.A carbattery requirestopping up withdistilled water
occasionally.Explainwhythisis necessaryandwhydistilled
waterisused

23.Stateoneadvantageof:
a. Alead-acidaccumulativeoveradrycell

b. Adrycelloverlead-acidaccumulator
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ChapterTen RECTILINEARPROPAGATIONOFLIGHT

AND

REFLECTIONATPLANESURFACES
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Introduction

 Opticsisabranchofphysicswhichstudiesthebehaviouroflight
asittraversesvariousmedia.

 Opticalinstrumentssuchascameras,microscopes,periscopesand
lawsgoverningtheirworkingformamajorpartofthisbranchof
physics.

 Lightisaformofenergy.Lightregulatesyourdailylife.Youneed
lighttoseethesize,shapeandcolourofthingsaroundyou.

SourcesofLight

 Therearetwo:luminous(incandescent)andnon-luminous
 Luminousobjectsarethosewhichproducetheirownlighte.g.sun,

candles,electriclamps,glowingwormsetc.
 Non-luminousobjectsarethosewhichdon’tgivetheirownlight

butreflectlightthatcomesfromaluminousobject.Theseare
objects.Examplesare:themoon,paper,youetc.

 Youcanseeanobjectclearlyiflightfromitentersyoureyes.

Transparent,TranslucentandOpaqueObjects
 Transparentobjectsarethosewhichallowlighttopassthrough

theme.g.aglasswindow,clearwater,theairaroundyou.Allthese
substancesletlightpassthroughthem.

 Opaqueobjectsarethosewhichcannotallowlighttopassthrough
theme.g.wool,steel,Brick.

 Translucentbodiesarethosewhichletlightpassthroughthem,but
scatterinalldirectionse.g.lampshades,frostedglass,some
plasticetc.

RectilinearPropagationofLight
 Thisisthepropertyoflighttotravelinastraightlineinamedium

ofhomogeneouspropagationdensity.
 Lightdoesnottravelaroundcorners.Theformationofshadows

showsthatlighttravelsinastraightline.Whenanopaquebodyis
placedinabeamoflight,ashadowisformed.

DemonstratingRectilinearPropagationofLight

 Makeasmallholeineachofthethreecardboardsensuring
thatalltheholesareatthesameheight.

 Thelampspositionedinsuchawaythatarayoflightpasses
throughalltheholes.

 Whenthecardboardisdisplacedbymovingitslightlytothe
oneside,theeyewillnotseethelamp.Thisshowsthatlight
travelsinastraightline.

RaysofLightandBeamofLight
 Arayisanarrowstreamoflightofnegligiblethickness

whileabeamoflightisacollectionofraysoflight.

Typesofbeams
 Abeaminwhichraysareparalleltoeachotheriscalled

parallelbeam.

 Abeaminwhichtheraysconvergeatapointiscalleda
convergentbeam.

 Abeaminwhichtheraysspreadsoutfromapointisa
divergentbeam



lydiaakama2@gmail.com

Page|123
Formorehighschoolnotes,setbooks,guidebooks

WhatsApp0716953563

ThePinholeCamera

 Apin-holecameraismadeusingasmallrectangularboxwithapin
holeatoneend,alargerectangularholeatoneend,alarge
rectangularholeattheotherend.

 Therectangularholeatthebackiscoveredwithascreenof
specialpaperlikegreaseproofpaperwhichletssomelightpass
throughit(i.e.itistranslucent).

Advantage
 Itisabletoformfocusedimagesonthefilmofobjectsbothnear

andfarfromthecamera.

ImageFormationbyaPinholeCamera

TheLength(Size)OfImage
 Thelengthoftheimageformeddependson:

a) Thedistanceoftheobjectfromthepinhole
b) Thelengthofthecamerabox

MAGNIFICATION
 Thisistheratiooftheimagesizetotheobjectsizeortheratio

oftheimagedistancetotheobjectdistance.

Magnification=
Imagesize

objectsize

Magnification=
imagedistance

objectdistance

ho=objectheight
hi=imageheight
u=objectdistance
v=imagedistancefrompinhole
Giventhatmagnificationism,then

m=
h
i

h
o

orm=
v

u
andso

h
i

h
o

=
v

u

Examples
1. Apinholecameraoflength15cmformsanimage3cmhighof

amanstanding9minfrontofthecamerawhatistheheight
oftheman?

h
i

h
o

=
v

u
0.03m

h
o

=
0.15m

9m

h
o
=
0.03m×9m

0.15m
=1.8m

2. LampAofheight6cmstandsinfrontofapinholecameraat
adistanceof24cm.Thecamerascreenis8cmfromthe
pinhole.Whatistheheightoftheimage?

h
i

h
o

=
v

u
h
i

0.06m
=

0.08m

0.24m

h
i
=

0.08m

0.24m
×0.06m

h
i
=2m
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Exercise
1. Animage100mmlongofaman2mtallispinnedontopofapin-

holecamera.Thedistanceofpinholefromthescreeniftheman
isstanding6cmfromthepinhole.

2. Anobject1mtallformsanimage5cmtallfromthescreenofa
pinholecamera.Findthedistanceoftheobjectfromthepinhole
oftheobjectifthelengthofthecameraboxis40cm.

EffectontheImageFormedbythePinholeCameraOn:
(a) Manypinholes
 Eachpinholewillformitsimageresultingintobrighterbutblurred

image.
(b)Largepinhole
 Alargeholeisequivalenttoseveralholesandwillproduce

brighterbutblurredimage.
 However,asharpimagecanbeproducedwhereawideholeor

severalholeshavebeenusedbysimplyplacingaconverginglensin
frontofthemanyholesandincontactwiththebox.Theconvex
lensbringsallraysfromapointonobjecttouniquepointonthe
screen.

Thepin-holecameracanbemodifiedasfollowsinordertotake
photographs:
 Shouldbepaintedblackontheinsidetoeliminatereflectionof

light.
 Translucentscreento bereplacedbylight-tightlidwith

photographicfilmfittedontheinside.
 Shouldbecoveredwithathinblackcardwhichactsasashutter.
Theexposuretimeofapin-holecameradependson:

 Sizeofthepin-hole

 Lightingconditions

 Sensitivityofthefilm

 Lengthofthecamera

AdvantageofthePinholeCameraovertheLensCamera
 Thepinholecameraispreferredtothelenscamerabecauseitdoes

notproducedistortion.
Thedisadvantagesofusingapinholecamera:
a) Ittakesalongtimeforimagetobeformedsincetheamountof

lightpassingthroughtheholeissmall.
b) Itcannotbeusedtotakephotographsofmovingobjects.

Shadows
 Ashadowisashadecastbyanobjectblockingdirectraysoflight.

Theformationofshadowsdependsonthefactthatlighttravels
inastraightline

Thesizeoftheshadowformeddependson:
a) Sizeofsourcesoflight.
b) Sizeofopaqueobject.
c) Distancebetweentheobjectandsourceoflight.

ShadowFormedbyaPointSource

 Apointsourceoflightisonewhichissmallenoughforall
theraysoflighttocomeeffectivelyfromasinglepoint.

 Theshadowisuniformlyandtotallydarkalloverandis
calledumbra.Theumbrellashapeedgesontheshadow
showsthatlighttravelsonastraightline.

ShadowsFormedbyanExtendedSourceofLight.

 Anextendedsourceoflightislargeenoughforraystobe
seentocomefrommanypoints.

 Theshadowislargerandhasacentraldarkregioncalled
umbrasurroundedaringofpartialshadowcalledpenumbra.

Applicationofextendedlightsources
a) Lampshadesareusedathometoprovideamorepleasant

kindoflightning.
b) Fluorescenttubesareusuallysurroundedbyafrosted

diffusetoscatterthelight&reduceshadowsharpness.

Eclipses
Aneclipseisthetotalorpartialdisappearanceofsunraysas
seenfromtheearth.

TheSolarEclipseorEclipseoftheSun
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 Thesolareclipseoccurswhenthemooncomesbetweenthesunand
theearth

TheAnnularEclipseoftheSun

 Itoccurswhenthedistanceofseparationbetweentheearthand
themoonisgreat.Theumbraofthemoondoesnottotallycover
thesunedgeofthedarkdiskofthemoon.

LunarEclipseorEclipseoftheMoon

 Theeclipseofthemoonoccurswhentheearthcomesbetweenthe
sunandthemoon.

 Whenthelunareclipseoccurs,itlastslonger(about1hr)thanthe
solareclipsebecausethemoonismuchsmallerthantheearth.

 Duringatotallunareclipsesomelightreachesthemoondueto
refractionbytheearth’satmosphere&makeitlookacoppery
colour.

REFLECTIONBYPLANEMIRRORS.
 Whenarayoflightmeetsaplanemirroritisreflection.
 Anordinarymirrorismadebydepositingathinlayerofmetal,

oftensilverpaintatthebackoftheglasswhichactsasthe
reflectingsurface.

 TherayfromthesourceAOiscalledtheincidentray.The
raythatbouncesofffromtheMirrorO iscalledthe
reflectedray.ONisthenormal.

 TheanglebetweenincidentrayandthenormaliscalledAngle
ofincidentangle,IbetweenthenormalandtheReflectedray
iscalledangleofreflection.

TheLawsofReflection
1. Theangleofincidenceisequaltotheangleofreflection.
2. Theincidentray,normalandreflectedrayatthepointof

incidencealllieonthesameplane.

TypesofReflection
a) RegularorSpecularReflection
Itoccurswhenparallelincidentraysarereflectedparallelto
eachotherwhenreflectingsurfaceissmooth.

b) IrregularorDiffuseReflection
Parallelincidentraysarereflectedindifferentdirectionsfor

ImageFormationbyaPlaneMirror.
 Theimageofanobjectseeninaplanemirrorisformedby

raysoflighttravellinginstraightlineswhicharereflected
accordingtothelawsofreflection.
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Exercise
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Fromtheabovediagramonecanseethattheimageformedinaplane
mirrorisalways:
a)Erect(Upright)
b)Asfarbehindthemirrorasobjectisinfrontofit.
c)Virtual.
Avirtualimageisone:

 whichcannotbereceivedonthescreen
 whichisformedbytheintersectionofvirtualrays.

c)Laterallyinvertedi.e.leftappearsontheright&viceversa
d)Thesamesizeastheobject.

ImageFormationinParallelinMirrors

1. Findthenumberofimagesformedwhenmirrorsareinclined
at20o

2. Findtheanglebetweentwomirrorsif35imagesareformed

3.Atwhatanglewouldtwomirrorsbeinclinedifthenumberof
imagesformedare(i)17 (ii)29?

RotationofaMirror

 Whenamirrorisrotatedthroughanangle thereflectedray

turnsthrough2.

 Hence,thereflectedrayalwaysturnsthroughtwicetheangle
throughwhichthemirrorisrotated.

Exercise
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 Whenanobjectisplacedbetweentwoparallelmirrorsasshown
aboveaninfinitenumberofimagesareformed.

 Eachimageseeninonemirroractsasavirtualobjectwhichinturn
formsanimageintheothermirror.

 Theimagebecomesfainterbecauselightenergyisabsorbedbythe
mirrorateachsuccessivereflection.

 Thenumberofimagesformedbytwomirrorsinclinedatanangleis
givenbytheformula.

n=
360

–1

1. Amirrorisrotatedthroughanangleof15othroughwhat
angledoesthereflectedrayturn?

2. Amirrorisrotatedthroughacertainangleandthereflected
rayturnedthrough40o whatanglehadthemirrorbeen
turned?

3.Anincidentraymakesanangleof25owiththenormal.Ifthe
mirroristurnedthrough9ointheanticlockwisedirection
fromthehorizontal,throughwhatangleisthereflectedray
rotated?

ApplicationofPlaneMirrors

(a)ThePeriscope

 Aperiscopeconsistsofaplanemirrorsparalleltoone
anotherandinclinedatangleof45otothehorizontal.

 Theyareusedtohelponeseeoveranobstacle.
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 Periscopesinsubmarinesuseprismsinsteadofplanemirrors
because.

1. Thesilverpartofthemirroreasilygetsdamaged

2. Thickmirrorsproducemultiplerefractions

3. Thereisnolateralinversionwithprisms.

(b)Useofplanemirrorsininstrumentscales

 Planemirrorsareoftenusedbehindpointersasinstrumentsto
improvethereadingaccuracy.

 Whenthepointerisviewedatanangleitsimagewillbeseen
throughtheplanemirror.

 Theimageseenwillenablethereadertoknowthatreadingbeing
takenwillhaveanerrorduetoparallax.Thereaderwilltherefore
positiontheeyeverticallysothattheimageofthepointerisnot
seenandhenceacorrectreadingwillbetaken.

 Thesportsgalvanometerusesarayoflightasapointerinstead.

(c)Thekaleidoscope

 Itappliestheprincipleofmirrorsinclinedatanangle.

 ItconsistsoftwomirrorsM1andM2placedtoeachotherat600

toeachotherinsideatube.

 Theinstrumentisusedbydesignerstoobtainideasonsystematic
patterns.

RevisionExercise

1. (a)SallywenttoMarysalontohaveherhairdressed.Thesalon
hadtwoparallelmirrorsplacedonthewallswhichare3meters
apart.Whilewaitingtobeattendedto,shesatatadistanceof1
meterfromoneofthewallsandnoticedthatthereweremultiple
ofherineachmirror.Determinethedistancebetweenthetwo
nearestimagesformedinthetwomirrors.

(b)Twoplanemirrorsareplacedatanangleof600asshownbelow.A
rayoflightmakesanangleof400withmirrorm1andgoestostrike
mirrorM2.FindtheangleofreflectionofMirrorM2

b) Thelengthofthecameraismadelonger.

c) Thesingleholeisreplacedbyfourpinholesclose
together.

5. Definethetermreflectionoflight.

6. StatetheLawsofreflectionoflight.

7. ThemirrorABandCDareatrightanglestoeachother.

a) Whatisthevalueoftheangleofincidenceof
therayPQonthemirrorAB?

b) Completethediagramtoshowthepathtakenby
therayPQafterreflectionatbothmirrors.

c) Determine:

I. AngleofreflectiononAB.

II. AngleincidenceonCD.

III. AngleofreflectiononCD.

8. Ifagirlwalksawayfromaplanemirrorataspeedof2mper
second,

I. Inwhatdirectiondoesherimagemove?

II. Withwhatspeeddoesherimagemove?

9. ThefigurebelowshowsmirrorsABandCDinclinedatright
angles.ArayPOmakesanangleof30owithmirrorABhas
asshown.
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2. Whatisrectilinearpropagationoflight?

3.Drawaraydiagramtoshowhowapinholecameraformsanimage.

4.Statethechangesthatwouldoccurinthesizeandbrightnessof
theimageformedif

a) Theobjectdistanceismadelarge.

(i) Showthepathoftherayafterreflectionfrom
bothmirrors.

(ii) WhatistheangleofincidenceonthemirrorCD?


