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PHYSICS
FORM ONEWORK

(isabokemicah@gmail.com)
CHAPTERONE

INTRODUCTIONTOPHYSICS
Scienceinourlives
Scientistsarepeopletrainedinscienceandwhopracticetheknowledgeofscience.Werequire
peopleinindustriestoworkasengineers,technicians,researchers,inhospitalsasdoctors,nurses
andtechnologists.Sciencegivesuspowerfulideas,instrumentsandmethodswhichaffectusin
ourdailylives.

Scientificmethods
Alaboratoryisabuildingspecificallydesignedforscientificworkandmaycontainmany

piecesofapparatusandmaterialsforuse.

Ahypothesisisascientificfactorstatementthathasnotbeenprovenor
experimented.

Alaworprincipleisascientificfactorstatementthathasbeenprovenand
experimentedtobetrueforallconditions.

Atheorem isafactorstatementthatistrueandprovenbutapplicableunderspecificconditions.

Whatisphysics?
PhysicsisaGreekwordmeaningnaturehenceitdealswithnaturalphenomena.Physicsisthereforea
sciencewhoseobjectiveisthestudyofcomponentsofmatterandtheirmutualinteractions.Physicsis
alsodefinedasthestudyofmatteranditsrelationtoenergy.Aphysicistisabletoexplainbulkproperties
ofmatteraswellasotherphenomenaobserved.

Branchesofphysics
Mechanics–thestudyofmotionofbodiesundertheinfluenceofforce.

Electricity–thisdealswiththemovementofchargefrom onepointtoanotherthrougha
conductor.

Magnetism –thestudyofmagnetsandmagneticfieldsandtheirextensiveapplications.

Thermodynamics/heat–thisisthestudyofthetransformationofheatfrom oneform to
another.

Optics–thestudyoflightasittravelsfrom onemediatoanother
Waves–thestudyofdisturbanceswhichtravelthroughmediumsoravacuum.
Particlephysics
Nuclearphysics
Plasmaphysics

Relationofphysicstoothersubjects

Sincephysicsenablesustounderstandbasiccomponentsofmatterandtheirmutualinteractionsit
formsthebaseofnaturalscience.Biologyandchemistryborrowfrom physicsinexplaining
processesoccurringinlivingthingsandorganisms.Physicsalsoprovidestechniqueswhichare
appliedalmosteveryareaofpureandappliedsciencei.e.meteorology,astronomyetc.
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Careeropportunitiesinphysics
Engineering–civil

Electrical
Mechanical
Agricultural
Environmental
Chemical
Computer

Meteorology
Surveying
Geology
Astronomy

NOTE:-allsciencebasedcareersi.e.doctors,nurses,technologists,engineers,
pharmacistsetc.needphysicsasatruefoundation.

Basiclaboratorysafetyrules
Properdressingmustbeobserved,nolooseclothing,hairandclosedshoesmustbeworn.

Identifythelocationofelectricityswitches,fire-fightingequipment,firstaidkit,gasandwater
supplysystems.

Keepallwindowsopenwheneverworkinginthelaboratory.
Followallinstructionscarefullyandneverattemptanythingindoubt.
Noeatingordrinkingallowedinthelaboratory.
Ensurethatallelectricalswitches,gasandwatertapsareturnedoffwhennotinuse.
Keepfloorsandworkingsurfacesdry.Anyspillagemustbewipedoffimmediately.

Allapparatusmustbecleanedandreturnedinthecorrectlocationofstorageafteruse.
Handsmustbewashedbeforeleavingthelaboratory.
Anyaccidentsmustbereportedtotheteacherimmediately.
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CHAPTERTWO

MEASUREMENTI
Inordertomeasureweneedtoknowordefinethequantitytobemeasuredandtheunitsfor
measuringit.In1971asystem knownastheInternationalSystem ofUnits(Systeme’
Internationale)andsevenbasicunitswereagreeduponasfollows.Otherquantitiescanbe
obtainedfrom thesebasicquantitiesandarereferredtoasderivedquantities.

Basicquantity SIunits Symbols

Length Metre m
Mass Kilogram kg

Time Second s
Electriccurrent Ampere A

Thermodynamic
temperature

Kelvin K

Luminousintensity Candela Cd
Amountofsubstance Mole mol

Length
Thisisthemeasureofdistancebetweentwopointsinspace.TheSIunitforlengthisthe
metre(m).Therefore1km =1000m

1Hm =100m
1Dm=10m

1mm =0.001m
Lengthismeasuredusingametrerule(100cm),tapemeasure(100m,300m,500m)

Area
Thisisthemeasureoftheextentofasurface.Itisaderivedquantityoflength.ItsSIunitsaresquare

metres(m
2

).Otherunitsarecm
2

,km
2

,etc.Formulasareusedtodetermineareasofregularbodies
whileforirregularbodiesanapproximationofareaisused.

Volume
Thisistheamountofspaceoccupiedbymatter.TheSIunitsforvolumeiscubicmetre(m

3
).

Othersub-multiplesarecm
3

,mm
3

andl.Hence1m
3

=1,000,000cm
3

and1l=1,000cm
3

.
Volumecanbemeasuredusingameasuringcylinder,eurekacan,pipette,burette,volumetric
flask,beaker,etc.

Mass
Thisisthequantityofmattercontainedinasubstance.Matterisanythingthatoccupiesspaceand
hasweight.TheSIunitformassistheKilogram (kg).Othersub-multiplesusedaregrams(g),
milligrams(mg)andtonnes(t).1kg=1,000g=1,000,000mg=100tonnes.Abeam balanceisused
tomeasuremass.

Density

Thisismassperunitvolumeofasubstance.Itissymbolizedbyrho(ρ)anditsSIunitsarekg/m
3

.
Density=mass/volume.

Examples
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Ablockofglassofmass187.5gis5.0cm long,2.0cm thickand7.5cm

high.Calculatethedensityoftheglassinkgm
-3

.
Solution
Density=mass/volume=(187.5/1000)/(2.0×7.5×5.0/1,000,000)=2,500

kgm
-3

.

Thedensityofconcentratedsulphuricacidis1.8g/cm
3

.Calculatethevolume
of3.1kgoftheacid.
Solution

Volume=mass/density=3,100/1.8=1,722cm
3

or0.001722m
3

.

Thefollowingisalistofdensitiesofsomecommonsubstances

Substance Density(g/cm
3

) Density(kg/m
3

)

Platinum 21.4 21,400
Gold 19.3 19,300
Lead 11.3 11,300
Silver 10.5 10,500

Copper 8.93 8,930
Iron 7.86 7,860
Aluminium 2.7 2,700
Glass 2.5 2,500
Ice 0.92 920
Mercury 13.6 13,600

Seawater 1.03 1,030
Water 1.0 1,000
Kerosene 0.80 800
Alcohol 0.79 790
Carbon(iv)oxide 0.00197 1.97

Air 0.00131 1.31
Hydrogen 0.000089 0.089

Example

Themassofanemptydensitybottleis20g.Itsmasswhenfilledwithwateris
40.0gand50.0gwhenfilledwithliquidX.CalculatethedensityofliquidXifthe

densityofwateris1,000kgm
-3

.
Solution
Massofwater=40–20=20g=0.02kg.

Volumeofwater=0.02/1,000=0.00002m
3

.Volumeofliquid=volume
ofbottleMassofliquid=50–20=30g=0.03kg

Thereforedensityofliquid=0.03/0.00002=1,500kgm
-3

Relativedensity
Thisisthedensityofasubstancecomparedtothedensityofwater.
Itissymbolizedby(d)andhasnounitssinceit’saratio.
Relativedensity(d)=densityofsubstance/densityofwater.
Itismeasuredusingarelativedensitybottle
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Example
Therelativedensityofsometypeofwoodis0.8.Findthedensityofthewood

inkg/m
3

.Solution
Densityofsubstance=d×densityofwater

Densityofsubstance=0.8×1,000=800kgm
-3

Densitiesofmixtures
Weusethefollowingformulatocalculatedensitiesofmixtures
Densityofthemixture=massofthemixture/volumeofthe
mixture

Example

100cm
3

offreshwaterofdensity1,000kgm
-3

ismixedwith100cm
3

ofseawaterof
density
1030kgm

-3
.Calculatethedensityofthemixture.

Solution
Mass=density×volume
Massoffreshwater=1,000×0.0001=0.1kg
Massofseawater=1030×0.0001=0.103kg
Massofmixture=0.1+0.103=0.203kg

Volumeofmixture=100+100=200cm
3

=0.0002m
3

Thereforedensity=mass/volume=0.203/0.0002=1,015kg/m
3

.

Time
Thisisameasureofdurationofanevent.TheSIunitfortimeisthesecond(s).Sub-
multiplesofthesecondaremilliseconds,microseconds,minute,hour,day,weekand
year.Itismeasuredusingclocks,stopwatches,wristwatches,anddigitalwatches.

Accuracyanderrors
Accuracyistheclosenessofameasurementtothecorrectvalueofthequantitybeing
measured.Itisexpressedasanerror.Anerroristhereforethedeviationof
measurementtothecorrectvaluebeingmeasured.Thesmallertheerrortheaccurate
themeasurement.

%error=(sensitivity/sizemeasured)×100.



0714497530

Districtmocks,kcsepastpapers,notes,form 1-4papersavailableonwww.kusoma.co.ke



0714497530

CHAPTERTHREE

FORCES.
Forceisapushorapull.Forceisthereforethatwhichchangesabody’sstateof
motionorshape.TheSIunitforforceisNewton(N).Itisavectorquantity.Itis
representedbythefollowingsymbol.

Typesofforces
Gravitationalforce–thisistheforceofattractionbetweentwobodiesof

givenmasses.

Earth’sgravitationalforceistheforcewhichpullsabody
towardsitscenter.Thispullofgravityiscalledweight.

Forceoffriction–thisisaforcewhichopposestherelativemotionoftwo
surfacesincontactwitheachother.Frictioninfluidsisknownasviscosity.

Tensionforce–thisisthepullorcompressionofastringorspringatbothits
ends.

Upthrustforce–thisistheupwardforceactingonanobjectimmersedinafluid.

Cohesiveandadhesiveforces–cohesiveistheforceofattractionofmoleculesof
thesamekindwhileadhesiveistheforceofattractionofmoleculesofdifferent
kinds.

Magneticforce–thisisaforcewhichcausesattractionorrepulsioninamagnet.
Electrostaticforce–thisistheforceofattractionorrepulsionofstaticcharges.

Centripetalforce–thisisaforcewhichconstrainsabodytomoveinacircular
orbitorpath.

Surfacetension–thisistheforcewhichcausesthesurfaceofaliquidtobehave
likeastretchedskin.Thisforceiscohesive.

Factorsaffectingsurfacetension
Impurities–theyreducethesurfacetensionofaliquidi.e.additionofdetergent

Temperature–riseintemperaturereducestensionbyweakeninginter-
molecularforces.

Massandweight.
Massistheamountofmattercontainedinasubstancewhileweightisthepullof
gravityonanobject.TheSIunitformassistheKgwhileweightisthenewton(N).
Massisconstantregardlessofplacewhileweightchangeswithplace.The
relationshipbetweenmassandweightisgivenbythefollowingformula,W =mg
whereg=gravitationalforce.

Differencesbetweenmassandweight

Mass Weight

Itisthequantityofmatterinabody Itisthepullofgravityonabody
Itismeasuredinkilograms Itismeasuredinnewton’s

Itisthesameeverywhere Itchangesfrom placetoplace
Itismeasuredusingabeam balance Measuredusingaspringbalance
Hasmagnitudeonly Hasbothmagnitudeanddirection
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Example

Anastronautweighs900Nonearth.Onthemoonheweighs150N.Calculatethe
moons’gravitationalstrength.(Takeg=10N/kg).
Solution

Moons’gravitationalstrength=weightofastronautonthemoon/massof
astronaut.

=150/90=1.67Nkg
-1

.

Measuringforce
Weuseaspringbalancetomeasureforce.Aspringbalanceisaninstrumentthat
usestheextensionofaspringtomeasureforces.

Example
Thelengthofaspringis16.0cm.itslengthbecomes20.0cm whensupportinga
weightof
5.0N.calculatethelengthofthespringwhensupportingaweightof:

a)2.5N b)6.0N c)200
N

5Ncausesanextensionof4.0cm,therefore1.0cm causesanextensionof4/5=
0.8cm.

2.5N=>2.5×0.8=2.0cm thereforelengthbecomes=16.0+2.0=18.0cm.
6.0N=>6.0×0.8=4.8cm thereforelengthbecomes=16.0+4.8=20.8cm.
200N=>200×0.8=160.0cm thereforelengthbecomes=16.0+160.0=176.0

cm.
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Vectorandscalarquantities
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Ascalarquantityisaquantitywhichhasmagnitude(size)only.Examplesaredistance,
mass,speed

Avectorquantityisaquantitywhichhasbothmagnitudeanddirection.Examplesare
displacement,weight,velocity.

CHAPTERFOUR

PRESSURE
Pressureisdefinedastheforceactingnormally(perpendicularly)perunitarea.TheSIunitsfor

pressureisnewtonpermetresquared(N/m
2

).OneNm
-2

isknownasonePascal
(Pa).
Pressure=normalforce/areaorpressure=thrust/area.Anotherunitformeasuring

pressureisthebar.1bar=10
5

N/m
2

.1millibar=100N/m
2

.
Calculatingpressure
Examples

Arectangularbrickofweight10N,measures50cm ×30cm ×10cm.calculatethevaluesof
themaximum andminimum pressureswhichtheblockexertwhenrestingonahorizontal
table.
Solution

Areaofthesmallestface=0.3×0.1=0.03m
2

.Areaofthe

largestface=0.5×0.3=0.15m
2

.Maximum pressure=10N/

0.03=3.3×10
2

N/m
2

.Minimum pressure=10N/0.15=67

N/m
2

.
Amanofmass84kgstandsuprightonafloor.Iftheareaofcontactofhisshoesandthefloor

is420cm
2

,determinetheaveragepressureheexertsonthefloor.(Takeg=10N/Kg)
Solution

Pressure=force/area=840/0.042=20,000Nm
-2

.

Pressureinliquids.
Thefollowingformulaisusedtodeterminepressureinliquids.
Pressure=hρg,whereh–heightoftheliquid,ρ–densityandg–isforceofgravity.
Examples

Adiveris10m belowthesurfaceofwaterinadam.Ifthedensityofwateris1,000kgm
-3

,

determinethepressureduetothewateronthediver.(Takeg=10Nkg
-1

)
Solution

Pressure=hρg=10×1000×10=100,000Nm
-2

.

Thedensityofmercuryis13,600kgm
-3

.Determinetheliquidpressureatapoint76cm belowthe

surfaceofmercury.(Takeg=10Nkg
-1

)
Solution

Pressure=hρg=0.76×13,600×10=103,360Nm
-2

.
Theheightofthemercurycolumninabarometerisfoundtobe67.0cm atacertain

place.Whatwouldbetheheightofawaterbarometeratthesameplace?(Densitiesof

mercuryandwaterare1.36×10
4

kg/m
3

and1.0×10
3

kg/m
3

respectively.)
Solution
Letthepressureduetowaterbeh1ρ1g1=hρg,hence;
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h1=hρ/ρ1=(6.7×10
-1

)×(1.36×10
4

)=911.2cm or9.11m.

U-tubemanometer
ItisatransparenttubebentintoU-shape.Whenaliquidispouredintoau-tubeit
settlesatequallevelsincepressuredependsonheightandtheysharethesame
bottom.Considerthefollowingdiagrams;

ForthelevelstodifferthepressureP1mustbegreaterthanP2,

henceP1=P2+hρg.

IfP1isthelungpressure,P0istheatmosphericpressure,thenifthedifference
is‘h’thenlungpressurecancalculatedasfollows.
P1=P0+hρg.
Example

AmanblowsintooneendofaU-tubecontainingwateruntilthelevelsdifferby

40.0cm.iftheatmosphericpressureis1.01×10
5

N/m
2

andthedensityofwater

is1000kg/m
3

,calculatehislungpressure.
Solution
Lungpressure=atmosphericPressure+liquidpressure

P1=P0+hρg.HenceP1=(1.01×10
5

)+(0.4×10×1000)=1.05×10
5

N/m
2

.

Measuringpressure

Simplemercurybarometer–itisconstructedusingathickwalledglasstubeof
length1m andisclosedatoneend.Mercuryisaddedintothetubethen
invertedanddippedintoadishcontainingmoremercury.Thespaceabove
themercurycolumniscalledtorricellianvacuum.Theheight‘h’(ifitisatsea
level)wouldbefoundtobe
760mm.Atmosphericpressurecanbecalculatedas,

P=ρgh=>whereρ(mercury)-1.36×10
4

kg/m
3

,g-9.81N/kg,h-

0.76m.ThenP=(1.36×10
4

)×9.81×0.76=1.014×10
5

Pa.
NOTE-thisisthestandardatmosphericpressure,sometimescalledone
atmosphere.Itisapproximatelyonebar.
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Fortinbarometer–thisisamoreaccuratemercurybarometer.Theadjusting
screwisadjustedfirsttotouchthemercurylevelintheleatherbag.

Aneroidbarometer–increaseinpressurecausestheboxtocontract,themovementsare
magnifiedbythesystem ofleversandistransmittedtothepointerbythefinechainand
this

causesthepointertomove.Thescaleissuitablycalibratedtoreadpressure.Since
pressurefallsorrisesasaltitudefallsorrises,thepointercanalsobecalibratedtoread
altitude.
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Bourdongauge–itisalsocalledgaugepressureandisusedingascylinders.
When airis blown into the rubbertube,the curved metaltube tries to
straightenoutandthiscausesmovementwhichistransmittedbyleversand
gearsattachedtoapointer.Thisgaugecanmeasurebothgasandliquid
pressure.

Examples
Theheightofthemercurycolumninabarometerisfoundtobe67.0cm atacertainplace.

Whatwouldbetheheightofawaterbarometeratthesameplace?(densitiesofmercury-

1.36×10
4

kg/m
3

andwater-1.0×10
3

kg/m
3

).Solution

Letthepressureduetowaterbeh1ρ1g1andthatofwaterbehρg.Then

h1ρ1g1=hρg.Henceh1=(6.7×10
-1

)×(1.36×10
4

)/1.0×10
3

=911.2cm or
9.11m.

Applicationofpressureingasesandliquids.
1.Rubbersucker–thisisashallowrubbercap.Beforeuseitismoistenedtoget

agoodsealthenpressedfirmlyonasmoothsurfacesothattheairinsideis
pushedout.The

atmosphericpressurewillthenholditfirmlyagainstthesurfaceasshown
below.Theyareusedbyprintingmachinestoliftpapers,liftingglasspanes,
heavymetalsheetsetc.
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Drinkingstraw–whenaliquidisdrawnusingastrawairissuckedthroughthe
strawtothelungs.Thisleavesthespaceinthestrawpartiallyevacuated.
Theatmosphericpressurepushingdowntheliquidinthecontainerbecomes
greaterthanthepressureinsidethestrawandthisforcestheliquidintoyour
mouth.

Thesyringe–theyworkintheprincipleasthestraw.Theyareusedbythe
doctorsinhospitalsforgivinginjections.

Bicyclepump–itusestwovalves,oneinthepump(greasyleather)andthe
otherinthetire.Whenthehandleispushedin,thepressureinsidethebarrel
becomesgreaterthantheoneinthetireandthispushesairinside.The
valveinthetireismadesuchthatairislockedinsideoncepumped.

Thesiphon–itisusedtoemptytankswhichmaynotbeeasytoemptyby
pouringtheircontentsout.Thetubingmustbeloweredbelowthebaseofthe
tank.Theliquidflowsoutduetopressuredifferencecausedbythedifference
inheight(hρg).
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Liftpump.
Forcepump.

Transmissionofpressureinliquidsandgases.
ItwasfirstrecognizedbyaFrenchmathematicianandphysicistcalledBlaise

Pascalinthe17
th

century.Pressureisequallydistributedinafluidandequally
transmittedasshowninthefollowing,

Hydraulicbrakesystem–themastercylindertransmitspressuretothefourslave
cylindersoneachwheel.Thecylinderscontainbrakefluid.Fluidisused
becauseliquidsarealmostincompressible.Whenforceisappliedinthepedal
theresultingpressureinthemastercylinderistransmittedtotheslave
cylinders.Thisforcesthepistontoopenthebrakeshoeswhichthenpushes
thebrakeliningagainstthedrum.Thisforcetherotationofthewheeltoslow
down.Itisimportanttonotethatpressureisequallydistributedinallwheels
sothatthecardoesn’tpullorveertooneside.
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Hydraulicpress–itconsistsoftwopistonswithdifferentcross-sectionalareas.
Sincepressureistransmittedequallyinfluids,whenforceisappliedinone
pistonitistransmittedtotheotherpiston.Thesmallerpistoniscalledthe
forcewhilethebiggerpistoniscalledtheload.Theyareusedtoliftheavy
loadsinindustries,bendingmetalsandsheetsetc.

Examples

Theareaofthesmallerpistonofahydraulicpressis0.01m
2

andthatofthe

biggerpistonis0.5m
2

.Iftheforceappliedtothesmallerpistonis2N,
whatforceistransmittedtothelargerpiston?
Solution
Pressure=force/area–henceP=2/0.01=200Pa.
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Force=Pressure×Area=200×0.5=100N.

Themastercylinderpistoninacarbrakingsystem hasadiameterof2.0cm.
Theeffectiveareaofthebrakepadsoneachofthefourwheelsis30

cm
2

.Thedriverexertsaforceof500nonthebrakepedal.Calculate
Thepressureinthemastercylinder
Thetotalbrakingforceinthecar.

Areaofthemastercylinder–πr
2

=3.14cm
2

Pressure=force/area=500/3.14×10
-4

=1.59×10
6

N/m
2

Areaofbrakepads=(30×4)cm
2

.Sincepressureinthewheelcylinderis
thesameasinthemastercylinder)

F=Pressure×Area=(1.59×10
6

)×(120×10
-4

)=1.91×10
4

N.
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CHAPTERFIVE

PARTICULATENATUREOFMATTER.
Statesofmatter
Matterisanythingthatoccupiesspace.Matterexistsinthreestates:solids,liquids
andgases.Mattercanbechangedinvariouswayswhichincludesphysical,chemical
andnuclearchanges.

Physicalchanges–theyarenormallyreversibleandnonewsubstances
formed.Examplesare;
Changeofstatesuchasmeltingandvaporization
Thermalexpansionduetoheating
Dissolvingsolidsinliquids
Magnetizing
Chargingelectrically

Chemicalchanges–theyareirreversibleandnewsubstancesare
formedExamplesare;
Changescausedbyburning
Changesoccurringinsomechemicalsduetoheatinge.g.mercuricoxide
Thereactionsresultingfrom mixingchemicalstoform othersubstances.

Nuclearchanges–thesearechangesoccurringinnuclearsubstanceswhich
giveoffsomeparticlesi.e.Uranium andRadium.Asthishappensthey
changeintoothersubstances.
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Particulatenatureofmatter
Matterismadeupofmillionsoftinyparticleswhichcannotbeseenwithnakedeyes.
Theseparticlesarecalledatomsandaremadeupofsub-atomicparticlescalled
protons,neutronsandelectrons.Atomsjointogethertoform molecules.

Movementofparticles

Particlesmovefrom oneregiontoanotherbytheprocessofdiffusion.Diffusion
isthemovementofmoleculesfrom regionsofhighconcentrationtoregionsof
lowconcentrationuntilanequilibrium isreachedorachieved.Gasesdiffuse
fasterorreadilythanliquids.Therateofdiffusiondependsonthemannerof
arrangementofindividualparticles.
Solids

Individualatomsinsolidshaveasmallspacebetweenthem hencetheirforcesof
attractionareverystrong.Theyvibrateintheirfixedpositionsandthisgivessolids
afixedshape.Liquids

Forcesofattractionbetweenliquidmoleculesarenotasstrongasinsolidswhere
motionisnotrestricted.Theycollidewitheachotherastheymoveabout.Theytake
theshapeofthecontainertheyareputinhencehavenodefiniteshape.
Gases

Moleculesofatomsingaseousstatearefurtherapartexperiencingverysmall
forcesofattraction.Thismakesthem almostcompletelyfreefrom eachother.We
saytheyareindependentinspace.Gaseshavenodefiniteshapeandvolumebut
theytakeupthespaceandvolumeofthecontainertheyareputin.
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CHAPTERSIX

THERMALEXPANSION.
Introduction
Temperatureisthedegreeofhotnessorcoldnessofabody.BothCelsiusscale(

0
C)

and
Kelvinscale(thermodynamicscale)areusedtomeasuretemperature.TheKelvin
scaleisalsoknownastheabsolutescaletemperatureandismeasuredfrom
absolutezero(0K).

Expansionofsolids
Whensolidsareheatedtheyexpand.Theexpansionissosmallsuchthatwecan’t
seethem.
Thefollowingexperimentswilldemonstrateactualexpansionofsolids.
Experiment1:-Ballandringexperiment
Procedure

Obtainaballandringapparatus.

Passtheballthroughtheringatroom temperatureandobservethatiteasily
slipsthrough.

HeattheballusingaBunsenburnerforoneminute.
Trytopasstheballthroughtheringandobservewhathappens.
Letitcoolforsometimeandtrypassingtheballagain.
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Discussion

Whentheballisheateditexpandsandincreasesindiameter.Thismakesthe
ballnottopassthroughthering.Aftercoolingitisfoundthattheballslips
throughtheringeasilyagain.

Experiment2:-Thebar-breaker
Procedure

Tryandbreakthecast-ironpinwithyourhands.Canyou?(Abar-breakerisa
strongironframewhichholdsasteelbarfittedwithawing-nut.Theother
endisheldbycast-ironpinasshownbelow).

Tightenthenutbutdonotbreakthepin.
HeatthebarstronglyusingtwoBunsenburnersasyoukeeptighteningthenut.
Continueheatingforanotherfiveminutesthenletitcool.
Observewhathappens.

Discussion

Whenthebarcoolsthecast-ironpinbreaks.Thisshowsthatasthebarcoolsit
contractsandstrongforcespullagainstthepin.Theseforcesmakesthepinto
break.
Experiment3:-Heatingabimetallicstrip
Procedure

Heatabrass-ironbimetallicstripusingaBunsenburnerandmakesureitis
heatedevenly.

Observewhathappensafterashortwhile.
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Discussion

Whenabrass-ironbimetallicstripisheateditbendstowardstheiron.Thismeans
thatbrassexpandsmorethanironandthiscausesthestriptobendtowardstheiron
side.Thisshowsthatdifferentmaterialsexpandatdifferentrateswhenheated.

Applicationsoftheexpansionofsolids
Constructionofrailwaylines–anexpansionjointisallowedbetweenanytwo

railstoaccommodateexpansion.Afishplateisusedtojointworails.
Modernrailwaysystem usetheoverlappingjointattheendofrails.

Constructionofbridgesandrooftops(steelgirders)–forbridgesonesidehas
rollerswhiletheotherisfixedtoallowforexpansion.Concreteslabsarealso
laidonthegroundleavingspacefilledwithpitchtoallowforexpansion.

Hotwaterpipes–pipescarryinghotwater(steam)from boilersarefitted
withexpansionjointsforexpansion.

Riveting–usedtojointwopiecesofmetaltogetheri.e.bimetallicstrips,car
bodies,drumsetc.Fittingrailcartwheelusingheatusestheprincipleof
rivets.Bimetallic
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stripsareusedinthermostats(controltemperature)–electricironbox,
alarm systems,carflasherunitsetc.

Expansionofliquidsandgases.
Expansionofliquids.
Liquidsexpandmorethansolidssoitiseasytoobserveandseeclearlyasthey
expand.Weusethehotwaterbottletodemonstratetheexpansionofwater.Water
isputinthebottleasshownbelow.

Whenthebottleisimmersedinhotwater,initiallythereisadropinthelevelofwater
intheglasstubethenitsteadilyrisesafterawhile.Thisshowsthatliquidsexpand
withincrementinvolumeasshownbythehotwaterbottle.Differentliquidsexpand
atdifferentratesasshownbelow.
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Expansionofgases
Theyaretheeasiesttoobservesincetheyexpandthemost.
Experiment:-Expansionofair
Procedure

Obtainanempty500mlroundbottomedflaskfittedwithacorkandaglass
tubing.

Placeabeakerwithsomewateronabench.

Rubyourhandstogetherthoroughlyandplacethem ontheflaskandplaceitin
thewaterasshown.

Observewhathappens.

Discussion

Theheatproducedbythehandsmakestheairinsidetheflasktoexpand.This
makesthevolumetoincreaseandthereforeforcetheexcessairoutasbubbles.

Applicationsoftheexpansionofgasesandliquids.
Landandseabreeze–duringthedaythelandisheatedbythesuncausingthe

airaboveittoexpand.Theairbecomeslessdensethereforeitrises.The
spaceleftisquicklyfilledbyanothercoolair(generallyfrom theseasincethe
landgetshotfaster).Thiscausesacoolbreezeform theseaduringtheday.
Atnightthelandlosesheatfasterthanthesea.Theairabovethesearises
sinceitislessdenseandcoolairfrom thelandrushestofillthegap.This
causesabreezeblowingfrom thelandtothesea.
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Thermometers

Liquid-in-glassthermometer–thisappliestotheexpansionofaliquidinathin-
walledglass-tube.Theliquidmovesupthetubewhenthebulbisheated.The
liquidmustbeagoodconductor,visibleandbeabletocontractandexpand
quicklyanduniformlyoverawiderangeoftemperatures.Itshouldalsonot
stickonthesidesofthetube.
Liquidscommonlyusedaremercuryandcolouredalcohol.Thescaleis
obtainedby

choosingtwotemperaturepointscalledfixedpoints.InCelsiuslowerpointis

takentobe0
o

C(whenplacedinice)andtheupperpointas100
o

C(boiling
steam).Thetwopointsarethereforedividedinto100equalparts
(calibration).Themeltingandboilingpointsofbothmercuryandalcoholare

(-39
o

C–357
o

C)and(-112
o

C-78
o

C)respectively.

Clinicalthermometer–thisisaspecialtypeofmercury-in-glassthermometer
usedtomeasurebodytemperature.Sincebodytemperatureisnormally37
o

Cthescaleisonlyafewdegreesbelowandabove37
o

C.Ithasa
constrictionwhichpreventsmercuryfrom goingbackafterexpansionfor
convenientreadingoftemperature.Thisthermometerhasanarrowborefor
greatersensitivityandaccuracy.
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Six’smaximum andminimum thermometer–itisusedtomeasure
temperatureofsurroundingsofanareaoraplace.Itcanrecordboth
maximum andminimum temperaturesattained.Consistsofalargebulb(A)
containingoilofcreosoteconnectedtoU-shapedstem whichconnectsto
asecondbulb(B)containingthe

sameliquid.Thebase(C)containsathinthreadofmercury.Therangeof

thisthermometerisbetween-20
o

Cand50
o

C.Aftereachreadingthe
indicesarepulleddowntothelevelofmercurybyuseofamagnet.

Bimetallicthermometer–itismadeupofabimetallicstripwithoneendfixed
andtheotherconnectedtoapointer.Metalsusedareusuallybrassand
invar.Astemperaturesincreasethestripunwindsandmovesthepointer
overacalibratedscale.Itisusedtomeasurehightemperatures.
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Thermocouplethermometer–thermocoupleisajunctionmadeofcopperand
iron

loopedatbothends.Inpracticeasensitivemillivoltmeterisused
insteadofagalvanometer.Acoldjunctionismaintainedinmeltingice

(0
o

C)whiletheotherjunctionisheatedsteadily.Thisthermometerdoes
notapplytheprincipleofexpansion.

Unusualexpansionofwater.
Ifwaterisheatedlet’ssayfrom -15

o
Citexpandsnormallylikeanysolidbutonlyup

to0
o

C.Atthispointitstartstomeltanditcontracts.Thiscontractionwillbe

observedupto4
o

C.Whenheatedfurtherwaterstartstoexpanduptoboilingpoint.

Thisistheunusualexpansionofwater.Thismakesthetopofwatertofreeze(0
o

C)

intemperatecountriesallowingtheonebelowtoremainliquid(4
o

C).Thissupports
marinelifeduringwinter.

Molecule
sand
heat.

1.Solids
–when
heatedmoleculesinsolidsabsorb
heat

energyandvibrate.Theypushagainstoneanotherandthiscausesexpansion.
Furtherexpansionmayresulttocollapseasmeltinginice.

Liquids–besidesvibratingparticlesinaliquidmoveshortdistances.Asthey
movetheycollidebyhittingeachotherandthisresultstomoreexpansion.
Forboilingtooccurmoleculesabsorbenoughenergytobeabletoescape
from theliquid.

Gases–individualparticlesarefreeofoneanotherandinrapidmotion.
Whenheatedtherearecollisionswiththewallsofthecontainer.This
resultstohighpressureinthecontainer.
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CHAPTERSEVEN

HEATTRANSFER.
Heatistransferredinmatterthroughthefollowingmethods:conduction,
convectionandradiation.

Conduction
Thisisthetransferofheatinsolids.Therateofconductiondependson

Amountoftemperature–thehigherthetemperaturethehighertherateof
transfer.

Cross-sectionalarea–thelargerthecross-sectionalareathehigherthetransfer.
Lengthofmaterial–theshorterthematerialthehighertherateoftransfer.
Typeofmaterial–differentmaterialstransferheatatdifferentrates.

Goodandbadconductors

Conductivityistheabilityofamaterialtoconductheat.Goodconductorsofheatare
thosematerialswhichareabletotransferheateasilyandsteadily.Badconductors
arethosewhichdonotconductheat.

Experiment:Comparingthermalconductivityof
metalsProcedure

Obtainfouridenticalrodsofcopper,iron,aluminium andbrass.
Atoneendofeachrodattachamatchstickusingparaffinwaxandletitsolidify.
Placetherodsonatripodstandwiththefreeendsclosetooneanotherasshown.
HeatthefreeendsstronglywithaBunsenburner.
Observewhathappens.

Discussion

Whendonecorrectlyandcarefullythematchstickswillfalloffinthefollowing
order:copper,aluminium,brassandfinallyiron.Thisshowsthatdifferentmetals
conductheatatdifferentrates.

NOTE–onacoldmorningametallicchairwouldfeelcoldcomparedtoawooden
chairatthesametemperature,thisisbecausethemetallicchairabsorbsheat
from yourbodyasopposedtowoodwhichisabadconductorofheat.

Applicationsofconductors
Goodconductors

Theyareusedtomanufacturecookingutensils
Theyareusedasliquidssuitableforthermometersi.e.mercury
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3.Usedasheatdumps(metalclips)whensolderingdelicatecomponentsin
acircuitboardi.e.transistors

Poorconductors
Usedasinsulatorsinhandlesofcookingutensils
Usedinmakinggoodwinterclothesi.e.wool

Hotwatercylindersarelaggedwithfibre-glasssinceglassisapoor
conductorofheat.

Housesincoldcountrieshavedoublewallswithairtrappedinthem tokeep
them warm.

Convection
Thisisthetransferofheatthroughfluids(liquidsandgases).Thisoccurswhenpart
ofthefluidisheated:theybecomelessdenseandriseabovethecoldfluid.Asthey
movetheycarryheatwiththem.Inconvectionweobservestreamsofmovingfluid
calledconvectionalcurrents.
Convectioninair
Experiment:modelchimney(smokebox)
Procedure

Obtainamodelchimneysystem orconstructoneasshown
Placealightedcandleunderoneofthechimneys
Placeasmoulderingclothneartheotherchimneyandobservewhathappens.

Discussion
Smokewillbeseengoingintothechimneyandcomingoutthroughtheother
chimney.The
airabovethecandlegetsheatedandrisesupthechimneycausingconvectional
currents
whichcarrythesmokeoutwiththem.
Experiment:revolvingpaper-vane
Procedure

Makeapaper-vanebycuttingathincardasshown
PutastringthroughtheholeinthecentreandholditabovealightedBunsen

burner.
Observewhathappens.
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Discussion

Astheairabovetheflamegetsheatedconvectionalcurrentsareformed
andriseupwards.asthesecurrentsbrushagainstthepaper-vaneitrotates.

Convectioninliquids
Experiment:heatingwaterinabeaker
Procedure

Putwaterinabeakeruntilitisthreequartersfullandplaceitonatripodstand.

Dropacrystalofpotassium permanganatethroughatubetosettleatone
corneratthebottom oftheflask.

HeatthewatergentlyusingaBunsenburnerandobservethemovementof
streamsofcolour.

Discussion

Astream ofcolourwillbeseenmovingupwardsanddownwardsagainattheother
sideofthebeaker.Thiswillcontinuegraduallyuntilallthewaterbecomes
coloured.Thisshowsthatconvectionalcurrentsalsoexistinliquids.

Districtmocks,kcsepastpapers,notes,form 1-4papersavailableonwww.kusoma.co.ke



0714497530

Experiment:modelofhotwatersystem
Procedure

Obtaintwoflatbottomedflasksandsetuptheapparatusasshownbelow.
Holdtheflasksinplacebyuseofclampstands.
Heatthebottom ofthelowerflaskandobservewhathappens.

Discussion

Whenthewaterinthelowerflaskbecomeshotitrisesuptotheupperflask.
Aftersometimethewaterintheupperflaskwillbecomehotduetoconvectional
currents.

Applicationsofconvection
Bringsaboutthelandandseabreezes.
Canbeusedtoexplaintheweatherphenomena.
Usedincarradiators.
Usedinimmersionwaterheatersbyplacingthem atthebottom.

Radiation
Thisissimplytheflowofheatfrom onepointtoanotherbymeansof
electromagneticwaves.
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Radiationfrom differentsurfaces
WeusetheLesliecubetodetermineradiationofdifferentsurfaces.Itisa
rectangularmetalcontainerofsquarebasewithsmallopeningatthetop.Oneside
iscoatedwithpolishedsilver,anotherdullblack(candleflamesoot),theothergrey
andthefourthwhite.Experiment:Radiationfrom differentsurfaces
Procedure

PlaceaLesliecubeonatripodstandandattachathermometeroneachofthe
foursides.

Allthermometersshouldbeatleast5.0cm form thesurfaceandshould
readthesametemperature.

Pourhotwater(about80
0

C)untilitisfullandnotethereadingofeach
thermometerafter1minute.

Repeattheaboveprocedureusingboilingwater(100
0

C).

Discussion

Thethermometeragainsttheblacksurfacerecordsthehighesttemperature,
followedbytheoneonthegreyside,thenthewhitesurfacewhilethepolishedside
recordedthelowesttemperature.Thereadingswhenthewaterisboilingwerehigher,
indicatingthatradiationdependsontemperature.Italsodependsonthenatureof
surface.

Applicationsofradiation
Electrickettleshaveachromecoattoreduceradiation.
Electricironaresilvercoatedtominimizeradiation.
Greenhousesuseradiation(heattrap)togrowcrops.

Cloudsreflectradiationbacktotheearthhencecloudynightsarewarmerthan
clearnights.

Vacuum flask
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ItwasdevelopedbySirJamesIvarin1890.Itkeepsaliquidhotorcold(dependson
whatisputin).Theliquidstaysatthetemperatureitispouredineitherhotorcold.
Ithasthefollowingprinciplefeatures;

Thevacuum betweenthedoublewalls
Thetwointeriorwallscoatedwithsilver
Insulatingcorksupports(anti-shockpads)
Insulatingcorkstopperatthetop.
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CHAPTEREIGHT

RECTILINEARPROPAGATIONANDREFLECTIONAT
PLANESURFACES.
Introduction
Objectsthatproducetheirownlightareknownasluminousobjectsi.e.thesun,
torchlampsetc.objectsthatdonotproducetheirownlightarecallednon-luminous
objectsi.e.themoon.Opaqueobjectsarethosewhichdonotallowlighttopass
throughthem.Translucentmaterialsarethosewhichallowlighttopassthrough
them butwecannotseethroughthem i.e.churchglassandbathroom glass.
Transparentmaterialsarethosewhichallowlighttopassthroughthem andwecan
seethroughthem i.e.windowpanes,carwindowsetc.Arayisthedirectionofthe
pathfollowedbylight.Abeam isagroupofraystravellingtogether.
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Experiment:lighttravelsinstraightlines
Procedure

Obtainthreecardboardswithaholeatthecenterandmountthem suchthat
theyform astraightline.

Arrangethem asshownandplacealightedcandleatoneendandmakesure
thatyoucanseetheflamefrom theotherend.

Moveanyofthecardboardsandobservewhathappens.

Discussion

Whenonecardboardisdisplacedormovedslightlytheflamecannotbeseenatthe
otherend.Thisshowsthatlighttravelsinastraightline.Thisprincipleisappliedin
thefollowing,Pinholecamera

Itconsistsofaclosedboxwithasmallholeononefaceandascreenoftracing
paper/frostedglassontheoppositefaceasshown.Animagewillbeformedon
thescreen.Sincelighttravelsfrom onepointoftheobjectthroughtheholean
imagewillbeformedontheoppositescreenofthebox.Iftheobjectisnearthe
holeitismagnifiedwhilediminishedifawayfrom thehole.Magnificationis
thereforetherationoftheimagetoobjectheight,expressedas,
Magnification=heightofimage/heightofobjector

=distanceofimagefrom pinhole/distanceofobjectfrom pinhole

Shadows
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Shadowsareformedwhenanopaqueobjectisplacedbetweenasourceof
lightandascreen.Whentheshadowisbigadarkpatchatthecentreisformed
(umbra)whileasurroundinglighterpatchcalledpenumbraisformed.

Eclipses
Eclipseofthesun(solareclipse)

Thisoccurswhenthemoonisbetweentheearthandtheearth.Theshadowof
themoonfallsontheearth’ssurface.Sometimesthedistanceislargeforthe
shadowtoreachtheearthandwhenthishappensanannulareclipseoccurs.

Annulareclipse
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Eclipseofthemoon

Itisalsoknownaslunareclipseandoccurswhentheearthisbetweenthesun
andthemoon.Theshadowoftheearthfallsonthemoon.

Examples

Calculatetheheightofabuilding300m awayfrom apinholecamerawhich
producesanimage2.5cm highifthedistancebetweenthepinholeandthe
screenis5.0cm.Solution

Objectdistance=300m,imageheight=2.5cm,imagedistance=
5.0cm.Objectheight/imageheight=objectdistance/image
distance
Objectheight=(30,000×2.5)/5.0=15,000cm =150m.

Thelengthofapinholecamerais25.0cm.Anobject2.0cm isplaced10.0m
from thepinhole.Calculatetheheightoftheimageproducedandits
magnification.
Solution
Imageheight=(imagedistance×objectheight)/objectdistance

(25×200)/10=500cm or5
m.Magnification=imagedistance/object
distance

25/10=2.5

Reflectionfrom planesurfaces
Diffuseandregularreflection

Regularreflectionoccurswhenaparallelbeam oflightfallsonaplanemirrorband
reflectedasaparallelbeam.Theyoccuronpolishedsurfaces.Adiffusereflection
occursonroughsurfaceswhereaparallelbeam oflightisreflectedinalldirections.

Lawsofreflection
1.Theincidentray,thenormalandthereflectedrayatthepointofincidence

mustbe
onthesameplane

2.The angleofincidenceis
equal

tothe angleofreflection.
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Imagesformedbyreflectionfrom planesurfaces
Characteristicsofimagesformedinaplanemirror

Theimageisthesamesizeastheobject
Theimageisthesamedistancebehindthemirrorastheobjectisinfront
Theimageislaterallyinverted
Theimageisvirtual
Theimageiserect.

Locationofanimagebythenon-parallaxmethod

Parallaxistheapparentrelativemotionoftwoobjectsduetothemovementof
theobserver.Itonlyoccurswhentheobjectsareatadistancefrom oneanother.
Thiscanbeusedtofindthepositionofimagesinplanemirrors.

Experiment:Tofindthepositionofanimageofapinbynon-parallax
methodProcedure

Obtainasheetofpaperanddrawamirrorline
Placethemirroronthelineasshown
Placethepinatleast5cm from themirrorandobtainanotherpin(searchpin)

Movethepintillyougetapointwherethereisnoparallaxandplaceyour
secondpin.

Measurethedistances(bothimageandobject)andconfirm yourresults.

Mirrorsatanangle
Whenmirrorsareplacedatanangleseveralimagesareobtaineddependingon

theanglebetweenthem.Iftheangleis60
0

theimagesformedwillbefive.Weuse
thefollowingformulatofindthenumberofimages

n=(360
0

/θ)–1
Whenmirrorsareparallelthentheimagesformedareinfinite.
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Kaleidoscope

Itappliestheprincipleofmirrorsatanangle.Consistsoftwomirrorsarrangedatan

angleof60
0

tooneanotherinsideatube.Thebottom hasaground-glassplatewith
brightlycolouredglassforallowinglight.Whenoneobservesthroughthetubefive
imagesareseen.

Theperiscope

Thisconsistsoftwomirrorsarrangedatanangleof45
0

asshown.Thisprinciple
isusedinperiscopes(prisms)andtelescopes.
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CHAPTERNINE

ELECROSTATICSI.

Somesubstancesgetchargedwhenrubbedagainstothersubstancesi.e.nylon,
plastic,paperetc.thechargeacquiredstayswithinthebodyi.e.itdoesnot
moveandthereforeknownaselectrostaticchargeorstaticelectricity.

Thelawofcharges–typesofcharges
Therearetwotypesofchargesi.e.negativeandpositivecharges.Thenegativecharge
consistsofelectronswhicharemobile.Thelawofchargesinsummarystatesthat“like
chargesrepel,unlikechargesattract’’.Justlikeinmagnetism attractionisnotasure
wayoftestingforchargebutrepulsionbecauseitwillonlyoccurifthebodiesare
similarlycharged.

Charges,atomsandelectrons
Theatom ismadeupofacentralpartcalledthenucleus,containingpositively
chargedionscalledprotonsandoutwardlysurroundedbynegativelycharged
electrons.Thenucleusalsocontaintheparticlescalledneutronswhicharenot
charged.Whenanatom isnotchargedthenumberofprotonsequalsthenumberof
electrons.Whenamaterialisrubbedwithanotheri.e.acetatewithsilk,electronsare
transferredfrom onebodytoanother.Thebodyacceptingorreceivingelectrons
becomesnegativelychargedwhiletheonedonatingorlosingelectronsbecomes
positivelycharged.Protonsandneutronsinthenucleusdonotmove.TheSIunitfor
chargeistheCoulomb(Coul.)
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Coul.=chargeon6.25×10
18

electrons.

Chargeononeelectron=1.60×10
-19

Coul.
Coul.=1Amperesecond(As).

Theleafelectroscope

Thisisasensitiveinstrumentformeasuringcharge.Itconsistsofametalcap
connectedtoastem whoselowerpartisflattenedintoaplatewithathinstripof
aluminium foilattachedtoit.Theplateandtheleafareenclosedinametalcasing
whichisearthed.Thesidesofthemetalaremadeofglasstoallowtheleaftobe
seen.

Otherleafelectroscopesaremadeusinggoldstripsandarereferredtoas
goldleafelectroscope.

Charginganddischarginganelectroscope
Whenachargedbodyisbroughtnearthecapoftheelectroscopetheleafdiverges,
andwhenremoveditcollapses.Whenanegativelychargedbodyisbroughtnear
themetalcapelectronsarerepelledfrom thecaptothelowerpartsofthestem
andtheleaf.Thisconcentrationofnegativechargesmakestheleaftodiverge.
Similarlywhenapositivelychargedbodycomesnearthemetalcaptheelectrons
areattractedbytheprotonsandmoveupthestem,leavingahighconcentrationof
positivechargeswhichmaketheleaftodiverge.
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Ifyoutouchthemetalcapwithyourfingertheleafcollapsesshowingthatthe
chargeshavebeendischargedthroughyourbody.Anunchargedbodywillalways
causetheleafofachargedelectroscopetocollapseregardlessofthechargeonthe
electroscope.Thisshowsthatchargemovesfrom thechargedelectroscopetothe
unchargedbody.

Conductorsandinsulators
Conductorsarethosesubstanceswhichalloweasypassageofacharge.Insulators
donotallowachargetopassthrougheasily.Achargedelectroscopecanbeused
toclassifyobjectsintoconductorsandinsulators.
Experiment:Arrangingobjectsintoconductorsandinsulators.
Procedure

Chargeanelectroscopebyrubbingitwithfuruntilitsleafdiverges.

Obtainanumberofmaterialslikealuminium,paper,copper,iron,cloth,glass,
woodetc.

Holdtheseitemsinyourhandinturnsandtouchthechargedelectroscopes’
metalcapwithit.

Recordyourresultsinthetableshownbelow.

Material Conductor Insulator

Iron √
Cork √

Aluminium √
Copper √

Chargingan Paper √ electroscope
by

induction
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Wehaveseenthatwhenachargedbodyisbroughtnearaleafelectroscope,
chargesaretransferredtotheelectroscopeandtheleafdiverges.Thismethodof
transferringchargewithoutactualcontactiscalledinduction.

Usesoftheelectroscope
Todetectthepresenceofchargeonabody
Totestthequantityofchargeonachargebody.
Totestforinsulationpropertiesofamaterial.
Totestthesignofchargeonachargedbody.

Applicationsofelectrostaticcharges.
Electrostaticprecipitator–theyareusedinchimneystoreducepollutionby

attractingpollutantsthroughelectricionizationwhichthentrapsthem by
useofplates(wiremesh).Fingerprintingandphotocopyingusesthesame
principle.

Spraypainting–asaircruisesabovethepaintdropletsacquiresimilar
chargesthereforespreadoutfinelyduetorepulsion.Littlepaintisthen
used.

Dangersofelectrostatics
Asliquidflowsthroughapipeitsmoleculesgetchargedduetorubbingagainst
innersurface.Iftheliquidisflammablethenthiscancausesparksandexplode.
Thesamehappenstofuelscarriedinplasticcansthereforeitisadvisabletocarry
fuelinmetalliccanstoleakoutthecontinuouslyproducedcharges.
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CHAPTERTEN

CELLSANDSIMPLECIRCUITS.
Introduction
Workdoneperunitchargeiscalledelectricalpotential.Currentistheflowof
charge.Forcurrenttobecontinuous,potentialdifferencebetweenthetwopoints
mustbesustained.

Sourcesofcontinuouscurrents.

Inthisprocessworkiscontinuouslydoneinmovingelectronsagainstarepulsive
force.Adeviceinwhichthepotentialdifferenceissustainediscalledacell.Acell
isasourceofcontinuouscurrent.Theendofacellwithahigherpotential(fewer
electrons)iscalledthepositiveterminalwhiletheendwithlowerpotential(higher
electrons)iscalledthenegativeterminal.

1.Chemicalsources

Agoodexampleistheelectrochemicalcellwheresimultaneousoxidation-reduction
processoccursbetweentheelectrolyteandtheelectrodes.Anexternalcircuitis
usedtotransfertheelectrons.Examplesofelectrochemicalcellsaretheprimary
cellsi.e.thedrycellandDanielcell.Thereactantsmustbereplacedaftersupplyinga
givenamountofenergy.Thesecondtypeisthesecondarycellorstoragecellwhere
thechemicalreactionisreversiblei.e.thelead-acidbatteryandnickel-cadmium cell.
Thethirdtypeisthefuelcellwherechemicalenergysuppliediscontinuously
convertedintoelectricalenergyi.e.hydrogen-oxygencellusedinspacecraft.
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2.Thermoelectricsources

Agoodexampleisthethermocouplewherep.dissustainedbythecontinuous
heatingwhichkeepstheterminalsatdifferenttemperatures.

3.Solarsources

Thisoccurswhensomesemi-conductormaterialcalledPandNtypeabsorbslight
attheirtransitionregionandgainenergyenoughtomoveelectronsjustlikeincells.
Theyareusedinspaceships,calculators,lighting,etc.

DCcircuits
Conventionallycurrentisaflow ofpositivechargeandflowsfrom thepositive
terminaltothenegativeterminal.A dccurrentistheflow ofcurrentinone
directionthatisfrom thepositiveterminaltothenegativeterminalwhentheloop
isclosed.

Circuitsymbols
Thefollowingsymbolsareusedinelectricalcircuits.
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Potentialdifferenceandcurrent
Pdistheworkdonebymovinganelectronfrom onepointofaconductortoanother.
Currentisbydefinitiontherateofflowofcharge.
Current=charge/time
TheSIunitforcurrentistheampere,A.
1A=1Coul/sec

milliampere(mA)=10
-3

A

microampere(µA)=10
-6

AExamples
Thecurrentinasingleloopis3.0A.Howlongwouldittakeforachargeof

3600coulombstoflow?
Solution
Current=charge/time
Time=charge/current=>3600/3=1200seconds=20minutes.

2.

Primarycells
Thisisacellformedbydippingtwodifferentmetalsintoanelectrolyte.
Experiment:makingasimplecell
Procedure

Takeapieceofcopperstripandzincstripandcleanthoroughlywithemerypaper.
Putthetwostripsinabeakercontainingdilutesulphuricacid.
Observewhathappenstothestrips.
Connectthestripsexternallytoamilliameterandavoltmeter.
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Discussion
Sulphuricacidischemicallywrittenas,

H2SO4-----


2H
+

+SO4
2-

Theelectronsliberatedbytheacidmovetothezincelectrode

Zn------


Zn
2+

+2e
-

Thehydrogenionsmovetothecopperstrip

2H
+

+2e
-

----


H2

Copperstripthereforebecomespositivelychargedwhilethezincbecomes
negativelychargedelectrode.

Theaccumulationofbubblesaroundthecopperstripiscalledpolarization.The
bubblesformedaroundthezincstripisthereactionofacidwithzincimpuritiesand
iscalledlocalaction.Polarizationproducesinsulationbetweenthestripandtheacid
cuttingoffproductionofcurrenteventually.Thisisknownastheinternalresistance
ofthecell.Localactioneatsawaythezincstripandamercurycoatisappliedto
preventthis(amalgamation).Polarizationandlocalactionarethemaindefectsof
simplecells.

TheLeclanche’cell

Inthiscellcarbonrodisusedasthepositiveterminalandzincasthenegative

electrode.Theelectrolyteisammonium chloridesolution(NH4Cl).Nopolarization

since itis reduced byuse ofmanganese (IV)oxide (MnO2)which oxidizes
hydrogenintowater.Localactionstilloccurs.Theyareusedinoperatingbellsand
telephoneboxes.
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Thedrycell

Itisreferredtoasdrybecauseitcontainsnoliquid.Theammonium solutionis
replacedwithammonium chloridejellyorpaste,themanganese(IV)oxideand
carbonpowderareusedasthedepolarizer.Thehydrogengasproducedisoxidized
towaterwhicheventuallymakesthecellwetafteruse.Theyareusedintorches,
radioscalculatorsetc.

Secondarycells

Theyarealsocalledstoragecellssincetheystoreelectricalchargeas
chemicalenergy.Experiment:Tochargeanddischargeasimplesecondarycell
Procedure

Setuptheapparatusasshownbelow.

ClosetheswitchS1andobservethechangesintheplatesifany.
Notehowtheammeterreadingvarieswithtime.
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Discussion

Whenchargingoxygenisproducedattheanodeandhydrogenatthecathode.The
oxygenreactswithleadtoform lead(IV)oxidewhichisdepositedattheanode.The
hydrogenformedhasnoeffect.

Whendischargingcurrentflowsinoppositedirectionwithoxygenbeingformed
atthecathodeandhydrogenattheanode.Thecolourofthepositiveelectrode
changesfrom browntogrey.

Lead-acidaccumulator.

A12Vaccumulatorhassixcellsconnectedinseries.Eachcellhasseveralplates
forminglatticegridwithpositiveplatescarryinglead(IV)oxideandthenegative
plateshavingspongylead.Theyareplacedclosetooneanotherwithaninsulating
sheetseparatingthem.Theyareratedinampere-hoursi.e.30Ahmeansthatitcan
supply1amperefor30hoursor2amperesfor15hoursetc.

Example

Abatteryisratedat30Ah.Forhowlongwillitworkifitsteadilysuppliesacurrent
of3A?Solution
Q=It,hencet=Q/I=>30/3=10hours.

Alkalineaccumulators

Potassium hydroxide(KOH).Nickelhydroxide(Ni(OH)formsthepositiveelectrode
whileironformsthenegativeelectrode.Theyaretwotypesnickelcadmium (NiCd)
andnickeliron(NiFe).Theyareusedinships,hospitalsandbuildingswherelarge
currentsarerequiredforemergencies.
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Advantagesofalkalineaccumulatorsoverlead-acidaccumulators
Largecurrentscanbedrawnfrom them
Theyrequirelittlemaintenance
Theyareportable

Theycanremaindischargedforalongtimewithoutgetting
ruined.Disadvantages

Theyareveryexpensive
Theyhavelowere.m.fpercell.
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Meanwhile,Onaddition;
Contact0714497530for;
Otherwelldesignedhighschool
materials
UpdatedCPA,CIFA,CICT,CPS
materials
Severalnovelcollections
Motivationalbooks
Inspirationalbooks
Setbooksandguides
Teachingschemes
KCSE,Mockpastpapers&Topicals
Revisionmaterials
KRAPIN&returnsservices
HELBservices
WebsiteDesign&developmentteam
Guidance&Counsellingservices

CONTACT
0714497530(MRISABOKE)
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(isabokemicah@gmail.com)

Regards
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