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HEAT
INTRODUCTION
Heatisdefinedasenergywhichistransferredfromoneplacetoanother
owingtoatemperaturedifferencebetweenthem.Withouttheheatwhich
comestousfromthesunlifeonearthwouldbenonexistent.

CHAPTERONE:TEMPERATURE
Thetemperatureofasubstanceisanumberwhichexpressesitsdegreeof
hotnessonsomechosenscale.
Measurementoftemperature.
Temperatureismeasuredbymeansofathermometer.
Therearedifferenttypesofthermometers.
Mostcommonthermometersdependontheexpansionofaliquidwhen
heated.
Thermometershaveascaleonthemcalledatemperaturescalewhichwe
readtodeterminethetemperature.
Temperatureismeasuredbyobservingthechangeinsomepropertyofan
objectasitbecomeshotterorcooler.
Thechangesincludethoseofvolume,pressure,electricalresistance.
Temperaturescales
Thefundamentalscaleinphysicsiscalledthethermodynamicscale.
ThescaleissometimescalledtheKelvinscaleanditsunitistheKelvin(K)
Fromexperiment;
(i) thetemperatureofpuremeltingiceatstandardatmosphericpressure
is 273.15K
(ii) thetemperatureofthesteamfrompureboilingwateratstandard
atmosphericis373.15K

TheCelsiusscaleofthetemperatureisdefinedsothat

(i) ifwewrite (C) forthetemperaturevalueontheCelsiusscaleand

T(K) foroneonthethermodynamicscalethen
(ii) theinterval1degreeCelsiusequalstheinterval1kelvin.

Fahrenheitscale
Toconvertfromdegreescelcuisto0Ftheformulabelowisused;

Commonthermometricpropertiesare:
(i) thevolumeofaliquidwhichmaybemadetoexpandintoanarrow
tube.
(ii) thee.m.fofathermocouple.
(iii) thepressureofafixedmassofgaskeptatconstantvolume.
(iv) theelectricalresistanceofaplatinumcoil.
Liquidinglassthermometers.
Themercury-inglassoralcohol-in-glassthermometersusethechangein
volumeofliquidtomeasuretemperature.Theycoverarangefrom-40oCto
300oC.
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Notethefollowingdesigndetails.
(a)Theliquidiscontainedinathinwalledglassbulbtohelpconductionof
heatthroughtheglasstotheliquid.
(b)Theamountofliquidshouldbesmallinordertoobtainaquickresponse
becauseasmallquantitytakeslesstimetowarmup.
(c)Thefinetubeshouldbeuniformtogiveevenexpansionalongit.
(d)Thespaceabovetheliquidisevacuatedduringmanufacturetopreventa
highpressureofthetrappedairwhentheliquidexpands.

TheClinicalthermometer.
Itisdesignedtomeasurethetemperatureofthehumanbody.
Forthisreasonithasasmalltemperaturerangewithinwhichthebody
temperaturecanfluctuate.
Thethermometerisplacedbeneaththepatient’sarmpitandlefttherefor
abouttwominutestoensurethatitfullyacquiresthepatient’sbody
temperature.Itisthenwithdrawnandthebodytemperaturereadofffromthe
positionofthemercurythread.
Beforeusingitagainthemercuryinthestemmustbereturnedtothebulbby
shaking.
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(c)Six’smaximumandminimumthermometer.
Thepurposeofthisthermometeristorecordthemaximumandminimum
temperaturesattainedinaday.
Generallyaminimumtemperatureoccursduringthenightwhileamaximum
temperatureoccursduringday.

Thermoelectricthermometer
Twodifferentwiresjoinedtogetherattwopointskeptatdifferent
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temperaturesandconnectedtoasensitivegalvanometerforma
thermocouple.Themetershowsthatanemfisproduced.Commonmetals
usedinthiskindofthermometerareconstantanandtheotherisnichromeor
platinumandaplatinum-rhodiumalloychosenbecausetheirmeltingpoints
areveryhigh.
Onejunctioniskeptat0oCandtheotherisusedtorecordthetemperature
beingmeasured.Themeterisgraduatedsothatitreadstemperatures
directlyandnotmerelye.m.f’s
Advantagesofathermoelectricmeterare:
(i)Itcanmeasureveryhightemperaturessuchasthoseinfurnacesof
moltenmetals.
(ii)Thejunctionisverysmallandthereforethethermometercanmeasure
temperatureatapoint.
(iii)Itcanfollowrapidchangesoftemperature.

Resistancethermometer
Thechangeinelectricalresistanceofawireasitstemperaturechanges.
Usuallythewireisofplatinum.Theresistanceofplatinumincreasesasthe
temperaturerises.Resistancethermometersareaccurate,sensitiveandcan
beusedtomeasurebothhighandlowtemperatures.
Thefixedtemperaturepoints.

(i) Upperfixedpoint.
Theupperfixedpointisthetemperatureofsteamfromwater
boilingunderstandardatmosphericpressureof760mmHg.

(ii) Lowerfixedpoint.
Thelowerfixedpointisthetemperatureofpuremeltingice.The
icemustbepuresinceimpuritieslowerthemeltingpoint.
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Celsiustemperaturescale.
Thedifferenceintemperaturebetweenthefixedpointsiscalledthe
fundamentalinterval.Thisisdividedinto100equaldivisions,theicepoint
beingcalled0oC
Andsteampoint100oC.ThiscalledtheCelsiusscale.
Temperaturesonitarecalled‘degreesCelsius‘
Determinationoftheupperfixedpoint.
Athermometerispushedthroughaholeinacorkandplacedinsidea
thermometer.
Waterisheatedinthelowerpartofthehypsometer.
Thebulbofthethermometershouldnottouchthewatersurface.
Thethermometerisadjustedsothatthemercurythreadisseenjustabove
thetopofthecork.
Whenthecorkhasremainedsteadyforsometimeitslevelismarkedonthe
stembyalightscratch.
Thedoublewalledvesselreducesheatlossandconsequentcoolingofthe
vapoursurroundingthethermometer.
Themanometergiveswarmingshouldthepressureinsidedifferfrom
atmospherepressure.

Determinationofthelowerfixedpoint.
Thethermometerisplacedinaglassfunnelkeptfullofsmallpiecesofpure
iceblockshavingabeakerunderneathtocatchthewater.
Themercurythreadisallowedtoshowjustabovethetopoftheice.
Whenthelevelofthethreadhasremainedsteadyforsometimeitsposition
ismarked.Thatindicatesthelowerfixedpoint.
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Tomeasuretemperaturewiththethermometer.
Ifxislengthofmercurythreadabovethelowerfixedpointandyisthelength
betweentheupperandlowerfixedpointstheunknowntemperatureϑcanbe
determinedfromtheexpression

ϑ= x C
x

y
100

0

forathermometerwith100equalparts,withaCelsiusscale.
Choiceofliquidforthermometers.
Mercuryfreezesat-39oCandboilsat357oCwhilealcoholfreezesat-115oC.It
isthereforeessentialtousealcoholthermometersinplaceswhere
temperaturesdropsolowupto-40oC.Alcoholalsopossessestheadvantage
ofhavinganexpansivityofaboutsixtimesthatofmercury.
Advantagesofmercuryoveralcohol.
(1)Itdoesnotwetglass.Alcoholtendstoclingtothewallofthetube,this
leadstoerrorsintakingthereading.
(2)Itdoesnotvaporizelikealcoholontotheupperpartofthebore.
(3)Itisopaqueandeasilyseen,whereasalcoholhastobecoloured.
(4)Itisabetterconductorofheatthanalcoholandthereforerespondsmore
rapidlytochangesoftemperature.
Whywatershouldnotbeusedinthermometers
Waterisunsuitableforuseinthermometersbecause
(i)itfreezesat0oC,soitcannotreadtemperaturebelowthat.
(ii)Ithasanirregularexpansion.
Thethermodynamictemperaturescale.
Varioustypesofthermometergivedifferentreadingswhenusedtomeasure
thesametemperaturebecausethevaluesobtaineddependsonthe
propertiesofthesubstanceusedinthethermometer.
Typesofthermometerinclude;
(i)mercury-inglassthermometers
(ii)platinumresistancethermometers
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(iii)thermoelectricthermometere.t.c
LordKelvindevisedascalecalledthethermodynamicscalewhichis
independentofthepropertiesofthesubstanceusedinthermometers.
TemperaturesonthisscalearemeasuredinKelvin.
TheyaredenotedK.
Onthethermodynamicscalethemeltingpointoficeis273Kandtheboiling
pointofwateris373K.
RevisionQuestions
1.a)Listtheadvantagesanddisadvantagesofmercuryandalcoholas
thermoelectricliquids.
b)Iceandsteampointsonanungraduatedthermometerarefoundtobe
192mmapart.WhattemperatureisrecordedinoCwhenthelengthof
mercurythreadis67.2mmabovetheicepointmark?

2a).Describeanexperimenttodeterminethefixedpointsofathermometer.

b)i)Mentionanythreereasonswhywaterisnotusedathermometricliquid.
ii)WhenaCelsiusthermometerisinsertedinaboilingliquid,themercury
threadrisesabovethelowerfixedpointby19.5cm.Findthetemperatureof
theboilingliquidifthefundamentalintervalis25cm.

Chapter2:EXPANSIONOFSOLIDSANDLIQUIDS
Theincreaseinsizeofobjectswhentheyareheatediscalledexpansion.
Demonstratingexpansionofasolid.
Themetalbarshownbelowismadesuchthatitwilljustfitintothegapin
thegaugewhenboththebarandthegaugearecold.
HeatthebaroveraBunsenflameandtestthefitagain.Withtherisein
temperatureofthebarcomesanincreaseinlength.
Thegaugeshowsthatthebarhasincreasedinlengthwhichiscalledlinear
expansion,andcannotfitinthegauge.

Asphericalmetalballwilljustpassthroughtheringwhenbotharecold.
HeattheballoveraBunsenflame,andthetestthefitagain.Theball
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expandswhenheatedandwillnotgothroughthering.
Thediameteroftheballhasincreasedinalldirections.Theexpansionin
areaofasolidisknownassuperficialexpansionandtheexpansionin
volumeiscalledcubicalexpansion.

Expansionandcontraction-uses
Railwaytracksaredesignedwithgapsinbetweenthemtoallowfor
expansion.Railwaytrackshavebeendamagedduringhotseasonswhere
thegapallowedforexpansionwastoosmall.
Pipelinesinthechemicalindustrywhichcarryliquidsandgasesoverlong
distancesmusthaveflexibleexpansionjointsbuiltinthematthematregular
intervals.
Expansionandcontractionisusedinrivetingtogetatightjoint.
Ahotrivetispushedthroughaholeinthetwoplatestobejoined.
Thentheendofahotrivetishammeredtoformanotherhead.
Astherivetcoolsitcontractsandpullsthetwoplatestogethermoretightly.

THEBIMETALLICSTRIP.Abimetallicstripismadeoftwostripsofthesame
lengthandcrosssectionalofdifferentmetalsjoinedtogethere.gironand
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brass.
Whencoldthestripsarestraight,butwhenheatedthemetalsexpand
differentlycausingthemtobend.
Sincebrassexpandsmorethaniron,thetwowillbendwithbrassonthe
outside.
Bimetallicstripsareappliedin
i)thermostats
ii)motorvehicleflashingdirectionindicators

ii)firealarms.
Athermostatisadeviseusedformaintainingsteadytemperature.
Thermostatsareappliedin
(i)hotwaterstoragetanks
(ii)electricirons.
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Thefigureaboveshowstheprincipleofabimetallicthermometer.Oneend
ofathinbimetallicspiralisfixed,theotherendbeingattachedtothespindle
ofapointerwhichmovesoverascaleofdegrees.Themetalsusedarebrass
andinvarandthespiraltendstocurlinaclockwisedirectionasthe
temperaturerises.
LinearExpansivity
Themeasureofthetendencyofaparticularmaterialtoexpandiscalledits
expansivity.Brassexpandsmorethanironwhenheatedbythesameamount,
thereforebrasshasahigherexpansivitythaniron.
Thelinearexpansivityofasubstanceisthefractionofitsoriginallengthby
whicharodofthesubstanceexpandsperKelvinriseintemperature.
Linearexpansivityofasubstancedependson
(i)thelengthofthesubstance.
(ii)theriseintemperature.
Linearexpansivityofsteel

α=
∆l

lx∆θ
Where∆listhechangeinlengthofsteel.

∆θistheriseintemperature.
listheoriginallengthofsteel.

MeasuringLinearexpansivity.
Measuretheoriginallengthoftherodusingametreruler.
Fittherodinsideasteamjacketandfitthethermometerinitssocket.
Screwupthemicrometersothatthereisnogapateitherendoftherodand
takeareadingofthemicrometerscale .x

1

Notetheinitialtemperatureoftherod .θ
1

Unscrewthemicrometertoleaveroomforexpansionoftherodandpass
steamthroughthejacketforafewminutes.
Screwupthemicrometeragainandtakeasecondreadingofthemicrometer
scale .x

2

Notethefinaltemperatureoftherod .θ
2

Calculatethechangeinlength∆l= - measuredbythemicrometer.x
2
x
1

Calculatetheriseintemperature∆θ= - .θ
2
θ
1

(Bothland∆lshouldbeinthesameunits).
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Calculatethelinearexpansivityfrom

α=
∆l

lx∆θ
Hencenewlength=originallength+expansion.

Demonstratingexpansionofliquids
Fillaglassflaskwithcolouredwaterandfitastopperwithalongglasstube
sothatthereisnoairintheflaskandwaterrisesashortwayupthetube.
Heattheflask.
Thewaterleveldropsfirstandthenrisesafterheating.Thedropisdueto
expansionofglassflaskwhichincreasesinvolume.Thiscreatesspace
insideandhencethedrop.
Onceheatreachestheliquiditexpandsrapidlyupthetubeandoverthetop.
Thisshowsthatthevolumeexpansionofaliquidisverylarge.
(Liquidsexpandmuchmoreinvolumethansolids).
Differentliquidshavedifferentthermalexpansions.

Todemonstratethis,severalfairlylargeglassbulbswithglassstemsare
filledtoashortdistanceabovethebulbwithvariousliquids.Inordertomake
afaircomparison,thebulbsandstemsmustbeofthesamesize.Thebulbs
areimmersedinametaltroughcontainingcoldwaterandleftuntiltheyhave
reachedasteadytemperature.Alittleextraliquidshouldthenbeaddedin
casethelevelsarenotthesameanymore.Thebathisheatedandwell
stirredtoensureuniformtemperature.Whenthebulbsandtheircontents
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haveacquiredthenewtemperatureofthebath,itwillbeseenthattheliquid
levelshaverisenbydifferentamounts.Thus,foragivenriseintemperature
equalvolumesofdifferentliquidsshowdifferentexpansionsinvolume.

Theunusualexpansionofwater.
Somesubstancesdonotalwaysexpandwhenheated.Overcertain
temperaturerangestheycontract.Waterisanoutstandingexample.Ifwe
startwithiceat-10oC
Andheatitexpandsuntilitreaches0oC.Itthenbeginstomeltwhilethe
temperatureremains0oC.
Thismeltingisaccompaniedbyacontractioninvolume.BetweenOand
4oC.Hencewaterhasitsmaximumdensityat4oC.
Beyond4oCwaterexpands.
Thisbehaviourisdescribedasanomalous.
(irregular).Thechangesinwatervolumebetween-10oCto15oCareshown
graphicallybelow.

Biologicalimportanceoftheanomalousexpansionofwater.
Ithelpspreserveaquaticlifeduringverycoldweather.Asthetemperatureof
apondorlakefallsthewatercontractsbecomesdenserandsinks.
Atthebottomofthelakeorpondisdensewaterwhosetemperatureis
slightlyhigherthanforthelayerabove.Thelessdensewaterstaysatthetop.
Iffurthercoolingoccursthewateratthetopfreezes.
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Fishcansurviveinthelayersbelowwhereunfrozenwaterstillexists.

CHAPTER3:
HEATCAPACITYANDSPECIFICHEATCAPACITY.

Theheatcapacityofanobjectdependsonitsmass.
Theheatcapacityisdefinedasthequantityofheatenergyrequiredtoraise
thetemperatureofagivenmassofamaterialbyoneKelvin.Itisdenotedby
C.

SIunitofheatcapacityis

Thespecificheatcapacityofasubstanceistheheatenergyneededtoraise
thetemperatureof1kgmassofthesubstanceby1K.Itisdenotedbyc.

Belowisatableshowingspecificheatcapacitiesofdifferentsubstances.
Itcanbenoticedthatwaterhasanunusuallyhighspecificheatcapacityof
4200J/kgK
TableofspecificheatcapacitiesinJ/kgK.

Aluminium 900 Lead 130

Brass 380 Mercury 140

Copper 400 Methylated 2400

Glass 670 Water 4200

Iron 460 Zinc 380

Becauseofitshighspecificheatcapacitywaterismostsuitableliquidinthe
radiatorsofavehicletocooltheenginebecauselessamountofliquidis
neededtodrawheatenergyfromtheengineascomparedtootherliquids.
i.eheat=mcθ.

Thehigherthevalueofcthegreatertheheatremovedkeepingm
andθ
Constant.
Tomeasurethespecificheatcapacityofametalbytheelectricalmethod.
Thismethodissuitableforametalwhichisagoodconductorofheat.
Acylindricalblockofmetalisdrilledwithtwoholesoneforanelectricheater
andtheotherathermometer.
Alittleoilisusedintheholestoensuregoodthermalcontact.Heatlosses
arereducedbystandingtheblockonaslabandlaggingtheblock.
Theheatercircuitisconnectedandrheostatisadjustedtoobtainsuitable
current.
Beforeswitchingonthecurrentnotethetemperatureoftheblock.Switchon
thecurrentandsimultaneouslystartastopclock.
Takethereadingsofthevoltmeterandammeter.Whenthetemperaturehas
risenbyabout10degrees.
Switchoffcurrentandstoptheclocksimultaneously.
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Readthefinaltemperatureonthethermometer.
Energyreceivedbyblock=energysuppliedbyheater.

mc =VIt(-θ
2
θ
1)

Specificheatcapacityofmetal

Precautions
(i)Themetalblockmustbeheavilylaggedtopreventheatlosstothe
surroundings.
(ii)Thetwoholesshouldbefilledwithalightoiltoimprovethermalcontact
withtheheaterandthermometer.
Determinationofspecificheatcapacityofasolidbythemethodofmixtures.

Procedure
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Weighthesolidmetalblockandrecordit’smass .Placetheblockina

beakercontainingwaterandheatthewaterasshownabovein(a).Allowthe
watertoboil.
Weighthecalorimetertogetherwiththestirrerandrecordthetheirmassas

Addwatertothecalorimeter.Determinethemassofcalorimeterwith

water .

Massofwater= .Placethecalorimeterintheinsulatingjacket.

Measurethetemperatureofthecoldwaterinthecalorimeterandrecorditas

.Whenthewaterinthebeakerhasboiledforsometime,quicklytransfer

themetalblockfromthebeakerintothecoldwaterinthecalorimeter.
Placeathermometerinthebeakertomeasurethetemperatureoftheboiling

wateras Recordthefinaltemperatureofthemixtureinthecalorimeteras

Assumingnoheatlossestothesurroundingsduringthetransferofthe
metalblockfromthebeakertothecalorimeterandthereafter,thespecific
heatcapacityofthesolidcanbecalculatedasfollows;

Heatlostbymetalbock=
Heatgainedbycalorimeterwithstirrer+ Heatgainedbywaterin

calorimeter.

Where arespecificheatcapacitiesofthecalorimeter,thesolid

andwaterrespectively.Thespecificheatcapacityofthematerialofthecube
canthereforebecalculatedas

.

Determinationofthespecificheatcapacityofaliquidbythemethodof
mixtures.
Procedure.
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Weighthesolidmetalblockandrecordit’smassas .

Placealiquidinabeakerandimmersetheblockattachedtoastringintothe
liquidasshowninfigure(a)below.Withthebeakeronatripodstandheat
thebeakeranditscontentsuntiltheliquidstartstoboil.Recordthe

temperature oftheboilingliquid.

Weighthecalorimeterandstirrerandthenpoursomeliquidintoitandagain
weighthecalorimeterwithliquid.Bysubtractiondeterminethemassofthe

liquid inthecalorimeteralone.Placeathermometerinthecalorimeterand

takenoteofthetemperatureofthecoldwater .

Whentheliquidinthebeakerhasboiledforsometime,transfertheblock
fromthebeakerintothecoldliquidinthecalorimeter.
Coverthecalorimeterwithapieceofcardboardasinfigure(b)below.

Stirthemixtureandrecordthefinaltemperature

Thespecificheatcapacityoftheliquidcanbecalculatedasfollows;
Heatlostbythehotsolid =
Heatgainedbycalorimeterandstirrer+Heatgainedbyliquidinthe
calorimeter.

Where and arethespecificheatcapacitiesofthesolid,calorimeter

andliquidrespectively.

Sincealltheotherquantitiesareknowntheunknownquantity canbe

determined.
Experimenttodeterminethespecificheatcapacityofaliquidbyelectrical
method.

Diagrammaticsetupoftheapparatus:
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Procedure

Weighthecalorimeterwiththestirrerandrecordtheirmassas .

Pourliquidintothecalorimeteranddeterminethemassofliquidandthatof
thecalorimeter.Bysubtractionofthemassobtainedintheprevious

weighing,determinethemassoftheliquid inthecalorimeter.

Placethecalorimeterinaninsulatingjacket.Measuretheinitialtemperature

ofthewater

Inserttheheatingcoilintotheliquidinthecalorimeterasshowninfigure
above.
Switchontheheatercurrentandsimultaneouslystarttiming.Recordthe

ammeterandvoltmeterreadings and respectively.
Afteraboutfivetotenminutesswitchofftheheatercurrentandrecordthe

finaltemperature ofthecalorimeteranditscontents.

Recordthedurationoftheheating
Assumingnoheatislosttothesurroundings,thespecificheatcapacityof
theliquidcanbecalculatedasfollows:

Heatsuppliedbyelectricheater=
Heatgainedbyliquid+Heatgainedbycalorimeter.

where arethespecificheatcapacities

oftheliquidandcalorimeterrespectively.

Examplesonheatcapacitycalculations:

Example1
Calculatethequantityofheatrequiredtoraisethetemperatureofametal

blockwithaheatcapacityof460JK-1from to .

Solution
Heatcapacity,C=460JK-1

Temperaturechange,

=

=

=
Example2
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Apieceofcopperofmass60gandspecificheatcapacity cools

from to .Findthequantityofheatgivenout.
Solution

Example3
Howmanyjoulesofheataregivenoutwhenapieceofzincofmass50gand
specificheatcapacity380J/kgKcoolsfrom60oCto20oC?

Q =mcθ

= x380x .
50

1000
(60-20)

=760Joules
Heatenergygivenoutorreceived=massxs.h.cxtemperaturechange.
Heatenergyinjoules=mxcx( - )θ

2
θ
1

Wheremismassinkg
Cspecificheatcapacity.
islowertemperature.θ

1

ishighertemperature.θ
2

Example4
Whatisthefinaltemperatureofthemixtureif100gofwaterat70oCisadded
to200gofcoldwaterat10oCandwellstirred?(Neglectheatabsorbedby
container)
Heatgivenoutbyhotwater=Heatreceivedbycoldwater.

0.1x4200x =0.2x4200x(θ-10)(70-θ)

7-0.1θ=0.2θ-2

9=0.3θ

θ= C30
o

Example5
Thetemperatureofapieceofcopperofmass250gisraisedto100oCandit
isthentransferredtoawelllaggedaluminiumcanofmass10.0gcontaining
120gofmethylatedspiritat10.0oC.Calculatethefinaltemperatureafterthe
spirithasbeenwellstirred.Neglecttheheatcapacityofthestirrerandany
lossesfromevaporation.

Solution.

Heatgivenoutbycopper=0.25x400x .(100-θ)
Heatreceivedbyaluminium=0.01x900x(θ-10).
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Heatreceivedbyspirit=0.12x2400x .(θ-10)
Heatgivenout=heatreceived
100x =9x +288x(θ-10)(100-θ) (θ-10)
10,000-100θ=297θ-2970
12970=397θ

θ= C.32.7
o

Example6
Findthefinaltemperatureofwaterifaheatersourcerated42Wheats50g
waterfrom20oCinfiveminutes.(Specificheatcapacityofwateris4200JKg-
1K-1)
Solution
Heatsuppliedbytheheater=Heatgainedbythewater.

But

Example7.

Ablockofmetalofmass1.5kgwhichisinsulatedisheatedfrom to

in8minutesand20secondsbyanelectricheatercoilrated54W.Find:
(a)thequantityofheatsuppliedbytheheater.
(b)theheatcapacityoftheblock.
(c)itsspecificheatcapacity.
Solution
(a)Quantityofheatsupplied=powerxtime

(b)

But and

(c)Specificheatcapacity,

.

EXERCISE
1.Calculatetheheatgivenoutwhen50gofironcoolsfrom45oCto15oC.

(Cforiron460J/kgK).
2.Calculatethespecificheatcapacityofgoldif108Jofheatraisethe

temperatureof9gofthemetalfrom0oCto100oC.
3.Aladywantedtohaveawarmbathat40oC.Shehad5kgofwaterina

basinat 85oC.Whatmassofcoldwaterat25oCmustshehaveaddedto
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thehotwater toobtainherchoiceofbath?Neglectheatlossesand

takespecificheat capacityofwatertobe

4.Abathcontains100kgofwaterat60oC.Hotandcoldtapsarethen
turnedon todeliver20kgperminuteeachattemperaturesof70oC
and10oCrespectively.Howlongwillitbebeforethetemperatureinthe
bathhasdroppedto45oC?
5.Thetemperatureofabrasscylinderofmass100gwasraisedto
100oCand transferredtoathinaluminiumcanofnegligibleheat
capacitycontaining 150gofparaffinat11oC.

Ifthefinalsteadytemperatureafterstirringwas20oC,calculatethe
specific heatcapacityofparaffin.(Neglectheatlossesandassume
specificheat capacityofbrass=380J/kgK)

6. 0.2kgofironat isdroppedinto0.09kgofwaterat insidea
calorimeterofmass0.15kgandspecificheat

capacity .Findthe finaltemperatureofthewater(Specificheat

capacityofironis andthatofwater

CHAPTER4: LATENTHEAT
Whenwaterinakettleisheateditstemperaturerisesuntilitreaches
100oC.Thewaterstartstoboilbutthetemperatureremainsconstantat
100oC,butatthesametimeheatisbeingsteadilyabsorbedbythewaterfrom
thegasflameorheatingelement.
Thisheatistheenergyneededtoconvertthewaterfromliquidstatetothe
vapourstateatthesametemperature.
Fromexperiment2,260,000Joulesarerequiredtoconvert1kgofwateratits
boilingpointtosteamatthesametemperature.Thisisknownasspecific
latentheatofsteam.
‘Latent‘meanshiddenorconcealed.
Latentheatmeanshiddenheat.Theheatwhichmeltsiceishiddeninthe
sensethatwhenicemeltsitsnohotterthanbeforeitwasheated.
Latentheatofvaporizationistheamountofheatrequiredtochangethe
stateofaliquidtovapourwithoutchangeintemperature.
Thespecificlatentheatofvaporizationofasubstanceisthequantityofheat
requiredtochange1kgmassofthesubstancefromtheliquidtothevapour
statewithoutchangeoftemperature.SIUnit:jouleperkilogram.(J/kg).
Latentheatoffusionistheamountofheatrequiredtochangethestateofa
materialfromsolidtoliquidwithoutchangeintemperature.Converselyasa
liquidchangestosolidstate,latentheatoffusionisgivenout.
Thespecificlatentheatoffusionofasubstanceisthequantityofheat
requiredtochange1kgmassofthesubstancefromthesolidtotheliquid
statewithoutchangeoftemperature.SI(Unit:J/kg).
CHANGEOFSTATE.
Experiment:Toinvestigatetheeffectofsupplyingheattoasolid.
Procedure.

 Placecrushediceinabeakerandkeepitinafreezertoensureits
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temperaturedropsbelow ,say,

 Heattheiceandrecordthetemperatureoftheiceatintervalsasyou
keepstirring.
Observation
Thethermometerrecordsatemperatureriseoftheiceuntilitreaches

Onfurtherheating,thetemperatureremainsat whiletheicechangesto

waterat Afteralltheicehasmelted,thetemperaturerisesagain.

temperature

( )

0
Time(s)

Icemeltsatconstant
-10 Temperature.

Explanation

Whentheiceatabout isheated,theheatenergyisusedinraisingits

temperatureto Theenergygiventotheiceat isusedtochangeice
fromsolidtoliquidstate.
Conclusion

Theheatsuppliedtoiceat doesnotchangethetemperatureoftheice,
butchangesitsstatefromsolidtoliquid(melting).Theheatabsorbedasthe
icemeltsiscalledlatentheat.
EXPERIMENT:Toexplorethechangeofstateofnaphthaleneusingthe
coolingcurve.
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Procedure.

 Halffillatesttubewithnaphthaleneandsupportitinawaterbathas
showninfigureabove.

 Heatthewaterbathuntilnaphthalenejustmelts.

 Putathermometerinsidetheliquidnaphthaleneandcontinueheating

untilatemperatureofabout isreached.

 Removethetubefromthewaterbathandletitcool.

 Recordthetemperaturereadingevery30secondsasnaphthalene
cools.

 Plotagraphoftemperatureagainsttime.
Observation
Duringthecooling,thetemperatureofliquidnaphthalenefallsfrom

about toabout ,whereitremainsconstantforsometime.
Atthistemperature,allthenaphthalenegraduallychangestosolid
afterwhichthetemperaturefallsfurthertoroomtemperature.
Thegraphoftemperatureagainsttimeisasshownbelow.

Explanation
TheportionOPrepresentstheliquidnaphthalenecooling.PQ-Liquid
naphthalenechangestosolidwithoutchangeintemperature.PointPisthe
freezingpointwherenaphthaleneissolidifying(andalsothemeltingpoint).In
portionQR,solidnaphthalanecoolstoroomtemperatureatR.
DuringtheperiodPQ,theliquidnaphthaleneislosinglatentheatoffusionas
itsolidifies.
changesofstateforwater.
Thefigurebelowillustratesthechangesofstatewhicharepossibleforwater.
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Whenicemeltstoformwaterthechangeofstateiscalledfusion.When
waterevaporatestoformwatervapourorsteamthechangeofstateiscalled
vaporisation.
Whensteamcondensestoformwaterthechangeofstateiscalled
condensation.Whenwaterfreezestoformicethechangeofstateiscalled
solidification.Itisalsopossibleforachangetooccurdirectlyfromwater
vapourtoiceorfromicetowatervapour.Thischangeofstateiscalled
sublimation.
Latentheatcalculation.
Example1

2kgoficeinabeakerat isheateduntilitbecomessteamat
(i)Representdiagrammaticallythevariousstagestheicegoesthroughit
becomessteam.
(ii)Calculatetheamountheatsupplied.

(specificheatcapacityofice= ,Specificlatentheatofice=

,Specificheatcapacityofwater= Specificlatent

heatofvaporization=

EXPERIMENT:Todeterminespecificlatentheatoffusionoficebythe
electricalmethod.



MAFDOCS0706898556

24 pkugonza@gmail.com
0752-260475//0772-589988

Procedure
Firstdeterminethe
massofanempty

beaker, .

 Putcrushediceintoafilterfunnel.

 Placeanimmersionheaterconnectedtoanammeter,voltmeterand
rheostatandmakesurethatitiscompletelycoveredwithice.

 Adjusttherheostattoasuitablevalueandclosetheswitch.Startthe
clockoncetheswitchisclosed.

 Notethereadingoftheammeterandvoltmeter.

 Whenareasonableamountofwaterhascollectedinthebeakerunder
P,notethetime,removethebeakersandswitchofftheheater.

 Weighthebeakerandthewaterinit, .

 Determinethemassofwater, ,from .

Heatenergysuppliedbytheheater=heatenergygainedbymelting
theice.

Where isthespecificlatentheatoffusionofice.
Thetablebelowgivesvaluesofspecificlatentheatoffusionofsome
commonmaterials.

MATERIAL Specificlatentheatoffusion

(

Copper 4.0
aluminium 3.9
Water 3.34
Iron 2.7
wax 1.8
Naphthalene 1.5
Lead 0.026
Mercury 0.013
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EXPERIMENT:Todeterminethespecificlatentheatofvaporizationofwater

byelectricalmethod.

Procedure

 Setuptheapparatusasshown.

 Switchontheheaterandmaintainasteadycurrentusingthevariable
resistor.

 Allowtheheatingtocontinueuntilthesystemreachesstatewhere
condensedwaterissuesdownthetubeTatconstantrate.

 Weighthebeakerandrecorditsmassas andplaceitunderthe

tubetocollectthecondensedwaterandsimultaneouslystarttiming.

 Whenameasurablequantityofwaterhascollectedinthebeaker,
removethebeakerasyoustopthewatch.Recordthetime taken

andweighthebeakerwithcondensedwater.

 Readandrecordtheammeterandvoltmeterreadings.
COOLINGCAUSEDBYEVAPORATION.
Etherandmethylatedspiritareexamplesofvolatileliquids.Avolatileliquid
isonethathasalowboilingpointandeasilychangesfromliquidtovapour
stateatordinarytemperatures.
Ifalittlemethylatedspiritisspiltonthehanditevaporatesrapidlyandthe
handfeelsverycold.
Tochangefromliquidtovapourthespiritrequireslatentheat.Thisitobtains
fromthehandwhichthuslosesheatandcools.Thespirithasalowboiling
pointandsoitevaporatesmorequicklyatthetemperatureofthehand.
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EVAPORATION
Moleculesinaliquidareincontinuousrandommotionwithvaryingkinetic
energy.Amoleculeatthesurfaceoftheliquidmayacquiresufficientenergy
toovercometheattractiveforcefromtheneighbouringmoleculesinthe
liquidandthusescape.Thisprocessisknownasevaporationandoccursat
alltemperaturesevenbeforeboilingpoint.
Effectsofevaporation
(i)Poursomemethylatedspiritonthebackofyourhand.Thehandfeelscold
asthespiritevaporatesfromtheskin.Thehandsfeelcoldasthespirit
evaporatesfromtheskin.Theevaporatingmethylatedspiritextractslatent
heatfromtheskin,makingitfeelcold.
(ii)Inafumechamberpouretherintoatesttube.Bubbleairthroughtheether
usingalongrubbertubingasinfigurebelow.

Frostformsontheoutsidesurfaceofthetube.Evaporatingetherdraws
latentheatofvaporarizationfromtheliquidether,thetesttubeandthe
surroundingspace.Thetubethereforecoolssothefrostformsaroundit.
Bubblingincreasesthesurfaceareaofetherexposedtoair.
(iii)Abeakeraboutone–thirdfullofetherisstoodinasmallpoolofwateron
aflatpieceofwood.Acurrentofairisthenbubbledthroughtheetherby
meansofarubbertubeattachedtobellows.Theetherevaporatesintothe
bubblesandthevapouriscarriedquicklyawayastheasthebubblesriseto
thesurfaceandburst,thusincreasingtherateofevaporation.Therapid
changefromtheliquidtothevapourstaterequireslatentheat.Thiscomes



MAFDOCS0706898556

27 pkugonza@gmail.com
0752-260475//0772-589988

fromtheinternalenergyoftheliquidetheritself,withtheresultthatitsoon
coolswellbelow0oC.

Atthesametimeheatbecomesconductedthroughthewallsofthebeaker
fromthepoolofwaterbelowitandeventuallythewatercoolsto0oC.After
this,itbeginstoloselatentheatandfreezes.

Evaporationandboiling.
Evaporationisthechangeofaliquidintoagasatanytemperature.
Boilingisthechangeofaliquidintoagasaspecifictemperature.
Evaporationoccursatalltemperaturesatthesurfaceofaliquid.
Factorswhichaffecttherateofevaporation

(i) Thetemperatureishighersincemoremoleculesintheliquidare
movingfastenoughtoescapefromthesurface.

(ii) Thesurfaceareaoftheliquidislargesogivingmoremoleculesa
chancetoescapebecausemorearenearthesurface.

(iii) Awindisblowingoverthesurfacecarryingvapourmolecules
awayfromthesurfacethusstoppingthemfromreturningtothe
liquidandmakingiteasierformoreliquidmoleculestobreakfree.

Boiling
(i) Boilingoccursatdefinitetemperature.
(ii) Thetemperatureatwhichaliquidboilsiscalledtheboilingpoint.
(iii) Boilingisaccompaniedbyformationofbubbleswithintheliquid.

Differencesbetweenevaporationandboiling

1.Evaporationtakesplaceonthesurfaceoftheliquidwhileboiling
takesplacethroughouttheliquid.
2.Evaporationisinvisiblewhileboilingisvisible.i.eformationof
bubblescanbevisualised.
3.Evaporationoccursatanytemperaturewhileboilingoccursata
specifictemperaturecalledtheboilingpoint.

KINETICTHEORYOFMATTER
Allmatterismadeupofsmallparticlescalledmolecules.Themoleculesare
inconstantmotionorvibration.Themovementofthemoleculesisincreased
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withtheriseintemperature.
Coolingbyevaporationexplainedbythekinetictheory.
Whenaliquidisheatedthemoleculesatthebottomgainenergyandriseto
thesurfaceoftheliquid.Theyeitherescapeorfallbackintotheliquid.
Onlythefastermoleculesescapebecausetheyhaveenoughenergyto
escapefromtheattractionofliquidmolecules.Someofthesecollidewith
othermoleculesabovetheliquidandsobouncebackintoit.
Othersescapecompletelyanddonotreturntotheliquid.
Inthiswayaliquidlosesitsmostenergeticmoleculeswhiletheless
energeticonesareleftbehind.Theaveragekineticenergyoftheremaining
moleculesisthereforereducedandthisresultsinafallintemperature.
CHANGEOFVOLUMEONSOLIDFICATION.
Whenwaterfreezestoformiceexpansionoccursandtheicetakesupa
biggervolumethanthewater.Forthisreasonwaterpipesmayburstduring
verycoldweather.
Abottleplacedinthefreezingchambershouldnotbefilledwithwaterto
allowforexpansion.
Mostsubstanceshowevercontractwhentheysolidify.Paraffinwaxisone
suchexample.

EFFECTOFPRESSUREONMELTINGPOINT.
Ifasubstanceexpandsonsolidifyingthentheapplicationofpressurelowers
themeltingpoint.Converselysubstanceswhichcontractinvolumeon
solidifyinghavetheirmeltingpointsraisedbypressure.
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MEASURINGTHESPECIFICLATENTHEATOFSTEAM.
Wepasssteamintoacalorimeterwithwater.Onitswaythesteampasses
throughvesselT,whichtrapsanywatercarriedoverbythesteam.Themass
ofcondensedsteamisfoundbyweighing.If and aretheinitialandfinalθ

1
θ
2

temperaturesofthewaterthespecificlatentheatlisgivenby
Heatgivenbysteam +heatgivenbycondensedwater=heattakenbywater+
calorim
condensing
ml+m (100-)=( +C)( - ) where isthemassofwaterinc

w
θ
2

m
1
c
w

θ
2
θ
1

m
1

thecalorimeter, isthespecificheatcapacityofwaterandCistheheatc
w

capacityofthemetalcontainer.

Latentheatandthekinetictheory.
a)Fusion

Thekinetictheoryexplainslatentheatoffusionasbeingtheenergy
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whichenablesthemoleculesofasolidtoovercomethe
intermolecularforcesthatholdtheminplaceandwhenitexceedsa
certainvaluetheybreakfree.
Theirvibratingmotionaboutfixedpositionschangestotheslightly
greaterrangeofmovementtheyhaveasliquidmolecules.
Theirp.eincreasesbutnottheiraveragek.eashappenswhenheat
causesatemperaturerise.

b)Vaporisation.
Ifliquidmoleculesaretoovercometheforcesholdingthemtogetherand
gainthefreedomtomovearoundindependentlyasgasmolecules,theyneed
alargeamountofenergy.Theyreceivethisaslatentheatofvaporisation
which,increasesthep.eofthemoleculesbutnottheirk.eItalsogivesthe
moleculestheenergyrequiredtopushbackthesurroundingatmospherein
thelargeexpansionthatoccurswhenaliquidvaporises.

APPLICATIONSOFLATENTHEAT

Howarefrigeratorworks
Arefrigeratormakesfoodcoldbyremovingheatenergyfromit.The
basicprincipleistopumpheatfromfoodinsidetherefrigeratorand
giveittotheairoutside.
Coolingintherefrigeratortakesplacewhenavolatileliquid
evaporatesinsidethecoppercoilsurroundingthefreezingbox.As
fastasthevapourisformed,itisremovedbyanelectricpumpandso
underreducedpressuretheliquidevaporates.
Thevapourwhichhasbeenpumpedoffpassesintoasecondcoil
outsidethecabinetwhereitiscompressedbythepumpand
condensesbacktoliquid.
Herelatentheatisgivenout,andtoenablethisheattobedissipated
quicklythecondensingcoilmaybefittedwithcopperfins.Heatis
removedbyconductionintothefinsandhenceconvectionand
radiationtothesurroundings.
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Fromthecondensingcoiltheliquidispassedbackintotheevaporatorcoil
roundthefreezingbox.Inthismanneracontinuouscirculationofliquidand
vapourissetup.Therateofvaporizationandconsequentdegreeofcooling
iscontrolledbyathermostatswitchwhichswitchesthepumpmotoronand
offatintervals.

SWIMMING
Ifyoustandinthewindinawetswimmingsuit,youfeelmuchcolderthanif
yoursuitisdry.Thisisbecausethewindincreasestheevaporationofwater
fromyourskin.Evaporationrequireslatentheat.Inthiscaselatentheat
comesfromyourbodyandsoyoufeelcolder.

QUESTIONS.
1.Calculationsthequantityofheatrequiredtomelt4kgoficeandtoraisethe
temperatureofthewaterformedto50oC.Takethespecificlatentheatofice

tobe3.4x J andspecificheatcapacityofwatertobe4.2x J .10
5
kg

-1
10

3
kg

-1
K
-1

2.Calculatetheheatrequiredtoconvert2kgoficeat-12oCtosteamat100oC.

3.Anelectrickettlecontains1.5litresofwaterat20oC.Find
a)theheatrequiredtobringittoboiling–point.
b)theadditionalheatrequiredtoboilhalfthewateraway,assumingthatall
theheatfromtheelementgoesintothewater.Iftheelementisratedat
1000W,howlongdoesittakethewatertocometotheboil?
4.Drysteamispassedintoawelllaggedcoppercanofmass250g

containing400gofwaterand50goficeat Themixtureiswellstirred
andthesteamsupplycutoffwhenthetemperatureofthecanandits

contentsreaches Neglectingheatlosses,findthemassofsteam

condensed.(Specificheatcapacities:water , (Specific

latentheatofsteam,
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CHAPTER5: TRANSMISIONOFHEAT

CONDUCTION
Conductionistheflowofheatthroughmatterfromplacesofhigher
temperaturetoplacesoflowertemperaturewithoutmovementofmatteras
awhole.

Conductioninsolids
Variousmetalsconductheatatdifferentrates.Todemonstratethisattaches
amatchstickusingmeltedwaxattheendofeachrodmadeofcopperiron
aluminiumandbrass.Therodsshouldbeofequallengthandcross
sectionalarea.Theotherendoftherodsisplacedinaflameatthesame
time.Itisnoticedthatthematchstickoncopperfallsofffirstfollowedby
thatonaluminium,thentheoneonbrassandlastlythatoniron.Hence
copperisthebestconductorofheatofthesemetals.

Goodandbadconductors
Mostmetalsaregoodconductorsofheat.
Materialssuchaswood,glass,cork,plasticsandfabricsarebadconductors.
Metalobjectsbelowbodytemperaturefeelcolderthanthoseofbad
conductorsbecausetheycarryheatawayfasterfromthehand-evenifallthe
objectsareatexactlythesametemperature.
Conductionbyliquidsandgases.
Liquidsandgasesalsoconductheatbutonlyveryslowly.
Waterisaverypoorconductorofheat.
Todemonstratethatwaterisapoorconductor.
Wrapiceinawiregauzeandplaceitinatesttube.Pourwaterinatesttube
andheatthewateratthetopasshown.Waterwillbegintoboilatthetop
beforetheiceatthebottommelts.
Thisshowsthatlittleheathasbeenconductedtothebottomtomelttheice.
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Goodconductors.
Theseareusedwheneverheatisrequiredtotravelquicklythrough
something.Saucepans,boilersandradiatorsaremadeofmetalssuchas
aluminium,ironandcopper.
Badconductors(insulators)
Thehandlesofsomesaucepansandfryingpansaremadeofwoodto
preventheattransferbyconduction.
Airisoneoftheworstconductors.Thisiswhyhouseswithcavitywalls(two
wallsseparatedbyanairspace)keepwarmerincoldseasonsandcoolerin
hotseasons.
Materialswhichtrapaire.gwool,fur,polystyreneetcarealsoverybad
conductors.Someoftheseareusedas‘lagging’.
Todemonstratethatmercuryisbetterconductorofheatthanwater.

Apieceofthickcopperwirebenttwiceatrightanglesisthenplacedin
mercuryandwaterateitherend.Thecentreofthewireisheatedwitha
Bunsenflameandheatisconductedthroughthemetalequallyintothewater
andmercury.
Inashorttimewaxonthemercuryfilledtubemeltsandthecorkfallsoff.
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Withfurtherheatingthecorkonthetesttubewithwaterwillfalloff.
Conductionandthekinetictheory.
Metalsconsistoffreeelectrons.Whenoneendofthemetalisheatedthe
electronsmovefastertheirkineticenergyincreases.Theycollidewithatoms
passingontheirenergytothemandasthemetalisheatedfurtherthe
amplitudeofvibrationincreasesandhencethetemperatureofthemetal
rises.

CONVECTION
Convectionistheflowofheatthroughafluidfromplacesofhigher
temperaturetoplacesoflowertemperaturebymovementofthefluiditself.
Fluidsareliquidsandgases.
Convectioninliquids.
Todemonstrateconvectioncurrentsfillabeakerwithwateranddropa
singlecrystalofpotassiumpermanganateatthebottomofit.Heatthe
bottomoftheflask.Anupwardcurrentofcolouredwaterwillascendfromthe
placewheretheheatisapplied.Thiscolouredstreamreachesthetopand
spreadsout.Afterashorttimeitcirculatesdownthesidesoftheflask
showingthataconvectioncurrenthasbeensetup.
Explanation
Whenaportionofliquidnearthebottomofavesselisheateditexpands.
Sinceitsmassremainsunaltereditbecomeslessdenseandthereforerises.

Convectioncurrentsinair.
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Positionalightedcandleunderonechimneyandthenstuffsomecardboard
intothetopoftheotherchimney.Thedirectionoftheconvectioncurrents
createdbythecandleismadevisiblebythesmokefromthecardboard.
Convectioncurrentsareaflowofliquidorgascausedbyachangeindensity
inwhichthewholemediummovesandcarriesheatenergywithit.
LandandseaBreezes

Duringthedaythelandisheatedbythesuntoahighertemperaturethanthe
sea.Airoverthelandisthereforeheatedexpandsandriseswhilecoolerair
blowsinfromtheseatotakeitsplace.Thecirculationiscompletedbythe
windintheupperatmosphereblowingintheoppositedirection.
Atnightthelandisnolongerheatedbythesunandcoolsveryrapidly.On
theotherhandtheseashowsnochangeintemperature.Theseaiswarmer
thanthelandsothatairconvectioncurrentisreversed.
Domestichotwatersystem
Thedomestichotwatersupplysystemworksontheprincipleofconvection
currentofhotwaterrisingthroughonpipeandcoldwaterdescending
throughanother.
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RADIATION
Radiationistheflowofheatfromoneplacetoanotherbymeansof
electromagneticwaves.
Radiationisaformofheattransmissionthatdoesnotrequireamaterial
medium.Radiantenergyconsistsofelectromagneticwaveswhichpass
throughavacuum.Thewavesarepartlyreflectedandpartlyabsorbedby
objectsonwhichtheyfall.Thepartwhichisabsorbedbecomestransferred
intointernalenergy.
Absorptionofradiationbyasurface.
Absorbingpowersofadullblackandpolishedsurfacecanbecompared
usingtwosheetsoftinplateonepolishedandtheotherpaintedblack.
Onthereversesideofeachacorkisfixedbymeansofalittlemeltedwax.
TheplatesaresetupverticallywithaBunsenburnermidwaythem.Whenthe
burnerislitbothsurfacesreceiveequalquantitiesofradiation.Inashort
timethewaxonthedullblackplatemeltsandthecorkslidesoff.
Thepolishedplateremainscoolandthewaxunmelted.
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Thegreenhouseeffect.
Greenhousesareusedtohelpcertainplantsgrowbetterbyprovidinga
warmerairtemperature.Insummergreenhousesdonotneedinternal
sourcesofheatbecausetheyareabletotrapenoughsolarradiationtokeep
themverywarminside.
Sunshinecontainsradiationofmanydifferentkinds.Someofthatradiation
isthelightwhichwecansee,butmuchofitisinvisibleinfraredradiation.
Thesunisveryhotandsendsthisradiationinaformwhichcaneasilypass
throughtheglassofagreenhouse.Thisisshortwavelengthinfrared
radiation.

Onceinsidethegreenhousethisinfraredradiationisabsorbedbytheplants
andthesoilmakingthemwarmer.Thewarmsoilandtheplantsnowalso
emitinfraredradiationbutsincethesoiliscoolcomparedwiththesunthis
radiationhasamuchlongerwavelengthandcannotpassthroughthegreen
houseglass.
Inthiswaysolarradiationbecomestrappedinsidethegreenhouseand
causesitstemperaturetorise.
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Thevacuumflask.
Tokeepadrinkorfoodhotinsideaflaskheatlossesbyallthreeprocesses
mustbereducedtoaminimum.
Conductionistotallypreventedthroughthesidesoftheflaskbythevacuum
betweenthedoubleglasswallsofthebottle.Thecorkorplasticstopper
containsalotoftrappedairwhichisabadconductorofheat.Convectionis
alsototallypreventedbythevacuumandcancauseheatlossthroughthe
topoftheflaskonlywhilethestopperisremoved.
Theradiationlossofheatisgreatlyreducedbythetwosilvercoatingsonthe
glasswallsoftheflask.

CHAPTER6: THEGASLAWS

Boyle’sLaw
Thevolumeofafixedmassofgasisinverselyproportionaltothepressure
providedthetemperatureremainsconstant.
Verificationofboyle’slaw
TheapparatusconsistsofaburetteBconnectedbyalengthofrubbertubing
toaglassreservoircontainingmercury.
Allwatervapourwhichmaybepresentwiththeairintheburretteshouldbe
removed.
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WiththetapTclosedthereservoirisadjustedandthemercurylevelsAand
Bintheopenandclosedlimbsnoted.Thedifferenceiscalculatedand
recordedash.TheabsolutepressureoftheenclosedairisgivenbyP=H+h
whereHistheatmosphericpressurereadfromabarometer.
ThepressureP=H-hwhenAisbelowBthecorrespondingvolumeVofthe
trappedairisdeterminedfromV=ALwherelisthelengthfromTtoB

WiththetapTclosedthereservoirisadjustedandthemercurylevelsAand
Bintheopenandclosedlimbsnoted.Thedifferenceiscalculatedand
recordedash.TheabsolutepressureoftheenclosedairgivenbyP=H+h
whereHistheatmosphericpressurereadfromabarometer.
ThepressureP=H-hwhenAisbelowB.
ThecorrespondingvolumeVofthetrappedairisdeterminedfromV=Al
wherelisthelengthfromTtoB.

WetabulatetheresultsandplotagraphofPagainst .
1

V
Astraightlinethroughtheoriginisobtained,indicatingthatPisproportional

to .
1

V

Charles’Law
Thevolumeofafixedmassofgasatconstantpressureisdirectly
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proportionaltoitsabsolutetemperature.
Verificationofcharles’law.
Arrangetheapparatusasshownbelow.

Theindexofconcentratedsulphuricacidtrapstheaircolumntobe
investigatedandalsodries.Adjustthecapillarytubesothatthebottomof
theaircolumnisoppositethezeromarkontheruler.
Notethelengthoftheaircolumnatdifferenttemperaturesbutbeforetaking
thereadingstoptheheatingandstirwelltomakesurethattheairhas
reachedthetemperatureofthewater.
PlotagraphofvolumeagainsttemperatureinoC.
Thepressureoftheaircolumnisconstant.

V

PressureLaw
Thepressureofafixedmassofgasatconstantvolumeisproportionaltoits
absolutetemperature.

P ∝ T

=constant
P

T
Thethreeequationscanbecombinedgiving

=Constant
PV

T
ForcaseswhereP,VandTallchangefrom , and to , and thenP

1
V
1

T
1

P
2
V
2

T
2
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=
P
1
V
1

T
1

P
2
V
2

T
2

Verificationofthepressurelaw

AglassbulbBjoinedtoacapillarytubeisconnectedtoamercuryreservoir
Rbyalengthofrubbertubing.Thebulbcontainsdryair.
Waterinalargebeakerisheatedtheheatingisstoppedandwaterstirredto
obtainasteadytemperaturetheopenmercurytubingisadjustedsothatthe
mercuryintheclosedlimbisatthefixedmarkM.
Thedifferenceinheighthofmercuryinthetwolimbsisdetermined.The
experimentisrepeatedfordifferenttemperatures.Theatmosphericpressure
Hisdeterminedusingabarometer.
ThepressureatanytemperatureisgivenbyP=Hh.Agraphofpressure
againsttemperatureisplotted.Astraightlinegraphisobtained.

P

-273oC 0oC TemperatureinoC.

Absolutezero
Thevolume-temperatureandpressure-Temperaturegraphsofagasare
straightlines.Theyshowthatgasesexpanduniformlywithtemperatureas
measuredonamercurythermometer.Thegraphsdonotpassthroughthe
originifthetemperatureisexpressedindegreesCelsius.Iftheyproduced
backwardstheycutthetemperatureaxisatabout-273oC.Thistemperature
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iscalledabsolutezerobecauseitislowesttemperaturepossible.
ItisthezerooftheabsoluteorKelvinscaleoftemperature.Degreesonthis
scalearecalledkelvinsandaredenotedbyK.

0oC=273K
C=(273+θ)Kθ

o

Gaslawsandthekinetictheory
Agasconsistsofanumberofmoleculesmovingrandomlyandcolliding
witheachotherandwiththewallsofthecontainerinwhichthegasis
enclosed.
Aforceissetuponthewallswhichisgivenbytherateofchangeof
momentumastheybounceoff.
Thepressureofthegasisthevalueofthisforceperunitarea.Theabsolute
thermodynamictemperatureofaperfectgasisproportionaltotheaverage
kineticenergyofitsmolecules.
Boyle’slaw.
Atconstanttemperaturetheaveragekineticenergyofthemoleculesis
constant.Ifthevolumeofafixedmassofgasishalvedthenumberof
moleculeshittingthewallsofgasishalvedthenumberofmoleculeshitting
thewallsperseconddoubleshencethepressuredoubles.Hencethe
pressureofafixedmassofgasatconstanttemperatureisinversely
proportionaltothevolume.
Charle’slaw
Ifthepressureofafixedmassofgasremainsconstantasthetemperature
israisedtherateofchangeofmomentumofthemoleculesonimpactwith
thewallsremainconstant.
Thevelocityofthemoleculesincreaseswithtemperaturethechangein
momentumisgreater.Tokeeptherateofchangeinmomentumtravel
furtherbetweencollisionswiththewalls.
PressureLaw
Raisingthetemperatureofafixedmassofgasatconstantvolumeincreases
theaveragekineticenergyofthemoleculessothattheymakemorefrequent
impactswithwallsathighervelocity.Thustherateofchangeofmomentum
onimpactisincreasedwithconsequentincreaseinpressure.
EXAMPLES

1.125 ofgascollectedat15oCand755mmofmercurypressure.cm
3

Calculatethevolumeofthegasats.t.p

=Constant
PV

T
Initialvalues.

=755mmHgP
1

=125V
1

cm
3

=288KT
1

Currentvalues
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=760mmHgP
2

=?V
2

=273KT
2

=
P
2
V
2

T
2

P
1
V
1

T
1

=125x xV
2

755

760

273

288

=118V
2

cm
3

Exercise

1. 1000 ofairat10oCisheatedto80oC.Whatwillbethenewvolumecm
3

ifthepressureremainsatmospheric?

2. Towhattemperaturemust2litresofairat17oCbeheatedatconstant
pressureinordertoincreaseitsvolumeto3litres?

3. Avolumeof50cm3ofagasiscompressedatconstanttemperature
untilits pressurerisesfrom90cmHgto150cmHg.Calculatethefinal
volumeofthe gas.
4. Afixedamountofoxygenhasavolumeof5m3at27oC.Calculatethe

volume ofoxygenat whenthepressureremainsconstant.
5. Explainusingkinetictheoryofgaseswhythetemperatureofthegas
insidethebicyclepumpincreaseswhenthepumpisbeingused.
6. Thegraphofvolumeagainsttemperatureofafixedmassofgasat
constant pressureisasshowninfigurebelow.

V

0.50

-273 0 350
Temperature(oC)

CalculatethevalueofVinthegraph.

7. Afixedmassofgasisenclosedinavessel.Explainintermsof
molecular theory:
(i) howthepressuremeasuredatthewallofthevesselisproducedby
thegas molecules.
(ii) howthepressurewouldbeaffectedifthetemperatureincreased,
keeping thevolumeconstant;
(iii) howthepressurewouldbeaffectedifthevolumeofthevesselwere
reduced ,keepingthetemperatureconstant.
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CHAPTER7: VAPOURS
Liquidsvaryintherateatwhichtheyevaporateatordinarytemperatures.
Methaneandetherevaporateveryrapidlyandtheyaresaidtobevolatile.
Avapouristhegaseousstateofaliquidanditisproducedwhenaliquid
evaporatesorboils.

VAPOURPRESSURE
Inaclosedvesselcontainingaliquidanditsvapour,thevapour
moleculescollidewiththewallsandreboundfromitexertinga
pressureonitcalledvapourpressure.
Astateofdynamicequilibriumiswhentherateatwhichmolecules
leavethesurfaceoftheliquidisequaltotherateatwhichtheyre-
entertheliquid.Thevapourissaidtobesaturated.Thepressureof
avapourwhichisindynamicequilibriumwithitsownliquidis
calledsaturatedvapourpressure.
Asaturatedvapourisonewhichisinastateofdynamic
equilibriumwithitsownliquid.Beforeequilibriumhasbeen
reachedthevapourissaidtobeunsaturated.

Variationofsaturatedvapourpressurewithtemperature.
Thesaturatedvapourpressureincreaseswithtemperature.Below
isagraphofs.v.pwithtemperatureforwater.
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Whathappenswhenaliquidboils?
Ifaliquidisheateditstemperaturebeginstoriseandsoitss.v.pwill
increase.
Ultimatelythes.v.pbecomesequaltotheexternalatmosphericpressure.
Theboilingpointofasubstanceisdefinedasthetemperatureatwhichits
saturatedvapourpressurebecomesequaltotheexternalatmospheric
pressure.

ThePressurecooker
Ifweraisetheboilingpointofwaterwecanreducethetimetakentocook
food.Thisispossibleusingapressurecooker.
Pressurecookersareusefulinplaceswhereatmosphericpressureislow
likeatthetopofamountain(highaltitudes).

CHAPTER8: HEATENGINES
Aheatengineisamachinewhichextractsmechanicalenergy(k.e)froma
gasatahightemperature(obtainedbyburningafuel)andthenexpelsitata
lowertemperatureintotheatmosphere.
PETROLENGINES
Theactionofa‘fourstroke’engineisshownbelow.
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1.Ontheintakestroke,theinletvalveopensandthepistonmovesdown.
Petrolandairaredrawnintothecylinder.
2.Onthecompressionstrokebothvalvesareclosedandthepistonmoves
upcompressingthemixture.
3.OnthepowerstrokeBothvalvesarestillshut.Asthepistonreachesthe
topofthecompressionstrokethesparkplugsparksandignitesthepetrol-air
mixture.Theexplosionproducedforcesthepistondown.S
4.Ontheexhauststroketheoutletvalveopensandthepistonrisespushing
theexhaustgasesoutofthecylinder.


