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HEAT

g)What we have already learnt

Heat ismeasured intheunit joule. Calorieisalso used asaunit. Onecalorie
=4.2joule

Cddus, Fahrenheit and kelvin arethe units used to measuretemperature.
We know the propertiesof solids, liquids and gasesbased on kinetic theory

Hest capacity of an objectisthequantity of heat requiredtoraise itstemperature
by 1°C.

Theboiling point of water is100°C at standard atmospheric pressure.

Atmospheric pressureistheweight of air column experienced by unit surface
areaof theearth.
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Hest energy ishighly related toour daily
life. We have discussed about heat and
temperatureinlower classes. Wealso have
someknowledge about kinetictheory of hest.
But we haveto gain some basic knowledge
about the characteristics of heat and the
technology using this. Themainamof this
chapter isto make clear the scientific ideas
involved in calculating the amount of heat
energy supplied to an object when heated, its
changeof stateand to discusshow theseideas
aregppliedinour daily life.

1.01 Specific heat capacity

Istheincreasein temperature the same
when the same amount of heat issupplied to
different substances? Let us do a simple
experiment. Takefour vesselsof equal size.
Pour 200g water, 400g water, 200g coconut
oil and 400 g coconut oil in each vessdl. Hesat
thefour vesselsusing the same source. Note
on the table 1.1 the time taken to raise the
temperature of each from 35°C to 55°C.

We understand from the table that the
quantity of heat supplied to raise the
temperature of different substances by the
same amount is different for different
substances. Similarly, don’t you seethat for

the same substance, if massisdifferent the
quantity of heat suppliedtoraisethetemperature
for adefiniteamountisalso different.

The following factors influence the
quantity of heat supplied to an object when
heated.

e Differenceintemperature
e Mass

e Natureof substances

You havelearnt that heat capacity isthe
quantity of heat required to raise the
temperature of an object by 1°C.

Fromtheaboveexperiment you have seen
that heat required to raisethetemperature of
200g water by 20°C and that of coconut oil
by thesametemperaturearedifferent. Thatis
the quantity of heat dependson the nature of
the substances.

Thereforethe quantity of heat neededto
raisethetemperature of 1kg of water by 1°C
and that for 1 kg of coconut oil aredifferent.

Thequantity of heat required to raisethe
temperature of 1kg of substance by 1°C or

1K isitsspecific heat capacity.

Substance Timeto Timeto Timetakenfor the
reach 35°C reach 55°C temperaturetorise
from 35°C-55°C (20°C)
200g of water
200g of coconut ail
4009 of water
400g of coconut oil
Tablel.1




JkgK isitsunit. Jkg°Cisalso used.

Specific heat capacities of certain

substancesare given below.
Substance Specific heat
capacity (J/kgK)
Aluminium 900
Iron 460
Copper 385
Water 4200
Glass 677
Ice 2130
Silver 234
Mercury 138
Coconut oil 2100
Table 1.2

From thiswe can seethat water hasthe
highest specific heet capacity. Discussand note
down how thisisbeneficia inour daily life.

e  About 80% of thebody of the plantsand
animals is comprised of water. It is
becauseof thehigh specific heat capacity
of water that small changes in the
amospherictemperaturedon't affect their
body quickly.

e [ncoldcountriesagricultura fieldsare
watered during the evenings. When
atmosphere cools water also gets
cooled. Then more heat is liberated.

Therefore the temperature of thefield
does not decrease. Owing to this the
seeds are protected.

e Waterisusedintheradiatorsof vehicles.
Eventhoughwater receives alot of heat
fromthe engine, dueto itshigh specific
heat capacity the temperature of water
doesnot change much.

e Specific heat capacity of water isfive
timesthat of sand. So during day time
land gets heated fast and the sea gets
heated dowly. But during night land cools
fastand seadowly. Asaresult of thissea
breeze occursduring day timeand land
breezeduring night.

1.02 Quantity of heat

We have seen that the specific heat
capacity of asubstance (c) isthe amount of
heat needed to raise the temperature of 1kg
of the substance by 1°C.

Therefore heat required to raise the
temperature of asubstance of massm kg by
1°C will be mxcx1. From this we can
understand that the quantity of heat required
toraisethetemperature of asubstance of mass
m kg by 6°C isQ = mxcx6.

Using theaboveequation, fill upthetable
1.3givenbelow.

Substance | Mass (m) Specific heat Increase in Heat taken by
kg capacity (c) J/kg°C temperature the substance
0°C Q= mcH (joule)
Copper 1 385 10 3850
Iron 1 460 2 | .
Water 2 420 | 42000
Lead 1 10 1290
Tablel.3

Heat
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e Calculatethe heat required to raisethe
temperature of 2kg of ironfrom 30°Cto
60°C (the specific heat capacity of iron
= 460Jkg°C)

e Caculatetheheat required toraisethe
temperature of 5g of mercury from 20°C
to 200°C (Specific heat capacity of
mercury = 138Jkg°C)

1.03 Principle of method of mixtures

Take 200g cold water inonebeaker and
200g hot water in another. Using a
thermometer find out thetemperature of water
ineach and writeitinthetable 1.4. Pour the
cold water into the hot water, stir it and find
out theresultant temperature and writeitin
thetable.

When two objects of different
temperaturesarein contact heat flowsfrom
the body of higher temperature to that of
lower temperaturetill the temperatures of
both become equal. Heat lost by the hot
body isequal to the heat gained by the cold
body. This is the principle of method of
mixtures.

1.04 Change of state

You might have seen water becoming
steam and wak, i ce etc melting when heated.
You havea so seenthat water canexistinthe
solid stateasiceand assteaminthegaseous
state.

Specific heat capacity of water = 4200J/kg°C

Water | Mass Initial Resultant Differencein Heat Heat
(kg) | temperature| temperature of | temperature gained lost
the mixture
Cold
Hot
Table1.4

Analysethetable 1.4 and examinethe
relation between the quantity of heat gained
by the cold water and the heat lost by hot
water. What isyour inference?

We can change the state of an object
ether by supplying heat to or by removing heat

fromit.
~=, Water drops
Camprior /4 onto ahot
= LN
' Pr

figurel.1
Change of state occurs when substances are heated
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L et usexamine how the state of an object
getschanged whenitisheated.

You have studied inlower classesthat al
objectsaremade up of moleculesand the heat
suppliedtoitisutilised toincreasethekinetic
energy of molecules. Now let usseewiththe
help of fig 1.1 what happensto them.

Z, receives heat \;7, receives heat\

Solid Liquid Gas
heat is released IZ rKheai is releasedlz

Plastic
cylinder

figurel1.2
Modd toindicatethefreedom of motion of molecules
insolid, liquid and gas. The mustard seedsindicate
the molecules.

Comparethe motion of moleculesinthe
three statesof matter from fig 1.2. Can'tyou
find out in which state of matter themolecules
possessthe maximum freedom of maotion. The
internal energy of the moleculesismaximum
atthisstate. Thisincreaseininterna energy
isdueto the heat energy that we supply.

Youknow that inthesolid Sate, molecules
are closely packed and therefore thereisa
largeforce of attraction among them.

When the substances are heated, the
moleculesinthemwill acquiremorefreedom
to overcometheforceof attraction. That is,
when heated, solidischangedintoliquid and
liquid intogas.

Discuss, how agaschanges intoa liquid
andaliquidtoasolid whenthekineticenergy
of themoleculesdecreasesand writeit down
inthesciencediary.

1.05 Melting

Withthehelp of anexperiment wecan
understand how change of state occursinan
object when heated. Take someicecubesin
abesker. Insert athermometer intoit and heat.
After every two minutes notethetemperature
of icecubesand itschange of state.

Try todraw agraph by takingtimeonthe
X axisand temperatureontheY axisusing
thetable 1.5.

Timein
minutes

2] 14|16 | 18|20 | 2 |24 | 26

Temperature
in °C

Changes
occuring in
the ice cubes

Table1.5
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Time - temperature graph of the continuously
heated ice

Don'tyouget agraphasshowninFigl.3?
Answer thefollowing questionsbased on

your experimentsand observations

e What will bethe state of ice cubes from
Oto B asrepresented inthe graph?

e Eventhough heatissuppliedduringthis
timethetemperature doesnot rise.

e If so, for what purpose was the heat
utilized?

e Whatisthestateof iceat B?

e Forwhat purposeistheheat suppliedfrom

B to C utilized ?What isthe state of the
substance now?

¢ Whatisthestateof the substancefrom C
toD?

e Eventhough heat isgiven from Cto D
thetemperaturedoesn'trise. If sofor what
purposeis the heat utilized?

e Whatisthestate of the substanceat D?

Notedowninyour sciencediary for what
all purposesthe heat given at different stages
isutilized.

Thefixed temperature at which asolid
melts at standard atmospheric pressure is

knownasmdting point. A liquid changesinto
solid also at thisfixed temperature.

The quantity of heat absorbed by asolid
of mass 1kg to change completely intoliquid
at its melting point without any rise in
temperature iscalleditsspecificlatent heet of
fusion, (L). Heat required to change abody
of massm kg and specificlatent heat of fusion
(L) completely intoliquid without any risein
temperatureismL ..

Specific latent heat of fusion of certain

substancesare given bel ow.
Substance | Melting | Specific latent
point heat of fusion
°C (103J/kQ)
Mercury -39 114
Hydrogen -259 53
Silver 962 83
Ice cubes 0 335
Copper 1083 207
Tablel.6

Melting points and specific latent heat of
fusion of certain substances

e 4kgsilver at 962°C and 3kg copper at
1083°C are completely converted into
liquid state without any change of
temperature. Which onerequiresmore
heat? How muchisthis? (Specific latent
heat of fusion of silver =88x 10°Jkg and
that of copper is207x 10°Jkg)




Massof silver =4kg

Mélting point of silver =962°C
Specific latent heat of fusion of silver =
88x 1020kg

Heat needed to convert silver completely
intoliquidat itsmelting point=

mL = 4kgx 88x 10°Jkg = 352x 10°)
Mass of copper = 3kg

Meélting point of copper = 1083°C

Its specific latent heat of fusion =
207x 10°Jkg

Heat required to convert copper
completely intoliquid at itsmelting point
= mL = 3kgx207x 10°¥kg = 621x 10°).
Copper needs greater quantity of heat.

The greater quantity of heat energy
needed iS621x 10°-352x 10° = 269x% 10°J.

e |f 2kg aluminium and 6kg copper are
completely converted intoliquid at their
melting points 660°C and 1083°C
respectively, which one requires more
heat? How much? (Specificlatent heeat of
fusion of dluminiumis390x 10°¥kg and
that of copper is207x 10°Jkg)

Givenbelow isalist of situationsin our
daily lifewherethe high specificlatent heeat of
fusonof iceisutilised. Try toexpandthelist

e Icecreamdoesnot melt quickly.

e Waterinpondsandriversdoesn't became
icequickly.

e |cecreamat 0°Cisfelttobecolder than
the drinking cold water at the same
temperature.

Freezing mixture

A mixturehavingice and common salt
or iceand an impurity which dissolves
in water iscalled freezing mixture. Its
temperature is lower than 0°C.

A freezing mixture containing nitre
(Potassium nitrate) and icein theratio
1:3 will solidify only if itstemperature
is lowered below -35°C.

A freezing mixture with ice cubes and
calcium chloride in the ratio 3:4
reaches the solid state at -55°C.

Freezing mixtures are used for
preparingicecreamsand kulfi and for
preserving biological specimens.

1.06 Regelation
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figurel.4

A thinwire carrying weights at itsends is
placed over ablock of ice

A loop of thinwirewith heavy weights
attached toitsendsisplaced over ablock of
ice as shown in Fig 1.4. Observe what
happensand note down your observationsin
thesciencediary.

When pressureincreases melting point of
icedecreasesand ice melts. When pressure
isremoved thewater thusformed solidifies.
Thus the wire dlips through the ice block

Heat
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without cuttingit intotwo. Thisphenomenon
iscaledregeation.

Let us examine how the phenomenon
becomeshe pful for apersonwho skatesover
iceflakes. A skater skates over ice flakes.
Dueto hisweight the pressure between the
shoeandiceflakesincreases. Icemeltsand a
thinlayer of water isformed. Thishelpsthe
skater tomoveeadly.

Press two pieces of ice together and
remove the pressure after sometime. What
happens now? Try to explain the results of
your observations.

1.07 Latent heat of vaporisation

Look at the graph (1.3) relating to the
heating experiment of ice. What is the
significanceof theportionC D?What doyou
learn from this? Even though hesat issupplied
continuoudy thetemperaturedoesnot rise. For
what purposeisthisheat utilized?Isit not
used for change of state? Hasn't the water
changed completely into vapour at D?

Thecongtant temperatureat whichaliquid
boils and changes into vapour at standard
atmospheric pressureisknown asitsboiling
point.

Thequantity of heat required to convert
1kg of aliquid completely into vapour at its
boiling point without change of temperature
iscalled specific latent heat of vaporisation

L)
If mkg of liquid of specificlatent heat of

vaporisation Lv iscompletely changed into
vapour the heat requiredisequal tomL .

o  Spedificlatent heat of vaporisation of some
liquidsisgiveninthetablel.7. Fromthis

weknow that water has highest specific

latent heat of vaporisation.

Substance Boiling | Specificlatent heat

Point of vaporisation
10* J/kg

Methyl

acohol 64°C 112

Chloroform 61°C 25

Ethyl

acohol 79°C 85

Mercury 357°C 27

Turpentine 156°C 29

Water 100°C 226
Tablel.7

The boiling points and the specific
latent heat of certain substances

The highest specific latent heat of
vaporisation of water hasalot of benefitsin
our daily life. Find out suchinstancesand list
them.

e Helpsto prevent thelossof water inthe
soil.

e Fooditemspreparedin steam (Puttu, Idli
etc) get cooked easily.

Theburn caused by steamismoresevere
than the burn caused by boiling water of the
sametemperature. Say whether thisstatement
iscorrect or not. Why?

e 100g steam at 100°C is allowed to
condense at the same temperature and
thenitiscooled downto 30°C. Calculate
the heat liberated during this process.
(Specific latent heat of vaporisation of
water is 226x 10*J/kg. Specific heat
capacity of water is4200Jkg°C).




Mass of steam =100g=0.1kg

Specific latent heat of vaporisation of
water = L =226x 10%Jkg

Heat liberated during condensation =
mL =0.1kgx 226x 10"¥kg =

22.6x 10° kg = 226000J

Specific heat capacity of water =
4200Jkg°C

Heat liberated when 0.1kg of water is
cooled from 100°C to30°C = mco

= 0.1kgx 4200J/kg°Cx (100°C-30°C)
=420x 70 =29400J

Total heat liberated = 29400+226000 =
255400J

e Cdculatethehest requiredto convert 10g
of iceat 0°C towater at 30°C. ( Specific
latent heat of fusion of ice=335x 10°Jkg.
Specific heat capacity of water is4200Y
kg°C)

Boiling point and pressure
You have seenthat pressureinfluencesthe

mdting point of asolid. Let usdo anexperiment

to seewhether the boiling point of aliquidis
asoinfluenced by pressure.

figurel.5

Takesomewater inaflask. Closeit with
a two holed cork. Insert a thermometer
through one holeand addlivery tubethrough
the other. Heat the flask. Note down your
observation in the science diary. When the
water boails, partly closethe open end of the
delivery tube (remember the possibility of
danger if closed completely). Now the
pressurein theflask increases. Isthere any
changeintheboiling point with thechangein
pressure?

Close the flask tightly and remove the
flameand cool theflask using cold water. Then
thetemperaturefalls.

Accordingly the steam in the flask
condenses and as a result the pressure
decreases. Observethewater intheflask and
asonotethereading inthethermometer. What
doesthistemperatureindicate?

Theboiling point of aliquid increases
withincrease of pressure and decreaseswith
decrease of pressure. Now can you state
why cooking food is easier in apressure
cooker?

1.08 Evaporation

Discuss and note down thereasons for
thefollowing statements.

e Wetclothesgetdry evenif hunginsdea
room

e A drop of spirit placed on aglass plate
vaporisesvery soon

e Dropsomespirit or ether onyour hand:
What do you fed then?

Wrap the bulb of athermometer witha
little cotton. Wet the cotton with ether or spirit
and observe the temperature in the

Heat
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thermometer for alittle while. Write down
your inferencesinthesciencediary.

Dotheliquidsboil intheabovestuations?
Don't you seetheliquid changingitsalf into
vapour without boiling?

Intheabovesituations, moleculesescape
from the surface of theliquid and asaresult
liquid gradually changesitself into gaseous
state. It is a phenomenon that takes place
dowly at dl temperatures. Thisisevaporation.

During evaporation, therequired latent
hest isabsorbed from the surfacewith which
theliquidisin contact and cooling takesplace
at thoseregionsof contact.

Givenbeow arecertainStuations where
evaporationisutilisedinour daily life. Tryto
expandthelist.

e Water takeninan earthen potiscooler .

e Wetclothesdry quickly if spread out.

e Blowingof wind causes cooling during
perspiration.

Discusstheaboveliferelated situations

relating to evaporation and find out and list
thefactorsthat influenceit.

e Surfacearea
e Temperature
e Wind

Refrigerator

Itisadevicewhichworksontheprinciple
that evaporation of liquid causescooling. Low
temperatureisnecessary to keep food from
spoiling. Let usseehow low temperatureis
maintainedinarefrigerator

Haven't you noticed thetubesbehind the
cooling chamber of arefrigerator? (fig 1.6
ab) A volatileliquidfreoniscirculated through
thisevaporationtubeusingapump. Thisliquid
reaching theevaporation tubethrough avave
undergoesevaporation. Asit receivesthe heat
required for evaporation from the cooling
chamber, thechamber getscooled. Thisvapour
reachesthe pump. Pump exerts pressure and
convertsitintoliquid again. Thuscondensation
takesplace in the condensation tube fitted
with copper fins. These copper finsradiate
thelatent heat given out by the condensing
vapour. From the condensation tube the
liquid is again sent to the evaporation coil

Cooling

Liquid is changed to  chamber

vapour in this pipe

Liquid Liquid (evaporation tube) Copper fi_ns
Vapour Vdv{ = _E Vapour
i Vapour is
Q “j a changed to
S = | liquid in
EZII : " this tube.
’ - (condensa-
. Vave e 3 tion tube)
Liquid |
- | :
NS - Condensation tube
Evaporation tubeVapOUIr Vapour - where vapour is
where the liquid is @« converted to liquid Pump
converted to vapour rejecting heat
absorbing heat Pump
(@ figure1.6 (b)
Refrigerator




throughthevave. Thisprocesscontinuesand
the cooling chamber is cooled down to the
desired temperature.

Certain statementsregarding boiling and
evaporation are given below. From the
statements sel ect the appropriate onesand fill
upthefollowingtable (1.8)

e Takesplaceat afixed temperature
e Takesplaceat all temperatures

e Requiresexternd energy

e Causescooling

e Takesplacequickly

e Takesplaceonly onthesurface

e Takesplacedowly

Boiling Evaporation
o .
o .
o o
Tablel.8

1.09 Sublimation

Placeapieceof camphor onaglassplate
and heat it lowly. What do you observe?
Note down theresultsof your observation.

The process of conversion of a solid
directly into vapour when heated is called
sublimation.

Can you explain why naphthalene balls
(moth balls) disappear when exposedinair.

1.10 Relative humidity

Put some piecesof icein asteel tumbler
having ashining outer surface. Observethe
changesthat occur onthe outer surface of the
tumbler. Discuss the results of your
observationsand expand the list givenbelow.

Heat

e Theamosphericar dwayscontanswater
vapour.

e Heat required for the melting of iceis
received from steel tumbler and the
atmosphere. Therefore water vapour
condenses.

The amount of water vapour in the
amosphericairiscaled humidity.

The ratio between the mass of water
vapour in 1m?volume of atmosphereandthe
mass of water vapour required to saturatethe
samevolumeisknown asrelativehumidity at
that atmospheric temperature. Generally
relative humidity isexpressed in percentage
or fraction.

Hygrometer is an instrument used for
measuring relative humidity.

Temperatureof Massof water
airin °C requiredtosaturate
Im3of air
9.39
1279
17.1g

22.89

309
39.2g

51g

5

58|88 |8 |&

Table1.9

Oneof themagjor factorsthat control rain
is the amount of water vapour in the
amosphere. Thisistheimportanceof relative
humidity inweether forecasting.




Heat capacity - Heat required to raise the temperature of an object by 1°C.

Specific heat capacity (c) - Heat needed to raise the temperature of one
kilogram of asubstanceby 1°C.

The heat required to rai se the temperature of asubstance of massmkg by 6°C
IsQ=mco

Principleof method of mixtures- When ahot object and acold object mix
together the heat lost by hot object will be equal to the heat gained by cold
object.

Changeof gate- When asubstanceisheated thekinetic energy of themolecules
increases and at acertain temperature change of state occurs.

M elting point - Thefixed temperature at which asolid liquefies at standard
atmospheric pressureiscalled melting point.

Specificlatent heat of fusion - The quantity of heat absorbed by asubstance
of 1 kgfor itscompleteconversionintoliquid at itsmelting point without any
changeintemperatureiscalled specificlatent heat of fusion.

Regelation - Anincrease of pressure reduces the melting point of ice. Asa
result ice melts. When pressure is removed the molten ice solidifies. This
phenomenon isknown asregelation.

Boiling point - Thefixed temperature at which aliquid boilsand changesitsalf
into vapour at standard atmospheric pressureiscalled boiling point.

Specific latent heat of vaporisation - The quantity of heat absorbed by a
liquid of 1 kgto completdy changeinto vapour without any changeintemperature
at itsboiling point iscalled specificlatent heat of vaporisation.

Sublimation- A phenomenon by whichasolid directly changesinto vapour when
heated.

Humidity - Theamount of water vapour presentinair.

Reativehumidity - Theratio between themassof water vapour in avolume of
1m3 of atmosphere and mass of water vapour required to saturate the same
volumeistherdative humidity at that atmospheric temperature.




Heat

.,\
%) More activities for you

1. Common satissprinkled onice-covered roadsin cold countries. Canyou
explaintheadvantage of this?

2. Trytofind out and explainthechangesthat occur tothevolumeof different solids
whenmelted.

3. Eveninsummer water content inthe soil doesn'tloseeasily. Find out thereason
and make anote about this.

4.  Whendewsformintheatmosphereitstemperaturedightly rises. Why?

5.  Canyouexplanwhy thereisdifficulty in cooking food in open vessalsat places
of highdtitudes.

6. Explanwhat happenswhenavery thinand sharp knifeispressed continuoudy
into ablock of ice?

7.  Inextremely cold placesbuckets of water are kept in roomswhere vegetables
aregtored. Thishepsto maintain thequality of vegetables. Find out the scientific
principlebehindthis.

8.  Doctorssuggest to keep wet clotheson theforehead of aperson suffering from
severefever. What isthe advantage of this?

9.  Construct and exhibit awet and dry bulb hygrometer.

10. Cdculatethequantity of heat required to convert 100g water at 5°C to steam at
100°C (specific heat capacity of water is4200Jkg°C and specific latent heat of
vaporisation of water is226x 10*Jkg)

11. Anironsphereof mass3.36kg isheated to 100°C and placed on alarge block of
ice. Calculatethe mass of ice melted( Specific heat capacity of iron = 460Jkg°C
Specificlatent heat of fusion of ice=335x 10°Jkg)
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