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ChapterOne LINEARMOTION

Specificobjectives

Bytheendofthistopictheleanershouldbeableto:

a) Definedistance,displacement,speed,velocityand

acceleration

b) Describeexperimentstodeterminevelocityand

acceleration

c) Determineaccelerationduetogravity

d) Plotandexplainmotion-timegraphs

e) Applytheequationofuniformlyacceleratedmotion

f) Solvenumericalquestions.

Content

1. Distance,displacement,speed,velocity,

acceleration(experimentaltreatmentrequired)

2. Accelerationduetogravity

 freefall,

 Simplependulum method

3. Motion-timegraphs

 Displacement-timegraphs

 Velocity-timegraphs

4. Equationsofuniformlyacceleratedmotion

5. Problemsonuniformlyacceleratedmotion
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Introduction

 Thistopicdealswithstudymotionofbodiesina

straightline.

TermsAssociatedwithLinearMotion

i.Distance

 Distanceistheactuallengthcoveredbyamoving

body.Ithasnospecificdirectionanditisthereforea

scalarquantity.TheSIunitofdistanceismeter(m)

ii.Displacement,s

 Thisisthedistancecoveredbyamovingbodyina

specified direction.Displacement is therefore a

vectorquantity.TheSIunitofdisplacementismetre

(m)

Illustratingdistanceanddisplacement

Considerthe diagram below showing motion ofa
bodystartingfrom pointAandmovinginthedirection
shown.

a) AtpointB,distance covered is AB while the
displacementofthebodyisABinthedirectionAB

b) AtpointC,distancecoveredisAB+BCwhilethe
displacementisACinthedirectionAC

c) WhenbackatstartingpointA,distancecoveredis
AB+BC+CAwhilethedisplacementiszero.

iii.Speed

Thisistherateofchangeofdistancecoveredbya

movingbodywithtime.Speedisascalarquantity.

speed=
distancecovered

timetaken

Forabodymovingwithanon-uniform speed,

averagespeed=
totaldistancecovered

totaltimetaken

 Instantaneous speed refers to the rate of

changeofdistanceofamoving bodyata

point(aninstant).TheSIunitofspeedisthe

metrepersecond(ms-1)

iv.Velocity

 Thisistherateofchangeofdisplacement

withtime.Itcanalsobedefinedasthespeed

inaspecifieddirection.Velocityisthereforea

vectorquantity.

velocity=
changeindisplacement

timetaken

Forabodymovingwithavarying

velocity,

.averagevelocity=
totaldisplacement

totaltimetaken

 TheSIunitofvelocityisthemetrepersecond

(ms-1).

v)Acceleration

 Thisisthechangeofvelocityperunittime.It

isavectorquantity.

Acceleration=
changeinvelocity

timetaken

Acceleration=
finalvelocity-initialvelocity

timetaken
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,where, isthefinalvelocity, istheinitiala=
v-u

t
v u

velocityand isthetimetaken.t

Instantaneousaccelerationistheaccelerationofa

bodyatapoint. Decelerationorretardationisthe

negativeaccelerationinwhichabodymoveswitha

decreasing velocity with time. The SI unit of

accelerationismetrepersquaresecond(ms-2).

Solution

u=2.0×1 =5.55556× ,v=05kmh
-1

104ms
-1

0ms
-1

a= ;a= =-2.777778
v-u

t

(0-5.55556×104)ms
-1

2.0× s10-2
×106ms

-2

Thereforeretardationis-(-2.777778×106ms-2)
=2.777778×106ms

-2

Exercise

1) Avanonastraightroadmoveswithaspeedof180

kmh-1f0r45minutes,andthenclimbsanescarpment

withaspeedof72kmh-1for30minutes.Calculate:
Examples
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1.Abodymoves30m dueeastin4seconds,then40

m duenorthin8seconds.Determine:

a) Thetotaldistancemovedbythebody.

b) Thedisplacementofthebody.

c) Theaveragespeedofthebody.

d) Theaveragevelocityofthebody.

Solution

a) Totaldistance=totallengthcovered

30m +40m =70m

b) Totaldisplacementis m( +302 402)

m=50monbearing2500 36.87o

c) Averagespeed=
totaldistancecovered

totaltimetaken

= =5.833m
70

12
s-1

d) veragevelocity=
totaldisplacement

totaltimetaken

= =4.167 onbearing
50

12
ms-1 36.87o

I. Theaveragespeedofthevan

II. Theaverageaccelerationproduced

2) Agirlruns40m duesouthin40secondsandthen20

m duenorthin10seconds.Calculate:

I. heraveragespeed

II. heraveragevelocity

III. herchange in velocity forthe whole

journey

IV. Theaccelerationproducedbythegirl.

Measuring Speed,Velocityand Acceleration Using

TickerTimer

 Atickertimerhasanarm whichvibratesregularly

due to changing currentin the mains supply

(alternating current).As the arm vibrates,it

makesdotsonthepapertapewhichismoving

underthearm.Successivedotsaremarkedat

thesameintervaloftime

 Mosttickertimeroperatesatafrequencyof50

hertz(50Hz)i.e.50cyclespersecondi.e.they

make 50 dots persecond.The time interval

betweentwoconsecutivedotsis: fora=0.02s
1

50
50Hztickertimer.Thistimeintervaliscalleda

tick.

Samplesectionsoftapesareasshownbelow.The

arrowshowsthedirectioninwhichthetapeispulled.
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2. Thespeedofaofbodyrollingonaninclinedplaneis10

ms-1whentimeis0sattimet=10sthespeedofthe

bodyisfoundtobe25ms-1.Ifthebodyismovinginthe

same direction throughout,calculate the average

accelerationofthebody

Solution

a=
v-u

t

a=
(25-10)ms-1

s(10-0)

a= =1.5
15ms

-1

10s
ms

-2

3. Aparticlemovingwithavelocityof2.0X105kmh-1is

broughttorestin2.0X10-2s.calculatetheacceleration

ofthebody,hencetheretardation.

Examples I. Calculatetheaveragevelocityforthemotion

II. What does the area under the straight line

represent?

III. What is the difference between successive

sectionsoftape?

IV. Calculatetheaccelerationofthetrolleyinms-1

1. Atapeispulledthroughatickertimerwhichmakesone

dotevery second.Ifitmakes three dots and the

distancebetweenthefirstandthethirddotis16cm,

findthevelocityofthetape.

Solution

f=1Hz

Timebetweenconsecutivedots=1s,totaltime=1sX2
=2s

Distancebetween1stand3rddots=16cm =0.16m

averagevelocity= = =0.08m
totaldisplacement

totaltimetaken

0.16m

2s
s-1

MotionGraphs

 Graphscan beused to representvariation of

distance,speed,velocityoracceleration ofa

movingbodywithtime.Whenusedthiswaythey

arecalledmotiongraphs

Displacement–TimeGraphs
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3. Thetapeinthefigurebelow wasproducedbyaticker

timerwithafrequencyof100Hz.Findtheacceleration

ofthetrolleythatwaspullingthetape. Solution

Solution

timebetweenconsecutivedots= =0.01s
1

100

initialvelocity,v= =0.5m
0.005m

0.01s
s-1

finalvelocity= =2.5m
0.025m

0.01s
s-1

timetaken=4×0.01=0.04s

acceleration= = = =50m
v-u

t

m(2.5-0.5)s-1

0.04s

200

0.04
s-2

1. Stationarybody

 Displacementdoesnotchangewithtime,since

displacementisavectorquantitythepositionof

thebodymaybenegativeorpositiverelativeto

beobserver.

2. Abodymovingwithuniform velocity

 For a body moving with uniform velocity,

displacementchangesuniformlyoverequaltime

intervals.The graph ofdisplacementagainst

timeisastraightlinewhoseslopeorgradient

represents the velocity ofthe body which is

constant.

Exercise

1. Thefigurebelowshowsapieceoftapepulledthrough

atickertimerbyatrolleydownaninclinedplane.The

frequencyofthetickertimeris50Hz

I. Whattypeofelectriccurrentisusedtooperatethe

tickertimer?

II. Calculate the average velocity for the trolley

betweenAandB

2. Thefigurebelow showsatapechartfrom thepaper

tapeobtained(frequencyoftickertimer50Hz)
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3. Abodymovingwithvariablevelocity

 a.Forabodymovingwithavelocityincreasing

uniformlywithtime,thedisplacement-timegraph

isacurveofincreasingslopesincethedistance

thebodycoversincreasesforequaltimeintervals.

Theslopeofthegraphatanygivenpointgives

instantaneousvelocityofthebodyi.e.

instantaneousvelocity=
∆s

∆t

 b.Forabodymovingwithavelocitydecreasing

uniformlywithtime,thedisplacement-timegraph

iscurveofdecreasingslopesincethedistance

thebodycoversdecreasesforequaltimeintervals

asshownbelow.

2. A body moving with its velocity changing

uniformly

 The gradientofthis graph is a straightline;

meaning thatvelocitychanges uniformlyover

equaltimeintervals.Thisgradientgraphgives

constantaccelerationi.e.acceleration=
∆V

∆t

3. Abodymovingwithitsvelocitychangingnon-

uniformly

 a) For a body moving with an increasing

acceleration, meaning that its velocity is

increasingatanincreasingrate,thevelocity-time

graph is curve ofincreasing slope as shown

alongside.Theslopeofthegraphatanypoint

givestheinstantaneousaccelerationofthebody

atthatpoint.
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Velocity–TimeGraphs

1. Bodymovingwithuniform velocity

 The slope/gradientofthe graph is zero and

thereforeaccelerationofthebodymovingwith

uniform velocityiszero.



232

PHYSICSFORTECHNOLOGYANDINNOVATION.Page11

 b. For a body moving with a decreasing

acceleration, meaning that its velocity is

increasingatadecreasingrate,thevelocity-time

graph is curve ofdecreasing slope as shown

below.

Areaundervelocity–timegraph

 Considerabodystartingfrom restmovingwith

constantaccelerationfortime,t.Thevelocity-time

graphforthebodyisasshownalongside.

distancetravelled=averagevelocity×time

= ×t= vt(O+V2 ) 1

2

 Therefore,areaAunderthevelocity–timegraph

representsthedistancecoveredbythebodyafter

timetseconds.

Solution

 ab-thevelocityofthecarincreasesuniformly

from rest(i.e.itacceleratesuniformly)

 bc-thevelocityofthecardecreasesuniformlyto

rest(i.e.itdeceleratesuniformly)

 cd-velocityofthecarincreasesuniformlybutin

opposite direction (accelerates uniformly in

oppositedirection)

 de-velocityofthecardecreasesuniformlybutstill

insameoppositedirection(deceleratesuniformly

inoppositedirection)

2,A carstarting from restacceleratesuniformlyfor5

minutestoreach30ms-1.Itcontinuesatthisspeedforthe

next20minutesandthendeceleratesuniformlytocometo

stopin10minutes.Ontheaxesprovided,sketchthegraph

ofvelocityagainsttimeforthemotionofthecarand

hence,findthetotaldistancecoveredbythecar.Solution

Totaldistance=totalareaunderthegraph

Totaldistance= 60×30
1

2
(35+20) (i.e.areaofatrapezium)

Totaldistance=49500m

Exercise

1. Thefigurebelow showsthedisplacementtimegraph

ofmotionofaparticle.

Statethenatureofthemotionbetween:(i)AandB(ii)B
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Examples andC(iii)CandD

2. Thefigurebelow showsavelocitytimegraphforthe

motionofacertainbody.Describethemotionofthe

bodyintheregion:(i)OA(ii)AB(iii)BC.

3. Thefigurebelow showstheaccelerationtimegraph

foracertainmotion.Ontheaxesprovided,sketchthe

displacement-timegraphforthesamemotion.

1. Interpretthegraphbelowrepresentingmotionofacar

from pointatoe.

Therefore, for a body moving with uniform

acceleration,anyofthesethreeequationsmaybe

used.

1.v=u+at

2.s=ut+ a
1

2
t2

= +2as3.v2 u2

Examples

1. A carstartsfrom restwithuniform accelerationof

5ms-2.How longdoesittaketocoveradistanceof

400m?

Solution

a=5ms-2

S=400m

t=?

U=0ms-1

EquationsofUniformlyAcceleratedMotion

 Considerabodymovinginastraightlinewith

uniform acceleration ,so that its velocitya
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increasesfrom aninitialvalue toafinalvalueu v

intime anditisdisplacedbyt s;

Derivationofthe1stequation

acceration,a= =
changeinvelocity

timetaken

∆v

∆t

a=
v-u

t

at=v-u

v=u+at

Derivationof2ndequation

displacement,s=averangevelocity×time

s=( )×t
u+v

2

butfromequation1,v=u+at

s= t(u+u+at2 )

(2ut+a)
1

2
t2

s=ut+ a
1

2
t2

Derivationof3rdequation

displacement=averagevelocity×t

s=( )×t
u+v

2

butfromequation1,v=u+at

t=
v-u
a

s=( )×( )
v+u

2

v-u
a

s=
-uv+uv-v2 u2

2a

Bestequationforuseis;s=ut+ a
1

2
t2

400=0×t+ ×5×
1

2
t2

400=
5

2
t2

=12.65seconds.t=
400×2

5

2. A bodyisuniformlyacceleratedfrom resttoafinal

velocity of 100ms-1 in 10seconds.Calculate the

distancecovered.

Solution

u=0

v=100ms-1

t=10s

s=?

rightequationis = +2asv2 u2

= +2as1002 02

Buta=
v-u

t

=10m
100-0

10
s-2

s= =500m
10000m2s-2

2×10

3. Abodywhoseinitialvelocityis30ms-1 moveswitha

constantretardationof3ms-2.Calculatethetimetaken

forthebodytocometorest.

Solution

u=30ms-1

a=-3ms-1

t=?

v=0ms-1

Rightequationisv=u+at

0=30-3t
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2as= -v2 u2

= +2asv2 u2

-30=-3t

t=10s

4. Abodymovingwithauniform accelerationof10ms-2

coversadistanceof320m.Ifitsinitialvelocitywas

60ms-1,calculateitsfinalvelocity.

a=10ms-2

s=320m

u=60ms-1

v=?

Rightequationis = +2asv
2

u2

= +2×10×320v2 602

v= 3600+6400

= 10000

=100ms-1

Rightequationis(b)

= +2gsv
2

u2

= +2×10×s20
2

02

s= =20m
400

20
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MotionunderGravity

Acceleration (In Free Fall) and Deceleration (In

VerticalProjection)DueToGravity

 Whenabodyisprojectedverticallyupwards,it

deceleratesuniformly(negativeacceleration)due

gravitationalpull.When this body falls from

maximum height, it accelerates uniformly

downwardsandthisiscalledfreefall.

 Consideraballthrownverticallyupwardsfrom

the ground.The graph below showshow the

velocityoftheballchangeswithtimefrom when

itleavesthegrounduntilithitsthegroundagain.

Air resistance is assumed to be negligible.

Downwardvelocityistakentobepositive.The

gradientofthisgraphisaconstantwhosevalue

isgravitationalacceleration,g.

 Equationsofuniformlyacceleratedbodiesalso

applyinmotionundergravity.

1.v=u+gt

2.s=ut+ g
1

2
t2

2. Abulletshotverticallyupwardsrisestoamaximum

heightof1000m.Determine:

a) Theinitialvelocityofthebullet

b) Thetimeofflightofthebullet

Solution

(a)Atmaximumvelocity,velocityiszero

v=0ms-1

u=?ms-1

g=-10ms-1

becausethebulletdeceleratesupwards

s=1000m

Usingtheequation = +2gsv2 u2

0= +2×(-10)×1000u2

-200000=u
2

u= =141.4220000 ms-1

(b)Totaltimethebulletisinair

usingtheexpressions=ut+ g ,
1

2
t2

displacementis0m

0=141.42×t+
1

2
(-10)t2

141.42=5t

t= =28.28s
141.42

5

Exercise
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= +2gs3.v2 u2 1. Astoneisreleasedfrom acliffof180m highcalculate

a) Thetimeittakestohittheground

b) The velocity with which it hits the water

(takeg=10m )s-1

2. A bodyisprojectedverticallyupwardwithaninitial

velocityu.itreturnstothesamepointofprojection

after8s.Plot:

a) Thespeedtimegraph

b) Thevelocitytimegraphforthebody

3. A bodyisthrown verticallyupwardswith an initial

velocityofu.showthat:

I. Timetakentoreachmaximum heightist=
u
g

II. Timeflight(timetakenforthebody(projectile)

tofallbacktopointofprojection)ist=
2u
g

III. Maximum heightreachedis =Hmax
u2

2g

IV. Velocityofreturn isequalin magnitude to

velocityofprojection

4. Astoneisprojectedverticallyupwardwithavelocity

of30ms-1from theground.Calculate:

I. Thetimeittakestoreachmaximum height.

II. Thetimeofflight.

III. Themaximum heightreached.

IV. Thevelocitywithreachitlandstheground.

Examples

1. Astoneisreleasedverticallydownwardsfrom ahigh

cliff.Determine

a) itsvelocityaftertwoseconds

b) Howfarithastravelledaftertwoseconds.

Solution

u=0(a)

t=2seconds

g=10ms-1

Rightexpressionis

v=u+gt

v=0+10×2

v=20ms-1

Horizontalprojection Example
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Someexamplesofhorizontalprojectioninclude:

1. Ajetfrom awaterpipeheldhorizontally

2. Abulletfrom agunheldhorizontally

3. A tennisballwhenitrollsfrom thetennis

table.

4. Astonethrownhorizontally.

5. Anarrowreleasedhorizontallyfrom bow.

 Considerabodyprojectedhorizontallywithan

initialhorizontalvelocity .Thebodymaintainsu

thatinitialhorizontalvelocitybutsinceitalso

experiencesfreefallduetogravity,itdescribesa

curvedpathasshownbelow.

1. Anarrow isshothorizontallyfrom thetopofthe

building and itlands200 m from thefootofthe

buildingafter10s.Assumingthattheairresistanceis

negligible,calculate:

a. Theinitialvelocityofthearrow.

b. theheightofthebuilding

Solution

a.initialhorizontalvelocity,u=?

R=200m

t=10s

FromtheexpressionR=ut;

200m=u×10

u= =20m
200

10
s-1

b. fromtheexpression;h= g
1

2
t2

h= ×10×
1

2
102

=5×100=500m
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 Thepathfollowedthebodyprojectedhorizontally

(projectile)is called trajectory.The maximum

horizontal distance covered by the body

projected horizontallyiscalled therange.The

verticalaccelerationisduetogravitywhilethe

horizontalacceleration iszero sincethebody

maintainsitsinitialhorizontalvelocitythroughout

themotion.

 Thedisplacementoftheprojectileatanygiven

timetisgivenbys=ut+ a
1

2
t2

Horizontaldisplacement,R

 Sincehorizontalacceleration,a,iszero,R=ut

Theverticaldisplacement,h

 Initialvelocityforverticaldisplacementiszero.

Thismeansthatverticaldisplacementis;

s=0×+ g
1

2
t2

s= g
1

2
t2

h= g
1

2
t2

Note:Thetimeforhorizontaldisplacementisequal

to timeforverticaldisplacementatanygiven

point.

Exercise

1. Aballisthrownfrom thetopofacliff20m highwith

ahorizontalvelocityof10ms-1,calculate:

a. Thetimetakenbytheballtostriketheground

b. Thedistancefrom thefootoftheclifftowhere
theballlands.

c. Theverticalvelocityatthetimeitstrikesthe
ground.

2. Astoneisthrownhorizontallyfrom thebuildingthat
is45m,highaboveahorizontalground.Ithitsthe
groundatapointwhichis60m from thefootofthe
building.Calculatetheinitialvelocityofthestone.

3. Aballisthrownfrom thetopofacliff20m highwith

ahorizontalvelocityof10ms-1,calculate:

I. Thetimetakenbytheballtostriketheground

II. Thedistancefrom thefootoftheclifftowhere
theballlands.

III. Theverticalvelocityatthetimeitstrikesthe
ground.

4. Astoneisthrownhorizontallyforthebuildingthatis
45m,high above a horizontalground.Ithits the
groundatapointwhichis60m from thefootofthe
building.Calculatetheinitialvelocityofthebuilding.

NB:REMEMBERTHESIMPLEPENDULUM

EXPERIMENT.

Apendulum isasmallheavybody
suspendedbyalightinextensiblestring.
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RevisionExercise

1. A body moving at an initial velocity u (ms-1)

acceleratesata(ms-2)fortsecondsandattainsafinal

velocityv(ms-1).Representthismotiononthevelocity
againsttimeaxesshownbelow.

2. Thedatainthetablebelowrepresentsthemotionover
aperiodof7seconds

Timein
s

0 1 2 3 4 5 6 7

Dinm 0 2
0

40 60 80 9
5

105 110

a) Plotongraphpaperagraphofdisplacement(y-
axis)againsttime.

b) Describethemotionofthevehicleforthefirst4
seconds.

c) Determinethevelocitiesat4.5sand6.5s.Hence
orotherwisedeterminetheaverageacceleration
ofthevehicleoverthistimeinterval.

3. Aball-bearingXisdroppedverticallydownwards,from
theedgeofatableandittakes0.5stohitthefloor
below.AnotherbearingYleavestheedgeofthetable
horizontallywithavelocityof5m/s.find:

i. ThetimetakenforbearingYtoreachthefloor.

ii. The horizontaldistance traveled by Y before
hittingthefloor.

iii. Theheightofthetable-topabovethefloorlevel.

4. A helicopter,which was ascending vertically ata
steadyvelocityof20m/s,releasedaparcelthattook
20secondtoreachtheground.

i. State the direction in which the parcelmoved
immediatelyitwasreleased.

ii. Calculatethetimetakenbytheparceltoreachthe
groundfrom themaximum height.

iii. Calculatethevelocityoftheparcelwhenitstrikes
theground.

iv. Calculatethemaximum heightabovetheground
theparcelreached.

v. Whatwas the heightofthe helicopteratthe
instanttheparcelwasdropped.

5. Astoneisthrownhorizontallyfrom abuildingthatis
50m highaboveahorizontalground.Thestonehits
thegroundatapoint,whichis65m from thefootof
thebuilding.Calculatetheinitialofthestone.

6. Thefigurerepresentsdotsmadebyaticker-timer.The
dotsweremadeatafrequencyof50dotspersecond.
(Diagram notdrawntoscale)

i. Whatistime intervalbetween two consecutive
dots?

ii. Thefirstdotfrom theleftwasmadeattimet=0.
Copy the diagram and indicate using arrows
pointing downwardsthe dotsmade att= 0.1s,
0.2s,0.3s.

iii. Determinetheaveragevelocitiesofthetapeover
timeintervals-0.02sto0.02s,0.08sto0.12s,0.18s
to0.22sand0.28sto0.32s

iv. Draw asuitablegraphandfrom itdeterminethe
accelerationofthetape.
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ChapterTwo NEWTON’SLAWSOFMOTION

SpecificObjectives

Bytheendofthistopic,theleanershouldbeableto:

a) StateNewton’slawsofmotion

b) Describesimpleexperimentstoillustrateinertia

c) Statethelawofconservationoflinearmomentum

d) Define elastic collision, inelastic collision and

impulse

e) DerivetheequationF=ma

f) Describetheapplicationoffractionalforce

g) Defineviscosity

h) Explainterminalvelocity

i) SolvenumericalproblemsinvolvingNewton’slaws

andthelawofconservationoflinearmomentum.

Content

1. Newton’s laws of motion (experimental

treatmentofinertiarequired)

2. Conservational of linear momentum: elastic

collision, inelastic collisions, recoil velocity,

impulse(obliquecollisionsnotrequired)

3. F=ma

4. Frictionalforce

 Advantagesanddisadvantages

 Viscosity

 Terminalvelocity(qualitativetreatment)

5. Problem on Newton’s law ofconservation of

linearmomentum (excludeproblemsonelastic

collisions)
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Introduction

 Effectsofforceonmotionofabodyarebasedon

Newton’sthreelawsmotion.Inthistopic,theselaws

arelookedinto.

Newton’sFirstLaw(TheLawofInertia)

 Itstatesthat“abodyremainsinitsstateofrestor

ofuniform motioninastraightlineunlessacted

uponbyanexternalforce”.Thislaw isalsocalled

thelawofinertia

DefinitionofInertia

 Isthetendencyofabodytoremaininitsstateof

restifitwasatrestorinitsstateofmotionifitwas

inmotion.

ExamplesofInertia(i.e.ExamplesofNewton’sFirstLaw

inPractice)

1. Whenacardsupportingacoinonaglasstumbleris

suddenlyflicked,itisobservedthatthecardfliesoff

butthecoinfallsinthetumbler.Thisisbecausethe

cointendstomaintainitsstateofrest(itfallsin

glassbecauseanotherforceactsonit.Whichisthat

otherforce?)

2. Thebottom woodenblockcaneasilybepulled

outofthestackwithoutdisturbingothersplaced

on it. The other blocks remain in a pile

undisturbedexceptthattheirpositionislowered

becauseofdownwardpullofthegravitational

force.

3. Whenamovingtrainoracarstopssuddenly,

passengersarethrownforward.Thepassenger

inamovingvehicleisalsoinastateofmotion.

Hence,when the vehicle stops suddenly,the

upperpartofhisbodycontinuestomove.Thisis

whyitisnecessarytowearseatbelt.

4. Acyclistonalevelgroundcontinuestomovefor

sometimewithoutpedaling.

Definition ofForce asperNewton’sFirstLaw of

Motion

 Forceisdefinedasthatwhichproducesmotion

inbodyatrestorwhichaltersitsexistingstateof

motion.

Momentum

 Momentum ofabodyisdefinedastheproductofits

massandvelocity.Forabodyofmassm inkgand

velocityvinms-1,

momentum=mass(kg)×velocity(m )s-1

P=mv

RelationshipbetweenForce,MassandAcceleration

ConsideraforceFactingonabodyofmassm fora

timet.ifitsvelocitychangesfrom utov,then;

changeinmomentum=finalmomentum-initialmomentum

∆p=mv-mu



232

PHYSICSFORTECHNOLOGYANDINNOVATION.Page22

 SIunitofmomentum isthe kilogram metre per

second (kgms-1).Momentum isavectorquantity

since ithas both magnitude and direction.The

direction ofmomentum is same as thatofthe

velocityofthebody.

Rateofchangeofmomentum= ;
changeinmomentum

time

=
∆p

t

mv-mu

t

FromNewton’ssecondlaw,F∝
mv-mu

t

F∝m ;but =a(
v-u

t) v-u

t

therefore,F∝ma

so,F=kma.wherekisaconstantofprotionality.

WhenF=IN,a=1m ,m=1kg,then.k=1s-2

hence,F=ma,

ThisisanexpressionforNewtossecondlawn'

DefinitionofanewtonasperNewton’s2nd law of

motion

 A newton is the force which produces an

accelerationof1ms-2 whenitactsonabodyof

mass1kg.

Examples

1. Whatisthemomentum ofaracingcarofmass500kg

drivenat270km/h?

Solution

v=270km =75m ;m=500kgh-1 s-1

momentum=mass ×velocity(kg) (ms-1)

momentum=500kg×75ms-1

=37500kgms-1

2. Findthemomentum of:

a. Anobjectofamass100gmovingat20ms-1

Solution

momentum=mass ×velocity(kg) (ms-1)

=0.100kg×20ms-1

=2kgms-1

b. Anobjectofmass2.0kgwhichfallsfrom restfor10s

(Momentum after10s).

Solution

u=0 ,t=10s,g=10m ,v=?ms-1 s-2

usingtheexpressionv=u+gt,

v=0+10×10

=100ms-1

mom=o.1x100=100kgms-1

Examples

1. Whatforceisneededtostopa500kgcarmovingat

180kmh-1in12.5m?

Solution

m=500kg,v=0 ,ms-1

u=180km =50 ,s=12.5m,F=?h-1 ms-1

Fromtheequation, = +2as,a=v2 u2
-v2 u2

2s

a= ,
-02 502

2×12.5

a=-100ms-2
Exercise
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1. Whatisthemomentum ofaracingcarofmass500kg

drivenat270km/h?

2. Anappleofmass100gfallsadistanceof2.5m tothe

groundfrom abranchofatree.

a) Calculatethespeedatwhichithitsthegroundand

thetimetakenforittofall.(Ignoreairresistance).

b) Calculatethemomentum oftheapplejustbefore

hittingtheground

FromNewtos law,F=ma,F=500×-100n'2nd

F=-50000N.

whatdoesthenegativemean?

2.An externalforce applied to a ballofmass 160g

increasesitsvelocityfrom 2.5cms-1 to275cms-1 in10

seconds.Calculatetheforceapplied.

Solution

m=160g=0.160kg,u=2.5cm =0.025 ,s-1 ms-1

v=275cm =2.75 ,F=?Ns-1 ms-1

F=ma,F=m(
v-u

t)

F=0.160 =0.0436N(2.75-0.02510 )

Newton’sSecondLawofMotion

 Itstatesthat“therateofchangeofmomentum ofa

bodyisdirectlyproportionaltotheresultantexternal

forceproducingthechangeandtakesplaceinthe

directionoftheforce”.

Resultantforceacting∝rateofchangeofmomentum

Exercise

 Note:Impulseoccurswhenbodiescollideand

the impulsive force is the one which causes

destructionduringcollision.Thetimeforwhich

thisimpulsiveforceactsdeterminestheextent

ofdamagecaused.Iftimeofimpactislong,

damage islessthan when time ofimpactis

short.The following are some examples of

designsmadeto prolong timeofimpactand

thereforereducedamagebyimpulsiveforce.

1. Whatisthemassofanobjectwhichisacceleratedat5

ms-1byaforceof200N?

2. Agunfiresabulletofmass10.0ghorizontalat50ms-1at

afixedtargetofsoftwood.Thebulletpenetrates50cm

intoatarget.Calculate

a) Timetakenbythebullettocometorestin

thewood

b) Theaverageretardingforceexertedbythe

woodonthebullet.

3. Atrolleyofmass1.5kgispulledalongbyanelasticcord

givenanaccelerationof2ms-2.Findthefrictionalforce

actingonthetrolleyifthetensioninthecordis5N.

4. StateNewton’ssecondlawofmotion.Hence,showthatF

=ma.

5. Definethenewton(unitofforce)

6. Acarofmass1500kgisbroughttorestfrom avelocityof

25ms-1 bya constantforce of3000N.Determine the

changeinmomentum producedbytheforceandthetime
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thatittakestocometorest.

7. Ahammerofmass800gproducesaforceof400Nwhen

itstrikestheheadofanail.Describehowitispossiblefor

thehammertodrivesthenailintoapieceofwood,yeta

weightof400Nrestingontheheadofthenailwouldnot

8. AresultantforceFactsonabodyofmassm causingan

accelerationa1onthebody.Whenthesameforceactson

abodyofmass2m,itcausesanaccelerationa2.Express

a2intermsofa1.

1. Eggsarepackedinspongycrates

2. Smartphonesareputinsoftholders

3. vehiclesarefittedwithsafetyairbags

4. some vehicles have collapsible bumpers

andsteering

5. Highjumpersusuallylandonsoftground

etc.

Impulse

 Impulseisdefinedastheproductofforceactingon

a body and the time in which the force acts.

Impulsiveforcereferstotheforcewhichactsona

bodyforaveryshorttimeduringacollision.

 Ifaforce actsonabodyofmass fortime ,F m ,t

thentheimpulseoftheforceisgivenby:

Impulse=force×time

Impulse=Ft

(SIunitofimpulseisthenewtonsecond(Ns))

ButfromNewton’ssecondlawofmotion,F=
mv-mu

t

Ft=mv-mu,butFt=impulseandmv-mu

isthechangeinmomentumofthebody

 Thisimpliesthattheimpulseofforceactingona

Examples

1. Determinethechangeinmomentum producedwhena

forceof4000N actsonabodywhichisatrestfor

0.003minutes

Solution

F=4000N, time,t=0.003minutes=0.18s

Impulse=changeinmomentum=Ft

changeinmomentum=4000×0.18
=720kgm or720Nss-1

2. Acarofmass400kgstartsfrom restonahorizontal

track.Findthespeed4safterstartingifthetractive

forcebytheengineis500N.

Solution

Impulse=changeinmomentum,Ft=m(v-u)



232

PHYSICSFORTECHNOLOGYANDINNOVATION.Page25

body during some time intervalis equalto the

changeinmomentum producedinthatbodyinthat

time.

 TheareaundertheplotofforceFagainsttime(t)

representsimpulseorchangeinmomentum during

acollision.

500×4=400(v-0)

v= =5m
500×4

400
s-1

Exercise

1.Anappleofmass100gfallsadistanceof2.5m tothe

groundfrom abranchofatree.

I.Calculatethespeedatwhichithitsthegroundandthe

timetakenforittofall.(Ignoreairresistance).

II. Assumingtheappletakes100millisecondstocometo

restCalculatetheaverageforceexperienced bythe

apple.

2. Thetablebelowshowsthevaluesoftheresultantforce,F,

andthetimetforabullettravelinginsidethegunbarrel

afterthetriggerispulled.

Force,F(N) 36
0

34
0

300 240 17
0

11
0

Time,(t)
(millisecond
s)

3 4 8 1
2

17 22

I. PlotagraphofForce,F,againsttimet.

II. Determinefrom thegraph:

a) The time required forthe bulletto travelthe

length ofthe barrelassuming thatthe force

becomeszerojustattheendofthebarrel.

b) Theimpulseoftheforce.

c) Giventhatthebulletemergesfrom themuzzleof

thegunwithavelocityof200m/s,calculatethe

massofthebullet.

3. Abodyofmass5kgisejectedverticallyfrom theground

whenaforceof600Nactsonitfor0.1s.Calculate the

velocitywithwhichthebodyleavestheground.

4. A highjumperusuallylandsonathicksoftmattress.

Explainhow themattresshelpsinreducingtheforceof

impact.

C. Liftmovingdownwardswithacceleration

 Thedownwardaccelerationisnegativeandthis

is why the one feels lighter when lift is

accelerating downwards.Therefore reading on

themachine(apparentweightofthebodyinlift)

is:

Notes:

I. Ifthe liftmoves with constantvelocity,the

machine willread weightofthe bodysince

accelerationwillbezero.

II. Ifa = g(free fall)the body willexperience

weightlessnesssincethereactionfrom thelift

onthebodywillbezero.

Exercise

1. Aladyofmass80kgstandsonweighingmachineina

lift.Determinethereadingontheweighingmachine

whentheliftmoves:

a) downwardsataconstantvelocityof2.0ms-1

b) downwardswithanaccelerationof3ms-2

c) upwardswithanaccelerationof3ms-2

2. A man ofmass 80 kg stands on a liftwhich is

accelerating upwards at 0.5 ms-2. ifg=10N/kg

determinethereaction onthemanbythefloorofthe

P’=mg-ma
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Newton’sThirdLawofMotion

Itstatesthat“foreveryaction,thereisanequalbut

oppositereactionforce”.ThismeansthatifabodyP

exertsaforceonanotherbodyQ,Qexertsanequaland

oppositeforceonP.Itisclearthatitisduetoaction

(forceexertedbyfootonground)andreaction(force

exerted byearth on foot)thatwe are able to walk

forward.

Weightinalift

a. Liftatrest

 Liftmachinereadstheweightofthebodyinlift

sinceactionandreactionareequalandoppositei.e.

R=mg.

b. Liftmovingupwardswithaccelerationa

TheresultantupwardforceFproducesthe

acceleration(F=ma)

resultantupwardforceF
=totalupwardforceP-downwadforce W(weight)

F=P-W⇒ P=F+wand∴

P=mg+ma

 Thisiswhattheliftmachinewillread(thereaction

oftheliftonthebody).

lift.

TheLawofConservationofLinearMomentum

 Thislaw statesthat,“forasystem ofcolliding

bodies, their total linear momentum is a

constant,providednoexternalforcesareacting”.

 IfabodyAofmassmA initiallymovingwitha

velocityofuA collideslineallywithabodyBof

massmB initiallymovingwithavelocityuB and

theirvelocities aftercollision are vA and vB

respectively,then:

Totallinearmomentumbeforeimpact

=Totallinearmomentumaftercollision

+ = +mAuA mBuB mAvA mBvB

Note:velocityisavectorquantityandmustbe

treatedappropriatelyincalculations

TypesofCollisions

I. ElasticCollision

 Thisisacollisioninwhichbothkineticenergy

andmomentum areconserved.IfthebodiesA

andBabovecollideelastically;

+ = +mAuA mBuB mAvA mBvB

+ = +m
1

2 A

uA
2 m

1

2 B

uB
2 m

1

2 A

vA
2

1

2
mBvB

2

 Note:Inthiscollision,bodiesseparateandmove

insameordifferentdirectionsaftercollision.
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II. InelasticCollision

 Thisisacollisioninwhichmomentum isconserved
butkineticenergyisnot.Inthiscollision,colliding
bodiesfuseandmovetogetherinonedirectionwith
acommonvelocity.

 Ifthe collision ofbodiesA and B above collide
inelastically,then;

+ = +mAuA mBuB mAvA mBvB

+ ≠ +m
1

2 A

uA
2 m

1

2 B

uB
2 m

1

2 A

vA
2

1

2
mBvB

2

 Note:thetotalkineticenergyaftertheimpactis
alwayslessthanthetotalkineticenergybeforethe
impactandthelossisdueto:

I. Energyusedindeformationofbodies

II. Energytransformedtoheat,soundandeven
light

I. + =mbub mwuw ( +mb mw)v

0.020×50+1.980×0= v(0.020+1.980)

v= =0.5
1

2
ms-1

II. atmaximumheight,allK.EisconvertedtoP.E

m =mgh,mcancelsout
1

2
v2

=10×h
1

2
×0.52

h= =0.0125m
0.125

10

Exercise

1. A lorryofmass 3000 kg travelling ata constant

velocityof72kmh-1 collideswithastationarycarof
mass600kg.Theimpacttakes1.5secondsbeforethe
two move togetherata constantvelocity for15
seconds.Calculate:

i. Thecommonvelocity

ii. Thedistancemovedaftertheimpact

iii. Theimpulsiveforce

iv. Thechangeinkineticenergy

2. Abulletofmass15gisshortfrom agun15kgwitha

muzzlevelocityof200ms-1.Ifthebulletis20cm long,
calculate:

I. theaccelerationofthebullet

II. therecoilvelocityofthegun

3. Explainhow:

i. Rocketpropulsiontakesplace

ii. Gardensprinklerworks

Examples

1. Two trolleysofmasses2kgand1.5kgaretraveling
towardseachotherat0.25m/sand0.40m/srespectively.
Thetrolleyscombineoncollision.

I. Calculatethevelocityofthecombinedtrolleys.

II. In what direction do the trolleys move after
collision?

Solution

Totallinearmomentumbeforeimpact
=Totallinearmomentumaftercollision

+ =mAuA mBuB ( +mA mB)v.
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⇒2.5×0.25+1.5× = v(-0.40) (2.5+1.5)

v= =0.00625m
0.25

4.0
s-1

III. Theymoveinthedirectiontowhichtrolleyofmass
2.5kgwasmovingtobeforecollision

FrictionalForce

 Frictionalforcereferstotheforcethatopposes
ortendstoopposerelativemotionbetweentwo
surfacesincontact.Frictionalforceactsinthe
directionoppositetothatofthepullingforce.

TypesofFrictionalForce

I. Static/LimitingFrictionalForce

 Thisistheforcerequiredtojuststartthebody
sliding.Theforceisdirectlyproportionaltothe
reactionforceonthebodybythesurface.

= R,FS µs

where isthecoefficientofstaticorlimitingµs

frictionalforce

II. Kinetic/SlidingFrictionalForce

 Thisistheforcerequiredtokeepthebodysliding
ormoving ata constantspeed.Itopposes
motionbetweentwosurfacesthatareinrelative
motion.Sliding friction is directlyproportional
reactionforce. = R,FK µ

k

where isthecoefficientofkineticorµ
k

slidingfrictionalforce

2. Abullet0fmass20gtravellinghorizontallyataspeedof

50ms-1embedsitselfinablockofwoodofmass1980g
suspendedfrom alightinextensiblestring.Find:

I. Thevelocityofthebulletandblockimmediately
aftercollision

II. Theheightthroughwhichtheblockrises

Solution

Note:Considerablockofwoodbeingpulledusinga Exercise
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rubberbandonahorizontalsurfaceasshownbelow.

 Therubberbandstretchesforsometimebeforethe
block starts moving (stretch is due to limiting
frictional).Thestretchingincreasestoapointwhen
theblockstartssliding steadily(sliding frictional
forcelimitsmotionatthispoint). >µs µ

k

 Frictionalforceisuseful/advantageousinwalking,
movingvehicles,braking,writing,lightingamatch
sticketc.

 Frictionalforcecanbedisadvantageousasitcauses
wearandtearinmovingpartsofmachineandleads
togenerationofunnecessarynoise.

1. A bulletofmass 10g traveling horizontallywith a
velocityof300m/sstrikesablockofwoodofmass
290gwhich rests on rough horizontalfloor.After
impacttheymovetogetherandcometo restafter
travelingadistanceof15m.

I. Calculatethecommonvelocityofthebulletand
theblock.

II. Calculatetheaccelerationofthebulletandthe
block.

III. Calculate the coefficient of sliding friction
betweentheblockandthefloor.

2. Underadrivingforceof4000N,acarofmass1250kg

hasanaccelerationof2.5m/s2. Findthefrictional
forceactingonthecar.

3. A bulletofmass 22g travelling with a horizontal

velocityof300ms-1 strikesablockofwoodofmass
378gwhichrestsonaroughhorizontalsurface.After
theimpact,thebulletandtheblockmovetogetherand
cometorestwhentheblockhastravelledadistance
of5m.Calculate the coefficientofsliding friction
betweentheblockandthefloor.

4. AblockofametalAhavingamassof40kgrequiresa
horizontalforceof100Ndragitwithuniform velocitya
longhorizontalsurface.

I. Calculatethecoefficientoffriction

II. Determinetheforcerequiredtodragasimilar
blockhavingamassof30kgalongthesame
horizontalsurface,calculate.

III. IfthetwoblocksAandBareconnectedwitha
twobarandaforceof200Nisappliedtopullthe
twolongthesamesurface,calculate.

a) Thetensioninthetowbar

b) TheaccelerationExample
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Asmoothwoodenblockisplacedonasmoothwoodentable.
Aforceof14Nshouldbeexertedonthe4kgwoodenblockto
keeptheblockmovingwithaconstantvelocity.

a) Whatisthecoefficientofkineticfriction,µ
k

Solution

= R, = mgFK µ
k

FK µ
k

14= ×4×10µ
k

= =0.35µ
k

14

40

b) Ifa20Nbrickisplacedontheblock,whatforcewill
berequiredtokeeptheblockandbrickmovingwith
requiredconstantspeed?

Solution
coefficientofkineticfriction,remainsconstantµ

k

= R⇒ =0.35×FK µ
k

FK (40+20)

=20N

IV. Ifthetowbarisremovedandthe40kgblocksof
metalmovesaround asmoothpathofradius
10m ataconstantspeedof24ms-1calculate
thecentripetalforce.

V. Attheendofthecircularpath,the40kgmass
dropsverticallyinatrench10m highandfalls
freelydeterminethetimeittakestolandatthe
bottom ofthetrench.̀

Factors Affecting FrictionalForce between Two
SurfacesinContact

I. Normalreaction– frictionalforceisdirectly
proportionaltonormalreaction.

II. Natureofthesurfaces-themorerougha
surfaceis,thelargerthefrictionalforce.

Methodsofminimizingfriction

a) Usingrollers-Therollersarelaiddownonthe
surfaceandtheobjectpushedoverthem

b) Lubrication-Applicationofoilorgreasetothe
movingparts

c) Useofballbearing-Thisisappliedonrotatingaxles.
Thebearingallowsthemovementofthesurface
overtheother.

d) Aircushioning-Thisisdonebyblowingairintothe
space between surfaces.This prevents surfaces
from comingintocontactsinceairismatterand
occupiesspace.

Viscosity

 This is the force thatopposes relative motion
betweenlayersofthefluid.

 Considerasmallballbearingintroducedgentlyinto
glycerineinalongcylindricaljar.Theforcesacting
ontheballareasshownbelow.

FactorsAffectingViscosityInFluids

I. Density-Thehigherthedensityofthefluid,
thegreatertheviscousdragandtherefore
thelowertheterminalvelocity.

II. Temperature - In liquids, viscous drug
decreases(terminalvelocityincreases)with
temperature,while in gases viscous drug
increases(terminalvelocitydecreases)with
temperature.

Exercise



232

PHYSICSFORTECHNOLOGYANDINNOVATION.Page31

 The resultant downward force (mg- )(u+Fr)
acceleratestheballdownwards.

 Theviscousdragincreaseswithvelocityuntilthe
sum ofupwardforcesequalthedownwardforces,

u+ =mgFr

 Atthispointtheresultantforceiszeroandtheball
attainsaconstantvelocitycalledterminalvelocity.

 Terminalvelocityisdefinedastheconstantvelocity
attainedbyabodyfallinginafluidwhenthesum of
upwardforcesisequaltotheweightofthebody.
Graphically:

1. The diagram shows a tall measuring cylinder
containingaviscousliquid.Averysmallsteelballis
released from restatthe surface ofthe liquid as
shown.Sketchthevelocity-timegraphforthemotion
oftheballfrom thetimeitisreleasedtothetimejust
beforeitreachesthebottom ofthecylinder.

2. Two smallsphericalidenticalstones A and B are
releasedfrom thesameheightabovetheground.B
fallsthroughairwhileAfallsthroughwater.Sketch
thegraphsofvelocityagainsttime(t)foreachstone.
Labelthegraphappropriately.

ChapterThree ENERGY,WORK,POWERANDMACHINES
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Specificobjectives

Bytheendofthistopic,theleanershouldbeableto:

a) Describeenergytransformations

b) Statethelawofconservationofenergy

c) Definework,energy,powerandstatetheirSI
units

d) Definemechanicaladvantagevelocityratioand
efficiencyofmachines

e) Solve numerical problems involving work,
energy,powerandmachines.

Content

1. Formsofenergyandenergytransformations

2. Sourcesofenergy

 Renewable

 Non-renewable

3. Lawconservationofenergy

4. Work,energyandpower(workdonebyresolved
forcenotrequired)

5. Kineticandpotentialenergy

6. Simplemachines

7. Problemsonwork,energy,powerandmachines

Energy

 Energyisthecapacitytodowork.TheSIunitof
energyisthejoule(J)afterthephysicistJames
PrescottJoulewhowasalsoabrewer.

SourcesofEnergy

 They are classified into renewable and
nonrenewablesources.

i. Renewablesources

 Thesearesourceswhosesupplycanberenewed
againandagainforuse.Examplesare;water,solar,
wind,geothermaletc.

ii. Non-renewablesources

 Thesearesourcesofenergywhosesupplycannot
berenewedagainandagainforuse.Examplesare;
fossils,firewood,nuclearsourceetc.

FormsofEnergy

 Thevariousformsofenergyinclude:

o Mechanical(potentialandkinetic)

o Chemical–storedinbatteriesandfoods

o Electrical

o Light

 Note:potentialenergyistheenergypossessed
byabodyduetoitsrelativepositionorstate
whilekineticenergyistheonepossessedbya
bodyduetoitsmotion.

ConservationandTransformationofEnergy

TheLawofConservationofEnergy

 This law states that“Energy can neitherbe
created nor destroyed but can only be
transformedfrom oneform toanother.”

EnergyTransformation

 Anydevicethatfacilitatesthetransformationof
energyfrom one form to anotheris called a
transducer.Thefollowingaresomeexamples:

Initial form

ofenergy

Final form

ofenergy

Transducer

Solar Heat Solarpanel

Electrical Kinetic Motor

Kinetic Electrical Dynamo

Solar Electrical Solarcell

Heat Electrical Thermocouple

electrical Sound Loudspeaker
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o Nuclear

o Wave

chemical Electrical Battery

 Note:Energytransformationsarerepresentedby
charts.

Examples Examples

Describetheenergytransformationthattakesplaceineach

ofthefollowing:

a) Acarbatteryisusedtolightabulb

b) Coalisusedtogenerateelectricity

c) Apendulum bobswingtoandfro

1. Calculatetheamountofworkdoneby:

a) Amachineliftingaloadofmass50kgthrougha

verticaldistanceof2.4m

Solution

workdone,W=force,F×distance

workdone=mg×distance

= N×2.4m=1200J(50×10)

b) Alaborerwhocarriesaloadofmass42kgtoa
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d) Wateratthe top ofa waterfall falls and its

temperaturerisesonreachingthebottom

heightof4.0m

Solution

workdone,W=force,F×distance

workdone=mg×distance

= N×4.0m=1680J(42×10)

2. Amanofmass70kgwalksupatrackinclinedatan

angleof300 tothehorizontal.Ifhewalks20m,how

muchworkdoeshedo?

Solution

workdone,W=force,F×distance

workdone=mg×distance,h

= N×(20sin30)m=7000J(70×10)

WorkandEnergy

 Workisdefinedastheproductofforceanddistance

movedinthedirectionofapplicationoftheforce.

workdone,W=force,F×distancemovedin

thedirectionof

theappliedforce,d

W=F×d

 Workisthereforesaidtobedonewhenanapplied

forcemakesthepointofapplicationoftheforce

moveinthedirectionoftheforce.Noworkisdone

whenapersonpushesawalluntilhesweatsor

carryingabagofcementonhisheadforhourswhile

standing. Exercise
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 TheSIunitofworkisthejoule(J).
1joule(J)=1newtonmetre(Nm)

N/B:Jouleistheworkdonewhenthepointof

applicationofaforceof1newtonmovesthrough1

metreinthedirectionoftheforce.

Notes:

I. Work done is equivalentto energy converted

whiledoingwork.

II. Theareaunderforce-distancegraphrepresents

workdonebytheforceorenergyconverted.

1. Agirlofmass40kgwalksupaflight10steps.Ifeach

stepis40cm high,calculatetheworkdonebythegirl.

2. A bodyisacteduponbyavaryingforceFovera

distance of35 m as shown in the figure below.

Calculatethetotalworkdonebyforce

3. Sometimesworkisnotdoneevenifthereisanapplied

force.Describesomesituationswhenthiscanhappen.
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GravitationalPotentialEnergy

 Thisistheenergypossessedbyabodyduetoits

heightabovesomesurface.Considerablockof

massm raisedthroughtheheight theground.Ath

thatheighttheblockhasgravitationalpotential

energy.

Potentialenergy,P.Egained=workdoneinraisingtheblockP.E

=weightoftheblockXheight

P.E=mgh

ElasticPotentialEnergy

 This is the energy stored in a stretched or

compressedspring. Theenergyisequaltowork

doneinstretchingorcompressingthespring.

workdone=Force×distancemovedindirectionofforce

workdone=AverageForce×changeinlengthofspring

workdone= ×e;(compressionorextension)
o+F

2

workdone= ×e,
F

2

butF=ke,wherekisthespringconstant∴

workdone= e,(ke
1

2 )

workdone= k
1

2
e2

KineticEnergy,K.E

 Considerabodyofmassm beingacteduponbya

steadyforceF.thebodyacceleratesuniformlyfrom

resttofinalvelocityvintimetseconds.Ifitcoversa

distances;

workdoneinacceleratingthebody

Variation ofK.E and P.E forA Body Projected

Upwards

 Considerabodyofmassm projectedvertically

upwards.Gravitationalforce is the onlyforce

actingonit,assumingnegligibleairresistance.

Asitraiseskineticenergydecreasessincethe

velocity decreases (the body decelerates

upwards).Atthesametime,thepotentialenergy

ofthebodyincreasesandbecomesmaximum at

thehighestpoint,whereK.Eiszero.Asthebody

fallsfrom thehighestpoint,P.Edecreaseswhile

K.Eincreases.ThecurvesforvariationofK.Eand

P.Eofthebodywithtimeareshownbelow.

 Therefore, at any given points;

totalenergy,E=P.E+K.E=Constant.

Examples

Astoneofmass2.5kgisreleasedfrom aheightof5.0m

abovetheground:

a) Calculatethevelocityofthestonejustbeforeitstrikes

theground.

b) Atwhatvelocitywillthestonehitthegroundifa

constantairresistanceforceof1.0Nactsonitasit

falls?

Solution

a)mgh= m
1

2
v2

2.5×10×5.0= ×2.5×
1

2
v2

v= =10m
100

1
s-1
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=theK.Egainedbythebody

=Force,F×distance,s

Method1

K.E=F×s;

K.E=ma×(averagevelocity×time)

K.E=m ×( ×t)(
v-u

t) u+v

2

K.E=m × = ×(v-0t) ( ×t
0+v

2 ) mv

t

vt

2

K.E= m
1

2
v2

Method2

K.E=F×s;K.E=ma×(ut+ a
1

2
t2)

K.E=m ×(0×t+ ( ))(
v-u

t) 1

2

v-u

t
t2

K.E=m × = ×(v-0t) ((0×t+ ( ))
1

2

v-0

t
t2) mv

t

vt

2

K.E= m
1

2
v2

b)Resultantforce×h= m ;
1

2
v2

h= m(mg-resistance)
1

2
v2

×5= ×2.5×(2.5×10-1.0)
1

2
v2

v= =9.798m
240

2.5
s-1

Exercise

1. A stoneofmass5kgmovesthroughahorizontal

distance10m from rest.Iftheforceactingonthe

stoneis8N,calculate:

a) theworkdonebytheforce

b) thekineticenergygainedbythestone

c) thevelocityofthestone

2. Calculatetheamountofenergyneededbyacatapultto

throwastoneofmass500gwithavelocityof10ms-1

3. Atennisballisdroppedfrom aheightof1.8m.itrebounds

toaheightof1.25m.

a) Describetheenergychangeswhichtakeplace

b) Withwhatvelocitydoestheballhittheground?

c) Withwhatvelocitydoestheballleavetheground?

4. Aballrollsonatableinastraightline.Apartfrom the

transitionalkineticenergy,statetheotherform ofkinetic

energypossessedbytheball.

5. Abodyhas16Joulesofkineticenergy.Whatwouldbeits

kineticenergyifitsvelocitywasdouble?

6. Aforceof8N stretchesaspringby10cm. How much

workisdoneinstretchingthisspringby13cm?

Power

 Powerisdefinedastherateofdoingwork(i.e.

workdoneperunittime).Sinceworkdoneis

equivalenttoenergyused,andenergycannotbe

destroyed orcreated butconverted from one

form toanother,

 Powercanalsobedefinedastherateofenergy

conversionORtherateoftransferofenergy.

Power= orPower=
workdone

timetaken

energyconverted

timetaken

 TheSIunitofpoweristhewatt;namedafterthe

physicistJamesWatt.
1watt =1joulepersecond(J )(W) s-1

Relationshipbetweenpowerandvelocity
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7. A simplependulum isreleasedfrom restanditswings

towardsitslowestposition.Ifthespeedatthelowest

positionis1.0m/s,calculatetheverticalheightofthebob

whenitisreleased.

8. Ametalballsuspendedverticallywithawireisdisplaced

throughanangle asshowninthediagram below.Theθ

ballisreleasedfrom AandswingbacktoB.

Giventhatthemaximum velocityatthelowestpointB is

2.5ms-1.Findtheheighthfrom whichtheballisreleased

9. A 30gbulletstrikesatreetrunkofdiameter40cm at

200ms-1andleavesitfrom theoppositesideat100ms-1.

Find:

I. Thekineticenergyofthebulletjustbeforeitstrikes

thetree.

II. Thekineticenergyofthebulletjustbeforeitleavees

from thetree.

III. Theaverageforceactingonthebulletasitpasses

throughthetree.

10.Theinitialvelocityofabodyofmass20kgis4ms-1.How

longwouldaconstantforceof5.0N actonthebodyin

ordertodoubleitskineticenergy?

11.Acompressedspringwithaloadattachedtooneendand

fixedattheotherandisreleasedasshownbelow.

Sketchonthesameaxisthevariationofpotentialenergy,

kineticenergyandtotalenergywithtime

12.Thefigurebelowshowshowthepotentialenergy(P.E)of

Power= ;
workdone

timetaken

Power=
Force×displacementofpointofapplicationofforce

timetaken

Power=Force×
displacement

timetaken

Power=Force×velocity

Examples

1. Anelectricmotorraisesa50kgmassataconstant

velocity.Calculatethepowerofthemotorifittakes30

secondstoraisethemassthroughaheightof15m

Solution

Power=Force×velocity;Power=mg×
displacement

timetaken

power=50N× =25W
15m

30s

2.A soldierclimbstothetopofthewatchtowerin15

minutes.Iftheworkdonebythesoldieragainstgravityis

60kJ,whatishisaveragepowerinclimbing?

Solution

Power=
workdone

timetaken

power= =66.67W
60×1000

15×60

Exercise
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aballthrownverticallyupwardsvarieswithheight

Onthesameaxesplotagraphofthekineticenergyoftheba

ll

1. A crane lifts a load of200 kg through a vertical

distanceof3.0m in6seconds.Determinethe;

I. Workdone

II. Powerdevelopedbythecrane

2. Aloadof100Nisraised20m in50s.Calculate;

I. Thegaininpotentialenergy

II. Thepowerdeveloped

3. Waterfallsthroughaheightof60m atarateofflowof

litresperminute.Assumingthatthereareno10×105

energy losses, calculate the amount of power

generatedatthebaseofthewaterfall.(themassof1

literofwateris1kg)

4. If50litresofwaterispumpedthroughaheightof15m

in30seconds,whatisitspowerratingofthepumpis

80%efficient?(themassof1literofwateris1kg)

5. Asmallwindpumpdevelopsanaveragepowerof50N.

Itraiseswaterfrom aboreholetoapoint12Nabove

thewaterlevel.Determinethemassofwaterdelivered

inonehour.

SimpleMachines

 AmachineisadevicethatmakesworkeasierORIs

anydevicebymeansofwhichaforceappliedatone

pointofitcanbeusedtoovercomeaforceatsome

otherpointofit.

TermsAssociatedwithMachines

1.Effort,E

 Thisistheforceappliedtothemachine.TheSIunit

ofeffortisthenewton(N).

2.Load,L

 Thisistheforceexertedbythemachine.TheSIunit

ofloadisthenewton(N).

3.Mechanicaladvantage,M.A

 Thisistheratiooftheloadtotheeffort.Ithasno

unitssinceitisaratiooftwoforces.

 N/B Efficiency, justlike M.A ofa machine

dependsonfrictionbetweenmovingpartsofa

machineandweightofthepartsthathavetobe

lifted.Thesereasonsexplainwhytheefficiency

ofamachineisalwayslessthan100%.

Examples

1. Acertainmachineusesaneffortof400N toraisea

loadof600N.Iftheefficiencyofthemachineis75%,

determineitsvelocityration.

Solution

M.A=
load

effort

M.A= =1.5
600

400

η= ×100%⇒75= ×100%
M.A

V.R

1.5

V.R

V.R= ×100%=2
1.5

75
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M.A=
load

effort

 Formostmachines,M.Aisgreaterthanonesince

loadisgreaterthaneffort.InafewmachinesM.A.is

lessthanone(i.eeffortisgreaterthanload)e.g.a

bicycle.

FactorsAffectingM.AofaMachine

I. Frictionbetweenmovingpartsofthemachine-The

greater the friction,the less the mechanical

advantage

II. Partsofthemachinethathavetobelifted–The

heavier the weight,the less the mechanical

advantage.

4.VelocityRatio,V.R

 ItistheratioofthedistancemovedbytheeffortDE

tothedistancemovedbytheload inthesameDL

time.

Velocityratio,V.R=
distancemovedbytheeffort,DE

distancemovedbytheload,DL

V.R=
DE

DL

 Note:IftwomachinesAandBwithvelocityratiosV.RA
and respectivelyarecombined,theresultantvelocityV.RB
ratioV.Rwillbegivenby:

V.R=V ×VRA RB

5.Efficiency,η

 Itistheratiooftheusefulworkdonebythemachine

(workoutput)tothetotalworkputintothemachine

(workinput)expressedasapercentage.

η= ×100%
workdonebythemachine(workoutput)

totalworkintothemachine(workinput)

Relationship betweenMechanicalAdvantage,VelocityRatio

andEfficiency

η= ×100%
workdoneonload(workoutput)

workdonebyeffort(workinput)

η= ×100%
L×DL

E×DE

2. A crane lifts a load of200 kg through a vertical

distanceof3.0m in6seconds.Determinethe;

I. Workdone

II. Powerdevelopedbythecrane

III. Efficiencyofthecranegiventhatitis

operatedbyanelectricmotorrated

1.25kW.

Solution

I.workdone=mgh

workdone=200×10×3.0=6000J

II.Power=
workdone

timetaken

Power= =1000Wor1kW
6000

6

III.η= ×100%
poweroutput

powerinput

η= ×100%=80%
1000

1250

Exercise

1. Whenanelectricpumpwhoseefficiencyis70%raises

watertoaheightof15m,waterisdeliveredattherate

of350litresperminute.

I. Whatisthepowerratingofthepump?

II. Whatistheenergylostbythepumppersecond?

2. Anelectricpumpcanraisewaterfrom alower-level

reservoirtothehighlevelreservoirtothehighlevel

reservoirattherateof3.0x105 kgperhour.The

verticalheightofthewaterisraised360m.Iftherate

ofenergylossinform ofheatis200kW,determinethe

efficiencyofthepump.

3. Definetheefficiencyofamachineandgiveareason

whyitcanneverbe100%

4. Apumpuses1gofamixtureofpetrolandalcoholin

theratio4:1bymasstoraise1000kgofwaterfrom a

well200m deep.

I. Howmuchenergyisgivenby1gofmixture?
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η= × ×100%
L

E

DL

DE

but =M.Aand =
L

E

DL

DE

1

V.R

η=M.A× ×100%
1

V.R

η= ×100%
M.A

V.R

II. Ifthepumpis40% efficient,whatmassofthis

mixtureisneededtoraisethewater?

(1gofalcohol=7000J,ofpetrol=48000J)

5. Inamachine,thisloadmoves2m whentheeffort

moves8m,ifaneffortof20Nisusedtoraisealoadof

60N,whatistheefficiencyofthemachine?

TypesofSimpleMachines

1.Levers

 Aleverisasimplemachinewhoseoperationrelies

ontheprincipleofmoments.Itconsistsoftheeffort

arm,loadarm and pivotfurculum.TheeffortarmEA
istheperpendiculardistanceofthelineofactionof

theeffortfrom thepivot.Theloadcan, istheLA
perpendiculardistanceofthelineofactionofthe

loadfrom pivot.

 Considerthefigureofsimpleleversshownbelow

V.Roflaver=
distancemovedbytheeffort,DE

distancemovedbyload,DL

Usingconceptofsimilartriangles; =
DE

DL

EA

LA

Exercise

Thefigurebelowshowsalever

I. Determinetheforce ineachcaseFA

II. Determinethe and ineachcaseM.A V.R

III. Calculateefficiencyineachcase

ClassesofLevers

A. Leverswithpivotbetweenloadandefforte.g.

pliers,hammeretc.

B. Leverswiththeloadbetweenpivotandeffort

e.g.wheelbarrow,bottleopenersetc.

C. Leverswiththeeffortbetweentheloadandthe

pivote.g.sweepingbrooms,afishingrodand

hammerarm.
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Therefore,forthelever,V.R=
effortarm,EA

loadarm,LA

2.Wheelandaxle

 ConsistsoflargewheelofradiusRattachedto

axleofradiusr,theeffortisappliedonthewheel

whiletheloadisattachedtotheaxle.Anexample

ofthewheelandaxleisthewinchusedtodraw

waterfrom well

 Inonecompleterevolutionthewheelmovesthrougha

distance2πRwhiletheloadmovesthrough2πr.

V.Rofwheelandaxle= = ,V.R=
2πR

2πr

R
r

Radiusofwheel

Radiusofaxle

Example

Thefigurebelowshowsalever

a) DeterminetheforceFA

b) Determinethe andM.A V.R

c) Calculateefficiency

Solution

a)clockwisemoment=anticlockwisemoment

×5=75×2
FA

⇒ = =30NFA
150

5

b)M.A= ;
load

effort

M.A= =2.5
75

30

V.R= ;
effortarm,EA

loadarm,LA

V.R= =2.5
5

2

c)η= ×100%;
M.A

V.R

η= ×100%=100%
2.5

2.5

Example

Awheelandaxleisusedtoraisealoadof300Nbyaforce

of50Nappliedtotherim ofthewheel.Iftheradiiofthe

wheelandaxleare85cm and10cm respectively,calculate

the andefficiency.M.A,V.R

Solution

M.A= ;
load

effort

M.A= =6
300

50

V.R= ;V.R= =8.5
Radiusofwheel

Radiusofaxle

0.85m

0.10m

η= ×100%;η= ×100%=70.59%
M.A

V.R

6

8.5
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3.TheInclinedPlane

 Considertheplanebelow inclinedatanangle toθ

thehorizontal.

V.Roftheinclinedplane= =
effortdistance

loaddistance

L

h

butsinθ= ⇒h=Lsinθ
h

L

V.Roftheinclinedplane= ; V.R=
L

Lsinθ

1

sinθ

V.Rofscrew= =
circumferenceofthescrewhead

pitch

2πR

pitch

WhereRistheradiusofthescrew head.A screw

combinedwithaleverisusedasajackforlifting

heavyloadssuchascars.

Example

Thefigurebelowshowsacar-jackwithaleverarm of40

cm andapitchof0.5cm.Iftheefficiencyis60%,what

effortwouldberequiredtoliftaloadof300kg.

Solution

η= ×100%⇒η= ×100%
M.A

V.R

M.A

2πR
pitch

60= ×100%
M.A

2π×0.4
0.005

⇒M.A= =301.63

60×
(2π×0.4)

0.005

100

M.A= ⇒301.63=
Load(mg)

Effort

300×10

Effort

Effort= =9.46N
300×10

301.63

Example

A manusestheinclinedplanetolift100kgloadthrougha

verticalheightof8.0m.Theinclinedplanemakesanangleof

400 withthevertical.Iftheefficiencyoftheinclinedplaneis

85%,calculate

I. Theeffortneededto movetheloaduptheinclined

planeataconstantvelocity.

II. The work done againstfriction in raising the load

throughtheheightof8.0m

Solution

I.η= ×100%; 85= ×100%;
M.A

V.R

M.A

1
sin50

M.A= =1.110

85×1
sin50

100

M.A= ;1.110= ;
load(mg)

effort

1000

effort

Exercise

Acarweighing200kgisliftedwithajackof15mm pitch.If

thehandleis32cm from thescrew,findtheappliedforce.
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effort= =900.9N
1000

1.110

II.15%ofworkinputisusedtoovercomefriction

i.e.15%of(effort×distancemovedbyeffort)

× =1411.26joules
15

100 (900.9× 8

sin50)

5.Gears

 A gearisawheelwhichcanrotateaboutits

centre and has equallyspaced teeth orcogs

aroundit.Twoormoregearsarearrangedto

makeamachinewhichcanbeusedtotransmit

motionfrom onewheeltoanother.

 Ifthedriverwheelhas teethandthedrivenP

wheel teeth,then,whenthedriverwheelmakesQ

onerevolution,thedrivenwheelmakes
P

Q

revolution

V.R= ; =
revolutionsmadebythedriverwheel

revolutionmadebythedrivenwheel

1

P
Q

Q

P

V.Rofagearsystem=
numberofteethindrivenwheel

numberoftheethinthedriverwheel

4.TheScrew

 Thedistancebetweentwosuccessivethreadsofa

screwiscalledthepitchofthescrew.

 In one complete revolution,the screw moves

forwardorbackwardthroughadistanceequalto

onepitch.

Exercise

NBForablockandtacklewithanoddnumberof

pulleysitisconvenienttohavemorepulleysfixed

Acertaingearhas30teethanddrivesanotherwith75teeth.

How manyrevolutionswillthedrivergearwhenthedriving

gearmakes100revolutions?

6.Pulleys

 A pulley is a wheel with a groove for

accommodatingastringorrope.V.R forapulley

system is the numberofropes supporting load.

Thereisthethreecommonpulleysystems.

A)SingleFixedPulley
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Thevelocityratioofsinglefixedpulleyis1.

B)SingleMovablePulley

Theupperpulleyin(b)makesitpossibleforefforttobe

applied downward.Thevelocityratio ofeach ofthe

pulleys(a)and(b)is2sincetworopesaresupporting

theload.

C)Blockandtackle

Thissystem consistsoftwo ormoresetsofpulley

blocks.Belowareexamples.

thanmovable.

Example

Ablockandtacklesystem isusedtoliftamassof400kg.

Ifthismachinehasavelocityratioof5andanefficiencyof

75%

a) Sketch a possible arrangementofthe pulleys

showinghowtheropeiswound

 Solution

b) Calculatetheeffortapplied.

 Solution

η= ×100% ⇒75= ×100%
M.A

V.R

M.A

5

M.A= =3.75
75×5

100

M.A= ;3.75=
Load

Effort

400×10

Effort

⇒Effort= =1066.7N
4000

3.75
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Exercise

1. Aneffortof125Nisusedtoliftaloadof500Nthrough

aheightof2.5m usingapulleysystem.Ifthedistance

movedbytheeffortis15m,calculate

a) Theworkdoneontheload

b) Theworkdonebytheeffort

c) Theefficiencyofthepulleysystem.

2. Drawalockandtacklepulleysystem ofV.R6toshow

how the pulleycan be used to raise a load L by

applyinganeffortE

7.PulleyBelts

 Theyare found in posh mills,sewing machines,

motorenginesetc.Iftheradiusofthedriverpulleyis

Randthatofthedrivenpulleyisr,thebeltturnsa

distanceof2 whenthedrivingwheelmakestheπR

revolution.The load wheel(driven wheel)atthe

sametimemakes

= revolutions
2πR

2πr

R
r

V.R= = =
numberofrevolutionsmadebyeffort

numberofrevolutionsmadebyload

1

R
r

r

R

V.R=
radiusofdrivenwheel

radiusofdriverwheel

8.Hydraulicmachines

Example

Theradiusoftheeffortpistonofahydraulicliftis2.1cm

whilethatoftheloadpistonis8.4cm.Thismachineisused

toraisealoadof180kgataconstantvelocitythrougha

heightof5m.Given thatthemachineis75% efficient,

calculate:

a) Theeffortneeded

b)Theenergywastedinusingthismachine.

Solution

η= ×100% but,(a)
M.A

V.R

V.R= =
cross-sectionareaofloadpiston

cross-sectionareaofeffortpiston

πRL
2

πRE
2

V.R= =16
π×0.0842

π×0.0212

75= ×100%⇒M.A= =12
M.A

16

75×16

100

E= ⇒E= =150N
L

M.A

180×10

12

(b)25%ofworkinputisequivalenttoenergywasted,i.e.15%of

((workoutput)/Efficiency×100)

× =3000N
25

100 ( ×100
1800×5

75 )
Exercise
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Whentheeffortpistonmovesdownwardsthe

loadpistonispushedupwards.

volumeofliquidthatleaveseffortcylinder
=volumeofliquidthatentersloadcylinder

distancemovedbyeffort×cross-sectionofeffortpiston
=distancemovedbyload×cross-sectionareaofpiston

=
distancemovedbyeffort

distancemovedbyload

cross-sectionareaofloadpiston

cross-sectionareaofeffortpiston

1. Thediagram belowshowshydraulicbrakesystem.

a) Statethreepropertiesofthehydraulicbrakeoil.

b) A forceof20N isappliedonafootpedaltoa

pistonofareas50cm2 andthiscausesstopping

forceof5000N.

I. Pressureinthemastercylinder

II. Areaoftheslavepiston

III. Velocityratioofthesystem

2. Studythefigurebelow ofahydraulicliftandanswer

thequestionbelow.

Theareasofcross-sectionsofthepistonsandthelength

ofthearm areasindicated.Find M.AandefficiencyofFo,

themachine.

RevisionExercise

Velocityratio=
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1. The figure below shows a system of gears for

transmittingpower.GearAhas200teethandactasthe

drivinggear.GearsBandCwith40teethand100teeth

respectivelyare mounted on the same axle and they

transmitmotiontothelastgearDwhichhas50teeth.

I. Inwhatdirection(s)wouldgearCandDrotate?If

gearAisrotatedinclockwisedirection.

II. Findthevelocityratioofthegearsystem

2. Thefigurebelow showstherearwheelofabicycleand

thecrankwheelA,connectedtothesprocketBbyachain.

IfwheelAhas40teethwhileBhas25teethandtheradius

oftherearwheelis42cm,calculate:

a) thevelocityratioofthemachine,

b) thedistancetravelledbythebicycleinonerevolution

ofthecrankwheel.

3. Thepulleysystem abovehasaMAOF3calculate: i)the

totalworkdonewhenaloadof60N israisedthrougha

heightof9m.ii)theefficiencyofthemachine.

ChapterFour REFRACTIONOFLIGHT



232

PHYSICSFORTECHNOLOGYANDINNOVATION.Page49

SpecificObjectives

Bytheendofthistopictheleanershouldbeable

to:

a) Describe simple experiments to illustrate

refractionoflight

b) Statethelawsofrefractionoflight

c) VerifySnell’slaw

d) Definerefractiveindex

e) Determineexperimentallytherefractiveindex

f) Describeexperimenttoillustratedispersionof

whitelight

g) Explaintotalinternalreflectionanditseffects

h) Statetheapplicationsoftotalinternalreflection

i) Solve numericalproblems involving refractive

indexandcriticalangle.

Content

1. Refractionoflight–lawsofrefraction(experimental

treatmentrequired)

2. Determinationofrefractiveindex

 Snell’slaw

 Real/apparentdepth

 Criticalangle

3. Dispersionofwhitelight(Experimentaltreatmentis

required)

4. Totalinternalreflectionanditseffects:criticalangle

5. Applicationsoftotalinternalreflection

 Prism periscope

 Opticalfibre

6. Problemsonrefractiveindexandcriticalangle
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DefinitionofRefractionofLight

 Refraction oflightrefers to the change in

directionoflightattheinterfaceasittravels

from onemedium toanotheratanangle,for

example,arayoflightfrom airtowater.The

cause ofrefraction oflightisthe change in

velocityoflightasittravelsfrom onemedium to

another.The change in velocity is due to

variationofopticaldensityofmedia.

 A ray thattravels perpendicularto interface

proceedsacrosstheinterfacenotdeviatedsince

theangleofincidencetothenormaliszero.

 Refractionoflightisthereasonastowhy;

a) astickappearsbentwhenpartofitisinwater

b) acoininabeakerofwaterappearsnearthe

surfacethanitactuallyis,

c) apoolofwaterappearsmoreshallowwhen

viewedmoreobliquelyetc.(Studentstoperform

thispractically)

Opticaldensity(transmissiondensity)andrefractionof

light

 Arayoflighttravellingfrom anopticallylessdense

medium to an optically denser medium bends

towardsthenormalafterrefractione.g.arayfrom air

toglassblockasin(a)below.Theangleofincidence

inthiscaseisgreaterthanangleofrefraction.
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 Arayoflighttravellingfrom anopticallydense

medium to an optically less dense medium

bendsawayfrom thenormalafterrefractione.g.

arayfrom glasstoairasin(b)below.Theangle

ofincidenceinthiscaseislessthanangleof

refraction.

 NB:some media are physically denserbut

opticallylessdensethanotherse.g.keroseneis

physicallylessdensebutopticallydenserthan

water.

=constant.
sini

sinr

Theconstantiscalledrefractiveindex.

 Agraphof against isastraightlinepassingsini sinr

throughtheoriginandslopeofthegraphgivesthe

refractiveindexofamaterial.

RefractiveIndex,n

 Refractiveindexisdefinedas:theratioofthesineof

theangleofincidence(i)tothesineoftheangleof

refraction(r)foraraypassingfrom onemedium to

another.

Considerarayoflighttravellingfrom medium 1to

medium 2.

 Forthetwomedia,

,1n2=refractiveindex
sini

sinr

(read as the refractive index ofmedium 2 with

respecttomedium 1)

 Bytheprincipleofreversibilityoflight,araytravelling

from medium 2tomedium 1alongthesamepathis

Exercise

1. Definetheterm refraction

2. Draw adiagram toshow refractionforarayoflight

across the following boundaries in the orderthey

appear

a) air-water

b) water-glass

c) glass-air

d) glass-air-water

3. Thefigurebelowshowshowrefractionoccurs.
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Whichofthetwomediaisopticallydenser?

Explain.

4. Explainwiththehelpofadiagram whypencilplaced

partlyinwaterappearsbent.

refractedmakingthesameangles.

2n1.ristheangleofincidenceinthiscase.=
sinr

sini

1n2but, =
sini

sinr
=

1

sinr

sini

1n2=
1
.
2
n1

2n1.ristheangleofincidenceinthiscase.=
sinr

sini

1n2but, =
sini

sinr
=

1

sinr

sini

1n2=
1
.
2
n1

LawsofRefraction

Law1

 The incidentray,the refracted ray and the

normalalllieinthesameplaneatthepointof

incidence.

Law2(Snell’slaw)

 Itstatesthat;“theratioofthesineoftheangle

ofincidence (i)to the sine ofthe angle of

refraction(r)isaconstantforagivenpairof

media”.

Note:

Absoluterefractiveindexistherefractiveindexofa

materialwithrespecttovacuum.Avacuum hasa

refractiveindexof1.000.

3.Usetheinformationgiveninthefigures(a)and(b)belowto

calculatetherefractiveindexanwandtheangleθ

4.Statetheprincipleofreversibilityoflight.

Examples

1.A ray oflightpasses through airinto a certain

transparentmaterial.Ifthe angles ofincidence and

refraction are 600 and 350 respectively,calculate the

refractiveindexofthematerial

Solution



232

PHYSICSFORTECHNOLOGYANDINNOVATION.Page53

Refractiveindex=
sini

sinr

Refractiveindex= =1.510
sin60

sin35

2.Giventhatrefractiveindexofglassis1.5,calculatethe

angleofincidenceforarayoflighttravellingfrom airto

glassiftheangleofrefractionis100.

Solution

Refractiveindex=
sini

sinr

1.5=
sini

sin10o

Angleofincidence,i= =Sin-1(1.5×sin10o) 15.09o

3.Calculatetherefractiveindexforlighttravellingfrom

glasstoairgiventhatang=1.572.

Solution

= =0.6361
1

1.572

RefractiveIndexinTermsofVelocity

 Lighttravelsfasterinanopticallylessdensemedium

thaninanopticallydensermedium.Considerarayof

lightcrossing the boundaryfrom withmedium1

to withspeed ,where isspeedv1 median2 v2 v1
greaterthan asshownbelow.v2

 Refractiveindex,1n2 ofmedium 2withrespectto

medium 1isgivenas:

1n2= =
sini

sinr

v1
v2

1n2=
velocityofligthinmedium1

velocityofligthinmedium2

 Absoluterefractiveindex istherefractiveindexofn

themedium whenlightistravellingfrom thevacuum

tothemedium.

Absoluterefractiveindex,

n=
velocityofligthinvacuum

velocityofligthinmedium

 Considerthediagram below;

 If isthevelocityoflightinmedium 1ofrefractivev1
index and thevelocityoflightinmedium 2ofn1 v2
refractiveindex then;n2

1n2= = = ;
sinθ1

sinθ2

n2
n1

v1
v2

⇒ = ;n1sinθ1 n2sinθ2
Exercise
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1.Arayoflightstrikingatransparentmaterialisrefracted

asshownbelow.

Calculatetherefractiveindices:

a) 1n2

b) 2n1

2.Calculate the angle ofrefraction fora rayoflight

strikinganairglassinterfacemakinganangleof500with

theinterface(ang=1.526)

⇒nsinθ=constant

 Therefore,theproductoftherefractiveindexofa

medium andtheanglearaymakeswiththenormal

inthemedium isaconstant.

Examples 5. Thefigurebelow showsaglassprism ofrefractiveindex

1.5withequilateraltrianglecrosssection.Findtheangleof

deviationD.

6. Thespeedoflightinmedium is2.0x108ms-1 andthem1

medium 1.5x108ms-1.Calculatetherefractiveindexofm2

medium withrespecttom2 m1

7. Calculateangle below,giventhatrefractiveindicesofθ

glassandwaterare and respectively.Rayisfrom water
3

2

4

3
toglass

8. Arayoflightisincidentonaparaffinglassinterfaceas

showninthefigurebelow.Calculater.

1.Giventhattherefractiveindexofdiamondis2.51and

thevelocityoflightinairis3.0x108 ms-1,calculatethe

velocityoflightindiamond.

Solution

refractiveindexofdiamond =
velocityofligthinair

velocityofligthindiamond

2.51= ;
3.0×108ms-1

velocityofligthindiamond

⇒velocityofligthindiamond= =
3.0×108ms-1

2.51
1.195×108ms-1

2.Giventhatthevelocityoflightinwateris2.27x108ms-1

andinglassis2.1x108ms-1,calculateangle below.θ

Solution

=
sinθwater

sinθglass

vwater
v
glass
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= ;
sinθ

sin22

2.27×108

2.1×108

⇒θ=sin-1( ×
2.27×108

2.1×108
sin22)

=23.89
o

3.Arayoflightisincidentonawater-glassinterfaceas

shownbelow.Calculater.(takerefractiveindicesofglass

andwater and respectively)
3

2

4

3

Solution

=nwsinθw ngsinθg

=
4

3
sin40

3

2
sinr

r=sin-1(
4

3
sin40×2

3
)

=34.85
o

Refractionthroughsuccessivemedia

 Considerarayoflighttravelling through multiple

layersoftransparentmediawhoseboundariesare

paralleltoeachotherasshownbelow.

1n2 ;2n3=
sini

sinr1
=
sinr1

sinr2

1n2x2n3= × = ……..(1)
sini

sinr1

sinr1

sinr2

sini

sinr2

3n1 1n3= ;⇒
sinr2

sini
= …………(2)
sini

sinr2

Exercise

9. Iftherefractiveindexofglassis calculatethe,
3

2
refractiveindexofthemedium inthefigurebelow

10.Explainwhythelightbendswhenittravelsfrom one
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medium toanother.  Therefore,from equations(1)and(2);1n3=1n2x2n3

Forksuccessivemediaarrangedwithboundaries

parallel;1nk=1n2x2n3…………….k–1nk

Examples. Exercise

1. Therefractiveindexofwateris andthatofglass .
4

3

3

2

Calculatetherefractiveindexofglasswithrespectto

water.

Solution

wng=wnaxang

wng ;= ×
1

4
3

3

2

wng= × =1.125
3

4

3

2

2. Arayoflighttravelsfrom airthroughmultiplelayers

oftransparentmedia1,2and3whoseboundariesare

parallelasshowninthefigurebelow.

Calculate :

1.Arayoflighttravelsfrom airintomedium 1and2asshown.

Calculate;

I. Therefractiveindexofmedium 1

II. Criticalangleofmedium 1

III. Therefractiveindexofmedium 2relativetomedium

(1n2)

2.Arayoflightfrom airtravelssuccessivelythroughparallel

layersofwater,oil,glassandthenintoairagain.Therefractive

indicesofwater,oil,andglassare , and respectivelythe
4

3

6

5

3

2

angleofincidenceinairis60%

a) Draw adiagram toshow how theraypassesthrough

themultiplelayers

b) Calculate:

I. Theangleofrefractioninwater

II. The angle of incidence atthe oilglass

interface
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a) Angleθ

b) Therefractiveindexofm2

c) Speed oflightin speed oflightin air(m1

)=3.0× m108 s-1

d) Therefractiveindexof withrespecttom3 m1

Solutions

=a)nasinθa n1sinθ1

1sin35=1.5sinθ

θ= =sin-1(1sin351.5 ) 22.48o

=b)n1sinθ1 n2sinθ2

1.5sin22.48= sin27n2

=n2
1.5sin22.48

sin27

=1.263

c) =
sinθa

sinθ1

va
v1

=
sin35

sin22.48

3.0×108

v1

=v1
sin22.48×3.0×108

sin35

=2.0×108

= ;d)n3
n2sinθ2

sinθ3

⇒ = =1.357n3
1.263sin27

sin25

1n3=1n2x2n3

RefractiveIndexinTermsofRealandapparentdepth

 Anobjectunderwaterorglassblockappearstobe

nearerthesurfacethanitactuallyiswhenviewed

normallyoralmostnormally.Thisisduetorefraction

oflight.

 Realdepthistheactualdepthoftheobjectinthe

medium whileapparentdepthisthevirtualdepthof

theobjectinthemedium. Thedifferencebetween

realdepth and apparentdepth is called vertical

displacement.

 Refractiveindicesofmaterialscanbeexpressedin

termsofrealandapparentdepths.

Refractiveindex,n=
realdepth

apparentdepth

ConditionforUseoftheFormula:Thisformulaapplies

onlywhentheobjectisviewednormally.
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1n3= × =0.9040
sin22.48

sin27

sin27

sin25

Examples. below
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1. Acoininaglassjarfilledwithwaterappearstobe

24.0cm from thesurfaceofwater.Calculate:

I. Theheightofthewaterin thejar,given that

refractiveindexofwateris.
4

3

II. Verticaldisplacement

Solution

I.Refractiveindex,n=
realdepth

apparentdepth

=
4

3

realdepth

24

Realdepth= ×24=32cm.
4

3

Thisistheheightofwaterinjar.

II.Verticaldisplacement=realdepth-apparentdepth

Verticaldisplacement= cm=8cm(32-24)

2. Calculatethedisplacementandapparentdepthofthe

objectshowninthefigurebelow assumingthatthe

objectis viewed normally and boundaries ofthe

mediaareparallel.

Solution

apparentdepth=
realdepth

Refractiveindex,n

Totalapparentdepth= + + =20cm
12

4

3

8

8

5

9

3

2

Verticaldisplacement
=totalrealdepth-totalapparentdepth

Verticaldisplacement= cm-20cm(12+8+20)
=20cm

Ifthespeedoflightinthematerialis1.25x108 ms-1

calculate:

a) Theapparentdepthofthemark

b) The vertical displacement of the mark

(speedoflightinair=3.0x108ms-1

5) Apinisplacedatthebottom ofatallparallelsidedglass

jarcontainingatransparentliquidwhenviewednormally

from thetop,thepinappearsnearerthesurfacethanit

actuallyis:

Withtheaidofdiagram,explainthisobservation

6) Thetablebelowshowstheresultsobtainedwhensuchan

experimentwascarriedoutusingvariousdepthsofthe

liquid

Realdepth

(cm)

4.0 6.0 8.0 10.2 12.8 14

.0

Apparent

depth(cm)

2.4

4

3.6

6

4.8

8

6.10 7.32 8.

54

a) Plotagraphofapparentdepthagainstrealdepth

b) Usingthegraph,determinetherefractiveindexof

theliquid

c) Whatistheverticaldisplacementofthepinwhen

theapparentdepthis1.22cm?

7) How longdoesittakeapulseoflighttopassthrougha

glassblock15cm inlength?(Refractiveindexofglassis1.5

andvelocityoflightinairis3.0x108ms-1)

TotalInternalReflection

 Totalinternalreflection refers to the complete

bouncingoffoflightattheboundarybetweentwo

mediaintheopticallydensermedium.Thelawsof

reflectionareobeyedintotalinternalreflection.
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Exercise

ConditionsforTotalInternalReflection

 Forinternalreflectiontooccur:

a) Lightmustbetravellingfrom opticallydenserto

opticallylessdensemedium.

b) Theangleofincidenceintheopticallydenser

medium mustbegreaterthanthecriticalangle

CriticalAngle

Criticalangleistheangleofincidenceinopticallydenser

medium forwhichtheangleofrefractionintheoptically

lessdensemedium is900

1) Atankfullofwaterappearstobe0.5m deep.Ifthe

heightofwaterinthetankis1.0m,calculatethe

refractiveindexofwater.

2) A glassblockofthicken12cm isplacedona

mark drawn on a plain paper.The mark is viewed

normally through the glass.Calculate the apparent

depth ofthe mark hence the verticaldisplacement

(refractiveindexofglass=
3

2

3) Abeakerplacedoveracoincontainsablockof

glassofthickeners12cm.overthisblockiswaterof

depth20cm.calculatetheverticaldisplacementofthe

coin and hence,its apparentdepth ifitis viewed

normally.Assume the boundaries ofthe media are

parallelandtakerefractiveindicesofwaterandglassto

be and respectively
4

3

3

2

4) Amarkonapaperisviewednormallythrougha

rectangularblockofatransparentmaterialasshown

RelationshipbetweenCriticalAngleandRefractive

Index

 Considera ray of lightstriking a glass-air

interfaceasshownbelow

From Snell’slaw,

Solution

=n1sinθ1 n2sinθ2

2.4 =1.467sinc sin90

c= =sin-1(1.467sin902.4 ) 37.66o

Exercise

1. What do you understand by the term totalinternal

reflection?

2. State the conditions necessary for totalunderstand

refraction

3. Define critical angle. Derive an expression for the

relationshipbetweencriticalangleandrefractiveindex

4. Thefigurebelowshowsaplanemirrorat300tofaceofa

rightangled isosceles prism ofrefractive index 1.50.

Completethepathoflightrayafterreflection.
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 gna=
sinc

sin900

 Butang=1/gna=
sin900

sinC

 sin =1900

 ang=
1

sinC

Examples
1.Thefigurebelow showsthepath ofa rayoflight

passingthrougharectangularblockofPerspexplacedin

air

CalculatetherefractiveindexofPerspex

Solution

n=
1

sinc

n= =1.467
1

sin43

2.Arayoflighttravelsfrom atransparentmedium into

Perspexasshowninthefigure

i. Whichofthetwomediaisopticallydenser?

Transparentmaterial

5. Calculatecriticalanglefordiamond-waterinterface

(anw=1.33,and=2.46)

EffectsofTotalInternalRefraction

1.Mirage

 Miragereferstoopticalillusionofaninvertedpoolof

waterthatiscausedbytotalinternalreflectionlight.

 Duringahotdayairnearthegroundiswarmerand

thereforephysicallylessdensethanairawayfrom

theground.Thereforeonahotdaytherefractive

indexincreasesgraduallyfrom thegroundupwards.

 A rayoflighttravellinginairfrom skytoground

undergoescontinuousrefractionandfinallyreflected

internally.

 Miragesarealsowitnessedinverycoldregionsin

whichtherefractiveindexincreasesgraduallyfrom

thegroundupwards.Imagesappearinvertedinthe

sky.

Thus,refractiveindex,n=
1

sinC
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ii. CalculatethecriticalangleC
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2.AtmosphericRefraction

 Thisisaphenomenoninwhichlightraysfrom

the sun are refracted and then reflected

internallytowardstheearth.Asaresult,thesun

isseenevenafterithassetorbeforeitrises.

TotalInternalReflectionPrisms

 Right-angledisoscelesglassorPerspexprisms

areused.

I. Toturnarayoflightthrough900

II. Toturnaraythrough1800

III. Inversionwithdeviation

IV. Inversionwithoutdeviation

ApplicationsofTotalInternalReflection

1.Periscope

 Lightisdeviatedthrough900byfirstprism beforethe

secondprismsdeviatesitfurtherthrough900 inthe

oppositedirection.Anuprightvirtualimageisformed

Note:Prismsarepreferredtoplanemirrorsforusein

periscopesandotheropticalinstrumentbecause:

a) Mirrorsabsorbsomeoftheincidentlight

b) Thesilveringonmirrorscanbecometarnishedand

peeloff

c) Thickmirrorsproducemultipleimages

2.OpticalFibre

 Anopticalfibreisathinflexibleglassrodofsmall

diameterintheorderof10-6m.Thecentralcaseof

theglassiscoatedwithglassoflowerrefractive

index(cladding)
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 A rayoflightentering the fibre undergoes total

internalreflectionsontheboundaryofthehighand

lowrefractiveindexglass.Thelightthereforetravels

throughtheentirelengthofthefibrewithoutany

gettinglost.

Advantagesofopticfibersoverordinarycables.

-theyhavehighcarryingcapacity

-theyarethinnerandlighter
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UsesofOpticalFibre

I. Usedinmedicinetoviewinternalorgansofthe

body.

II. Used in telecommunication wheretheyhave

higheradvantage than ordinarycablessince

theyhave highercarrying capacity,theyare

thinnerandlighter.

DispersionofWhiteLight

 Dispersionoflightisthesplittingofwhitelight

into its componentcolors..White lightis a

mixtureofsevencolors.

 Thecomponentsofwhitelighttravelwithsame

velocityinvacuum buttheirvelocitiesarenotthe

sameinothermedia.

 Cause of Dispersion of White Light: The

separationofwhitelightintoconstituentcolours

isdue to theirdifferentvelocitiesin a given

transparentmedium.

 Thevelocityofredishighestwhilethatofviolet

istheleast.Redcolourhaslongestwavelength

whileviolettheleastwavelength(v=λf)

TheRainbow

 Rainbow isabow-shapedcolourbandofthe

RevisionExercise

1. Thediagram belowshowtwoprisms

Giventhatthecriticalangleoftheglassinbothprisms

is 420 sketch the paths of the two beams of

monochromaticlightuntiltheyleavetheflasks.

2. Thefigurebelowshowhowwhitelightbehaveswhenitis

incidentonaglassprism.

I. Determine the criticalangle ofthe glass

material

II. Determinetherefractiveindexoftheglass

material

3. The diagram below shows a transparentwatertank

containingwater.Anelectricdampcoveredwithashield

whichhasanarrowslitfixedatonenearofthetank.Alight

rayfrom theslitreachesthewatersurfaceatanangleof

420asshownbelow.

I. Determinetheangleofrefractionfortheray

showninthediagram

II. Determinetheangleofincidenceforwhich

theangleofrefractionis900(refractiveindex

ofwater=1.33)

4. Thediagram below showsarayoflightincidentonthe
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visiblespectrum seeninthesky.Itisformed

when white lightfrom the sun is refracted,

dispersedandtotallyinternallyreflectedbyrain

drops.

glass–airinterfacefrom theinsideoftheglass.Theangle

ofincidenceI,isslightlysmallerthanthecriticalangleof

glass.

Stateandexplainwhatwouldbeobservedontherayif

adropofwaterwasplacedatthepointofincidence,o

ChapterFive GASLAWS
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Specificobjectives

Bytheendofthistopic,theleanershouldbeable

to:

a) statethegaslawsforanidealgas

b) verifyexperimentallythegaslaws

c) explainhow theabsolutezerotemperature

may be obtained from the pressure –

temperature and volume-temperature

graphs

d) convertCelsius scale to kelvin scale of

temperature

e) statethebasicassumptionofthekinetic

theoryofgases

f) explainthegaslawsusingthekinetictheory

ofgases

g) solvenumericalproblemsinvolvinggaslaws

Content

1. Boyle’slaw,Charles’law,pressurelaw,absolute

zero

2. Kelvinscaleoftemperature

3. Gaslawsandkinetictheoryofgases

4. Problemsofgaslaws(including =constant)
pv

T

Introduction

 To study the behaviourofgases,pressure,

volume and temperature of the gas are

considered.Achangeinoneofthesevariables

causestheotherstochange.Thegaslawsdeals

withrelationshipbetweenthisparameters.

 NBGaslawsapplyforidealgasesonly.Anideal

gasisonethatobeysthegaslaws.

RelationshipbetweenKelvin(Absolute)andCelsius

ScalesofTemperature

 Absolutezerotemperaturereferstothelowest

temperatureagascanfallto.Itis-2730celcius

(0Kelvin).Thekelvinscaleoftemperaturestarts

at-2730c(0K).

 TheKelvin(K)scaleisrelatedtotheCelsius(oC)

by:

Characteristicsofidealgas

I. Idealgascontainsidenticalparticlesofnegligible

volume

II. There is no intermolecularforces ofattraction

betweenparticles

III. Moleculesundergoperfectlyelasticcollisionwith

othermoleculesandwiththewallsofthecontainer.

TheGasLaws

Charles’law

 Itstatesthat,“thevolumeofafixedmassofagasis

directly proportional to the absolute (kelvin)

temperatureatconstantpressure”.

 Mathematically,Charles’lawcanbeexpressedas:
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Temperatureinkelvin,TK(K)

=Temperatureincelcius, ()+273TC co.

Note:Alltemperaturesmustbeexpressedinkelvin
anycalculation.

V∝T ;(atconstantpressure)

⇒V=kTwherkisaconstantofproportionality

=constant
V

T

WhereVisthevolumeandTisthekelvintemperature

Therefore, =
V1

T1

V2

T2

Where and aretheinitialandfinalV1,V2 T1,T2

valuesofvolumeandtemperaturerespectively.

Exercise

1.Convertthefollowingtemperaturetokelvin

I. -400C

II. 550C

2.Convertthefollowingvaluesoftemperaturetodegrees

values

I. 45K

II. 300K
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Graphically,Charles’law canbeexpressed

asshownbelow;

III. DescribehowthesetupcanbeusedtoverifyCharles’

law.

 Theinitiallengthoftheaircolumnistakenandrecorded

aswellastheinitialthermometerreading.

 Thewaterbathisheatedandnewheight(column)ofairis

takenandrecordedwithitscorrespondingtemperature

reading

 Thisisrepeatedseveraltimesatsuitabletemperature

intervalstogetseveralpairsofresults

 A graph ofvolume (height,h (cm))againstabsolute

temperatureisplotted.

 Itisastraightlinewithpositivegradient.

 Thisshowsthatthevolumeisdirectlyproportionalto

absolutetemperature.

3.Thevolumeofagasenclosedwithamovablepistonis300

cm3whenthetemperatureis2ooC.Determinethetemperature

atwhichthevolumeofthegasincreasesto355cm3.(Assume

pressuredoesnotchange)

Solution

= , = , =20 = KV1 300cm
3

V2 355cm
3

T1 Co. (20+273)
=293K, =?T2

=
V1

T1

V2

T2

=
300cm

3

293K

355cm
3

T2

= =346.72KT2
×293K355cm

3

300cm
3

Incelsiusscale, =346.72-293=53.72T2 Co.

SamplequestionsonCharles’law

1.StateCharles’lawforanidealgas.

The volume of a fixed mass of a gas is directly

proportionalto the absolute (kelvin) temperature at

constantpressure.

2.Theset-upbelow showsanarrangementthatcanbe

usedtodeterminetherelationshipbetweentemperature

andvolumeofagasatconstantpressure.
Exercise
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I.Stateanytwousesofsulphuricacid.

 Usedasapointertovolumeofthegasonthescale

 Usedasadryingagentfortheair

 Usedtotrapair

II.Whatistheuseofthestirrer?

Tostirthewaterbathforuniform distributionofheat

III. Statethemeasurementthatusedtobetakenin

thisexperiment.

 Temperature

 Aircolumnheightwhichcorrespondstovolume

1.Inanexperimenttofindtherelationshipbetweenthevolume

andtemperatureofamassofairatconstantpressure,the

followingresultswereobtained:

Volume

(cm)

31 3

3

3

5

3

8

4

0

43

Temperatur

e0c

0 2

0

4

0

6

0

8

0

100

Draw agraphtoshow therelationshipbetweenvolumeand

temperatureandusethegraphtocalculatetheincreasein

volumeofthegasperunitriseintemperature

2.Some results ofan experimentto study the effectof

temperatureonvolumeofafixedmassofagasataconstant

pressurearedisplayedinthetablebelow.

Volume

(cm)3

2

0

2

5

4

0

Temperatur

e(0c)

0 -

136

20

5

Fillthemissingresults

3.Thevolumeofagasenclosedwithamovablepistonis0.02

m3whenthetemperatureis420c.Determinethetemperature

atwhichthevolumeofthegasincreasesto0.4cm3(assume

pressuredoesnotchange)

4.Atubecontainsagasenclosedwithathreadofmercury.The

tube was placed horizontally in a waterbath.The initial

temperatureofthewaterwas200candthelengthofthegas

columnwas25cm.Determinethetemperatureatwhichthe

lengthofaircolumnwouldbe20cm (Assumethepressure

doesnotchange)
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Pressurelaw

 Pressurelawstatesthat,“thepressureofafixed

massofagasisdirectlyproportionaltothe

absolute(kelvin)temperatureataconstant

volume”.

 Mathematically,pressurelawcanbeexpressed

as:

P∝T ,atconstanttemperature(K)

=constant(atconstantvolume)
P

T(k)

therefore, =
P1

T1

P2

T2

WhereP1,P2andT1,T2areinitialandfinal

pressureandtemperaturevalues

respectively

 Graphically,pressurelawcanbeexpressedas:

II.Describehowtheset-upcanbeusedtoverifypressurelaw

 Theinitialtemperatureandpressurereadingaretaken

andrecorded

 Thewaterbathisheatedgentlyandsomemorepairs

ofpressureandtemperaturereadingsaretakenand

recordedatsuitabletemperatureintervals

 Agraphofpressureagainsttemperatureisplotted.

 Itisastraightlinewithpositivegradient.

 Thisshowsthatthepressureisdirectlyproportionalto

absolutetemperature.

3.Agasincontainerhaspressureof3.0x105Pawhenthe

temperatureis200c.Determinethepressureofthegaswhen

thetemperatureloweredto-50c(assumethereisnochangein

volume)

=20 =293K, =-5 =268K, = Pa,T1 Co. T2 Co. P1 3.0×105 P2
=?

=
P1

T1

P2

T2

=
Pa3.0×105

293K

P2

268K

= =2.744× PaP2
Pa×268K3.0×105

293
105

Exercise

1.80cm3ofhydrogengaswascollectedatatemperatureof15
oCandnormalatmosphericpressure.Determinethepressure

ofagaswhenthetemperatureisloweredto0oCatconstant

volume.

2.Inanexperimenttodeterminetheabsolutezerotemperature

(0K),thepressureofagasatconstantvolumewasmeasured

asthetemperaturewasvariedgradually.Thetablebelow

showstheresultsobtained.

Pressure

(mmHg)

75

0

77

6

80

2

82

8

85

4

88

0

9

0
SamplequestionsonPressurelaw
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1.Statepressurelaw.

Thepressureofafixedmassofagasisdirectly

proportionaltotheabsolute(kelvin)temperatureata

constantvolume.

2.Thesetupbelowshowsanarrangementusedto

determinetherelationshipbetweentemperatureand

pressureofagasatconstantvolume.

I.Statethemeasurementthatneedtobetakeninthis

experiment

a) Temperature

b) Pressure

6

Temperature0

C

15 25 35 45 55 65 7

5

I. Plotagraphofpressureagainsttemperature

II. Determinethevalueofabsolutezerofrom thegraph

III. GiveareasonwhythetemperatureinIIabovecould

notbepracticallyobtained

Boyle’sLaw

 Boyle’slawstatesthat,“thepressureofafixedmass

ofagasisinverselyproportionaltoitsvolumeata

constanttemperature”.

 Mathematically,Boyle’slawcanbeexpressedas:

P∝ (atconstanttemperature)
1

V

PV=constant(atconstanttemperature)

therefore,P1V1=P2 V2

areinitialandfinalvaluesofwhere andP1,P2 V1,V2

pressureandvolumerespectively.

 Graphically,Boyle’slawcanbeexpressedas: SamplequestionsonPressurelaw
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 IftheexperimentonBoyle’slawisrepeatedat

differentfixedtemperaturesandtheresults

plotted,isothermalcurvesareobtained.

1.StateBoyle’slaw.

Thepressureofafixedmassofagasisinverselyproportional

toitsvolumeataconstanttemperature.

2.Theset-upbelowshowsanarrangementusedtodetermine

therelationshipbetweenpressureandvolumeofagasat

constanttemperature.

DescribehowthesetupcanbeusedtoverifyBoyle’slaw.

 Withthetapopen,airispumpeduntiltheoilraisesasmall

butmeasurableheight.Thetapisthenclosed.

 Thevalueofpressureanditscorrespondingheightisread

andrecorded.

 Thisisrepeatedtoobtainmorepairsofvaluesofpressure

andcorrespondingheights.

 Agraphofpressureversusvolumeisplottedusingthe

result.

 Itisasmoothcurvewithnegativeinstantaneousgradient

 Thisshowsthatthepressureisinverselyproportionalto

volume.

3.Abubbleofairofvolume1.2cm3isreleasedatthebottom of

awaterdam 15m deep.Thetemperatureofthewateris200c.

Determinethevolumeofthebubbleasitemergesonthewater

surfacewherethepressureisthenormalatmosphericpressure

(take ofwater=1000kgm-3andnormalatmosphericpressureρ

1.0x105pa)

Solution

P1V1=P2V2

= +ρghP1 Patm

1.0× pa+1000kg × ×15m=2.5× pa105 m-3 10Nkg-1 105
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=1.0× paP2 105

=1.2V1 cm3

=?, =V2 V2
P1V1

P2

= =3.0
2.5× pa×1.2105 cm3

1.0× pa105
cm3

3.Anarrowuniform glasstubecontainsairenclosedbya10cm

threadofmercury.Whenthetubeisheldvertical,theaircolumn

is600mm long.Whentitledslightly,theaircolumnis679mm

long.Thetemperatureisthesameinbothcases(i.e.

temperatureisconstant)

I.Givethereasonforthedifferencesinlengthoftheaircolumn

forthetwopositions.

Whenvertical,themercuryexertspressureontheair,reducing

thevolume.
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II.Determinetheatmosphericpressureattheplace(ρof

mercury=13.6gcm-3)

Solution

=P1V1 P2V2

= +ρgh; +13600kg ×10N ×0.1mP1 Patm =PP1 atm m-3 kg-1

= +1.36× paPatm 104

=P2 Patm

Letthecross–sectionalareaofthetubebeA

=60A , =67.9AV1 cm3 V2 cm3

(

+1.36× pa)×60A = ×67.9APatm 104 cm3 Patm cm3

= =1.03× pa.Patm
8.16× pa10

5

7.9
105

=
P1V1

T1(K)

P2V2

T2(K)

=
Pa×1.0×105 1m

3

100K

×0.06P2 m3

293K

= =4.883 PaP2
Pa× ×293K1.0×105 1m

3

100K×0.06m3
×10

6

Exercise

1. Acontainercarries3000cm3ofoxygenatapressureof

1.0x106paatemperatureof200cinacylinder.Whatisthe

volumeofthegasinthecylinderatthetopofthemountain

wherepressureis0.8x106pa andtemperatureis-170c?

KineticTheoryofGases

 Thekinetictheoryofgasesproposesthatthe

moleculesofagasareinacontinuousrandom

motion.

BasicAssumptionsoftheKineticTheoryofGases

I. Attractionbetweenthemoleculesofagasis

negligible.

II. Thevolumeofthemoleculeofthegasiszero.

III. Collisionsbetweenthemoleculesandwiththe

wallsofthecontainerandperfectlyelastic.

KineticTheoryofGasesandGasLaws

Boyle’sLawandKineticTheory

 Whentemperatureisconstant,achangeinvolumeof

gasresultsinachangeinnumberofcollisionsper

unittimebetweenmoleculesandbetweenmolecules

andwallsofcontainer.Asaresult,pressurechanges.

Charles’LawandKineticTheory

Exercise

1.Acolumnofair26cm longistrappedbymercury

thread5cm longwhenvertical.Whenitisplaced

horizontally,theaircolumnis28cm.Findthe

atmosphericpressureinmmHg.

2.Thetablebelowshowstheresultsobtainedinan

experimenttostudythevariationofthevolumeofa

fixedmasswithpressureatconstanttemperature.

Pressure(cm Hg) 60 - 90 -

Volume(cm3) 36 80 - 40

Fillinthemissingresults.

3. Explainwhyabubbleincreasesinsizeandfinally

burstwhenitreachesthesurface.
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GeneralGasEquation(EquationofState)forIdeal

Gases

 Itisobtainedbycombininganytwoofthethree

gaslaw.

=constant
PV

T(K)

Therefore, =
P1V1

(K)T1

P2V2

(K)T2

and aretheinitialandwhere ;P1,P2V1,V2 T1T2

finalvaluesofpressure,volumeand

temperaturerespectively.

 Whenpressureisconstantandtemperatureisraised,

thespeedofmoleculesrisescausingthem tooccupy

alargervolumeofthecontainer.

PressureLawandKineticTheory

 Achangeintemperaturechangesthekineticenergy

andhencethespeedofmoleculesofagasand

thereforeifvolumeofgasisconstant,pressure

changesasaresultchangeintemperature.Pressure

iscausedbycollisionsbetweenmoleculesofthegas

andwiththewallsofthecontainer.

LimitationofGasLaws

 Gaslawsdonotapplyinrealgases.Realgases

liquefybeforethevolumeofthegasreducestozero.

Example

Inthemanufactureofoxygen1m3ofthegasproducedat-

1730candnormalatmosphericpressureiscompressed

intoacylinderofvolume0.06m3andstoredata

temperatureof200c.Whatisthepressureofthegasin

thecylinder?(Normalatmosphericpressure,Patm =

1.0x105pa)

Solution

= Pa, =? , = , =0.06 ,P1 1.0×105 P2 V1 1m
3
V2 m3

=-173T1 C=100K,, =20T2 C=293K,
o

.

o

.

RevisionExercise
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1. Aballoonfilledwithorgangasavolumeof200cm3at

theearth’ssurfacewherethetemperatureis200C,

andthepressure760mm ofmercury.Ifitisallowed

toascendtoaheightwherethetemperatureis00C

andthepressure100mm ofmercury,calculatethe

volumeoftheballoon.

2. AfixedmassofOxygenoccupiesavolumeof0.01m3

atapressureof1x105Paandatemperature00C.If

the pressure is increased to 5 x106 pa and the

temperatureisincreasedto250C.Whatvolumewill

thegasoccupy?

3. Anemptybarometertubeoflength90cm islowered

verticallywithitsmouthdownwardsintoatankof

water.Whatwillbethedepthatthetopofthetube

whenthewaterhasrisen15cm insidethetube,given

thattheatmosphericpressureis10m ofwater?

4. A handpumpsuitableforinflatingafootballhasa

cylinderwhichis0.24m inlengthandaninternalcross

-sectionalareaof5.0x10-4m2.Toinflatethefootball

thepump handleispushed in and airispumped

throughaone-wayvalve.Thevalveopenstoletairin

totheballwhentheairpressureinthepumphas

reached150000pa.(Assumetheairtemperature

remainsconstant}

I. Ifthepressureinthepumpisinitially100000pa,

calculate how farthe piston mustbe pushed

inwardsbeforetheonewayvalvesopens.

II. Whentheone-wayvalveopensthetotalpressure

inthecylinderwillbe150000pa.Whatforcewill

beexertedonthepistonbytheairinthecylinder?

5. Thegraphinfigurebelowshowstherelationship

betweenthepressureandtemperatureforanideal

gas.Usethisinformationinthefiguretoanswer

questionsthatfollow.

I. State the unitofthe horizontalaxis
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quantity.

II. Writeastatementofthegaslaw

representedbytherelationship.

6. Drawaxesandsketchagraphofpressure(p)against

reciprocalofvolume(1/v)forafixedmassofanideal

gasataconstanttemperature.

7. Aballoonisfilledwithairtoavolumeof200mlata

temperatureof293k.Determinethevolumewhenthe

temperaturerisesto353katthesamepressure

8. Show thatthe densityofa fixed massofgasis

directly proportionalto the pressure atconstant

temperature.

9. The pressure of helium gas of volume 10cm3

decreases to one third ofits originalvalue ata

constanttemperature.Determinethefinalvolumeof

thegas.

ChapterSix WAVESII
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Specificobjectives

Bytheendofthistopicthelearnersshouldbeable

to:

a) Describeexperimentstoillustrateproperties

ofwaves

b) Explain constructive and destructive

interference

c) Describeexperimentstoillustratestationary

waves

Content

1. Properties ofwaves including sound waves:

Refraction,diffraction,interference(experimental

treatmentrequired)

2. Constructive interference and destructive

interference(Qualitativetreatmentonly)

3. Stationarywaves(qualitativeand experimental

treatmentrequired)
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TheRippleTank

 Arippletankisusedtodemonstrateproperties

ofwavesinthelaboratory.Itconsistsofatray

containingwater,apointsourceoflightabove

thetray,awhitescreenplacedunderneathanda

smallelectricmotor(vibrator).

 Thewavesaregeneratedbyanelectricvibrator

asripplesandtheytravelacrossthesurfaceof

the shallow waterin the tray.Crests appear

brightwhiletroughsappeardarkwhenthewave

isilluminated.Notethatcrestsactasplano-

convex lens and therefore converge rays on

them whiletroughsactasplano-concaveand

thereforedivergerayincidentonthem.

 Abarattachedtovibratorproducesplanewaves

whilecircularwavesareproducedbyfixinga

smallballtothebar.

PropertiesofWaves

1.RectilinearPropagation

 Rectilinearpropagation isthepropertyofthe

waves to travel in a straight line and

perpendiculartothewavefronts.

2.ReflectionofWaves

 Reflectionisthebouncingoffofawavefrom an

obstacle.When reflection takes place,only the

direction of the wave changes; Wavelength,

frequencyandspeedofthewavedonotchange.

Reflection ofwaves obeys the laws ofreflection

whichareapplicabletothereflectionoflight.
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a)Planewavesonastraightreflectoratanangle

b)Planewavesonastraightreflectoratanangleof

90o

c)Planewavesonaconcavereflector

Afterreflection,thewavesconvergetoapointin

frontofthereflectingsurface.Hence,theconcave

reflectorhasarealfocus

d)Planewavesonaconvexreflector

Afterreflection,thewavesappeartobedivergingfrom a

pointbehindthemirrorconvexreflectorhasavirtual

focus.

e)Circularwavesonastraightreflector

f)Circularwavesonaconcavereflector

3.RefractionofWaves

 Refractionofawavereferstochangeindirectionof

thewave.Whenawaveisrefracted,itchangesits

speed, direction and wavelength but not its

frequency.

 Whenwaterwavescrossintoshallowregionfrom a

deep region,the separation between wave fronts

becomessmalleri.e.thewavelengthdecreases
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a) Wavefrontsparalleltoboundary

b) Wavefrontsmeetingtheboundaryatanangle

 Duringthenightairclosetogroundiscoolerthan

thathigherabove.Soundwavesproducedcloseto

groundarerefracteddownwardsbecausethewave

frontsnearthegroundmoveslowerthanthoseon

theupperparts.Thisiswhysoundwavestravelfar

from sourceduringthenight.
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c) Refractionofstraightwaterwavesonshallow

convexsurface

d) Refractionofstraightwaterwavesonshallow

concavesurface

RefractionofSoundWaves

 During the dayairclose to ground is much

warmerthantheairhigherabove.Soundwaves

produced close to the ground are refracted

upwardsbecausewavefrontsneartheground

movefasterthanthoseontheupperparts.This

is whysound waves are notheard farfrom

sourceduringtheday.

Exercise

Thefigurebelow showsplanewavestravellinginashallow

regionofarippletank.Theshallow regionisincidentona

deeperregionatanangleof450asshown.

a) Describehowthewavesaregeneratedinarippletank

b) Completethediagram toshowtheappearanceofthewave

frontsinthedeepregion

c) Whatpropertyofwavesisillustratedinthediagram you

havedrawn?

4.DiffractionofWaves

 Diffractionisthespreadingofawaveasitgoes

around an obstacle orthrough a smallaperture.

Whendiffractionoccursthereisachangeindirection

butnotinvelocity,frequencyorwavelength.
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 Whenapertureiswiderthanthewavelengthof

theplanewave,thewavepassesthroughas

planewavesbutwhenthewidthoftheaperture

isnearlyequalorlessthanthewavelengthofthe

planewave,thewavefrontsemergecircular

 Diffractionofsoundwavesisthereasonasto

whysoundfrom aloudspeakerinaroom is

heardroundacornerwithoutthesourcebeing

seen.

5.InterferenceofWaves

 Interferenceistheinteractionoftwoormorewaves

of the same frequency emitted from coherent

sources.Theresultofinterferencecanbeamuch

longerwave,asmallerwaveornowaveatall.

 Interference is an import of the principle of

superpositionwhichstatesthat:“theresultanteffect

oftwowavestravellingatagivenpointinthesame

medium is the vector sum of their respective

displacement”

Conditionforinterference

Thewavesourcesmustbecoherenti.e.

I. Havesamefrequencyorwavelength

II. Haveequalorcomparableamplitudes

III. Haveconstantphasedifference

Typesofinterference

a)Constructiveinterference

 Itoccurswhenthewaveamplitudesreinforceeach

otherbuildingawaveofevengreateramplitude

Exercise
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1.Explainwhydiffractionoflightwavesisnotacommon

phenomenon.

2.Givethedefinitionofthefollowingtermsasconnected

withwaves

a) Wavelength

b) Frequency

c) Wavefront

3.Five successive wave fronts in a ripple tank are

observed to spread overa distance of6.4cm.Ifthe

vibratorhasafrequencyof8Hz,determinethespeedof

thewaves

4.

a) Whatisdiffraction?

b) Whatfactorsdeterminetheextentofdiffraction

thatoccurs?

c) Describe an experimentthatcan be setto

illustratethisphenomenon

5.Diffraction,refractionandreflectionareallpropertiesof

waveswhichoneoftheseaffects:

a) Directionbutnotspeed?

Speedanddirectionoftravelofthewaves?

b)Destructiveinterference

Itoccurswhenthewaveamplitudeopposeeachother

resultinginwavesofreducedamplitude.

 For this case, the waves undergo complete

destructive resulting in a pulse (a wave)ofzero

amplitude
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Interferenceinwater(usingarippletank)

 Coherent water waves are generated by

attachingtwosimilarballsonthebarincontact

withvibrator.

 Observation:Alternatedarklines(inregionsof

destructive interference)and brightlines (in

regionsofconstructiveinterference)areseenon

thewhitescreen.

Interferenceinsound

 Coherentsourcesofsoundcanbeobtainedby

connecting two identical loud speakers in

parallelto an audio-frequency generatoras

showbelow.

 Alternate loud (in regions of constructive

Interferenceinlight(Young’sdoubleslitexperience)

 Interferenceinlightisevidencethatlightisawave.It

can be demonstrated by young’s double slit

experimentwhosepioneeristhePhysicistThomas

Young.

 Amonochromaticlightsourceisusedinthedouble

slitexperiment.TheslitS1diffractslightfallingonit

illuminatingbothslitS2and infrontofit.S3

 Aseriesofalternatebright(inregionsofconstructive

interference)and dark (in regions ofdestructive

interference)verticalbands/fringesareformed on

thescreen.

 The central fringe is the brightest (region of

constructiveinterference).

O= OimplyingthatpathdifferenceiszeroS2 S3

P- P=1λi.e.pathdifferenceonewave.S3 S2

R- R= λi.e.pathdifference= waveS3 S1
1

2

1

2
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interference)and softsound (in regions of

destructiveinterference)isheardalongXY.

 AlongCOonlyloudsoundisheard

 Ifwavesfrom onespeakerareexactlyoutof

phasewiththosefrom theothersoftsoundwill

beheardalongCOi.e.destructiveinterference

 Connecting the speakers to same audio

frequency generatormakes they satisfy the

conditionofbeingcoherentsources.

 Ifthefrequencyofthesignalisincreased,the

points of constructive interference (loud

sounds)along XY willbecome more closely

spacedandsamewaytothoseofdestructive

interference

Example

1.I.Distinguishbetweendiffractionandrefractionofwaves

II.Thefiguresbelowshowsplanewavesapproachingslits

Completethediagramstoshow thepatternacrossthe

slits.

III.Thefigurebelow showstworaysofmonochromatic

lightincidentontwoadjacentslitsS2and .S3

Giveanexpressionforthewavelengthofthelightin

termsofd,x,andy

IV.Inthespacebelow,sketchtheinterferencepattern

observed if white light was used instead of

monochromaticlight

V.Explainthevariationoffrequencyacrossthepattern

displayedin(IV)above

VI.Givethatthewavelengthofthemonochromaticlight

usedin(III)aboveis1.0x107 m,calculateitsfrequency

 A node is a pointof zero displacementof a

stationary wave while an antinode is a pointof

maximum displacementofastationarywave.

2.Stationarylongitudinalwave

 Anexampleisaslinkyspringwithoneendfixedand

theotherendmovedtoandfrorapidlyinahorizontal

direction.

 Anotherexampleiswhentwospeakersconnectedto

same audio-frequencygeneratorare arranged to

faceeachother.
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(speedoflightis3.0x108ms-1)

2.TwoobserversPandQarestationed2.5km apart,each

equippedwithastartergun.Qfiresthegunandobserves

Precordthesound7.75secondsafterseeingthesmoke

from thegun.LaterPfiresthegunandobservesQrecord

sound7.25secondsafterseeingthesmokefrom thegun.

Determine;

a) Thespeedofsoundinair

b) Thecomponentofthespeedofthewindalongthe

straight

linejoiningPandQ

 Alternateloud(atantinode)andsoft(atnode)is

heardalongAB.

 Diagram b)showsthewaveform formed on the

screenofaCRO whenamicrophoneconnectedto

theCROismovedalongAB.

Stationary(Standing)Waves

 Itisdefinedasawaveformedwhentwoequal

progressive waves travelling in opposite

directionsaresuperposedoneachother.

Typesofstationarywaves

1. Stationarytransversewave

 Anexamplethiscaseisawaveproducedwhen

jerkingastringfixedatoneend.Atransverse

wavetravelsalongthestringtothefixedend

and then reflected back. The two waves

travellinginoppositedirectionsalongthestring

thencombine/superposetoform astationary

transversewave.

Exercise

Thediagram belowshowsanarrangementthatcanbeusedto

determinethespeedofsoundinair.

A microphoneconnectedtoaCRO withitstimebaseonis

movedalonganimaginarylineABbetweenthewallandthe

loudspeaker.

I. Use a diagram to explain whatis observed as the

microphoneismovedfrom AtoB

II. Ifthe frequency ofthe sound emitted by the loud

speaker is 1650 Hz and the distance between a

minimum andthenextmaximum is0.05m,calculatethe

velocityofsoundair.
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III. If the frequency of the vibrating loud speaker is

decreasedwhathappenstothedistancebetweentwo

adjacentmaximum?

ConditionsNecessaryforFormationofStationary

Waves

 Thetwoprogressivewavestravellinginopposite

directivetoform astationarywavemustbe:

I. Samespeed

II. Samefrequency

III. Sameornearlyequalamplitudes

PropertiesofaStationaryWave

i. A stationary wave is produced by

superposition of two progressive waves

travellinginoppositedirections.

ii. The wave has nodes at points of zero

displacementand antinodes atpoints of

maximum displacement.

iii. Inthewave,vibrationofparticlesatpoints

betweensuccessivenodesisinphase.

iv. Between successive nodes particles have

differentamplitudesofvibration.

v. Thedistancebetweensuccessivenodesor

antinodesis.
λ

2

Differences between stationary and progressive

5. Thesketchgraphshowstheresultsofanexperimentto

studydiffractionpatternsusingdoubleslit.

i. Sketch an experimentalsetup thatmaybeused to

obtainsuchapattern.

ii. Nameaninstrumentformeasuringintensity

iii. Explainhow thepeakslabelledA andB andtroughs

labeledCareformed.

6. Whatmeasurablequantityisassociatedwithcoloursof

light?

7. Circularwaterwavesgeneratedbyapointsourceatthe

centreO ofthepondareobservedtohavethepattern

shownintheFig.Explainthepattern.

8. Inanexperimenttoobserveinterferenceoflightwaves,a

doubleslitisplacedclosetothesource.

i. Statethefunctionofthedoublesilt.

ii. Describewhatisobservedonthescreen.
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waves

Stationarywaves Progressivewaves

They do nottransfer

energyfrom onepoint

to another since the

wave forms do not

move through the

medium

Theytransferenergyfrom

onepointtoanothersince

the wave forms more

throughthemedium

The distance between

two successivenodes

orantinodesis
λ

2

Distance between

successive troughs or

crestsisλ

Vibrationsofparticles

at points between

successive nodes are

inphase

Phase of particles near

eachotheraredifferent

The amplitudes of

particles between

successive nodes is

different

Theamplitudeofanytwo

particles which are in

phasearethesame

RevisionExercise

1. Name a property oflightthatshows itis a

transversewave.

2. Inanexperimentusingarippletankthefrequency,f

oftheelectricpulsegeneratorwasreducedtoone

thirdofitsoriginalvalue.How doesthenew wave

lengthcomparewiththeinitialwavelength? Explain

youranswer.

3. Distinguishbetweenstationaryandprogressive

waves.

4. Statetheconditionforaminimum tooccurinan

interferencepattern.

iii. Statewhatisobservedonthescreenwhen

a) TheslitseparationS1S2isreduced.

b) Whitelightisusedinsteadofmonochromaticsource.

13.TheFig.showsanexperimentalarrangement.S1andS2are

narrowslits.

Statewhatisobservedonthescreenwhenthesourceis:-

i) Monochromatic (ii) Whitelight

14.Thefigshowsthedisplacementofapracticeinprogressive

wave incidenton a boundary between deep and shallow

regions.

I. Completethediagram toshowwhatisobservedafter

boundary.(Assumenolossofenergy).

II. Explaintheobservationin(i)above.

ChapterSeven CURRENTELECTRICITYII
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Objectives

Bytheendofthistopictheleaner,shouldbeable

to:

a) Definepotentialdifferenceandstateitsunits

b) Measurepotentialdifferenceandcurrentina

circuit

c) VerifyOhm’slaw

d) Defineresistanceandstateitsunit

e) Determine experimentally the voltage-current

relationshipsforvariousconductors

f) Defineemfandexplaininternalresistanceofthe

cell

g) Derivetheformulaeforeffectiveresistanceof

resistorsinseriesandinparallel

h) Solvenumericalproblemsinvolvingohm’slaw

resistorintheseriesandinparallel

Content

1. Scalereadingammeter,voltmeter

2. Electriccircuits:current,potentialdifference

3. Ohm’slaw(experimentaltreatmentrequired

4. Resistance types ofresistors,measurements of

resistanceunits

5. Electromotiveforce(emf)andinternalresistanceof

acell(E=V+Ir)

6. Resistorsinseriesandinparallel

7. Problemsonohm’slaw,resistorsinseriesandin

parallel.

ElectricCurrent

 Electric currentrefers to the rate offlow of

charge.

 The movement of charged particles called

electronsconstitutesanelectricchargeandthe

conductingpaththroughwhichelectronsmove

iscalledanelectriccircuit.

current,I=
change,Q

time,t

I=
Q

t

 SIunitofelectriccurrentistheampere(A)after

thefamousphysicistMarieAmpere.

 Sub-multiples of the ampere are milli-

I= n=
ne

t

It
e

NBchargeonanelectron,e=1.6× coulomb10
-19

Example

Calculatetheamountofchargethatpassesthroughapointina

circuitin3seconds,ifthecurrentinthecircuitis0.5A.

Solution

Q=It

Q=0.5A×3s=1.5C

Exercise
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ampere(mA)andmicro-amperes(μA)

ImA=1× A,IμA=1× A10-3 10-6

Definitionoftheampere

 An ampere refers to an electric currentthat

flows in a conductorwhen a charge of1

coulombflowsperunittime

Totalchargepassingthroughapointinacircuit

 If electronspassthroughapointandthateachn

electroncarriesacharge thenthetotalchargee

passing through the pointis equaltoQ ne

coulombsi.e.Q=ne;butQ=It,⇒ne=It

1.Acurrentof0.08Apassesinacircuitfor2.5minutes.

I. How much charge passes through a pointin the

circuit?

II.Calculatethenumberofelectronspassing through

thepointpersecond

2. Acurrentof0.5Aflowsinacircuit.Determinethequantity

ofchargethatcrossesapointin4minutes.

MeasurementofElectricCurrent

 Electriccurrentismeasuredusinganammeter.

Example

Inmovingachargeof30coulombsfrom pointB toA 150

joulesofworkdonewhatisthedecimalplacebetweenAand

B?

Solution

p.d=
W

Q

p.d= =5V
150

30
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 Zeroerror,ifany,shouldberectifiedusingthe

adjustmentscrewbeforeusingtheammeter.

 Theammeterisconnectedinserieswithother

components in the circuit since it is an

instrumentoflowresistance.

 Anappropriatescaleshouldbechosentosafe

guardthecoiloftheammeterfrom blowingup

 Accuracyofeachscaleoftheammetermustbe

observedwhenrecordingreadings.

Exercise

Givethereadingsshownbybothscalesoftheammeter

below.

Definitionofthevolt

 Avoltisdefinedastheenergyneededtomoveone

coulombofchargefrom onepointtoanother

MeasurementofPotentialDifference

 Potentialdifferenceismeasuredusingavoltmeter.

 Zero error,ifany,should be rectified using the

adjustmentscrewbeforeusingthevoltmeter.

 Thevoltmeterisconnectedinacross(inparallel)the

componentsinthecircuitsinceitisaninstrumentof

highresistance.

 Anappropriatescaleshouldbechosentosafeguard

thecoilofthevoltmeterfrom blowingup.

 Accuracyofeachscaleofthevoltmetermustbe

observedwhenrecordingreadings.

Exercise

Givethereadingsshownbybothscalesofthevoltmeterbelow.
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PotentialDifference(Voltage)

 Electricpotentialdifferencebetweentwopoints

referstoworkdone(injoules)inmovingone

coulombofchargefrom onepointtotheother.

 TheSIunitofpotentialdifferenceisthevolt(v).

 Thebatteryisthesourceofpowerformoving

chargethroughthecircuit.

potentialdifference=
workdone,W(injoules)

Changemoved,Q(incoulombs)

p.d=
W

Q

Note:Forboth the ammeterand voltmeter,the

negativeterminalisconnectedtonegativeterminal

ofthe battery and positive terminalto positive

terminalofbattery.

Currentandvoltageinseriesarrangement

I.Currentinseriesarrangement

 Considertheset-upbelow:
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CurrentandVoltageinParallelCircuitArrangement

I.CurrentinParallel

 Considerthecircuitshownbelow:

 Whentheswitchisclosed,itisobservedthat:

Readingon +readingonA1 A2

+readingon =ReadingonA3 A4

 Therefore,thesum ofthecurrentsinparallel

circuitsisequaltothetotalcurrent.Thetotal

currentflowing into junctionisequalto total

currentflowingout.

II.VoltageinParallel

 Considerthediagram below:

 Whentheswitchisclosed,itisobservedthat:

Readingon =readingon =readingonV1 V2 V3
=readingonV4

 Whentheswitchisclosed,itisobservedthat;

Readingon =readingon =readingon =readingonA1 A2 A3 A3

 Therefore,when components are connected in

series,same currentflows through each ofthe

componentsevenifthecomponentsarenotidentical

II.VoltageinSeriesArrangement

 Considertheset-upbelow

 Whentheswitchisclosed,itisobservedthat:

Readingon +readingon +readingon =V1 V2 V3 readingonV4

 Therefore,when components are connected in

series,the sum ofthe voltage drop across the

componentsisequaltothevoltagesupply.

Exercise

1. Usingthediagram below,find:

I. Thecurrentpassingthrough inthefigurebelowL1
giventhatammeterAreads1.2Aandcurrentsthrough

and are0.34Aand0.52Arespectively.L2 L3

II. is3.0Vand readings,giventhat readsV1V2 V3 V4
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 Therefore, for components in parallel

arrangement,the same voltage drops across

eachofthem (sincetheirterminalsareatthe

sameelectricpotential.

2. Inthecircuitshownbelow,whatisthep.dacrossthe

bulb,andtheswitchwhen:

I. Theswitchisopen?

II. Theswitchisclosed?

3. Defineavolt

4. Twocells,A andB connectedwithparallelarein

serieswithabulbasshownbelow.

I. Copythe diagram to show where the ammeter

should be connected in orderto measure the

currentthroughcellA

II. Voltmetershould be connected to measure the

potentialdifferenceacrossbothbulbandcellB

 From thegraph,voltageisdirectlyproportionaltothe

currentandthisisgraphicalrepresentationofOhm’s

law.

 Theslopeofthegraphgivesresistance.SIunitof

resistanceistheohm(Ω)

=R
∆V

∆I

 Multiplesofanohm are:

1kilohm =1000Ω(1kΩ) ( Ω103 )

1megohm =1000000Ω( Ω)(1MΩ) 106

Definitionofanohm

 Anohm referstotheresistanceofaconductorwhen

acurrentof1Aflowingthroughitcausesavoltage



232

PHYSICSFORTECHNOLOGYANDINNOVATION.Page97

Ohm’sLaw

 Ohm’slawrelatesthevoltageacrossthe

conductorandthecurrentflowingthroughit.It

isafterthephysicistGeorgeSimonOhm.It

statesthat,“thecurrentflowingthrougha

conductorisdirectlyproportionaltothe

potentialdifferenceacrossitsendsprovided

thattemperatureandotherphysicalproperties

arekeptconstant”.

 Mathematically,Ohm’slawcanbeexpressedas:

V∝I

V=RI

 Where isthepotentialdifference,Iis∴V=IR, V

thecurrentandRaconstantofproportionality

calledresistance.

 Ifseveralvaluesofcurrentandtheir

correspondingvaluesofvoltagefornichrome

wireareobtainedandagraphofvoltageagainst

currentplotted,astraightlinethroughtheorigin

isobtained.

dropof1Vacrossitsends.

 Thereciprocalofresistanceisaquantitycalled

conductance,( whoseSIunitsis orSiemens(S))
1

R
Ω-1

Example

Acurrentof6mAflowsthroughaconductorofresistance

4kΩ.Calculatethevoltageacrosstheconductor.

Solution

V=IR

V=6× ×4× =24V10-3 103

Exercise

1. Calculatethecurrentinmill-amperesflowing througha

conductorofconductance0.2m whena15vsourceisΩ-1

connectedtoit

2. Inordertostartacertainlaw acurrentof36Amustflow

throughthestartermotor.Calculatetheresistancesofthe

motorgiventhatthebatteryprovidesavoltageof12V

ignoretheinternalresistanceofthebattery.

3. InanexperimenttoinvestigatetheV-Irelationshipfor

aconductor,thefollowingresultswereobtained

P.d(V) 2.

0

3.

0

4.

0

6.0

Current,I(A) 1.

0

1.

5

2.

0

3.0

Resistance,

R(Ω)

I. Copyandcompletethetable

FactorsAffectingtheResistanceofaMetallicConductor

1.Temperature

 Resistanceofametallicconductorincreaseswith

temperature.Thisisbecauseheatingincreasesthe

vibrationofatomstherebyincreasingthecollisions

percross-sectionarea.Theoppositiontotheflowof

electronsthusincreasesastemperatures.

2.Lengthoftheconductor
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II. PlotagraphofIagainstthevoltage

III. Determinetheresistanceoftheconductor

IV. Commentonthenatureoftheconductor

4. Twocells,eachof1.5Vareusedtodriveacurrent

throughawireABofresistance90Ω

I. Calculatethecurrentinthecircuit

II. Whatwould be the difference,ifany to the

current,ifthetwocellsareconnectedinparallel?

 Theresistanceofauniform conductorofagiven

materialisdirectlyproportionaltoitslengthi.e.

R∝l……..(1)

R=constant×l

=constant
R

l

3.Cross-sectionareaoftheconductor

 Theresistanceofametallicconductorisinversely

proportionalto its cross-sectionalarea,A. A

conductorwithlargercross-sectionalareahasmany

free electrons to conductor hence better

conductivity.

R∝ ………….(2)
1

A

R=constant×
1

A

RA=constant

Resistivityofametallicconductor

 Resistivityistheresistanceofsampleofmaterialof

unitlengthandunitcrosssectionalareaatacertain

temperature.

 Combiningequations(1)and(2)above;

R∝
l

A

R=
Pl

A

ρ= ,whereisρistheresistivityoftheconductor
RA

l

 TheSIunitofresistivityistheohm meter(Ωm)

Ohmicandnon-ohmicconductors

Ohmicconductors

 TheseareconductorswhichobeyOhm’slaw

and therefore voltage drop across them is

directlyproportionaltocurrentthroughthem e.g.

metalconductorslikenichromeandelectrolytes

likecoppersulphate.

 Forohmicconductorsagraphofvoltageagainst

currentisastraightlinethroughtheorigin.

Non-ohmicconductors

 TheseareconductorswhichdonotobeyOhm’s

lawandthereforetheirresistancechangeswith

currentflow e.g.thermistor,thermionicdiode,

filamentbulb,semiconductordiodeetc.

 A graph ofvoltage againstcurrentfornon-

ohmicconductorsisnotastraight.

Example
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ElectricalResistance

 Electricalresistanceistheoppositionofferedby

aconductortotheflowofelectriccurrent.

 Amaterialwithhighconductancehasverylow

electrical resistance e.g. copper. Electrical

resistanceismeasuredusinganohmmeter.

Two meters ofa resistance wire,area ofcross sectional

0.50mm2,hasaresistanceof220Ω.Calculate:

I. Theresistivityofthemetal

II. Thelengthofthewirewhich,connectedinparallelwith

the2meterlength,willgivearesistanceof2.00Ω.

Solution

l=2m, A=0.50 =5.0× ,mm2 10-5m2

R=220Ω

ρ=
RA

l

ρ= =5.50× Ωm
220Ω×5.0×10-5m2

2m
10-3

Exercise b)Lightdependentresistor(LDR)

 Its resistance decreases with increases in light

intensity.

MethodsofMeasuringResistance

1.Voltmeter-ammetermethod

 Inthismethod,currentthroughtheresistorRandI

correspondingvoltage acrossitareobtainedandV

1. Giventhattheresistivityofnichromeis1.1x10-6

m,whatlengthofnichromewireofadiameter0.42m is

neededtomakearesistorof20Ω?

2. TwowiresXandBaresuchthattheradiusofYis

twicethatofYandthelengthofYistwicethatofX.ifthe

two are of same material, determine the ratio

resistanceofX

resistanceofY

Resistors

 These are conductors specially designed to

offerparticularresistancetotheflowofelectric

current. The symbol of resistor is
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Typesofresistors

1.Fixedresistors

 These are resistors designed to give fixed

resistance e.g.wire wound resistors,carbon

(colourcode)resistorsetc.

2.Variableresistors

 Theseareresistorswhoseresistancecanbe

varied.Theyinclude:

a)Rheostat

 This is two a terminal variable resistor

represented byanyofthe symbols below in

electricalcircuits.

b)Potentiometer

 This is a three terminal variable resistor

representedbythesymbolbelow.

3.Nonlinearresistors

 These are resistors in which currentflowing

throughthem doesnotchangelinearlywiththe

voltageapplied.Theyinclude:

resistanceoftheresistorisdeterminedusingthe

expression .R=
V

I

Disadvantagesofvoltmeterammetermethod

 Itisnotaccuratesincevoltmetertakessomecurrent

and therefore notallcurrentpasses through the

resistor

2.Themeter-bridgemethod

 Inthismethodaresistorofknownresistanceisused

inthedeterminationofresistanceofanotherresistor

whoseresistanceisnotknown.

 Thefigurebelowshowsaset-upofMeterBridge.

 The bridge is balanced byadjusting the variable

resistorLuntilthereisnogalvanometerdeflection

i.e.pointeratzeromark.Atbalancedstate:

=
X

R

L1

L2


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a)Thermistor

 Thisisatemperaturedependentresistorwhose

resistance decreases with increase in

temperature.Itselectricalsymbolisasbelow.

ResistorsNetworks

1.Resistorsconnectedinparallel

 Considerthreeresistors connectedandR1R2 R3

inparallelasshownbelow:

= +IT I1 I2I3

= + +
VT

RT

V1

R1

V2

R2

V3

R3

But = = =VT V1 V2 V3

(forresistorsinsparallel)

= + +
1

RT

1

R1

1

R2

1

R3

Fornresistorsinparallel

= + +
1

RT

1

R1

1

R2

1

R3

 Iftwo resistors are connected inandR1 R2

parallelthen the equivalentresistance isRE
givenby

= + =
1

RE

1

R1

1

R2

R1+R2

R1R2

a) Calculatetheeffectiveresistance

Solution

= + + +
1

RT

1

R1

1

R2

1

R3

1

R4

= + + + =0.9333
1

RT

1

4

1

3

1

10

1

4

= =1.074ΩRT
1

0.9333

b) Thecurrentthroughthe10Ωresistor

Solution

Sincetheresistorsareinparallel,thevoltagedrop

acrosseachofthem isthesamei.e.4.5V.

I=
V

R

I= =2.222A
10

4.5

2.Thefigurebelow shows3resistorsinseriesconnectedto

powersource.Acurrentof1.5Aflowthroughthecircuit.

Calculate:

a) Thetotalresistance

b) Thevoltageacrossthesource

c) Thevoltagedropacrosseachresistor

Solution
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=RE
R1R2

+R1 R2

2.Resistorsconnectedinseries

= + +VT V1 V2 V3

= + +ITRT I1R1 I2R2 I3R3

But = = =IT I1 I2 I3

= + +RT R1 R2 R3

= + +a)RT R1 R2 R3

=4+6+3=13ΩRT

b)V=IR

V=1.5×13=19.5V

c) =1.5×4=6VV4Ω

=1.5×6=9VV6Ω

=1.5×3=4.5VV3Ω

Exercise

1.The figure below shows five resistors and a source of

voltageof6V.

a) Findtheeffectiveresistanceofthecircuit

b) Calculatethecurrentthrough

3.Sixresistorsareconnectedinacircuitasshowninthefigure

below.

Examples

1.The circuitdiagram in the figure below shows 4

resistorsconnectedacrossa4.5vsupply
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a) Calculatethetotalresistanceofthecircuit

b) Thetotalcurrentinthecircuit

c) Thecurrentthroughthe3Ωresistor

d) Thecurrentthroughthe8Ωresistor

3.Tworesistorsconnectedinparallelasshownbelow

a) Calculate:

I. thecurrentthatpassesthroughR1

II. Terminalp.dacrossthebattery

ExperimentalDeterminationofInternalResistanceand

Emf

Method1

 Considerthesetupbelow:

Ifseveralvalues ofcurrentand theircorresponding

valuesofvoltagearecollectedandgraphofvoltageV

againstcurrentIisplotted.Itisastraightlineofnegative

slopecuttingthroughthevoltageaxiswhenextrapolated.

 Usingtheequation andthereforeE=V+Ir V=E-Ir,

theslopeofthegraphgivestheinternalresistanceof

thecellwhilethevoltage-interceptgivestheemf(E)

ofthecell.

ElectromotiveForce(Emf)andInternalResistancer

 Electromotiveforce(E)ofthecellreferstothe

potentialdifferenceacrossitsterminalswhen

nochargeisflowingoutofiti.e.whenthecircuit

isopen.

 Terminalvoltage(V)isthevoltagedropacross

theterminalsofthecellorbatterywhencharge

isflowing outofitand itisdueto external

resistanceR.
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 Internalresistance(r)referstotheopposition

offeredbythesourceofelectromotiveforceto

theflowofthecurrentthatitgenerates.

 Lost voltage is the difference between

electromotiveforceandterminalvoltageandit

isduetointernalresistance.

RelationshipbetweenEmf(E),TerminalVoltage(V)

andInternalResistance(r)

 Consideraresistor connectedinserieswithaR

cellofinternalresistancer

 Theinternalresistanceofthecellrisconsidered

toconnectedinserieswiththeexternalresistor,

R

 Thecurrentflowingthroughthecircuitisgiven

by:

current=
e.m.f

totalresistance

I=
E

R+r

E=I(R+r)

E=IR+Ir⇒E=V+Ir

 WhereIR=terminalvoltage,Ir=lostvoltage

 Ifseveralvaluesofcurrentandtheircorresponding

values of voltage are collected and graph of

reciprocalofcurrentagainstRisplotted,astraight
1

I

linewithpositivegradientwhichpassesthrough
1

I
axisisobtained.

 Thegradientofthegraphgives andtherefore
1

E
the electromotive force ofthe cellcan be

obtained while the R-interceptgives internal

resistanceofthecellr.

Exercise

1.Thetablebelowshowsreadingobtainedinanexperimentto

determine the e.m.f,E and internalresistance R of a

accumulator

Externalresistance,R

(Ω)

0.3

5

0.3 2.

75

Current,I(A) 2.5 1.0 0.Examples
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1.Twodrycellseachoftheinternalresistance0.05Ωand

connectedinseriesareusedtooperateanelectricbellof

resistance10Ω.Thewiringofthecircuithasaresistance

of0.2Ω.Ifthebellrequiresacurrentof0.2Atoring,to

whatvaluecan thecombined emffallbeforethebell

comestoring?

Solution

E=I(R+r)

E=0.2 =2.06V( +0.05×2(10+0.2) )

2.Youareprovidewithresistorsofvalues4Ωand8Ω

a) Drawacircuitdiagram showingtheresistorsinseries

witheachotherandwithbattery.

b) Calculate totalresistance ofthe circuit(assume

negligibleinternalresistance)

Solution

= +RT R1 R2

=4+8=12ΩRT

c) Giventhatthebatteryhasanemfof6Vandinternal

resistanceof1.33Ω,calculatethecurrentthrough

i. 8Ωwhenthetwoareinseries.

Solution

= =I8Ω I4Ω
E

R+r

= =0.4501A
6

12+1.33

ii. 4Ωresistorwhenthetwoareinparallel.

5

Reciprocalofcurrent,
1

I

a) Drawasuitablecircuitusedtogettheaboveresults

b) Plotthegraphof againstR
1

I

c) Determine the values ofinternalresistance rand

electromotiveforce

2.Thecircuitinthefigurebelowshowsthecurrentatjunction

P.Findtheamountanddirectionofthecurrentthatpasses

throughthewireW.

3.Threeresistorsareconnectedasshownbelow

Calculate:

a)Thetotalresistanceinthecircuitwhen:

i. isopenS1

ii. isclosedS2

b)Thecurrentthrougheachoftheresistorswhen:

i. isopenS1

ii. isclosedS1

c)Thepotentialdifferenceacrosseachresistorwhen isS1
closed

4.A batteryofemf12V andinternalresistanceof0.6Ω is

connectedasshownbelow

a)Calculatethecurrentthroughthe3Ωresistorwhenswitchis:
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Solution

= +rRT
R1R2

+R1 R2

= +1.33=4ΩRT
4×8

4+8

= =I4Ω
V4Ω

R4Ω

E-Vr

R4Ω

= =1.001AI4Ω

6- ×1.336
4

4

i. Open

ii. Closed

b)Findthetotalpotentialdifferentacrossthe7Ω resistors

whenSisopen

5.Acellofemfof6.0Vanddrivescurrentof2.0AthroughR1
whenswitchSisopen

Calculate:

a) Thecurrentthroughthe2Ωresistor

b) Theinternalresistanceofthecell

c) Thecurrentthrougheachoftheresistorswhenthe

switchSisclosed
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The circuit below can be used as a light sensor.

a) Explainhow itworksasconditionschangefrom

pitchdarknesstobrightlight

b) IftheresistanceofLDRindim lightis1x104Ω

calculatethep.dacross1kΩresistor

FurtherExercise

1. Astudentlearntthatabatteryofeightdrycells

each1.5vhasatotalemfof12Vthesameasacar

battery.Heconnectedinserieseightnewdrybatteriesto

hiscarbutfoundthattheycouldnotstarttheengine.Give

areasonforthisobservation

2.a)Youarerequiredtodeterminetheresistanceperunit

lengthofanichromewirex,youareprovidedwithd.c

powersupply,anammeterandvoltmeter.

I. Drawacircuitdiagram toshowhowyouwould

connectthecircuit.

II. Describehowyouwouldusethecircuitin(a)(i)

abovetodeterminetheresistanceperunitlength

ofx.

c) 2.Four5resistorsareconnectedtoa10Vd.c.supplyas

showninthediagram below.

Calculate;-

a. Theeffectiveresistanceinthecircuit.

b. ThecurrentIfollowinginthecircuit(through

thesource)

3.Studythecircuitdiagram belowanddeterminethe

potentialdropacrossthe3resistor.

8. a) Inthecircuitdiagram shown,calculatetheeffective

resistancebetweenYandZ.

b) Determinethecurrentthroughthe3resistor.

c) Oneofthe6resistorshasalengthof1m andcross-sectional

areaof5.0x10-5m2.Calculatetheresistivityofthematerial.

9. Inthecircuitdiagram fiveresistorsareconnectedtoa

batteryofemf.4V,andnegligibleinternalresistance.

Determine:

i. Thetotalresistanceofthecircuit.

ii. Thecurrentflowingthroughthe5.5

resistor.

iii. ThepotentialsatpointsYandO.

iv. ThepotentialdifferencebetweenYand

O.

11.Astudentwishestoinvestigatetherelationshipbetween

currentandvoltageforacertaindeviceX.Inthespace

provide,drawacircuitdiagram includingtwocells,

rheostat,ammeter,voltmeterandthedeviceXthatwould

besuitableinobtainingthedesiredresults.

12.Inthecircuitdiagram showninfigure7,theammeterhas

negligibleresistance.WhentheswitchSisclosed,the

ammeterreads0.13A.
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4. Statetwoconditionsthatarenecessaryfora

conductortoobeyOhm’slaw.

5. a) TworesistorsR1andR2areconnectedinseries

toa10Vbattery.Thecurrentflowingthenis 0.5A.

WhenR1onlyisconnectedtothebatterythecurrent

flowingis0.8A.Calculatethe

i. ValueofR2

ii. CurrentflowingwhenR1andR2areconnectedin

parallelwiththesamebatter.

6. Acurrentof0.08Apassesincircuitfor2.5minutes.

Howmuchchargepassesthroughapointinthe

circuit?

7. Anammeter,avoltmeterandabulbareconnectedin

acircuitsoastomeasurethecurrentflowingandthe

potentialdifferenceacrossboth.Sketchasuitable

circuitdiagram forthearrangement.
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ChapterEight HEATINGEFFECTOFANELECTRICCURRENT

Specificobjectives

Bytheendofthistopictheleanershouldbeableto:

a) Perform anddescribeexperimentstoillustrate

heatingeffectofanelectriccurrent

b) Statethefactorsaffectingheatingbyelectric

current

c) Derivetheequationsforelectricalenergyand

electricalpower

d) Identifydevicesinwhichheatingeffectofan

electriccurrentisapplied

e) Solve numericalproblems involving electrical

energyandelectricalpower

Content

1. Simpleexperimentsonheatingeffect

2. Factorsaffectingelectricalenergy,W=VIt,P=VI

3. Heatingdevices:electricalkettle,electricaliron

box,bulbfilament,electricheater

4. Problems on electricalenergy and electrical

power
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Introduction

 When an electric currentpasses through a

conductor,itgenerates heatenergy.This is

calledtheheatingeffectofanelectriccurrent

anditisduetotheresistanceofferedbythe

conductortothecurrent.Heatingeffectofan

electriccurrentwasfirstinvestigatedbyJames

Joule,aManchesterbrewerinUK.

DemonstratingHeatingEffectofanElectricCurrent

UsingaCoilofWire

 Theset-upbelowcanbeusedtoexperimentally

demonstrateheatingeffectofanelectriccurrent

inthelaboratory.

 Precaution:thecoilshouldbefullyimmersedin

waterbutshouldnottouchthebottom orwalls

ofthebeaker.

 Observation:Itisobservedthatthetemperature

ofwaterincreaseswithresistance,currentand

time.

 Explanation:Electricalenergyis converted to

heatenergyresultinginariseintemperature.

The heat energy increases with resistance,

currentandtime.

FactorsAffectingHeatingbyElectricCurrent

Theheatproducedbyaconductorcarryingcurrent

dependson:

a) Amountcurrentpassingthroughtheconductor

 The heatproduced is directlyproportionalto the

squareofcurrentthroughtheconductorprovided

thatsameconductorisusedforthesametime.i.e

.heatenergy∝I2

b)Resistanceoftheconductor

 Heatproduced in a conductorcarrying currentis

directlyproportionaltoresistanceoftheconductor

provided current and time are constant.

.heatenergy∝R

c) Time for which current flows through Examples
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conductor

 Keepingcurrentandresistanceconstantheat

producedinaconductorisdirectlyproportional

to the time for which current flows.

.Heatenergy∝t

VvdÀ

Q

ElectricalEnergy,E

 Consideracurrent flowingthroughaconductorI

ofresistance fora time .Ifa potentialR t

difference drops across the ends oftheV

conductor,then;

V=
W

Q

(fromdefinitionofpotentialdifference)

E=W=VQ

(whereWistheelectricalworkdoneinmoving

1.Anelectricbulbrated40W isoperatingon240V mains.

Determinetheresistanceofitsfilament.

Solution

P=
V2

R

40= ; ⇒R=1440Ω
2402

R

2.Whenacurrentof2Aflowsinaresistorfor10minutes,15KJ

ofelectricalenergyisdissipated. Determinethevoltage

acrosstheresistor.

Solution

E=VIt

15×1000=V×2×10×60

V= =12.5V
15000

1200

3. Howmany100W electricironscouldbesafelyconnected

toa240Vmovingcircuitfittedwitha13Afuse?

Solution

P=VI

(No.ofirons)x1000=VI

No.ofirons=
13x240

1000

=3.12=3irons

Exercise
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chargeQ)

Thisiselectricalworkdoneisconvertedtoheat

energy,E

butcurrent,I= ; ⇒Q=It
chargeQ

time,t

E=V ; ⇒E=VIt(It)

Since,V=IR ;electricalenergy(fromohmslaw)

canalsobeexpressedas;

E=VIt= It; ⇒E= RT(IR) I2

ElectricalPower,PE

 Poweristherateofdoingwell

power=
work

time

= = ;
electricalenergy

time

VIt

t

⇒Electricalpower, =VIPE

SinceV=IR,electricalpowercanalsobeexpressedas;

= IPE (IR)

= RPE I2

OrfromI= ; P=V()
V

R

V

R

=PE
V2

R

1. AheaterofresistanceR1isratedPwatts,Vvoltswhile

anotherofresistanceR2israted2Pwatts,v/2volts.

DetermineR1/R2

2. StateTHREEfactorswhichaffectheatingbyanelectric

current.

3. Whatispowerasitrelatestoelectricalenergy?

4. Anelectricalapplianceisratedas240V,200W.Whatdoes

thisinformationmean?

5. Anelectricalheaterislabelled120W,240V.

Calculate;

a. Thecurrentthroughtheheatingelement

whentheheaterison.

b. Theresistanceoftheelementusedinthe

heater.

6. Anelectrictoyisrated100W,240V.Calculatethe

resistanceofthetoywhenoperatingnormally.

7. Anelectricbulbwithafilamentofresistance480is

connectedtoa240Vmainssupply.Determinetheenergy

dissipatedin2minutes.
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ElectricalDevicesforLighting

a)Filamentlamps

 When currentflows through the filament,it

glowswhitehotandthereforeproduceslight.

 Thefilamentismadeoftungstenmetaldueto

itsveryhighmeltingpoint(3400oC).

 Thebulbisfilledwithinertgaslikeargonand

nitrogentopreventoxidationofthefilament.

b)Fluorescentlamps

 Theyareefficientthanfilamentlampsbecause

theylastmuch longerand have low running

cost.

 Itconsistsofthemercuryvaporwhichproduces

ultravioletradiationwhenthelampisswitched

on.The radiation makes the powderon the

inside of the tube produce visible light

(fluoresce).

ElectricalDevicesforHeating

A)Fuse

 A fuse is a shortlength ofwire of

materialwithlow meltingpoint(tinned

3. Acurrentof3.3Aispassedthrougharesistorof25Ωfor2

hourscalculatetheelectricalenergyconvertedtoheat

energyin20minutes.

4. Anelectriccurrentironconsumes2.9MJofenergyin1

hour10 minutes when converted to the mains power

supplyof240v.Calculatetheamountthrou

5.

6. ghthefilamentintheelectriciron

7. Inthecircuitshowninthefigurebeloweachbulbisrated

6v,3w,

a) Calculatethecurrentthrougheachbulb,when

thebulbsareworkingnormally.

b) How many coulombs ofcharge pass in 6

secondsthrougheachbulb?

c) Whatwould the ammeterread when allthe

bulbsareworkingnormally.

d) Calculatetheelectricalpowerdeliveredbythe

battery.

8. Startingfrom electricalpower,P,generatedinaconductor

showthat ,wherethesymbolstheirusualmeanings.P=
V2

R
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copper),which melts and breaks the

circuitwhencurrentthroughitexceeds

acertainvalue.Thisprotectselectrical

appliancesandpreventsfireoutbreaks.

Otherelectricalheatingdevicesinclude:

a) Radiantelectricheater

b) Electricalironbox

c) Electrickettle

d) Hotwireammeter

a)

RevisionExercise

1. Atouchbulbiscalled2.5v,0.4A.Whatisthepower

ratingofthebulb?

2. Anelectricbulbislabeled50w,240v,calculate

b) Theresistanceofthefilamentusedinthe

lamp
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c) Thecurrentthroughthefilamentwhenthe

bulbworksnormally

ChapterNine ELECTROSTATICSII

Specificobjectives

Bytheendofthistopictheleaner,shouldbeable

to:

a) Sketch electric field patterns around charged

bodies.

b) Describechargedistributiononconductorsof

variousshapes.

c) DefinecapacitanceandstateitsSIunit.

d) Describe charging and discharging of a

capacitor (calculation involving curves not

required).

e) Statethefactorsaffectingthecapacitanceofa

parallelplatecapacitor

f) Statetheapplicationsofcapacitors.

g) Solvenumericalproblemsinvolvingcapacitors.

Content

1. Electricfieldpatterns.

2. Chargedistributiononconductors.

3. Sphericalandpearshapedconductors.

4. Actionatpoints;lightingarrestors.

5. Capacitance, unit of capacitance (farad,

microfarad),factorsaffectingcapacitance.

6. Applicationsofcapacitors.

7. Problems on capacitors

(usingQ=CV, = + , = + )CT CI C2
1

CT

1

C1

1

C2

ElectricField

 Anelectricfieldreferstotheregionwherea

chargedbodyexperiencesaforceofattraction

orrepulsion.

DirectionofanElectricField

 Thedirectionofanelectricfieldataparticular

pointisdefinedasthedirectioninwhichaunit

positivechargeisfreetomovewhenplacedat

thatpoint.

2. Isolatednegativepointcharge

Thefieldlinesareradiallyinwardstowardsthenegative

charge
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ElectricLineofForce(ElectricFieldLine)

Thisisthepathalongwhichaunitpositivecharge

wouldtendtomoveintheelectricfield.

PropertiesofElectricFieldLines

1. Electricfieldlinesstartat900from thepositive

chargeandendonthenegativechargeat900.

2. Theydonotcrosseachother.

3. Theytendtocontractorexpandsothatthey

neverinteresteachother

ElectricFieldPatterns

. Isolatedpositivepointcharge

The field lines are radially outwards from the

positivecharge

3. Twoequalpositivepointcharge

4. Twoequalunlikepointcharge
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5. Twounequalpositivepointcharge

6. Positivepointchargeandastraightmetalplate

havingnegativecharge

7. Positivepointchargeandunchargedringplaced

intheelectricfield

8. Twoparallelmetalplateshavingopposite

chargeandplacedclosetogether.

Theelectricfieldbetweenthem isuniform i.e.field

linesequallyplaced.

 Nochargeisfoundontheoutsideofahollow

conductor.Forahollowconductor,thecharge

residesontheoutside.

PointAction

 Pointactionreferstothefastlossorgainofcharge

atsharppointsduetohighchargeconcentrationat

thepoints.

DemonstrationofPointAction

 Ahighlychargedsharppointisplacedclosetoa

Bunsenburnerflame.

 Itisobservedthattheflameisblownaway.

Explanation

 Burningflamecontainspositiveandnegativeions.

Whenthesharp[pointisbroughtclosetotheflame,

negativeionsareattractedtothesharppoint,while

positiveionsarerepelledawayfrom thesharppoint.

Asthepositiveionsarerepelled,theycreatean

“electricwind”whichblows.

 Iftheconductorisbroughtveryclosetotheflame,

theflamesplits.
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ChargeDistributiononConductors

 Distributionofchargeonthesurfaceofa

conductordependsontheshapeofthe

conductor.

 Forsphericalconductor,chargeisuniformly

distributedonthesurface.

 Forpearshapedconductor,chargeis

concentratedatthesharppoint.

 ForCuboidanddiamondconductorshigh

chargedensityisatthevertices.

Example

1.Acandleflameisplacednearasharppointedpinconnected

tothecapofanegativelychargedelectroscopeasshown

below.
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Stateandexplainwhatisobservedontheleafofthe

electroscope.

Solution

Itisobservedthattheleafcollapses.Thisisbecausethe

sharppointionizestheairaroundit.Thenegativeions

(electrons)movetothesharpendtoionizethepositive

chargedairionswhichareattractedtothecap(orpositive

airionsneutralizethenegativechargeonthesharppoint).

2.Itisdangeroustocarryapointedumbrellawhenitis

raining.Explain.

Solution

Thesharppointoftheumbrellaattractschargereadilyto

neutralizethechargeinthecloudwhichmayelectrocute

thepersonholdingtheumbrella.

1. Iselectricalfieldstrengthascalarorvectorquantity?

Explain

2. Explainhownegativelychargedpointededgegets

dischargedbyitself.

3. Itisnotadvisabletotakeshelterunderatreewhenitis

raining.Explain.

4. Whatisthepurposeofthespikesonthelightningarrestor?



232

PHYSICSFORTECHNOLOGYANDINNOVATION.Page120

ApplicationofPointAction

Pointactionisappliedintheworkingofthelighting

arrestor.

WorkingMechanism oftheLighteningArrestor

 Whenanegativelychargedcloudpassesover

thearrestoritinducespositivechargeonthe

spikesandnegativechargeontheplate.

 Thenegativechargeontheplateisimmediately

dischargedtothesurroundingground.

 Negativeionsareattractedtothespikesandare

dischargedbygivinguptheirelectrons.

 Atthesametime,positiveionsarerepelled

upwardsfrom thespikesandtheyneutralizethe

negativechargeontheclouds.

Capacitors

 Acapacitorisadeviceusedforstoringcharge.

 Capacitorsymbolis

TypesofCapacitors

1. Papercapacitors

2. Electrolyticcapacitors

3. Variableaircapacitor

4. Parallelplatecapacitor

ParallelPlateCapacitor

 Aparallelplatecapacitorconsistsoftwometal

platesseparatedbyaninsulatingmaterialcalled

dielectric.

ChargingaCapacitor

 Thecircuitdiagram belowshowsaset-upfor

chargingacapacitor.

 Observation:Whentheswitchiscloseditisobserved

thatmilli-ammeterreadingdecreaseswhilevoltmeter

readingincreases.

 Explanation:Negativechargeflowfrom thenegative

Exercise

1. Thefig.showsahollow negativelychargedsphere

withmetaldiskattachedtoaninsulatorplacedinside.

Statewhatwouldhappentotheleafofanuncharged

electroscopeifthemetaldiskwerebroughtnearthe

capofelectroscope.Giveareasonforyouranswer.
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terminalofthebatterytoplateBofthecapacitor.At

thesameratenegativechargeflowfrom theplateA

ofcapacitortopositiveterminalofbattery.

Therefore,equalpositiveandnegativecharges

appearontheplatesandopposetheflowof

electronswhichcauses.

 Thechargingcurrentdropstozerowhenthe

capacitorisfullycharged.

 Potentialdifferenceacrossthecapacitoralso

developsduringcharging.

Capacitance

 Capacitanceisdefinedasthechargestoredina

capacitorperunitvoltage.

capacitance,c=
change,Q

voltage,V

C=
Q

V

 TheSIunitofcapacitanceisthefarad(F)

Definitionofthefarad

 Afaradisthecapacitanceofabodyifacharge

of1coulombraisesitspotentialby1volt

Submultiplesofthefarad
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DischargingaChargedCapacitor

 Thecircuitfordischargingisasbelow.

 Observation:Itisobservedthatmilliammeter

readingdecreasesfrom maximum valueto

minimum.Thepointerdeflectsinopposite

directiontothatduringcharging.

 Explanation:Duringdischargingchargeflowin

theoppositedirectioni.e.from platetoAuntil

thechargeontheplatesiszero.

 Potentialdifferenceacrossthecapacitor

practicallydiminishestozero.

1microfarad(1µF)=10-6F

1Nanofarad(1µf)=10-9F

1Picofarad(1pF)=10-12F

FactorsAffectingtheCapacitanceofaParallel-Plate

Capacitor

1.AreaofOverlapofthePlates,A

 Capacitanceisdirectlyproportionaltotheareaof

overlapoftheplates(C ∝A)

 Ifthepositiveplateisconnectedtothecapofa

positivelychargedelectroscope,thedivergence

oftheleafincreasesastheareaofoverlap

increases

2.DistanceofSeparationofthePlates,d

 Capacitanceisinverselyproportionaltodistance

ofseparationoftheplates(C ∝ )
1

d

 Ifthepositiveplateisconnectedtothecapofa

positivelychargedelectroscope,thedivergence

oftheleafdecreasesasthedistanceofthe

separationincreases.

3.NatureoftheDielectric

 Dielectricreferstotheinsulatingmaterial

betweentheplatesofaparallelplate

capacitor.

 Permittivity oftheinsulatingmaterialisaε

constantdependentonthemedium between

theplates.

 Iftheplatesareinavacuum,theconstantis

denotedby (epsilonnaught)anditsvalueεo

is8.85 10-12Fm-1×

Expressionforcapacitance

C∝
A

d

CapacitorNetworks

a)CapacitorsinSeries

 Considerthecapacitorsarrangementbelow.

Chargeon =changeon =changeon =QC1 C2 C2

butV= + +V1 V2 V3(I.e.componentsinseries)

andV=
Q

C
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C= ,whereɛ=permittivity
ɛA

d
= + +

QT

CT

Q1

C1

Q2

C2

Q3

C3

= + +
1

CT

1

C1

1

C2

1

C3

where isthecombinedcapacitanceCT

 Foronlytwocapacitors, and areinseries,C1 C2

= + =
1

CT

1

C1

1

C2

+C1 C2

C1C2

Therefore =CT
C1C2

+C1 C2

B)CapacitorsinParallel

 Considerthearrangementbelow.

 Thep.dacrosseachofthecapacitorsisthesame

asthep.dacrossthesourcesincetheyare

connectedinparallel.

= + +QT Q1 Q2 Q3

butQ=CV

V= + +CT C1V1 C2V2 C3V3

= + +CT C1 C2 C3

 Note:Treatchargeascurrentsincecurrentis

therateofflowofcharge.

Examples

1. Twoplatesofaparallelplatecapacitorare1mm apart

andeachhasanareaof6cm2..Giventhatthepotential

differencebetweentheplatesis90V,calculatethe

chargestoredinthecapacitor.(Take

=8.85× )ɛ0 10-12Fm-1

Solution

C=
ɛA

d

C= =5.31× F
8.85× ×6×10-12Fm-1 10-4m2

1×10-3
10-12

Q=CV

Q=5.31× ×90=4.779× C10-12 10-10

2. Findtheseparationdistancebetweentwoplateifthe

capacitancebetweenthenis andthe6× F10-12

enclosedareais3.0cm2(take )=8.85ɛ0 10-12Fm-1

Solution

C=
ɛA

d

6× F=10-12 8.85× ×3×10-12Fm-1 10-4m2

d

d= =4.425×
8.85× ×3×10-12Fm-1 10-4m2

6× F10-12
10-4m2

Exercise
Examples
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1. Achargeof4x104cwasstoredinaparallelplate

capacitorwhenapotentialdifferenceof5Vwas

appliedacrossthecapacitor.Workoutthe

capacitanceofthecapacitor.

2. Thefigurebelow representstwoparallelplates

ofacapacitorseparatedbyadistanced.Each

platehasanareaofAsquareunits. Suggest

two adjustmentsthatcanbemadeso asto

reducetheeffectivecapacitance.

1. Threecapacitorsofcapacitance3µF,4µFand6µFare

connectedtoapotentialdifferenceof24Vasshown

below.

Find:

a) Thecombinedcapacitance

Solution

= + +
1

CT

1

C1

1

C2

1

C3

= + +
1

CT

1

3

1

4

1

6

= =0.75
1

CT

4+3+2

12

= =1.333µFCT
1

0.75

b) Thetotalcharge

Solution

= ;Q3µF C3µFV3µF

=3µF×9.0048V=27.0144µCQ3µF

= ;Q4µF C4µFV4µF

=4µF×9.0048V=36.0192µCQ4µF

= ;Q2µF C2µFV2µF

=2µF×9.0048V=18.0096µCQ2µF

= ;Q
5µF

C5µFV5µF

=5µF×14.9952V=74.976µCQ
5µF

Exercise
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Q=CV

Q=1.333µF×24V=32µC

c) Thechargeoneachcapacitor

Solution

Sincethecapacitorsareinseries,charge

oneachofthem isthesameandisequalto

totalchargei.e.32µC

d) Thevoltageacrossthe4µFcapacitor

Solution

V=
Q

C

V= =8V
32µC

4µF

2. Fourcapacitorsofcapacitance3µF,4µF,2µF,and

5µFarearrangedasshownbelow.

Find:

a) Thecombinedcapacitance

Solution

Capacitors3µF,4µFand2µFarein

parallelandtheirtotalcapacitanceisin

serieswiththe5µFcapacitor.

= +
1

CT

1

+ +C1 C2 C3

1

C4

= + =
1

CT

1

2+4+3

1

5

14

45

= =3.214µFCT
45

14

b) Thetotalcharge

Solution

1. Inthecircuitbelow Given=4µF,= =3µFand =1µF.C1 C2 C3
that calculate:V=12V,

I. Thechargeoneachcapacitor

II. Thevoltageacrosseachcapacitor

2. Inthecircuitshownbelowcalculatethechargeonthe

capacitor

3. Thefigurebelow Showspartofacircuitcontainingthree

capacitors.Write an expression forCT. (The effective

capacitancebetweenAandB.)

4. Statethelawofelectrostaticcharge.

5. ThecapacitorsinthecircuitinFigurebelow areidentical

andinitiallyuncharged.

6. SwitchS1isopenedandswitchS2 closed.Determinethe

finalreadingofthevoltmeter,V.

7. Inthecircuitdiagram showninfigurebeloweachcellhas
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=QT CTVT

=3.214µF×24V=74.976µCor CQT 74.976×10
-6

c) Thechargeoneachcapacitor

Solution

Voltageacross3µF,4µFand2µFisthe

samesincetheyareinparallel;

- = -VT V5µF VT
QT

C5µF

24- =9.0048V
74.976µC

5µF

an emfof1.5 and internalresistance of0.5.The

capacitanceofeachcapacitoris1.4F.
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8. Whentheswitchsiscloseddeterminethe:

a. Ammeterreading

b. Chargeoneachcapacitor

9. Threecapacitorsof1.5F,2.0Fand3.0Fare

connectedinseriestop.d.of12V.Find;-

I. Thecombinedcapacitance.

II. The total charge stored in the

arrangement.

III. Thechargeineachcapacitor.

10.Inthecircuitofthefigure3C1=2F,C2=C3=0.5F

andEisa6Vbattery.Calculatethetotalchargeand

p.dacrossC1

EnergyStoredinaCapacitor

 Chargingacapacitorinvolvesdoingwork

againstrepulsionofthenegativeplatetomore

electronsflowinginandattractionofthe

positiveplateonelectronsflowingout.

 Thisworkisstoredinform ofpotentialenergy.

Theenergymaybeconvertedtoheat,lightor

otherforms.

workdone(Energystoredincapacitor)
=averagecharge×potentialdifference

Energystored= QV
1

2

Energystored= C (sinceQ=CV)
1

2
V2

Energystored= (sinceV= )
Q2

2C

Q

C

 Agraphofcharge, againstvoltage, isaQ V

straightlinethroughtheorigin.

2. A10µFcapacitorischargedtoap.dof200Vand

isolated.Itisthenconnectedinparalleltoa20µF

capacitor.Find:

I. Theresultantpotentialdifference.

Solution

= +QT Q10µF Q
20µF

10 F×200V= V+ V×10-6 (10×10-6) (20×10-6)

V= =10V
10 F×200V×10-6

F+ F(10×10-6) (20×10-6)

II. Theenergystoredbeforeconnection.

Solution

Energystored= C
1

2
V2

Energystored= ×10 F× =0.2J
1

2
×10-6 (200V)

2

III. Theenergyinthetwocapacitorsafter

connection.

Solution

Energystored= C ;Energystored=
1

2
V2

1

2
( +C1 C2)V

2

Energystored= = J
1

2
(10 +20×10-6 ×10-6)102 1.5×10-3

IV. TheenergydifferencebetweenIIandIII

aboveandcommentonyouranswer.

Solution

J=0.1985J(0.2-0.0015)
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Examples

1. A4µFcapacitorischargedtoapotential

differenceof80V.Findtheenergystoredinit

Solution

Energystored= C
1

2
V2

Energystored= ×80V
1

2
( F4×10-6 )

Energystored= J1.6×10-4

Theenergyisconvertedtoheatandlight

Exercise

1. A10µFcapacitorischargedbyan80Vsupplyandthen

connectedacrossanuncharged20µFcapacitor.Calculate:

I. Thefinalp.dacrosseachcapacitor.

II. Thefinalchargeoneach.

Theinitialandfinalenergystoredbythe

capacitors.

2. A 2Fcapacitorischargedtoapotentialof200V,the

supplyisdisconnected.Thecapacitoristhenconnectedto

anotherunchargedcapacitor.Thep.d.acrosstheparallel

arrangementis80V.Findthecapacitanceofthesecond
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capacitor.

3. A5Fcapacitorischargedtoap.dof200vandisolated.It

isthenconnectedtoanotherunchargedcapacitorof10F.

Calculate:

I. Theresultantp.d

II. Thechargeineachcapacitor.

4. Inanexperimenttostudythevariationofcharge

storedoncapacitorandthepotentialdifference

acrossit,thefollowingresultswereobtained.

ChargeQ

(C)

0.0
8

0.1
6

0.2
4

0.3
2

0.4
0

0.56

p.d(v) 2.0 4.0 6.0 8.0 10.
0

14.0

5. PlotagraphofchargeQ.againstp.d

6. Useyourgraphtodetermine:-

a. Capacitanceofthecapacitor.

Energystoredinthecapacitorwhenthep.d

acrossitsplateis10V.
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ApplicationsofCapacitors

1. Usedinsmootheningcircuitstosmoothenthe

d.coutputinrectificationprocess

2. Usedinreductionofsparkingininductioncoil

contact.Variablecapacitorisused in turning

circuitofaradioreceiverinwhichitisconnected

inparalleltoindicator

3. Capacitorsareusedindelaycircuitsdesignedto

giveintermittentflowofcurrentincarindicators.

4. A capacitoris included in flash circuitofa

camerainwhichitdischargesinstantlytoflash.

ChapterTen QUANTITYOFHEAT
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Specificobjectives

Bytheendofthistopic,theleanershouldbeable

to:

a) Defineheatcapacityandspecificheat

capacity

b) Determineexperimentallyspecificheat

capacityofsolidsandliquids

c) Definespecificlatentheatoffusionand

specificlatentheatofvaporization

d) Determineexperimentallythespecificlatent

heatoffusionoficeandthespecificlatent

heatofvaporizationofsteam.

e) Statethefactorsaffectingmeltingpointand

boilingpoint

f) Explainthefunctioningofapressurecooker

andarefrigerator

g) Solveproblemsinvolvingqualityofheat.

Content

1. Heatcapacity,specificheatcapacityunits

(experimentaltreatmentrequired)

2. Latentheatoffusion,latentheatofvaporization,

units(experimentaltreatmentnecessary)

3. Boilingandmelting

4. Pressurecooker,refrigerator

5. Problemsonquantityofheat

(Q=MC∆θ, Q=Ml)

DefinitionofHeat

 Heatisform ofenergythatflowsfrom onebody

toanotherduetotemperaturedifference

betweenthem.

DifferencesbetweenHeatandTemperature

Heat Temperature

Heatisaform ofenergy

thatflowsfrom onebody

toanotherdueto

temperaturedifference

Temperatureisthe

degreeofhotnessor

coldnessofabody

measuredonsamescale

Solution

Q=C∆θ

Q=600J ×K-1 ( -600 200)

=24000J

Exercise

Anelectricalheaterrated240V,3Araisesthetemperatureof

liquidXfrom 25oCto55oCin10minutes.Calculatetheheat

capacityofliquidX.
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Measuredinjoules Measuredinkelvin

HeatCapacity,C

 Heatcapacityreferstothequantityofheat

energyrequiredtoraisethetemperatureofa

givenmassofasubstancebyonekelvin.

Heatcapacity,C=
heatenergyabsorbed,Q

temperaturechange,∆θ

C= orQ=C∆θ
Q

∆θ

 TheSIunitofheatisthejouleperkelvin )(JK-1

 Note:Differentmaterialshavedifferentratesof

heatabsorptionandthereforedifferentheat

capacities.

SpecificHeatCapacity,c

 Specificheatcapacityisthequantityofheat

requiredtoraisethetemperatureofaunitmassofa

substancebyonekelvin(K).

Specificheatcapacity,c=
heatenergyabsorbed,Q

mass,m×temperaturechange,∆θ

c=
Q

m∆θ

Q=mc∆θ

 TheSIunitofspecificheatcapacityisthejouleper

kilogram perkelvin(Jkg-1k-1)

 Specificheatcapacitycanalsobeexpressedas:

Specificheatcapacity,c=
heatcapacity,C

mass

Heatcapacity,C=specificheatcapacity,c×mass,m

Examples

Calculatethequantityofheatrequiredtoraisethe

temperatureofametalblockwithaheatcapacityof

600JK-1from 200Cto600C.

 Note:Iftwosubstancesofthesamemassare

subjectedtothesameamountofheat,they

acquiredifferenttemperaturechangesbecause

theyhavedifferentspecificheatcapacitiese.g.

thespecificheatcapacityofironis460Jkg-1k-1.

Thismeansthat1kgofironwouldtakeinor

giveout460Jofheatwhenitstemperature

changesby1k.

i. Statetheprecautionsthatneedtobetakento

minimizeheatlossestothesurroundings

Solution

i. Thecalorimetershouldbehighlypolished.

ii. Thecalorimetershouldbeheavilylagged.

iii. Thecalorimetershouldbeclosedusingan

insulatinglid(lidmadeofapoorconductor).

Determiningspecificheatcapacityofliquidsusing

methodofmixtures

Example

Ablockofcopperofmass10.0kgandspecificheat

capacity460Jkg-1k-1coolsfrom 800Cto400C.Findthe

quantityofheatgivenout.

Solution

Q=mc∆θ

Q=10kg×460 (8 CJkg-1K-1 0-40)0

Q=184000J=184kJ
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Exercise

Example

Ablockofmetalofmass0.15kgat1000cwas

transferredtoacoppercalorimeterofmass0.4kg

containingaliquidofmass0.8kgat200c.Theblockand

thecalorimeterwithitscontentseventuallyreacheda

commontemperatureof400c.Giventhespecificheat

capacityofaluminium 900Jkg-1k-1,andthatofcopper

400Jkg-1k-1,calculatethespecificheatcapacityofthe

liquid.

Solution

Heatlostbythemetalblock
=heatgainedbyliquid+heatgainedbycalorimeter

∆ = ∆ + ∆mBcB θB mLcL θL mccc θc

0.15×900×(100-40)

=0.8× × +0.4×400×cL (40-20) (40-20)

= =306.25cL
8100-3200

16
Jkg-1K-1

2.Electricalmethod

 Inthismethod,electricheatingcoilsuppliesthe

heatenergywhichisabsorbedbyothersubstances.

DeterminingSpecificHeatCapacityofaMetalBlock

UsingElectricalMethod

 Theset-upthatcanbeusedinthiscaseisasshown

below.

1.Ablockofmetalofmass1.5kgwhichissuitably

insulatedisheatedfrom 300Cto500Cin8minutesand20

secondsbyanelectricheatercoilrated54watts.Find:

a) Thequantityofheatsuppliedbythe

heater

b) Theheatcapacityoftheblock

c) Thespecificheatcapacity

2Findthefinaltemperatureofwaterifaheatersource

rated50W heats100gwaterfrom 250Cin5minutes

(specificheatcapacityofwateris4200Jkg-1k-1)

MethodsofDeterminingSpecificHeatCapacities

1.MethodofMixtures

 Inthismethod,arelativelyhotsubstanceis

mixedwitharelativelycoldsubstance.Heat

energyistransferredfrom hotbodytocold

bodyuntilthermalequilibrium isestablished

DeterminingSpecificHeatCapacityofaSolidUsing

MethodofMixtures

Example

Alaggedcoppercalorimeterofmass0.50kgcontains

0.4kgofwaterat250C.Ametallicsolidofmass1.2kgis

transferredfrom anovenat3500Ctothecalorimeteranda

steadytemperatureof500Cisreachedbythewaterafter

stirring.

ii. Calculatethespecificheatcapacityofthe

materialofthesolid(Specificheatcapacityof

copperis 400Jkg-1k-1andthatofwater4200Jkg-

1k-1)

Solution

Heatlostbythesolid
=heatgainedbythewater+heatgainedbycalorimeter
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∆ = ∆ + ∆mscs θs mwcw θw mccc θc

1.2× ×cs (350-50)
=0.4×4200× +0.5×400×(50-25) (50-25)

= =130.56cs
42000+5000

360
Jkg-1K-1

Precautions

I. Themetalblockmustbehighlypolishedand

heavilylagged.

II. Thetwoholesshouldbefilledwithahighoil

toimprovethermalcontactwiththeheater

andthermometer.

Example

Ametalblockofmass0.5kgisheatedelectrically.Ifthe

voltmeterreads20V,theammeter4Aandthe

temperatureoftheblockrisesfrom 250Cto950Cin8

minutes,calculatethespecificheatcapacityofthemetal

block.

Solution

Heatsuppliedbytheheater
=heatabsorbedbythemetalblock

VIt= ∆θmbcb

20×4× J=0.5kg× ×(8×60) cb (95-25)K
-1

= =1097.14cb
38400

35
Jkg-1K-1

DeterminingSpecificHeatCapacityofLiquidUsing

ElectricalMethod

Example

Inanexperimenttodeterminethespecificheatcapacity

ofwateranelectricalheaterwasused.Ifthevoltmeter

readingwas24Vandthatofammeter2.0A,calculatethe

specificheatcapacityofwaterifthetemperatureofa

massof1.5kgofwaterina0.4kgcoppercalorimeterrose

by60cafter13.5minutes.

ChangeofState

 Changeofasubstancefrom solidtoliquid,from

liquidtogasorthereverseinvolveschangeofstate.

LatentHeat

 Latentheatreferstoamountofheatrequiredto

changestateofasubstancewithoutchangein

temperature

 Itistheheatenergyabsorbedorgivenoutduring

changeofstate.

LatentHeatofFusion

 Latentheatoffusionreferstotheamountheat

requiredtochangethestateofasubstancefrom

solidtoliquidwithouttemperaturechange.

 Note:Whenaliquidchangestosolidstate,latent

heatoffusionisgivenout.

SpecificLatentHeatofFusion,lf

 Specificlatentheatfusionreferstothequantityof

heatrequiredtochangeaunitmassofthesubstance

from solidtoliquidwithoutchangeintemperature.

 TheSIunitofspecificlatentheatoffusionisthe

jouleperkilogram (Jkg-1).

LatentHeatofVaporization

 Latentheatofvaporizationreferstotheheat

requiredtochangethestateofasubstancefrom

liquidtogaswithoutchangeintemperature.

= , ⇒Q=mlf
Q

m
lf
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Solution

Heatsuppliedbytheheater
=heatgainedbywater+heatgainedbycalorimeter

VIt= ∆ + ∆mWcW θW mccc θc

24×2× =1.5× ×6+0.4×400×6(13.5×60) cW

= =4213.33cW
38880-960

9
Jkg-1K-1

Specificlatentheatofvaporization,

 Specificlatentheatofvaporizationisthequantityof

heatrequiredtochangeaunitmassofasubstance

from liquidtovaporwithoutchangeintemperature.

TheSI

unitof

specificlatentheatofvaporizationisthejoule

perkilogram (Jkg-1).

Exercise

Amanwantedtohaveawarm bathat350c.Hehad4.0kg

ofwaterinabasinat900c.whatmassofcoldwaterat

230cmusthehaveaddedtothehotwatertoobtainhis

choiceofbath.Neglectheatlossesandtakespecificheat

capacityofwateras4200Jkg-1k-1

= , ⇒Q=mlV
Q

m
lV
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Examples

1.Calculatetheamountofheatrequiredtoconvert4kgof

iceat-100ctoliquidat50c(specificheatcapacityofwater

is4200Jkg-1k-1,specificheatcapacityofice=2100Jkg-1k-1,

specificlatentheatoffusionofice=340,000Jkg-1k-1)

Solution

Q= + +micecice∆θice micelfice mwatercwater∆θwater

Q=4×2100× +4×340000+4×4200×(10-0) (5-0)

Q=84000+1360000+84000

Q=1528000Jor1.528MJ

2.Akettleratedat4.0kW containing2.0kgofwaterisleft

switchedon.Howlongwillittakethewatertoboildryin

thekettleiftheinitialtemperatureofwateris200c

(specificheatcapacityofwateris4200Jkg-1k-1specific

latentheatofvaporizationofwateris2.26x106Jkg-1.

Solution

Q=Pt= +mmwatercwater∆θwater lVwater

4000×t=2×4200× +2×(100-20) 2.26×106

t= =1298s
672000+4520000

4000

Exercise

1. Calculatetheamountofthermalenergyrequiredto

change5goficeat-100ctosteam at1000c(specific

heatcapacityofice2.10Jg-1k-1,specificlatentheatof

fusionofice336Jg-1,specificlatentheatof

vaporizationofsteam 2260Jg-1,specificheatcapacity

ofwater4.2Jg-1k-1)

2. Acoppercalorimeterofmass60gcontains100gof

oilat200c.apieceoficeofmass28gat100cis

addedtotheoil.Whatmassoficewillbeleftwhen

thetemperatureofthecalorimeteranditscontents

willbe100C?Specificheatcapacityofcopper=0.4Jg-

1k-1,specificheatcapacityofoil2.4Jg-1k-1,specific

latentheatoffusionofice336Jg-1)

a. From thegraph,determinetheboilingpointoftheliquid.

b. I)Determinetheheatgivenoutbytheheaterbetweenthe

timest=0.5minutesandt=5.0 minutes.

II)From thegraphdeterminethetemperaturechange

betweenthetimest=0.5minutesandt=5.0minutes.

III)Hencedeterminethespecificheatcapacityofthe

liquid

c. 1.8gofvaporwascollectedfrom theliquidbetweenthe

timest=6.8minutesandt=7.3minutes.Determinethe

specificlatentheatofvaporizationoftheliquid.

Factorsaffectingmeltingandboilingpoints

Theyaretwo:

I. Pressure

II. Impurities

Effectofpressureonmeltingpoint

 Increaseinpressurelowersthemeltingpointofa

substance.

 Considertheset-upbelow.
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3. Drysteam ispassedintoawelllaggedaluminium

calorimeterofmass400gcontaining1.2kgoficeat

0oC.Themixtureiswellstirredandsteam supplycut

offwhenthetemperatureofthecalorimeterandits

contentsreaches53oC.Neglectingheatlosses,

determinethespecificlatentheatofvaporizationof

waterif400gofsteam isfoundtohavecondensedto

water.(specificlatentheatoffusionofice336Jg-1,

specificheatcapacityofwater4.2Jg-1k-1,specific

heatcapacityofaluminium is900Jkg-1K-.1

4. a)Statetwofactorsthataffecttheboilingpoint

ofaliquid.b)100gofaliquidatatemperatureof

10Cispouredintoawelllaggedcalorimeter.An

electricheaterrated50W isusedtoheatthe

liquid.Thegraphinthefigurebelowshowsthe

variationofthetemperatureoftheliquidwith

time.

 Itisobservedthatthewirecutsitswaythroughthe

iceblock,butleavesitasonepiece.

Explanation

 Thewireexertspressureontheicebeneathit

andthereforemakesitmeltatatemperature

lowerthanitsmeltingpoint.

 Thewaterformedbymeltediceflowsoverthe

wireandimmediatelysolidifiesandgivesout

latentheatoffusiontocopperwirewhichituses

tomelticebelowit.

 Note:Copperwireisusedintheexperiment

because:

I. Itisagoodconductorofheat.

II. Ithashigherthermalconductivitythanother

metals.

Applicationsofeffectsofpressureonmeltingpoint

ofice

I. Itisappliedoniceskatinginwhichweightof

theskateractsonicethroughthinbladesof

skates.Thismeltstheicetoform afilm of

wateronwhichtheskaterslides.

II. Itcanbeusedinjoiningtwoicecubesunder

pressure.

Evaporation

 Evaporationistheprocessbywhichaliquidchanges

toagas.Itoccursatalltemperatures(i.e.hasno

fixedtemperature)

Factorsaffectingrateofevaporation

1.Temperature

Rateofevaporationincreaseswithtemperaturesince

increaseintemperatureincreaseskineticenergyof

moleculesandthereforesurfacemoleculeseasily

escape.

2.Surfacearea

 Rateofevaporationincreaseswithsurfacearea

becausemanymoleculesareexposedwhensurface

areaislarge.Waterinbasin(a)evaporatesfaster

thantheonein(b)inthefigurebelow.

3.Draught

 Draughtincreasesrateofevaporationsinceit

sweepsawayevaporatingmoleculesclearingaway
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Effectofimpuritiesonmeltingpoint

 Impuritieslowerthemeltingpointsof

substances.

 Thisisappliedinhumidareasduringwinterin

whichsaltisspreadonroadsandpathsto

preventfreezing.

Effectofimpuritiesonboilingpoint

 Impuritiesraisetheboilingpointsofsubstances.

Thisiswhysaltedfoodcooksfasterthan

unsaltedone.

 Considertheset-upbelow.

 Whentheliquidsareheatedtoboiling,the

boilingpointofsaltsolutionisobservedtobe

higherthanthatofdistilledwater.Thisis

becauseimpuritiesraisetheboilingpointofa

liquid.

EffectofPressureonBoilingPoint

 Decreaseinpressurelowerstheboilingpointof

aliquidwhileincreaseinpressureraisesthe

boilingpoint.

 Thisiswhyfoodtakeslongertocookathigh

altitudesthanatlowaltitudesbecausepressure

athighaltitudeishigher.

 Itisalsothereasonastowhywaterinasufuria

closedwithalidboilsfasterthantheclosed

one.Thesteam pressureinaclosedsufuriais

higherandthisraisestheboilingpointofwater

makingittoboilfaster.



formoremoleculestoescape.Thisiswhyclothes

dryfasteronawindyday.

4.Humidity

 Increaseinhumiditylowersrateofevaporation.This

iswhyclothestakelongtodryonahumidday.

EffectsofEvaporation

I. Onefeelscoldwhenmethylatedspiritisapplied

onhisheadaftershaving.Thisisbecausethe

evaporatingspiritgetslatentheatofvaporization

from hisbody.

II. Thinlayeroffrostformsaroundtheoutsideofa

testtubewallswhenairisblownthrough

methylatedspirit.inthetube.Thisisbecausethe

evaporatingspiritobtainslatentheatof

vaporizationfrom wallsofthetubecreatinga

coolingeffect.

DifferencebetweenEvaporationandBoiling

Evaporation Boiling

Ittakesplaceatall

temperatures.

Ittakesplaceatfixed

temperature.

Ittakesplaceonthe

liquidsurfaceonly.

Ittakesplacethroughout

theliquid.

Decreasing

atmosphericpressure

increasestherateof

evaporation.

Decreasingatmospheric

pressurelowersthe

boilingpoint.

ApplicationsofCoolingbyEvaporation

1. Sweating

 Evaporatingsweatabsorbslatentheatof

vaporizationfrom bodyandthereforecreatinga

coolingeffect.

2. CoolingofWaterinaPorousPot

 Waterseepingoutofthepotthroughpores
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evaporatesfrom surfaceofpot,creatingacooling

effect.

1. TheRefrigerator

 Itconsistsofahighlyvolatileliquid(Freon)

whichtakeslatentheatofvaporizationfrom

contents(food)inrefrigeratorandevaporates.

 Thepumpremovesthevaporintolowercoil

outsidethecabinetwhereitiscompressedand

changedtoliquidform.

 Theevaporatorandcondenserpipesarehighly

coiledtoincreasesurfaceareaforabsorption

andlossofheatrespectively.

 Thepipesaremadeofgoodconductorofheat

(copper)toincreaseheatconductivity.

 Thecopperfinsenhanceheatlosstothe

surroundingatthecondenserpipe.

3 .4. Statetwofactorsthatwouldraisetheboilingpointof

watertoabove1000C

5. a)Statewhatismeantbytheterm specificlatentheat

ofvaporization

b)Inanexperimenttodeterminethespecificlatentheatof

vaporizationofwater,steam at1000cwaspassedintowater

containedinawell-laggedcoppercalorimeter.Thefollowing

measurementsweremade:

 Massofcalorimeter =50g

 Initialmassofwater =70g

 Finalmassofcalorimeter+water+condensedsteam

=123g

 Finaltemperatureofmixture=300C

(Specificheatcapacityofwater=4200Jkg-1Kandspecific

heatcapacityforcopper=390Jkg-1K-1)Determinethe:

I. Massofcondensedsteam

II. Heatgainedbythecalorimeterandwater

III. GiventhatListhespecificlatentheatofevaporation

ofsteam

i. Writeanexpressionfortheheatgivenoutby

steam

ii. DeterminethevalueofL.

6.Aheatingelementrated2.5KW isusedtoraisethe

temperatureof3.0kgofwaterthrough500C.Calculatethe

timerequiredtoaffectthis.(Specificheatcapacityofwateris

4200J/kg/K)

7.Statetwofactorsthataffectthemeltingpointofice.

8.Steam ofmass3.0gat1000cispassesintowaterofmass

400gat100c.ThefinaltemperatureofthemixtureisT.The
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RevisionExercise

1.Anelectricheaterrated6000W isusedtoheat1kgof

iceinitiallyat-100cuntilallthemassturnsto steam.

Giventhatlatentheatoffusionofice=334kJkg-1,specific

heatcapacityofice= 2,260J kg -1 K -1,specific heat

capacityofwater=4,200Jkg-1 K-1 andlatentheatof

vaporizationofwater=2,260KJkg-1 K-1,calculatethe

minimum timerequiredforthisactivity.

2a)Explainwhyaburnfrom thesteam ofboilingwateris

moreseverethanthatofwateritself?

b)Anenergysavingstovewhenburningsteadilyhasan

efficiencyof60%.Thestovemelts0.03kgoficeat00cin

180seconds.Calculate;-

I. Thepowerratingofthestove.

II. Theheatenergywastedbythestove.

3Animmersionheaterrated90W isplacedinaliquidof

mass2kg.Whentheheaterisswitchedonfor15minutes,

thetemperatureoftheliquidrisesfrom 200Cto300C.

Determinethespecificheatcapacityoftheliquid.

containerabsorbsnegligibleheat.(Specificlatentheatof

vaporizationofsteam=2260kJ/kg,specificheatcapacityof

water=4200Jk-1)

I. Deriveanexpressionfortheheatlostbythesteam as

itcondensestowaterattemperatureT.

II. Deriveanexpressionfortheheatgainedbythewater.

III. DeterminethevalueofT.

9.Acantogetherwithstirreroftotalheatcapacity60j/k

contains200gofwaterat100c.drysteam at1000cispassedin

whilethewaterisstirreduntilthewholereachesatemperature

of300cCalculatethemassofsteam condensed.

10.Animmersionheaterwhichtakesacurrentof3Afrom 240V

mainsraisedthetemperatureof10kgofwater300cto

500c.Howlongdidittake?

11.100gofboilingwaterarepouredintoametalvessel

weighing800gatatemperatureof200cifthefinal

temperatureis500c.Whatisthespecificheatcapacityof

themetal?(SpecificHeatcapacityofwater4.2x

103J/kg/k)

12.0.02kgoficeand0.01kgofwater00careinacontainer.

Steam at1000cispassedinuntilalltheiceisjustmelted.

Howmuchwaterisnowinthecontainer?

13.Inadomesticoil-firedboiler,0.5kgofwaterflowsthrough

theboilereverysecond.Thewaterenterstheboilerata

temperatureof300candleavesatatemperatureof700c,re

-enteringtheboilersafterflowingaroundtheradiatorsat

300c.3.0x107Jofheatisgiventothewaterbyeach

kilogram ofoilburnt.Thespecificheatcapacityofwateris

4200Jkg-1K-.1

I. Usetheinformationabovetocalculatethe

energyabsorbedbythewatereverysecondasit

passesthroughtheboiler.

II. Usethesameinformationabovetocalculatethe

massofoilwhichwouldneedtobeburntinorder

toprovidethisenergy.

14.Youareprovidedwithtwobeakers.Thefirstbeaker

containshotwaterat700c.Thesecondbeaker

containscoldwaterat200c.Themassofhotwateris

thricethatofcoldwater.Thecontentsofboth

beakersaremixed.Whatisthetemperatureofthe
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mixture?

15.Calculatetheheatevolvedwhen100gofcopperare

cooledfrom 900cto100c.(SpecificHeatCapacityof

Copper=390J/Kg/k).

16.An-immersionheaterrated150wisplacedinaliquid

ofmass5kg.Whentheheaterisswitchedonfor25

minutes,thetemperatureoftheliquidrisesfrom 20-

2700c.Determinethespecificheatcapacityoftheliquid.

(Assumenoheatlosses)


