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Linesthatinfluenceactivitiesinmylife.

1. GodisalwaystheretoassistprovidedyouaskforHim.

2. Atitsbest,Physicseliminatescomplexitybyrevealingunderlyingsimplicity.

3. Thereisnomethodofchangingyourfateexceptthroughhardwork.

4. Cohesionwithimmediateneighboursanddeterminationalwaysbettersyourimmediateenvironment.

ChapterOne MAGNETISM
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Propertiesofmagnets

1. Magneticpoles

 Magneticpolesrefertotheendsofamagnetwhere
thepowerofattractionorrepulsionisgreatest.

 Theforceofattractionofamagnetisgreatestatits
poles.Theforcereducesawayfrom poles.Thisiswhy
whenabarmagnetisdippedinironfillings,thefillings
clingmainlyaroundtheendsofthemagnet.

2. Directionalpropertyofamagnet

 Ifamagnetissuspendedbyathreadandisfreeto
rotateitrotatesandfinallyrestsintheintheNorth-
southdirection.Thisiscalledthedirectionalproperty
ofamagnet.

3. Magneticandnon-magneticmaterials

 Magneticmaterialsarethosethatcanbeattractedby
magnetse.g.Iron,Nickel,Cobalt,Ironalloylikesteel,
Nickelalloyetc.

 Non-magnetic materials are those thatcannotbe
attractedbyamagnete.g.Copper,Brass,Aluminium,
Glass,wood,Graphite

 Ferromagneticmaterialsaremagneticmaterialsthat
arestronglyattractedbymagnete.g.softiron

4. TheBasicLawofMagnetism

 Repulsionistheonlysuretestforpolarityofmagnet.

Thisisbecauserepulsioncanonlyoccurbetweenlike

polesofmagnets.Attractionisnotsuretestbecause

itcan occurbetween unlike poles ofmagnets or

between a magnet and unmagnified magnetic

material.

Exercise

1) Describehowyouwouldverifythebasiclawof
magnetism given two barmagnetsand a pieceof
thread

Solution

Procedure

Suspendonebarmagnet.Bringthenorthpoleofanother
magnettowardsthenorthpoleofthesuspendedmagnet
andobservewhathappens.

Bring the same pole towards the south pole ofthe
suspendedmagnet.

Observationsandconclusion

Anorthpoleattractsasouthpoleandrepelsanorthpole
whileasouthpolerepelsasouthpole.Hence,likepoles
repelwhileunlikepolesattract.

Magneticfieldpatterns

Magneticfield

 The space around a magnetwhere the magnetic
influence(magneticforceofattractionandrepulsion)
isfelt

 Thefieldisstrongernearthepolesofthemagnetand
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Itstatesthatlikepolesofmagnetsrepelwhileunlike
polesattract.

isweakerfartherawayfrom thepoles.
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Magneticfieldlines

 Thesearelinesofforcewhichrepresentamagnetic
field.Theselinesform amagneticfieldpatterns.

Directionofmagneticfield

 The direction ofmagnetic field ata pointis the
directiontowhichafreenorthpolewouldmoveif
placedatthatpointinthefield.

Characteristics/propertiesofmagneticfieldlines

a) Magneticfieldlinesstartfrom theNorthPoleandend
attheSouthPole.

b) Theyrepeleach othersideways and form closed
pathsasshownabove.

c) Theydonotintersecteachother.

d) Theyareclosertogetherwherethefieldisstronger.

 Consider two bar magnets with opposite poles
adjacent.

 Pointxiscalledneutralpoint.Theresultantmagnetic
fieldattheneutralpointiszero.

 Magneticfieldlinesgetconcentratedalongthesoft
iron.

 Thesoftironringconcentratesthemagneticfield
linesthuspreventing them from pausing through
region P.This is called magnetic shielding and
regionPisthereforesaidtobeshieldedbythering
from magneticfields.

Practicalapplicationofmagneticshielding

 Thesoftironrodsandringsareusedinmagnetic
shielding where some electrical measuring
instrumentsandwatchesareshieldedandprotected
from straymagneticfields.

Exercise

1. Describe how you would shield a magnetic
material from a magnetic field. State one
applicationofmagneticshielding.

2. Explainthemeaningofthefollowing

i. Magneticfield

ii. Magneticlinesofforce

3. The diagram below the magnetic field patterns
betweentwomagnetsPandQ

1. IdentifypolesAandB

2. Statewhichofthetwo magnetsP andQ is
stranger.Explain.
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4. Sketch the magnetic field patterns for the
arrangementbelow.

TheDomainTheoryofMagnetism

 Magnetsconsistofsmallmagneticgroupsreferred
toasmagneticdomains.Domainshaveacommon
magnetic axis.Domains comprise smallersub –
atomicmagnets(molecularmagnets)calleddipoles.
Thedipolesinaparticulardomainpointtowardsa
commondirection.

Magnetization

 Magnetizationistheprocessofmakingamagnet
from magneticmaterial.Duringthisprocess,dipoles
getaligned.Inapartiallymagnetizedmaterialmost
butnotalldomainsarealignedinonedirection.

 Whenamaterialisfullymagnetizedallthedomains
arealignedinonedirection.Atthisstatethematerial
issaidtobemagneticallysaturated.

 Therearefourcommonmethodsofmagnetization;
theseare:

1. Induction

2. Stroking

3. Hammeringinnorth-southdirection

4. Electricalmethodusingdirectcurrent.

1. Electricalmethod

 Directcurrentisused.

 Themagneticmaterialtobemagnetizedisplaced
inside the solenoid connected in series with the
battery.Theswitchisclosedandcurrentispassed
throughthesolenoidforsometime.

 Thepolaritiesofthemagnetdependonthedirection
oftheelectriccurrent.

 Thepolesofthemagnetcanbeidentifiedusingthe
righthandgripruleforcurrentcarryingcoilwhich
statesthat:Ifacoilcarryingacurrentisgraspedin
the righthand such thatthe fingers pointin the
directionofcurrentinthecoil,thenthethumbpoints
inthedirectionofNorthPole.

Notes:

I. Allowingthecurrenttoflowforalongtimedoesnot
increasetheextentofmagneticsaturation.Itonly
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causesoverheatingofthesolenoidwhichadversely
affectsmagnetism.

II. A solenoidisacoilwithmanyturnsofinsulated
copperwire.



isabokemicah@gmail.com Page|9

Novels,UpdatedKASNEB,ICT,College,HighSchool,PrimaryNotes&RevisionKits0714497530

Exercise

1. InanexperimenttomagnetizedtwosubstanceXand
Yusingcurrenttwocurveswaveobtainedasshown
below.

ExplainthedifferencebetweenXandY

2. Thegraphinthefigurebelow show therelationship
betweentheattractiveforceofanelectromagnetic
andthemagnetizingcurrent

ExplaintheshapeofthecurveatpointABusingthe
domaintheory.

3. Hammering(mechanicalmethod)

 Thismethodmakestheuseoftheearth’smagnetic
field.Asteelbartobemagnetizedisplacedinthe
north-southpositionandtheupperendishammered.
Theendpointingnorthwardbecomesanorthpoleand
theonepointingsouthwardtheSouthPole.

5. Strokingmethod

 Inthismethodamagneticmaterialbarisrepeatedly
strokedusingoneendofastrongmagnet.Stroking
alignsdomainsandthereforethemagneticmaterial
becomesamagnet.Therearetwotypesofstoking:

a) Singlestrokemethod

 Inthismethodthemagneticmaterialisstrokedwith
onepoleofthemagnetfrom oneendtoanother,
lifting itawayasshown.Thestroking isrepeated
severaltimes while keeping the inclination ofthe
magnetthesame.

 The end ofthe magnetic materialbarwhere the
magnet finishes stroking acquires an opposite
polaritytothatofthestrokingmagnet.

Disadvantagesofsinglestrokemethod

 Itproducesmagnetsinwhichonepoleisnearerthe
endofthemagnetizedmaterialthantheother.
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4. Induction

 Inthismethod,amagnetinducesmagnetism ina
magneticmaterialincontactwithit.Theendofthe
materialincontactwiththemagnetattainsapolarity
oppositetothepoleofthemagnet.

 N/B This disadvantage can be avoided byuse of
doublestrokemethod.
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b)Doublestrokemethod

 Inthismethod,themagneticmaterialbarisstroked
from the centre repeatedly in opposite directions,
using opposite polarities oftwo barmagnets as
shownin(a)beloworlikepolesasin(b)below.

Exercise

With the aid ofa diagram explain how you would
magnetizedasteelbarsoastoobtainasouthpoleat
markedendofthebarby

a. Usingapermanentmagnet

b. Usinganelectriccurrent

Whichoftheabovemethodproducestrangermagnet?
Giveareason.

Demagnetization

 This is the process by which a magnetlosses
magnetism.In this process domains reverse their
directionandgetmisaligned(disoriented)

 Amagnetcanundergoself-demagnetizationifpoorly
storedortheprocesscanbeinfluencedexternallyby

Demagnetizationcanbehastenedbyanyofthefollowing
methods;

 Heating

 Hammeringineast-westposition

 Droppingonahardsurface

 Electricalmethodusingalternatingcurrent.

1. Hammering

 Hammering a magnetplaced in the east-west
directionordroppingitevidentlyonthehardsurface
floor severaltimes makes it lose most of the
magnetism.

2. Heating

 Heatingamagnetuntilredhotandcoolingitsuddenly
whenrestingintheeast-westdirectionmakesitlose
itsmagnetism.

3. Electricalmethod

 Placingamagnetinasolenoidplacedineastwest
direction and passing an alternating current
demagnetizesit.Thisisbecausealternatingcurrent
reverses manytimes persecond,disorienting the
magneticdipoles.

Hardandsoftmagneticmaterial

Softmagneticmaterial

 These are those magnetic materials magnetized
easilybutdo notretain theirmagnetism forlong.
Examples:iron,alloyofironandnickel.

Applicationsofsoftmagneticmaterials

1. Makingelectromagnets
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givingthedipolesenoughenergyto overcomethe
forcesholdingthem inaparticulardirection.

2. Makingtransformercores

3. Usedformagneticshielding

Hardmagneticmaterials

 These are magnetic materials thatare difficultto
magnetize butonce magnetized they retain their
magnetism foralongtime.Example–steel.

Applicationofhardmagneticmaterials:Usedinmaking
permanentmagnets
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Storingmagnets

 Barmagnetsarestoredinpairswithsoftironkeepers
placed across their ends to prevent self-
demagnetization.Unlike poles ofthe magnets are
placedclosetoeachother.

 Themagnetsmagnetizesoftiron keepersthrough
induction.Thealigneddipolesform aclosedloopor
chainroundthemagnetsandthekeepers,withnofree
poles.

Usesofmagnets

1. Usedinhospitalsforremovingpiecesofironfrom the
eyesofpatients.

2. Usedtoindustriesasstirrers,liftingironscrapmetals.

3. Weatherstations forresetting six’s minimum and
maximum thermometer.

4. Navigation forshowing direction as in compass
needles

5. Magnetictapesusedinaudioandvideorecorders.

6. StatethepolaritiesofendsXandY.

7. Withtheaidofadiagram explainhow barmagnets
arestoredsoastominimizeselfdemagnetization

8. Describeasimpleexperimenttoshow theexistence
ofmagneticpoles

9. Nametwopropertiesofamagnet

10.Whatareferromagneticmaterials?

11.Usingthedomaintheoryofmagnetism,explainwhy

a) The stray ofa magnetcannotbe measured
beyondacertainpoint.

b) Thetemperatureincreaseweakerordestroythe
magnetism ofamagnet.

12.Thegraphsbelowarefortwomagneticmaterials.

a) Whichmaterialiseasiertomagnetize?

b) Whichmaterialformsastrongermagnet?

c) Stateoneapplicationofeach.
RevisionQuestions
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14.Whyissoftironusedasmagnetkeeper?

15.Describehow youwouldshieldamagneticmaterial
from a magnetic field.State one application of
magneticshielding

16.Use the domain theory to explain a difference
betweenmagneticandnon-magneticmaterials.

17.Acoilofinsulatedwireiswoundaroundau-shaped
softironcareXYandconnectedtoabatteryasshown
inthefigurebelow.

13.Twosimilarrazorbladesareplacedoneonawooden
blockandtheotheronasoftironblockasshown

below.

Itwasobservedthattherazorbladeonthewooden
blockwasattractedtothemagnetwhiletheother
onthesoftironwasnot.Explain.

ChapterTwo MEASUREMENT II

Specificobjectives

Bytheendofthistopic,theleanershouldbeableto:

a) Measurelengthusingverniercalipersandmicrometer
screwgauge

b) Express quantities in correctnumberofdecimal
placesandcorrectnumberofsignificantfigures.

c) Expressmeasurementsinstandardform

d) Estimatethediameterofamoleculeofoil

e) Solvenumericalproblemsinmeasurement.

Content

1. Measurementoflength using verniercalipers and
micrometerscrewgauge

2. Decimalplaces,significantfiguresandstandardform

3. Estimation ofthe diameterofthe molecule ofoil
(relatetothesizeoftheHIVvirus,mentioneffectsof
oilspillsonhealthandenvironment.)

4. Problemsinmeasurements.
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VernierCalipers

 TheVerniercalipershastwoscales.Themainscaleis
contained on the steelframe and isgraduated in
centimetersbutalsohasmillimetersdivisions.The
Vernierscaleiscontainedontheslidingjawandhas
10equaldivisions.

 ThelengthofVernierscaleis0.9cm implyingthat
eachdivisionofthevernierscaleis0.09cm.

 Thedifferencebetweenthemainscaledivisionand
theVernierscaledivisioniscalledtheleastcount.
This is the accuracy of the Vernier calipers
i.e. cm =0.01cm(0.9-0.09)

 Verniercalipers has inside jaws used to measure
internaldiametersandoutsidejawsusedtomeasure
externaldiameters.

UsingVernierCalipers

1. Place the objectwhose diameter(length)is to
measuredbetweentheoutsidejaws.

2. Closethejawstilltheyjustgriptheobject.

3. Recordthereadingofthemainscale,oppositeand
totheleftofthezeromarkofthevernierscale.

4. Readthevernierscalemarkthatcoincidesexactly
withamainscalemarkandmultiplyitwiththeleast
count(accuracy)oftheVerniercalipers.Thisisthe
Vernierscalereading.

5. Thesum ofthevernierscalereadingandthemain
scale reading gives the diameter(length)ofthe
object.

Verniercalipers reading = vernierscale reading
+mainscalereading

Example
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Exercise

1. Describehow you would measuretheinternal
diameterof100cm3beakerusingverniercalipers.

2. Write down the vernier calipers reading in
diagram (a)(b)and(c)showedbelow.

ZeroErroroftheVernierCalipers

 Verniercalipersissaidtohaveazeroerrorifthezero
marksofthemainscaleandvernierscaledonot
coincidewhenthejawsofthecalipersareclosed
withoutanobject.

 Therearetwotypesoferrors:

(i) PositiveError

 Occurswhenthezeromarkofthemainscaleistothe

leftofthezeromarkofthevernierscale.

Example

(ii) NegativeError

 Occurswhenthezeromarkofthemainscaleistothe
rightofthezeromarkofthevernierscale

Example

CorrectionoftheNegativeError

 Thenegativeerroriscorrectedbyaddingzeroerrorto
thereadingobtained.

Exercise

Thefigurebelowshowsaverniercalipers

Statethecorrectreadingofscaleiftheinstrumenthasa
zeroerrorof–0.02cm.

MicrometerScrewGauge

 Itisusedtomeasureverysmalllengthssuchasthe
diameterofathinwire.
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CorrectionofthePositiveError

 Thepositiveerroriscorrectedbysubtractingthezero
errorfrom thereadingobtained.
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 Themicrometerscrew gaugeconsistofathimble
which carries a circularrotating scale known as
thimblescaleandaspindlewhichmovesforwardand
backwardswhenthethimbleisrotated.

 Thesleevehasalinearscaleinmillimetersandhalf
millimetercalledsleevescaleandthethimblehasa
circularscaleof50or100equaldivisions.

 Theratchetattheendofthethimblepreventsthe
userfrom exertingmorepressureonanobjectwhen
themicrometerscrewgaugeisinuse.

 Thedistancemovedbythespindleinonecomplete
rotation ofthe thimble is called the pitch ofthe
micrometer.Aspindlemovesforwardorbackwards
by0.5mm peracompleterotationofthethimblewith
50divisions.

 Thereforeeachdivisionofthimblescalerepresentsa
spindletravelof

=0.01mm
0.5mm

50

 Thismeansthatifthethimblerotatesthroughone
division,the spindle movesforward orforward by
0.01mm.Thisistheleastcount(accuracy)ofthe
micrometerscrewgauge.

 Leastcountofthescrew gaugeisdefinedasthe
distance moved by the spindle when the thimble
rotatesthroughonedivision.

Usingamicrometerscrewgauge

1. Place the objectwhose diameter/length is to be
measuredbetweentheanvilandthespindle.

2. Closethemicrometerusingratchetuntiltheobjectis
heldgentlybetweentheanvilandthespindle.Note
thattheratchetshouldsliponlyoncewhenthegripis
firm enoughtogiveaccuratereading.

3. Readthesleevescaleandrecorditas:

Sleevescalereading= --------------mm

E.g.considerthescrewgaugebelow:

4. Readthethimblescaleandmultiplyitbytheleast
countofthescrewgauge(0.01mm)andrecorditas:

Thimblescalereading=……x0.01=………….mm

Thezeroerrorofthemicrometerscrewgauge

 Itoccursifthezeromarkofthethimblescaledoes
notcoincidewiththehorizontal(centre)lineofthe
sleevescalewhenthemicrometerisclosedwithout
anobject.

Positiveerrorofmicrometerscrewgauge

 Occurswhenthezeromarkofthethimblescaleis
belowthehorizontalline.

Example

 Thepositiveerroriscorrectedbysubtractionofthe
errorfrom thereadinggivenbythemicrometerscrew
gauge.

Negativeerror

 Itoccurswhenthezeromarkofthethimblescaleis
abovethehorizontallineofthesleevescale.

Example
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5. Micrometerreading=sleevescalereading +thimble
scalereading

Examples

 Thenegativeerroriscorrectedbyaddingtheerrorto
thereadingobtainedbythescrewgauge
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SignificantFigures

 Significantfiguresrefertothenumberofdigitsused
tospecifytheaccuracyofavalue.

Note:

1. Thedigits1-9areallsignificantwhentheyappearina
number.

2. Thefirstdigitfrom theleftofanumberisthefirst
significantfigures

3. Thenumberofsignificantfiguresisdeterminedby
countingthenumberofdigitsfrom thefirstsignificant
figureontheleft.

4. Zero maybe significantornotdepending on the
positionofthedigit

5. Ifzerooccursbetweennon-zerodigitsitissignificant
e.g.1004(4sf),15607(5sf),180.45(5sf)

6. Whenzerooccursattheleftendofanumberitisnot
significante.g.0.00546(3sf),0.0002(1sf)

7. Ifthezerooccursattherighthandendofanintegerit
mayormaynotbesignificant.E.g.60000.Itcanbe
correctto1significantfigurethereforethezerosare
notsignificant.Ifallthezerosarecounted(ended)
thenitwillbecorrectto6significantfigures.

8. Ifthezero occursattherighthand end afterthe
decimalpoint,itisalwayssignificante.g.2.000(4sf),
3.0(2sf)

Exercise

Writedownthenumberofsignificantfiguresineachof
thefollowing

a) 40000

b) 609

c) 0.000675

d) 5237.8

e) 0.0000600

f) 0.002304

StandardForm

 Thisisawayofwritinganumberespeciallyavery

Exercise

Express the following in cm giving the answers in
standardform

a) 0.1mm

b) 125mm

c) 3.8m

d) 0.015m

e) 7.8km

Decimalplaces

 Refertonumberofdigitstotherightofthedecimal
pointandthisdeterminestheaccuracyofthenumber
e.g.6.0345(4d.p)

Exercise

Findthevolumeofacubewhosesideis2.22cm.Express
youranswercorrectto3d.p

StandardPrefixesUsedWithSIUnits

 Thetablebelow showsmultiplesandsub-multiples
usedwithSIunits,theirprefixesandsymbolforthe
prefixes.

Sub-
multiple/
multiple

prefix Symbol for
prefix

10-1 deci d
10-2 centi c
10-3 milli m
10-6 micro µ
10-9 nano n
10-12 pico p
10-15 femto f
10-18 atto a
101 deca da
102 hecto h
103 kilo k
106 mega M
109 giga G
1012 tera T
1015 peta P
1018 exa E
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largeorverysmallnumberinwhichonlyoneinteger
appearsbeforethedecimalpoint.

 Apositivenumberissaidtobeinstandardform when
writtenasAX10n,whereAissuchthat1≤A<10and
theindexnisanintegere.g.3567=3.567x103

 Ifthenumberliesbetweenzeroand1thentheindexn
becomesanegativee.g.0.0003567=3.567x10-4
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TheOilDropExperiment

 This is an experimentused in the estimation of
diameter/size/thicknessofamolecule.

 Inthisexperiment,atrayisfilledwithwatertothe
brim,andlycopodium powderislightlysprinkledon
thewatersurface.

 Anoildropiscarefullyplacedatthecentreofthetray
andallowedtospreadonthesurfaceofwateruntilit
isone molecule thick.Thisformsa patch whose
diameterismeasured

 Thicknessofoilmoleculeisestimatedasd

volumeofoildrop=volumeofoilpatch

PossibleSourcesofErrorintheExperiment

a) Errorinmeasuringthediameter(orvolume)ofoil
drop

b) Errorinmeasuringdiameterofoilpatch

Exercise

1. In an experimentto estimate the size ofan oil
molecule,thediameterofthepatchwasmeasured
tobe200mm foranoildropofradius0.25mm.
Determinethediameterofthemoleculeoftheoil

2. Inanexperimenttoestimatethediameterofoil
molecule100dropsofoilarereleasedfrom burette
andlevelofoilinburettechangesfrom 0.5cm3to
20.5cm3.Oneofthedropsisplacedonwaterand
spreadsoveracircularpatchofdiameter20cm.

a. Determine:

I. Thevolumeoftheoildrop

II. Theareaofthepatchcoveredbytheoil

III. Thediameteroftheoilmolecule

b. State:

i.Assumptionsmadeinthisexperiment

ii.Two possible sources of errors in this
experiment
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π =π( ×thickness,t,ofoilpatch(ormolecule)
4

3
r3 d

2
)2

Functionsoflycopodium powder

1. Itbreakssurfacetension

2. itclearlyshowstheextentofspreadoftheoildrop

Functionofbeams:

 Usedtoestimatediameterofthespreadoilpatch

Assumptionsmadeinoildropexperiment

a) Theoildropisperfectlyspherical

b) Theoilpatchisperfectlycylindrical

c) Theoilpatchisonemoleculethick.

RevisionQuestions

1. Whatarethezeroerrorsofthemicrometerscrew
gauges shown in the figures below?(the
micrometersareclosed).ifthemicrometerswere
usedtomeasurethediameterofawirewhose
diameteris1.00mm,whatwouldbethereading
oneach?
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2. Compareandcontrastthescalesoftwo
micrometerscrewgaugeswithapitchof0.5mm
and1.0mm.

3. Whatarethetwolimitationsofthemicrometer
screwgauge?

4. Listdowntheadvantagesanddisadvantagesof
themicrometerscrewgaugeoverthevernier
calipers

5. Sketchamicrometerscrewgaugescalereading:

a) O.23mm

b) 5.05mm

6. (a)Whatarethezeroerrorsoftheverniercalipers
infigures(a)and(b)below?

(b)Ifthecorrectdiameterofanobjectis4.01cm,what
wouldbethereadingsofbothcalipersforthisdiameter?

(c)Thecalipersinfigure(a)wasusedtomeasurethe
diameterofacylindricalobjectandrecorded4.55cm
whiletheoneinfigure(b)wasusedtomeasurethe
diameterofasphereandrecorded5.05cm.Calculate
correctvolumesoftheseobjectsinm3.(Takeπ=3.142)
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ChapterThree TURNINGEFFECTOFAFORCE

MomentofaForce

 Basically,momentofaforcerefersto theturning
effectoftheforce.

 Itisdefined asthe productofthe force and the
perpendiculardistancebetweenthepointofsupport
(pivotorfulcrum)andthelineofactionoftheforce.

Momentofaforce=force×perpendiculardistance

 SIunitofmomentofaforceisthenewtonmeter(Nm)

FactorsAffectingMomentofaForce

1. Amountofforce – momentofforce is directly
proportionaltotheamountofforceapplied.

2. Perpendiculardistancebetweenlineofactionofforce
andpointofsupport–momentisdirectlyproportional
thedistance900.

ExamplesofActivitiesinWhichForceProducesaTurning
Effect

1. Openingandclosingadoor

2. Closing a lid of a container e.g.( geometrical
instrumentbox)

3. Apairofscissorsorgardenshearsinuse

4. Childrenplayingon“seesaw”

5. Awheelbarrowbeingusedtoliftheavyloads

6. Ascrewdriverbeingusedtotightenorloosenascrew.

7. Beam balanceinuse.

Examples

Findthemomentoftheforceaboutthepivotinthe
figuresbelow

Momentofaforce=force×perpendiculardistance

∴momentofforceaboutpivot=20N×0.4m

=8Nm

ThePrincipleofMoments(theLawoftheLever)

 Considerameterrulebalanced(atequilibrium)ona
pivotatitscentrebyweightsW1,W2,W3 andW4 as
shownbelow.

 TheforcesW1andW2tendtomaketheruleturninthe
anticlockwisedirectionaboutthepivot.Therefore,the
momentsduetotheseweightsarereferredtoasan
anticlockwisemoments.

 Similarly,theforcesW3andW4tendtomaketherule
turn in a clockwise direction and therefore,their
momentsaboutthepivotareclockwisemoments.

Sum ofclockwisemoment =W3d3+W4d4

Sum ofanticlockwisemoment =W1d1+W2d2

Atequilibrium (balance),Sum ofclockwisemoment=
Sum ofanticlockwisemoment

W3d3+W4d4=W1d1+W2d2

 Thiscanbesummarizedbytheprincipleofmoments
whichstates“forasystem inequilibrium thesum of
clockwisemomentsaboutapointmustbeequalto
thesum ofanticlockwisemomentsaboutthesame
point”.

N/B:A bodyis said to be atequilibrium when itis
balancedundertheactionofanumberofforces.
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Examples

1. Statethelawofthelever(asabove)

2. Auniform meterrulepivotedatitscentreisbalanced
byaforceof4.8Nat20cm markandsomeothertwo
forces,Fand2.0N onthe66cm and90cm marks
respectively.CalculatetheforceF.

Atequilibrium (balance),

Sum ofclockwise moment= Sum ofanticlockwise
moment

F×0.16+2.0×0.40=4.8×0.30

0.16F+0.80=1.44

0.16F=0.64

F=
0.64

0.16

F=4.0N

3. Aboyofmass40kgsitsatapoint2.0m from the
pivotofaseensaw.Findtheweightofagirlwho
canbalancethesee-sawbysittingatadistanceof
3.2m from thepivot.(Takeg=10nkg)

solution

Atequilibrium (balance),

Exercise

Ahalfmeterruleissuspendedverticallyfrom apivotat
the0cm mark.Itismaintainedintheverticalposition
byfourhorizontalforcesactinginthedirectionsshown
inthefigurebelow

The10.0Nforceactsthroughthe15cm mark,4.0N
forcethroughthe20cm markand5.0Nforcethrough
the40cm mark.CalculateFwhichactsthroughthe30
cm mark.

Parallelforces

 Considerauniform rodbelowbalancedbytheforces
F1,F2,F3,F4,F5andRwhichisthenormalreactionon
pivot.

 TheforcesF1,F2,F3,F4,F5andRareparallel.

 Forparallelforces:

a) Thesum offorcesacting on onesideofthe
system isequaltothesum offorcesactingon
opposite direction i.e.the algebraic sum of
parallelforcesiszero.

b) Thesum ofclockwisemomentsisequaltothe
sum ofanticlockwisemomentsi.e.thealgebraic
sum ofthemomentsofparallelforcesiszero.

Exercise

Auniform metalrodoflength80cm andmass3.2kgis
supportedhorizontallybytwoverticalspring’sbalancesC
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Sum ofclockwise moment= Sum ofanticlockwise
moment

×3.2m = ×2.0mWg (40kg×10
N

kg)
3.2 =800Wg

=Wg

800

3.2

=250Nwg

andDbalanceCisalsofrom oneendwhilebalanceDis
30cm from the otherend.Find the reading on each
balance.
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Anti–parallelforces(Couples)

 Anti– parallelforcesoracouplerefersto equal,
parallelbutoppositeforces.

 Thetotalmomentofanti-parallelforcesistheproduct
ofoneoftheforcesandtheperpendiculardistance
betweentheforces.

Example

Twoverticalequalandoppositeforcesactonameter
ruleat20cm and90cm marksrespectively.Ifeachof
theforceshasamagnitudeof4.0 N,calculatetheir
momentonthemeterruleaboutthe40cm mark.

solution

Totalmoment

=oneoftheforce,FX perpendiculardistancebetweenthe
forces,d

=4.0N× m(0.9-0.2)

=4.0N×0.7

=2.8Nm

Examplesofcouples

I. Forcesappliedonawheelspannerwhentightening
orlooseninganut

II. Forcesappliedwhenopeningawatertap

III. Forcesappliedonthesteeringwheelofacarwhen
goingroundabend

IV. Forcesappliedonbicyclehandle

RevisionExercise

1. Explainwhythehandleofadoorisplacedasfaras
possiblefrom thehinges.

2. Explainwhyitiseasiertoloosenatightnutusinga
spannerwithalonghandlethantheonewithashort
handle.

3. Thefigurebelow showsauniform barinequilibrium
undertheinfluenceoftwoforces
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ChapterFour EQUILIBRIUM ANDCENTREOFGRAVITY

CentreofGravity

 Centreofgravity(COG)ofabodyisthepointof
application ofthe resultantforce due to earth’s
attraction.Itisthepointwherethewholeweightof
thebodyappearstoactfrom.Theresultantforceis
theweight(W =mg)ofthebody.

CentreofGravityofRegularShapes

 Thecentreofgravityofauniform body(bodywith
weight evenly distributed) lies at the body’s
geometricalcentre.Forexample,auniform meterrule
balancesatthe50cm markwhensuspended.

 Thecentreofgravityofregularshapescanalsobe
determinedbyconstructione.g.

1. Forsquare and rectangularplates,diagonals are
constructed.Thepointofintersectionisthecentreof
gravity.

2. Fortriangularplate,perpendicularbisectorsofthe
sidesareconstructed.Thepointofintersectionisthe
centreofgravity.

3. Forcircularplateconstructdiameters.Thepointof
intersection,whichisthecentreofthecircle,isthe
centreofgravity.

Examples

1. A uniform meterruleisbalancedat20cm mark
whenaloadof1.2Nishungatthezeromark.

a) Draw adiagram ofmeterruleshowingallthe
forcesactingonit.

b) Calculatetheweightandmassofthemeterrule

solution

Atequilibrium (balance),Sum ofclockwisemoment
=Sum ofanticlockwisemoment

W×0.3m =1.2N×0.2m

0.3W =0.24

∴W = =0.8N
0.24

0.3

c) Determinethereactiononthepivot.

solution

totalupwardforces=totaldownwaedforces
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R=1.2+W

R=1.2+0.8

R=2.0N
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2. Thediagram belowshowsametalplate3m long,1m
wideandnegligiblethickness.A horizontalforceof
100N applied atpointD justmakestheplatetilt.
Calculatetheweightoftheplate.

Solution

Atequilibrium (balance),Sum ofclockwisemoment
=Sum ofanticlockwisemoment

100N×3m =W×0.5m

300=0.5W

∴W = =600N
300

0.5

Exercise

1. Auniform half-meterruleispivotedatthe10cm
mark.Findthepositionofa2.0Nweightthatwill
balancetherulehorizontallyiftheweightofthe
ruleis0.4N.

2. Thefigurebelow showsauniform plankoflength
6.0m acteduponbytheforcesshown.Iftheplank
hasaweightof300N,draw thediagram showing
alltheforcesactingontheplank.Calculatethe
tensionTinthestringandthereactionatthepivot.

4. Thefigurebelow showsadiagram,ofmass150kg
andradius0.5m beingpulledbyhorizontalforceF
againstastep0.1m high.Whatinitialforce,F,isjust
sufficienttoturnthedrawnsothatitrisesoverthe
step.Ifthediagram below showssphericalballs
placedatdifferentpositionsonasurface.

Equilibrium States

 Stateofequilibrium referstostateofbalanceofa
body.Therearethreestatesofequilibrium:

1. Stableequilibrium

 Abodyissaidtobeinastableequilibrium ifitreturns
totheoriginalpositionafterbeingdisplacedslightly.
Thefunneldoesnottoppleoversincethelineof
action ofweightstillfalls inside the base ofthe
funnel.

2. Unstableequilibrium.

 Abodyisinunstableequilibrium ifonbeingdisplaced
slightly,itdoesnotreturntoitsoriginalpositionsbut
occupiesanew position.Thefunnelbelow topples
overbecausethelineofactionofweightfallsoutside
thebaseofthefunnel.

3. Neutralequilibrium
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3. Definethecentreofgravityofabody

 Abodyissaidtobeinneutralequilibrium ifonbeing
displaceditoccupiesanew positionwhichissimilar
totheoriginalposition.
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ConditionsforEquilibrium

1. Thesum offorcesonthebodyinonedirectionis
equaltothesum offorcesactingonthebodyinthe
oppositedirection

2. Thesum oftheclockwisemomentsaboutanypointis
equaltothesum oftheanticlockwisemomentsabout
thesamepoint.

FactorsAffectingtheStabilityofaBody

1. The position ofCOG ofthe body-the lowerthe
positionofthecentreofgravitythemorestablea
bodyis.

2. Baseareaofthebody-abodyismorestablewhenthe
baseiswide.Anarrow basemakesthebodytobe
lessstable.

ExamplesofApplicationofStability

1. Containersforholdingliquidssuchasconicalflaskin
the laboratory have broad base to improve their
stability.

2. Racingcars(e.g.formulaonecar)havewiderwheels
andlowerpositionsofcenterofgravitythanordinary
cars.

3. Mostbuses carrytheircargo in space below the
passengerlevelinsteadoftheroofrackinorderto
keepthecentreofgravitypositionslow.

4. A hydrometeris able to stay uprightin a liquid
becauseitisweightedatitsbaseandthereforeits
centreofgravityisatthebase.

5. ABunsenburnerhasawideheavybasetoincrease
stability

6. Apersoncarryingabucketofwaterinonehandhas
toleanhisbodytotheothersidetoadjusttheposition
hiscentreofgravity.

7. Chairs,stools,tripod 73 stands,tables etc are
providedwiththreeormorelegs.Thelegsareoften
madeslightlyinclinedoutwardstoimprovestability.

Exercise

1. Statetheconditionsofequilibrium forabody
acteduponbyanumberofparallelforces.

2. Explainwhy:

a)ItisnotsafeforadoubleDeckerbustocarry
standingpassengersontheupperdeck.

b)Bus body- builders build luggage
compartmentsundertheseatsratherthanon
roofracks.

c)Laboratorystandsaremadewithawideheavy
base.

3. Whenisanobjectsaidtobeinequilibrium?

4. Whattypeofequilibrium has:

I. A marble atthe bottom ofa watch
glass?

II. Atightropewalker?

III. Acylindersittingonitsbase?

IV. Asphereonaleveltabletop?

V. A bird perched on a thin horizontal
branchofatree?

5. State:

I. Twowaysinwhichthestabilityofabodycanbe
increased.

II. Twopracticalapplicationofstability.

6. Explainhowacyclistmaintainsthestabilityofa
movingbicycle.

7. Describethestateofequilibrium oftheballin
eachposition
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ChapterFive SOUND

Specificobjectives

Bytheendofthistopictheleanershouldbeableto:

a) Perform anddescribesimpleexperimentsto show
thatsoundisproducedbyvibratingbodies

b) Perform and describeanexperimentto show that
soundrequiresamaterialmedium forapropagation.

c) Explainthenatureofsoundwaves.

d) Determine the speed ofsound in airbythe echo
method.

e) Statethefactorsaffectingthespeedofsound.

f) Solvenumericalproblemsinvolvingvelocityofsound.

Content

1. Sound:natureandsources(experimentaltreatment
required)

2. Propagationofasound

3. Compressionsandrarefaction

4. Speedofasoundbyechosound

5. Factorsaffectingthespeedofasound

6. Problemsonvelocityofasound

DefinitionofSound

 Sound is a form ofenergy thatoriginates from
vibratingobjects.Itisalongitudinalmechanicalwave.

SomeSourcesofSound

1. Vibratingwoodenstrip

2. Vibratingwiree.g.guitarwirebeingpluck.

3. Vibratingdrum

4. Tuningfork-theprongsoftuningforkaremadeto
vibratebystrikingthem againstahardsurface.

5. Vibrating aircolumnse.g.blowing airacrossthe
mouthofatest-tube.

6. Airsiren-itisaform ofdiskwitharingofequally
spacedholeswhichareequidistantfrom thecentre.It
isrotatedataconstantrateasairisblownthrough
theholes.

7. Cog-wheelandcard

8. Voicebox(larynx)

PropagationofSoundEnergy

 Soundwaveispropagatedinform ofcompressions

Exercise

1. Thefigurebelow showsavibratingfork.Thetime
intervalfortheprongtogofrom AtoBis0.005s.
Find:

a) Thefrequencyofthefork

b) Thewavelengthofthevibrations,ifthevelocity
ofsoundinairis340m/s.
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(areasofhighpressure)andrarefactions(areasof
low pressure)throughpropagating medium.Sound
requiresamaterialmedium forpropagation.

2. The diagram below shows sound waves passing
throughair.Studyitandanswerthequestionsthat
follow.

a. Labelthefollowing:

i. Compression

ii. Rarefaction

iii. wavelength

b. Ifthewavefronttakes0.1stotravelfrom AtoB,
find:

i. Thefrequency

ii. Thewavelength,ifvelocityofsoundinair
is330m/s.

Experiment

Aim:

2. Closetheswitchandobservewhathappens.

Observation:Itisobservedthatthebellbeginstoringand
thesoundisheardoutside.

3. Graduallypumpoutsomeairandnotetheeffectthis
hasonsoundreachingyou.

Observation:Theintensityofsounddecreasesgradually.

4. Pumpasmuchairoutofthejaraspossibleandlisten
tothesoundproduced.

Observation:Soundisfoundtohavealmostdisappeared
thoughthehammercanbeseenvibrating

Conclusion

The above observations show thatthe sound cannot
travelthroughavacuum.Itneedsamaterialmedium for
propagation.

FactorsAffectingVelocityofSoundInAir

a) Temperatureoftheair-soundtravelsfasterin
hotairthanincoldair.

b) Humidityoftheair-thevelocityofsoundonair
increaseswithhumidity
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Toshowthatsoundrequiresamaterialmedium totravel.
(I.e.sounddoesnottravelinvacuum)

Apparatus

Electricbell

Switch

Bellglass-jar

Vacuum pump

Wires

Cells

Glassplate

Procedure

1. Setuptheapparatusasshowninthediagram below.

c) Direction ofwind -wind blowing in the same
directionassoundincreasesthevelocityofthe
latter.

SoundTransmissioninSolids,LiquidsandGases

 Soundtravelsfastestinsolids,followedbyliquidsand
thengases.

 Speedofsoundinmaterialsvariesfrom solidtosolid,
liquid to liquid and gas to gas depending on the
densityofthe material.Densermaterialtransmits
soundfaster.

ReflectionPropertyofSoundWaves

 Reflectedsoundiscalledecho.Soundisreflected
whenitfallsonhardsurfaces.

 Reflectionsofsoundwavesalsoobeythelawsof
reflection:

i. Theangleofincidenceisequaltotheangleof
reflectionatpointofincidence

ii. Theincidentsound,thereflectedsoundandthe
normallieonthesameplane.
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Reverberation

 Reverberationreferstotheeffectinwhichoriginal
soundseemsprolongedduetooverlapwiththeecho
sound.Itoccurs in some halls,sound waves are
reflectedfrom walls,floorandceilingandsincethe
echotimeisshort;theechooverlapswiththeoriginal
sound.

 Toreducereverberationinplaceslikebroadcasting
studios and concerthalls,walls are made using
absorbentmaterialslikecottonwoolandfoam rubber.

ApplicationsofReflectionofSound

a) DeterminationofSpeedofSound

 Inthiscase,soundisproducedinfrontofanobstacle
whose distance awayis known.The time forthe
soundtoreachtheobstacleandbacktothesource
(i.e.timeforechotobeheard)ismeasuredusinga
stopwatch.

Speedofsound= =
distancetravelled,2d

timetaken,t

2d

t

Example

1. Amanstandinginavalleybetweentwocliffsstrikesa
gong.Hehearsanechofrom onecliff0.7slaterand
from theother0.2safterthefirst.Determinethe
widthofthevalley.(Speedofsoundinair,v=330ms-1)

Solution

∴2x=330 ×0.7s
m

s

x= =115.5m
330×0.7

2

Also,2(d-x)=330 × s
m

s
(0.7+0.2)

d= +x
297

2

d=148.5+115.5=264m (thisisthewidthofthecliff)

2. Atimekeeperin100m racestandsatthefinishing
point.Hestartshiswatchthemomenthehearsthe
sound ofagun.Whaterrordoeshemakeinthe
timingoftherace?(Speedofsoundinairis330ms-1)

Solution

Theerrorisequaltothetimetakenforthesoundfrom the
guntoreachthetimekeeper,i.e.timetakenforsoundto
travel100m atthespeedof330ms-1thesoundtakes:

T= =0.303seconds
100m

330ms-1

=============================================

b) DeterminationofDistancesbyProducingSoundofa
KnownSpeed(pulse-echotechnique)

 Pulse-echotechniqueinvolvesmeasuringdistances
byproducingsoundofknownspeedandmeasuring
timetakentoreceiveanecho.

 Ultrasound(soundoffrequencyofover20KHz)is
usedinpulse-echotechniquebecauseitpenetrates
deepestandcanbereflectedeasilybytinygrains.

Exercise

Afishingboatusesultra-soundoffrequency6.0x104Hz
to detect fish directly below. Two echoes of the
ultrasoundarereceived,oneafter0.09scomingfrom the
shoaloffishandotherafter0.12scomingfrom thesea
bed.If the sea bed is 84m below the ultrasound
transceiver,calculate:

i. Thespeedofultrasoundwavesinwater

ii. Thewavelengthoftheultrasoundwavesinwater
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letditancefromnearestcliffbexand

thatbetweenthetwocliffsd

distance=speedofsound×time

iii. Thedepthoftheshoaloffishbelowtheboat

ApplicationsofPulse-EchoTechnique

Used:

a) Intheshiptodeterminethedepthofthesea.

b) Inunderwaterexplorationofgasandoil.

c) Infishingboatswithpulseechoequipmenttolocate
shoalsoffish.

d) In specialtypesofspectaclesused bytheblind
peopletotellhowfarobjectsareaheadofthem.

e) Bybatstodetectthepresenceofobstaclesintheir
flightpath.

RevisionExercise

1. Statehow thepitchofsoundwaveisaffectedby
frequency

2. Thefollowingdiagram showsasetupthatwasused
to demonstrate that sound requires a material
medium fortransmission.

5. Inanexperimenttodeterminespeedofsoundinair,a
drum atapoint150m from averticalwallwasstruck
atvaryingfrequencywhilelisteningtotheecho.The
echocoincideswiththesoundfrom thedrum ata
timewhentosuccessivestrikesweremadewithina
timeof18.5s.

i. Determinethetimetakenforanechotobe
heard

ii. Determinethespeedofsoundinairatthe
place

iii. Whatdifference would you expectifthe
experimentwasrepeatedonacolderday?

6. Aboystrikesarailwaylinewithahammer.Arailway
walker600m awayhearstwosounds,onefrom the
railwaylineandtheotherfrom air.Ifthetimeinterval
betweenthetwosoundsis1.65sandthespeedof
soundinairis340ms-1,determinethespeedofsound
intherailwayline.
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i. Statewhathappenstothesoundfrom the
bellasaircontinuestobedrawnfrom thejar

ii. Whathappensto thesoundifsomeairis
allowedbackintothejar

iii. Givepossiblereasonswhyitisnotpossibleto
reducesoundcompletelyinthisexperiment

3. A girlstandingsomedistanceawayfrom thecliff
blowsawhistleandhearsanecho1.10slater.Ifthe
speedofasoundinairis350ms-1,determinehowfor
thegirlisfrom thefootofthecliff.

4. Aloudspeakerplacedbetweentwowallsbutnearerto
wallA thanwallB issending outconstantsound
waves.Determinehow fartheloudspeakerisfrom
wallBifitis100m from wallAandthetimebetween
thetwoechoesreceivedis0.2seconds.(Speedof
soundinair=340ms-1)

ChapterSix HOOKE’SLAW

Specificobjectives

Bytheendofthistopic,thelearnershouldbeableto:

a) StateandverifyexperimentallyHooke’slaw

b) Determinethespringconstant

c) Constructandcalibrateaspringbalance

d) SolvenumericalproblemsinvolvingHooke’slaw

Content

1. Hooke’slaw

2. Springconstant

3. Springbalance

4. ProblemsonHooke’slaw
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Introduction

 Theknowledgeofstretchingmaterialswhenforces
are applied is important particularly in the
constructionindustry.Ithelpsengineerstodetermine
thestrengthofthematerialstobeusedforspecific
work.Thistopicdealswithstudyofhow materials
behavewhenstretchedandtherelationshipbetween
the extentofstretching and stretching force.The
pioneerofthetopicisthephysicistRobertHooke.

CharacteristicsofMaterials

1. Strength

 Itistheabilityofamaterialtoresistbreakagewhen
understretching,compressingorshearingforce.A
strongmaterialisonewhichcanwithstandalarge
forcewithoutbreaking.

2. Stiffness

 Referstotheresistanceamaterialofferstoforces
whichtendtochangeitsshapeorsizeorboth.Stiff
materialsarenotflexibleandresistbending.

3. Ductility

 This is the quality ofa materialwhich leads to
permanent change of shape and size. Ductile
materials elongate considerably when under
stretchingforcesandundergoplasticdetermination
untiltheybreake.g.lead,copper,plasticine.

4. Brittleness

 This is the quality ofa materialwhich leads to
breakagejustafterelasticlimitisexceeded.Brittle
materialsdonotundergoextensionandbreakwithout
warningonstretching.E.g.blackboardchalk,bricks,
castiron,glass,anddrybiscuits.

5. Elasticity

 Thisistheabilityofamaterialtorecoveritsoriginal
shapeandsizeaftertheforcecausingdeformationis
removed.Thematerialswiththisabilityarecalled
elastice.g.rubberbands,spring,andsomewires.

 A materialwhichdoesnotrecoveritsshapebutis
deformedpermanentlyiscalledplastice.g.plasticine.

Hooke’sLaw

 Hooke’s law relates the stretching force and
extensionproduced.

Itstatesthat“forahelicalspringoranyotherelastic
material, extension is directly proportional to the
stretchingforce,providedelasticlimitisnotexceeded”

i.e.F∝e;F=ke,

Wherekistheconstantof

proportionalitycalledspringconstant.

 Slunitofspringconstantisthenewtonpermeter
(N/m).

 Spring constant is defined as the measure of
stiffnessofaspring.

 Graphically,Hooke’slawcanbeexpressedasbelow.
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 Thegraphofstretchingforceagainstextension,for
materialthatobeysHooke’slaw,isastraightline
throughtheorigin.Thegradient(slope)ofsucha
graphgivesthespringconstantofthespringused.

Gradient = =springconstant(slope)
changeinF

changeine

S= =k
ΔF

Δe

 If the stretching force exceeds a certain value,
permanentstretchingoccurs.

 Thepointbeyondwhichtheelasticmaterialdoesnot
obeyHooke’slawiscalledelasticlimit.

 Apointbeyondwhichamateriallosesitselasticityis
calledyieldpoint.

 AlongOEthespring(orelasticmaterial)issaiddo
undergoelasticdeformation.

 Along EA the spring is said to undergo plastic
deformation

FactorsAffectingSpringConstant

a) Typeofmaterialmakingthewire

b) Lengthofthespring

c) Thenumberoftermsperunitlengthofthespring

d) Thediameter(thickness)ofthespring

Solution

k= =
F

e

mg

e

k= =500N
N(600× ×1010-3 )

1.2× m10-2 m-1

2. The figure below shows a spring when unloaded,
whensupportingamassof80gandwhensupporting
a stone.Study the diagrams and use them to
determinethemassofthestone.

Solution

k= =
F

e

mg

e

k= =16
N(80× ×1010-3 )

× m(10-5)10-2 Nm-1

F= =keW
stone

=16 ×3× =0.48NW
stone

N

m
10-2

m = =
W

g

0.48N

10Nkg-1

=0.048kg(thisisthemassofthestone)

3. Aspiralspringproducesanextensionof6mm whena
forceof0.3N isappliedtoit.Calculatethespring
constantforasystem whentwosuchspringsare
arrangedin:

a) Series
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e) Thethicknessofthewire

Examples

1. Aspringstretchesby1.2cm whena600gmassis
suspendedonit.Whatisitsspringconstant?
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Totalextension=2x6x m =1.2x m10-3 10-2

Totalforce=0.3N

F=ke(fromHooke’slaw)

= = =K
s

F

e

0.3

1.2x10-2 25Nm-1

b) Parallel

Sincethetwospringswillsharetheweight,extensionof

thesystem is x6mm =3mm
1

2

Springconstantofthesystem,kPis

kp= = =100N
F

e

0.3N

0.003m
m-1

4. Thedatabelowrepresentsthetotallengthofaspring
astheloadsuspendedonitisincreased

Weight,

W (N)

0.5 1.0 1.5 2.0 2.5 3.0

Total
length, L
(x10-2m)

7.5 8.0 8.5 9.0 9.5 10.0

a. Plotagraphoftotallength(y-axis)against
weight

b. Usethegraphtodetermine

i. Thelengthofthespring

Thelengthofthespringisthatwhenforceacting
onitiszero.From thegraphitis7.1x10-2m

ii. Thespringconstant,k.

springconstant,k=
1

slope,S

S= =0.009091m
× m(8.8-7.8)10-2

N(1.56-0.55)
N-1

springconstant,k= =110.0N
1

0.009091mN-1 m-1

Compressingaspring

 Compressionreferstochangeinlengththatoccurs
when a spring is squeezed from its two ends.A
sketchoflengthagainstcompressionforaspring
whichobeysHooke’slawisasbelow.

 BeyondthepointE,theturnsofthespringarevirtually
pressing onto oneanotherand furtherincreasein
forceachievesnonoticeabledecreaseinlength.
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Exercise

a. The figure below shows a simple apparatus for
studyingthebehaviorofaspringwhensubjectedto
forcesofcompression.

Describehowtheapparatusmaybeusedtoobtain
readingsofcompressionforceandcorrespondinglength
ofspring.

b. Inasimilarexperimentthefollowingreadingswere
obtained

Plotagraphof:

i. Compressionforcesversuslengthofthespring
andfrom thegraphdeterminetheminimum force
thatwillmakethespringcoilstojustcomeinto
contact.

WorkDoneinStretchingorCompressingaSpring

 The area underforce versus extension graph is
representstoworkdoneinstretchingthespring.

Areaunderthegraph= Fe,
1

2

whereFistheforceappliedandetheextension

attained.

From Hook slaw,F=kee'

Workdone= e= k
1

2
(ke)

1

2
e2

Exercise

Twospringsofnegligibleweightsandofconstantsk1=
50Nm-1andk2=100Nm-1respectivelyareconnectedend
toendandsuspendedfrom afixedpoint.Determine

i. Thetotalextensionwhenamassof2.0kgishung
from theoneend

ii. Theconstantofthecombination.

iii. Workdoneinstretchingeachspring(elastic
potentialenergyofeach)
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ii. Compression forces versus compression of
springandfrom thegraphdeterminethespring
constant.

RevisionExercise
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1. StateHooke’slaw

2. Definethefollowingterms

a) Elasticity

b) Elasticmaterial

c) Plasticdeformation

d) Springconstant

e) Stiffness

f) Astiffmaterial

g) Elasticmaterial

Yieldpoint

3. A60gmassissuspendedfrom aspring.When1.5g
wireisadded,thespringstretchesby1.2cm.Given
thatthespringobeysHooke’slaw,find:

a) Thespringconstant

b) Thetotalextensionofthespring

4. Apieceofwireoflength12m isstretchedthrough
2.5cm byamassof5kg.Assumingthatthewire
obeysHooke’slaw

a) Throughwhatlengthwillamassof12.5kg
stretchit?

b) Whatforcewillstretchitthrough4.0cm?

5. Thefollowingreadingswhereobtainedinan
experimenttoverifyHooke’slawusingaspring

a. Foreachreadingcalculate:

i. Thevalueoftheforceapplied

ii. Theextensioninmm

b. Plotagraphofextensionagainstforce.Doesthe
springobeyHooke’slaw?

c. From thegraphdetermine:
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i. Theelasticlimit(markongraph)

ii. Thespringconstant

iii. Theweightofabottleofinkhungfrom the
springifthereadingobtainedis12cm

iv. Theextensioninmm whenaforceof0.3Nis
applied

v. Thescalereadingincm foramassof0.02kg

ChapterSeven MAGNETICEFFECTOFANELECTRICCURRENT



isabokemicah@gmail.com Page|49

Novels,UpdatedKASNEB,ICT,College,HighSchool,PrimaryNotes&RevisionKits0714497530

Specificobjectives

Bytheendofthistopicthelearnershouldbeableto:

a) Perform anddescribeexperimentstodeterminethe
directionofmagneticfieldroundacurrentcarrying
conductor

b) Constructsimpleelectromagnet

c) State the factors affecting the strength of an
electromagnet

d) Determineexperimentallythedirectionofforceona
conductorcarryingcurrentinamagneticfield

e) Explaintheworkingofasimpleelectricmotorand
electricbell

Content

1. Magneticfieldduetoacurrent

2. Oersted’sexperiment

3. Magneticfieldpatternsonstraightconductorsand
solenoids(righthandgriprule)

4. Simpleelectromagnets

5. Factorsaffectingstrengthofanelectromagnet

6. Motoreffect(Fleming’srighthandrule)

7. Factors affecting force on a current carrying
conductorinamagneticfield(qualitativetreatment
only)

8. Applications:

 Electricbell

 Simpleelectricmotor

Introduction

 Thistopicinvolvesthestudyofmagneticfielddueto
theflow ofelectriccurrentinaconductorandthe
applicationsofthiseffect.Thepioneerofthisphysics
topicisHansOersted,aprofessorofphysics.

MagneticEffectofanElectricCurrentFlowingThrougha
Conductor

 Considerthediagram belowofasetupthatthatcan
be used to investigate the magnetic effectofan
electriccurrentflowingthroughaconductor.Thisis
commonlycalledOersted’sexperiment.AandBare
magneticcompassneedles

 Thedirectionofdeflectionofthecompassneedles
canbepredictedbyAmpere’sswimmingrulewhich
states that“ifone imagines swimming along a
conductorin the direction ofelectric currentand
facingthecompassneedle,thenthenorthpoleofthe
needlewillbedeflectedtowardstheswimmer’sleft
hand”

Notes:

1. Thedeflectionofthecompassneedlesisduetothe
interaction between the magneticfield due to the
electriccurrentintheconductorandthemagnetic
fieldofthecompassneedle.

2. Whentheterminalsofthebatteryareinterchanged,
thecompassneedlesdeflectintheoppositedirection
becausethedirectionofcurrentreverses.

3. The extentofdeflection ofthe compass needles
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 Whentheswitchisclosed,itisobservedthatthe
compass needles deflect towards the directions
showninthediagram below.

increaseswhentheamountofelectriccurrentflowing
throughtheconductorincreases.

Exercise

The figure below shows a compass placed undera
verticalwireXY

Alargecurrentispassedfrom XtoY.Drawtheposition
ofthemagneticcompassneedle.

MagneticFieldPatternsonaStraightCurrentCarrying
Conductor

 Whenalargeelectriccurrentflowsthroughawire
passingthroughacardboardonwhichironfilingsis
sprinkled,the filings form a pattern ofconcentric
circlesaroundthewireasshownbelow.

 Note:Thesymbol representscurrentintothe

surfaceand currentoutofthesurface.

MagneticFieldonaCurrentCarryingSolenoid

 A solenoid refers to a wire wound into a long
cylindricalcoilwithmanyconnectedloops.

 Fleming’srighthandgripruleforacurrentcarrying
solenoidisusedtopredictthedirectionofmagnetic
fieldpatterninsidethesolenoidduetothecurrent.It
statesthat“Ifacoilcarryingelectriccurrentisheldin
therighthandsuchthatthefingersencircletheloops
whilepointing inthedirectionofcurrentflow,the
thumbpointsinthedirectionoftheNorthPole”
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 Thisbehaviorofironfilingsshow thatthemagnetic
field around a straightcurrentcarrying conductor
forms a pattern of concentric circles and is
perpendiculartotheconductor.

 Thedirectionofthismagneticfieldpatterncanbe
predicted by Fleming’s righthand grip rule fora
currentcarryingstraightconductorwhichstatesthat
“ifacurrentcarryingconductorisgrippedintheright
handwiththethumbpointingalongthewireinthe
directionofcurrent,theotherfingerswillpointinthe
directionofthemagneticfield”.

 Note that a solenoid carrying electric current
producesamagnetfieldpatternlikethatofabar
magnet;oneendbehavesNorthPoleandtheother
endSouthPole.

Exercise

Showthemagneticfieldpatterninsideloopbelow

SimpleElectromagnet

 Anelectromagnetismadebyplacingasoftironcore
insideasolenoidcarryinganelectriccurrent.Thisis
shownbelow.

 Therighthandgripruleforacurrentcarryingsolenoid
canaswellbeusedtopredictthepolaritiesofthe
electromagnet.

FactorsAffectingtheStrengthofanElectromagnet

I. Theamount(size)ofcurrentinthesolenoid–the
strengthofanelectromagnetisdirectlyproportional

EndBwasbroughtneartheironfilingsandmanyofthem
wereattractedwhentheswitchwasclosed.

I. Explainwhytheironfilingsgotattractedatendof
thecore.

II. Explainwhatisobservedwhentheswitchisopened.

III. Ifsoftiron was replaced with steeland switch
closed:Statewhatisobservedwhensteelisbrought
nearironfilings

IV. Mention threedifferencesbetween softiron and
steelasillustratedintheaboveexperiment.

V. Explain whathappens ifsteelis replaced with
copperanddippedintheironfilings.

2. Thediagram below showsawirewoundonanopen
pipeatbothends.Thewireisthenconnectedtoad.c
supply.Anorthpoleofthemagnetisneartheendof
thecoreB.
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totheamountofelectriccurrentinthesolenoid.
Therefore,the large the currentthe strong the
electromagnet.

II. Thenumberofturnsinthesolenoid–thestrength
oftheelectromagnetisdirectlyproportionaltothe
numberofturnsinthesolenoid.Therefore,themore
thenumberofturnsthestrongtheelectromagnet.

III. Thelengthofthesolenoid– thestrengthofthe
electromagnetisdirectlyproportionalthelengthof
thesolenoid.Thereforethelongerthesolenoidthe
strongertheelectromagnet.

IV. Theshapeofthecore-horse-shoeshapedcore
producesastrongerelectromagnetthanu-shaped
core while a u-shaped core producesa stronger
electromagnetthanastraightcore.

Exercise

1. Inthediagram below thesoftironcoreisplaced
insideacoilconnectedtoad.csource.

I. Whatis observed atthe magnetwhen the
switchisclosed?

II. Explaintheobservationinthequestionabove.

III. Iftheterminalsofthecellsarereversedstate
whatisobservedonthemagnets.

IV. Whatnameofmakingamagnetisillustratedin
theabovearrangement?

V. Whatarethetwoadvantagesofthismethod
overothermethodsofmagnetization?

3. In an experimentto determinethestrength ofan
electromagnet,the weight of pins that can be
supported by the electromagnet, was recorded
againstthenumberofturns.Thecurrentwaskept
constantthroughouttheexperiment.

Thetablebelowshowsthedatathatwasobtained.

I. Plotagraphofweight,W,againstnumberofturns,
n.

II. Usethedomaintheorytoexplainthenatureofthe
graph

III. Sketch on thesameaxesthecurvethatwillbe
obtainedusingahighercurrent
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Forceonacurrentcarryingconductor(TheMotorEffect)

 A conductorcarryingcurrentplacedinamagnetic
fieldexperiencesaforce.Thisiscalledthemotor
effect.

 Considerthesetupdiagram below foraconductor
carryingcurrentinamagneticfield.

 Themagneticfield concentratesatthetop ofthe
conductorthan atthe bottom thereby creating a
regionofstrongfield.Thereasonforthisisthatthe
fieldduetoelectriccurrentintheconductorandthat
ofthemagnetsreinforceeachothersincetheyare
directedinthesamedirection.

 The relatively weak field at the bottom of the
conductorisasresultofcancellationbetweenthetwo
fieldssincetheyaredirectedinoppositedirections.
Theresultantforcethereforeactsontheconductor
downwards.

 Thedirectionofforceonconductorcanbepredicted
byFleming’slefthandrulewhichstatesthat“Ifthe
thumb,firstandsecondfingersareheldmutuallyat
rightangleswiththefirstfingerpointingthedirection

Exercise

Show theresultantmagneticfieldanddirectionofforce
oftheconductorineachofthefollowing.

 Forrectangularcoilin a magnetic field,one side
experiencesanupwardforceandtheothersidea
downwardforceandthecoilissetintoarotation.
Belowisanexample.
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ofmagneticfield,thesecondfingerinthedirectionof
current,then the thumb points in the direction of
force”
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Force between Parallel Straight Current Carrying
Conductors

a. Parallel Conductors Carrying Current in Same
Direction

 Themagneticfieldbetweentheconductorsisweaker
duetocancellationthanthefieldfrom theouterside.
Theresultantforceontheconductorsactstopush
them towardseachother.

b. ParallelConductors Carrying CurrentIn Opposite
Direction

 Thefieldsbetweentheconductorsrepeleachother
sincetheyaredirectedinsamedirection.A force,
therefore,actsontheconductorstopullthem apart
(outwards)

FactorsAffectingForceonaConductorCarryingCurrent
inaMagneticField

1. Magnitude ofelectric current-force increases with
current

2. Strength ofmagnetic field – force increases with
strengthofthemagneticfield

3. Lengthoftheconductorinthefield–thelongerthe
lengththestrongertheforce

4. Angletheconductormakeswiththemagneticfield–
forceincreaseswiththeangle.Itismaximum when
theconductorisatanangleof900withthemagnetic
field

Exercise

Whenacurrentispassedthroughthecoilinthedirection
PQRSthecoilstartstoturn,andeventuallybecomesto
rest.Withtheaidofdiagramsexplain:

I. Whythecoilbeginstoturn

II. Inwhichdirectionitbeginstoturn

III. Whyitcomestorest

IV. Thepositioninwhichitcomestorest

2. Theapparatusshownbelow maybeusedtocause
riderABmovealongtherodsCandD

I. WhencurrentflowsalongAB,inwhatdirection
willitroll?Explain.

II. What happens to the rider when current is
increased?

III. Statetherulethatcanbeusedtopredictthe
directionofforceactingontherider.

ApplicationsofMagneticEffectofanElectricCurrent

1. Electricbell
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1. Thefigurebelow showsarectangularcoilPQRSof
manyturnsofwirelocatedinamagneticfielddueto
twopolesnorthandsouth.Thecoilisfreetorotateon
theverticalaxisCD.

 Thecapacitorisusedtoreducesparkingeffectatthe
contacts.The circuitis completed atthe contact
springandcontactscrew.
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WorkingMechanism ofanElectricBell

 When currentisswitched on,itflowsthrough the
circuitandthesoftironcorebecomesmagnetized.
Themagnetizedironcorethenattractsthesotiron
armature,which has a hammeratits end. On
attraction,thehammerknocksthegongandthebell
rings.

 Whenthesoftironarmatureisattracted,thecontact
atthe contactscrew isbroken and currentstops
flowing.Theelectromagnetlosesitsmagnetism and
releasesthesoftironarmatureandthisclosesthe
contactagain.

 This process is repeated and the bell rings
continuouslyaslongastheswitchisclosed.

2. ElectricMotor

 Itisadevisewhichconvertselectricalenergyinto
rotationalkineticenergy.

 Thepermanentmagnetsarecurvedattheendsto
produceradialmagneticfield.

FunctionsofCarbonBrush

a) Presseslightlyagainstthecommutatorssothatthat
thecoilrotatesfreelyandeasily.

b) Connectthecoiltotheelectriccurrentsource.

Reasonswhycarbonbrushesandcommutatorsaremade
ofgraphite

a) Graphiteisagoodconductorofelectricity.

b) Itservesasalubricantsinceitisslippery.

WorkingMechanism oftheElectricMotor

 When the coilis horizontaland currentpasses

 Thecurrentisthenreversedinthecoilandtheforces
actingoneachsidereverseindirection.SideABis
nowontherightwithadownwardforcewhilesideCD
isontheleftwithanupwardforce.Thecoilcontinues
torotate.

3. Simplemagneticrelay

 Inamagneticrelay,onecircuitisusedto control
anothercircuitwithoutanydirectelectricalconnection
betweenthem.

WorkingMechanism ofMagneticRelay

 When the switch is closed,currentflows through
circuitX;electromagnetismadeonthesolenoidand
inturnattractsthesoftironarmature.Theclosesthe
contactsincircuitY.

4. CircuitBreakers

 Circuit breakers are used to protect electrical
componentsfrom excessiveflowofcurrent.
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through it as shown on the diagram,side AB
experiencesanupwardforcewhileBCexperiencesa
downwardforce.Thetwoforcesmakethecoilrotate
intheclockwisedirection.

 WhenthecoilisintheverticalpositionwithABatthe
top and CD atthebottom,thebrushestouch the
spacesbetweenthetwosplitrings.

 Duetomomentum,thecoilcontinuestorotateand
thecommutatorsinterchangethecontactpositions
withthebrushes.
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WorkingMechanism ofaCircuitBreaker

 When excess current flows through the circuit,
increased magnetic power of the electromagnet
openstheswitch,thusstoppingcurrentflow.

Revisionexercise

a. State two factors thataffectstrength ofan
electromagnet

b.In thesetup below thesuspended meterruleis
balancedbythemagnetandtheweightshown.The
ironcoreisfixedonthebench.

i. Stateand explaintheeffectonthemeterrule
whentheswitchisclosed.

ii. Whatwouldbetheeffectofreversingthebattery
terminals?

iii. Suggesthow the setup in the figure can be
adopted to measurethecurrentflowing in the
currentcircuit.
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ChapterEight WAVESI

Specificobjectives

Bytheendofthistopictheleanershouldbeableto:

a) Describetheformationofpulsesandwaves

b) Describetransverseandlongitudinalwaves

c) Defineamplitude(a),wavelength(λ),frequency
(f),andperiodictime(T)

d) DerivetherelationV=fλ

e) SolvenumericalproblemsinvolvingV=fλ

Content

1. Pulsesandwaves

2. Transverseandlongitudinalwaves

3. Amplitude (a),wavelength (λ),frequency (f),
periodictime(T)

4. V=fλ

5. ProblemsinvolvingV=fλ.

Introduction

 Inthistopicbasicconceptsaboutwavesarestudied.
Knowledgeaboutwaveshasbeenbroadlyappliedin
dailylifee.g.inradioandtelevision,mobilephones,
remotecontrolsystem,heatenergyradiationetc.

Definitionofawave

 Awavereferstothetransmissionofadisturbance.A
wavethereforetransmitsenergyfrom onepointto
another.

ClassificationofWaves

 Wavescanbebroadlyclassifiedaselectromagnetor
mechanicalinnature.

1. Electromagnetwaves

 These are waves which do notrequire material
medium for transmission. Such waves can be
propagatedinvacuum.Examplesofelectromagnetic
wavesareRadiowaves,Radiantheate.g.from sun,
light,Microwavesetc.

 NB:Electromagneticwavesaretransverseinnature

2. Mechanicalwaves

 Thesearewaveswhichdorequireamaterialmedium

ClassificationofMechanicalWaves

a. Transversewaves

 Thesearewavesinwhichdisplacementofmedium
particles is at right angle to the direction of
propagation ofthe wave.Examples oftransverse
wavearewaterwaves,wavesonaropeswungupand
down.Transversewavestravelasaseriesofcrests
andtroughs.

 Acrestisthehighestpointofatransversewavewhile
atroughisthelowestpointofatransversewave

 Formationoftransversewavecanbeillustratedby
swingingaslinkyspringoraropefixedatoneendup
anddown.

b. Longitudinalwaves

 Thesearewavesinwhichdisplacementofmedium
particlesisparalleltothedirectionofpropagationof
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fortransmission.Suchwavescannotbepropagated
invacuum.Examplesofmechanicalwavesarewater
waves,soundwavesetc.

thewave.ExamplesoflongitudinalwaveareSound
wave,wavesonaslinkyspringfixedatoneendand
vibratedtoandtwoetc.

 Longtudional waves consists of sections of
rarefactions andcompressions. Compressions are
sections ofhigh pressure in which particles are
ppushed closer together while rarefactions are
sectionsoflowpressureinwhichparticlesarepulled
slightly furthera partfrom one another.Pressure
variationinalongtudionalwaveiswhatcauseswave
motion.

 Formaton oflongtudinalwaveca beillustrated by
vibratingaslinkyspringfixedatoneendtoandfro
alongitslength.

Examples

a. Whatisaprogressivewave?

Itisawavethatmovescontinualyawayfrom the
source.

b. Explainwhytheamplitudeof aprogressivewave
decreasesgraduallyfrom thesource.

Asthewavemoveaway from thesource,the

TermsAssociatedwithWaves

 Considerthetransversewaveform andanoscillating
pendulum bobshownbelow.

1. Oscillation–anoscillationisacompletetoandffo
motion.Forexample,intheaboveoscillatingbob,a
completeoscillationisD-E-F-E-D.

2. Amplitude,A-itisthemaximum displacementofa
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energyisspreadoveranincreasinglylargearea.

Exercise

1. Diferentiate between electromagnetic and
mechanicalwavegivingoneexampleineach

2. Statetwocategorieswaves.

3. Statetwotypesofmechanicalwaves.Statethe
differencebetweenthem.

4. Givetwoexamplesofmechanicalwaves.

Pulse

 A pulseisasingledisturbancethatistransimitted
throughamedium.Itcanbetransverseorlongtudional
innature.Generationofapulsecanbeillustratedby
jerkingaropefixedatoneendjustonce.

particlefrom meanposition.ItsSIunitisthemetre
(m).Foranoscillatingpendulum bobaboveDEorEF
istheamplitude.

3. Wavelength,λ–itisthedistancebetweenanytwo
particlesinawavethatareinphase.Itisdenotedby
Greekletterlambda,λ.ItsSIunitisthemeter(m).

Note:Particlesinawavearesaidtobeinphaseifthey
areoscillatinginsamedirectionandatthesamelevelof
displacement.

ParticlesAandD,BandEareinphase.CandDareout
ofphaseby1800.

4. Period,T-it’sthetimetakenbyaparticletocomplete
oneoscillation.SIunitofperiodisthesecond(s)

5. Frequency, f– it is the number of complete
oscillations(fullwavelengths)madebyaparticlein
onesecond.SIunitoffrequencyishertz(Hz).

 From thewaveequation,ifspeedofthewaveis
constant,frequencyisinverselyproportionalto
wavelength.Thiscanbepresentedgraphicallyas
shownbelow.

Example

Thefigurebelow showsadisplacement-timegraphofawave
travellingat2500cms-1
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RelationshipbetweenFrequencyandPeriod

 Frequencyisthereciprocalofperiodi.e.f=
I

T

6. Speedofthewave-Itisthedistancecoveredbya
waveinonesecond.

TheWaveEquation

 ThewaveequationrelatesSpeed,V,Wavelength,λ
andFrequency,fofaWave

 Generally,speed=
distance

time

 Foradistanceofwavelengthcoveredbyawave,time
takenisequivalenttotheperiodofthewave.

∴speed=
wavelength

period

V= =λ×
λ

T

I

T

But,f= andthereforeV=λf
I

T

Thisiscalledthewavespeedequation

Determineforthewave:

a) Amplitude

Solution

A=maximum displacementfrom meanposition

=3cm OR 0.03m inSIunits

b) Periodictime

Solution

T=(9-1)x10-3s

=8x10-3s



isabokemicah@gmail.com Page|65

Novels,UpdatedKASNEB,ICT,College,HighSchool,PrimaryNotes&RevisionKits0714497530

c) Frequency

Solution

f= = Hz
I

T

1

8X10-3

=0.125× Hz=125Hz10-3

d)Wavelength

Solution

V=fλ

λ= = =2m
V

f

250ms-1

125 .s-1

RevisionExercise

1. Statethewaveformula

2. Sketchthevariationoffrequencywithwavelengthgiventhat
speedofthewaveremainsconstant

3. Nametwotypesofprogressivewavemotion.

4. Avibratorsendsout12ripplespersecondacrossaripple
tank.Theripplesareobservedtobe5cm apart.Findthe
velocityoftheripples.

5. Awaterwavetravels2m in5seconds.Ifthefrequencyof
thewaveis10Hz,calculatethe:

I. Speedofthewave

II. Wavelengthofthewave

6. Thediagram belowshowsadisplacement-timegraphfora
certainwave.

I. Howmanyoscillationsareshownabove?

II. Calculatethefrequencyofthewave

III. Calculatetheperiodictimeofthewave

7. Sketchthewaveform oftwicethefrequencyofthewave
above.

8. Electromagneticwavestravelsatavelocityof3.0x108ms-1

in air,calculate the wavelength in airofradio waves

10.Waterwavesareobservedastheypassafixedpointata
rateof30crestsperminute.Aparticularwavecresttakes2
secondstotravelbetweentwopoints6m apart.Determine:

i. Thefrequency

ii. Thewavelength

11.Calculate the wavelength ofthe KBC FM radio wave
transmittedatafrequencyof95.6MHz

12.Theaudiblefrequencyrangeforacertainpersonisbetween
30Hzand16500Hz.Determinethelargestwavelengthof
soundinairthepersoncandetect(speedofsoundinairis
333m/s)

13.Thefigurebelowrepresentsadisplacement-timegraphfor
awave.

i. Determinethefrequencyofthewave

ii. Sketchonthesameaxesthedisplacement-time
graphofthewaveofsamefrequencybut1800out
ofphaseandwithsmalleramplitude.
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transmittedatafrequencyof200MHz.

9. Waveripplesarecausedtotravelacrossthesurfaceofa
shallow tankbymeansofasuitablestraightvibrator.The
distancebetweensuccessivecrestsis6.0cm andthewaves
travel50.4cm in3.6seconds.Calculate:

i. Thewavelength

ii. Velocity

iii. Frequencyofthevibrator.
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ChapterNine FLUIDFLOW

Specificobjectives

Bytheendofthistopictheleanershouldbeableto:

a) Describestreamlineflowandturbulentflow

b) Derivetheequationofcontinuity

c) DescribeexperimentstoillustrateBernoulli’seffects

d) ExplaintheBernoulli’seffect

e) DescribetheapplicationofBernoulli’seffect

f) Solvenumericalproblemsinvolvingtheequationof

continuity

Content

1. Streamlineandturbulentflow

2. Equationofcontinuity

3. Bernoulli’seffect(experimentaltreatmentrequired)

4. ApplicationofBernoulli’seffect:Bunsenburner,spray
gun,carburetor,aerofoil,spinningballetc.

5. Problemsonequationofcontinuity

Fluid

 A fluidrefersto anysubstancethatiscapableof
flowingduetopressuredifference.Itincludesboth
liquidsand gases.Examplesoffluid flow include:
perfumesprayfrom aperfumebottle,flow ofwater
alongariverbed,smokefrom chimneyetc.Aflowing
fluidexperiencesinternalresistancecalledviscosity.

TypesofFluidFlow

 Theretwotypesoffluidflow:streamline(steady)and
turbulentflows

1.Streamline(steady)flow

 Itisaflowinwhichatanygivenpointeachandevery
particleofthefluidtravelsinthesamedirectionand
withsamevelocity.

 Astreamlinereferstothepathfollowedbytheparticle
inastreamlineflow.Itisrepresentedbyalinewithan
arrowhead.

 Note:Streamlinesdonotcrosseachotherbutare
closerwherethefluidismovingfaster

CharacteristicsofStreamlineFlow

I. Streamlinesareparalleltoeachother.

II. Streamlineflowissmoothandsteady.

 Some shapes and bodies are designed to be
streamlinedtoenhancetheirmotioninfluids.Abody
issaidtobestreamlinedifitdoesnotaffectthe
distributionofstreamlinesbehindit.

 Examplesofstreamlinedbodiesinclude:cars,jumbo
jets,birdsthatfly,fishetc.
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2.TurbulentFlow

 Itisaflow inwhichthespeedanddirectionofthe
fluidparticlespassingatanypointvarywithtime.
Turbulentflowoccursdueto:

I. Abruptchangeofcrosssectionalareaofthe
tubeofflow.

II. Speedofthefluidflow changessharplyor
suddenlyandbeyondacriticalvelocity.

III. An obstacle is placed on the path of
streamlines and blocks or breaks the
streamlines.

CharacteristicsofTurbulentFlow

i. Thestreamlinesarenotcontinuous

ii. Particlesdonottravelinsamedirectionandhave
differentvelocity.

Notes:

1. When bodies which are not streamlined (non-
streamlined) move in fluids,they cause eddies
(turbulence)inthefluid.A bodyissaidtobenon-
streamlinedifitproduceseddiesbehindit.

2. Criticalvelocityisthespeedofflow offluidbeyond
whichthefluidexhibitsturbulentflow.

VolumeFlux(FlowRate)

 Thisisthevolumeofafluidpassingthroughagiven
sectionofatubeofflowperunittime.

Volumeflux= .
volumeoffluidpassinggivensection

timethefluidtakestopassthesection

 SIunitofvolume fluxis cubic meterpersecond
(m3/s)

 Ifthe velocityoffluid through region B is ,thev
B

average cross-section area oftube is and theA
B

distancecoveredbythefluidindirectionofflowisfor
time, ,is ,thenthevolumefluxthroughthatregiont

B
d

B

is:

volumefluxorflowrate= =
volume

time

V

t
B

Butvolume=cross–sectionarea×length

V= ×A
B

d
B

Volumeflux= = ×
×d

B
A

B

t
B

d
B

t
B

A
B

But, =Velocity,
d

B

t
B

v
B

∴Volumeflux= ×v
B

A
B

Volumeflux=velocity×crosssectionareaoftubeofflow

MassFlux

 Itisthemassofafluidthatflowsthroughagiven
sectionoftubeofflowperunittime.

massflux=
mass

time

But,mass=density×volume.

Thatis,m =ρ×V.

∴massflux=
ρ×V

t

But, =volumeflux.
V

t

massflux=densityoffluid,ρ×volumeflux

∴massflux
=densityoffluid×velocityoffluid×cross
-sectionareaoftube

TheEquationoftheContinuity

Assumptions made in deriving the equation of the
continuity

1. Thefluid isflowing steadily(i.e.hasastreamline
flow)

2. Thefluidisincompressible
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 ConsiderafluidflowingthroughasectionBofflow
tubeshownbelow.

3. Thefluidisnon-viscous.

DerivingEquationofContinuity

 Considerthetubeofflowbelowwithchangingcross-
sectionareas.

 Section1hasacrosssectionareaof whilesectionA
1

2 hascrosssection area of .Velocityoffluid inA
2

section1is whileinsection2is . >v
1

v
2

v
1

v
2

 Volumeoffluidflowingthroughsection1perunit
time is equalto volume offluid flowing through
section2perunittimei.e.flowrate/volumefluxisa
constant.

Volumefluxinsection1=volumefluxinsection2

A
1
v

1
=A

2
v

2

 Thisistheequationofcontinuitywhichisalsocalled

a) WhatisthevelocityoftheliquidbetweenAandB?

Solution

Flowrate

= =cross-sectionarea,A×velocity,v
volume

time

=1× ×v
8×10-6m3

1s
10-4m2

v= =8×
8×10-6m3

1s×1×10-4m2 10-2ms-1

b) WhatisthevelocityoftheliquidbetweenBC?

Solution

A
1
v

1
=A

2
v

2

i.e.crosssectionarea×velocity=constant

Av=constant.



isabokemicah@gmail.com Page|70

Novels,UpdatedKASNEB,ICT,College,HighSchool,PrimaryNotes&RevisionKits0714497530

flowrateequation. 1× ×8× =1× ×10-4m2 10-2ms-1 10-6m2 v
2

= =8v
2

1× ×8×10-4m2 10-2ms-1

1×10-6m2 ms-1

Examples

1. Waterflowsthroughahorizontalpipeatarateof
1.00m3/min.Determinethevelocityofthewaterata
pointwherethediameterofthepipeis1.00cm

Solution

flowrate=Av

=π( ×v
1.00m3

60s
1.00×10-2 2)2m2

v= =212.18
1.00

60×π×2.5×10-5 ms-1

2. Infigurebelow,thetubeABCisfilledwithaliquid.
Thepistonmovesfrom AtoBin1second.

a) WhatisthevolumeoftheliquidinpointAB

Solution

volume=cross-sectionarea×length

volume=1× ×8× m =8×10-4m2 10-2 10-6m3

Exercise

1. Agardensprinklerhassmallholes,each2.00mm2in
area.Ifwaterissuppliedattherateof3.0x10-3m3s-1

and the average velocity ofthe spray is 10ms-1,
calculatethenumberoftheholes.

2. Oilflowsthrougha6cm internaldiameterpipeatan
averagevelocityof5ms-1.Findtheflow rateinm3/s
andcm/s

3. Thevelocityofglycerinina5cm internaldiameter
pipeis1.00m/s.Findthevelocityina3cm internal
diameterpipe thatconnects with it,both pipes
flowingfull.

Bernoulli’sEffect

 Itstatesthat:provided a fluid isnon-viscous,in
compressibleanditsflow streamlineanincreasein
itsvelocityproducesacorrespondingdecreasesin
thepressureitexertswhileadecreaseinitsvelocity
producesacorrespondingincreaseinpressure.

Bernoulli’sEffectinPractice

1. Considertheset-upbelowinwhichpipeAandChave
somediametertubes
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 Whenairisblownintothetubebyablower,itis
observedthatwaterrisestosamelevelintubeDand
F.InEthelevelofwaterishigherthanDandF.

 VelocityofairinpipeAandCarethesamedueto
samecross-sectionalareas.Moving aircausesa
reductionofpressureandsinceresultingairpressure
isthe same,atmosphericpressure pushesup the
watertothesamelevel.

 Thespeed ofmoving airinnarrowersectionB is
higherandtheresultingpressureismuchlowerthan
AandC,hencewaterrisestohigherlevelinE.

2. Whenairisblownabovetheopeningoftheflask
shown the pith ballis observed to rise from the
bottom.

4. Alightpaperheldinfrontofthemouthandairblown
horizontallyoveritisobservedtorise.Thisisbecause
thevelocityofairabovepaperincreasesleadingto
reduction in pressure. The higher atmospheric
pressureactingfrom belowproducesaforcethatlifts
thepaperupwards.

Bernoulli’sPrinciple

 Itstates that:”provided the fluid is non-viscous
incompressibleandhasastreamlineflow,thesum of
pressure,kineticenergyperunitvolumeandpotential
energyperunitvolumeisaconstant”.

MathematicalExpressionforBernoulli’sPrinciple

 Considera fluid ofdensity,ρ,mass,m,flowing
throughapipewithavelocity,vandpressureatany
givenpoint,P.
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 Theblownaircausesreductionofpressureatthetop
therefore,thereisanetforceupwardsasthepressure
differencepushesthepithballupwards.

3. When air is blown horizontally between two
suspended balloonsinthehorizontaldirection,the
balloonsareobservedtomovetowardseachother.

 Movingairleadstoreducedpressureontheinner
sides of the balloons. The higher atmospheric
pressure acting on the outersurfaces causes the
balloonstomoveclosertoeachother.

Thekineticenergyperunitvolume=
kineticenergy

volume;

= ; butρ=

m
1

2
v2

V

mv2

2V

m

V

∴kineticenergyperunitvolume= ρ
1

2
V2

Potentialenergyperunitvolume=
potentialenergy

volume

=ρgh
mgh

V

∴Bernoulli’sprinciplecanbeexpressedas:

P+ ρ +ρgh=constant
1

2
V2

ApplicationsofBernoulli’sPrinciple

1. TheAerofoil

 Itisastructuredesignedinsuchwaythatthefluid
movingaboveitmoveswithahigherspeedthanthe
onemovingbelow
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 Thepressureabovetheaerofoilisthereforelower
thanthepressurebelow it.Thepressuredifference
betweenthetopandbottom givesrisetotheliftofthe
aerofoil.Thisiscalleddynamiclift.

2. Bunsenburner

 WhengasismadetoflowintotheBunsenburner,its
velocityincreasesasitpassesthroughthenozzle;this
decreasesthepressureabovethenozzle.Becauseof
higheratmosphericpressureoutsidethebarrel,airis
thendrawnin.

 Theairandthegasthenmixastheyriseupandwhen
ignitedaflameisproduced.

3. SprayGun

 Whenthepistonispushedforwardairismadetoflow
throughthebarrelandthereforecauseslowpressure
in the barrel.High atmospheric pressure on the
surfaceoftheliquidcompelstheliquidtomoveup
thetube.

 Thevelocityoftheliquidisincreasedasitpushes
throughthenozzleduetoreducedcrosssectionarea.
Theliquidthereforeemergesasafinespray.

4. Thecarburetor.

 Airvelocityatconstrictionishigher.Thismakesthe
pressureattheconstrictiondrop.Theatmospheric
pressure being higher pushes the petrolto the
constriction.

RevisionExercise

1. Thefigurebelow showsapithballplacedinaflask.
Whenajetofairisblownoverthemouthoftheflask
asshown,thepithballisobservedtorisefrom the
bottom.

Explainthisobservation

2. StateBernoulli’sprinciple

3. Apipeofradius6mm isconnectedtoanotherpipeof
radius9mm.Ifwaterflowsinthewiderpipeatthe
speedof2ms-1,whatisthespeedinthenarrower
pipe?

4. Thefigurebelowshowsatubeofvaryingcross-
sectionarea. , representthespeedofv

1
v

2,
v

3
andv

4

waterasitflowssteadilythroughthesectionsofthe

tube

Arrangethespeeds , indecreasingv
1

v
2,

v
3

andv
4

orderstartingwiththehighest.

5. Thefigurebelowshowsasheetofpaperrolledintoa
tube.

Whenafaststream ofairisblownintothetubeasshown
inthediagram thepapertubecollapses. Explainthe
observation.

6. Thefigurebelow showsahorizontaltubewithtwo
verticaltubes X and Y.waterflows through the
horizontaltubefrom righttoleft.Thewaterlevelin
tubeXishigherthanwaterlevelintubeY.
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Explainthisobservation

ChapterTen REFLECTIONATCURVEDSURFACES

Specificobjectives

Bytheendofthistopicthelearnershouldbeableto:

a) Describeconcave,convexandparabolicreflectors

b) Describe using ray diagrams the principalaxis,
principalfocuscentreofcurvatureandrelatedterms.

c) Locate images formed by curved mirrors by
construction

d) Determine experimentally the characteristics of
imagesformedbyconcavemirror

e) Definemagnification

f) Explaintheapplicationsofcurvedreflectors

Content

1. Concave,convexandparabolicreflectors

2. Principalaxis,principalfocus,centreofcurvature
andrelatedterms

3. Locationofimagesformedbycurvedmirrorsby
construction method (experiment on curved
mirrorsrequired)

4. Magnificationformula

5. Applicationsofcurvedreflectors
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Introduction

 Curvedreflectorsareobtainedfrom hollow spheres,
cones orcylinders.The surfaces ofthese hollow
solidsarethen highlypolished from theinsideor
outside depending on the type ofcurved reflector
beingmade.Concaveandconvexmirrorsarealso
calledsphericalmirrors.

TypesofCurvedReflectors

1. ConcaveReflector/Mirror

 Thisisareflectorwhosereflectingsurfacecurves
inwards.Itisobtainedbyhighlypolishingtheoutside
ofaglasssphereportion.

2. ConvexReflector/Mirror

 Thisisareflectorwhosereflectingsurfacecurves
outwards.Itisobtainedbyhighlypolishingtheinside
ofaglasssphereportion.

3. ParabolicReflector/Mirror

 Itis a curved reflectorwhose reflecting surface
curves more inwards than that of the concave
reflector.Itisobtainedbyhighlypolishingtheoutside
ofaglasscone.

TermsAssociatedwithCurvedReflectors

 Considerthediagramsbelow;
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a. Aperture

 Thisisthewidthofthemirror

b. Pole,P

 Thisisthegeometricalcentreofthemirror.

c. Centreofcurvature,C

 Thisisthecentreofthesphereofwhichthemirror
formsapart.Thecentreofcurvatureofaconcave
mirrorisinfrontwhilethatofaconvexmirroris
behindthemirror.

d. Radiusofcurvature,r

 Itistheradiusofasphereofwhichthecurvedmirror
formsapart.

e. Principal/mainaxis

 Thisisthelinepassing through thepoleand the
centreofcurvatureofthecurvedmirror.

f. Paraxialraysandmarginalrays

 Thesearerayswhicharecloseandparalleltothe
principalaxiswhilemarginalraysarethosethatare
parallelbutnotclosetotheprincipalaxis.

g. Principalfocus,F,ofaconcavemirror

 Itisthepointatwhichalltheraysparallelandcloseto
theprincipalaxisconvergeafterreflection.Principal
focusofaconcavemirrorisrealbecausereflected
raysactuallypassthroughit.

h. Principalfocus,F,ofaconvexmirror

 Theseisthepointatwhichallraysparallelandclose
totheprincipalaxisappeartoemerge/divergefrom

j. Focallength,f

 Thisisthedistancefrom thepoleofthemirrortoits
principalfocus.

Note:Inopticsfulllinesrepresentrealraysandobjects
whiledottedlinesrepresentvirtualraysandimages.

Exercise

Thefigurebelow showstwoparallelraysincidentona
concavemirror.Fisthefocalpointofthemirror.

Sketchonthesamediagram thepathoftheraysafter
strikingthemirror.

Relationship between Radius ofCurvature and Focal
Length

 Itcanbeshownthroughgeometrythattheradiusof
curvatureistwicethefocallengthi.e.

r=2f

LawsofReflectioninCurvedMirrors

 Reflection atcurved surfaces also obeys laws of
reflection:

1. The angle ofincidence isequalto the angle of
reflectionatthepointofincidence
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afterreflection.Theprincipalfocusofaconvexmirror
isvirtualbecausereflectedraysonlyappeartopass
throughit.

i. Focalplane

 Thisisaplaneperpendiculartotheprincipalaxisand
passesthroughtheprincipalfocus.Foraconcave
mirror,parallelrays which are notparallelto the
principalaxisconvergeatapointonthefocalplane
afterreflection.Fora convex mirror,parallelrays
whicharenotparalleltotheprincipalaxisappearto
emergefrom apointonfocalplaneafterreflection.

2. Theincidentray,thenormalandthereflectedrayall
lieonthesameplaneatthepointofincidence.
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RayDiagrams

 Raydiagrams are used to show and explain how
images are formed by curved mirrors and the
characteristicsoftheseimages.

FourMajorCasesintheConstructionofRayDiagrams

1. A rayclose and parallelto principalaxis passes
through principalfocus (for concave mirror) or
appears to emerge from the principalfocus (for
convexmirror)afterreflection.

2. A raythroughtheprincipalfocusofaconcaveor
appearing to bedirected to theprincipalfocusof
convexmirrorisreflected parallelto the principal
axis.

3. Araythroughthecentreofcurvature(forconcave)or
appearingtopassthroughcentreofcurvature(for
convexmirror)isreflectedalongthesamepath.

4. Arayatanangletotheprincipalaxisandincidentat
thepoleisreflectedinsuchawaythattheangleof
incidenceisequaltotheangleofreflection.

CharacteristicsofImagesFormedbyCurvedReflectors

A. Concavemirrors

i. Objectatinfinity
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 Imageisreal,formedatF,invertedandsmallerthan
theobject.
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ii. Objectatc

 ImageformedisatC,real,invertedandsamesizeas
theobject.

iii. ObjectbeyondC

 ImageformedisbetweenCandF,real,invertedand
smallerthantheobject.

iv. ObjectbetweenCandF

 TheimageformedisbeyondC,real,inverted,larger
thantheobject(magnified)

v. ObjectatF

 The image is formed atinfinitybecause the rays
emergeparallelafterreflection.

vi. ObjectbetweenFandP

 Theimageformedisbehindthemirror,virtual,upright
andlargerthantheobject.

B. Convexmirror

 Irrespectiveofthedistanceoftheobjectinfrontof
the mirror,images formed byconvex mirrors are
alwaysupright,smallerthantheobjectandbetweenP
andF.

Example

Aladyholdsalargeconcavemirroroffocallength1m,
80cm from herface.

a. Using suitable construction illustrate how her
imageisformed

b. State two characteristics ofherimage in the
mirror.

o Imageupright

o Imagemagnified

Exercise

1. Thefigurebelow showsarayoflightincidentona
convexmirror

Usingsuitableconstruction,determinetheradiusof
curvatureofthemirror.
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2. Thefigurebelow showsparabolicsurfacewith a
sourceoflightplacedatitsfocalpointF
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Draw raystoshow reflectionfrom thesurfacewhen
raysfrom thesourcestrikethesurfaceatpointsA,B,C
andD

3. Thefigurebelowshowsaverticalobject,O,placedin
frontofaconvexmirror

Onthesamediagram drawtheappropriateraysand
locatetheimageformed.

4. Thefigurebelow showsabrightbehindascreen
whichhasaholecoveredwithwiregauze.Aconcave
mirroroffocallength25cm isplacedinfrontofthe
screen.Thepositionofthemirrorisadjusteduntila
sharpimageofthegauzeisformedonthescreen.

Determine the distance between the screen and the
mirror.

GraphicalConstructionofRayDiagrams

 Imagesaredrawntoscaleinaraydiagram andthisis
bestdoneongraphpaper.

Linear(Transverse)Magnification

 Itistheratiooftheimageheighttotheobjectheight.
Itcan also be defined as the ratio ofthe image
distancetotheobjectdistance.

Linear magnification(transverse)

= =
imageheight

objectheight

imagedistance

objectdistance

Examples

1. Anobject3cm highisplaced6cm infrontofa
concavemirrorofradiusofcurvature10cm.Byscale

ii. Sizeoftheimage

iii. Natureoftheimage

iv. magnification

solution

i. Imagepositionis13.6X2=27.2cm from Pin
frontofthemirror.

ii. Sizeoftheimageis6.6X2=13.2cm

iii. Natureoftheimage:theimageisinverted,real
andmagnified

iv. magnification= = =4.4
imageheight

objectheight

13.2cm

3cm

2. Aconvexmirroroffocallength15cm producesan
image10cm awayfrom themirror.Iftheimageis3
cm high,determinebyscaledrawing

i. Theobjectdistance

ii. Objectheight/size

iii. Magnification

Solution
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drawingdeterminethe:

i. Positionoftheimage

i. Theobjectdistanceis6X5=30cm

ii. Objectheight/sizeis1.4X5=7cm

iii. Magnification=
imageheight

objectheight

= =0.4285
3cm

7cm
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Exercise

1. Aconcavemirroroffocallength10cm formsa
sharpimageat40cm from themirror.Determine
graphically the position of the object and
magnificationoftheimage.

2. Aconcavemirroroffocallength20cm formsa
realimagetwotimesthesizeoftheobject.Ifthe
objectheightis10cm,determinebyscaledrawing:

i. Theobjectdistance

ii. Theimagedistance

TheMirrorFormula

Theobjectdistanceu,thefocallengthfandtheimage
distancevrelatedbythemirrorformula:

= +
1

f

1

u

1

v

Real-Is-PositiveConvention

 Thisisasignconventionusedwiththemirrorformula
inordertodeterminethepositionandnatureofthe
imageformedbyacurvedmirror.Accordingtothe
real-is-positivesignconvention:

a) Alldistancesaremeasuredfrom themirrorasthe
origin.

b) Distances of real objects and images are
consideredpositivee.g.focallengthofconcave
mirrors.

c) Distances of virtualobjects and images are
considerednegativee.g.focallengthofconvex
mirror.

Examples

1. Anobjectisplaced10cm infrontofaconcavemirror
offocallength20cm.Determinethepositionand
natureoftheimage.

Solution

= +
1

f

1

u

1

v

= +
1

20

1

10

1

v

2. Anobjectisplaced10cm infrontofaconvexmirror
offocallength20cm.Determinethepositionand
natureoftheimage.

Solution

f is negative (-20 cm) according to real-is-positive
convention

= +
1

f

1

u

1

v

- = +
1

20

1

10

1

v

=- - =-
1

v

1

20

1

10

3

20

v=- =-6.667cm
20

3

Theimageisvirtual(becausevisnegative),uprightand
diminished(becausevissmallerthanu)

3. A concave mirrorwith radius ofcurvature 10 cm
producesaninvertedimagetwotimesthesizeofan
objectplacedinfrontofitandperpendiculartothe
principalaxis.Determinethepositionof:

a. Theobject

b. Theimage

Solution

f= = =5cm ;m = =2;v=2u
r

2

10

2

v

u

= + ; = + ↔ = + =
1

f

1

u

1

v

1

f

1

u

1

2u

1

5

1

u

1

2u

3

2u

= ↔u=7.5cm and∴v=2×7.5cm =15cm
3

2u

1

5

Exercise

1. The distance between an erectimage and the
objectis40cm.Theimageistwiceastallasthe
object.Determine:

i. Theobjectdistance.

ii. Theradiusofcurvature.

2. Averticalobject10cm highisplaced20cm away
from aconvexmirrorofradiusofcurvature30cm.
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= - =-
1

v

1

20

1

10

1

20

v=-20cm

Theimageisvirtual(becausevisnegative),uprightand
magnified(becausevisgreaterthanu)

determine:

i. Theimagedistance.

ii. Theheightoftheimage.

iii. Themagnificationoftheimage.
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3. Thedistancebetweenanobjectanditsmagnified
realimageproducedbyaconcavemirroris40cm
whentheobjectisplaced20cm from thepoleof
themirror.Determinethe:

i. Transversemagnificationoftheimage.

ii. Thefocallengthofthemirror.

GraphicalAnalysisoftheMirrorFormula

1. Graphof against
1

u

1

v

 Itisastraightlinegraphwithanegativegradient,
implying thattheimageisinverted relativeto the
object.

 The -interceptorthe -interceptgives
1

u

1

v

1

f

2. Graphofuvagainstu+v

 From themirrorformula = + ,
1

f

1

u

1

v

= ; f=
1

f

v+u

uv

uv

v+u

 Therefore,agraphofuvagainstu+visastraightline
through theorigin whosegradientispositive.The
gradientofthegraphgivesf

3. Graphofm againstv

 From themirrorformula = + ,multiplyingall
1

f

1

u

1

v
throughbyvgives

= + ↔ = +1
v

f

v

u

v

v

v

f

v

u

=m + 1,since =m
v

f

v

u

∴m = -1
v

f

 Therefore,agraphofm againstvisastraightlinewith

agradientof and m-interceptis -1.Also the
1

f
v-interceptgivesthefocallength,f

Exercise

Aconcavemirrorandanilluminatedobjectareusedto
produceasharpimageoftheobjectonascreen.The
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objectdistancesandimagedistancesaregivenbelow.
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Object
distance,

u(cm)

80.0 26.7 22.4 20.6 19.6

Image
distance,

v(cm)

20.0 40.0 56.0 72.0 88

u+v(cm)

uv(c )m2

Magnification,
m

1. Completethetable

2. Usingsuitablevalues:

i. Plotagraphofagainst
1

u

1

v

ii. Determinetheradiusofcurvature,ffrom
thegraph

3. Plotagraphofuvagainstu+vanduseittofindthe
radiusofcurvature,f

4. Plotagraphofmagnification,m againstvanduseit
tofindtheradiusofcurvature,f

ApplicationsofCurvedMirrors

A. ConcaveMirrors

1. Used as shaving mirrors because they produce
magnified and uprightimages when the objectis
betweenprincipalfocus,Fandthepole,P.

2. Usedbydentistwhenexaminingteeththeyproduce
magnified and uprightimages when the objectis
betweenprincipalfocus,Fandthepole,P.

3. Usedasreflectorbehindprojectorlamptoreflectlight
travellingawayfrom theprojector.Thelampisplaced
atthecentreofcurvatureoftheconcavemirror.

5. Usedassolarconcentratorstobringlightenergyinto
focus.

B. ConvexMirrors

1. Used ascarand motorcyclesidemirrorsbecause
theyform uprightimagesandhaveawidefieldof
view

2. Used in supermarkets to monitor movement of
customersbecausetheyform uprightimagesand
haveawidefieldofview

 Note:The defect of sphericalmirrors in which
marginalrays are notbroughtinto focus atthe
principalfocusresultinginblurredimagesiscalled
sphericalaberration.

DisadvantageofConvexMirror

1. Convexmirrorformsdiminished imagesgiving an
impressionthatthevehiclesbehindarefartheraway
thantheyactuallyare.

C. ParabolicMirrors

 Usedforpropagationofparallellightbeamsofhigh
intensityinhandtorches,searchlightsandcarhead
lights.
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4. Usedintelescopestobringdistanceobjects(objects
atinfinity)likestarsintofocusatthefocalpoint.

AdvantageofParabolicMirrorsoverConcaveMirrors

 Unlikeconcavemirrorsinwhichmarginalraysarenot
converged at principal focus, parabolic mirror
converges allrays parallelto principalaxis and
incidentonitssurfaceatitsprincipalfocus.
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Revisionquestions
1. Withtheaidofawelllabeleddiagram,explainthe

widefieldofviewofaconvexmirror.

2. Stateonapplicationofeachofthefollowing

i. Convexmirror.

ii. Parabolicmirror

3. Thefigurebelowwhichisdrawntoascaleof1:5
representanobjectOanditsimageIformedbya
convexmirror.

Bydrawingsuitablerays,locateandmarkonthe
figurethepositionoftheprincipalfocus,Fofthe
mirror.Determinethefocallength,f.

4. ThefigurebelowshowsapointobjectOplacedin
frontofaconvexmirror.

Draw appropriateraystolocatetheimageofthe
object.

5. Statetheadvantageparabolicmirrorover
concavemirror.


