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FORMONEPHYSICSHANDBOOK
[Withwelldrawndiagrams,solvedexamplesandquestionsforexercise]

The figure below shows a
transversesectionofawaterdam.
Explain why engineers preferthe
designtoothers.
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ChapterOne INTRODUCTIONTOPHYSICS
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PhysicsasaScience

 Physicsisabranchofscience

 Scienceisdividedinto3mainbranches:-

a) Physics

b) Chemistry

c) Biology

DefinitionofPhysics

 Physicsisdefinedasthestudyofmatterandit’s

relationtoenergy.

 Itinvolvesexplainingphenomenasuchas:

I. Thefallingofbodiestowardstheground,

II. Risingupofliquidsthroughadrinkingstraw,

III. Seasonaloccurrenceoftides,

IV. A plasticpenrubbedagainstdryfurorhair

pickssmallpiecesofpaper,

V. Acracklingsoundisheardwhenanyloncloth

isremovedetc.

StudyofPhysics

Thestudyofphysicsentails:

i. Measurementsofquantitiesandcollectionof

data.

ii. Drawing and testing ofhypotheses through

experimentsandobservation.

iii. Establishmentoflawsandprinciples

BranchesofPhysics

1. Mechanics

 It deals with the study of motion under the

influenceofforce.

2. Electricityandmagnetism

Relationship between Physics, Other Subjects and

Technology

1. PhysicsAndGeography

 Accurateuseofweatherinstrumentslikethermometer,

windvane,raingaugesetc.requirephysicsknowledge.

 Concepts like heat transfer by convection which

explain the formation ofconvectionalrainfalland

pressurevariationcanbebestexplainedinphysics.

2. PhysicsandMathematics

 Manyconceptsinphysicslikelaws,effects,principles

etc.areexpressedmathematically.

 Mathematicalskillsarethereforeveryinstrumentalin

theleaningofphysics

3. PhysicsandChemistry

 Physicshashelpedinexplainingthenatureofparticles

within atoms and therefore atomic structure of

substances.

 Atomic structure ofdifferent/various substances

determinetheirreactivity(chemicalreactions).

4. PhysicsandHistory

 Historians use carbon dating to establish ages of

fossilsandthereforepastpatternsofearlierlife.

 Thisconceptofcarbondatingisexplainedbetterin

atomicphysics.

5. PhysicsandHomeScience

 Physics knowledge is used in designing and

manufacture of kitchen equipment e.g. electric

cookers,microwaveovens,enMechanisngjikosetc.

6. PhysicsandTechnology

 Machinesusedinthefieldofmedicinesuchasx-rays,

body scanners and lasers are allapplications of

physics.

 Manufacture and use ofsatellites and microwave
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 Itdealswithrelationshipbetweenelectricfieldand

magneticfieldandtheirapplicationsintheworking

ofmotor,microphones,electro-magnetsetc.

3. Thermodynamics

 Itdealswiththetransformationofheattoandfrom

otherforms ofenergy and the accompanying

changesinpressure,volumeetc.

4. Geometricoptics

 Itdealswith thebehavioroflightasitpasses

throughvariousmedia.

 Propertiesoflightlikereflection,refractionetc.are

studiedinthisbranchofphysics.

5. Waves

 Itdealswithpropagationofenergythroughspace

andeffectssuchasreflection,diffractionoflight

andsoundwaves.

6. Atomicphysics

 Itisdealswiththestudyofthebehaviorofparticles

constitutingthenucleus(centre)oftheatom and

theiraccompanyingenergychanges.

dishes used in information technology to relay

informationisbasedonphysicsknowledge

 Physicsknowledgeisalsousedindefenseindustryin

themanufactureanduseofmostmodernandcomplex

machines.

7. PhysicsandBiology

 Knowledgeoflensesstudiedinphysicshasledtothe

manufactureofmicroscopesusedinthestudyofthe

cellanddiseases.

CareerOpportunitiesinPhysics

 Acareerreferstoajoboraprofessionthatonehas

beentrainedforandintendstodoforalongperiodof

time e.g. teaching career,medicine,engineering,

electricaltechnicianetc.

 Acoursereferstolessonsinparticularsubject

 Anoccupationreferstoajoboraprofession.
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Examples of courses offered at university level

(degrees)thatrequirephysicsknowledge

(a)Bachelorofeducation(science)

(b)BachelorofScience(civilengineering)

(c)Bachelorofmedicine

(d)Bachelorofarchitecture

(e)Bacheloroftechnology(productionengineering)

Examples ofcourses offered atcollege levelthat

requirephysicsknowledge

(a)Diplomaincivilengineering

(b)Diplomaincomputerscience

(c)Diplomainwatertechnology

(d)Diplomainlaboratorytechnology

TheLaboratory

 A laboratory is a specialroom designed and

equippedconductingexperimentsandpractical.

MajorsystemsoftheLaboratory

i. Gaspipingsystem

ii. Electricalenergysupplysystem

iii. Watersystem

BasicLaboratoryRules

 Forsafetypurposes,thefollowinglaboratoryrules

must be followed and observed while in the

laboratory:

1. Locations of electrical switches, firefighting

equipment,firstaidkit,gassupplyandwatersupply

systemsmustbenoted.

FirstAidMeasures

Accident Possible Cause of

theAccident

FirstAidMeasures

Cuts  Poorhandlingof

glass apparatus

andcuttingtools

i.e.scalpelsand

razors

 Seek

assistance to

stopbleeding

 Immediate

dressingofthe

wound

burns  Nakedflames

 Splashes of

concentrated

acidsandbases

 In case of a

burn caused

byanacidora

base, quickly

runcoldwater

over the

affected part

as you seek

for further

treatment

Poisoning  Inhaling

poisonous

fumes

 Accidental

swallowing of

poisonous

chemicals

 Seeking

immediate

assistance

Eye

damage

 Bitsofsolids

 Dangerous

chemicals

 In case of

irritating

chemicals

wash your

eyeswithalot

ofcleanwater.

Electrical

shock

 Touching

exposed (naked)

wires

 Using faulty

electrical

appliances

 Put off the

main switch

first before

treating the

shock
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2. Windows and doors should be keptopen while

workinginthelaboratory.

3. Anyinstructionsgivenmustbefollowedcarefully.

NEVERattemptanythingwhileindoubt.

4. Thereshouldnoeating,drinkingorchewinginthe

laboratory.

5. Ensurethatallelectricalswitches,gasandwater

tapsareturnedoffwhennotinuse.

6. Whenhandlingelectricalapparatus,handsmustbe

dry.

7. Never plug in foreign materials into electrical

sockets.

8. Shirtsandblousesmustbetuckedinandlonghair

tiedup.

9. Keepfloorsandworkingsurfacesdry.Anyspillage

shouldbewipedoffimmediately.

10.Allapparatus mustbe cleaned and returned to

correctlocationofstorageafteruse.

11.Laboratoryequipmentshouldnotbetakenoutof

laboratoryunlessauthorized.

12.Anywasteafteranexperimentmustbedisposedof

immediately.

13.Hands must be washed before leaving the

laboratory

RevisionExercise

1) Name3branchesofsciencesubjectinsecondary

schools

2) Explainthestepsinvolvedinscientificapproach.

3) Nameandbrieflyexplainthebranchesofphysics

4) Giveinstanceswherephysicsinterdependentwith

agriculture.

5) Groupthefollowingform 1physicstopicsintothe

variousbranchesofphysics.

Topic Branch of

physics

1 MeasurementI

2 Force

3 Pressure

4 Particulatenatureofmatter

5 Rectilinear propagation of

lightandreflectionatplane

surfaces

6 Thermalexpansion

7 Heattransfer

8 Electrostatics

9 Simple cells and electric

circuits
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ChapterTwo MEASUREMENTI

Introduction

 Measurementreferstotheprocessoffindingthesize

ofaphysicalquantity.

 Scientistsallovertheworldhaveoneinternational

system ofunitsi.e.systemeinternationaledeunites

(SIunits)forphysicalquantities.

ReasonsforEstablishingSIUnits

1. Tohaveinternationaluniformityamongscientists.

2. Toavoidconfusionamongscientists.

TypesofPhysicalQuantities

i. Basic PhysicalQuantities (FundamentalPhysical

Quantities)

 Thesearequantitiesthatcannotbeobtainedfrom

otherphysicalquantities.

 Thereareseven basicquantitiesaccording to the

internationalsystem ofunits(SIunits).Theyareas

showninthetablebelow:

Basic physical

quantity

SIunit Symbol of

theSIunit

Length Meter m

Mass Kilogram kg

Time Second s

Electriccurrents Ampere A

Thermodynamic

temperature

Kelvin K

Luminousintensity Candela Cd

3. Completethetablebelow

Basicquantity SI

unit

Symbolofunit Derived

quantity

Length

Mass

Electriccurrent

Thermodynamic

temperature

Luminousintensity

Amount of

substance

4. WhyisitnecessarytoestablishSIunits?

LENGTH

 Itis the measure ofdistance between two points.

Examplesoflengthare:

 breadth

 diameter

 height

 Depthetc.

MultiplesandSub-multiplesofthemetre

1kilometer(1km)=1000m

1hectometer =100m(1Hm)

1decameter(1Dm)=10m

1m =10decimetre(dm)

1m =100centimeter(cm)
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Amountofsubstance mole mol

ii. DerivedPhysicalQuantities

 These are quantities obtained bymultiplication or

divisionofotherphysicalquantitiese.g.area,volume,

work,density,momentum etc.

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

Therearetwomethodsthatcanbeusedinmeasurementof

length:

1. Measurementbyestimation.

2. Accurate measurementusing a suitable measuring

instrument.

Examplesofinstrumentsusedinmeasuringlength

I. Meterruleandhalf-meterrule.

II. Tape measure used to measure relatively long

lengthse.g.lengthofasoccerfield.

III. Verniercalipers–usedtomeasureshortlengthse.g.

thicknessofatextbookordiameterofasmeasuring

cylinder.

Exercise2.1

1. Identifythemistake(s)inthefollowingSIunitsandhence

writethem correctly.

(a) Amperes(a)

(b)Candela(cand)

(c) Metres(M)

(d)Kalvin

(e) Seconds

(f) Kilograms

(g)Pascals

(h) newtons

2. There are two types ofphysicalquantities:basic and

derivedquantities,statethedifferencebetweenthetwo.
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IV. Micrometerscrew gauge– used to measurevery

shortlengthse.g.diameterofawire.
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FactorsConsidered When Choosing an Instrumentfor

MeasuringLengths

1. Sizeoftheobjecttobemeasured.

2. Levelofaccuracyrequired.

TheMeterrule

 Meter rules and a half– meter rules are graduated

(calibrated)incentimeterandmillimeter

 Thesmallestdivisiononameterrulescaleis1mm

(0.1cm or0.001m).Thisistheaccuracyofthemeter

rule.

Note:

I. Accuracyofameasuringinstrumentisthesmallest

value thatcan be accurately obtained using the

instrument.

II. The measurement taken using a measuring

instrumentmustbe expressed to the numberof

decimalplacesoftheaccuracyofthatinstrument.

Forexample,anymeasurementtakenusingameter

rule should be expressed in whole numberifin

millimeter,to1decimalplaceifincentimetersandto

3decimalplacesifinmeters.

ProcedureFollowedWhenUsingaMeterRule

1. Placethemeterruleincontactwiththeobjectwhose

lengthistobemeasured.

2. Placetheendoftheobjectagainstthezerocm mark

ofthescale.

3. Positionyoureyeperpendicularlyabovethescale.

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

cm,R6=7.0cm

Exercise

Expresstheabovereadingsin:

I. Mm

II. M

PrecautionWhenUsingaMeterRule

 Careshouldbetakentoavoiddamagetotheendsof

meterrules.Thisisbecausemostofthem donothave

ashortallowanceattheendstocaterfortear.

TapeMeasure

TypesofTapeMeasure

i. Tailor’stapemeasure

ii. Carpenter’stapemeasure

iii. Surveyor’stapemeasureetc.

Note:Thechoiceoftapemeasuredependsonthenature
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SourcesofErrorWhenUsingaMeterRule

 Whenusingameterrule,anerrormayarisewhen:

I. theruleisnotincontactwiththeobject,

II. theendoftheobjectisnotalignedtothezeromark

ofthemeterrulescale,

III. thepositionoftheeyeisnotperpendiculartothe

scale.

 NB:Theerrorthatoccurswhenthepositionoftheeye

isnotperpendiculartothescaleiscalledparallax

error.

andlengthofdistancetobemeasured.

PrecautionWhenUsingTapeMeasure

 Ensureitistaut(verystraight)duringuse.

MeasuringCurvedLengths

 Tomeasurecurvedlengthssuchasrailsandroadson

maps,athreadisplacedalongtherequiredlength.The

length is then found by placing the thread on a

millimeterscale.

 Forcurvedsurfaceslikeacylinder,athreadisclosely

wrappedaroundthesurfaceanumberoftimes.

Experiment2.1

Aim/Objective

To measure the circumference ofa measuring cylinder

usingathread

Apparatus

i. 10mlmeasuringcylinder

ii. Thread

iii. Meterrule

Procedure

1. Closelywrapathinthreadtentimesaroundthecylinder

asshownbelow.

Example

WhatarethereadingsindicatedbyarrowsR1,R2,R3,R4,R5
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andR6below.

2. Markwithinkthebeginningandendoftheturns.

3. Removethethread.

4. Measurethelengthbetweentheinkmarksandcall

it .R
1

5. Repeattwotimes,recordingreadingsas and soR
2

R
3

astoensureaccuracyofyourmeasurements.

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

π

ResultsandCalculations

 Heightofthetreeisestimatedusingtheexpression:

=
heightofthetree,h

tree

heigthofrod,h
rod

lengthofshadowoftree,L
tree

lengthofshadowofrod,L
rod

Example

InanexperimenttoestimatetheheightofatreeinNyabururu

Girls’SecondarySchoolcompound,Gracerecordedthefollowing

data.

I. Lengthofshadowofthetree=1000cm

II. Lengthofshadowoftherod=200cm

III. Heightoftherod=100cm

IV. Determinetheheightofthetree
Exercise
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Theoretical

1. Alength550cm ofathinthreadwrapsaroundacylinder

exactly25 times.Calculate the circumference and the

radiusofthecylinder.(Takeπ= ).
22

7

2. Philipfoundthattheperimeterofhisfarmingplotwas

approximately500strides.Hisstridewas1.1m long.What

wastheperimeteroftheplot?

Experimental

1. Estimatethewidthofyourdeskbycounting howmanyof

yourpalm lengthsarethere

2. Describeamethodyoucanusetoestimatethethickness

widthofonesheetofpaperofyourbook.

3. Describe a method thatcan be used to estimate the

thicknessofarazorblade.

EstimationofLength

Experiment2.2

Aim /objective:Toestimatetheheightofatree

Apparatus

 Arodoflength2meters

 Ameterrule.

Procedure

1. Holdtheroduprightandmeasureitslength.

2. Measurethelengthofitsshadow.

3. Measurethelengthoftheshadow ofatreeinthe

schoolcompound.

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)

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 ofirregular-shaped objects is obtained using

appropriateformulae.

A. Rectangle

Area=length×width

B. Circle

Area=π ,wherer=radiusr
2

C. Triangle

Estimatetheareaoftheirregularsurfaceshowninthe

figurebelow bycountingthesmallsquares.Theareaof

onecompletesquareis1cm2.

Solution

o Area=

(numberofcompletesquares+×numberofincompletesquares
1

2 )
areaofonesquare

o Area= ×1(4+×22
1

2 ) cm
2

o Area=15cm
2

Exercise

1) Tracetheoutlineofyourpalm onagraphpaperandestimate

theareaoftheshapeobtained.

2) Determinetheareaofthetopofyourdesk.

3) The diameterofthe bore ofa capillarytube is 2.0mm.

Calculate the cross-section area ofthe bore in cm2(take

π=3.142)

4) Asheetofpapermeasures25cm by15cm.Calculateitsarea

inmm2
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Area= (base×perpendicularheight
1

2

D. Trapezium

Area= ×height
1

2
(sumofparallelsides)

AreaofIrregularly-ShapedSurfaces

 Areaofirregularlyshapedsurfacecanbeestimated

bysub-dividingthesurfaceintosmallequalsquares

andtheareaobtainedas:

Area

=

(numberofcompletesquares+×numberofincompletesquares
1

2 )
areaofonesquare

Volume

 Volumerefersto theamountofspaceoccupiedby

matter.

 Itisaderivedquantityoflength.

 TheSIunitofvolumeisthecubicmeter(m3)

MultiplesandSub-MultiplesoftheCubicMetre

(a) 1 =1000000m
3

cm
3

(b) 1 =1000000000m
3

mm
3

(c) 1 =1000000000km
3

m
3

(d)1 =1000litersm
3

(e)1liter=1000ml

(f) 1l=1dm
3

Exercise

ConverteachofthefollowingvolumestoSIunit

I. 1500000000cm3

II. 20.0liters

III. 1.0ml

IV. 9000000000mm3

V. 1000000l

VolumeofRegular–ShapedSolids

 Volumeofregularly–shapedsolidsisobtainedby

applyinganappropriateformula.

1. Cuboid Examples
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Volume=cross-sectionareaxheight

Volume=length×breadth×height

2.Triangularprism

Volume=cross-sectionareaxlength

Volume= base×height×length
1

2

3. cylinder

Volume=crosssectionareaxheight

Volume=π hr
2

4. Spheree.g.football

1) Arim offoolscapscontains500papersandhasamassof

2kg.Thesizeis300mm by200mm by50mm.find:

I. Thethicknessofonesheetofpaper.

=0.4mm
200mm

500papers

=0.0004m

II. Themassofonesheetofpaper.

o 500papers=2kg

 massof1paper=
2kg

500

o =0.004kg

III. Thevolumeoftherim.

o volume=L×W×h

o 300mmx200mmx50mm

=3000000mm
3

=0.003m
3

IV. Thevolumeofonesheetofpaper

Volumeof500papers=0.003m
3

o volumeof1paper=
0.003m

3

500

=0.000006m
3

2) Ablockofglassis50cm long,4.0cm thickand2.5cm high.

Calculateitsvolume

volumeoftheglassblock=length×breadth×height

=5.0cm×4.0cm×2.5cm

=50cm
2

=0.000050m
3

3) Findthevolumeofthecylindricaltinofradius7.0cm and

height3.0cm.

volumeoftin=πr
2

= ×7cm×7cm×3cm
22

7
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volume=
4

3
πr

3

5. Cone

volume= h
1

3
πr

2

=462.0cm
3

=0.0004620m
3

4) Findthevolumeofatriangularprism ifbase=6.0cm,height

=5.0cm andlength=12.0cm

volume=areaofcross-section×length

= ×12.0cm(×6.0cm×5.0cm
1

2 )
=180.0cm

3

=0.0001800m
3

5) Findthevolumeofaspherewhoseradiusis3.0cm

volumeofsphere=
4

3
πr

3

= × ×3.0cm×3.0cm×3.0cm
4

3

22

7

=113.14cm
3

=0.00011314m
3

6) Asphereofdiameter6.0mm ismoldedintoauniform wireof

diameter 0.2mm. Calculate the length of the wire.

(takeπ= )
22

7

volumeofsphere=volumeofwire

=π l
4

3
πR

3
r
2

× ×3.0mm×3.0mm×3.0mm= ×0.1mm×0.1mm×l
4

3

22

7

22

7

36 =0.01 lmm
3

mm
2

l= =3600mm=3.600ml
36mm

3

0.01mm
2
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MeasurementofVolumeofLiquids

i. UsingaContainerwithUniform Cross-SectionArea.

 Theliquidispouredintothecontainerandtheheight

oftheliquidinthecontainerismeasured.Thevolume

oftheliquidiscalculatedusingtheexpression:

Volumeofliquid=crosssectionareaofcontainer ×heightofliquid

ii. Usingasuitablevolumemeasuringapparatus

 Thefollowingapparatusareusedtomeasurevolume

accuratelyofliquidsinlaboratory:

a) Pipette

b) Burette

c) Volumetricflask

d) Syringe

 Pipetteandvolumetricflaskmeasurefixedvolumesof

liquids.

 Thefollowingapparatusareusedtoapproximately

measurevolumeofliquidsinlaboratory:

a) Measuringcylinders

b) Graduatedbeakers

c) Conicalflasks

TheBurette

Solution

Volumeof1drop=0.12cm
3

volumeof100drops=1000×0.12cm
3

=12cm
3

initiallevel=24cm
3

finallevel=(24+12)cm3

=36cm
3

Note:

 When using a measuring vesselthe reading ofthe

volumeistakenwiththeeyepositionedinlevelwiththe

bottom of the meniscus (forliquids which curve

upwards)asin(a)ortopofthemeniscus(forliquids

whichcurvedownwards)asin(b)below.

MeasuringVolumeofIrregular-ShapedSolids

 Themethodusedinthiscaseiscalleddisplacement

method sincethesolid displacessomeliquid when

immersed.

Conditionsunderwhichdisplacementmethodworks:

Fordisplacementmethodtoworkbest,thesolidwhose

volumeistobedeterminedshould:

(a)notbesolubleintheliquidbeingused,

(b)notreactwiththeliquid,

(c)sinkintheliquidand,

(d)notabsorbtheliquid.

Experiments

Aim:Tomeasurevolumeofirregularly–shapedsolid

Requirements:stone,thread,measuring cylinder,water,

Eurekacan(alsocalleddisplacementoroverflow can),

floaterandasinker.
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Thescaleoftheburetteismarkedsuchthatzerocm3

markisatthetopandthemaximum valuemarkatthe

bottom.

Method1:Usingmeasuringcylinder

Procedure

1. Partlyfillthemeasuringcylinderwithwaterandnotthe

volume ofthewaterV
1

2. Tiethestonewithathreadandloweritgentlyinthe

cylinderuntilitisfullysubmerged

3. NotethenewvolumeofwaterV2

Resultsandcalculations

Thevolumeofthestonecanbecalculatedas:

volume= -V
2
V
1

Example

Waterlevelinaburetteis24cm3.If100dropsofwaterfallfrom

theburetteandtheaveragevolumeofonedropis0.12cm3.

Whatisthefinalwaterlevelintheburette?

Method2:UsingEurekacan Example
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Procedure

1. FillEurekacanwithwateruntilitoverflows

2. Waitforthewatertostopcomingoutofthespout

3. Placeameasuringcylinderunderthespout

4. Tiethestonewithathreadandloweritgentlyinto

wateruntilitisfullysubmerged

5. Collectthewatercomingoutofthespoutusinga

measuringcylinder.

Resultsandcalculations

Thevolumeofwatercollectedinthemeasuringcylinderis

thevolumeofthestone.

Method 3:Measuring volume ofan irregular-shaped

floaterusingEurekacan

Procedure

1. FilltheEurekacanwithwateruntilitoverflows

2. Waitforthewatertostopcomingoutofthespout

3. Lowerthesinkertiedwithathreadgentlyintothe

can

4. MeasurethevolumeV1thatflowsintothemeasuring

cylinder

5. Removethesinkerandtieittothecorkasyoufill

1) Determinethevolumeofwaterinthecylindershownbelow.

Solution:

Volume=33cm
3

(Rememberthataccuracyofthescaleshownaboveis )1cm
3

2) Ifastoneofvolume6cm3isinsertedtosinkinwaterinthe

abovecylinderwhatwillbethenewwaterlevel?

Solution

Newlevel=initiallevel+volumeofstone

Newlevel=33 +6cm
3

cm
3

=39cm
3

Mass

 Massisthequantityofmatterinanobject.

 TheSIunitofmassisthekilogram (kg).

MultiplesandSubmultiplesofthekilogram

 1kg=1000g

 1tonne=1000kg

 1g=1000mg

 1kg=1000000mg

 1tonne=1000000g
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Eurekacanagainandallowittooverflow.Thenplace

themeasuringcylinderunderthespout.

6. Lowerthesinkerandcorktiedtogethergentlyand

measure V2that overflows into the measuring

cylinder.

Resultsandcalculations

Thevolumeofthestonecanbecalculatedas:Volume=

-V
2
V
1

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. Beam balance(mechanicaltype)

III. Leverbalance(mechanicaltype)

AdvantagesofElectricalBalance(TopPanBalance)Over

theBeam Balance(MechanicalType)

1. Electricalbalanceisaccurate.

2. Itiseasytousethanbeam balance.
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Density

 Itis defined as the mass perunitvolume ofa

substance.

 DensityisdenotedbyaGreekletterrho(ρ)

Density=
mass

volume

ρ= ;v= ;m=ρ×v
m

v

m

ρ

 Sincemassismeasuredinkgandvolumeinm3thenthe

SIunitofdensityisthekilogrampercubicmeter(kg/m3

orkgm-3)

1g/cm3=1000kg/m3

V=L×W×h

=6cm×4cm×3cm

V=72cm
3

ρ= ; =2.7777g/
m

v

200g

72cm
3 cm

3

1g/ =1000kg/cm
3

m
3

2.7777g/ =2.777×1000kg/cm
3

m
3

=2778kg/m
3

1. Thedensityofasubstanceis15g/cm3.ExpressthisinSI

units

1g1 =1000kglcm
3

m
3

15gl =cm
3 15g/ ×1000kglcm

3
m

3

1gcm
3

=15000kg/m
3

2. The figure alongside shows a measuring cylinderwhich

containswaterinitiallyatlevelA.Whena solidofmass11g

isimmersedinwaterthelevelraisestoB.Determinethe

densityofthesolid.

Volumeofsolid= -V
B
V
A

48 -33 =15cm
3

cm
3

cm
3

ρ=
m

v

= =2.000
30g

15cm
3

g

cm
3

=2000kg/m
3

Examples

3. Showthat1g/cm3=1000kg/m3

g/ =cm
3 1g

1cm
3

=
0.001kg

0.000001m
3
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=1000kg/m
3

4. Determinethedensityinkg/m3 ofasolidwhosemassis

40gandwhosedimensionsincm are30×40×3

V=L×W×h

V=30×3×4=360cm
3

ρ=
m

v

=0.11111g
40g

360cm
3 cm

3

o 1g1 =1000kglcm
3

m
3

0.1111gl =cm
3 0.1111g/ ×1000kglcm

3
m

3

1gcm
3

=111.1kg/m
3

5. Awoodenblockofmass200gis4.0cm wide3.0cm thick

and6.0cm long.Calculatethedensityofthewoodenblock

inkg/m3

Exercise

1. Thediagram belowshowsthechangeinvolumeofwaterina

measuringcylinderwhenanirregularsolidisimmersedinit.

Giventhatthemassofthesolidis56.7gdeterminethedensityof

thesoliding/cm3(giveanswercorrectto2decimalplaces

2. Completethetable

mass volume Density

0.012kg 20cm3 0.6glcm3

200g ….….…cm3 800kglm3

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

 Itisasmallglassbottlefittedwithglassstopper

(madeofgroundglass)whichhasaholethrough

whichexcessliquidflowsout.

PrecautionsWhenUsingaDensityBottle

1. Thebottleshouldbeheldbytheneckwhenwipingit.

Thisisto preventitfrom expanding dueto body

warmthwhenheldbysidesbyusinghands.

2. Theoutsideofthebottlemustbewipeddrycarefully.

3. Thereshouldbenoairbubbleswhenthebottleis

filledwithliquid.

N/BDensitybottleisusedmeasurethedensityofeither

liquidorsolid.

V=
m

ρ

=
0.080kg

1000kg/m
3

=0.00008m
3

i) Volumeofthedensitybottle

Volumeofthedensitybottle

=Volumeofwaterfillingit.

Volumeofthedensitybottle=0.000008m3

ii) MassofsolidDinpartb)

iii) 96-8g

=48g

=0.088kg

iv) DensityofsolidD

ρ=
m

v

=
0.088kg

0.00008m
3

=1100kg/m
3

v) Volumeofwaterinc)

V=
m

ρ

=
0.030kg

1000kg/m
3

=0.000030m
3

vi) MassofsolidDind).

m=ρ×v

m=1100×(0.000080-0.000030)

m=0.055k

Examples

1. Themassofadensitybottleis20.0gwhenempty,70.0g

whenfullofwaterand55.0gwhenfullofasecondliquidx.

Calculatethedensityoftheliquid(takedensityofwaterto

be1g/cm3)

Solution

 Massofemptydensitybottle=20.0g

 Massofdensitybottle+wat=70.0g

 Massofwaterindensitybottl=50.0g

 Volumeofdensitybottle= = =50
m

ρ

50.0g

1g/cm
3 cm

3

 Massofdensitybottle+liquid=55.0g
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 Massofliquidfillingthebottle

=55.0-20.0=35.0g

 Volumeofliquid=volumeofdensitybottle

=50cm
3

 ρofliquidx=
m

v

= =
35.0

50

0.7g

cm
3

=700kg/m
3

2. Inanexperimenttodeterminethedensityofacertainsolid

D,thefollowingreadingswereobtainedusingadensity

bottle

a) Massofemptydensitybottle=8g

b) MassofadensitybottleandsolidD=96g

c) Massofdensitybottle+30gwater+solidD=132g

d) Massofdensitybottle+water=88g

Calculate

vii) Massofwaterindensitybottleinpartd).

- =80g88g8g

=0.080kg

viii) Volumeofwaterind)(takedensityofwaterbe

1000kg/m3).

Exercise

Adensitybottlehasamassof17.5gwhenempty.Whenfullof

wateritsmassis37.5g.Whenfullofliquidxitsmassis35g.If

thedensityofwateris1000kg/m3,findthedensityofliquidx.

DensityofMixtures

 Amixtureisobtainedbyputtingtwoormoresubstance

suchthattheydonotreactwithoneanother.

 Thedensityofthemixtureliesbetweenthedensitiesof

its constituent substances and depends on their

proportions.

Densityofmixture=
Totalmassofthemixture

Totalvolumeofmixture

Example

1. Amixtureconsistsof40cm3ofwaterand60cm3ofliquidX.if

thedensitiesofwaterandliquidXare1.0g/cm3and0.8g/cm3

respectively,calculatethedensityofthemixture.

Massofwater= ×ρw Vw

=1.0g/ ×40cm
3

cm
3

=40g

massofliquidx= ×ρxVx

=0.8g/ ×60 =48gcm
3

cm
3

Densityofmixture=
massofwater+massofliquidX

volumeofwater+volumeofliquidX
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Densityofmixture=
40g+48g

40 +60cm
3

cm
3

Densityofmixture= =0.880g/
88g

100cm
3 cm

3

2. Asolutioncontains40cm3byvolumeofalcoholand60cm3

water.Ifthedensityofthealcoholis0.79g/cm3andwateris

1.0g/cm3.Calculatethedensityofthesolution.

massofwater =ρw×Vw

=1g ×60 =60g/cm
3

cm
3

massofalcohol= ×ρaVa

=0.79g ×40 =31.6g/cm
3

cm
3

Densityofmixture=
massofwater+massofalcohol

volumeofwater+volumeofalcohol

Densityofmixture= =
60g+31.6g

60 +cm
3
40cm

3

91.6g

100cm
3

=0.916g/cm
3

SimplePendulum

 Itis a device thatcan be used to determine time

intervals.

 Itmakesoscillationswhendisplacedslightly.

 Anoscillationisacompletetoandfromotion.

Experiment

Aim: To determine time taken to complete given

oscillations

Apparatus:Pendulum bob,thread,stopwatch,clamp,boss

andretortstand.

Procedure

i) Setyourapparatusasshownbelow.

i) Slightlydisplacethebobanddeterminethetime

takentomake3oscillations

ii) Repeattheprocedureforthefollowingnumberof

oscillationsandfillthetablebelow.

No. of

oscillations

Time(s) Time for 1

oscillation, T

(s)

2

4

6

Time

 Timeisthemeasureofduration.

 SIunitisthesecond(s).

Multiplesandsub-multiplesofsecond

1minute=60second

1hour=3600second

1day=24hours=86400second

1second=100cent-second

1second=1000millisecond(ms)

1second=1000000microsecond(µs)

MeasurementofTime

 Timeismeasuredusingeitherthestopwatchora
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stopclockdependingonlevelofaccuracyrequired.

AdvantagesofStopWatchOverStopClock

1.)Stop watch iseasyto handleand read than stop

clock.

2.)Itismoreaccuratethanstopclock.

Example

ExpressthetimeshownonthestopwatchscreenbelowinSI.

=10×60+22

+34×0.01

=600+22+0.34=622.343seconds

8

Calculations

Timefor1oscillationcanbecalculatedas:

T=
Timefornoscillations

n

RevisionExercise

1) IdentifythemistakeinthefollowingSIunitsandhencewrite

them 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

(f) 5dm3
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(g)400ml
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3) Estimatethelengthofthecurveshown.

4) DefinedensityandgiveitsSIunits.

5) Aburetteshowsaliquidlevelas20cm3.Tendropsofthe

sameliquideachofvolume0.5cm3 areadded.Calculate

thenewliquidlevel.

6) Anemptydensitybottlehasamassof15g.Whenfullof

alcoholofdensity0.8g/cm3,itsmassis47g.Calculate:-

i) Thevolumeofthebottle.

ii) Itsmasswhenfullofwater.

iii) Itmasswhenfullofmercuryofdensity13.6g/cm3
.

7) A measuringcylindercontains8cm3 ofwater.A small

pieceofbrassofmass24gisloweredcarefullyintoa

measuringcylindersothatitiscarefullysubmerged,ifthe

densityofthebrassis8g/cm3,whatisthenewreadingof

thelevelofwaterinthecylinderinm3.

8) A Eurekacanofmass60gandcrosssectionalareaof

60cm2 isfilledwithwaterofdensity1g/cm3.Apieceof

steelofmass20ganddensity8g/cm3isloweredcarefully

intothecanasshown

.

Calculate;

a) ThetotalmassofwaterandtheEurekacan

beforethemetalwaslowered.

b) Thevolumeofwaterthatoverflowered.

c) Thefinalmassoftheeurekacananditscontents

d) Infindingthedensityofliquid,whyisthemethod

Iftheinitialreadingwasat0cm mark,determinethevolumeof

onedrop.

14.AmixtureismadeupoftwometalsXandY.Themass

ofthemixtureis30gandthevolumeofthemixtureis4.5

cm3.DeterminethemassofmetalXinthemixture.(Density

ofmetalXis6000Kgm-3anddensityofmetalYis7900

Kgm-3)
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ofusingdensitybottlemoreaccuratethanthe

oneofusingameasuringcylinder.

9) 25cm3ofaliquidxofdensity1.2g/cm3ismixedwithliquid

ofvolume30cm3and0.9g/cm3withoutchangeinvolume.

Calculatethedensityofthemixture.

10)Themassofanemptydensitybottleis25.0g.Itsmass

whenfilledwithwateris50.0gandwhenfilledformalinits

massis60.0g.Calculate.

a) Massofwater

b) Volumeofwater.

c) Volumeofbottle.

d) Massofformalin.

e) Volumeofformalin.

f) Densityofformalin.

11)Abutcherhasabeam balanceandmasses0.5kgand2

kg.Howwouldhemeasure1.5kgofmeatonthebalance

atonce?

12)Determinethedensityinkg/m3ofasolidwhosemassis

40gandwhosedimensionsincm are30x4x3

13)Figurebelowshowsthereadingonaburetteafter55drops

ofaliquidhavebeenused.
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ChapterThree FORCE

DefinitionofForce

 Force refers to a push ora pullthatresultfrom

interactionofbodies.

 Itisthatwhichchangesthestateofmotionofabody.

 TheSIunitofforceisthenewton(N).

 Force has both magnitude and direction and is

representedbyastraightlinewithanarrow asshown

below.

 Thelengthofthelineshowsthemagnitudeoftheforce

whilethearrowheadshowsthedirectionoftheforce.

EffectsofForce

i. Forcecanmakestationaryobjectmove.

ii. Itcanincreasespeedofmovingobject.

iii. Itcanstopamovingobject.

iv. Itcandecreasespeedofmovingobject.

v. Itcanchangeshapeofanobject(i.e.candeform

anobject).

vi. Itcanmakeanobjectturnaboutafixedpoint

(pivot).Thisiscalledturningeffectofforce.

vii. Itcanchangethedirectionofamovingobject.

c) Thefigurebelowshowstwoobjectsofmassm1andm2

acteduponbyaforceF

IdentifyforceF

Gravitationalforce

2. CentripetalForce

 Thisisaforcewhichmaintainsabodytomoveina

circularorbitorpath.

 Itisdirectedtowardsthecentreofthecircularorbit/

track.

Examplesofsituationsinwhichcentripetalforceacts

include:

 Whirlingastonetiedtoastring.

 Theearthrevolvingaroundthesunalongitisorbit.

 Centrifugeusedtoseparategheefrom milk.

 Acarmovingroundacirculartrackorroad(corner).

3. Magneticforce

 Magneticforceistheforceofattractionorrepulsion

Exercise

Whichoftheeffectsabovecanbecausedby:

a) Apushonly?

b) Apullonly?

c) Apushorapull?
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Typesofforce

1. GravitationalForce

 Itrefersto theforceofattractionbetweenanytwo

bodiese.g.forceofattractionbetweentheearthand

themoon.

 Gravitationalforceisanon-contactforce.

GravitationalForceoftheEarth

 Itistheforceofattractiononbodiestowardthecentre

oftheearth.

Factorsaffectinggravitationalforce

I. Massesoftheobjects-Thelargerthemassesthe

strongerthegravitationalforce.

II. Distanceofseparationbetweenthetwoobjects.The

longer the distance of separation the weaker

gravitationalforce.

Examples

a) Whatarenon-contactforces?

 Thereareforceswhichactevenifobjectsarenotincontact

withoneanother.

b) Explainwhyaballthrownupwardsreturnsbacktothe

ground

 Itisduetoattractionbyearth’sgravitationalforce

duetoamagnet.

 Itisnon-contactforce.

 Magneticattractionoccursbetweenamagnetanda

magnetic materialorbetween unlike poles ofa

magnetwhilerepulsionoccursbetweenlikepolesof

magnet.

4. Upthrustforce

 Upthrust is an upward force acting on objects

immersedinfluids(liquidsorgases).

 Upthrustcanalsobedefinedastheapparentlossin

weightofabodyimmersedinaliquidorgas.
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Upthrustonabody

=weightofbodyinair-weightofbodyinfluid

 Upthrustisacontactforce.

Examplesofsituationsinwhichupthrustforceacts

include:

 Balloonstorising

 Swimmersandboatsfloating

 Bodiesimmersed in liquidsweighing lessthan their

weightinair.

f) Smootheningsurfaces.

g) Usingballbearings.

h) Aircushioning

6. ElectrostaticForce

 Electrostatic force is the force of attraction or

repulsionbetweenelectricallychargedbodies.

 Itis non-contactforce.There are two types of

electricalcharges(positiveandnegative).

 Attractionoccursbetweenunlikechargesi.e.positive

and negative while repulsion occurs between like

charges.

Examplesofsituationsinwhichelectrostaticforceacts

include:

a) Aplasticrulerorpenrubbedwithpieceofdrycloth

orhairattractspiecesofpaper.

b) Awipedglasswindow rapidlyattractsdustdueto

chargesleftonthem duringwiping.

c) Polishedshoesrapidlyattractdustduetocharges

leftonthem duringbrushing.

d) Anylonclothproducescracklingsoundandsticks

onthebodywhenbeingremovedetc.

7. ActionandReactionForces

 Actionandreactionaretwoequalforcesactingin

oppositedirections.

NumericalExample

Abodyweighs100Ninairand80Nwhensubmergedinwater.

Calculatetheupthrustactingonit.

upthrust=apparentlossinweight

=100N-80N=20N

5. FrictionalForce

 This is a force thatopposes motion between two

surfacesthatareincontact.

 Frictionalforceinfluids(liquid and gases)iscalled

viscousdrag(viscosity).

 Frictionalforceisacontactforceanditactsinthe

directionoppositetothatofmotionofthebody.
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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.

 Theyarecontactforces.

 Whenablockofwoodisplacedonatable,itsweight

(action)actsonthetable.Thereactionofthetable

(oppositeforce)actsontheblock.

8. NuclearForce

 Thisisaforcethatbindsprotonsandneutronsin

atomicnuclei.

 Nuclearforceisacontactforce.
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9. TensionForce

 Itisaforcewhichactsonstretchedbodies.

 Tensionisasaresultoftwoopposingforcesapplied

oneateachendofabody.

 Itisacontactforce.

10.SurfaceTension

 Surfacetensionisdefinedastheforceperunitlengthin

theplaneofaliquidsurfaceactingatrightangleson

eithersideofanimaginarylinedrawninthatsurface.

MolecularExplanationofSurfaceTension

 Amoleculedeepintheliquidissurroundedbyliquidon

allsidessothatthenetforceonitiszero.Amolecule

onthesurfacehasfewermoleculesonthevapourside

andthereforewillexperiencearesultantinwardforce,

causingthesurfaceoftheliquidtobeintension.

Examplesofsituationsinwhichsurfacetensionforceacts

include:

i) Asteelrazorbladeorneedlefloatswhencarefully

placed on wateralthough steelis denserthan

water.

iii) Bristles ofa brush spread in waterbutcling

togetherwhenthebrushisretrievedoutofwater.

Theclingingtogetherofbristlesisduetosurface

tensionofwateronthesurfaceofbristles.

iv) Adropofwaterfrom aburetteorwatertapgrows

andstretchesoutbeforeitfallsoffduetosurface

tensiononthesurfaceofthedrop.

Note:Surfacetensionactsalongthesurfaceofaliquidso

astoreducesurfacearea.Thiscanbeillustratedbythe

followingobservations:

i) Whenbubbleofsoapisblowntothewideendof

thefunnelandtheleftwiththeupperend,the

bubblerecedesslowlyuntilitflattenstoafilm.It

thereforemakesitssurfaceassmallaspossible.

ii) Whenafilm ofasoapcontainedinawireloopis

puncturedorpiercedatpointXasshownbelow,

the remaining part of the film acquires a

minimum area.The thread is therefore pulled

from onesidemakingaperfectcurve.Thisis

becauseofforcesofsurfacetensionfrom one

sideonly.
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ii) Aglassofwatercanbefilledwithwaterabovethe

brim withoutwaterpouring out.This is due to

surfacetensiononthesurfaceofwater.

FactorsAffectingSurfaceTension

i) Impurities

 Impuritiesreducesurfacetensionofaliquid.Soap

(detergent)weakens the cohesive forces between

surface liquid molecules and therefore reducing

surfacetension.

ii) Temperature

 Temperaturereducessurfacetensionoftheliquid

because itweakens cohesive force ofattraction

betweenliquidmolecules.
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Exercise  Thelevelofmercuryincapillarytubesislowerthan

thatofmercuryin thebasin.Being lowestin the

narrowtube.

 Inbothcapillarytubesmercurycurvesdownwardsat

theedge(doesnotwetglass).Thisisduetostronger

cohesive force between mercury molecules than

adhesive forces between mercury and glass

molecules.

 Thedownwardcurveiscalledconvexmeniscus

Explainthefollowingobservations:

a) Asteelneedleplacedcarefullyonthesurfaceofwaterdoes

notsink.

b) Whenasmalldropofdetergentsisplacedonwater,the

floatingneedlemovesrapidlyawayfrom itandsinkswhen

moredetergentisadded

c) Amatchstickwrappedatoneendwithsoapstartsmoving

immediatelyinonedirectionwhenplacedonthesurfaceof

water.
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11.Adhesion(adhesiveforce)

 Adhesion refers to the force ofattraction between

molecules ofdifferentkind e.g.force ofattraction

betweenwaterandglassmolecules.

Examplesofsituationsinwhichadhesiveforceactsinclude:

1) Liquidwettingglass.

2) Paintstickingonwall.

3) Inkstickingonpaper.

4) Chalkmarkstickingontheboard.

12.Cohesion(CohesiveForce)

 Cohesion refers to the force ofattraction between

moleculesofsamekinde.g.forceofattractionbetween

watermolecules.

SomeEffectsofAdhesiveandCohesiveForces

a) CapillaryTubesDippedinWater

 Inbothcapillarytubeswatercurvesupwardsatthe

edge(wetsglass).Theriseofwaterupthetubeisdue

toadhesiveforcesbetweenglassandwatermolecules

being stronger than cohesive force of attraction

betweenwatermolecules.

 Theupwardcurveiscalledconcavemeniscus.

b) CapillaryTubesDippedinMercury

WateronCleanandWaxedglasssurfaces

 Whenwaterisdroppedonacleanpieceofglass,it

spreadsbecauseadhesiveforcesbetweenglassand

watermoleculesarestrongerthancohesiveforces

betweenwatermolecules.

 Whenwaterisdroppedonwaxedglasssurface,it

rolls into smalldroplets.This is because waxing

reduces adhesive force between waterand glass

molecules.Cohesive force becomes greaterthan

adhesiveforce.

MassandWeight

 Massisdefinedasthequantityofmatterinabody.

 Weightisthegravitationalpullonabody.Itisaforce

andthereforeitsSIunitisNewton(N).

 Thedirectionofactionofweightonearthistowards

thecentreoftheearth

RelationshipbetweenMassandWeight

 Massandweightarerelatedasfollows:

weight

=mass×accelerationduetogravity

(Gravitationalfieldstrength)

W=Mg

Definitionofaccelerationduetogravity(g)

 Itisdefinedasthegravitationalforceactingonaunit

massataplace.

 TheSIunitofg(gravitationalfieldstrength)isthe

newtonperkilogram (N/kg)
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 Note:Agraphofweightversusmassisastraightline

throughtheoriginandtheslopeofthegraphgives

accelerationduetogravity,gi.e.
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DifferencesbetweenMassandWeight

Mass weight

Thequantityofmatter
inanobjectbody

Gravitationalpullonan
object

TheSIunitkg
(kilogram)

SIunitisthenewton

Constanteverywhere Variesfrom placetoplace

Ascalarquantity Avectorquantity

Measured using a

beam balance

Measuredusingaspring
balance

a) Time

b) Temperature

c) Energy

d) Speed

e) Area

f) Volume

g) Length

h) Mass

i) Distance.

1)

2) VectorQuantity

A vectorquantity is one with both magnitude and

directione.g.

i) Weight

ii) Force

iii) Velocity

iv) Momentum

v) Acceleration

vi) Displacement

 Ifthe weightofa caris 8000 N,8000 gives

magnitude ofthe weight,N is the SIunitand

directionistowardsthecentreoftheearth.

Resultantvector

 Thisisthesum oftwoormorevectorstakinginto

accountthedirectionofthevectors.

Example

Examples

1. Stateareasonastowhyweightofabodyvariesfrom placeto

placeontheearth’ssurface.

Gravitationalfieldstrengthvariesfrom oneplacetoanotheronthe

earth’ssurfacebeingstrongatthepolesandweakattheequator.

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

a) Calculateitsmass.

w=mg

1000N=m×10
N

kg

m= =100kg
1000N

10N/kg

b) Ifthesameobjectweighs160Nonthemoonsurface,findthe

gravitationalfieldstrengthofthemoon.

W=mg

160=100×g

g= =1.60N/kg
160

100
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3. A massof7.5kghasaweightof30N onacertainplanet.

Calculatetheaccelerationduetogravityonthisplanet.

W=mg

30=7.5×g

g= =4N/kg
30

7.5

4. Amanhasamassof70kg.calculate:

a) His weighton earth where the gravitationalfield

strengthis10N/kg.

W=mg

70×10=700N

b) His weighton moon where the gravitationalfield

strengthis1.7N/kg.

W=mg

70×1.7=119N

ScalarandVectorQuantities

1) ScalarQuantity

 Ascalarquantityisonewithmagnitudeonlybutno

directione.g.

Findtheresultantforceoftheforcesactingona

pointobjectshownbelow.

(a)

Solution

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

(b)

Solution

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

1) Thefigurebelowshowstwoglasstubesofdifferentdiameter

dippedinwater.

Explainwhyh2isgreaterthanh1

i) Adhesiveforceinnarrowtubeisgreaterthanadhesive

forceinwidertube.

ii) Volumeofwaterinbothtubesisthesamehencethe

columnofwaterinnarrowtubeh2isgreater.

2) Nametwoforcesthatdeterminetheshapeofliquiddropon

thesolidsurface

Cohesiveandadhesiveforces

3) Giveareasonwhyweightofthebodyvariesfrom placeto

place.

Thegravitationalfieldstrengthvariesfrom placetoplace.

4) A metalbinwasobservedtofloatonthesurfaceofpure

water.Howeverthe pin sankwhen a few drops ofsoap

solutionwereaddedtothewater.Explainthisobservation.

Soapsolutionisanimpurity.Whenaddedtowater,itlowersthe

surfacetension(bydissolving)ofwatermakingtheneedletosink.

11)Definetheterms.

a) Mass

b) Weight.

12)Themassofalumpofgoldisconstanteverywhere,butits

weightisnot.Explainthis.

13) Amanhasamassof70kg.Calculate:

a) His weighton earth,where the gravitationalfield

strengthis10N/kg.

b) Hisweightonthemoon,wherethegravitationalfield

strengthis1.7N/kg.

14)Amassof7.5kghasweightof30N onacertainplanet.

Calculatetheaccelerationduetogravityonthisplanet.

15)Definethefollowingterms,givingexamples.

a) Vectorquantity

b) Scalarquantity

16) (a)Definearesultantvector.

(a) Findtheresultantofaforceof4Nandaforceof

8Nactingatthesamepointonanobjectif:

i) The force actin the same direction in the same

straightline.

ii) Theforceactintheoppositedirectionsbutinthe

samestraightline.

17)Show diagrammaticallyhow forcesof7N and9N canbe

combinedtogivearesultanttogivearesultantforceof:

(a)16N (b)2N
RevisionExercise

1) Byconsidering action-reaction forces,identifywhywater

risesupathincapillarytube.

2) Givetwoexamplesofcontactforceandnon-contactforce.

3) Sketchhowavectorquantityisrepresentedonadiagram.

4) DefineforceandgiveSIunit.

5) Namealltheforcesactingonthefollowingbodies:

(a) Aboxplacedonatable

(b) Amasssuspendedfrom aspringbalance.
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(c) Amovingcarnegotiatingabend.

6) Definecohesiveforceandadhesiveforce.

7) Explainwhyamanusingaparachutefallsthroughairslowly

whileastonefallthroughairveryfast.

8) Aspringstretchesby6cm whensupportingaloadof15N.

(b) Byhow muchwoulditstretchwhensupportinga

loadof5kg?

(c) Whatloadwouldmakethespringextendby25mm?

9) Explain each of the following,using the behaviour of

moleculeswherepossible:

(a) Asteelneedleplacedcarefullyonthesurfaceofwater

doesnotsink.

(b) Whenasmalldropofdetergentisplacedonwater,the

needlemovesrapidlyawayfrom itandsinkswhenmore

detergentisadded.(assumethatdetergentdoesnot

affectthedensityofwater)

(c) A match –stickrubbed atone end with soap starts

movingimmediatelyinonedirectionwhenplacedonthe

surfaceofwater.

10)Definesurfacetension.

a) How doestemperatureriseand impuritiesaffectthe

surfacetensionofwater?

b) Howwouldthesurfacetensionofwaterbeincreased?

ChapterFour PRESSURE
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DefinitionofPressure

 Pressurereferstoforceactingperpendicularlyperunit
area.

 Sinceforceismeasuredinnewtonsandareainsquare
meter,thentheSIunitofpressureisthenewtonper
squaremeter(N/m2)orthepascal(Pa).1newtonper
squaremeter(N/m2)=1pascal(Pa)

Pressure=
Force

Area

F=P×A

P=
F

A
A=

F

P

PressureinSolids

Forceexertedbyasolidrestingonasurfaceisequaltothe
weighttheobject.

Pressure=
Force(weightofsolid)

Areaofcontact

MaximumPressure=
weightofsolid

MinimumArea

MinimumPressure=
weightofsolid

MaximumArea

FactorsAffectingPressureinSolids

1. Weightofthesolid(force)

 Ifthe area ofcontactbetween solid and surface is
constant,pressureincreaseswithweight.

2. Areaofcontactofthesolidwithsurface.

 Thesmallerthearea,thehigherthepressureifsame
forceisapplied.Thereforepressurecanbereducedby
increasingtheareaofcontact.

a)MinimumPressure=
Weight

MaximumArea

=
48×10

4×3

= =40N/
480

12
m

2

b)MaximumPressure= =
Weight

Minimumarea

480

2×3

=80N/m
2

5. Anobjectwhoseareaofcontactwiththeflooris5m2exertsa
pressureof900pascal.Calculateitsmass

F(Weight)=P×A

Weight=900 ×5N/m
2

m
2

m=
w

g

= =450kg.
4500N

10N/kg

6. Trackswhichcarryheavyloadshavemanywheels.Explain.

Manywheelsincreasetheareaofcontactwiththeground
therebyreducingpressureexertedontheroad.Thisprevents
damageoftheroadsbytracks.

7. Ablockofcopperofdensity9g/cm3 measures5cm by3cm
by2cm.Giventhatgis10N/kg,determine:

a) Themaximum pressure

Maximumpressure=
Weight

Minimumarea

Maximumpressure=
ρVg

Minimumarea

=

9000 × ×10N/kg
kg

m
3 (30×10-6m3)

6× m10
-4 2

=4500N/m
2Examples
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1. Ablockofasoapstoneofdimension4m by2m by3m is48kg
andismadetorestonasmoothhorizontalsurface

2. Calculatetheminimum pressureitexertsonthesurface.

3. Calculatethemaximum pressureitwillexertonthesurface

b) Theminimum pressurethatitcanexertonahorizontal
surface.

Minimumpressure=
Weight,W

Maximumarea

=
2.7N

15× m10
-4 2

= =1800N/
2.7N

0.0015m
2 m

2

8. Itispainfulifonetriestoliftaheavyloadbyathinstring.

Thereisasmallareaofcontactwiththefingerswhenathin
stringisused.Asaresult,morepressureisgeneratedand
thisispainful.

Exercise 2. DensityoftheLiquid

 Pressureinliquidsincreaseswithdensityoftheliquid.

 Considertwoidenticalcylindersfilledwithwater(of
density 1000kg/m3) and glycerine (of density
1260kg/m3)respectively.

 PressureatpointBisgreaterthanpressureatpointA
becauseglycerineisdenserthanwaterandtherefore
exertsmorepressurethanwater.

ToDemonstrateVariationofPressurewithDepthofLiquids

 ConsideratalltinwithholesA,BandCequallyspaced
ononesidealongaverticallineasshownbelow.

 Whenthetinisfilledwithwater,thewaterjetsoutofthe
holeswiththatfrom holeAthrownfarthestfollowedby
thatfrom holeBandlastlyfrom holeC.

 ThismeansthatpressureofwateratAisgreaterthan
pressureatBandpressureatBisgreaterthanpressure
atC.Hence,Pressureinliquidsincreaseswithdepth.

1. Apickupcarryingstonesweighs40,000N.Theweightisevenly
spreadacrossthe4types.Theareaofcontactofeachtirewith
thegroundis0.05m2.Calculatethepressureexertedbyeach
tireontheground.

2. Athumbisusedtopushathumbpinintoapieceofwood.
Explain in termsofpressurewhythepressureon wood is
greaterthanthepressureonthethumb.

3. Anelephantofmass2800kghasfeetofaverageareaof200
cm2.Avultureofmass12kgwalksbesidetheelephantona
muddyarea,theaverageareaofthefeetofthevultureis2.0
cm2.Whichoneislikelytosink?Explainyouranswershowing
anynecessarycalculations.

4. Agirlstandinguprightexertsapressureof15000N/m2onthe
floor.Giventhatthetotalareaofcontactofshoesandthefloor
is0.02m2.

a) Determinethemassofthegirl.

b) Determinethepressureshewouldexertonthefloorifshe
stoodononefoot.

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

a) Themaximum pressure.

b) Theminimum pressurethatitcanexertonahorizontal
surface.

PressureinLiquids

FactorsAffectingPressureinLiquids

1. DepthoftheLiquid
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 Pressureinliquidsincreaseswithdepth.

 Thisisthereasonastowhywallsofadam arethickerat
thebottom thanatthetopasshownbelow.Thickwalls
atthebottom ofthedam withstandhighpressuredueto
wateratthebottom.

 Pressureincreasingwithdepthofliquidexplainswhya
diveratthebottom oftheseaexperiencesmorepressure
duetomoreweightofwaterabovehim thanadivernear
thetop/surfaceofthesea.

To Demonstrate Variation ofPressure with Depth and
DensityofLiquids

 Consideratransparentglassvesselfilledwithwater
andathistlefunnelconnectedtoau-tubefilledwith
coloredwatertosomeleveldippedintoit.

 Itisobservedthatthedeeperthefunnelgoesbelowthe
surfaceofwater,thegreaterthedifferenceinlevelsof
waterinthetwolimbsoftheu-tube,h.Thisisdueto
increaseinpressurewithdepth.

 Whenglycerineisusedinplaceofwateritisobserved
thatatthe same depth the difference in levels,h is
greaterthanwhenwaterisused.Thisisbecauseglycerin
isdenserthanwaterandthereforeitispressureatsame
depthishigherthanthatofwater.

ToDemonstratethatPressureatEqualDepth,ActsEquallyin
AllDirections

 Consideratinwithtwosimilarholesonitssideatsame
heightasshownalongside.

 Whenthetinisfilledwithwater,itisobservedthatwater
travelsoutoftheholesequalhorizontaldistancesfrom
thecan.Thereforepressureexertedatequaldepthis
sameinalldirections.

 Thepressure p,exertedatthebottom (base)ofthe
containerbytheweightoftheliquidaboveitisgivenby:

P= =
F

A

w(weightofliquid)

A(cross-sectionareaofthecontainer)

Butw=ρAhg

WhereAh=volumeoftheliquid

∴P=
Ahρg

A

P=hρg.Thisisthefluidpressureformula.

 From theformulaitisclearthatpressureinfluidsdoes
notdepend on cross-section areaofthecontainer
holdingtheliquid.

Examples

1.) Adiverworkingunderwateris15m belowthesurfaceofthe
sea.Calculatethepressureduetowaterexperiencedbythe
diver(takeg=10N/kg)anddensityofseawatertobeequalto
1.03g/cm3.

P=hρg

=15m×1030kg/ ×10N/kgm
3



isabokemicah@gmail.com

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

FluidPressureFormula

 Consideracontainerwithcross-sectionarea,A,filled
withaliquidofdensity,ρ,totheheight,h,asshown
alongside.

=154500N/m
2

2.) Thefigurebelowshowsaliquidinapail.

Iftheliquidhasadensityof0.79g/cm3,determinethepressure
exertedatthebottom ofthepailbytheliquid.

o P=hρg

=0.45m×790kg/ ×10N/kgm
3

=3555N/m
2

b) Suggestareasonwhypailmanufacturesprefertheshape
showntoothershapes

To reduce the heightofthe pailbutmaintain the
capacity.This reduces the pressure exerted bythe
liquidatthebottom ofthepail.

3.) Calculatethepressureexertedby76mm columnofmercury
giventhatitsdensityis13.6g/cm3

o p=hρg

o =0.76m×13600 ×10N/kg
kg

m
3

o =103360N/m
2

4.) A columnofglycerin8.20m high,acolumnofseawater
10.08m high,acolumnofmercury0.76m highandcolumnof
freshwater10.34m highexertthesamepressureatthe
bottom of a container. Arrange these substances in
decreasingorderoftheirdensities.

Mercury,glycerine,seawater,freshwater
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Pascal’sPrinciple(ThePrincipleofTransmissionofPressure
inLiquids)

 Pascal’sprinciplestatesthatpressureappliedatonepart
inaliquidistransmittedequallytoallotherpartsofthe
enlargedliquid.

DemonstratingPascal’sPrinciple

 Consideraliquidunderpressureduetoforce,F,actingon
theplungerasshownbelow.

 Note:Theholesareofequaldiameter.

 Pressureexertedontheliquidbypiston,Sduetoforce,
FS,isPS.

=P
S

F
S

A
S

 By Pascal’s principle this pressure PS is equalto
pressurePLexertedbyliquidonpiston,L.

=P
S

P
L

=
Fs
As

F
L

A
L

Examples
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 Whentheplungerispushedin,watersquirtsoutofthe
holes with equalforce.This shows that pressure
generated bythe piston on the wateris transmitted
equallytoallotherpartsoftheliquid.

ApplicationsofPascal’sPrinciple

 Pascal’s Principle is applied in the working ofthe
hydraulicmachines.Thesemachinesinclude:

a) Hydraulicpressusedtocompresstextileproducts
likeblanketsforpacking.

b) Hydraulicliftusedtohoistcarsingarages.

c) Hydraulicbrakesystem usedforbrakingincars.

PressureTransmissioninHydraulicMachines

 Notethatpressureatsamelevelintheliquidisthesame
asseenearlier.

 Considerthehydraulicmachinebelow consistingofa
smallpiston,S,andalargepiston,L,ofcross-sectionas
shownalongside.

1. Thefigurebelowshowstwomassesplacedonlightpistons.
Thepistonsareheldstationarybytheliquidwhosedensity
0.8g/cm3.DeterminetheforceF.

o hρg+ =
F
B

A
B

(i.e.w=mg)F
A

A
A

o =1.8m×800 ×10N/Kg+
60×10N

0.0008m
2

kg

m
3

F
B

0.00025m
2

o 750000 =1440N/ +
N

m
2 m

2 F
B

0.00025

o = 0.00025F
B (750000 -1440

N

m
2

N

m
2) m

2

=187.14N

2. Theareaofthelargesyringeinanexperimentis18cm2and
thatofthesmalleroneis3.0cm2.Aforceof2Nisappliedon
thesmallerpiston.Find theforceproduced onthelarger
piston.
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o =
Fs
As

F
L

A
L

o =
2N

0.0003m
2

F
L

0.0018m
2

= =12NF
L

2N×0.0018m
2

0.0003m
2

4. Thediagram belowshowsau-tubefilledtwoliquids,xandy.If
thedensityofliquidyis1.00g/cm3,determinethedensityof
liquidx.

o g= ghxρx hyρy

o 0.40m× ×10 =0.30m×1000 ×10N/kgρx
N

kg

kg

m
3

o =3000×ρ
4.0Nm

kg x

N

m
2

o =750ρx
kg

m
3

HydraulicBrakeSystem

 The hydraulic brake system uses the principle of
transmissionofpressureinliquids(Pascal’sprinciple)in
itsoperation.

PropertiesoftheHydraulicBrakeFluid

(a) Itshouldnotcorrodepartsofthesystem

(b) Itshouldbehighlyincompressible

(c) Itshouldhavealowfreezingpointandhighboiling
point.

AtmosphericPressure

 Thisisthepressureexertedontheearth’ssurfaceby
thecolumnofairaroundit.

ToDemonstrateExistenceofAtmospheric
Pressure(CrushingCanExperiment)

 Consideratincontainerwithsomewaterinit.The
containeris heated forsome time while open and
closedafterwithdrawingheating.Coldwateristhen
pouredonitimmediately.

 Itisobservedthatthecontainercrushesinwardswhen
coldwaterispouredonit.Thisisbecausesteam from
boilingwaterdrivesouttheairinsidethecontainerand
a partialvacuum is created when the containeris
cooled.The higheratmospheric pressure from the
outsidecrushesthecontainerinwards.
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ModeofOperationofHydraulicBrakeSystem

 Whenasmallforceisapplied onthebrakepedal,it
pushesthepistonofthemastercylinderinwards.This
producesapressurethatisequallytransmittedtothe
pistonsintheslavecylinders.Thepressuregeneratesa
forcewhich pushesthepistonsoftheslavecylinder
outwards.Thepistonsthenpushthebrakeshoesand
therefore the brake lining outwards.The brake lining
touchesandstopsrotatingwheeldrum.

 The return spring returns the brake shoes into their
originalposition afterforceon brakepedalhasbeen
removed.

Example

Aseadiveris18m belowthesurfaceofseawater.Ifthedensity
ofseawateris1.03g/cm3 andgis10N/kg,determinethetotal
pressureonhim.(Takeatmosphericpressurepa=103000N/m2).

Totalpressure=hρg+Pa

=18m×1030 ×10 +103000N/
kg

m
3

N

kg
m

2

=288400N/m
2

MeasurementofPressure

1) U-TubeMonometer

 Itisusedtomeasuregaspressure.

 Itconsistsofu-tubefilledwithsuitableliquidtosome
level.

 Consideru-tubemanometerbelow inwhichonelimbis
connectedtogassupply.

 AandBareatthesamehorizontallevelandtherefore
pressureatAisequaltopressureatB.

2) Thediagram below show amercurymanometer.Somedry
gas is presentin the closed space.Ifthe atmospheric
pressureis105000N/m2anddensityofmercury13600kg/m3,
determinepressureofthegas(takeg=10N/kg).

o hρg+ =PaPg

o 0.25m×13600 ×10 + =105000N/
kg

m
3

N

kg
Pg m

2

o 34000N/ + =105000N/m
2

Pg m
2

o =105000 -34000Pg
N

m
2

N

m
2

o =71000N/m
2
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 PressureatAisduetothegas,pgwhilepressureatBis
duetothecolumnofliquidandatmosphericpressure.

PressureatA, =P
A

PressureatB,P
B

=hρg+Pg Pa

 Whereρisthedensityofliquidintheu-tube.

Examples

1) Theheight,hofawatermanometeris20cm whenusedto
measurepressureofagas.

a) Determinethepressureduetogas,Ifatmosphericpressureis
103000N/m2

.

o =hρg+PaPg

o =0.20m×1000kg/ ×10N/kg+103000N/m
3

m
2

o =105000N/m
2

b) Whatwouldbetheheightiftheliquidusedisglycerinofdensity
1.26g/cm3

o =hρg+PaPg

o 105000 =h×1260kg/ ×10N/kg+103000N/
N

m
2 m

3
m

2

o 105000N/ =12600N/ ×h+103000N/m
2

m
3

m
2

o 2000N/ =12600N/ ×hm
2

m
3

h= =0.16m
2000N/m

2

12600N/m
3

2) MercuryBarometer

 Itisusedtomeasureatmosphericpressure.

 Itemploysthefactthatatmosphericpressuresupports
acolumnofliquidinatube.

ConstructionofMercuryBarometer

 Itismadeofathick-walledglasstubeofabout1m long
sealedatoneend.

 Thetubeisthenfilledcarefullywithmercurytothetop.

 Anybubblesofairinthetubeareremovedbyclosing
theopenendandinvertingthetubeseverally.

 Thetubeistheninvertedintoadishfilledwithmercury.

 Mercuryispreferredintheconstructionofbarometerto
otherliquidsbecauseitsveryhighdensity.
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UsingMercuryBarometer

 Theheighth,ofthemercurycolumnisthemeasureof
atmosphericpressure.

 Thecolumnofmercuryh,atsealevelis76cmHg.InSI
unititis:

=hρgPa

0.76m×13600kg/ ×10N/kg=103360N/m
3

m
2

 The atmospheric pressure atsea levelis called one
atmosphereorstandardatmosphericpressure(76cmHg
or103360N/m2)

Examples

1) Astudentinaplacewherethemercurybarometerreads75cm
wantedtomakeanalcoholbarometer.Ifalcoholhasadensity
of800kg/m3,whatistheminimum lengthofthetubethatcould
beused?

g= g=hPa Hg
ρHg h

al
ρ
al

0.75m×13600kg/ ×10N/kg= ×800kg/ ×10N/kgm
3 h

al
m

3

= =12.75mh
al

10200

8000

2) Thebarometricheightinatownis70cm mercury.Giventhat
thestandardatmosphericpressureis76cm mercuryandthe
densityofmercuryis13600kg/m3,determinethealtitudeofthe
town.(Densityofairis1.25kg/m3).

(Note:Standardpressurereferstotheatmosphericpressureat
sealevel).

Pdifference=Patsealevel-Pattown

- )× ×g= × ×g(hHgslhHgtn ρHg h
air

ρ
air

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

air
m

3

= =652.8m(Thisisthealtitudeofthetown)h
air

8160

12.50

3) Thefigurebelowshowsapersonsuckingwaterusingastraw.
Explainhowsuckingismadepossible.

When one sucks pressure inside the straw reduces below the
atmosphericpressure.Thepressuredifferencecauseswatertogo

Siphon

 Siphonisusedtotransferliquidfrom onecontainerto
another.

 Theuseofsiphontotransferliquidduetopressure
differenceiscalledsiphoning.Considerthesiphoning
arrangementshownbelow.

 PressureatA isequaltopressureatBanditisthe
atmosphericpressure,Pa

 PressureatcisequaltopressureatBpluspressure
duetowatercolumn,h,i.e. = +hρgP

C
P
B

 PressuredifferencebetweenBandC(i.e. - =hρg)P
C
P
B

is whatmakes the liquid to flow from the upper
containertothelowerone.

ConditionsunderwhichSiphonWorks

a) Thetubemustbefilledwiththeliquidfirst.Thiscreates
apressuredifference.

b) Theremustbeadifferenceinlevelsofliquidinthetwo
containers.

c) The end ofthe tube mustremain below the liquid
surfaceoftheuppercontainer.

Example

Thefigurebelowshowshowtoemptywaterfrom alargetankinto
alowlyingtankusingrubbertubing.
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intothestrawandriseuptothemouth.

TestingtheVacuum intheBarometer

 Thevacuum istestedbytiltingthetube.Ifthetubeisfully
filledthenthespaceisavacuum butifthetubeisnot
fullyfilledthenthespaceisnotavacuum;ithassomeair
occupyingitandtherefore,thebarometerisfaulty.

a) Explain whythe tube mustbe filled with waterbefore the
emptyingprocessstarts.

TocreatepressuredifferencebetweenCandDthiswillleadto
continuousflowofwaterfrom theuppertanktothelowertank.

b) Soon after the tank begins to empty the lower end is
momentarilyblockedbyplacingafingeratendD.

I. DeterminepressuredifferencebetweenpointAandD.

o =hρgP
AD

o =2m×1000 ×10P
AD

kg

m
3

N

kg

o =20000P
AD

N/m
2

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

o = +hρgP
D

P
atm

o =100000 +20000P
D

N

m
2

N

m

2

o =120000Nm
-2

ApplicationsofPressureinLiquidsandGases

2) TheBicyclePump

 Theleatherwasheractsasbothavalveandpiston
insidethepumpbarrel.

 Whenthepumphandleisdrawnoutasshown,airinthe
barrelexpands and its pressure reduces below the
atmosphericpressure.Airfrom outsidethepumpthen
flowspasttheleatherwasherintothebarrel.Atthe
sametime,thehigherairpressureinthetyreclosesthe
tyrevalve.

 Whenthepumphandleispushedin,theairisforced
intothetyrethroughthetyrevalvewhichnowopens.

Note:Thereisanincreaseintemperatureofthepump
barrelduringpumpingthisisbecauseoftheworkdone
incompressingair.

3) TheLiftPump
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1) ASyringe

 When thepiston ispulled upwards(during upstroke),
spaceiscreatedinthebarrelthusloweringthepressure
inside below atmospheric pressure. The higher
atmosphericpressureactingontheliquidpushesthe
liquidintothebarrel.

 During a down stroke,the pressure inside increases
aboveatmosphericpressureandtheliquidisexpelled
from thebarrel.

 Tostartthepump,waterispouredontopofthepiston
sothatgoodairtightsealismaderoundthepistonand
invalvePthepumpisoperatedbymeansofalever

Upstroke

 Whentheplungermovesupduringtheupstroke,valveR
closesduetoitsweightandpressureofwateraboveit.
Atthe same time,airabove valve expandsand its
pressure reduces below atmospheric pressure.The
atmosphericpressureonthewaterinthewellbelow
thuspusheswateruptopastvalveintothebarrel.

 The plungeris moved up and downhillthe space
betweenRandSisfilledwithwater.

Downstroke

 Duringdownstroke,valveSclosesduetoitsweightand
pressureofwateraboveit.
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LimitationsoftheLiftPump

 Inpractical,thepossibleheightofwaterthatcanbe
raisedbythispumpislessthan10m becauseof

i)Low atmosphericpressureinplaceshigh
abovesealevel,

ii)Leakageatthevalvesandpistons

4) TheForcePump

Thispumpisusedtoraisewatertoheightsofmorethan
10m.

Upstroke

 Duringupstroke,airabovethevalveFexpandsandits
pressure reduces below atmospheric pressure.The
atmosphericpressureonwaterinthewellpusheswater
uppastvalveFintothebarrel.PressureabovevalveGis
atmospheric.Hence,thisvalvedoesnotopen in this
stroke.

Downstroke

 Duringthedownstroke,thevalveFcloses.Increasein
pressureduetowaterinthebarrelopensvalveG and
forceswaterintochamberSsothataswaterfillsthe
chamber,airistrappedandcompressedattheupper
part.Duringthenextupstroke,valveG closesandthe
compressedairexpandsensuringacontinuousflow.

AdvantageofForcePumpovertheliftpump

a) Itenablesacontinuousflowofwater.

Exerciseonapplicationsofpressure

(a) Thefigurebelowshowsaliftpump

Explainwhy,whenthepistonis;

(b)Pulledupwards,valveAopenswhilevalveBcloses.

(c) Pusheddownwards,valveAcloseswhilevalveBopens

(d)Afterseveralstrokes,waterrisesabovethepistonasshown
below.

Statehowwaterisremovedfrom thecylinderthroughthespout.

(e) Aliftpumpcanliftwateruptoamaximum heightof10m.
determinethemaximum heighttowhichthepumpcanraise
paraffin.(takedensityofparaffinas800kgm-3anddensityof
wateras1000kgm-3)

(f) Stateonefactorthatdeterminestheheighttowhichaforce
pumpcanliftwater.
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b) Theheighttowhichitcanraisedoesnotdependon
atmospheric.

FactorsAffectingWorkingoftheForcePump

a) Amountofforceappliedduringthedownstroke.

 Abilityofthepumpanditsworkingpartstowithstand
pressureofthecolumnofwaterinchamberc.
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RevisionExercise

1. Apistonwhosediameteris1.4m ispushedintoacylinder
containingafluid,Ifthepressureproducedinthecylinderis4.0
x105pa,Calculatetheforceappliedonthepiston.

2. Anoctopusisrestingintheocean.Iftheoctopusisatadepth
of47m inseawhosewaterhasadensityof1200kg/m3,
calculatethepressureexperiencedbytheoctopus(Take
atmosphericpressure=1.0125x105Pa)

3. Explainwhyifairgetsinthebrakesystem wouldreducethe
efficiencyofthebrakes.(2marks)

4. Aconcreteblockofmass50kgrestsonthesurfaceofthetable
asshownbelow.

Whatisthemaximum pressurethatcanbeexertedonthe
benchbytheblock?

5. Aholeofarea4.0cm²atthebottom ofatank5m deepisclosed
withacork.Determinetheforceonthecorkwhenthetankis
filledwithwater. (Takeg=10ms̄²anddensityofwater=
1000kgm ³̄).

6. A measuringcylinderofheight25cm isfilledtoaheightof
15cm with waterand the restis occupied by kerosene.
Determinethepressureactingonitsbase(densityofwater=
1gcm ³̄density ofkerosene = 0.8gcm ³̄and atmospheric
pressure=103,000pa).

7. State one advantage ofhydraulic brakes overmechanical
brakes.

8. Explainwhyaladywearingsharpheeledshoesisnotlikelyto
skidonaslipperymuddyroad.

9. Why does atmospheric pressure decrease towards higher
altitude?

10. ShowthatPressureinfluidsisgivenby P=hρg

11.Giveareasonwhynosebleedingislikelytooccuratthetopofa
mountain.

12. Ablockofglassofdensity2.5g/cm3hasdimensions8cm by
10cm by15cm.Itisplacedononeofitsfacesonahorizontal
surface.Calculate:-

a) Theweightoftheblock

15.Thefigurebelowshowsahydraulicpress

Thetwopistonsareofareas10mm2and20mm2respectively.A
forceof100Nisappliedonthesmallerpiston,findtheloadthat
canbeliftedonthelargerpistonif:

a. Thepistonhasnegligibleweightandnofrictionalforces
exist.

b. Thepistonshavenegligibleweightandfrictional10Nand
40Nrespectively.

Thesmallerpistonhastheweight5Nthelargerpistonhasa
weightof10Nandthefrictionalforcesarenegligible.
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b) Thegreatestpressureitcanexertonthehorizontal
surface.

c) The leastpressure itcan exerton the horizontal
surface.

13.Thereadingofamercurybarometeris75.58cm atthebaseof
amountainand66.37cm atthesummit.Calculatetheheightof
themountain(Densityofmercury=13.6g/m3 anddensityof
air=1.25kg/m3

14.Inahydraulicbrake,themasterpistonhasanareaof4mm2and
thewheelpistoneachhasanareaof4cm2.Findtheforces
appliedtothewheelwhenaforceof10N isappliedonthe
masterpiston.
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ChapterFive PARTICULATENATUREOFMATTER

Introduction

 Matterisanythingthatoccupiesspaceandhasmass.

 Matterisnotcontinuousbutitismadeupofeverytiny
particleshenceparticipatenatureofmatter.

 Particulate nature of matter therefore refers to the
existenceofmatterinverytinyparticles.

ExperimenttodemonstratethatMatterismadeupofTiny
Particles

i) UseofaPieceofPaper

 Apieceofpapercanbecutcontinuouslyuntilwhenthe
smallpiecescannotbecutintopiecesanyfurther.This
suggeststhatthesheetofpaperismadeoftinypiecesof
paper.Hencematterismadeupoftinyparticles.

ii) DilutingPotassium PermanganateSolution

 Theprocessofdilutingpurplepotassium manganese(VII)
cancontinueuntilthesolutionappearscolorless.

 This suggests that the particles of potassium
permanganatearespreadevenlyinwaterandeachdilution
processspreadthem further.Thisisaproofthatmatteris
madeupoftinyparticleswhichcanbeseparated.

Explainwhyitispossibleto dissolvesugarinwaterwithoutany
noticeableincreasesinvolumeofwater.Thesugarparticlesoccupy
thesmallintermolecularspacesofwatermolecules.Thisbehaviourof
sugarsuggeststhatmatterismadeupofverytinyparticles.

Brownianmotion

 Brownianmotionreferstotherandom movementofliquid
andgasparticles.

ToDemonstrateBrownianmotioninLiquids

 Considerthe set-up alongside in which chalk dustis
sprinkledonthesurfaceofwaterinthebeakerandthe
beakercoveredusingatransparentlid.Thebehaviourof
chalkdustisthenobservedwiththehelpofahandlensas
shownbelow.

 Thechalkdustisobservedtobeinconstantrandom
motion.Thisisdueto thecontinuouscollision of
chalkdustparticleswiththewatermoleculeswhich
areincontinuousrandom motion.

ToDemonstrateBrownianmotioninGases(TheSmoke
CellExperiment)

 Consider the set up below for the smoke cell
experiment.

 Note:Thesmokeisintroducedintothesmokecellby
burningthestrawandlettingthesmokefillthesmoke
cellfrom theotherend.Smokeisusedherebecause
smokeparticlesarelightandbright.

 Theconverginglensisusedtofocus/concentrate
converge the light to the smoke cell thereby
illuminatingthesmoke.Themicroscopeassiststhe
observerseetheilluminatedsmokeparticlesclearly.

 Thebrightspecksareobservedmovingrandomlyin
the smoke cell.The brightspecksare the smoke
particleswhichscatter/reflectlightshiningonthem.
Theymoverandomlyduetocontinuouscollisionwith
invisibleairparticleswhichareincontinuousrandom
motion.
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TheKineticTheoryofMatter

 TheaboveexperimentsonBrownianmotionconstitutethe
kinetictheoryofmatterwhichstatesthatmatterismade
upoftinyparticleswhichareincontinuousrandom motion.

ArrangementofParticlesinMatter

Solids

 Particles are closely packed togetherin an organized
mannerandinfixedposition.

 Particlesinsoliddonotmoverandomlybutinsteadvibrate
abouttheirfixedpositions(vibratorymotion)becauseof
very strong intermolecularforce (cohesive force).This
explainswhysolidshavefixedvolumeanddefiniteshape.

Liquids

 Particlesinliquidsarenotcloselyfixedasinsolidsbut
moveaboutrandomly(Brownianmotion).Thisisbecause
theintermolecularforcesinliquidsareweakerthanthose
insolids.

 Thesamereasonexplainswhyliquidshavenofixedshape
butassumetheshapeofthecontainer.

 Theintermolecularforceinliquidsisstrongerthaningases
areasonastowhyliquidshavefixedvolumebutgases
don’t.

Gases

 Particlesingasesarefurtherapartandhaveanincreased
random motioncomparedtoliquidparticles.

 This is because ofveryweak intermolecularforces in
gasesparticlesascomparedtoliquidsandsolids.The
samereasonexplainswhygaseshavenodefiniteshape

Example

Usingablockdiagram andcorrectterminologyshow how one
stateofmatterchangestotheotherwhenthetemperatureis
changed.Defineallterminologiesused.

i) Melting-istheprocessbywhichasolidchangestoa
liquidatfixedtemperature.

ii) Evaporation -istheprocessbywhichaliquid
changestoagasatanytemperature.

iii) Condensation -istheprocessbywhichagaschanges
toaliquidatfixedtemperature.

iv) Freezing -istheprocessbywhichaliquid
changestoasolidatfixedtemperature.

v) Sublimation -istheprocessbywhichasolidchanges
togasdirectlywithoutpassingtheliquidstate.

vi) Deposition -istheprocessbywhichagaschanges
tosoliddirectlywithoutpassingtheliquidstate.

Diffusion

 Diffusion refers to the process bywhich particles
spreadfrom regionofhighconcentrationtoaregion
oflowconcentration.Noticeablediffusiontakesplace
inliquidsandgasesduetotheircontinuousrandom
motion.

DemonstratingDiffusioninLiquids

 Consider the set up below used to investigate
diffusioninliquids.Concentratedcopper(II)sulphate
(blueincolour)iscarefullyandslowlyintroducedinto
thebeakerthroughafunneltoobtaintwolayers.

 Aftersometime,itisobservedthattheboundary
betweenthetwoliquidsdisappearsanda
homogenouspalebluemixtureisobtained.Thisis
becausethereisagreaterrateofmovementofwater
particlesfrom thewaterlayertocopper(II)sulphate
layer.Atthesametimethereisgreatermovementof
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andvolume. copper(II)sulphateparticlesfrom thecopper(II)
sulphatelayertothewaterlayer.

 Note:Ifhotliquidsareused,formationofthemixture
willbefasterbecausetheparticlesmovefasterdueto
increasedkineticenergy.
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DemonstratingDiffusioninGases

 Consider the setup below used to demonstrate
diffusioningases

 Whenthecardboardisremovedandthetwojarspressed
together,itisobservedthatahomogenouspalebrown
mixtureformsinthetwojars.Thisisbecausebrominegas
spreadsintogasjarcontainingairatagreaterrate.Atthe
sametimeairspreadsintogasjarcontainingbromineata
greaterrate.

 Note:Diffusioningasesisfasterthaninliquidsbecause:

(a)Gaseshavelowdensity.

(b)Gaseshavehighkineticenergy.

(c)Gasesveryweakcohesiveforces.

RatesofDiffusionofGases

 Differentgaseshavedifferentratesofdiffusiondepending
ontheirdensityorrelativemasses.

 A gas with a higherdensityhas heavierparticles and
thereforeitsrateofdiffusionislowerthanthegaswith
lowerdensity.

Example

 Inthefigurebelow,ammoniagasandhydrochloricacidgasdiffuse
andreact.

(a) Stateandexplaintheobservationmadeaftersometime.

(b)Onthediagram,showtheobservation

(c) Iftheexperimentwasperformedatahightemperaturewill
youexpectittotakelongerorshortertimetoform white
deposit?Explain.

Shortertime.Thisisbecauseanincreaseintemperature
increasesthekineticenergyoftheparticlesofthegases

andhenceincreasedrateofdiffusionofthegases.

DiffusionthroughPorousMaterials

 Initially,hydrogengasdiffusesintotheporouspotsat
afasterratethanairdiffusingout.Asaresult,air
bubblesoutofwaterasshowninfigurei).

 Whenthegassupplyisstoppedhydrogengasdiffuse
outofthepotthroughthefineholesatafasterrate
thanairgetsbackintothepot.Thisdecreasesthegas
pressure in the potand as a resultthe higher
atmosphericpressureactingonthewatersurfacein
thebeakertopusheswaterupthetubeasinfigureii).

Note:Thebeakerisusedtoconfinethehydrogengas
aroundtheporouspot.Itisobviousthatairisdenser

thanhydrogengas.



isabokemicah@gmail.com

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

 A white deposit is formed near the cotton woolsoaked in
concentratedinhydrochloricacid.Theammoniagasislessdense
andhaslightparticlesthusitwilldiffusefasterthanthehydrochloric
gaswhichisdense.
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RevisionExercise

1. Whatismatter?

2. Withtheaidofadiagram,describeanexperimentthatyouwould
usetoshowthatmatterismadeupoftinyparticles.

3. Duringaclassdiscussion,EmmanuelobservedthatBrownian
motionwasonlyexhibitedbysmallparticles.

(a) Isthisobservationcorrect?

(b)Explainyouranswerin(a)above.

4. Statethekinetictheoryofmatter.

5. Distinguishbetweenthethreestatesofmatterintermsofthe
intermolecularforces.

6. Whatfactordeterminesthestateofmatter?

7. Explainwhysolidsarenotcompressiblewhilegasesare.

8. DefineBrownianmotion.

9. DuringBrownianmotionexperiment,thesmokeparticlesmustbe
smallandlight.Explainwhyitisnecessarythattheparticlesbe
light.

10.Smokeisintroducedintosmokecellwhichisthenviewedundera
microscope.

(a) Whatdoyouobservethroughthemicroscope?

(b)Whatconclusioncanbedrawnfrom thisobservation?

11.TemperatureaffectsBrownianmotion.Explain.

12.Lycopodium powderislightlysprinkledonacleanwatersurface
inalargetray.Aredhotneedleisplungedintothecentreofthe
watersurface.Stateandexplainwhatisobserved.

13. Definediffusion.

14.Describeanexperimenttodemonstratetheprocessofdiffusion
in;

(i) Liquids

(ii) Gases.

15.Nameandexplainthefactorsthataffecttherateofdiffusionin
gases.
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ChapterSix THERMALEXPANSION

Definition

 Thermalexpansionreferstoincreaseinvolumeofabody
whenheated.

Temperature

 Temperatureisthedegree(extent)ofhotnessorcoldness
ofabodyonsomechosenscale.

 Temperatureismeasuredusingathermometeranditisa
basicquantitywhoseSIunitistheKelvin.

 DegreeCelsius(0C)isanotherunitinwhichtemperatures
canbemeasured.

 Temperatureisascalarquantity.

Thermometers

 A thermometer is an instrument used to measure
temperature.Therearemanytypesofthermometers,each
designedforaspecificuse.

Liquid-in-GlassThermometer(CommonThermometer)

 The liquid commonly used in a liquid – in – glass
thermometerismercury.Alcoholcanalsobeused.

 Note:Aliquidusedinthermometeriscommonlyknownas
thermometricliquid.

FeaturesofaLiquid–In–GlassThermometer

(a)
ABulb

 Contains the thermometric liquid.Itis thin walled to
increasesensitivityofthethermometer(i.e.allow quick
transferofheat).

(b)CapillaryBore

 Itallows the liquid in the bulb to rise and fallwhen
temperaturechanges.

 Ithasasmalldiametertoincreaseitsaccuracysothata

ThermometricLiquids

 Theyinclude:

a) Mercury

b) Alcohol

c) Oilofcreosote

PropertiesofaGoodThermometricLiquid

a) Itshouldnotwetglass.

b) Itshouldexpanduniformly(regularly).

c) Itshouldbeagoodconductorofheat.

d) Itshouldbevisible.

e) Itshouldhavehighboilingpoint.

f) Itshouldhavelowfreezingpoint.

 Note:Watercannotbeusedasathermometerliquid
because:

(a)Itwetsglass,

(b)Itexpandsirregularly(anomalously),

(c)Itisabadconductorofheat,

(d)Itisinvisible(colourless),

(e)Ithasarelativelyhighfreezingpoint.

Comparison between Mercury and Alcohol as
ThermometricLiquids

Mercury Alcohol

Ithas a high boiling

point(3570C).

Ithasalowboilingpoint

(780C).

Ithasarelativelyhigher

meltingpoint(–390C).

It has a low melting

point(-1150C).

Itis a good thermal

conductor.

It is a poor thermal

conductor.

Itexpandsregularly. Itsexpansionisslightly

irregular.
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smallchangeintemperaturecaneasilybemeasured.

(c)GlassStem

 Itismadeupofthickglasstostrengthenthethermometer
andthereforeprotecttheliquidinside.

 Thickglassalsoactsasamagnifyingglasstomagnifythe
liquidthread.

Itdoesnotwetglass. Itwetsglass.

Itisopaqueandsilvery. It is transparent and

therefore has to be

coloured to make it

visible.

 Notes

I. Alcoholthermometeristhebestforuseinverycold
conditionsbecauseitsfreezingpointisverylow (-
1150c) but cannot be used in a very high
temperaturebecauseitsboilingpointisrelatively
low(780C).

II. Mercury thermometers is bestforuse in high
temperature because ofits high boiling points
(3570c)butcannotbeusedinverylowtemperature
becauseithasarelativelyhigh freezing point(-
390c).



isabokemicah@gmail.com

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

CalibratingLiquid-in–GlassThermometer

 Athermometerhastwomainfixedpoints:

I. Theupperfixedpoint(1000c)

II. Thelowerfixedpoint(0c)

 Theupperfixedpointismarkedbyputtingthebulbofthe
thermometer in steam of water boiling at standard
atmosphericpressureof76cmHg.

 Thelowerfixedpointismarkedbyputtingthebulbofthe
thermometerinpuremeltingice.

 Therangebetweenupperfixedpointandlowerfixedpoint
issubdividedintoequaldivisionsof10Ceach.

The Celsius (Centigrade) and Kelvin (Thermodynamic
Temperature)Scale

 TheCelsiusscalehasfixedpointsat00Cand1000Cwhile
theKelvinscalehasfixedpointsat273Kforpuremelting
iceand373Kforsteam orpureboilingwateratstandard
atmosphericpressure.

 TemperatureonCelsiusscaleandKelvinscalearerelated
by:T =θ +273.(K) (℃)

AbsoluteZeroTemperature

 ThisisthelowesttemperatureonKelvinscaleinwhichthe
energyoftheparticlesinamaterialiszero.

 ItsvalueiszeroKelvin(-2730C).

1) Anuncalibratedmercurythermometerisattachedtoacm
scalewhichreads14cm inpuremeltingiceand30cm in
steam.Ifitreads10cm infreezingmixture,whatisthe
temperatureofthefreezingmixture?

o Inmeltingice,14cmcorrespondsto C0
0

o Insteam,30cm Ccorrespondsto100
0

o ∴ C- Ccorrespondsto30cm-14cm100
0

0
0

o Ccorresponds16cmlength100
0

o 1cmcorrespondsto = C
1cm× C100

0

16cm
6.25

0

o Temperatureofthefreezingmixtureis:

C+(10-14)× C= C0
0

6.25
0

-25
0

2) Afaultythermometerreads18℃ aticepointand80℃ at
steam point.Determinethecorrecttemperaturewhen it
reads60℃.

o Aticepoint, Ccorrespondstoactually C18
0

0
0

o Atsteampoint, Ccorrespondstoactually C80
0

100
0

o ( C- C)correspondstoactually( C- C)80
0

18
0

100
0

0
0

o Cfaultycorrespondstoactually C62
0

100
0

o Cfaultycorrespondstoactually = C1
0 C× C1

0
100

0

C62
0 1.6

0

o Correcttemperaturewhenfaultyonereads Cis:60
0

0℃+ ×1.6℃=67.2℃(60-18)

Exercise

1) Afaultymercurythermometerreads15℃whendippedinto
meltingiceand95℃wheninsteam atnormalatmospheric
pressure.Whatwouldthisthermometerreadwhendipped
intoaliquidat25℃

2) When marking the fixed points on a thermometeritis
observedthatat0℃ themercurythreadisoflength2cmExamples
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3) Converteachofthefollowingfrom CelsiustoKelvin(Hint:use
T =θ +273.)(K) (℃)

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) Converteach ofthe following from Kelvin to 0C (Hint:use
θ =T -273.)(℃) (K)

a) 0K

θ=0-273= C-273
0

b) 167K

θ=167-273= C-106
0

c) 283K

θ=283-273=10℃

d) 3450K

θ=3450-273=3177℃

and9cm at100℃.Whattemperaturewouldcorrespondtoa
lengthof4cm?

ClinicalThermometer

 Itisaspecialtypeofthermometerusedformeasuring
humanbodytemperaturewhosetemperaturerangeis
about350C-430C.

 Thetubehasaconstrictionwhichbreaksthemercury
threadfortemperaturereadingtobetaken.

 Afterthethermometerhasbeenreadthemercuryis
returnedtobulbbyalightlyshakingthethermometer.

 Methylatedspiritisusedtosterilizethethermometer
afteruse.

 Note:clinicalthermometercannotbe sterilized by
boilingwaterbecauseitwillbreaksincetheboiling
pointofwaterisfarabovethetemperaturerangeof
thethermometer.
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Six’sMaximum andMinimum Thermometer

 Thisthermometerrecordsthemaximum and minimum
temperaturereachedinaplaceduringaspecifiedperiodof
time,sayaday.

ModeofOperationoftheSix’sThermometer

 Whentemperaturerises,thealcoholinbulbRexpandsand
pushesthemercuryuptherightlimboftheu-tube.The
mercurypushesindexYupwards.Thelowerendofthis
indexindicatesthemaximum temperaturereachedduring
thespecifiedperiod.

 Whentemperaturefalls,thealcoholinbulbRcontractsand
mercuryispulledback,risingupintheleftlimb.Theindex
X is therefore pushed upwards.During contraction of
alcohol,theindexYisleftbehindinthealcoholbythe
fallingmercury. Theminimum temperatureisreadfrom
thelowerendofindexX.

Toresetthethermometer,amagnetisusedtoreturnthe
steelindicestothemercurysurfaces.

ExpansionandContractionofSolids

 Whensolidsareheated theyexpand (increaseinsize/
volume)andwhencooledtheycontract(decreaseinsize/
volume). Massofthesolid doesnotchangewhen it
contractsorexpands.

 Densityofthesolidincreaseswhenthebodyiscooled
(becausevolumedecreases)anditdecreaseswhenthe
bodyisheated(becausevolumeincreases).

Observation:Whentheballisheated,itdoesnotpass
throughtheringbutwhenitisleftontheringfor
sometimes itpasses through.Explanation:When
heated,theballexpandsandsocannotgothroughthe
ring.Whenitisleftontheringforsometimethe
temperature of the balldecreases and the ball
contracts.Atthesametimetheringabsorbssome
heatfrom theballitstemperatureincreasesandsoit
expandsallowingtheballtopassthrough.

2. TheBarandGaugeExperiment

Question

Inthefigurebelow,atroom temperature,thebarfitsintothe
gauge.

(a) Explainwhatwouldhappenwhenthebarisheatedandyou
trytofititinthegauge.

Thebardoesnotfitintothegaugebecauseitexpandswhen
heated.

(b)Consideracasewherethebarisslightlybiggerthanthe
gaugeatroom temperature.Explainwhatyouwilldoto
makethebarfitintothegauge.

Heatthegaugesothatitexpandsandthebarwillfit.

ComparingExpansionandContractionofDifferentMetals



isabokemicah@gmail.com

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

Experimentsto DemonstrateExpansion and Contraction of
Solids

1. TheBallandRingExperiment

 Theballandringexperimentapparatusareasshowninthe
figurebelow.Theballjustpassesthroughtheringatroom
temperatureandpressure.

Question

Anexperimentwassettocomparetheexpansionofdifferent
metalsasshownbelow.

(a) Explainhowtheexperimentworks

o When the metalbaris heated itexpands and pushes the
pivotedpointerandthereadingistakenonthescale.Metal
barsofthesamesizemadeofdifferentmaterialsareattached
totheclamponeatatimeandheatedforthesamelengthof
time.Thereadingsonthescalearerecordedandcompared.

(b)Whatprecautionsshouldbetakentoensurefairresult

i) Themetalsshouldbeofsamelengthanddiameter.

ii) Themetalsshouldbeheatedusingsameburner.

Themetalshouldbeheatedforsamelengthoftime.

LinearExpansivity

 Linearexpansivityisthetendencyofamaterialtoexpand

Example

Thefigurebelowshowsabimetallicstripataroom temperature
(250C)

i) Draw thesamebimetallicstripwhenat900c.Explain
theobservation.

When temperature increases above room temperature
aluminum expandsatafasterratethancopper.
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when heated.Differentmaterials have differentlinear
expansivities meaning thattheirrates ofexpansion or
contractionarenotthesameexceptafewmaterials.

 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.Themetalwhichexpandsata
higherratewhenheatedcontractsfasterwhencooled.

 Considerabimetallicstripmadeofironandbrassatroom
temperatureandpressureinfigure(a)below.Brasshasa
higherlinearexpansivitythanironandthereforeexpandsat
a fasterratethan iron.When thestrip isheated to a
temperature greaterthan room temperature itbends
towardsironasshowninfigure(b)andwhenthestripis
cooled,itbendstowardsbrassasshown in figure(c)
below.

ii) Draw thebimetallicstripwhenat-250C.Explainthe
observation.

When temperature decreases below room temperature
aluminum contractsatafasterratethancopper.

ApplicationsofExpansionandContractionofSolids

1) ExpansionjointsinSteam Pipes

 Pipes carrying steam are fitted with loops or
expansionjointstoallowforexpansionwhensteam is
passingthroughthem andcontractionwhentheyare
cooled.Withoutthelooptheforceofexpansionand
contractionwillcausebreakageofthepipes.
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2. FixingofRailwayLine

 Railwaylinesareconstructedinsectionswithexpansion
gapsandthesectionsheldtogetherbyfishplates.Thebolt
holesintherailsareovaltoallow freeexpansionand
contractionofrailsastheboltsmovefreelyintheholes.

 A modern method of allowing for expansion and
contractioninrailwaysistoplaneslanttherailssothat
theyoverlap.

3. FixingofSteelBridges

 Inbridgesmadeofsteelgirders,oneendisfixedandthe
otherendplacedonrollerstoallow forexpansionand
contraction.

4. Rivets

 Thickmetalplatesinshipsandotherstructuresarejoined
togetherbymeansofrivets.Arivetisfittedwhenhotand
thenhammeredflat.Oncoolingitcontractspullingthetwo
platesfirmlytogether.

5. InstallationofTelephone/ElectricWires

 They are loosely fixed to allow for contraction.
Telephoneorelectricwiresappeartobeshorterand
tautinthemorning.Whenitishot,thewiresappear
longerandslackened.

6. TheBimetallicMetalApplication

 Oneofthemostcommonapplicationofabimetallic
stripisintheinthethermostat.A thermostatisa
device formaintaining a steady temperature.The
thermostatshownbelow isusedforcontrollingthe
temperature of an iron box.A heatercircuitis
connectedthroughtheelectricalterminals.

 Iftheironboxbecomestoohotthebimetallicstrip
bends curving awayfrom the lowercontact.This
breaks the contacts and switches offthe heater.
Whenitcools,thebimetallicstripbendsclosingupthe
gapbetweenthecontactsandtheheaterisswitched
onagain.

 Iftheironboxisrequiredtobeveryhot(i.e.high
temperature),thesettingknobisadjustedtopushthe
metalKsuchthatthecontactsaretighttogether.For
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lowtemperaturerangetheadjustingknobisreleased
sothatthepositionKislowered.

 Thermostatisalsousedtocontrolthetemperatureof
electriccookers,electricheatersforwarmingrooms,
andfridges.

ExpansionandContractionofLiquids

ToDemonstrateExpansionofLiquids

 Considerthe flask below filled with colored wateras
shownbelow.

 Whentheflaskisheateditisobservedthatwaterinthe
glasstubefallsslightlyandthenstartsrising.

 Theinitialfallofthewaterlevelinthetubeisdueto
expansionoftheflaskwhichgetsheatedfirst.Thewater
startsexpandingwhenheatfinallyreachesitanditrisesup
thetubesinceliquidsexpandfasterthansolids.

EffectsofAnomalousExpansionofWater

1) SupportAquaticLifeinPolarCountriesDuringWinter

 Duringwinterwaterfreezersintoice.Icebeingless
densethanwaterfloatsonwater.Sinceiceisapoor
conductorofheat,itinsulatesthewaterbelowagainst
heatlosstoairaboveit.

2) Anomalousexpansionofwaterleadstoformationof
icebagswhichposeagreatdangertoships.
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 Note:Differentliquidsexpanddifferently(i.e.theyhave
differentratesofexpansion)

 Iftheaboveexperimentwasrepeatedusingalcoholand
thenmethylatedspiritforthesamelengthoftimeand
using same heater,it would have been noted that
methylatedspiritexpandsmostfollowedbyalcoholand
finallywater.

AnomalousExpansionofWater

 Anomalousexpansionofwaterisdefinedastheunusual
behaviorofwaterinwhichitcontractswhenheatedand
expandswhencooledbetween0and40C.

 Considerheatingicefrom -80Cuntilitchangestowater
anditstemperatureincreasesto80C.A plotofvolume
versestemperatureforthewaterisasinfigure(a)while
densityversestemperatureisasinfigure(b)below.

3) Itcauses weathering ofrocks since when water
trappedinfreezes;itexpandsthusbreakingrocksinto
smallpieces.

4) Itcausesburstingofwaterpipeswhenwaterfreezers
inthem.

ExpansionofGases

ExperimenttoDemonstrateExpansionandContractionof
Gases

 Considerthe setup below which can be used to
demonstrateexpansionandcontractionofgases.
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 Whentheflaskiswarmed,itisobservedthatthelevelof
watercolumninsidetheglasstubedropsindicatingthat
theairhasexpanded.Whentheflaskiswarmedfurther,
somebubblesareseenattheendofthetubeinwateras
airescapesfrom theflask.

 Whentheflaskiscooled,waterlevelisobservedtoriseup
theglasstubebecausetheairinsidetheflaskcontractsto
createspace.

Examples

1) Thefigurebelow showsabeam balancemadeoutofconcrete
andreinforcedwithsteel

Useadiagram toexplainthebehaviouroftheshapeofthebeam
whenheatedup.

Thebeam expandslinearly.Thebeam remainsstraightbutlonger
thanbeforeheating.Bothconcreteandsteelhavesameratesof
expansion.Theirvalueoflinearexpansivityis11x10-6K

2) Statetwoliquidswhichareusedinthermometer.Alcoholand
Mercury.

3) Withareason,statewhichofthetwoliquidsin3(a)aboveis
usedtomeasuretemperatureinareaswheretemperaturesare:

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

(ii)1500C,mercury,becauseithasahighboilingpointof357oC,

4) Whatdoyouunderstandbythestatement‘lowerfixedpoint’ona
temperaturescale?
Thisisthetemperatureofpuremeltingiceatstandard/normal
atmosphericpressure;

5) Name two adaptations that can be made to a mercury
thermometertomakeitmoresensitive.
Usingathinwalledbulb Using a
narrowercapillarytube

6) Thefigurebelowshowsabimetallicstripmadeofbrassandiron.
A marbleisplacedatendA ofthebimetallicstripasshown
below:-

Stateandexplainwhatwillbeobservedwhenthebimetallicstripis
stronglycooled

7) Thefigurebelow representsabimetallicstripofmetalsX
andYatroom temperature

Thefigurebelowshowsitsshapewhendippedintocrushedice

Sketchadiagram inthespacegivenbelow toshow theshape
whenthestripisheatedtoatemperature abovetheroom
temperature

8) Giveareasonwhyaconcretebeam reinforcedwithsteel
doesnotcrackwhensubjectedtoChangesintemperature.
Bothconcreteandsteelhavesameratesofexpansion.

Theirvalueoflinearexpansivityis11x10-6K

9) Aquaticanimalsandplantsareobservedtosurviveinfrozen
ponds.Explainthisobservation.

Waterfreezesandtheiceformedfloatsinwaterbecause
itsdensityislessthanthatofwater,insulatingwaterbelow
it.Temperatures increases down the pond because of
anomalousexpansionofwater.
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Oncooling,thebrasscontractsmorethaniron,hencebecomeshorter
thanironandformsupwardscurve,makingthemarbletorolland
settleatthecentreofthecurve.
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RevisionExercise Explainhow riseintemperaturecausesthepointerto
moveinthedirectionshown.
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1. Onepropertyofaliquidthatisconsideredwhileconstructinga
liquidinglassthermometeristhattheliquidexpandsmorethan
theglassforthesametemperaturechange.Stateanyothertwo
propertiesoftheliquidsthatareconsidered.

2. Giveareasonwhyaconcretebeam reinforcedwithsteeldoes
notcrackwhensubjectedtochangeintemperature

3. Explainwhyaglasscontainerwiththickwallsismorelikelyto
crackthanonewithathinwallwhenaveryhotliquidispoured
intoit.

4. Figure below shows a circuit diagram for controlling the
temperatureofaroom.

i) Stateandexplainthepurposeofthebimetallicstrip.

ii) Describehowthecircuitcontrolsthetemperaturewhen
theswitchSisclosed.

5. Figurebelowshowsafirealarm circuit.

Explainhowthealarm functions

6. Figurebelowshowsabimetallicstripatroom temperature.Brass
expandsmorethaninvarwhenheatedequally.

Sketchthebimetallicstripafterbeingcooledseveraldegrees
belowroom temperature

7. Figurebelowshowsabimetallicthermometer.

9. Inthesetupshowninfigurebelow,itisobservedthatthe
levelofwaterinitiallydropsbeforestartingtorise.Explain.

10.Giveareasonwhywaterisnotsuitableliquidforuseina
thermometer.

11.Thetemperatureofwaterinameasuringcylinderislowered
from about200cto00c.Sketchagraphofvolumeagainst
temperatureassumingthatwaterdoesnotfreeze.

12.Figurebelow showsaflaskfilledwithwater.Theflaskis
fittedwithacorkthroughwhichatubeisinserted.Whenthe
flaskiscooledthewaterlevelrisesslightlyandthenfalls
steadily.Explain.

13.Aclinicalthermometerhasaconstrictionintheborejust
abovethebulb.Statetheuseofthisconstriction.

14.Figurebelow showsanaluminum tubetightlystuckina
steeltube.

Explainhowthetwotubescanbeseparatedbyapplying
atemperaturechangeatthesamejunctiongiventhat
aluminum expands more than steelforthe same
temperaturerise.
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8. Figurebelowshowsaflatbottomedflaskcontainingsomewater.
Itisheateddirectlywithaveryhotflame.Explainwhytheflaskis
likelytocrack.

15.Inanexperimenttoinvestigatetheunusualexpansionof
waterafixedmassofwaterat00C washeateduntilits
temperaturereached200C.Ontheaxisprovided,sketcha
graphofdensityagainsttemperatureofthewaterfrom 00c
to200C.

ChapterSeven HEATTRANSFER
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DefinitionofHeat

 Heatisaform ofenergywhichflowsfrom apointofhigher
temperaturetoanotherpointoflowtemperature.

DifferencesbetweenHeatandTemperature

HEAT TEMPERATURE

Form ofenergythatflows

due to temperature

difference.

Degree of hotness or

coldness of a body in

somechosenscale.

Theflow ofheatcannot

bemeasuredprecisely.

Can be measured

accurately using a

thermometer.

SIunitandjoules(J). SIunitisKelvin(k).

ModesofHeatTransfer

 There are three modes ofheattransfer: conduction,
convectionandradiation.

Conduction

 Conductionisthetransferofheatwithinanobjectwithout
themovementoftheobjectasawhole.

MechanismsofHeatConduction

(a)Vibrationofmolecules

(b)Throughfreeelectrons

ClassificationofMaterialsInTermsofConduction

 Materialscanbeclassifiedasgoodorpoorconductorsin
termsofheatconduction.

(a)GoodConductors

Goodconductorsarematerialsthatcanallow heattopass
throughthem e.g.

 Copper

 Silver

 Aluminium

 Brass

 Wood

 Air

 Water

 Rubber

 Plastic

 Glass

Example

Thefigurebelowshowspiecesofwoodandironofequallength
anddiametermaintainedincontactbyasheetofpaper.Aflame
is then passed over the paper several times.

Stateandexplaintheobservationmade:

Thepapergetsblackedontheregioncoveringthewoodenrod.
Thisisbecausewoodisapoorconductorofheatandtherefore
doesnotconductheatfrom thepaperandthereforethepaper
burns.Ironisagoodconductorofheatandconductsheataway
from thepaper.

FactorsAffectingThermalConductivity

1. NatureofMaterials

 Natureofmaterialmeanswhatthematerialismade
of.

 Considerthesetupbelow.

 Itisobservedthatthewaxattachedtocopperdrops
firstfollowedbythatonaluminum,ironleadandthat
ofwooddidnotdropsincewoodisapoorconductor.

Precautions
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 Mercury

 Iron

 Zinc

 Tin

 Leadetc.

(b)PoorConductors(Insulators)

 Thesearematerialswhichdonotreadilyallowheattopass
throughthem e.g.

(a)Rodsofsamediametertobeused.

(b)Rodsequallengthtobeused.

(c)Waxofthesamesizetobeused.
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2. The Thickness/Diameter/Cross Section Area ofthe
Conductor

 Considerthesetupbelow;

 Itisobservedthatthewaxonthethickerironroddrops
first.Thisisbecausemoreheatflowsthroughathicker
conductorperunittime.

 Therefore,conductivity of conductors increases with
thicknessoftheconductor.

Precautions

(a)Equaltimeofexposureoftherodstoheat.

(b)Equallengthandtypeofrodsused.

(c)Samesizeofwaxused.

(d)Rodsplacedatequaldistancesfrom theheatsource.

3. TemperatureDifference

 ConsiderthesetupsAandBbelow.

 ItisobservedthatwaxinsetupBdroppedfirstbecauseof
greatertemperaturedifferentthaninA.Therefore,heatis
transferredfasterwhentemperaturedifferenceisgreater.

Precautions

(a)Therodsofequaldiameterused.

(b)Rodsofequallengthused.

 Itis observed thatwax on rod B dropped first.
Therefore, thermal conductivity increases with
decreaseinlengthoftheconductor.

Precautions

(a)Rodsplacedatequaldistancefrom heatsource.

(b)Rodsofsamematerialused.

(c)Waxofthesamesizeused.

(d)Rodsofsamethicknessused.

Lagging

 Laggingreferstothecoveringofagoodconductorof
heatwithaninsulatingmaterialtoreduceheatloss
throughsurfaceeffects.

 Considerthesetupbelow;

 Plotsoftemperaturevariationfrom thehotendtothe
coldendwithlaggingandwithoutlaggingonsame
axeswillbeasfollows;

ApplicationsofLagging

 Ironpipescarryingsteam from boilersorsteam wells
arecoveredwiththickasbestosmaterialwhichisan
insulatortoreduceheatlossfrom steam.

ThermalconductivityInLiquids

 Liquidsaregenerallypoorconductorsofheat.
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(c)Waxofsamesizeused.

(d)Waxplacedatequaldistancefrom oneendoftherodin
eachcase.

(e)Rodsofsamematerialused.

5. LengthoftheConductor

 Considerthesetupbelow;
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ToDemonstratethatWaterisaPoorConductor

Experiment1

 Considerthesetupbelowfordemonstratingthatwateris
apoorconductorofheat.



 Aftersometimesitisobservedthatwateratthetopofthe
tubeboilswhiletheiceremainedunmelted.Waterisapoor
conductorofheat.Glassusedformakingtesttubeisalso
apoorconductorofheat.

Experiment2

 Anotherexperimentthancanbeusedtoshowthatwateris
apoorconductorofheatisasshownbelow.

 Itisobservedthatthewaxcoatingonbeakercontaining
mercurymeltedwhilethatonbeakercontainingwaterdid
notmelt.Thisisbecausemercuryisagoodconductorof
heatwhilewaterisapoorconductorheat.

ThermalConductivityinGases

 Gasesarepoorconductorsofheat.Thesetupbelowcan
beusedtosupportthisfact.

ApplicationsofGoodandPoorConductorsofHeat

(a)Cookingutensilsandboilersaremadeofmetalsthat
conductheatrapidlywhiletheirhandlesaremadeof
insulators(poorconductors).

(b)Modernbuildingsaremadeofdoublewallswithan
insulatorbetween thewallsto minimizeheatloss
from the house and therefore maintain stable
temperature.

(c)Firefightersputonsuitsmadeofasbestoswhichisa
poorconductorofheatto keep them safe while
puttingofffire.

(d)Birdsflaptheirwingsaftergettingwettointroduceair
pocketswithintheirfeathersthishelpstominimize
heatlossfrom theirbodies.

(e)In experiments involving heating liquids in glass
vessel.Thevesselisplacedonawiregaugebecause
thegaugeisagoodconductorofheatittherefore
spreadstheheattoalargeareaofthevessel.

Convection

 Convectionistheprocessbywhichheatistransferred
throughfluids.

ToDemonstrateConvectioninLiquids

Experiment1

 Considerthe diagram below in which potassium
permanganatecrystalisputatonecornerinabeaker
containingwaterandthebeakerheatedatthatpoint.

 Aftersometime,itisobservedthatapurplecoloration
rises up from potassium permanganate forming a
circularloop.Thisisduetocreationofconvection
currentsinwater.

Experiment2

Considerthesetupbelow
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 Itisobservedthatthematchstickheldwithintheunburnt
gasregiondoesnotgetignitedbecausegasisapoor
conductorofheat.
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 Itisobservedthatthepurplecolourationofpotassium
permanganatemovesintheanti-clockwisedirectioninthe
tube.Thisisduetocreationofconvectioncurrentbyheat
whosedirectionisanti-clockwise

ConvectioninGases

 Considerthesetupshownbelow.

 Itis observed thatthe smoke is sucked into the box
throughchimneyPandexitsthroughchimneyQ.Thisis
duetoconvectioncurrentswhicharesetupwhentheairin
theboxisheated.

APPLICATIONSOFCONVECTIONINFLUIDS

1. Ventilation

 Ventilationreferstothesupplyoffreshairtotheroom.

 Warm airexhaledbytheoccupantsoftheroom risesand
getsoutthroughventilatorssinceitislessdense.Fresh
coldairflowsintotheroom throughwindowsanddoors.
Thiswayconvectioncurrentissetupandthereisalways
supplyoffreshair.

2. EngineCoolingSystem

 Enginecoolingisenhancedbybothconductionand
convectionprocesses.

 Themetalsurfaceconductsawayheatfrom engine.
Thisheatsupthewatersettingupconvectioncurrents
whichcirculatesasshowninthediagram.

 Thehotwaterispumpedintotheradiatorwhichhas
thin copperfinsthatconductawayheatfrom the
water.

 Thefinsaremadeofcopperbecauseitisthebest
conductorofheat.Theyarepaintedblackbecausea
blacksurfaceisagoodabsorberofheat.

 Fastflowing airpastfins speeds up the cooling
process.

3. DomesticHotWaterSystem
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 Hotwaterrisesupbecauseoftheloweringofitsdensity
whenheated.

 Coldwatermovedownfrom thecoldwatertanktothe
boilerbecauseitisrelativelyheavier.

 Theexpansionpipehasanoutletforexcesswaterthat
couldhaveresultedfrom overheating

 Thepipethatconveysthehotwaterandthecylinderare
laggedtominimizeheatlosses.

ThermalRadiation

 Thermalradiation is the process by which heat is
transferredthroughvacuum.Inthermalradiationtherefore
matterisnotinvolvedintransferofheat

 Itisthroughthisprocessofradiationthatradiantheat
reachestheearth’ssurfacefrom thesun.

 Thehigherthetemperatureofabodythemoretheamount
ofthermalradiation.

AbsorptionandEmissionofRadiantHeat

 Agoodabsorberofradiantheatisalsoagoodemitterof
radiantheatwhileapoorabsorberofradiantheatisalsoa
pooremitteroftheheat.

 Considerthesetupbelow.

 ItisobservedthatwaterlevelinlimbArisesupwhilethat
inlimbBfalls.ThisisbecauseboilingtubeBreceivesmore
heatthanboilingtubeAwarmingtheairinsideitmore.The

ApplicationofThermalRadiation

1. SolarHeater

 Copperpipeisusedbecauseitisagoodconductorof
heatandwillconductheatintothewaterinsidethe
pipe.Itispaintedblackcolourisagoodabsorberof
heat.

 Theglasscoverallow radiantheatfrom thesunto
passthroughandpreventstheweakerenergyemitted
after.

 Theblackcoppercollectorabsorbsheatenergyand
conductsittocopperpipeswhichtransmitittothe
water.

 Theinsulatingmaterialpreventsheatfrom beinglost
from thepipe.

 Thecopperpipeiscoiledseverallytoincreasesurface
areaforabsorptionofheat.
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airexpandsandthereforepushesdownthewaterinlimbB.
AsaresultwaterlevelinlimbArises.
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2. ThermosFlask

 Thestopperrubberpadandrubberringpadpreventheat
lossthroughconductionsincerubberisapoorconductor
ofheat

 Silveredwallpreventsheatlossthroughradiationsincethe
shinnysurfaceisapoorradiatorandemitterofheat.

 Vacuum prevent heat loss through conduction and
convectionsincethetwomodesofheattransferrequire
materialmedium fortransferofheat.

 Shockabsorberpreventsbreakingoftheglasswallsdueto
pressurefrom theoutside.

 Vacuum sealpreventsairfrom reoccupyingthevacuum.It
isthroughthevacuum sealthatairwassuckedout.

3. GreenHouseEffect(HeatTrap)

 Green houseeffectisaphenomenon in which heatis
allowedtopassthroughatransparentmaterialbutdoes
notpenetratetotheoutside.Thiswayheataccumulatesin
thegreenhousecontinuously.

 Greenhousesareusedtoprovideappropriateconditionsin
plantsespeciallyincoldareas.

4. SolarConcentrators

6. Housesinhotareashavetheirwallsandroofspainted
withbrightcolourstoreflectawayheatwhilethosein
coldareashavewallsandroofspaintedsilverybright
toreflectasmuchheataspossiblebacktothehouse.

7. Kettle,cookingpansandironboxeshavepolished
surfacestoreduceheatlossthroughthermalradiation

RevisionExercise

1. Twosimilaropentinswithequalamountsofwaterat
800cwerelefttocool.IftinAisshinyandtinBis
blackened,sketchonthesameaxesthegraphsof
temperatureagainsttimeforthetwotins.

2. ThefigurebelowshowsaboxwithtwoglasstubesA
andBprojectingfrom thetopofarectangularwooden
boxwithremovableglassfront.

(i) Whatwillbe the direction of the smoke
throughthebox?

(ii) What conclusion can be made from the
observation?

(iii) Whyaretheventilationsforaroom madehigh
uptheroof?

3. Studythesetup below and useitto answerthe
questionsthatfollows:

(a)Whatdoestheexperimentillustrates?
(b)Whattwo factors should one considerwhen

selectingtherodtobeused?
(c)Statetheobservationsmadeinthisexperiment.

4. ExplaintheGreenhouseeffect.
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 Concavereflectorisusedtoreflectradiantheatfrom the
sun into acommon point(focus).Temperatureatthis
pointisveryhighthereforetheconcentratedheatcanbe
usedforpurposeslikeheatingwater.

5. Nametwoexamplesofgreenhousegases.
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1. Thediagram belowshowstheessentialfeaturesofa
solarheatingpanel.Asmallelectricpumpcirculatesthe
liquidthroughthepipes.

Statebrieflywhy:

i. Thepipesandmetalplatesareblackened.

ii. Thereisamaterialfibreglassonthepanel.

2. Thefigurebelowshowsanelectriciron.

TwometalplatesAandBarerivetedtoform abimetalstrip

asusedabove.

(i) Whichmetalexpandsmore

(ii) Explainhowtheelectricironworkswhenthepower

ison
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ChapterEight ELECTROSTATICSI

Introduction
 Electrostaticsisabranchofphysicsthatdealswithstatic

electricitywhichisanon-movingelectricchargeonthe
surfaceofanobject.

 Allsubstancesaremadeofatoms.Atomshavethreesub
-atomicparticlesnamely:

 Protons
 Neutrons
 Electrons

 Protonshaveapositivecharge.Electronshaveanegative
charge.Neutronsdonothaveanycharge(i.e.theyare
neutral).

TypesofCharges
 Positivecharge(s).Thesecharge(s)areobtainedwhen

anatom losesanelectron(s).
 Negativecharge(s).Thesecharge(s)areobtainedwhen

anatom gainsanelectron(s)
 TheSIunitofchargeisthecoulomb,C.

 Achargedatom (positivelyornegatively)iscalledanion.

 Abodythathasneitheranegativechargenorapositive
charge contains an equalnumber of protons and
electrons(Neutralatom).Whenthesechargesareequal
innumber,abodyiselectricallyneutral.

ElectrostaticChargesofaMaterial
 Ahardrubberrodgainsmillionsofelectronswhenitis

rubbedwithawoolcloth.Theclothloseselectronstothe
rod and becomes positively charged. The rubber
becomesnegativelycharged.

 Whenglassrodisrubbedwithfur,thefurloseselectrons
totheglassrod.Glassrodbecomesnegativelycharged
andfurbecomespositivelycharged.

 Abodyissaidtobepositivelychargedifithasanexcess
ofpositivechargesorithaslostsomeelectrons.

 Abodyissaidtobenegativelychargedifithasanexcess
ofelectrons i.e. Ifithasgainedsomeelectrons.

 Thefollowingmaterialsbecomesnegativelychargedby
frictionwhenrubbed:

 Polythene
 Mostplastics
 Ebonite

 Thefollowing on theotherhand becomesposyitively
chargedwhenrubbed:

 Acetate
 Perspex
 Glass
 Fur

TheBasicLawofElectrostatics

 Itstates thatlike charges repel,unlike charges
attract.

Exercise
1. Twoballoonsinflatedwithairaretiedwithstringsand

held1metreapart.Bothballoonsarerubbedwithfur.
Whydotheballoonsmoveapartwhenbroughtclose
together?

2. Foreach situation below state whetherthe force
betweenthem isrepulsiveorattractive.

a) ConductorsandInsulators.
 Substances which do notallow electrons to pass

throughthem arecalledinsulators.
 Substances which allow electrons to pass easily

throughthem arecalledconductors.Thereasonswhy
they(metals)conducteasilyisbecausewithinany
metalsomeelectronsarenotattached to specific
atomsbutarefreetowanderabout.

 Ifyouweretoholdametalrodandrubitwithwool
woulditbecharged?NO Howeverifyoufitpolythene
handle onto the metalrod itcan be charged by
rubbingit.Weexplainthisbysayingthatthepolythene
isaninsulatorandwillnotallow electronstomove
throughitonalongitssurface.Whenaninsulatoris
rubbed,the electrons which are transferred come
from atoms on the surface.The metals become
chargedbyelectronsfrom thewool.Butifthemetal
isdirectlyheld,these electronsimmediately ‘leak’
awayto the earth through the hand on the body
whereaswhenthehandleisinsulated theyremainon
the metalbecause they cannotpass through the
insulatinghandle.

ChargingMethods
Thefollowingmethodsareusedtochargematerials:

(a)Induction
(b)Contact
(c)Separation
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(a)Induction
Chargingpolystyreneballnegativelybyinduction
 Suspendthepolystyreneballcoatedwithaluminium using

drysilkthread.
 Bring apositively charged glass rod close to butnot

touchingthesuspendedball.

Note:Thepositivechargesarerepelledwhilethenegative
chargesareattractedtotherod.
 Touchthesideoftheballawayfrom theglassrodwiththe

finger.

Note:Electronsflow from theearthtoneutralizethepositive
chargeontheball.
 Whileholdingtheglassrodneartheball,withdraw the

fingerandthentheglassrod.

Note: The remaining negative charges redistribute
themselvesuniformlyontheball.
 When a bodyis charged byinduction,itacquires the

chargesthatareoppositetotheinducingcharge.

Question:
Explainbyuseofdiagramshow theabovematerialcanbe
chargedpositivelybyinductionmethod.

(b)Contactmethod
 Suspendthepolystyreneballcoatedwithaluminium

usingdrysilkthread.
 Bringachargedglassrodclosetobutnottouching

thesuspendedball.

 Bringachargedglassrodincontactwiththeball,
rollingitoverthesurface.

 Withdrawthechargedrod.

Notes
a) Whenapositiverodisrolledontheball,someofthe

negativechargesinducedintheballareneutralizedby
somepositivechargesontherod.

b) When the rod is withdrawn,the positive charges
redistributethemselvesalloverthesurfaceoftherod.

c) When a body is charged by contactmethod,it
acquireschargesthataresimilartotheonesonthe
chargingrod.

Question:Explainhowamaterialischargednegativelyby
contactmethod

(c)SeparationMethod
 PlacetwospheresAandBtogethersothattheyform

asingleconductor.
 Bring a charged polythene rod close to butnot

touchingsphereA.
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 MovesphereB awaysoastobreakthecontact,while
holdingthechargedrodinposition.

 Withdrawthechargedrodandtestthetwospheresusinga
negativelychargedrodforthepresenceandtypeofcharge
ineachsphere.

 Itconsistsessentiallyofametalcap(brass)androd
(boast)atwhichisconnectedapieceofverythin
metalfoilcalled the leaf (sometimes gold foil,
aluminum) supported with a piece of insulating
material(could be cork,cellulose acetate)which
formspartofaboxwithglassslides.

 Themetalcasingprotectstheleaffrom theeffectof
thedraught.

 Theglasswindowistransparentforobservationtobe
made.

 Therodissupportedbyaplugofgoodinsulators
whichstopschargesgiventothecapfrom spreading
tothecaseandhenceleakingaway.

 Thecapiscirculartoensureuniform distributionof
chargeonit.

 Earthing-Process oflosing charges to orgaining
charges from the earth through a conductor.
Representedbythesymbol:

ChargingaGoldLeafElectroscopebyContact
 Anelectroscopeischargednegativelybybringinga

chargedpolythenestripuptotheelectroscopeand
rollitoverthe electroscope cap.The negatively
charged polythene rod repels the negative charge
whichspreadsontheplateandtheleaf,makingthem
repeleachotherhenceleafdivergence.Iftheprocess
is repeated severaltimes the leafdivergence will
keepsincreasinguntilitreachesthemaximum point.
This way the electroscope is said to have been
chargedbycontact.

 The metalcap,leafand rod willtherefore remain
diverged.

 Indampweather,thisprocessmaybedifficult.Itis
helpedifarazorbladeiscellotapedontothecapso
thatitprojectsovertheedge.Therazoredgewillthen
befoundtogatherthechargemorereadilythanthe
capalone.

 To charge an electroscope positively,a charge
celluloseacetatestripisrubbedalongtheedgeofthe
cap.Electronsareacceptedfrom thecaptothestrip
whichmeansthatthecapandleafgainanetpositive
charge.

 Theleafthereforedivergesagain.

ChargingaGoldLeafElectroscopePositivelybyInduction
 Touchthecapoftheelectroscopewithyourfingerto

ensurethatitisfullydischarged.
 Bring a charged rod (-)close to the cap ofthe

unchargedelectroscope.
 Whiletherodremainsinitsposition,touchthecap.
 Withdrawthefingerandsubsequentlyremovetherod.

Exercise
Whenachargedrodisheldclosetoametalsphereplacedon
aninsulatedstand,thechargedistributiononthesphereisas
shownbelow.

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

positivecharge.
(d)Whathappenstothechargesonthemetalsphere,if

thechargedrodismovedawayfrom thesphere?

TheGoldLeafElectroscope
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Observations
 Whenthechargedrod(-)isbroughtclosetothecap,

theleafrises.

 Whenthecapistouchedwhiletherodisinposition,
theleafdivergencedecreases.
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 Whenthefingeriswithdrawnandthethentherod,theleaf
diverges.

Explanation
Whentherodisbroughtclosetothecap,electronsare
repelled to the plate and the leafmaking the leafto
diverge.
When the cap is touched,electrons flow to the earth
throughthebody.
When the earth connection is broken byremoving the
fingerandtherod,thepositivechargesredistributesonto
theleafandtheplate.Theleafasaresultdivergesandthe
electroscopebecomespositivelycharged.

UsesofElectroscope
1. Detectingthepresenceofchargeonabody

 Chargedbodiesbroughtnearthecapwillcausethe
leaftorise(diverge).Iftheleafdoesn’tdivergethe
bodyisuncharged.

2. Measuringtheinsulatingpropertiesofanobject(material)
 Chargetheelectroscopeandbringtheobjecttothetop

oftheelectroscopeandearththeelectroscope.The
rate atwhich the leaffallis the measure ofthe
conductingabilityoftheobject.

3.Tomeasurethequantityofchargeonachargedbody
 Ifabodybeingtestedhaslittlechargeonittheleafof

theelectroscopewilldivergealittleandifthebodyhas
muchchargeonittheleafwilldivergemore.

4.testingthesignofchargeonachargedbody
 Ifachargedbodyisbroughtnearthecapofacharged

electroscope,theleafoftheelectroscopewilldiverge
moreifthebodyandtheelectroscopehavesimilar
chargesandtheleafdivergencewilldecreaseifthe
twohavedifferentcharges.

Testingforcharges
a) Charge an electroscope negatively.Bring a negatively

chargedpolythenestripclosetothecap.Noticethatthe
leafdivergesfurther.

b) Bringupapositivechargecelluloseacetatestripcloseto
thesamenegativelychargedelectroscope.Noticethatthis
timetheleafcollapses(decreaseindivergence.)

c) Placeyourhand on anyuncharged metalcloseto the
chargedelectroscope.Noticeagainthattheleafcollapses.

 Notethattheresultsinexperiments(b)and(c)werethe
samehencethecollapsingoftheleafisnotevidencefor
thepresenceofachargedbody.We cantherefore state
therulefortestingachargeasfollows:

1) Iftheleafofchargeelectroscopedivergesfurtherwhena
bodybroughtclosetothecapthenthatbodyischarged.

2) Thesignofthechargeonthebodyisthesameasthaton
theelectroscope.

 Increaseindivergenceistheonlysurewayoftestingthe
signofchargeonabody.Notethatchargingbycontactis
notasurewaybutinductionis.

ChargesinAir
Aircanbechargedby:

 Heating
 Radiations

ApplicationsofElectrostaticCharges
 Electrostaticsprecipitators

 Fingerprinting

 Spraypainting

 photocopying

DangerofElectrostatics
 Rubbingliquidmoleculescanbecharged.Iftheliquid

is inflammable,it can spark and explode.It is
advisabletostorefuelsinmetalcanssothatany
chargesgeneratedcontinuallyleakout.Thisisthe
reasonbehindthepresenceofloosechainintankers
carryinginflammableliquids.

Assignment
1.A nylon dress sticks on the bodyand
crackleswhenremoved.Explain.

2. You are given a positively charged
electroscope and a charged body.Explain
howyouwilldeterminethetypeofthecharge
onthechargedbody.

3.You are provided with the following:
polythene rod,duster and a uncharged
electroscope.Explainhowyouwillchargethe
electroscopenegatively.

Charge on
electroscope

Charge
brought
near the
cap

Effectonleaf
divergence

+ + Increase

- - Increase

+ - Decrease

- + Decrease

+or- Uncharged
body

Decrease
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ChapterNine CELLSANDSIMPLECIRCUITS
Introduction

 Electricalenergyisusedforlighting,Heatingandoperating
electronicdevicessuch asT.V,computers,high speed
trainsetc.Thisenergyiscarriedthroughconductorslike
wires.

ElectricCurrent

 Electriccurrentistherateofflowofcharge(flowofcharge
perunittime).SIunitistheampere(A)

 From thedefinitionabove,

Current,I=
Charge,Q

Time,t

I= ,Q=It
Q

t

Notes

a) Acircuitthatallowschargestomoveinacomplete
pathwhentheswitchisclosedissaidtobeaclosed
circuit.

b) A circuitthatdoesnotallow chargestomoveina
completepathsuchacircuitissaidtobeanopen
(brokencircuit).Opencircuitcanalsobeasaresultof
looseconnectionofwires.

c) For clarity and neatness,symbols are used in
representinganelectricalcircuit.

DirectionoftheFlowofElectricCurrent

 Conventionally,theflowofcurrentisfrom thepositive
terminalto the negative terminalofthe cell.Itis
oppositetothedirectionofflowofelectrons.

 Theinstrumentformeasuringelectriccurrentiscalled
anammeterwhileelectriccurrentflowiscontrolledby
avariableresistor.

Example

Calculatetheamountofcurrentflowingthroughabulbif360
coulombsofchargeflowsthroughitin3.5minutes.

Solution

I=
Q

t

I=
360

3.5x60

=1.714A

TypesofElectricCurrent

a) Directcurrent(d.c)–whichflowsinonedirectiononly

b) Alternatingcurrent(a.c)–whichreversesdirectionwitha
givenfrequency

SimpleElectricCircuits

 A simple electric circuitconsistofa cell,a bulb and

connectingwires.

Device Symbol

Cell

Battery

Switch

Bulb/filament

lamp

Wires crossing

with no

connection

Wires crossing

withconnection

Fixedresistor

Potentialdivider
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ElectromotiveForce(E.m.f)andPotentialDifference

 Electromotiveforce(E.m.f)referstovoltageacrossthe
terminalsofabatteryinanopencircuit(whennocurrent
flowsinthecircuit).

 Potentialdifference(Pd)referstothevoltageacrossthe
terminalsofabatteryinaclosedcircuit(whencurrentis
flowinginthecircuit).

 PotentialdifferenceandE.m.faremeasuredinvoltsbyan
instrument called voltmeter. A voltmeter is always
connectedinparallel(across).

 ThedifferencebetweenPotentialdifferenceandE.m.fis
knownaslostvoltage e.m.f=P.d+lost

voltage

lostvoltage=e.m.f-P.d

 Thisvoltageislostbecauseoftheoppositiontotheflow
ofchargeswithinthecell(internalresistance)

CellsinParallel

 Twoormorecellsareplacedsidebyside,thepositive
terminalsjoinedtogetherandthenegativeterminals
alsoconnectedtogether.

 Whencellsareinparallelarrangementtheire.m.f.is
thesameasthee.m.f.ofonecell.

 Currentis supplied fora longertime in parallel
connectionofcells.

Note:Cellsshould should bearranged in parallelonly
whentheyhavethesamee.m.fotherwiseonewilldrain
theother.

BulbsinSeriesandParallelConnection

BubsinParallel

 Eachbulbfunctionsindependently.Ifonegoesoff,
otherscontinuelighting.

 There’sdecreasedresistanceasthecurrenthasmany
alternativeloops(completepaths)throughwhichto
flow.

 Bulbsinparallelhavethesamepotentialdifference
butdifferentamountsofcurrent.

BulbsinSeries

 Ifonebulbgoesoff,othersalsogooff.

 There’sincreasedresistancethusthebulbsmightnot
beasbrightasthoseinparallelconnection.

 Bulbsinserieshavethesamecurrentbutdifferent
potentialdifference.

Thetablebelow shows

some ofthe electrical

symbols used in

drawingcircuits.Fuse

Capacitor

Rheostat

Ammeter

Voltmeter

Galvanometer
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ConnectingCellsinSeriesandParallel

CellsinSeries

 Twoormorecellsareconnectedsuchthatthepositive
terminalofoneisjoinedtothenegativeterminalofanother
one.

 Twoormorecellsconnectedinseriesmakeabattery

Note:Connectingcellsinseriesincreasesthee.m.fandcurrent
inthecircuitishigher.

Note:Bulbsinparallelarrangementlightbrighterthan
thoseinseriesarrangement.
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Example Note:

1) Materials whose electricalproperties fallbetween
thoseofconductorsandinsulatorsarereferredtoas
semi-conductorse.g.siliconandgermanium.

2) Someliquidssuchasdilutesulphuricacid,sodium
chloridesolutionand potassium hydroxideconduct
electricity.Theyarereferredtoaselectrolytes.

SourcesofElectricity

 Mainsources:

 Chemicalcells

 Generators

 Solarcells

 Othersourcesinclude:

 Thermocouples

 Piezoelectricity

ChemicalCells

ThesearecellsthatproduceanE.m.fasaresultofa
chemicalreactions.Theyarecategorizedintotwo:

I. Primarycells

 Thesearecellswhichcannotberechargedforuse
againe.g.simplecell.

SimpleCell

Defectsofasimplecell

 Polarization– accumulationofbubblesaroundthe
copperplate (positive plate).This defectprovides
insulationto theflow ofcurrentand also setsup
some“local”cellswithcopperwhoseelectronflow
tendstoopposetheflow ofelectronsfrom thezinc

An electrician installed electric wiring in a house and
connectedthebulbsandtheswitchesasshowninthebelow.C

(a) Explainwhathappenswhenswitch:
(i) S1isclosed.

OnlybulbB1willlight;
(ii) S2isclosed.

BulbB1 andB2 lightsbutwithlessbrightness
becauseofincreaseinresistance.

(iii)S3isclosed.
BulbB1B2andB3willalllightbutwithmuchlessbrightness
comparedtoa(ii)

(b)(i)Usingaredrawndiagram showthebestpositionthe
bulbsshouldbeinstalled.

(ii)Explainwhyyouconsiderthearrangementin(b)(i)
abovetobethebest.

Whenthebulbsareconnectedsuchthattheyareinparallel,the
circuitrésistance is significantlyreduced;and hence more
currentflow,thebulblightswithequalbrightnesssincethe
operationvoltageisthesame;

ConductorsandInsulators

 Conductorsarematerialsthatallowelectriccurrenttoflow
throughthem e.g.copper,silver,graphiteandaluminium.

 Insulatorsarematerialsthatdonotallow flow ofelectric
currentthroughthem e.g.plastic,paperandrubber.
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plate.Theoveralleffectisincreaseintheinternal
resistance ofthe cell,which reduces the flow of
current.

 Localaction–thezincplateisdepleted(eatenaway)
asitreactswithdilutesulphuricacid.Impuritiesin
zincpromotelocalaction.
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WaysofcorrectingPolarizationdefect:

 Additionofpotassium dichromate(depolarizer).Oxygen
from thedepolarizercombineswiththehydrogenatomsto
producewater.

 Removingcopperplateandbrushingoffthegasbubbles.

WaysofcorrectingLocalactiondefect:

 Useofpurezinc.

 Coatingzincwithmercury(amalgamation).

TheLeclanche’cell

LocalactionandPolarizationhavebeenminimizedinthiscell.

 The carbon rod (positive terminal)is surrounded with
manganese(IV)oxidemixedwithcarbonpowder.

 Carbonpowderincreasestheeffectiveareaoftheplates
hencereducedresistance.

 The manganese (IV) oxide acts as a depolarizer
(depolarizationisslowthuslargecurrentscannotbedrawn
outofthiscellsteadilyforalongtime).

 Localactionisstilladefectinthiscell.

 Thecellisusedforpurposeswherecurrentisnotdrawn
from itfora verylong time,like operating bells and
telephoneboxes.Ithasalongerlifespanthanthesimple
cell.

TheDryCell

 Itisreferredtoasdrycellbecauseithasnoliquid.

 Theammonium chloridesolutionintheLeclanche’cell
isreplacedwiththeammonium chloridejellyorpaste
whichisusedastheelectrolyte.

 Manganese(IV)oxideandactasthedepolarizer.

 carbon powderincreases the surface area ofthe
positiveelectrode(carbonRod)

 Thezinccaseactingasthenegativeelectrodegets
depletedbytheammonium chlorideandchangesto
zincchloride.Localactionisstilladefectinthiscell.

 Thecellcannotberenewedoncethechemicalaction
stops.Anewdrycellhasane.m.fofabout1.5V.

Careforthedrycell

 Largecurrentsshouldnotbedrawnfrom thedrycell
withinashorttime.

 Theterminalsshouldnotbeshorted.

 Thecellsmustbestoredindryplaces.

Usesofthedrycells

 Drycellsareusedintorches,calculatorsandradios.

II. SecondaryCells:

 Thesearerechargeablecells.
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 Theyarealsocalledstoragecellsastheycanstore
electricalenergyaschemicalenergy.

 Examples are the Lead-acid accumulatorand the
Nickel-alkalineaccumulator.
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Lead–acidaccumulator

 Consistofpositiveandnegativeplateswhicharemadeof
lead-antimonyalloy.

 Theplatesaredippedinsulphuricacidsolutionwhichisan
electrolyte.

 Thecapshavesmallventholeswhich allow gasesto
escape(02andH2)

 Ifthedensityoftheacidbecomestoolowtheaccumulator
issaidtobedischarged.

 Itischargedbyconnectingad.csourceasshownbelow.

 Thisisthemostreliable,longlastingandcost-effectiveof
thesecondarycells.A12Vlead-acidaccumulatorhassix
cellsconnectedinseries.

CapacityofanAccumulator

 Thisistheamountofcurrentthatcanbedrawninagiven
timefrom thebattery.

 Itisexpressedinampere-hours(Ah).

Examples

1. Abatteryisrated120AH.Howlongwillitworkifitsteadily
suppliesacurrentof4A?

capacity=currentinamperes×timeinhours

120AH=4A×time

time= =30hours
120AH

4A

2.Thecurrentcapacityofanaccumulatoris40Ah.Findthe
amountofcurrentflowingiftheaccumulatorisusedfor600
minutes.

MaintenanceoftheAccumulators

1) The levelof the electrolyte should be checked
regularlyandmaintainedabovetheplates.Topping
shouldbedonebydistilledwater;NOTACID!

2) Theaccumulatorshouldbechargedwhenthee.m.fof
the celldrops below 1.8 V and when the relative
density ofthe acid is falls below 1.12 (using a
hydrometer).

3) Largecurrentsshouldnotbedrawnfrom thebattery
foralongtime.

4) Shouldnotbeleftinadischargedconditionforalong
periodassulphationmaytakeplace.(thelead(II)
sulphatedepositsontheplateshardenupandcannot
beconvertedbacktolead(II)oxideandlead.)

5) Shorting/overchargingoftheaccumulatorshouldbe
avoided.

6) The terminals should always be keptclean and
greased.

7) Theaccumulatorshouldnotbedirectlyplacedonthe
groundduringstorage.Itshouldberestedonsome
insulatorlikeawoodenblock.

AlkalineAccumulators:

 Theelectrolyteinthiscaseisanalkalinesolution,
suchaspotassium hydroxide.

 Thecommontypesarenickel-cadmium andnickel-
ironaccumulators.

AdvantagesofAlkalineAccumulatorsoverLead– Acid
Accumulators

1. Largecurrentscanbedrawnfrom them overashort
periodoftime.

2. Theyrequireverylittleattentiontomaintain.
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capacity=currentinamperes×timeinhours

40AH=I×
600

60

I= =4A
40AH

10H

3. Theyarelighter(moreportable)thantheLead–acid
accumulators.

4. Theycanbekeptinadischargedconditionforavery
longtimebeforethecellsareruined.
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Disadvantages

1. Theyareveryexpensive.

2. Theyhavealowere.m.fpercell.

UsesofAccumulators

Theyareusedinships,hospitalsandbuildingswherelarge
currentsmightbeneededforemergency.

Differencesbetweenprimaryandsecondarycells

Primarycells Secondarycells

Cannotberechargedafter

use

Arerechargeable

Small current can be

drawnfrom them

Largecurrentcanbedrawn

from them

1. Youareprovidedwithacarbattery,aswitchandtwo
headlightsofacar.Draw apossiblecircuitdiagram
forthearrangementthatwillallowthedrivertoswitch
onthetwolightssimultaneously.

2. (a)Draw awell-labelleddiagram ofadrycelland
explainhowitworks.

(b)Whatarethedefectsandtheremediesinthe
workingofadrycell?

(c)Howaredrycellsmaintained?

3. Eightdrycellscanbearrangedtoproduceatotal
e.m.fof12V,justlikeacarbattery.

a. Whatise.m.fofanindividualcell?

b. Whyisitpossibletostartthecarwiththelead-acid
accumulator,butnotwitheightdrycellsinseries?

4. (a)Drawtwoseparatediagramsshowing alead-acid
accumulatorwhenitis:

a) ChargingRevisionExercise
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9. In terms of electrons, distinguish between good
conductors,poorconductorsofelectricityandinsulators.

10.(a)DefinecurrentandstateitsSIunit.

(b)(i)Achargeof180coulombsflow throughalamp
everyminute.Calculatethecurrentflowingthroughthe
lamp.

(ii)Calculate the numberofelectrons involved
(chargeofelectronis1.6x10-19C)

11.Abatterycirculateschargeroundacircuitfor1.5minutes.
Ifthecurrentisheld at2.5A,whatquantityofcharge
passesthewire?

12.Defineelectromotiveforceanddistinguishitfrom potential
differenceofacell.

13.(a)Drawacircuitdiagram ofthree-celltorch.

(b)Whatdoyouunderstandby?

(i)Opencircuit?

(ii)Closedcircuit?

14.Explainwhylightsinahousearewiredinparallelandnotin
series.

15.(a)Givethreedifferencesbetweenprimaryandsecondary
cells.

(b)Inmakingasimplecell,thetwoelectrodesusedare
notofthesamekind.Explain.

b) Discharging.

(b)Describethechangesthatcanobservedduringthetwo
processesabove.

(c)Whyisitdangeroustolightacigarettenearacharging
carbattery?

5. (a)Whatdoyouunderstandbytheterm capacityofa
lead-acidaccumulator?

(b)Whyisiteffectivetochargeacarbatteryoveralong
timewithaverysmallcurrentratherthanabigcurrent
withinashorttime?

(c)Acarbatteryisrated40Ahanditisexpectedtosupply
aconstantcurrentfor120minutes.Whatisthestrength
ofcurrentdelivered?

6. Stateatleastfiveprecautionsthatyouwouldtaketo
maintainaccumulatorsinyourlaboratory.

7. Statetheadvantageanddisadvantageoflead-acid
accumulatorsoverthealkalineaccumulators.

8. Thefigurebelowshowsthesetupforasimplecell.
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a)NametheElectrodeAandthesolutionB

b)Statetworeasonswhythebulbgoesoffafterashorttime

16.Stateoneadvantageofalead-acidaccumulatoroveradry
cell

17.Stateonedefectofasimplecellandexplainhowitcanbe
corrected.

18.Thediagram belowshowsasimplecell:-

a. Namezandsolutiony

b. Nameandexplainthedefectthatoccursatplatez

c. Give one method ofpreventing the defectthat
occursatthecopperplate

19.Explainwhyeight1.5Vcellsarrangedinseriestogivea
totalof12Vcannotbeusedtostartacar.Butcarbattery
of12Vstartsacar

20.Define the term topping as used in simple cells and
circuits.

21.I)A girlopened up aused up drycelland found the
following:

a. Thezinccasingwasdepleted

b. Thecellwaswatery

II)Namethecelldefect

III)Threeidenticalbulbsareconnectedinserieswithabattery
ofdrycells.Atfirstthebulbsshinebrightlybutgradually
becomedimmer.Usingthesamecells,explainhowyouwould
increasethebrillianceofthebulbs

22.A carbattery requires topping up with distilled water
occasionally.Explain whythisis necessaryand why
distilledwaterisused

23.Stateoneadvantageof:
a. Alead-acidaccumulativeoveradrycell

b. Adrycelloverlead-acidaccumulator
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ChapterTen RECTILINEARPROPAGATIONOFLIGHT

AND

REFLECTIONATPLANESURFACES

Introduction

 Opticsisabranchofphysicswhichstudiesthebehaviour
oflightasittraversesvariousmedia.

 Optical instruments such as cameras,microscopes,
periscopesandlawsgoverningtheirworkingform amajor
partofthisbranchofphysics.

 Lightisaform ofenergy.Lightregulatesyourdailylife.
Youneedlighttoseethesize,shapeandcolourofthings
aroundyou.

SourcesofLight

 Therearetwo:luminous(incandescent)andnon-luminous
 Luminousobjectsarethosewhichproducetheirownlight

e.g.sun,candles,electriclamps,glowingwormsetc.
 Non-luminousobjectsarethosewhichdon’tgivetheirown

lightbutreflectlightthatcomesfrom aluminousobject.
Theseareobjects.Examplesare:themoon,paper,youetc.

 Youcanseeanobjectclearlyiflightfrom itentersyour
eyes.

Transparent,TranslucentandOpaqueObjects
 Transparentobjectsarethosewhichallow lighttopass

throughthem e.g.aglasswindow,clearwater,theair
aroundyou.Allthesesubstancesletlightpassthrough
them.

 Opaqueobjectsarethosewhichcannotallowlighttopass
throughthem e.g.wool,steel,Brick.

 Translucentbodiesarethosewhichletlightpassthrough
them,butscatterinalldirectionse.g.lampshades,frosted
glass,someplasticetc.

RectilinearPropagationofLight
 Thisisthepropertyoflighttotravelinastraightlineina

medium ofhomogeneouspropagationdensity.
 Lightdoesnottravelaroundcorners.Theformationof

shadowsshowsthatlighttravelsinastraightline.When
anopaquebodyisplacedinabeam oflight,ashadowis
formed.

DemonstratingRectilinearPropagationofLight

 Makeasmallholeineachofthethreecardboards
ensuringthatalltheholesareatthesameheight.

 Thelampspositionedinsuchawaythatarayoflight
passesthroughalltheholes.

 Whenthecardboardisdisplacedbymovingitslightly
totheoneside,theeyewillnotseethelamp.This
showsthatlighttravelsinastraightline.

RaysofLightandBeam ofLight
 A ray is a narrow stream oflightofnegligible

thicknesswhileabeam oflightisacollectionofrays
oflight.

Typesofbeams
 A beam inwhichraysareparalleltoeachotheris

calledparallelbeam.

 Abeam inwhichtheraysconvergeatapointiscalled
aconvergentbeam.

 Abeam inwhichtheraysspreadsoutfrom apointisa
divergentbeam
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ThePinholeCamera

 Apin-holecameraismadeusingasmallrectangularbox
withapinholeatoneend,alargerectangularholeatone
end,alargerectangularholeattheotherend.

 Therectangularholeatthebackiscoveredwithascreen
ofspecialpaperlikegreaseproofpaperwhichletssome
lightpassthroughit(i.e.itistranslucent).

Advantage
 Itisabletoform focusedimagesonthefilm ofobjects

bothnearandfarfrom thecamera.

ImageFormationbyaPinholeCamera

TheLength(Size)OfImage
 Thelengthoftheimageformeddependson:

a) Thedistanceoftheobjectfrom thepinhole
b) Thelengthofthecamerabox

MAGNIFICATION
 Thisistheratiooftheimagesizetotheobjectsizeorthe

ratiooftheimagedistancetotheobjectdistance.

Magnification=
Imagesize

objectsize

Magnification=
imagedistance

objectdistance

ho=objectheight
hi=imageheight
u=objectdistance
v=imagedistancefrom pinhole
Giventhatmagnificationism,then

m= or m= andso =
h
i

ho

v

u

h
i

ho

v

u

Examples
1. A pinholecameraoflength15cm formsanimage

3cm highofamanstanding9m infrontofthecamera
whatistheheightoftheman?

=
h
i

ho

v

u

=
0.03m

ho

0.15m

9m

= =1.8mho
0.03m×9m

0.15m
2. LampAofheight6cm standsinfrontofapinhole

cameraatadistanceof24cm.Thecamerascreenis
8cm from the pinhole.Whatis the heightofthe
image?

=
h
i

ho

v

u

=
h
i

0.06m

0.08m

0.24m

= ×0.06mh
i

0.08m

0.24m
=2mh

i
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Exercise
1. Animage100mm longofaman2m tallispinnedontopof

a pin-hole camera.The distance ofpin hole from the
screenifthemanisstanding6cm from thepinhole.

2. Anobject1m tallformsanimage5cm tallfrom thescreen
ofapinholecamera.Findthedistanceoftheobjectfrom
thepinholeoftheobjectifthelengthofthecameraboxis
40cm.

EffectontheImageFormedbythePinholeCameraOn:
(a) Manypinholes
 Eachpinholewillform itsimageresultingintobrighterbut

blurredimage.
(b)Largepinhole
 Alargeholeisequivalenttoseveralholesandwillproduce

brighterbutblurredimage.
 However,asharpimagecanbeproducedwhereawide

holeorseveralholeshavebeenusedbysimplyplacinga
converginglensinfrontofthemanyholesandincontact
withthebox.Theconvexlensbringsallraysfrom apoint
onobjecttouniquepointonthescreen.

Thepin-holecameracanbemodifiedasfollowsinorderto
takephotographs:
 Should be painted black on the inside to eliminate

reflectionoflight.
 Translucentscreentobereplacedbylight-tightlidwith

photographicfilm fittedontheinside.
 Shouldbecoveredwithathinblackcardwhichactsasa

shutter.
Theexposuretimeofapin-holecameradependson:

 Sizeofthepin-hole

 Lightingconditions

 Sensitivityofthefilm

 Lengthofthecamera

AdvantageofthePinholeCameraovertheLensCamera
 The pinhole camera is preferred to the lens camera

becauseitdoesnotproducedistortion.
Thedisadvantagesofusingapinholecamera:
a) Ittakesalongtimeforimagetobeformedsincethe

amountoflightpassingthroughtheholeissmall.
b) Itcannotbeusedtotakephotographsofmovingobjects.

Shadows
 Ashadowisashadecastbyanobjectblockingdirectrays

oflight.Theformationofshadowsdependsonthefact
thatlighttravelsinastraightline

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

ShadowFormedbyaPointSource

 Apointsourceoflightisonewhichissmallenough
foralltheraysoflighttocomeeffectivelyfrom a
singlepoint.

 Theshadowisuniformlyandtotallydarkalloverand
iscalledumbra.Theumbrellashapeedgesonthe
shadowshowsthatlighttravelsonastraightline.

ShadowsFormedbyanExtendedSourceofLight.

 Anextendedsourceoflightislargeenoughforrays
tobeseentocomefrom manypoints.

 Theshadow islargerandhasacentraldarkregion
calledumbrasurroundedaringofpartialshadow
calledpenumbra.

Applicationofextendedlightsources
a) Lampshadesareusedathometoprovideamore

pleasantkindoflightning.
b) Fluorescenttubes are usually surrounded by a

frosteddiffusetoscatterthelight&reduceshadow
sharpness.

Eclipses
Aneclipseisthetotalorpartialdisappearanceofsun
raysasseenfrom theearth.

TheSolarEclipseorEclipseoftheSun
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 Thesolareclipseoccurswhenthemooncomesbetween
thesunandtheearth

TheAnnularEclipseoftheSun

 Itoccurswhenthedistanceofseparationbetweenthe
earthandthemoonisgreat.Theumbraofthemoondoes
nottotallycoverthesunedgeofthedarkdiskofthemoon.

LunarEclipseorEclipseoftheMoon

 Theeclipseofthemoonoccurswhentheearthcomes
betweenthesunandthemoon.

 Whenthelunareclipseoccurs,itlastslonger(about1hr)
thanthesolareclipsebecausethemoonismuchsmaller
thantheearth.

 Duringatotallunareclipsesomelightreachesthemoon
duetorefractionbytheearth’satmosphere&makeitlook
acopperycolour.

REFLECTIONBYPLANEMIRRORS.
 Whenarayoflightmeetsaplanemirroritisreflection.
 Anordinarymirrorismadebydepositingathinlayerof

metal,oftensilverpaintatthebackoftheglasswhichacts
asthereflectingsurface.

 Therayfrom thesourceAOiscalledtheincidentray.
Theraythatbouncesofffrom theMirrorOiscalled
thereflectedray.ONisthenormal.

 Theanglebetween incidentrayand thenormalis
calledAngleofincidentangle,Ibetweenthenormal
andtheReflectedrayiscalledangleofreflection.

TheLawsofReflection
1. The angle ofincidence is equalto the angle of

reflection.
2. Theincidentray,normalandreflectedrayatthepoint

ofincidencealllieonthesameplane.

TypesofReflection
a) RegularorSpecularReflection
Itoccurswhenparallelincidentraysarereflectedparallel
toeachotherwhenreflectingsurfaceissmooth.

b) IrregularorDiffuseReflection
Parallelincidentraysarereflectedindifferentdirections
for

ImageFormationbyaPlaneMirror.
 Theimageofan objectseen in a planemirroris

formedbyraysoflighttravellinginstraightlineswhich
arereflectedaccordingtothelawsofreflection.
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Exercise
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From theabovediagram onecanseethattheimageformedin
aplanemirrorisalways:
a)Erect(Upright)
b)Asfarbehindthemirrorasobjectisinfrontofit.
c)Virtual.
Avirtualimageisone:

 whichcannotbereceivedonthescreen
 whichisformedbytheintersectionofvirtual

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

ImageFormationinParallelinMirrors

 Whenanobjectisplacedbetweentwoparallelmirrorsas
shownaboveaninfinitenumberofimagesareformed.

 Eachimageseeninonemirroractsasavirtualobject
whichinturnformsanimageintheothermirror.

 The image becomes fainterbecause lightenergy is
absorbedbythemirrorateachsuccessivereflection.

 Thenumberofimagesformedbytwomirrorsinclinedat
anangleisgivenbytheformula.

n= –1
360

ϴ

1. Findthenumberofimagesformedwhenmirrorsare
inclinedat20o

2. Findtheanglebetweentwomirrorsif35imagesare
formed

3. Atwhatanglewouldtwomirrorsbeinclinedifthe
numberofimagesformedare(i)17 (ii)29?

RotationofaMirror

 When a mirroris rotated through an angleθthe

reflectedrayturnsthrough2θ.

 Hence,thereflectedrayalwaysturnsthroughtwice
theanglethroughwhichthemirrorisrotated.

Exercise

1. Amirrorisrotatedthroughanangleof15o through
whatangledoesthereflectedrayturn?

2. A mirrorisrotatedthroughacertainangleandthe
reflectedrayturnedthrough40o whatanglehadthe
mirrorbeenturned?

3. Anincidentraymakesanangleof25owiththenormal.
Ifthemirroristurnedthrough9ointheanticlockwise
directionfrom thehorizontal,throughwhatangleis
thereflectedrayrotated?

ApplicationofPlaneMirrors

(a)ThePeriscope

 Aperiscopeconsistsofaplanemirrorsparalleltoone
anotherandinclinedatangleof45otothehorizontal.
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 Theyareusedtohelponeseeoveranobstacle.
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 Periscopesin submarinesuseprismsinstead ofplane
mirrorsbecause.

1. Thesilverpartofthemirroreasilygetsdamaged

2. Thickmirrorsproducemultiplerefractions

3. Thereisnolateralinversionwithprisms.

(b)Useofplanemirrorsininstrumentscales

 Plane mirrors are often used behind pointers as
instrumentstoimprovethereadingaccuracy.

 Whenthepointerisviewedatanangleitsimagewillbe
seenthroughtheplanemirror.

 Theimageseenwillenablethereadertoknowthatreading
beingtakenwillhaveanerrorduetoparallax.Thereader
willthereforepositiontheeyeverticallysothattheimage
ofthepointerisnotseenandhenceacorrectreadingwill
betaken.

 Thesportsgalvanometerusesarayoflightasapointer
instead.

(c)Thekaleidoscope

 Itappliestheprincipleofmirrorsinclinedatanangle.

 ItconsistsoftwomirrorsM1andM2placedtoeachother
at600toeachotherinsideatube.

 Theinstrumentisusedbydesignerstoobtainideason
systematicpatterns.

RevisionExercise

1. (a)SallywenttoMarysalontohaveherhairdressed.The
salonhadtwoparallelmirrorsplacedonthewallswhich
are3metersapart.Whilewaitingtobeattendedto,shesat
atadistanceof1meterfrom oneofthewallsandnoticed
thatthereweremultipleofherineachmirror.Determine
thedistancebetweenthetwonearestimagesformedin
thetwomirrors.

(b)Twoplanemirrorsareplacedatanangleof600asshown
below.Arayoflightmakesanangleof400withmirrorm1and
goestostrikemirrorM2.FindtheangleofreflectionofMirror
M2

b) Thelengthofthecameraismadelonger.

c) Thesingleholeisreplacedbyfourpinholesclose
together.

5. Definetheterm reflectionoflight.

6. StatetheLawsofreflectionoflight.

7. ThemirrorAB andCD areatrightanglestoeach
other.

a) Whatisthevalueoftheangleofincidenceof
therayPQonthemirrorAB?

b) Complete the diagram to show the path
takenbytherayPQafterreflectionatboth
mirrors.

c) Determine:

I. AngleofreflectiononAB.

II. AngleincidenceonCD.

III. AngleofreflectiononCD.

8. Ifagirlwalksawayfrom aplanemirrorataspeedof
2m persecond,

I. Inwhatdirectiondoesherimagemove?

II. Withwhatspeeddoesherimagemove?

9. ThefigurebelowshowsmirrorsABandCDinclinedat
rightangles.A rayPO makesanangleof30o with
mirrorABhasasshown.
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2. Whatisrectilinearpropagationoflight?

3. Drawaraydiagram toshowhowapinholecameraforms
animage.

4. State the changes thatwould occurin the size and
brightnessoftheimageformedif

a) Theobjectdistanceismadelarge.

(i) Showthepathoftherayafterreflectionfrom
bothmirrors.

(ii) Whatistheangleofincidenceonthemirror
CD?


