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ChapterOne THINLENSES

Objectives

Bytheendofthislessonthelearnershouldbeable
to:

a) Describe converging lenses and diverging
lenses.

b) Describeusingraydiagramstheprincipalfocus,
theopticalcentreandthefocallengthofathin
lens.

c) Determineexperimentallythefocallengthofa
converginglens.

d) Locateimagesformedbythinlensesusingray
constructionmethod.

e) Explaintheimageformationinthehumaneye.

f) Describethedefectsofvisioninthehumaneye
andhowtheyarecorrected.

g) Describetheusesoflensesinvariousoptical
devises.

h) Solve numericalproblems involving the lens
formulaandthemagnification.

Introduction

Lens-Isacarefullymoldedpieceofatransparent
materialthatrefractslightinsuchawayastoform
an image.They normally operate on refractive
propertyoflight.

 They are made of glass,clear plastic,or
Perspex.

 They are found in cameras human eye,
spectacles, telescopes, microscope and
projectorse.t.c

Typesoflenses

Therearetwomajortypesoflenses,namely:

1. Convex(converging)-theyarethickestatthe
middleandthinnestattheends.

2. Concave(diverging)–theyarethinnestatthe
middleandthickestattheends.

Convexlenses

Effectoflensesonparallelraysoflight.

A lens relies on the principalofrefraction oflight.
Thereforewhenparallelraysaredirectedtowardsthe
lenstherayswillberefractedeitherbybeingconverged
orbybeingdiverged.

 When the convex lens is used the rays are
converged.

 Ifa concave lensisused then the raysare

diverged.

Definitionofterms

a) Centreofcurvature–thecentreofthespherewhich
thelensispart.

b) Radiusofcurvature(r)-theradiusofthesphereof
whichthesurfaceofthelensispart.

c) Principalaxis–itisanthelinejoiningthecentresof
curvatureofitssurfaces.

d) OpticalCentre(O)-itisapointontheprincipalaxis
midwaybetweenthelenssurfaces.

e) Principalfocus(F)–Foraconvexlens,isapointon
the principalaxis where allrays converge after
passingthroughthelens.Whileforaconcavelens,
isapointontheprincipalaxisbehindthelensfrom
which rays seem to diverge from afterpassing
throughthelens.

f) Focallength(f)– itisthedistancebetweenthe
opticalcentreandtheprincipalfocus.

g) Focalplane– itisa planeperpendicularto the
principalthatalltheraysseem toconvergetoor
seem toappeartodivergefrom.Theincidentraysin
thiscasearenotparalleltotheprincipalaxis.

h) Paraxialrays-theseareraysthatareparalleland
closetotheprincipalaxis.

i) Marginalrays-theseareraysthatareparalleland
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Concavelenses

farawayfrom theprincipalaxis.

1.2RayDiagrams

Foronetolocatetheimagewhenusingalens,ray
diagramsareofgreatimportance.Therearethree
majorrays thatare used in raydiagrams forthe
locationofimagesformedbythelens.

Theseraysare;

(i) Arayoflightparalleltotheprincipalaxis.

This ray passes through the principalfocus (for
convexlens)orseem toappeartoemergefrom the
principalfocus(forconcavelens)afterrefractionby
thelens

(ii)A ray oflightpassing (orappearing to pass
through)theprincipalfocus

-therayemergesparalleltotheprincipalaxisafter
refractionbythelens

1.3ImageFormation

Itisimportanttonote:

 Realraysandrealimagesaredrawninfulllines.

 Virtualrays and virtualimages are drawn in
broken/dottedlines.

 Tolocatetheimage,twoorthreeraysfrom thetip
oftheobjectaredrawn.

 Shouldthefootoftheobjectcrosstheprincipal
axis,themethodon3aboveisusedtogetthefoot
oftheimage.Thetopisjoinedtothefoottoget
theimage.

Example

 Converging and diverging lenses are
representedbythesymbolsshownbelow.

Characteristicsofimagesformedbylenses
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(iii)Arayoflightthroughtheopticalcentre

Thisraypassesonun-deviated

Converginglenses.

Objectatinfinity.

Theimageis

(i) Real

(ii)Inverted

(iii)Diminished

(iv)FormedatF

Objectbeyond2F

Theimageis

(i) Real

(ii)Inverted

(iii)Diminished

(iv)formedbetweenFand2Fontheothersideof
thelens

Objectat2F

Theimageis

(i) real

(ii)Inverted

(iii)Samesizeastheobject

(iv)Formedat2F,ontheothersideofthelens

ObjectbetweenFandlens

Theimageis

(i) Virtual

(ii) Erect

(iii)

(iv)Magnified

(v) Formedonthesamesideasobject

Diverginglenses

Theimageis

(i) Virtual

(ii) Erect

(iii)diminished

LinearMagnification

 Magnificationisameasureoftheextenttowhich
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ObjectbetweenFand2F

Theimageis

(i) Real

(ii)Inverted

(iii)Magnified

(iv)formedbeyond2Fontheothersideofthe
lens

ObjectatF

Theimageisatinfinity

anopticalsystem enlargesorreducesanimage.

 Linearmagnificationisaratioofheightofimageto
theheightoftheobjectORtheratiooftheimage
distancetotheobjectdistance.

magnification=
heightofimage

heightofobject

Ormagnification=
imagedistance

objectdistance

Therefore, =m=
V
u

Thelensformula

Consideranimageformedbyconverginglensasshown
below.

POistheobjectdistance,u,PIistheimagedistance,v,
andPFthefocallength,f.
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OB=PH

TrianglesPOBandPIM aresimilar.Therefore;

= = ………………………………………..(1)
OB

IM

PO

PI

u
v

Similarly,trianglesPFHandIMFaresimilar.So;

= ……………………………………………….(2)
PH

IM

PF

IF

But,PF=f

;IF=PI-PF IF=v-f

Substitutethesevaluesinequation(2);

= ………………………………………..(3)
OB

IM

f

v-f

Combiningequations(1)and(3);

=
u
v

f

v-f

uv-uf=vf

uv=vf+uf

uv=f(v+u)

=v+u
uv

f

= = +
1

f

v+u
uv

v
uv

u
uv

Hence = +
1

f

1
u

1
v

Thisiscalledthelensformulaandholdsforboth
converginganddiverginglens.

Examples

(i) Anobject0.05m highisplaced0.15m infrontof
a convexlens offocallenght0.1m.find the
position and size ofthe image.whatis the
magnification?

Solution

=0.05m,u=0.15m,f=0.1m,v=?, =?ho hi

= + ,
1

f

1
u

1
v

= + , v=0.3m
1

0.1

1

0.15

1
v

= =m ⇨ = × ,
hi

ho

v
u

hi
v
u

ho

(ii)Anobjectplaced6m from aconverginglensforms
anerectimagethatisfivetimeslarger.Statethe
typeoftheimageformed.Findthefocallenghtof
thelens.

Solution

Theimageisvirtualsinceitisuprightandmagnified.

,From =m
v
u

=5⇨v=5u,u=6m,v=5×6=30m
v
u

= + , = + ,f=5m
1

f

1
u

1
v

1

f

1

6

1

30

Relationshipbetweenmagnificationandfocallength

Wehave;

= +
1

f

1
u

1
v

Multiplybothsidesbyv;

= +
v

f

v
u

v
v

But, ,therefore,=mand =1
v
u

v
v

=m+1
v

f

Re-arranging;

m= -1
v

f

Todetermineuandv,real-is–positivesignconvention
isadopted.Accordingtothisconvention:

I. Alldistancesaremeasured from theoptical
centre.

II. Distancesofrealobjectsandrealimagesare
positivewhereasdistancesofvirtualobjects
andimagesarenegative.

III. Thefocallengthofaconverginglensispositive
whilethatofdiverginglensisnegative.

Exercise

1. Anobjectisplaced12cm from aconverginglens
offocasllenght18cm.Findthepositionofthe
image.

2. Anobjectisplaces10cm from adiverginglensof
focallenght15cm.Findthenatureandtheposition
oftheimage.

3. Thefocallenghtofaconverginglensisfoundtobe
10cm.how farshouldthelensbeplacedfrom an
illuminatatedobjecttoobtainanimagewhichis
magnifiedfivetimesonascreen?
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Graphicalinterprentationofthelensformula

CASE1:

Exercise

Interpreteagraphof:

= ×0.05=0.015m,m= =3hi
0.3

0.1

0.3

0.1
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Agraphof ;against
1
v

1
u

Fromthelensformula,= +
1

f

1
u

1
v

Re-writetheequationintheformy=mx+c

=- + Hence,slope=-1and-intercept=
1

V

1
u

1

f

1
v

1

f

CASE2

Agraphofuvagainstu+v

,Fromthelensformula = +
1

f

1
u

1
v

=
1

f

v+u
uv

uv= f(u+v)

Intheformy=mx+c

uv=f +0(u+v)

Thusgradient=fanduvintercept=0

Itisagraphofastraightlinepassingthroughthe
origin.

(i) against
1
u

1
v

(ii) u+vagainstuv

CASE3:

Graphofuagainst
1
m

= +
1

f

1
u

1
v

= +
u

f

u
u

u
v

=1+
u

f

1
m

u=f +f
1
m

Implyingthatf=slopeandu-intercept=f

Itisastraightlinethatcutstheverticalaxisatf.

Exercise

Interpretagraphof:

(i) m againstv

(ii) Vagainstm
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ExperimentalDeterminationOfTheFocalLengthOfA
Converging(Convex)Lens

Method(1):

FocusingADistantObject

Apparatus

Metrerule,lens,alensholder,screen

Procedure

1. Mountaconvexlensonalensholderandfixa
metreruleonabenchusingplasticineasshown
below.

2. Placeawhitescreenatoneendofthemetrerule.

3. Movethelenstoandfroalongthemetreruleto
focusclearlytheimageofadistantobject,likea
treeorwindowframe.

4. Measurethedistancebetweenthelensandthe
screen.

Focallength--------------------cm

Note:Thedistancebetweenthelensandthescreen
givesaroughestimateofthefocallengthofthelens.
This is because parallelrays from infinity are
convergedatthefocalpointonthescreen.

Method(2):

Using an Illuminated Object And Plane
Mirror/ReflectionMethod

Procedure

1. Setthelensin itsholderwith aplanemirror
behinditsothatlightpassingthroughitcanbe
reflectedbackasshownbelow.

2. Adjustthe position ofthe lens holderuntila
sharp image ofthe objectis formed on the
screenalongsidetheobjectitself.

3. Recordthedistancebetweenthelensandthe
screen.

Focallength----------------------cm

NOTE:

Undertheseconditions,raysfrom anypointonthe
objectwillemergefrom thelensasparallelrays.
Theyarethereforereflectedbackthroughthelens
andbroughttoafocusinthesameplaneasthe
object.Thedistancebetweenthelensandthescreen
nowgivethefocallengthofthelens.

Method(3):

UsingAPinAndPlaneMirror/NoParallaxMethod

1. Setuptheapparatusasshownbelow.

2. Adjustthepositionofthepinupanddowntillits
tipisatthesamehorizontallevelasthecentreof
thelens.Apositionisfoundforwhichthereisno
parallaxbetweenitandtherealimageformed.
Forbestresults,attentionshouldbegiventothe
tiltoftheplanemirrorsothatthetipoftheimage
oftheobjectpinappearstotouchatthesame
levelasthecentreofthelens.

3. Thedistancebetweenthepinandthelenswill
thenbeequaltothefocallengthofthelens.

Focallength=-----------------------cm

Thepowerofalens

Isameasureofrefractivepropertyofalens.Itis
givenby

power=
1

focallengthinmetres

Theunitofpowerofalensisdioptres(D)
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USESOFLENSESINOPTICALDEVICES

Duetotheirabilitytoconvergeordivergelightrays,
lensesarewidelyusedinopticaldevices.Thedevices
include;

 Humaneye

 Simplemicroscope

 Compoundmicroscope

 Thecamera

Thehumaneye

Itisanaturalopticalinstrument

1. Scleroticlayer–hardshellthatenclosestheeye
andiswhite.

Thefrontpartistransparentand spherical
knownasthecornea.

Mostbendingoflightenteringtheeyeoccurs
atthecornea.

2. AqueousHumour– clearliquid between the
corneaandthelens.Ithelpstheeyemaintain
shape.

3. Iris–itisthecolouringoftheeye.Ithaspupil
whichregulatestheamountoflightenteringthe
eye.

4. Crystallinelens-itisaconverginglens.Itcan
changeitsfocallengthbytheactionofCiliary
muscles

5. Vitreous humour – transparent jelly like
substancefillinganotherchamberbetweenthe

Defectsofvision

Shortsightedness(myopia)

 Canonlyclearlyseenearobjects

 Raysofnearobjectsarefocusedontheretina
butthosefordistanceobjectsarefocusedin
frontoftheretina

Causes

 Shortfocallengthoftheeyelens

 Longeyeball

Correctedbydiverginglensesasshown

Longsightedness(hypermetropia)

 Canseedistantobjectsbutnotnearones

 Theimagesofnearobjectsareformedbehind
theretina

Causesare:

 Toolongfocallengthoftheeye

 Tooshorteyeball
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lensandtheretina

6. Retina–itiswheretheimageisformed and
Madeofcellsthatarelightsensitive

7. Fovea–centralpartoftheretinathatexhibits
bestdetailsandcolourvisionatthisplace.

8. Blindspot–thiscontainscellsthatarenotlight
sensitive.

9. Ciliary muscles – these are muscles that
supportthelens.Theycontroltheshapeoflens
by contracting or relaxing. In relaxing the
musclesitenablesthelenstoincreasehence
focus distance objects. In contraction the
musclesreducetensionsinthelenstoincrease
itsfocallengththusfocusnearobjects.This
processisknownasaccommodation.

Nearpoint–closestpointwhichthenormaleyecan
focus.Farpoint-furthestpointthatanormaleyecan
focus.

 Itiscorrectedbyusingconverginglenses

Camera

 Thecamerahaslensesthatfocuslightfrom
theobjecttoform animageoftheobjecton
thefilm.

 Focusing is done byadjusting the distance
betweenthelensandthefilm .thediaphragm
controlstheamountoflightenteringtheeye.

 Theshutterallowslighttoreachthefilm only
fora precise period when the camera is
operated.

 Theinsideisblackenedtoabsorbanystray
light.

Similaritiesbetweentheeyeandthecamera

Eye Camera

Hascrystalline
convexlens

Hasaconvexlens

Choroidlayerisblack Boxpaintedblack
inside

Theretinawhere
imagesareformed

Light-sensitivefilm
whereimagesare
formed.

Iriswhichcontrolsthe
amountoflight
enteringtheeye

Diaphragm which
controlstheamount
oflightenteringthe
camera.

Compoundmicroscope

Therearetwocasesunderwhichaconverginglenscan
producemagnifiedimages;

WhentheobjectisbetweenFand2F.

WhentheobjectisbetweenthelensandF.

A compound microscope combines the above two
cases.Itconsistsofconverginglensesofshortfocal
length .The focallength nextto the objectiscalled
objectivelensandtheonenexttotheeyeiscalledthe
eyepieceorocular.Theobjectivelensisofshortfocal
length.

Theeyepieceisalsoofshortfocallengthbutlonger
thanthatoftheobjectivelens.Acompoundmicroscope
overcomesthelimitationsofasimplemicroscopeby
use ofobjective lenses with many lenses and an
eyepiecewithmorethanonelens.

Total magnification produced by a compound
microscopeisgivenby;
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Differencesbetweentheeyeandthecamera

Eye Camera

Varablefocallength Fixedfocallength

Constant image
distane

Variable image
distance

Constantly changing
pictures

Onlyonephotograph
can be taken atat
time

Simplemicroscope

Itissometimesreferredtoasamagnifyingglass.
Whentheobjectisplacedbetweenaconvexlens
anditsprincipalfocus,theimageformedisvirtual,
erectandmagnified.

Where istheimagedistancefrom Iand( -1)( -1
Ve

fe )
vo

fo
vo

theimagedistancefrom I’.Ve

REVISIONQUESTIONS

1. Thediagram belowshowsanarrangementoflenses,
LoandLeusedinacompound microscopeFO and
FeareprincipalfociofLoandLerespectively.

Drawtheraystoshowhowthefinalimageisformedin
themicroscope

ChapterTwo

UNIFORM CIRCULARMOTION

SpecificObjectives

Bytheendofthistopic,thelearnershouldbeable
to:

 Defineangulardisplacementandangular
velocity

 Describesimpleexperimentstoillustrate
centripetalforce

 Explaintheapplicationofuniform circular
motion

 Solve numerical problems involving
uniform circularmotion

Content
 The radian,angular displacement,angular

velocity

 Centripetal force; ,F=
mv2

r
F=mrω2

(derivation of formulae not required)
(experimentaltreatmentisnecessary)

 Applicationsofuniform circularmotion
 Centrifuge,vertical,horizontalcirclesbanked

tracks (calculations on banked tracks and
conicalpendulum notrequired)

 Problem solving(Apply , )F=
mv2

r
F=mrω2

DefinitionofTerms

(A)AngularDisplacement,θ

Itistheanglesweptthroughalinejoiningtothe
centreofcircularpath.Itismeasuredinradians.

Convertthefollowingintoradians:

a) 800C

b) 1200C
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Itiscalculatedasangulardisplcement=
arclength

radius

θ=
s
r

Radian

Is defined as an angle of sector of the
circumferencewhoselengthisequaltoitsradius
oristheratioofarclengthtotheradiusofa
circular.

radian=
arclength

radius

radian=
s
r

radian=
2πr
r

=2π

=2πr 3600

Relationshipbetweenangulardisplacement, andθ
angularvelocity.

----------------------------------------------------(i)V=
∆S

∆t

-------------------------------------------------(ii)∆θ=
∆S

∆r

Forsmallchangeinequation(ii)

= -------------------------------------------------(iii)∆ϴ
∆S
r

Dividingequation(iii)by∆t

=
∆θ

∆t

∆s

r∆t

ω= →v=ωrv
r

Anybodyincircularmotionhasbothlinearvelocity

(b)AngularVelocity

Itistherateofchangeofangulardisplacement.Itis

denotedbyGreekletteromega(ω).

=

t

Ismeasuredinradianpersecond

Example

1. Aparticlemovinginacircularpathcoversone
revolutionintenseconds.Calculateitsangular
velocity.

Period/PeriodicTime

Isthetimetakentocompleteonerevolution.

periodictime=anglecoveredinone
revolution

angularvelocity

T=
2π
ω

Frequency(f)

Frequency,f=
1

T

ω=2πf=
1

f

2π
ω
→

CentripetalAcceleration

 Anobjectgoingthroughacircularpathissaid
toaccelerate.

 Ifthevelocityofsuchobjectisconstantthe
object still accelerates because there is
continuouschangeinvelocityastheobject
continuously changes direction. From
Newton’s second law ofmotion,the body
experiences a resultantforce as itmoves
roundspath.Thisresultantforceisdirected
towardsthecircularpath.

 Accelerationofthisbodyisinthedirectionof
forceappliedtoiti.e.itacceleratestowards
thecentreofthecircularofthecircularpath.
This acceleration is called centripetal
acceleration.

Thecentripetalaccelerationisgivenbythefollowing

equation.
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inm/sandangularvelocityinrads/s.

Examples

1. A turn table rotates atthe rate of60
revolutionsperminute.Whatisitsangular
velocityinrads/s

2. Amodelcarmovesaroundacircularpath
ofradius0.6m at25Rev/s.Determineits;

(a)period

(b)Angularvelocity()ω

(c)Speed(v)

3. Thecarmoveswithuniform velocityof
3m/sinacircleofradius0.2m.Findits
angularvelocityandfrequency.

4. Distinguish between angularand linear
velocity.

Centripetalaccelerationa=
v2

r

Butv=ωr

a= rω2

CentripetalForce

Isaforcethatisrequiredtokeepabodymovingina
circularpathandisdirectedtowardsthecentreofthe
circularpath.

Ifanobjectmovingthroughacircularpathisreleased
suddenlyitfliesofftangentially.

FactorsAffectingCentripetalForce.

1.Massoftheobject,m-theheaviertheobjectthe
morethecentripetalforceneededtomaintainitin
circularpath.

2. Angularvelocityoftheobject, -anincreaseinω
centripetalforce needed to maintain the objectin
circularpath.

3.Radiusofthepathr-theshortertheradiusofthe
path the larger the centripetalforce required to
maintaintheobjectincircularpath.

Example

Thefigurebelow showsthediagram ofsetupto
investigatethevariationofcentripetalwiththeradius
r,ofthecircleinwhichabodyrotated

ExamplesofUniform CircularMotion

Acarroundingalevelcircularbend

Whenacarisgoingroundinacircularpathona
horizontalroad,thecentripetalforcerequiredfora
circularmotionisprovided bythefrictionalforce
betweenthetyresandtheroad

Therefore- =Fr
mv2

r

Iftheroadisslipperythenfrictionalforcemaynotbe
sufficientsotoprovidecentripetalforce
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Describehowthesetupcanbeusedtocarryoutthe
investigation

 Keepangularvelocity constant;ω
 Centripetalforceprovidedbymg;
 Fixthemassm andmeasureofm;
 Repeatfordifferentvaluesofm;

Theabovefactorsareproofedusingaturntable.

Theturntablehasthefollowingfeatures

 Increaseinspeedoftheturntableincreases
lengthofthespring(increaseincentripetal
force)

 Whenusingashorterspringthereismore
extension ofthe spring than using along
spring.

 Whenusingaheaviermetalbarwillproduce
moreextensionthanusingalighterball.

Thisisaprooftotheabovefactors.

Thegraphofforceagainstthesquareofangular
velocityisastraightlinethroughtheorigin.

F∝
MV2

r

F=
KMV2

r

Whenk=1, ,butF=
MV2

r
v=ωr

Hence, ,thus,F=
mω2r2

r
F=mrω2

To preventskidding the carshould notexceed
certainspeedlimitsreferredtoasthecriticalspeed

Thiscriticalspeeddepends-

Radiusofthebendi.e.onemaynegotiatetheabend
athighercriticalspeedtheradiusofthebendisbig

Condition ofthetyreand thenatureoftheroad
surfacethiswillproducethefrictionalforceneedto
negotiatethebend

Bankedtracks

Conditioninwhicharoadisraisedgraduallyfrom
theinnersideofthebend.

-Is the horizontalcomponentwhich isRsinθ
responsibleforprovidingcentripetalforce.

BYprincipleofmoments

R.x=Fry
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-IstheverticalcomponentthatisresponsibleRcosθ
forbalancingtheweightofthevehicle.

Ifavehicleofmassm istravellingalongacircular
pathofradiusratuniform speedv,then

Rsinθ= ……………………..(i)
mv2

r

Rcosθ=mg…………………………..(ii)

Divide(i)by(ii)

= ×
Rsinθ

Rcosθ

mv2

r
1
mg

=tanθ
sinθ

cosθ

Hencetanθ=
v2

rg

Themaximum speedrequiredforabodymovingina
circularpathwhoseangleofbankingis isgivenby;θ

=rgtanθHence,v=v2 rgtanθ

Acyclistmovingroundacirculartrack

Frictionalforce(Fr)isprovidedbycentripetalforce
which is directed towards the car however if
frictional force is not sufficient to provided
centripetalforce skidding takes place. To avoid
skidding the cyclistleg inwards so thatnormal
reaction offrictionalforce produces the turning
effecttotheclockwiseandanticlockwisedirections.

TakingmomentsaboutG

=
x
y
mv2

rmg

=
x
y
v2

rg

Tan =θ
v2

rg

Makingvthesubjectoftheformula

v= rgtanϴ

Tan =θ
Fr
mg

Mgtan =Frθ

Fr=µR

Mgtan =µmgθ

Tan =µθ

Whereµiscoefficientoffriction

Skiddingoccurswhentan isgreaterthanµθ

Conicalpendulum

Ifapendulum bobmovesinsuchawaythatthestring
sweeps outa cone,then the bob willdescribe a
horizontalcircle.

Example:

(a)Thefigurebelowshowsanobjectattheendofa
lightspring balance connected to a peg using a
string.Theobjectismovinginacircularpathona
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Asitcanbeclearlyseen,therearetwoforcesacting
onthependulumbob;

(i) itsweight(mg)

(ii) Thetensioninthestring.

Centripetal force is provided by the horizontal
componentofthe tension (F Sin). Hence from
Newton'ssecondlaw;

(Where symbols haveFSin= ……………………..
mv2

r
(1)

their usualmeaning).Since there is no vertical
acceleration

FCos=mg………………………..(2)

Again,fromthetwoequations;Tan=
v2

rg

Notethatthisequationissimilartotheonewegot
earlierforbankedtracks.

WhentheangularvelocityW thecorkriseshenceQ
increases.Thisconceptisappliedinmerrygoround
andspeedgovernors.

MotioninaHorizontalCirce

Thetensioninthestring providesthecentripetal
force.

T=FC

T=
MV2

r

Wherethelengthofthestring=radiusofrotation

smooth horizontaltable with a constantspeed.

(i)Whatprovidestheforcethatkeepstheobject
movinginthecircularpath?

(ii)Indicatewithanarrowonthefigurethedirection
ofcentripetalforce .

(iii)Thespeedoftheobjectisconstant,whyisthere
acceleration?

(iv)Althoughthereisforceactingontheobject,NO,
workisdoneontheobject.Explain.

(v)Giventhatthemassoftheobjectis0.5kgandit
is moving at speed of 8m/s at a radius of
2m.Determinethereadingonthespringbalance.

(vi)Statewhathappenstothereadingifthespeedof
rotationisreduced.
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MotioninVerticalPath

Tension on the spring changes its magnitude
dependingonthepositionoftheball.

WhentheballisatA,thesum oftensionTA and
weightMg acting in the same direction provide
centripetalforce.

=Ta+Mg----------------------------------------------(i)
MV2

r

WhentheballisatA itattainsminimum speed
becauseTa=0

=mg
MV2

r

Vmin= rg

AtB,tensionalforceTBprovidescentripetalforce.

=TB
MV2

r

AtC,tensionandweightactsindifferentdirection
and hence the resultantforce between the two
forcesprovidesthecentripetalforce

=Tc-Mg----------------------------------------------(ii)
MV2

r

Ta= –Mg-----------------------------------------------(iii)
MV2

r

Tc= +Mg----------------------------------------------(iv)
MV2

r

AtD, =TD
MV2

r

1. A pilotnotstripped to his seatin a loop
manoeuvrewithoutfalling.

2. Abucketofwaterwhirledinaverticalwithout
waterspilling.

3. Aballbearing‘loopingtheloop’onaraillyingin
verticalplane.

Example

A cartravelsoverahumpbackbridgeofradiusof
curvature40m.Calculatemaximum speedofthecar

ifitswtaretostayingcontactwithbridge.g=10m/s2

=mg-R
mv2

r

R=0

Mv2=mg

=rgV2

V= rg

= 40×10

=20m/s

ExamplesofCentripetalForce

Example Source(what provides
centripetalforce)

Cyclist moving
alongacircularpath

Frictionalforcebetweenthe
tyreandtheroad

Carmovingalonga
bankedroad

Horizontal component of
reactionforce

Electron orbiting
around the nucleus
ofanatom

Electrostatic force of
attraction between the
protonandtheelectron

Electronmovingina
magneticfield

Magneticfield

Satellite orbiting
aroundtheearth

Gravitationalforce exerted
bytheearth

Astringwhirledina
horizontaltrack

Tensionalforce
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ApplicationofCircularMotion

1. Centrifuges

Itisusedtoseparateparticlesinsuspensionin
liquidsofdifferentdensities.Itconsistsofsmall
metalcontainerstubesthatcanberotated.

Centripetalwillbe too greataccording to the

equation F=mrω2

Andrwillthusbesmallerforlighterparticlesand
longerforheavierparticles.

2. Satellites

Twobodieswithmassm1 andm2 atadistancer
from eachotherexperienceaforceofattraction.

G isequalto universalgravitationalF=
GM1M2

R2

constant

Attraction between earth and satellite gives

centripetalForce =M1v
2

GM1M2

R2

WhereM1ismassofsatelliteandm2massofthe

earth =v2
GM2

R2

v=
GM2

r

Thevelocityofthesatelliteincreaseswithdecrease
intheradiusoftheorbit.

Ifperiodictimeofthesatelliteisequaltothatofthe
earththesatelliteappearstationaryasseenfrom
theearthsurfacesuchsatellitearesaidtobein
parkingorbitandareusedinweatherforecasting
andtelecommunications.

3. SpeedGovernors

Principleofconicalpendulum isusedinoperatingthe
speedgovernors.

Astheangularvelocityofthedriveshaftincreases
.themassesm risesandmovesthecollarupasthe

angle increases.Theupanddownmovementoftheθ
collaristransmittedthroughasystem ofleverstothe
devicethatcontrolsthefuelintake.Sincetheangular
velocityofthedriveshaftincreaseswithspeedofthe
vehicle,thefuelsupplywillcutoffwhenthespeed
exceedsacertainlimit.
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ChapterThree SINKINGANDFLOATING

Specificobjectives

a)stateArchimedes‟principle

b)verifyArchimedesprinciple

c)statethelawofflotation
d)definerelativedensity
e)describetheapplicationsofArchimedes‟principle
andrelativedensity.
f)Solve numericalproblems involving Archimedes‟
principle.

Content
 Archimedes‟principle,
 Lawofflotation(experimentaltreatment)
 Relativedensity
 Applications ofArchimedes‟principle and

relativedensity.
 ProblemsonArchimedes‟principle
 ProjectWork-Constructahydrometer.

Upthrustforce

Upthrustis an upward force acting on an object
floatingorimmersedinafluid.Anobjectimmersedor
floatinginafluidappearslighterthatitsactualweight
duetoupthrustforce(forceofbuoyancy).

Archimedesprinciple.

The principle states:When a bodyis totallyorpartially
immersedinafluiditexperiencesanupthrustequaltothe
weightofdisplacedfluid.

ToverifyArchimedes’principle

Apparatus

 Anoverflowcan

 Ametalblock

 Abeaker

 Aspringbalance

 Astring

 Water

Procedure

(i) Weightheblockinair.

(ii) Notetheweightoftheblockinairasw1.

(iii)Immersetheblockinwaterintheoverflow canas
showninthediagram below

 Notetheweightoftheblockwhenfullyimmersedas
w2

Precisely:Upthrust=Realweight–Apparentweight.

Causeofupthrust

Considerthefigurebelow.

Pressureatthebottom >pressureatthetop

PB=Pa+h2ρg

PT=Pa+h1ρg

Force=pressurexarea

FB=PBA=(Pa+h2ρg)A

FT=PTA=(Pa+h1ρg)A

Resultantforce=FB–FT

U=(Pa+h2ρg)A-(Pa+h1ρg)A

U=(h2-h1)ρgA

U=hρgA ButAh=v

Hence,U=Vρg

Upthrustthereforedependson:

(i)Volumeoffluiddisplaced.

(ii)Densityoffluiddisplaced.
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 Measure the volume of water displaced and
calculatesitsweightasw3

 Apparentlossofweight= -W1 W2

 TheupthrustU=W3

 Upthrust=apparentlossofweight; -U=W1 W2

Example

Astoneofweight3Ninairand1.2Nwhentotally
immersedwater.Calculate:

(a)Volumeofthestone

(b)Densityofthestone

Upthrust=Realweight-Apparentweight

=3N–1.2N

=1.8N

ButU=Vρg

1.8=Vx1000x10

V=0.00018m3

ρ=
m
v

= kg/
0.3

0.00018
m3

=1,666.67kg/m3

QUESTIONS

1.ASolidofdensity2.5g/cm3isweightinairand
thenwhencompletelyimmersedinwaterina
measuringcylindertheLevelofwaterrisesfrom

40cm3to80cm3.Determine

(a)Volumeofthesolid

(b)Itsapparentweight.

2a)StatetheArchimedes’principle

b)Arightangledsolidofdimensions0.02m by

0.02m by 0.2m and density 2700kgm-3 is

supportedinsidekeroseneofdensity800kgm-3

by a thread which is attached to a spring
balance.Thelongsideisverticalandtheupper
surfaceis0.1m belowthesurfaceofkerosene.

(i) Calculatetheforceduetotheliquid
on:

(ii) Thelowersurfaceofthesolid

3.(a)Distinguishbetweenpressureandupthrust
force.

(b)Asolidmetalblockofdensity2500kg/m3 is
fullyimmersedinwater,supportedbyathread
which is attached to the spring balance as
shownbelow.

(i) Calculatetheforceduetotheliquidon
thetopfaceoftheblock.

(ii) Iftheupwardforceonthebottom faceis
1.5N,calculatethevolumeoftheblock.

(iii) Calculate the apparentweightofthe
blockinwater.

Upthrustingases

Gasesexertsmallupthrustonobjectsbecauseof
theirlowdensity.

A balloonfilledwithhydrogenorhelium risesup
becauseoflowdensity.
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(iii) Theuppersurfaceofthesolid

(iv) Calculatetheupthrustandhenceor
otherwisedeterminethereadingon
thespringbalance.

Inthefiguresabovetheballoonfilledwithairwillnot
floatbecausetheweightoftheballoonfabricandair
isgreaterthantheweightofairdisplaced(upthrust)

i.e.w>u.Theballoonfilledwithhelium orhydrogen
floatsbecausetheweightoftheballoonfabricand
helium orhydrogenislessthantheweightoftheair

displaced(upthrust)i.e.u>w

LawofFlotation

In thiscase we considerthe floating objectand
weightofthefluiddisplaced.

Acomparisonoftheweightoftheobjectandthatof
fluiddisplaced.

Experimentallythiscanbedoneby:

 ½ fillmeasuring cylinderwith waterand
recordthereading.

 Placeacleandrytesttubeintothebeaker
andaddsomesandinitsothatitfloats
upright.

 Recordsthenewleveloftheliquiddetermine
thevolumeofdisplacedwater

 Measureitsweight(dried)andcontent.

 Calculatetheweightofdisplacedwater.

Itisobservedthattheweightofthetesttubeandits
consentisequaltoweightofdisplacedwater.

OR

Apparatus:

weightofblockinair.Theyareequal(same).

Therefore we conclude that a floating object
displacesitsown weightofthefluid in which it
floats.Thislawofflotation.

Explanation

Whenabody issubmergedinwater,therearetwo
forcesactingonthebody;

(i) The weight of the body acting
downwards

(ii) Upthrustonthebodyduetodisplaced
liquidactingupwards.

Case1

Iftheweightofthebodyisgreaterthanupthrust,the
densityofthebodyisgreaterthanthedensityofthe
displacedliquid,thebodysinks.

Case2

Iftheweightofthebodyisequaltoupthrust,the
densityofthebodyisequaltothedensityofthe
liquid,thebodyremainsinequilibrium.

Case3

Iftheweightofthebodyislessthantheupthrust,
densityofthebodyislessthanthedensityofthe
liquid,thebodyfloatspartiallyintheliquid.

Example:

Aboatofmass2000kgfloatsonfreshwater.Ifthe
boatentersseawater.Determinethevolumethat
mustbeaddedtodisplacethesamevolumeofwater

as before.(Fresh water-=1000kg/m3,sea water=

1030kg/m3)

Weightoffreshwater=2000kg

DisplacedVolumeoffreshwater=
2000

1000

=2m3
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A block ofwood,A spring balance,Thin thread,
Overflowcan,AsmallmeasuringcylinderandSome
water.

Usingtheapparatusabove,describeanexperiment
toverifythelawoffloatation.

 Usingthespringbalance,weighandrecord
theweightoftheblockinair

 Filltheeurekacompletelywithwater

 Place the measuring cylinder under the
spout

 Lowertheblockofwoodslowlyintowater
untilthestringslackens(theblockfloats)

 Collect the displaced water using the
measuringcylinder

 Repeattheproceduretoattainmoreresults

 Comparetheweightofdisplacedwaterwith
the

Mass=DensityxVolume

=1030x2

=2060kg

=2060-2000

=60kg

2.Asphereofradius3cm isfloatingbetweenliquid
AandBsuchthat½isatAand½atB.IfofliquidsA

and B are 0.8g/cm3 and 1.0g/cm3 respectively
determinemassofthesphere.

Massofsphere=volumexdensity

Volume= π
4

3
33

=113.14cm3

VolumeofliquidAdisplaced=½x113.14

56.57cm2

MassdisplacedofA=56.57x0.8

45.256g

MassofliquidBdisplaced=56.57g

Totalmassofspheredisplaced=45.256+
56.57

101.826g

3.Astoneeights2N inairand1.2N when
totallyimmersedinwaterCalculate

(a)Volumeofthestone

(b)Densitiesofthestone

(a)Upthrust=weightofwaterdisplaced

=2-1.2

=0.8N

UpthrustandRelativeDensity

Relativedensityistheratioofthemassofanyvolumeofa
substancetothemassofanequalvolumeofwaterORthe
ratioofthedensityofasubstancetothedensityofwater.

Tofindrelativedensityofasolidoraliquidseveralmethodsor
formulasareused.

Relativedensity=
densityofasubstance

densityofwater

Relativedensityofasolid.

Ifequalvolumesofthesubstanceandwaterareconsidered,

Relativedensity=
Massofsolid

Massofequalvolumeofwater

Because mass is directly proportionalto the weightthe
relativedensityofasolidmaybegivenas:

Relativedensity=
weightofsolid

weightofequalvolumeofwater

Relativedensity=
weightofsolid

weightofdisplacedwater

Relativedensity=
weightofsolid

upthrustinwater

Relativedensityofsolidwhichsinksinwater

Iftheweightofthesubstanceinairis andinwateris, ,W1 W2
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Massofwaterdisplaced=0.8/10

=0.08kg

volume=
mass

density

= kg
0.08

1000
m-3

1000kg/m3

=0.00008m3

Volumeofstone=0.00008m3

(b)Density ==
mass

volume

0.2

0.00008

=2500kg/m3

then R.D=
W1

-W1 W2

Relativedensityofsolidwhichfloatsinwater

Thesinkerisusedasfollows:

Weightofthesinkerinwater=W1

Weightofthesinkerinwater+weightoffloatingobjectinair=
W2

Weightofthesinker+weightoffloatingobjectinwater=W3

Weightoffloatingobjectinair= -W2 W1

Weightoffloatingobjectinwater= -W3 W1

Upthrustofthefloatingobjectinwater= - )-( - )(W2 W1 W3 W1

Upthrustofthefloatingobjectinwater= - - +W2 W1 W3 W1

Upthrustofthefloatingobjectinwater= -WW2 3

Relativedensity=
weightofsolid

upthrustinwater

Relativedensityoffloatingobject=
-W2 W1

-WW2 3

Relativedensityofaliquid

Tofindrelativedensityoftheliquidwedetermine:

a) Weight(w1)ofsolidinair.

b) Weight(w2)ofthesamesolidwhentotally
immersedinwater.

c) Weight(w3)ofthesamesolidwhentotally
immersedinaliquidwhoserelativedensity
istobedetermined.

R.Dofliquids=
massofliquid

massofequalvolumeofwater

Or

R.Dofliquids

=
weightofdisplacedliquid

weightofequalvolumeofwaterdisplaced

Or

R.Dofliquids=
upthrustintheliquid

upthrustinwater

R.Dofliquids=
-w1 w2

-w1 w3

Volumeofydisplaced=4x5x3

=60cm3

=0.00006m3

Upthrustin= vρg

=800x0.00006x10

=0.48N

Volumeofxdisplaced=0.04x0.05x0.06

=0.00012m3

Upthrustinx=vρg
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Or

Example

1. Asolidofmass800gissuspendedbyastringis
totallyimmersedinwater.Ifthetensioninthe
stringis4.8N.Calculate

(a)Volumeofsolid

(b)Relativedensityofthesolid.

Weightofsolid=8N

W1=8N

W2=4.8N

Upthrust=3.2N

Volumeofwaterdisplaced=0.32

1000

=0.00032m3

Volumeofthesolid=0.00032m3

1. Thewoodenblockbelowfloatsintwoliquids

xandyifthedensitiesofxandyare1g/cm3

and0.8g/cm3respectivelydetermine:

(i)Massoftheblock

(ii)Densityoftheblock

=0.00012m3

=1.2N

Totalupthrust=1.2x0.48

=1.68N

Weightofblock=totalupthrust

=1.68N

=0.168kg

(b)density=
mass

volume

=0.168

=0.04x0.05x0.12

=700kg/m3

ApplicationsofArchimedes’sPrincipleandRelative
Density

(a)Thehydrometer

(b)Balloons

Used bymetrologistswherea gaswhich isless
densethanairlikehydrogenisused.Theballoon
movesupwardsbecauseupthrustforceisgreater
thanweightoftheballoon.Itrisestosomeheight
wheredensityisequaltothatoftheballoon.Atthis
pointtheballoonstopsrisingbecauseupthrustis
equalto weight of the balloon and therefore
resultantforceisequaltozero.

(c)Ships

Theyaremadeofsteelwhichisdenserthanwater
but floats because they are hollow thereby
displacingalargevolumeofwaterthanthevolume
ofsteelwhichprovidesenoughupthrusttosupport
itsweight.

Theaveragedensityofseawaterisgreaterthanthe
average density of fresh water. Due to this
difference,shipsarefittedwithprimsollinesontheir
sidestoshow thelevelthatashipshouldsinkto
whenonvariouswaters.

(d)Sub-marine
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Itisaninstrumentusedtofindrelativedensitiesof
densityofliquids.Itappliesthelawofflotationinits
operation.

Ithasawidebulbtodisplacelargevolumeofliquid
thatprovidesufficientupthrusttokeephydrometer
floating.

Leadshotsatthebottom-tomakehydrometerfloat
upright.

Narrowstem-tomakehydrometermoresensitive.

Hydrometers are designed forspecific purposes
lactometerrange1.015–1.0045soastomeasure
densityofmilk.

Thebulbissqueezedandreleasedsothattheacidis
drawnintotheglasstube.

Itcansinkorfloat.Itisfittedwithballasttanksthat
can be filled with airorwaterhence varying its
weight.Tosink,ballasttanksarefilledwithwaterso
thatitsweightisgreaterthanupthrust.

Tofloatcompressedairispumpedintothetank
displacingwatersothatupthrustisgreaterthan
weightofthesubmarine.

Examples

1.Ahydrometerofmass20gfloatsinoilofdensity

0.7g/cm3.with5cm ofitsstem abovetheoil.Ifthe

cross sectional area of the stem is 0.5cm2.
Calculate:-

(a)Totalvolumeofthehydrometer

(b) Lengthofthestem outofwaterifitfloatsin
water.

Solutionstoquestions

(a)Volumeofoildisplaced=
massofoildisplaced

densityofoil

=
20

0.8

=25cm3

Volumeofhydrometeraboveoil=5x0.5

=2.5cm3

Totalvolume=25+2.5

=27.5cm3

(b)Massofhydrometer=2x10-2kg

Weightofhydrometer=2x10-1N

Weightofwaterdisplaced=2x10-1N

Massofwaterdisplaced=2x10-1

=20g

Volumeofwaterdisplaced= gc
20g

1
m3

=20cm3

Volumeof1.00g/cm3 liquiddisplaced=
m/ρ=165/1=165cm3;

Volumeof1.10g/cm3 displaced=165/1.1=150
cm3;

Changeinvolumedisplaced=165–150=15cm3 ;

Volume=AreaxHeight;

0.75xh ; thereforeh=20cm.

(ii)Statetwowaysofimprovingthesensitivityofthe
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Volumeofhydrometerabovewater=27.5-20

=7.5cm3

Length=
volume

Area

= =15cm
7.5

0.5

The densities ofliquids maybe measured using
hydrometers.Thehydrometerinthefigureconsists
ofaweightedbulbwithathinstem.

The hydrometeris floated in the liquid and the
densityisreadfrom ascaleonitsstem.

Thehydrometerinthefigureisdesignedtomeasure

densitiesbetween1.00gcm –3and1.10gcm –3.On
thediagram,markwiththeletterM thepositionon

the scale ofthe 1.10 g cm – 3 graduation.The
hydrometerhasamassof165gandthestem hasa

uniform cross-sectionalareaof0.750cm2.Calculate;

(i) Thechangeinthesubmergedvolumeof
thehydrometerwhenitisfirstplacedin

aliquidofdensity1.00gcm –3andthen

inaliquidofdensity1.10gcm–3.

abovehydrometer.

-Using a hydrometerwith a narrow
stem.

-Usingahydrometerwithalargebulb

2.When a body of mass 450g is completely
immersedinaliquid,theupthrustonthebodyis
1.6N.Findtheweightofthebodyintheliquid.

3.Thefigurebelowshowsaleverarrangementwith

therod balanced bya knifeedged atas

centreofgravity.The5Nweightononeside

balancesthesolidS(volume100cm3)which

liesimmersedinabeakerofwateronthe

otherside.

The beakerofwateris then removed and while

keeping the 42cm distance constant,the

position ofsolid S is adjusted to obtain

balanceconditionsagain.

a) DeterminethenewpositionofS.

b) WhatwouldbethenewpositionofSifitwas

immersedinaliquidofrelativedensity0.8?

ChapterFour ELECTROMAGNETICINDUCTION

Specificobjectives

Bytheendofthistopic,thelearnershouldbeableto:

a) Perform anddescribesimpleexperimentsto
illustrateelectromagneticinduction

b) State the factorsaffecting the magnitude
andthedirectionofinducedemf

c) Statethelawsofelectromagneticinduction
d) Describe simple experiments to illustrate

mutualinductionexplainmutualinduction
e) Explaintheworkingofanalternatingcurrent

Content

 Simple experiments to illustrate
electromagneticinduction

 Inducedemf:

 Faraday’slaw
 Lens’slaw
 Mutualinduction
 Alternatingcurrentgenerator,directcurrent

generator
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(a.c) generator and a direct current (d.c)
generator

f) Explaintheworkingofatransformer
g) Explain the application of electromagnetic

induction
h) Solve numerical problems involving

transformers

 Fleming’srighthandrule
 Transformers
 Applicationsofelectromagneticinduction
 Inductioncoil
 Movingcoiltransformers

Introduction
Electriccurrentpassingthroughaconductorhasan
associatedmagneticfield.Thereverseisalsotruein
thatachangeinmagneticfieldinducesanelectric
currentin a conductora phenomenon known as
electromagneticinduction.

ThisisattributedtoMichaelFaradayandhasledto
productionofelectricalenergyinpowerstation.

Experimentto Show Induced Electromotive Force
(Emf)

ThegalvanometerreflectswhenconductorABcuts
themagneticfield.

 There is no flow of current when the
conductorisstationary.

 Themagnitudeofinducedcurrentincreases
with the angle ofwhich conductorcuts
magneticfield.

 Thedirection ofdeflection reverseswhen
thedirectionofmotionisreversed.

FACTORSAFFECTINGMAGNITUDEOFINDUCEDE.m.f.

(i) Themagnitudeorstrengthofmagneticfield.

(ii) Therateofchangeoffluxlinkage/rateof
relativemotionbetweentheconductorand
magneticfield.

(iii) Thenumberofturnsofcoil/lengthofthe
conductor

(iv) Thenatureofthecore

MagneticFlux

Itis the productofmagnetic field strength and
perpendicularareacoveredbythefieldlines.

The direction ofinduced emfbya conductoris
predictedbytwolawsofelectromagneticinduction;

Faraday’slaw-Themagnitudeofinduced e.m.f.is
directly proportionalto the rate of change of
magneticfluxlinkage.

Lenz’slaw–directionofinducede.m.f.issuchthat
the induced currentwhich itcauses to flow
producesamagneticeffectthatopposesthechange
producingit.
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Themechanicalenergyofamovingmagnetinsideacoilis
convertedtoelectricenergyinform ofinducedcurrent.The
personpushingthemagnettowardsthecoilmustexert
forcetodoworkagainstrepulsionofinducedpoleofcoil
magnet.

FlemingRightHandRule(DynamoRule)

Ifthethumbandfirsttwofingersoftherighthand

are held manually atrightangle with 1st finger
pointing direction of magnetic field,the thumb
pointinginthedirectionofmotionthenthesecond
fingerpointsindirectionofinducedcurrent.

Example

(i) A squareloopedconductorispulledatspeed
acrossauniform magneticfieldasshownbelow.

Determinedirectionofinducedcurrentin

(a)AB–from BtoA

(b)AD-noinducedcurrent

(c)CD-CtoD

(d)BC-noinducedcurrent

Question

(a) State Faraday’s laws of electromagnetic
induction.

(b)Thefigurebelow showsaconductorXYmoving
inaregionofuniform magneticfield.

(i) Statethedirectionoftheinducedcurrentin
theconductorandtheruleusedinarriving
attheanswer.

MutualInduction

Itoccurswhenchangeofcurrentinonecoilinducesa
currentinanothercoilplacedcloseintoit.Thechanging
magnetic flux in the first coil(Primary) links to
secondarycoilinducinganEMFinit.

When aswitch isclosed,currentin theprimarycoil
increasesfrom zerotoamaximum currentwithinavery
shorttime.Themagneticfluxintheprimarycoillinking
with the secondary coilincreases from zero to a
maximum valueinthesameintervaloftimeinducingan
e.m.f.inthesecondarycoil.Currentflowshencethe
reflectiononthegalvanometer.

Likewisewhentheswitchisopenedthecurrentinthe
primarytakesaveryshorttimetofallfrom maximum
valuetozero.Themagneticfluxinprimarycoillinking
secondary also falls from maximum value to zero
inducingane.m.f.onthesecondarycoil.

Theinducede.m.f.inthesecondarycoilishigherwhen
currentintheprimarycoilisswitchedoffthanwhenitis
switchedonbecausethecurrentinthecircuittakesa
muchshortertimetodieoffthanbuildup.Theabove
explanation is called mutualinduction.The induced
e.m.f.inthesecondarycoilcanbeincreasedby:

(i) Havingmoreturnsinthesecondarycoil.

(ii)Windingtheprimaryandsecondarycoilsona
softironrod.

(iii)Windingbothprimaryandsecondarycoilsona
softironringinorderforthemagneticfluxinthe
primarytoform concentricloopswithinitthus
reaching the secondary point. Soft iron
concentratesmagneticfluxinbothcoilsthatis
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ApplicationofElectromagneticInduction

Itisappliedinmanyareassomeoftheseare:

(i) Transformer

A transformertransferselectricalenergyform one
circuittoanotherbymutualinduction.

Itconsistsofaprimarycoilwhereanalternating
currentistheinputandsecondarycoilformingthe
output.

Thecoilsarewoundonacommonsoftiron.

TypesofTransformers

Stepdowntransformers

Ithasmoreturnsinprimarycoil(Np)thaninthe
secondarycoil(Ns)

(Turnsratio)=n
VS

VP

Turnsratioislessthanone

Stepuptransformer

Ithaslessturnsinprimarycoilandmoreinthe
secondarycoil.

Theturn’sratioisgreaterthanone.

NOTE–Inastep-downtransformercurrentinthein

thesecondarycoilisgreaterthanintheprimarycoil

whileinthestep-uptransformercurrentinthe

Usefultransformerequations

From experiment;

=
Secondaryvoltage

Primaryvoltage

no.ofsecondaryturns

no.ofsecondaryturns

Thisiscalledturnsrule.

Mathematically;

=
VS

VP

NS

NP

Assumingnegligibleresistance

Power=Voltagexcurrent

P=VI

Powerinput=Primaryvoltagexprimarycurrent

=PInput VpIp

Power output= secondary voltage x secondary
current

=POutput VSIS

Efficiency(%)= x100
Poweroutput

Powerinput

η= ×100%
VSIS

VPIP

Foridealtransformerthereisnoenergylostand
thereforeefficiencyis100%

100= ×100
VSIS

VPIP

=VPIP VSIS

I
P=

VSIS

VP

= =
IP

IS

VS

VP

NS

NP

Examples

1. Atransformeristobeusedtoprovidepowerof
24Vceilingbulbfrom a.c.supplyof240.Findthe
numberofturnsinsecondarycoiliftheprimary
coilhas1000turns.

(ii) Suggest one way of increasing the
magnitude ofthe induced currentin the
conductor.

whyitisused.
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primarycoilisgreaterthaninthesecondarycoil.
=

VS

VP

NS

NP

=
24

240

Ns

1000

1000

=100turns

2. Apowerstationhasanoutputof10KW atap.d
of500v.Thevoltageissteppedupto15KVby
transformerT1,fortransmissionalongagridof
resistance3kandthinsteppeddowntop.d240v
bytransformerT2attheendofgridforuseina
school.GiventhatefficiencyofT1is95%andT2
90%,find:

(i) ThepoweroutputofT1

(ii) Thecurrentinthegrid.

(iii) Thepowerlossingrid.

(iv) TheinputvoltageofT2

(a) Themaximum powerandcurrentavailable
foruseinschool

(b)Whyisitnecessarytostepupthevoltageat
powerstation?

3. Powerstationhasanoutputof33K atap.dof
5kVatransformerwithaprimarycoilof2000
turnsisusedtostopupthevoltageof132KV
fortransmissionalongagrid.Assumingtheres
nopowerlossinthetransformercalculate

(a)Currentintheprimarycoil

(b)Numberofturnsofsecondarycoil

(c)Currentinthesecondarycoil.

EnergyLossesinaTransformer

Therearefourmaincausesofenergylossesina
transformer.

FluxLeakage

Allmagneticfluxproducedbytheprimarymaynot
linkupwiththesecondarycoilhencereducinge.m.f
inducedinsecondary.Fluxleakageisreducedby
efficientdesignoftransformerstoensuremaximum
fluxleakage.

Thesecondarycoiliswoundovertheprimarycoilor

ResistanceofCoils(CopperLosses)

Thiscanbepreventedbyuseofthickcopperwireto
reduceheatingeffect.

EddyCurrentsintheCore

Eddycurrentshaveassociatedfluxesthattendto
oppose the fluxchange in primary.Thisreduces
powertransferto thesecondary.To reduceeddy
currentsthecoreislaminated(usingthinsheetsof
insulatedsoftironplates)causesminimalheating
effect.

HysteresisLoss

Itisenergylossesinform ofheatinmagnetizingand
demagnetizing the softiron core everytime the
currentreverses.Itcanbeminimizedbyusingacore
ofsoftmagnetic materialwhich magnetized and
demagnetizeeasily.

PracticalTransformer

A transformerused in powerstations and along
transmissionlinesgeneratesalotofheat.Theyare
therefore cooled by oilwhich does not easily
evaporate.Smalltransformersarecooledbyuseof
air. A well-designed transformer can have an
efficiencyofupto99%.However;thepresenceofair
reducesitsefficiency.

(i) Alternatingcurrentgenerator

Itconvertsmechanicalenergyintoelectricalenergy.
Ithasarectangularcurvedpermanentmagnetpoles,
twoslipringsandcarbon(graphite)brushes.

Thepolesofthemagnetarecurvedsothatmagnetic
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coilsarewoundnexttoeachotheronacommon
core.

fieldisradial.InducedCurrententersandleavesthe
coilthroughthebrusheswhichpressesagainstthe
slip-rings. The brushes are made of graphite
because:

(i) Itisagoodconductorofelectricity-

(ii) Itisslipperyandthereforecanactasa
lubricant.

When coilrotatesin clockwise direction side AB
movesupandCD downwards.Thetwosidesare
cutting the magnetic field perpendicularly and
producemaximum inducede.m.f(E)whenthecoilis
horizontal.

ApplyingFleming’srighthadrule,theflowofinduced
currentisinthedirectionABCD

Thecurrentflow throughtheexternalcircuitviathe
slip– ring2andbrushx.BrushYandslip-ring1
completethecircuit.Brushxisthuspositiveterminal
which Y is negative. When coil rotates from
horizontaltoverticalpositiontheangleatwhichthe
sidesofthecoilcutsmagneticfieldreducesfrom

90oto0o

Likewisetheinducedemfreducesfrom maximum to
zero.Whenthecoilrotatespasttheverticalposition
side AB moves downwards as side CD moves
upwards.Theangleϴatwhichthesidesofthecoil

cutsthemagneticfield increasesfrom 0o to 90o

whencoilishorizontal.Theinducedemfincreases
from zerotomaximum valueanddirectionofcurrent
in thecoilreversesfrom D C B A brush Y now
becomespositiveandXnegative.

Themagnitudeofinducede.m.fobeysthesinusoidal
equation

E=Eosinϴ

WhereEoismaximum e.m.fandϴistheinclination
ofthecoiltothevertical.

Thegraphbelowshowsthevariationofinducedemf
withtimeforonerevolutionofthecoilstartingwith
thecoilinverticalposition.

ByOhm’slawI=
E

R

E= SinϴE0

(ii) DirectCurrentGenerator

Directcurrent(d.c)generatordiffersfrom an a.c
generatorin thatithasasplit-ring (commutator)
whileinacgeneratorhasslip-ring.

Ifthecoilrotatesintotheverticalpositioninduced
currentande.m.fthoughresistorRdecreasesfrom
maximum valuetozero.ThepolarityofbrushYis
positiveandX isnegative.Thebrushestouchthe
gapswithinthecommutators

Theverticalpositionensuresthatringsexchange
brushessincetheinducedcurrentchangedirection
butdirectionofcurrentthroughtheexternalresistor
remainsthesame.Thepolaritydoesnotchangeand
outputofd.cgeneratorisshownbelow.

Theinducede.m.forcurrentofbotha.candd.c
generatorcanbeincreasedby;

(i) Increasingspeedofrotationofcoil.
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IR= RsinϴI0

I= SinϴI0

Thegraphofinducedcurrentagainsttheangleof
inclinationissimilartooneabove.

(ii) Increasingnoofturnsofcoil.

(iii) Increasingthestrengthfthemagnetic
field.

(iv) Windingthecoilonalaminatedsoftiron
core.

Inabicycledynamothemagnetrotateswhilecoil
remains stationary.Ithas advantages overother
generatorsbecausetherearenobrusheswhichget
wornout.

(iv) MovingCoilMicrophone

Sound waves from the source setdiaphragm in
vibrationwhichinturncausesthecoiltomoveto
andfrom cuttingthemagneticfield.

Inducede.m.fofvaryingmagnitudesetsupvarying
currentincoilsothatcoilisperpendiculartoitfor
maximum fluxlinkage.

Anamplifierisusedtoincreasetheamplitudeofthis
currentbeforeitisfedintotheloudspeakertobe
convertedbacktosound.

(iv) TheInductionCoil

Itisusedtoignitepetrol-airmixtureinacarengine.

When the switch is closed the softiron rod is
magnetizedduetocurrentontheprimarycoiland
attractsthesoftironarmature.

Thearmatureopensthecontactandcutsoffprimary
currentsreducingmagneticfieldtozero.Thisisturn
inducesalargeemfinthesecondarycoilbymutual
induction.The spring pulls the armature backto
makethecontactagainandprocessrepeatsitself.

Theinducedemfinthesecondarycoilishigherwhen
primary currentis switched offthan when itis
switchedon.Thisisbecausecurrenttakesalonger
timeto increasefrom zero to maximum than to
decreasefrom maximum tozero.

Sparkingoccursatthecontactduetomagneticfield
oftheprimary.A capacitoristhereforeconnected
acrossthecontactstominimizesparkingeffectsby
decayingmagneticfluxtozero.Sparksformsacross
gapbetweentheendsofsecondarycoilandcanbe
usedtoignitepetrol-airmixtureinacarengine.

Assignmenttothestudent.

Dotheexerciseattheendofthetopicin

KLB.
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ChapterFive MAINSELECTRICITY

SpecificObjectives

Bytheendofthistopicthelearnershouldbeableto:

a) Statethesourcesofmainselectricity
b) Describe the transmission of electricity

powerfrom thegeneratingstation
c) Explainthedomesticwiringsystem
d) Definethekilowatthour
e) Determinetheelectricalenergyconsumption

andcost
f) Solve numerical problems involving

electricity

Content

 Sourcesofmainselectricity

 Powertransmission(includedangersofhigh
voltagetransmission)

 Domesticwiringsystem

 Kw-hr,consumption and costofelectrical
energy

 Problemsonmainselectricity

SourcesofMainsElectricity

1. Waterinhighdams

2. Geothermalenergy

3. Coalordiesel

4. Winds

5. Tidalwavesintheseas

6. Nuclearenergy

Thetypeofpowergenerationchosenforagiven
locationdependsonthemostabundantsourceof
energyavailableinthatarea.

PowerTransmission

TheNationalGridSystem

 Itisasystem ofpowercablesconnectingall
thestationsinacountrytoeachotherandto
consumers.

 Advantageofnationalgridsystem

Ensures that power is available to

AdvantagesofA.CVoltageoverD.CVoltage

(i) Canbetransmittedoverlongdistances
withminimum powerloss.

(ii) Canbesteppeduptoveryhighvoltage.

ElectricalPower

Electricalpotentialenergy=voltage×charge

workdone=VQ

Electricalpower=
workdone

time

P=
VQ

t

butQ=It

Thus,P=
V×I×t

t

⇒P=VI

Powerlossduringtransmission
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consumers even when one ofthe power
stationsfails.

 Mostpowerstationsgenerateelectricityin
form ofalternatingcurrent(a.c)atvoltage
between11kVand25kV.Thevoltageisthen
stepped up between 132kV to 400kV for
transmissionsoastominimizepowerloss.

 The electricalenergy is then transmitted
overlongdistancetosubstationswherethe
voltageissteppeddownto11kV.

 The power can be stepped down to
appropriate value fordomestic and other
users.InKenyadomesticapplicantoperate
at240V.

 An sourcevoltageisrepresentedbythea.c
symbolshownbelow:

PowerdissipatedinacircuitisgivenbyP=VI.

ButV=IR(Ohm’slaw)

ThusP=I2R

Theaboveequationshowsthatwhencurrentishigh
powerlossisalsohigh

Powerlossisthereforelowwhentransmittedathigh
voltageandlowcurrent.

Example

1. Agenerator produces100kW powerwhich
istransmittedthroughacableofresistance

.if the voltage produced is5Ω
5,000V,calculate;

(i) Thecurrenttransmitted

(ii) Powerlossthroughthecables

(iii) Powerreceivedbytheconsumer

Duringtransmissionpowerlosscanbeminimized
by:

(i) Steppingupoutputvoltagefrom power
station.

(ii) Use of thick and good conductor
transmission cable to minimize
resistance.

Inmostcasesaluminium ispreferredbecause:

(a)Goodconductorofelectricity

(b)Itislight

(c)Itischeapandavailable

Dangersofhighvoltagetransmission.

(i) Harmfuleffectsofstrongelectricfields.

(ii) Theriskoffireonnearbystructuresand
vegetationwhencablesgettoolow.

(iii) Theriskofelectricshockincasethe
polescollapseorhangtoolow.

DomesticWiring
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Electricalpowerisusuallysuppliedat240Vfrom astep-
downtransformer.

Thispowerisconnectedtothehouseusingtwowires;

Neutralcablewhichearthedatzeropotential.

Livecablewhichisatfullpotential

Thelifecableisconnectedtoahigherfusevalue.The
cablesarethen connected to a meterwhereenergy
consumedisregistered.From metercablepassesonto
consumersfusebox.

Consumerfuseboxconsistof:

Mainswitch

It disconnects both live and neutral wires
simultaneously.

Livebusbar

Example

Househasalightingcircuitoperatedfrom 220V
mains.Nine bulbs rated at120W 240V are
switchedonatthesametime.Whatisthemost
suitablefuseforthiscircuit?

P=VI

I=
P
v
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Itisconnectedtolivewireandthefuse.

Neutralbusbar

Itisconnectedtoallneutralwires

EarthTerminal

Itisearthedthroughathickcopperbarburieddeepin
theearthorthroughwaterpiping.

Fuse

 Fuseisathinwire(madealloyofcopperand
tins)which melts when currentexceeds its
rating.

 Itsfunctionistosafeguardcomponentsagainst
excesscurrentinthecircuit.

 Ithaslowmeltingpoint.

 Itisusuallyconnectedonalivewirebecause
livewiresareatfullpotential

Thefusecanblowduetothefollowing:

(i) Overloadingthecircuit

(ii) Shortcircuiting

(iii) Useofwrongfuserating

Thefuseisnormallyrepresentedbyanyofthefollowing
symbols:

CircuitBreakers

Isan electronicdevicewhich disconnectsthecircuit
when current exceeds a certain value by
electromagnetism.Itismoreefficientthanafuseinthat
itcanberesetwhenpowergoesoffunlikeafusewhich
mustbereplacedwithanewone.

TotalcurrentI=
9P

V

=
9X120

220

=4.91A

Thesuitablefuseisa5Afuse

LightingandCookingCircuits
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Forlightingcircuitthelampsareconnectedin
parallelsothat:

(i) Theyareoperatedindependently.

(ii) To reduce the effective
resistance.

(iii) Theycanbeoperatedatthesame
potential

Thecablesarerelativelythinbecauselamps
consumesmallamountofcurrent.

Forcookingcircuit,poweristapedfrom the
ringsmainscircuit.

Thesecircuitsareearthedandtheirwiresare
relativelythickerthanthoseforthelighting
circuit,sincetheycarrylargecurrents.

TheRingsMainsCircuit

Is a circuitwhere powerin various rooms tapped at
convenientpointfrom aloop.

The arrangementofthe cable enable double path for
currentarrangementalsoincreasesthethicknessofwires
usedreducestheriskofoverloadingwhenseveralsockets
areused.

TwoWaySwitchCircuit Theinsulationonthethreecablesarecoloured
sothattheylinkcorrectlywhenconnectedto
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Isusedtoputoffonlightsbyoneswitchandputoffby
theother.

Example

Thediagram belowshowsstaircasedoubleswitches.

Onthetablegivenbelow writedownwhetherthelamp
willbeON orOFFforvariouscombinationsofswitch
positions.

AThree–PinPlug

powercircuit.

Livelead–red/brown

Neutral–Black/blue

Earth–Green/greenwithyellowstripes

Fuse is used to safeguard appliance from
damageduetoexcessive

Thevalueofthechosenfuseshouldbeslightly
abovethevalueoftheoperatingcurrentofthe
appliance.

Theearthpinislongersoastoopenvalvesor
shuttersoftheliveandneutralpins.

Thisprotectstheuserfrom shock.Threepin-
plugshavetheearthpinwhichprovidesthepath
forexcesscurrent.

Question

Thefigureshowsathree-pinplug

Identifythemistakesinthewiring

Whatwouldhappenifthisplugwasconnected
tomainssocket.

Whyistheearthpinnormallylongerthanthe
othertwopins

a)Studythefigurebelow:- ElectricalEnergyConsumptionandCosting
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(i) Whatname is given to the fitting in the
diagram?

(ii)Identifythepartslabelled.

A -

B -

C -

D -

iii) StatethecoloursA,BandC.

A -

B -

C -

Commercialcompanieschargeforelectricalenergy
suppliedtoconsumers.

Amountofenergyusedbyconsumersdependson:

Powerratingofappliances

Timeforwhichtheyhavebeeninuse.

Energy=Powerxtime

Theunitisusedforcosting1unit=1kWh

Kilowatt–hour(KWh)isamountofelectricalenergy
spentinonehouratrateof1000J/S(watts).

A consumerhasthefollowingcomponentsinhis
houseforthetimesindicatedinoneday.

Appliance Time

Two40wbulbs 30min

One3kwelectricheater 4hrs

One500wfridge 15hrs

Calculate;

Totalpowerthecomponentsuse

Totalcostofpowerconsumedin30daysifoneunit
costsKsh6.50

(2x40)+(3000)+(500)

=3580W
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ChapterSix ELECTROMAGNETICSPECTRUM

SpecificObjectives

Bytheendofthistopic.Thelearnershouldbeable
to:

a) Describe the complete electromagnetic
spectrum

b) State the properties of electromagnetic
waves

c) Describe the methods of detecting
electromagneticradiations

d) Solvenumericalproblemsinvolving

Content

 Electromagneticspectrum

 Propertiesofelectromagneticwaves

 Detection of electromagnetic (emf)
radiations

 Applicationofe.m radiations(includegreen
houseeffect)

 Problemsinvolvingc=λf

ElectromagneticSpectrum -thisisthearrangement
ofthe electromagnetic waves according to their
frequenciesorwavelength.

ElectromagneticWaves

Aretransversewaveswhichresultsfrom oscillating
electricandmagneticfieldsatrightangletoeach
other.

ExamplesofE.M Waves

Theyincludelight,x-rays,ultraviolet,infraredand
gammarayswhenthiswaveisarrangedintermsof
wavelength or frequency .They form electric
magnetic spectrum.The wavelength range from

about1x106m to1x10-14m.
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PropertiesofElectromagneticWaves

(i) Theyaretransverseinnature.

(ii) They do not require a medium for
transmission.

(iii) Theytravelthroughspace(vacuum)with

thespeedoflight(3x108m/s)

(iv) Theycarrynochargehencenotaffected
byelectricormagneticfields.

(v) They undergo interference,reflection,
and diffraction, refraction and
polarizationeffects.

(vi) They possess energy in different
amounts.Accordingto wherehisE=hf

planetsconstant(6.63x10-34 Js)andf
isfrequency.

(vii) Theyobeythewaveequationc=fλ

Example

1. Greenlighthasawavelengthof .Calculate5x m10-3

theenergyitemits.

2. Aradioistunedintoaradiostation144km away.

(a) How longdoesittakeasignaltoreachthe
receiver?

(b)Ifthesignalhasafrequencyhasasignalof980
kHz,howmanywavelengthsisthestationawayfrom
yourreceiver?

ProductionandDetectionofElectromagneticWaves.

EM wave Production Detection

Radiowaves oscillating electrical circuits
andtransmittedthroughaerials
orantennae

Diodesandearphones.

Microwaves Specialvacuum tubes called
magnetrons in microwave
ovensorwithamass.

Drycrystaldetectors orsolid
statediodes.

InfraredRadiation thesunoranyhotbody Heatingeffectproducedonthe
skin,thermopile,bolometerand
thermometer with blackened
bulb.

Visiblelight Sunisthemajorsourceother
sourcesarehotobjects,lamps
andlaserbeams.

theeye,photographicfilm and
photocell

Ultraviolet(u.v)rays Bythesun,sparksandmercury
vapour due to large energy
chancesintheelectronsofan
atom.

by photographic films,
photocells, fluorescent
materials (quinine sulphate)
andpaperlightlysmearedwith
Vaseline

X-rays actionofbeam offast-moving
electrons hitching a metal
target

Using fluorescent screen or
photographicfilm.

GammaRays By radioactive substances in
thenucleusofanatom

Detected by photographic
platesand radiation detectors
e.g.TheG.M tube.
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ApplicationofElectromagneticWaves

Properties Typeofradiation Uses

Highestfrequency

Highestenergycontent

Gammarays In medicine used to kill
canceroustissues

Sterilize medical equipment
andpests

HighenergyContent x-rays Crystallography,

studyfracturesand

detectforgeriesinartandflaw
inmetals

Lowenergycontent U.Vradiations In medicine they supply
vitaminD

treatmentofskincancer

mineralanalysisand

detectingforgeries

Easilyreflected

haveaveragewavelengths

visiblelight Seeing,

photography,

Fibre optics, lasers (light
amplification by the
stimulated emission of
radiations)

Longwavelength

highheatingeffect

Infraredandmicrowave Usedincooking

heatinganddrying

Longmedium wavelength

penetrates the atmosphere
easily

TV waves Incommunicationwiththeaid
ofsatellite,

Longestwavelength,shortest
frequency,Easilydiffracted

Radiowaves Widely used in radio
communication.
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DiffractionofTVRadioWaves

Largewavelengthsandlow frequencyradiowavesareeasilydiffracted.Theyarealsoeasilydetectedby
receiversindeepvalleysandbehindhills.Radiowavesoflongerwavelength,amplitudemodulation(AM)are
reflectedeasilybyionosphere.Shorterwavelengthwaves(frequencymodulations(FM)aretransmittedover
shortdistancesandreceiveddirectlyfrom thetransmission.

Microwaves

In cooking microwavesproducesmagnetron ata
frequencyofabout2500 MHZ.Thesewavesare
directedto arotatingmetalshinerwhichreflects
them todifferentpartsoftheoven.Intheovenfood
isplacedinaturntablewhereitabsorbsthewaves
evenly.Thewave’sheatcooksit.Thewiremeshon
the doorreflectthe microwave back inside.The
device is switched offbefore opening the door.
Microwavesofshorterwavelengthareusedinradar
communication.

Microwaveswhichhaveshorterwavelengthsare
used for radar (Radio detection and Ranging)
communication.This communication is usefulin
locatingtheexactpositionofaeroplanesandships.

RadioWaves

Theyhavevaryingrangeofwavelengthwhichmakes
theirapplicationwide.Medium andshortwavelength
is used in radio transmission signals.Amplitude
modulation(AM)radio transmissionhasalonger
rangebecauseofreflectionbytheionosphere.TV
and frequency modulation (FM)radio waves are
receivedallashorterwavelengththannormalradio
broadcasts.Veryhighfrequency(VHF)transmission
(UsedinTVandFM radiosaretransmittedovershort
distanceandreceiveddirectfrom thetransmission.

GreenHouseEffect(HeatTrap)

HazardsofSomeElectro-MagneticWaves.

UV raysandgammarayscarryhighenergywhich
damages cells,skin burn of effecteyes when
absorbed.Therearedelayedeffectofradiationsuch
as cancer,leukemia and hereditary effects in
children.

MinimisingtheHazards

(i) Reducedosagebyminimisingexposure
time.

(ii) Keepasafedistancefrom theradiations

(iii) Use shielding materials such as lead
jackets.
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Transparent glass allows visible light of short
wavelengthradiationsemittedbythesuntopass
through.Ontheotherhandglasscannottransmitthe
longwavelengthgivenoutbycoolerobjects.Heat
from thesunisthereforetrappedinsidethegreen
house.Thismakesinsideofthegreenhousewarmer
thanoutside.

ChapterSeven CATHODERAYSANDCATHODERAYOSCILLOSCOPE

Bytheendofthistopic,thelearnershouldbeableto:

a) Describetheproductionofcathoderays
b) Statethepropertiesofcathoderays
c) Explain the functioning ofa cathode Ray

oscilloscope(C.R.O)andofaTelevisiontube
(T.Vtube)

d) Explain the uses of a cathode Ray
Oscilloscope

e) SolveproblemsinvolvingCathode
RayOscilloscope

Content

 Production ofcathode rays,cathode ray
tube.

 Propertiesofcathoderays.

 C.R.OandT.Vtubes.

 UsesofC.R.O.

 ProblemsonC.R.O.

CathodeRays

Theyarestreamsofhighvelocityelectronsemitted
from thesurfaceofametalwhenacathode(negative
electrode) is heated inside a vacuum tube by
thermionicemission.Electronsareabletoleavethe
metalsurface because they gain enough kinetic
energytobreakloosefrom theforceofattractionof
thenuclei.

Thermionic emission is the process of emitting
electronsfrom a metalsurfaceduetoheatenergy.
Seethefigurebelow:

Beforetheheatercurrentisswitched on,no currentis
registeredbythemilliameter.Whentheswitchisputon,the
cathodeisheatedandemitselectronswhichcompletethe
gapbetweentheelectrodesandacurrentisregisteredat
themilliameter.

Productionofcathoderays

PropertiesofCathodeRays

(i)They travelin a straightline in absence of
magnetic or electric fields.Hence form sharp
shadowsofobjectsputontheirway.

ii)Cathoderayscausefluorescenceinsome
substancese.g.zincsulphide(phosphor).

iii)Theypossess kinetic energy.The kinetic
energyoftheemitted electronsisconverted
into light energy by a process called
fluorescence.Thisisthemainreasonwhythe
screenisnotheated.

iv)Theyarechargedbecausetheyaredeflected
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In the above discharge tube electrons produced atthe
cathodebythermionicemissionareacceleratedtowards
fluorescentscreenbyananodeofanextrahightension
(EHT)source.Thetubeisevacuatedsothattheemitted
electronsdonotcollidewithairmoleculeswhichwould
ionisethem makingthem losekineticenergy.Ionisationis
aprocesswhereelectronsarecompletelyremovedfrom
atomsofanelement.Thecathodeiscoatedwithbarium
andstrontium oxidestogiveareadyandcontinuoussupply
ofelectrons.

by both electric and magnetic fields (not
waves).

v)Thepathofcathoderaysinamagneticfield
iscircularsothattheforceactingonthem is
perpendiculartoboththemagneticfieldandthe
directionofcurrent.

vi)cathoderayshavemomentum and energy

givenby and respectivelyMeV Me
1

2
V2

kineticenergyoftheelectron
=workdonebytheelectricfieldontheelectron

=eV
1

2
mev2

vii)cathoderaysproducexrayswhentheystrike
ametaltarget

viii)Cathoderaysslightlyionisegases.

ix)Affectphotographicpapers.

CathodeRayOscilloscope(C.R.O.)

Itisanelectricalinstrumentused to displayand
analysewaveformsaswellastomeasureelectrical
potentialsi.e.voltagesthatvarywithtime.

Itconsistsofthefollowingparts;

(a)Electrongun.

(b)Deflectingsystem.

(c)Displaysystem

ElectronGun  Ifthegridismademorenegativewithrespectto
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(a)Itproducesanelectronbeam whichishighly
a concentrated stream of high speed
electrons.

(b)Ithasthefollowingcomponents;

-Cathode

-Cylindricalgrid

-Twoanodes

FunctionofCathode

To emitelectrons bythermionic emission (when
heated).Itiscoated with oxidesofthorium and
strontium (thetwoarepreferredbecausetheyhave
lowworkfunctionshencecanemitelectronseasily)

FunctionofCylindricalGrid.

 Controlstherateofflow ofelectronhencethe
brightnessofthespotonthescreen.

 Thenegativevoltageongridcanbevariedto
controlthe numberofelectronsreaching the
anode.

thecathode,thenumberofelectronspersecond
passingthroughthegriddecreasesandthespot
becomesdarker.Theeffectisreversedifthe
grid is made more positive in potentialwith
respecttothecathode.

Anodes

Thetwoanodeshavepositivepotentialsrelativeto
cathode.Anode1isatahigherpotentialthananode
2.The difference in potentialbetween the two
anodescreatesanelectricfield.Theelectricfield
convergesthedivergingbeam from anode2.

Functions

(a)Attractelectronsfrom cathode.

(b)They accelerate the electrons by providing
enoughenergytocauseemissionoflightasthey
hitthescreen.

(c)They focus electron beam by converging
electronstoasharppointonthescreen.

DeflectingSystem

Functionofthedeflectionsystem

Todeterminepositionofelectronbeam onthe
screen

Typesofdeflections

(i) Verticaldeflection(byY-plate)

(ii)Horizontaldeflection(byX-plate)

Verticaldeflection(Y-plates)

 It deflects electron beam vertically across the
screeninthefollowingwayswhenthetimebase(X-
plates)isswitchedoff;

 Whend.cpotentialacrossthetwoplatesiszeroa
spotisproducedonthescreeni.e.nodeflection.

 Whend.c.voltageisappliedacrossthey-platewith
top plate positive the electrons are deflected
upwardsandaspotthereforeappearsontheupper
partofthescreen.

 Whenlowerplateispositiveaspotappearsonthe
lowerpartofthescreen.

 Ifa.c voltage is applied cross yplate the spot
oscillateupanddowndependingonfrequencysuch

DisplaySystem (screen).

Insideofthescreeniscoatedwithphosphor(zinc
sulphide) which fluoresces or glows when
electronsstrikeithenceproducingabrightspoton
thescreen.

Theinsideofthetubeiscoatedwithgraphitewhich
hasthefollowingfunctions;

 Earthing–conductionofelectronstotheearth.

 Itisused to shield thebeam from external
electricfield.

 Itaccelerates electrons towards the screen
sinceitisinthesamepotentialastheanode.

UsesofCRO

 Itisusedasavoltmeter.

 Time base ofswitched off,the x-plates
earthedandthevoltagetobemeasured
connectedacrossthey-plates.Thevoltage
iscalculatedusingtheformula:

Voltage
=displacement×sensitivity(voltsperdivision)

AdvantagesofCROovervoltmeter
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thatwhatisseenonthescreenisaverticalstraight
lineifthefrequencyisveryhigh.

Horizontaldeflection(x-plates)

X-platesareinternallyconnectedtothetime-basecircuit,
whichappliesasaw-toothvoltagetothex-plates.The
voltageincreasesuniformlytoapeak(sweep)anddrops
suddenly(flyback).Thespeedwithwhichtheelectron
beam is“sweep”canbeadjustedwiththehelpofthe
timebaseknob.

Whenad.cvoltageisappliedtotheinput(Y-plates)of
thecathoderayoscilloscopeandthetimebaseon,then
thehorizontallineisseentomovetowardthepositive
plate.

Whenana.c voltageisapplied totheinputofaCRO
andtimebaseon,thenduetointeractionofthesaw-
toothvoltageatthex-plates and a.cvoltageatthey-
plates,a‘sine-curve’isseenonthescreen.

Thepurposeoftime-baseistomoveelectronsacross
thescreenataparticularspeedenablingthestudyof
variationbetweenvoltageswithtime.

 Canmeasurelargevoltageswithoutbeing
destroyed.

 Itrespondsinstantaneouslyunlikeordinary
meterwhosepointerisaffectedbyinertia.

 Canmeasurebotha.candd.cvoltages.

 Ithasextremelyhighresistanceanddoes
notthereforealtercurrentorvoltageinthe
circuittowhichitisconnected.

 Measuring the frequency ofa wave(a.c
signal)

Thesignalisfedintothey-platesofaC.R.O.with
thetimebaseon.Thetimebasecontrolisthen
adjustedtogiveoneormorecyclesoftheinput
signalonthescreen.ThetimeTofthesignalis
thendeterminedbyrelatingthetraceofthesignal
on the screen with the time base setting.The

frequencycanbecalculatedasf=
1

T

Examples

1. Thefigurebelow showsadisplayofana.c
signalon the CRO screen.Determine the
frequency,giventhatthetimebasesettingis
200ms/div.

2. Onthegridprovidedbelow,showthedisplayon
theCRO screenofana.csignal,peakvoltage
300vandfrequency50Hzwhentimebaseison
(Take-gain at100 V/div,timebasesetting at
10ms/div).

maximunverticaldivisions=
300

100

=3

T=
1

f

T=
1

50

T=0.02seconds

4. ThecontrolknobsofCROhavebeenadjustedto
getabrightelectron‘spot’onthescreen.Explain
howyougetthefollowingtraces:

(i) Ahorizontallineatthecentre.
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Numberofhorizontaldivisionspercompletecycle

= =2
0.02

0.01

3. A.d.cvoltageof50vwhenappliedtotheY-plates
ofaCROcausesadeflectionofthespotonthe
screenasshown.

(i) DeterminethesensitivityoftheY-gain.

(ii) Show whatwillbe observed on the
screenifana.cofpeakvoltage40vis
fedontotheY-plates

(ii)Averticallineatthecentre.

(iii)Asinecurve

5. ThetimebaseonaCROissetat1ms/cm andY-
gainat100v/cm.Whenanalternatingvoltageis
appliedtotheinputterminals,thebeakvalueof
thesinecurveonthescreenis2.9cm.calcuate:

(i) Theamplitudeoftheacvoltage.

(ii) Thefrequencyoftheacinputsignals,if
twofullwavesareformedinalengthof
5cm onthescreen.

6. Thefigurebelowshowsthedeflectionofaspot
byalternatingvoltagesignal

Ifthesensitivityis30v/division.Findthevoltageof
thesignal

TVTubeorComputerMonitor

 InTVtubemagneticcoils(fields)areused
insteadofelectricfieldbecausetheyprovide

Question

1. Thefigurebelowshowsthemainpartsofa
television receivertube with the electron
guns deflection coils and the fluorescent
screenlabelled.
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widerdeflectiontolightthewholescreen.

 Thetubehastwotinyplateswhichcombine
tolighttheentirescreeninsteadofjusta
line.

 Inacolour–TV 3electrongunsareused
eachproducingoneprimarycolour(red,blue
andgreen)screeniscoatedwithdifferent
chemicalstoproducethecolours.

Coilsaremountedoutsidetheneckofthetubeso
thattheycanbetreatedandadjustedwhilesetis
beingassembledandtested.

DifferencesbetweenTVscreenandCRO

TV CRO

Deflection is by
magneticfield

Deflectionisbyelectric
field

Ithastwotimebase Ithasonetimebase

Electrons lights the
wholescreen

Electronsproducealine
oradot

Thereare625linesper
second

Thereare25linesper
second

(i) Namethepartsoftheelectrongun

(ii) Why are magnetic fields in the coils
preferredinthetelevisionsetinsteadof
electricfields?

(iii) Nameasuitablesubstanceusedtocoat
thescreen.

ChapterEight X-RAYS

SpecificObjectives

Bytheendofthistopic,thelearnershouldbeableto:

a) ExplaintheproductionofX-rays
b) StatethepropertiesofX-rays
c) StatethedangersofX-rays
d) ExplaintheusesofX-rays
e) Solvenumericalproblemsinvolvingx-rays

Content

 ProductionofX-raysX-raytube

 EnergychangesinanX-raytube

 PropertiesofX-rays,softX-raysandhardx-
rays
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 DangersofX-raysandprecautions

 Usesofx-rays

 Problemsonx-rays

 X-rayswerediscoveredbyW.Roentgenin1895whenhewasconductingaresearchofcathoderays.
Hecalledthem x-raysbecausetheirnaturewasunknownatthetimeofdiscovery.X-raysare
producedwhenfastmovingelectronsaresuddenlystoppedbymatter.

ProductionOfX-Rays.

 When a Cathode is heated,it produces
electrons by thermionic emission.Emitted
electrons are accelerated to the anode
(target)byhighpotentialdifferencei.e.100kv
betweencathodeandanode.

 Whenfirstmovingelectronsarestoppedby
theanode(target)partoftheirkineticenergy
isconvertedtox-rays.

 Anx-raytubeisreallyahighvoltagediode
valve.

 Cathodeisconcavesoastofocuselectron
beam tothetungstentarget.

 The cathode is coated with oxides oflow
work function so thatelectrons are easily
emittedfrom itssurfacewhenitisheated.

 Theanodetargethasahighmeltingpointto
withstand a lot of heat generated e.g.
tungstenormolybdenum

 Most of kinetic energy of electrons is
convertedtoheatenergybutabout0.5% is
transferredtox-raysradiation.

 Anodeismadeofgoodconductorofheati.e.
copperforefficient(fast)dissipationofheat
energy.However,oilcirculation and fins
enhancescoolingprocess.

 Lead shielding has high density so as to

 Modernx-rayshavearotatingtargetduring
operation to changethepointofimpact
therebyreducingthewearandtearonit.

 Thetargetissetatanangle(450)todirect
x-raysoutofthetubethroughawindowon
theleadshield.Seethefigurebelow:
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prevent x-rays from penetrating into
undesirabletargets.

PropertiesofX-Rays

1. Travelinstraightlineataspeedoflightina
vacuum.

2. X-rays are dangerous, they can cause
cancer.

3. X-rays penetrate substances but are
absorbedbydensesolidse.g.bonesorlead.

4. X-raysaffectphotographicfilms.

5. X-rays ionise gases,so that the gases
becomeconductors.

6. X-rayscancausephotoelectricemission.

7. X-rays cause fluorescence in certain
substances.

8. X-raysarenotdeflectedbyamagneticor
electricfields.

9. X-rayscanbediffractedandplanepolarised
sotheyarewaves.

10.X-raysareelectromagneticwavesofveryshort
wavelengths and hence obey the wave equation

andenergyequationc=λf E=hf.

TypesofX-Rays

Hardx-rays

 Havehighfrequency(shortwavelength)hence
high penetrating power.This is achieved by
increasingtheanodevoltage,inordertogivethe
cathoderaysmorekineticenergy.

 These x-rays penetrates the flesh but are
absorbedbythebones.

Softx-rays

 The soft x-rays are produced by electrons
movingatalowervelocitycomparedtothose
producing hard x-rays.This is achieved by
loweringtheacceleratingvoltage.

 Thesex-raysareusedtoshowmalignantgrowth
intissuesbecausetheyonlypenetratethesoft
tissues.

 Quality and type of x-rays produced is
determinedbytheacceleratingpotential.

Intensity(Quantity)ofx-rays

Applicationsofx-rays(uses)

(i) Inmedicine(RadiographyandRadiotherapy).

 Dueto thepenetrating propertyofx-rays,
fracturedbonesanddislocatedjointscanbe
seen from x-ray photograph called
radiograph.Foreignobjectslikeswallowed
coinsorpinscanalsobelocated.

 HardX-rayscantreatcancer,tumoursand
other skin diseases by destroying the
infectedcells.

(ii)Science/Crystallography

 Studyofcrystalstructurewhichexplainsthe
arrangementofatomsindifferentmaterials.
Incasetherearefracturesinthestructureof
thematerial,theycaneasilyberevealedby
theX-rays

(iii)Inindustry

 Inspectcracks/flawsinmetalcasting.

 Sterilize surgical equipment before
packaging.

(iv)Securitye.g.inAirports.

 Toinspectluggageforanyweaponhiddenin
them.

DangersofX–ray

 Becauseoftheirionizing property,X-rayscan
causeseriousdamagetothebodycells.Excess
exposureoflivingtissuetoX-raycanleadto
damageorkillingofthecells.

 Thepenetratingpropertycanalsocausegenetic
changesandevenproduceseriousdiseaseslike
cancerifoneisexposestothem foralongtime.

Precautionswhenusingx-raymachine

(i) X-raymachineshaveleadshieldtoprotect
theoperatorfrom strayX-rays.

(ii)Theroomsofoperationhaveconcretewalls
toabsorbanyleakingradiations(X-rays).
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 TheIntensityofx-raysiscontrolledbyamountof
heatingcurrent.

 Thegreatertheheatingcurrent,thegreaterthe
numberofelectronsproduced hencemorex-
rays.Togiveamoreintensebeam ofx-rays,the
cathodeismadehotter,togivemoreelectrons
leadingtomorex-rays.

NOTE:ThestrengthoftheX-raysdependsonthe
accelerating potentialdifference between the
anodeandthecathode.

(iii)Reduceexposuretime.

ENERGYOFX-RAYS

Energyofanelectroncanbecalculatedby
the formula E = hfwhere h is Plank’s
constantandffrequency.

Butfrom c=fλ;f= thus E=

ButE=eVwhereeistheelectroncharge
and V is the accelerating potential
difference.

ThuseV=

The energy ofthe electron is maximum
whenthewavelengthisshortest.

Calculations

1. Calculatethewavelength ofx-rayswhose
frequencyisgivenby2.0× Hz.1020

2. Findtheenergyofx-rayswhosewavelength
is m inavacuum ( and10-10 c=3.0× m/s,108

).h=6.63× Js10-34

3. An x-ray tube is operated with anode
potential of 50kV and current of
15mA,calculate;

(i) The rate at which energy is
convertedatthetargetofthex-ray
tube.

(ii) Kinetic energy of the emitted
electronsbeforehittingthetarget.

(iii) The maximum velocity of the
electrons.

(iv) The frequency of the x-rays
produced if0.5% oftheenergyis
convertedintox-rays.

(v) Thenumberofelectronshittingthe
anodeafteronesecond.

4. An x-ray tube operates ata potentialof
80kV. Only 0.5% of electron energy is
convertedtoX-raysattheanodeatarateof
100J/s.

Determine;

(i) Thetubecurrent.

(ii) Theaveragevelocityofelectronshitting

4.The figure below showsthe essential

componentsofanX–raytube

a) (i)Brieflyexplainelectronsareproducedby

thecathode

b) (ii) How are the electrons produced

acceleratedtowardstheanode?

(iii) Whyisthetargetmadeoftungsten?

(iv) HowiscoolingachievedinthiskindofX

–raysmachine.

(v) Whywoulditbenecessaryforthetarget

to rotate during operation of this

machine?

(vi) Whyisthetubeevacuated?

(vii) Whyisthemachinesurrounded bya

leadshield?

(a)If the accelerating voltage is 100 kV

calculate;
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thetarget.

(iii) Theminimum wavelengthofx-rays

5. Anx-raytubeoperatingat50kVhasatube
current of 20mA. (Take

=9.1× kg,e=1.6× C,c=3.0× m/sme 10-31 10-19 108

).Howmanyelectronsarehittingtargetper
second.

(i) If0.5%ofenergyofelectronisconverted
tox-rays,estimatethequantityofheat
energyproducedpersecond.

(ii) Findx-raypoweroutput.

More

1. Stateoneagriculturaluseofx-rays.

2. Namethepropertyofx-raysthatdetermines
thetypeofx-raysproduced.

3. Anexray-tubeisoperatedat125kVpotential
and Ifonly1%oftheelectricalpower10mA.
isconvertedtox-rays,atwhatrateidthe
targetbeingheated?Ifthetargethas0.3kg
andismadeofamaterialwhosespecific
heatcapacityis ,atwhataverage150Jkg-1K-1

ratewouldthetemperatureriseiftherewere
nothermalloses?

(i) Kineticenergyoftheelectronsarrivingatthe

target(e=1.6x10-19C).

(ii) If0.5%oftheelectronenergyisconverted

into X – rays determine the minimum

wavelengthoftheemittedX-rays (h=6.63

x10-34 JS,andC=3.0x108ms-1) .

ChapterNine PHOTOELECTRICEFFECT

SpecificObjectives

Bytheendofthistopic,thelearnershouldbeableto:

a) Perform anddescribesimpleexperimentsto
illustratethephotoelectriceffect

b) Explain the factors affecting photoelectric
emission

c) Apply the equation E=hƒto calculate the
energyofphotons

d) Definethresholdfrequency,workfunctionand
theelectronvolt

e) ExplainphotoelectricemissionusingEinstein
equation

f) (hƒ+hƒ0+½mv2)
g) Explain the applications of photoelectric

effects
h) Solve numerical problems involving

photoelectricemission

Content

 Photoelectric effects,photons,threshold
frequently,workfunction,planksconstant,
andelectrons-volt.

 Factorsaffectingphotoelectricemission.

 Energyofphotons.

 Einsteinequation

 Applicationsofphotoelectriceffects:

 photoemissive,
 Photoconductive
 Photovoltagecells

 Problemsonphotoelectricemissions
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When an electromagnetic radiation of sufficient
frequencyisradiatedonametalsurfaceelectronsare
emitted.Theseelectronsarecalled photoelectrons
andthephenomenoniscalledphotoelectriceffect.
Photoelectric effectis therefore a phenomenon in
whichelectronsareemittedfrom thesurfaceofa
solidwhenilluminatedwithelectromagneticradiation
of sufficient frequency.A materialthat exhibits
photoelectriceffectissaidtobephoto-emissive.

Photoelectriceffectcanbedemonstratedby:

(a)Usingneutralplates

WhenUVfallsonplateA,thegalvanometerdeflects
showing flow ofcurrent,when UV is blocked no
deflectiononthegalvanometeri.e.nocurrentflowing.
WhenUVfallsonthemetal,someelectronsacquire
sufficient kinetic energy from the UV and are
dislodged from the surface. The electrons are
attractedtoplateB.Theelectronscompletethegap
betweentheplatesallowingcurrentto flow inthe
circuithencedeflectiononthegalvanometer.

(b)Usingchargedelectroscope

Whenfreshlycleanedzincplateisirradiatedwith
UV radiations,electrons are emitted from its
surface.Photoelectronsemittedfrom thepositively
chargedzincplatedonotescapeduetoattraction
by positive charges on the zinc plate hence
divergence remains the same. Photoelectrons
emittedfrom thenegativelychargedzincplateare
repelledandtheelectroscopebecomesdischarged
asaresultofwhichtheleafdivergencedecreases.
Ifaglass(whichabsorbsUVradiations)isplaced
betweenzincplate(negativelycharged)andtheUV
source no effectis seen on the leaf of the
electroscope.

Ifthe zinc is notfreshlycleaned,the electrons
mightnotbeliberatedfrom thezinc.

Ifthe electroscope is uncharged,its leafrises
steadilyshowing thatitisbeing charged.When
testeditisfoundtobepositivelycharged.Thisis
because;electronsareremovedfrom thezincplate
whichinturnattractselectronsfrom theleafofthe
electroscopeleavingitwithpositivecharges.

Definitionofterms

1.Thresholdfrequency,fo

Minimum frequencyofaradiationforwhichcan
cause electron(s) to dislodge from a metal
surface.

Whenvisiblelightisincidentonthefreshlycleaned
zinc plate,the leaf of a negatively charged
electroscope does notdecrease in divergence.
Thisshowsthatvisiblelightdoesnothaveenough
energytodislodgeelectronsfrom thesurfaceof
zinc plate.Forany given surface there is a
minimum frequencyofradiationbelow whichno
photoelectricemissionoccurs.Thisfrequencyis
calledthresholdfrequency,f0

1eV=1.6× J10-19

Examples

1. Calculate the energy of a photon of frequency
in:5.0× Hz1014

(i) Joules

(ii) Electronvolts

2. Thewavelengthoforangelightis625nm.calculatethe
energyofaphotonemittedbyorangelightinelectron
volts.
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2.Workfunction,Wo -the minimum amountof

energyneededtocompletelyremove(dislodge)an

electron from the surface of a metal. Work

functionvariesfrom onemetaltoanother.Unitfor

workfunctioniselectron-volt(eV)orjoule(J)Note:

1eV=1.6x10-19J

3.Threshold wavelength,λo – isthemaximum
wavelength beyond which no photoelectric
emissionwilloccur.

Lightenergyandthequantum theory.

In1901,MaxPlanck,a scientistcameupwiththe
idea thatlightenergy is propagated in small
packetsofenergy.Eachpacketiscalledquantum
(quanta-plural).Inlightthisenergypacketiscalled
photons.

Energypossessedbyaphotonisproportionalto

thefrequencyoftheradiation.E=hf

Wheref isthefrequencyofradiationandhis

Plank’sconstant=6.63x10-34Js

Ingeneralwaveequationc=fλorf=
c

λ

ThereforeE=h
c

λ

Sincehandcareconstants,awavewithlarger
wavelengthhaslessenergy.

1. Electron-volts-istheworkdoneofenergy
gained by an electron when itmoves
throughapotentialdifferenceof1volts.

workdone=QV

ForanelectronWorkdone=eV

=1.6×1 C×1V0-19

=1.6× J10-19

Einstein’sEquationofPhotoelectricEffect.

 When a photo strikes an electron allits energyis
absorbedbytheelectronandsomeenergyisusedto
dislodgetheelectronwhiletherestbecomethekinetic
energyoftheelectron.i.e.

Energyofphoton=(Energyneededtodislodgeanelectron
from the metalsurface)+ (maximum K.E gained bythe
electron)

 Ifthefrequency(f)onanyradiationislessthan ,thefo
energywillbelessthat andthereforenoemissionWo
willoccur.Ifthefrequency(f)isgreaterthanfo then

and excess energy is utilized as K.E ofhf>Wo
emittedelectrons.

 Thus where ismassofelectronand,hf= +wO Mev2 Me

V- Velocity of emitted electron. This is Einstein’s
photoelectricequation.

hf=h +fO ½Mev2

hf= +
hc

⋋o

½Mev2

Example:

1.The minimum frequency of light that willcause
photoelectric emission from potassium surface is 5.37

x1014 Hz.Whenthesurfaceisirradiatedusingacertain
sourcephotoelectronsareemittedwithaspeedof7.9x

105ms-1calculate

(a)Workfunctionofpotassium.

(b)Maximum K.Eofthephotoelectrons.

(c)Thefrequencyofthesourceofirradiation

solution

(a)Wo=hfo

=6.63x Jsx5.37x10-34 1014S-1

=3.56x J10-19

=½Me(b)K.Emaximum V2

=½9.11x x10-31 (7.9x105)2

=2.85x J10-19

(c)hf=Wo+K.Emaximum

hf=3.56x +2.84x10-19 10-19

hf=6.4x10-19

Energyradiation/frequencyofradiationused.

Frequency of the radiation and the energy of the
photoelectronscanbeexaminedusingthefollowingcircuit
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f=
6.4x10-19

6.63x10-34

f=9.65x Hz1014

2. Sodium hasworkfunctionof .Calculate:2.3eV

(i) Itsthresholdfrequency.

(ii) The maximum velocity of the
photoelectron produced when its
surface is illuminated by light of
wavelength .determinethe5.0× m10-7

stoppingpotentialofthisenergy.

3. Whenlightofwavelength isirradiated1.0μm
onto ametal,itejectsan electron with a
velocityof .calcualatethe:3.0× m/s105

(i) Workfunctionofthemetal.

(ii) Thresholdfrequencyofthemetal

4. Theminimum frequencyoflightwhichwill
causephotoelectricemissionfrom ametal
surface is .ifthe surface is5.0× Hz1014

illuminatedbylightoffrequency6.5× Hz,1014

calculate:

(i) The work function of the metal
surface.

(ii) The maximum K.E.(in e.v)ofthe
electronemitted.

(iii) Themaximum speedoftheelectrons

FactorsAffectingPhotoelectricEffect
Note:Threefactorsdeterminetheemissionsof
electronsonmetalsurfacesbyincidentradiation
are:

(i) Intensityoftheradiation.

(ii) Energyoftheradiation

(iii) Typeofmetal.

Intensityofradiationused.

Thisistherateofenergyflow perunitareawhen
theradiationisperpendiculartothearea.i.e.

Intensity = → I=

but =Pthus Intensity,I=

Whentheintensityoftheradiationisincreased
and the distance between the source and the

andthefrequency(wavelength)isvariedusingdifferent
colourfiltersplacedinthepathofthesourceofwhitelight.
Foreachcolour,Jismoveduntilnocurrentisregistered.

Notethat,thebatteryisconnectedinsuchawaythatit
opposestheejectionofthephotoelectronsbyattracting
them back to the cathode.The voltmeterrecords the
stoppingpotentialforagivenfrequency.

From Einstein’sphotoelectricequation,

hf= +½WO Mev2

⇒hf= +eWO vs

Iffrequencyisincreasebutworkfunctionheldconstant,
thenthestoppingpotentialincreases.

Thetablebelowshowssomecoloursandtheirfrequencies
andstoppingpotentials.

Forfurtherlearning,seetheattachedleaflettaken
from KLBPG158-59.

Typeofmetal/workfunctionofthemetal

Eachmetalhasitsownthresholdfrequencybelow which
NOphotoemissiontakesplace,nomatterhow intensethe
radiationis.Atconstantincidentenergy,iftheworkfunction
ofthemetalishigh,thenthekineticenergyoftheemitted
electronsislow.

Colour Frequencyf(x1014Hz) (StoppingpotentialVs)

Violet 7.5 1.2

Blue 6.7 0.88

Green 6.0 0.60

Yellow 5.2 0.28

Orange 4.8 0.12
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surface is decreased, the number of
photoelectronsemittedincreases.Therefore,the
numberofphotoelectrons produced is directly
proportionaltotheintensityoftheradiation.

Examples

1. Inanexperimenttofindtherelationshipbetweenfrequencyofradiationandthekineticenergyof
photoelectronsinaphotoelectricdevice,thefollowingresultswereobtained.

Frequency 7.4 6.8 6.1 5.3 4.7

Stoppingpotential(Vs) 1.7 1.6 1.26 0.8 0.74

Onagraphpaperplotagraphofstoppingpotential(Vs)againstfrequency(Hz)

From thegraphfind;

(i) Thethresholdfrequency.

(ii) Theplanksconstant(h)

(iii) TheworkfunctionofthemetalinJoules

2. (a)Definethresholdwavelength

(b)Thetablebelow showsthesoppingvoltage,Vs,forametalsurfacewhenilluminatedwithlightof
differentwavelength,ofconstantintensity.

(x10-7m) 3.00 3.33 3.75 4.29 5.00

Vs(V) 2.04 1.60 1.20 0.78 0.36

(i)PlotasuitablegraphofK.Eagainstfrequency.

(ii)From thegraphdetermine

(a)Planck’sconstant

(b)Thresholdfrequency

(c)Workfunctionforthemetalsurface

3. Interpretthefollowinggraphs;

Agraphofincidentfrequencyagainstthekineticenergyofthephotoelectrons

Agraphof kineticenergyofemittedelectrons.
1

wavelength
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ApplicationofPhotoelectricEffect.
(a)Photo-emissivecell.

Ithasthecathodeandtheanode.

Whenlightfallsonthecathode,photoelectronsare
emittedandattractedbytheanodecausingacurrent
toflowinagivencircuit

Thecellsareusedin:

(i)Countingvehiclesoritemsonaconveyorbeltin
factories

(ii)Burglaralarms

(iii)Openingdoors.

Photoemissivecellcanalsobeusedtoreproduce
soundfrom film.

Inexciterlampfocuseslightthroughsoundtrack
alongthesideofmovingfilm ontoaphotocell.

Lightpassingtothecell.Thecellcreatesvarying
current in line with current obtained from the
microphonewhenthefilm wasmade.Varyingp.d
acrosstheresistorisamplified and converted to
sound.

(b)Photovoltaiccell

Itproducescurrentasaresultophotoelectriceffect.
Itconsistsofacopperoxideandcopperbar

When light strikes the copper oxide surfaces,
electronsareknockedoff.Copperoxidebecomes
negativelychargedandcopperpositivelycharged.
Thisallowscurrenttoflow.

(c)Photoconductivecellorlight-dependentresistor
(LDR).

Itis made ofa semiconductormaterialcalled
cadmium sulphide.

Lightenergyreducestheresistanceofthecellfrom
10MΩto1kΩinbrightlight.Photonletstheelectrons
freeincreasing conduction.Theyareused in fire
alarmsandexposuremetersofcameras.

Otherphotoelectricdevicesarethesolarcellandthe
photodiode.
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ChapterTen RADIOACTIVITY

Bytheendofthistopicthelearnershouldbeableto:

a) Defineradioactivedecayandhalflife
b) Describethethreetypesofradiationsemitted

innaturalradioactivity
c) Explainthedetectionofradioactiveemission
d) Definenuclearfissionandfusion
e) Writebalancednuclearequation
f) Explainthedangersofradioactiveemission
g) Statetheapplicationofradioactivity
h) Solvenumericalproblemsinvolvinghalflife

Content

 Radioactivedecay

 Half-life.

 Types of radiations properties of
radiations.

 Detectorsofradiation.

 Nuclearfission,nuclearfusion.

 Nuclearequations.

 Hazardsofradioactivity,precautions.

 Applications.

 Problemsonhalf–life(integrationnot
required)

Radioactivity is the disintegration of an unstable
nucleuswithemissionofradiationinordertoattain
stability.

Structureoftheatom

 Consists of a tiny nucleus and energy
levels(shells).Thenucleusisverysmallinsize,as
compared to theoverallsizeoftheatom.The
nucleus contains protons and neutrons. The
numberofelectronsintheshellsisequaltothe
numberofprotonsinthenucleusmakingtheatom
electricallyneutral.

Theatomicnumber

 Thenumberofprotonsinthenucleusofanatom.

Mass(nucleon)number

 Thesum ofprotonsandneutronsinthenucleusof
anatom.

Isotopes

 Atomsofthesameelementthathavethesame
atomicnumberbutdifferentmassnumbers.

Radioactivedecay

 Processbywhicharadioactivenuclideundergoes
disintegration to emita radiation.The emitted
radiationscanbealphaparticles,betaparticles
andthisisaccompaniedbyreleaseofenergyin
form ofgammaradiations.

TypesofRadioactiveDecay

AlphaDecay–isrepresentedby anddenotedbyHe4
2 ⍺

 Ifthe nuclide decays by release ofan alpha
particle,themassnumberdecreasesby4andthe
atomicnumberdecreasesby2.Thisisexpressed
as;

+→X
A
Z YA-4

Z-2 He4
2

(Parent (daughter (alpha

Nuclide) nuclide) particle)

Uranium,forexample,decaysbyemittinganalphato
becomethorium.Thedecayisexpressedas;

+→U238
92 Th234

90 He4
2
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Nuclide

A group ofatoms thathave the same atomic
numbersandthesamemassnumbers.

NuclearStability

 Stablenuclideshaveaprotontoneutronratioof
about1:1.However,asatomsgetheavier,thereis
amarkeddeviationfrom thisratio,withthenumber
ofneutronsfarsuperseding thatofprotons.In
such circumstances,thenucleusislikelyto be
unstable.Whenthishappens,thenucleusislikely
todisintegrateinanattempttoachievestability.

Similarly,polonium undergoesalphadecaytobecome
lead.

+→Po210
84 Pb206

82 He4
2

BetaDecay-representedby anddenotedbye0-1 β

 Ifthenuclidedecaysbyreleaseofa( -particle,β
the mass numberremains the same butthe
atomicnumberincreasesby1.Thisisexpressed
as;

+→XAZ YAZ+1 e0-1

(Parent (daughter (beta

nuclide) nuclide) particle)

 Radioactivesodium,forexampleundergoesbeta
decaytobecomemagnesium.Thisiswrittenas;

+→Na24
11 Mg24

12 e0-1

GammaRadiation-isdenotedbyγ

 Somenuclidesmightbeinanexcitedstateand
toachievestability,theymayemitenergyinform
ofgamma radiation,withoutproducing new
isotopes.Forexample:

(i)Cobalt-60;

+→Co60
27 Co60

27 γ

(ii)Thorium-230;

+→Th230
90 Th230

90 γ

Example1

Thorium-230[ ]undergoesdecaytobecomeTh230
90

Radon-222 FindthenumberofalphaparticlesRn222
86

emitted.

Solution

Letthenumberofalphaparticlesemittedbex.The
expressionforthedecayis;

+X( )→Th230
90 Rn222

86 He4
2

Thus;

4x+222=230 2x+86=90

Example3

Uranium –238( ) undergoesdecaytobecomeU238
92

lead-206( ).Findthenumberof and -Pb206
82 ∝ β

particlesemittedintheprocess.

Solution

Letthenumberof and -particlesemittedbex∝ β
andyrespectively.

+ X( )+y( )→U238
92 Pb206

82 He4
2 e0-1

238=206+4x

4x=32

x=8

Also;

92=82+2x-y

92=82+16-y

92=98-y

y=6

Eight -particlesandsix -particlesareemitted.∝ β

Example4
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4x=8 or 2x=4

x=2 x=2

Twoalphaparticlesareemitted.

Example2

Lead-214( )decaystopolonium-214( )byPb214
82 Po214

84

emitting -particles.Calculate the numberof -β β
particlesemitted.

Solution

Letxbethenumberof -particlesemitted.β

+ x( )→Pb214
82 Po214

84 e0-1

82=84-x

x=2

Two -particlesareemitted.β

Uranium 234( )decaystopolonium ( ) byU234
92 Po218

84

emitting alpha particles.Write down the nuclear
equationrepresentingthedecay.

Solution

Letthenumberofalphaparticles(helium)bex.

+ x( )→U234
92 Po218

84 He4
2

234=218+4x

16=4x

x=4

Thedecayequationis,therefore;

+ 4( )→U234
92 Po218

84 He4
2
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Propertiesofemittedradiations

Alphaparticles

(i) Are positively charged hence deflected by
electricandmagneticfields.(Seediagram).

(ii)They have low penetrating power but high
ionizingeffectbecausetheyareheavyandslow.

(iii)Theyloseenergyrapidlyandsohaveveryshort
range.

(iv)Canbestoppedbyathinsheetofpaper.

(v) Theyaffectphotographicplates

Betaparticles

(i) Havenomassandarerepresentedby .e0-1

(ii)Arenegativelychargedhencedeflectedbyboth
electricandmagneticfields.(seediagram).

(iii)Have more penetrating power than alpha
particlesbutlowerionizingeffect.

(iv)Penetrate a sheetofpaperbutstopped by
aluminium foil.

Gammarays

(i) Highenergeticelectromagneticradiation.

(ii)Havenomassandnochargehencecannotbe
deflectedbyelectricandmagneticfields.

(iii)Haveveryhighpenetratingpowerandverylow
ionizingpower.

(iv)Can penetrate through a sheetofpaperand
aluminium sheetsbutstoppedbyathickblock
oflead.

Summary

Note:The main difference between X-rays and
gamma rays is thatgamma rays originate from
energychangesinthenucleusofatomswhileX-rays
originate from energy changes associated with
electronstructureofatoms.
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RadiationDetectors

MethodsOfDetectingNuclearRadiations

The methods ofdetection rely on the ionizing
property.

1.PhotographicEmulsions

Allthethreeradiationsaffectphotographicemulsion
orplate.Photographic films are very usefulto
workers who handle radioactive materials.These
workersaregivenspecialbadgeswhichcontaina
smallpiece ofunexposed photographic film.If,
duringthetimeithadbeenworn,theworkerwas
exposed to radiations, it should darken on
development, implying that further safety
precautionsshouldbetaken.

2.CloudChamber

When airis cooled untilthe vapouritcontains
reachessaturation,itispossibletocoolitfurther
without condensation occurring. Under these
conditions,thevapourissaidtobesupersaturated.
Thiscanonlyoccuriftheairisfreeofanydust,
whichnormallyactsasnucleionwhichthevapour
cancondensetoform droplets.Gaseousionscan
alsoactasnucleiforcondensation.Theionizationof
airmoleculesbyradiationsisinvestigatedbyacloud
chamber,

The common types of cloud chambers are
expansion cloud chamber and diffusion cloud
chamber.Inbothtypes,saturatedvapour(wateror
alcohol)ismadetocondenseonairionscausedby
radiations.Whitishlinesoftinyliquiddropsshowup
astrackswhenilluminated.

ExpansionCloudChamber

Whenaradioactiveelementemitsradiationsintothe
chamber,theairinsideisionized.

Ifthepistonisnowmoveddownsuddenly,airinthe
chamberwillexpandandcoolingoccurs.

Whenthishappens,theionsformedactasnucleion
which the saturated alcohol or water vapour

DiffusionCloudChamber

Functionsofthecomponentsofdiffusionchamber

Dryice:coolstheblackenedsurfacemakingtheair
atthelowersurfaceofthechambercool.

Sponge:itensuresthatthedryiceisincontactwith
theblackenedsurface

Wedges:itkeeps the chamber in a horizontal
position.

Lightsource:illuminatesthetracksmaking them
clearlyvisible.

Blackenedsurface:providesbettervisibilityofthe
tracksformed.

Principleofoperation

Thealcoholfrom thefeltringvaporizesanddiffuses
towards the black surface. The radioactive
substanceemitsradiationswhich ionizestheair.
The vaporized alcoholcondenses on the ions
forming tracks.Thetracksarewelldefined ifan
electricfield iscreated byfrequentlyrubbing the
Perspexlidofthechamberwithapieceofcloth.The
tracksobtainedintheabovecloudchambersvary
according to the type of radiation.Alcoholis
preferred because itis highlyvolatile and hence
evaporateseasly.
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condenses, forming tracks. The shape and
appearance ofthe track willwhich type ofthe
particleshavebeenemitted.

The tracks due to alpha particles are short,
straightandthick.Thisisbecause:

(i)Alphaparticlescauseheavyionization,rapidly
losingenergy,hencetheirshortrange.

(ii)They are massive and theirpath cannot
thereforebechangedbyairmolecules.

(iii)Alphaparticlescausemoreionsontheirpaths
astheyknockoffmoreelectrons,see

Thetracksformedbybetaparticlesaregenerally
thinandirregularindirection.Thisisbecausebeta
particles,being lighterand faster,cause less
ionization of air molecules. In addition,the
particlesarerepelledbyelectronsofatomswithin
theirpath.

Gammaraysproducescantydisjointedtracks,

Geiger-MullerTube

TheGeiger-Muller(G-M)tubeisatypeofionizationchamber.
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The thin mica window allows passage ofradiations
theseradiationsionizestheargongasinsidethetube.
Theelectronsareattractedtotheanodeasthepositive
ions moves towards the cathode. More ions are
produced as collisions continue.Smallcurrents are
producedwhichareamplifiedandpassedtothescaler
connectedtothetube.Thepresenceofsmallamountof
halogen in the tube is to help absorbing the kinetic
energyofthepositiveionstoreducefurtherionisation
and enhance quick return to normal.This is called
quenchingthetubei.e.Brominegasactsasaquenching
agent.

Thegoldleafelectroscope

Achargedelectroscopelosesitschargeinthepresence
ofaradioactivesource.Theradioactivesourceionizes
theairaroundtheelectroscope.Ionsontheopposite
chargetothatoftheelectroscopeareattractedtothe
cap and eventually neutralize the charge of the
electroscope.Asadetectorachargedelectroscopeis
notsuitablefordetectingbetaandgammaradiations
becausetheirionizing effectin airisnotsufficiently
intensesotheleafmaynotfallnoticeably.

BackgroundRadiation

 Radiationsthatareregisteredorobservedin
the absence ofa radioactive source.The
count registered in the absence of the
radioactive source is called background
count.

 sources of these backgrounds radiation
include:

(i)Cosmicraysfrom outerspace.

(ii)Radiationsfrom thesun.

(iii) Some rocks which contain traces of
radioactivematerial,e.g.,granite,

(iv)Naturalandartificialradioisotopes.

Inexperiments,theaveragebackgroundcountrateshouldberecordedbeforeandaftertheexperimentsuch
that:

correctcountrate=countrate-backgroundradiationsregistered

ArtificialRadioactivity

Some naturally occurring nuclides can be made
artificiallyradioactivebybombardingthem withneutrons,
protonsoralphaparticles.

Forexample,whennitrogen--14( )nuclide,whichisU14
7

stable,isbombardedwithfastmovingalphaparticles,
radioactiveoxygenisformed.Thisisrepresentedby;

+He4
2 → +U14

7 O17
8 H11

Otherartificiallyradioactivenuclidesaresilicon-27( ),Si
27
14

sulphur-35( )andchlorine-36( )S35
16 Cl

36
17

DecayLaw

Statesthattherateofdisintegrationatagiventimeis
directlyproportionaltothenumberofnuclidespresentat

Half-life

 The time taken forhalfthe numbers of
nuclides initially presentin a radioactive
sampletodecay.

 Half-lifeofaradioactivesubstancecanbe
determinedusingthefollowingmethods:

Decayseries

Decayformula

N=N0(12)
T

t

where,

N=originalcountrate
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thattime.Thiscanbeexpressedas;

-N,whereNisthenumberofnuclidespresentata∝
dN

dt
giventime.Itfollowsthat;

=- N,where isaconstantknownasthedecay
dN

dt
λ λ

constant.

ThenegativesignshowsthatthenumberN decreases
astimeincreases.

isreferredtoastheactivityofthesample.
dN

dt

=RemainingcountrateNo

T=totaltimeofdecay

t=half-life

From agraph

ApplicationsofRadioactivity

(i) CarbonDating

Living organisms take in small quantities of
radioactive carbon-14,in addition to the ordinary
Carbon-12.Theratioofcarbon-12tocarbon-14inthe
organisms remains fairlyconstant.The count-rate
cangivethisvalue.

Whentheorganismsdie,thereisnomoreintakesof
carbonandthereforetheratiochangesduetothe
decay ofcarbon-14.The count-rate ofcarbon-14
thereforedeclineswithtime.Thenewratioofcarbon-
12tocarbon-14isthenusedtodeterminetheagefor
thefossil.

(ii)Medicine

Gammarays,likeX-rays,areusedinthecontrolof

(iii)DetectingPipeBursts

Undergroundpipescarryingwateroroilmanysuffer
burstsorleakages.Ifthewateroroilismixedwith
radioactivesubstancesfrom thesource,themixture
willseepoutwherethereisanopening.Ifadetector
is passed on the ground near the area,the
radiationswillbedetected.

(iv)DeterminingThicknessofMetalFoil

In industrieswhich manufacturethin metalfoils,
paperand plastics,radioactiveradiationscanbe
used to determine and maintain the required
thickness.Ifabetasource,forexample,isplaced
ononesideofthefoilandG-M tubeontheother,
thecountratewillbeameasureofthethicknessof
themetalfoil.

A thicknessgaugecanbeadaptedforautomatic
controlofthemanufacturingprocess.

(v)TraceElements

Themovementoftracesofaweakradioisotope
introducedintoanorganism canbemonitoredusing
aradiationdetector.Inagriculture,thismethodis
appliedtostudytheplantuptakeoffertilizersand
otherchemicals.

(vi)DetectionofFlaws

Cracks and airspaces in welded joints can be
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cancerousbodygrowths.Theradiationkillscancer
cellswhenthetumourissubjectedtoit.Gammarays
are also used in the sterilization of medical
equipment,and forkilling pests ormaking them
sterile.

detected using gamma radiation from cobalt-60.
Thecobalt-60isplacedononesideofthejointand
aphotographicfilm ontheother.Thefilm,when
developed,willshowanyweaknessinthejoint.

HazardsofRadiation

Whenthehumanbodyisexposedtoradiation,the
effectoftheradiationdependsonitsnature,the
dosereceivedandthepartirradiated.Gammarays
presentthemainradiationhazard.Thisisbecause
theypenetratedeeplyintothebody,causingdamage
to bodycellsand tissues.Thismaylead to skin
burnsandblisters,soresanddelayedeffectssuch
as cancer, leukaemia and hereditary defects.
Extremelyheavydoses ofradiation maylead to
death.

Precautions

(i) Radioactiveelementsshouldneverbeheld
withbarehands.

(ii) Forcepsorwellprotectedtongsshouldbe
usedwhenhandlingthem.

(iii)Forthe safety ofthe users,radioactive
materialsshouldbekeptinthickleadboxes.

(iv)In hospitals and research laboratories,
radiationabsorbersareused.

NuclearFusion

Experimentsshow thatalotofenergyisreleased
whenthenucleioflightelementsfusetogetherto
form aheaviernucleus.Thefusingtogetherofnuclei
toform aheaviernucleusiscallednuclearfusion.An
exampleofnuclearfusionistheformationofalpha
particleswhenlithium fuseswithhydrogen;

NuclearFission

Itwasdiscoveredthatifanucleusofuranium is
bombarded with a neutron,the uranium nucleus
splitsintotwoalmostequalnuclei.Whenanucleus
is bombarded and itsplits,itis said to have
undergonenuclearfissionasshownbelow.

+ → +3 +energyU235
92 n10 Ba+138

56 Kr95
36 (n10 )

Protonsandneutrons(nucleons)arekepttogetherin
the smallvolume ofthe nucleus bywhatcalled
binding energy.To splitthenucleus,thisbinding
energy has to be released.The energy released
duringthesplittingiscallednuclearenergy.

Theemittedneutronsmayencounterotheruranium
nuclides,resulting in more splitting with further
releaseofenergy.Theproducedneutronsarecalled
fissionneutrons.
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ChapterEleven ELECTRONICS

Bytheendofthistopic,thelearnershouldbeable

a) Statethedifferencebetweenconductorand
insulators

b) Defineintrinsicandextrinsicconductors
c) Explaindopinginsemi-conductor
d) Explaintheworkingofapinjunctiondiode
e) Sketchcurrentvoltagecharacteristicsfora

diode
f) Explaintheapplicationofdioderectification

Content

 Conductors,semiconductorsinsulators

 Intrinsicandextrinsicsemi-conductor

 Doping

 P-njunctiondiode

 Applicationofdiodes:halfwaverectification
andfullwaverectification

Introduction

Definition – studyofmotion offreeelectronsin
electricalcircuits.

Applications– pocketcalculators,clocks,musical
instruments,radios,TVs,computers,robotsetc.

ClassesofMaterial

 Conductors– hasfreeelectrons– nottightly
bound to the nucleus ofthe atom copper,
aluminium.

 Insulators-haveimmobile(fixed)electrons

 Semi-conductors– withconducting properties
between conductors and insulators silicon,
germanium.

TheEnergyBandTheory.

 Whentwoormoreatomsarebroughtcloserto
eachother,theenergylevelssplitintosmaller
energylevelscalledbands.Thisisduetothe
interactionofbothelectricandmagneticfields
ofelectrons

Typesofbands

 Conductionband–freeelectrons.

 Valenceband–unfilled,fewelectrons.

 Forbiddenband/energygap–noforbidden
band,conductionandvalencebandoverlap.

 Resistance increases with rise in
temperature.Ariseintemperatureincreases
the vibrations of the atoms and this
interfereswiththeelectronflow.Hencethe
resistance ofa conductorincreases with
temperature.

Insulators:-

 Conductionband–hasnoelectrons,empty.

 Valenceband–filledwithelectrons.
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 Conductionband– electronsarefreetomove
undertheinfluenceofanelectriccurrent.

 Valenceband– hereelectronsarenotfreeto
move.

 Forbiddenband/energyband– representsthe
energy levelthatcannotbe represented by
electrons.Thewidthofthebanddeterminesthe
conductivityofthematerial.

Conductors, insulators and semi-conductors in
termsofenergybandtheory

Conductors:-



 Forbiddenband–hasverywidegap

 Temperatureincreasehasnoeffectontheir
conductivity.

Semi–conductors:-

 Conductionband–emptyatO.K.Partiallyfilled
atroom temperature.

 Valenceband–filledatO.K;fullofelectronsat
verylowtemperatures

 Forbiddenband–haveverynarrowgap.

 Resistancereduceswithriseintemperature.

 Increaseintemperatureincreasesthechanceof
electrons moving from the valence band to
conductionband.Electricalresistancetherefore
reducesbecausethetotalcurrentflowisdueto
theflow ofelectronsandholes.Havenegative
temperaturecoefficientofresistance.

Note:semi–conductors

 Atroom temperature:-Has holes in the
valence band & free electrons in the
conductionband.AtOKitbehaveslikean
insulator.

 HOLES:Holesarecreatedwhenanelectron
moves from valence band to conduction
band.

 Holesareveryimportantforconductionof
electriccurrentinsemi-conductors.

TypesofSemi-Conductors

Intrinsicsemi-conductors

 They are pure semi-conductors, electrical
propertiesofapuresubstance.

 Hasequalnumberofelectronsandholes.

 Conductivity is very low, insulator at low
temperatures.

 Usuallynotused in a pure state e.g.silicon,

ExtrinsicSemi-Conductors

Madebyadding acontrolled amountofdifferent
elementtoanintrinsicsemi-conductor.

Twotypesofextrinsicsemi-conductors:-

 N–Typesemi-conductor–formedbydopinga
group4elementwithaGroup5element.

 P–Typesemi-conductor–formedbydopinga
group4elementwithagroup3element.

 Group 4 elements – Tetravalent – Silicon,
germanium,etc

 Group 5 elements – Pentavalent – doping
element, donor impurity – phosphorous,
antimony.

 Group 3 elements – Trivalent – boron,
aluminium andindium

N-TypeSemi–Conductor

 Formed by adding a Pentavalent atom
(Phosphorus)to a group 4 semi-conductor
(Silicon)andanextraelectronisleftunpaired
andisavailableforconduction.

 Majoritychargecarriersareelectrons;minority
chargecarriersarepositiveholes.

 PhosphorousiscalledaDONORATOM.Silicon
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Germanium

Extrinsicsemi-conductors

 Withaddedimpuritiestoimproveitselectrical
properties.

 Allsemi-conductorsinpracticalusehasadded
impurities

Doping:-Aprocessofaddingaverysmallquantity
ofimpuritiestoapuresemi-conductortoobtaina
desiredproperty.

 Processofintroducinganimpurityatom intothe
latticeofapuresemi-conductor.

hasnowmoreelectrons

P-TypeSemi–Conductor

 Formedbyaddingatrivalentatom (Boron)toa
group4atom (Silicon),afourthelectronwillbe
unpairedandagapwillbeleftcalledapositive
hole.

 Puresemi-conductorisdopedwithimpurityof
group3element;combinationcreatesapositive
holewhichacceptsanelectron.

 The doping materialcreates a positive hole,
which can accept an electron – called an
Acceptor.

P-NJunctionDiodes(JunctionDiodes)

Definition

 An electronic device with two electrodes,which
allowscurrenttoflowinonedirectiononly.

 Itisanelectricalonewayvalve.Itisasoliddevice.

FormationofP-NJunctionDiode

 Itconsistsofsuchap-njunctionwiththep-side
connected to the Anode and the n-side to the
cathode.

 Formedbydopingacrystalofpuresiliconsothata

Biasing

i)ForwardBias

 Adiodeisforwardbiasedwhenthecathodeis
connectedton-sideandanodetothep-sidein
acircuit.

 Inforwardbias,thedepletionlayerisnarrowed
andresistanceisreduced.

 Itallowsholestoflowton-sideandelectronsto
p-side.

 Themajoritychargecarrierscrossthejunction.
Itconductscurrentandthebulblights

ReverseBias

 Adiodeisreversebiasedwhenthecathode
isconnectedtop-sideandanodetothen-
sideinacircuit.
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junctionisformedbetweenthep-typeandn-type
regions.

Circuitsymbol

DepletionLayer

 The region between the p-type and n-type semi-
conductorwhichconductsverypoorly.

 Atthejunctionelectronsdiffusefrom bothsidesand
neutralizeeachother.

Junction

 Theplace(boundary)betweentwodifferenttypesof
semi-conductors.

 Anarrow depletionlayerifformedoneithersideof
the junction free from charge carriers & high
resistance.

Diagram ofunbiasedJunctionDiode

 Thecurrentthroughthediodeisvirtually
zero.Ithardlyconducts,thebulbdoesnot
light.Electronsandholesarepulledaway
from thedepletionlayer,makingitwider.

 Theelectronsandholesareattractedto
oppositeendsofthediodeawayfrom the
junction.Thewiderthedepletionlayer,the
highertheresistanceofthejunction.

CharacteristicCurvesforP-NJunctionDiodes

Forwardbiasing

Thecircuitbelow showshow theconnectionsare
made.

Thecharacteristicgraphofcurrent,Iagainstreverse
biasvoltageisobtainedasshownbelow.Thecurveis
non-ohmic.it is non-linear. The current increases
exponentiallywithvoltageuptoapointwhereasharp
increaseincurrentisnoticed.Thisvoltageiscalled
threshold/cut-in/breakpoint voltage.At this voltage
potentialthebarrierisovercomebybiasandcharges
easilyflowacrossthejunction.

ApplicationofzenerDiodes

 Used in industry as voltage regulators or
stabilizers,byprovidingaconstantvoltagetoa
load.

 Voltageremainsconstantascurrentincreases.

ApplicationofP-NJunctionDiodes

a)Toprotectequipment,circuitsordevicesbya
reversepowersupply.

b)Torectifyactodc

c)Enable the Audio Frequencyenergycarrierby
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ReverseBiasing

Inreversebiasing,resistanceisveryhigh,however,the
flow ofleakagecurrentresultsfrom flow ofminority
chargecarriers.AtbreakdownvoltageorZenerbreak
down covalent bonds rapture liberating electrons.
Those electrons collide with some atoms causing
ionisationthisiscalledavalanchebreakdown.Thetwo
processes produce excess electrons for heavy
conduction.Beyond breakdown voltage a diode is
damaged.

TheZenerDiode

Definition

 AzenerDiodeisasiliconp-nsemi-conductor,
whichisdesignedtoworkinreversebiased
connection.

Principleofoperation

 When the reverse-bias of the diode is
increased,alargesuddenincreaseincurrentis
obtainedatoneparticularreversevoltage.

 Atthereversevoltage,thep-njunctiondiode
breaks down into a conductor,by breaking
downthebarrierlayer.

 The breakdown ofthe p-n junction diode is
knownaszenerbreakdownorzenereffect.

 Thecharacteristicisalmostaverticalline,i.e.
thezenercurrent,whichoccurasaresultofthe
zenervoltage.

modulatedradiowavestobedetected.

RectificationandSmoothing

A)Definition

 Rectification is the process ofconverting a.c
currenttod.ccurrent.

 ARectifierisadevicethatchangesa.ctod.c.

b)Reasonsforrectification

 The conversion of a.c.to d.c.is often
necessaryforallelectricequipment,suchas
radios, T.V. sets, computers, musical
instruments,e.t.c,usesteadyd.c.

Typesofrectification

Therearetwotypesofrectification,namely:-

 Half-waverectification

 Full-waverectification.

Half-waverectificationandsmoothing

 Onediodeisusedwhichremovesthenegativehalf-wavecycleoftheapplieda.c.

 Itgivesavaryingbutone-waydirectcurrentacrosstheloadR.Risapieceofelectronicequipment
requiringad.c.supply.

 IftheY-inputterminalsofaCROareconnectedfirstacrosstheinput,thewaveform ontheleftwillbe
displayedonthescreen.
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 WhenaCROisconnectedacrossR,theoutputwaveform isseentobepositivehalf-waveofthea.c.

 SmoothingisdoneusingacapacitorconnectedacrossR,togiveamuchsteadiervaryingd.c.supply.

 Thesmoothingcapacitorprovidesextrachargesothatcurrentflowscontinuouslyevenasthephase
currentchangesandthecurrentgotozero.

 Thelargerthecapacitor,thebetterthesmoothing.

 Onthepositivehalf-cycleofthea.c.inputthediodeconducts,currentpassesthroughRandalsointothe
capacitorCtochargeitup.

 Onthenegativehalf-cycle,thediodeisreversingbiasedandcannotconduct,butC partlydischarges
throughR.

 Thecharge-storingactionofthecapacitor,CthusmaintainscurrentinRandasteadierp.dacrossitwhen
thediodeisnotconducting.

NOTE:-Asinglediodeonlyallowhalfofthea.c.toflowthroughtheloadR,sofarhalfofthepowersupplyis
cutoff.

Full-waveRectificationandsmoothing

Therearetwomethodsforobtainingafull-waverectificationnamely:-

 Usingtwodiodes–Full-wavecentre-taptransformer.

 Usingfourdiodes–Full-wavebridgerectifier

UsingCentre-TapTransformer

 Inafull-waverectifier,bothhalvesofthea.c.cyclesaretransmittedbutinthedirection,i.e.sameside.

OR
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 Duringthefirsthalf-cycle,whenAispositive,DIconductsthroughtheloadRatthesametimeBis
negativewithrespecttoT,sonocurrentflowsinthediodeD2.

 Inthenexthalf-cyclewhenBispositive,D2 conductsthroughtheloadRinthesamedirectionas
before.AispositivewithrespecttoTsonocurrentflowsinD1.

UsingthebridgeRectifier–fourdiodes

 Inthe1sthalf-cycle,diodeD2andD4conducts.

 Inthe2ndhalf-cycle,diodeD3andD1conducts.

 Duringbothcycles,currentpassesthroughRinthesamedirection,givingap.d.thatvariesasshownbythe
CRO.

 WhenalargecapacitorisconnectedacrossR,theoutputd.c.issmoothedasshown.

 Duringthefirsthalfcycle,pointAispositivewithrespecttoC,diodeD1andD3areforwardbiasedwhile
diodeD2andD4arereversebiased.CurrentthereforeflowsthroughABDCA.Duringthesecondhalf-
cycle,pointAbecomesnegativewithrespecttopointC.diodesD2 andD4 becomeforwardbiased
whileD1andD3arereversebiased.ConventionalcurrentthereforeflowsthroughCBDAC.

 Ifacapacitorisconnectedacrosstheresistor,therectifiedoutputissmoothened.

Advantagesofbridgerectifier

 Asmallertransformercanbeusedbecausethereisnoneedforcentre–tapping.

 Itisusedforhighvoltageregulation.
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QUESTIONS

1. Draw thestructureofacrystallatticetoshow
thearrangementofelectronsinfollowing:

 Puresilicon.

 P-typesemiconductors

 N-typesemiconductors

2. Explain how temperatures rise affects the
electricalconductivityorpuresemiconductors.

(a)Draw thesymbolofap-ndiagram junction
diode.

(b)Useacircuitdiagram todistinguishbetween
forwardandreservebiasofp-njunctiondiode.

3. (a)Usealabelleddiagram toexplainhowafull
valverectificationmaybeachievedbyusinga
resistorand:(i)Twodiodes. (ii)Fourdiodes.

4. With the aid ofa diagram explain how a
capacitycanbeusedtosmoothenafullwave
whichhasbeenrectified.Showusingasketch
how thesmoothenedwavewillappearonthe
screenofC.R.O.

5. What is meant by the following terms:
semiconductor, intrinsic conduction,
extrinsicconduction,doping,donoratoms,
acceptoratoms,n-type semiconductor,p-
type,semiconductor,depletionlayer,forward
bias,hole,reversebiasandZenereffect?

6. Explainhow dopingproducesap-typeand
ann-typesemiconductor.

7. Distinguish between electronics and
electricity.

8. a)Whatisrectification?

(b)Withdiagrams,describehow half-waveand
full-waverectificationcanbeachieved.

9. Explain why a diode conducts easily on
forwardbiasandnotinreversebias.

ENDOFSECONDARYSCHOOLSYLLABUS.WISHYOUALL
THEBEST.


