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UNIT-8

Thermal Properties of Matter

TEMPERATURE AND HEAT

Q.1

Ans:

THERMOMETER

LONG RUESTIOHSY

What i is thermometer? Expiain it diffelent vyoes: (K B+J. B+A Rj
Tr4EL?I\1L')IV||:TF R

“The irs‘u umer't vizhich 15 used toumiasure the temperature is called a thermometer”
Thermomeirit Materiai:
¢Tie maeraltiac s used in thermometer for measuring temperature is called thermometric
nlaierian.”
Some substances have property that changes with temperature. Substance that show
change with temperature can be used as thermometric material. For example some
substances expand on heating, some change their colours, some change their electric
resistance etc. Nearly all the substances expand on heating liquids also expand on heating
and are suitable as thermometric materials.
Common thermometers are generally made using some suitable liquid as thermometric material.
Properties of Thermometric Properties:
A thermometric liquid should have the following properties:

e It should be visible

e It should have uniform thermal expansion

e It should have a low freezing point

e It should have high boiling point

e It should not wet glass

e It should be a good conductor of heat

e |t should have small specific heat capacity
Liguid — In — glass Thermometer:
A liquid — in — glass thermometer has a bulb with a long capillary tube of uniform and fine
bore. A suitable liquid is filled in the bulb. When the bulb contacts a hot object, the liquid in it
expands and rises in the tube. The glass stem of a thermometer is thick and acts as a cylindrical
lens. This makes it easy to see the liquid level in the glass tube as shown in the flgure

Bulb Mercury thread Temperature scale el - | 'l f

Mercup_;’_tne Fest Th=r'nume*‘i iIc’ ateruou

Mercury; figpzgs at -39 °C ahgoils at 357 °C. It has all the thermometric properties listed

-~ dhave. Thuss\mpisury Ts one of the most suitable thermometric materials. Mercury — in —

_L_'J'a“s. ciefmometers are widely used in laboratories, clinics and houses to measure
temperatures in range from -10 °C to 150 °C.

Reference Points: (GRW 2017)
A thermometer has a scale on its stem. This scale has two fixed points.
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Lower Fixed Point:
The lower fixed point is marked to show the position of Ilqurd in the thesinometer-wiien
itis placed in ice. — [
Upper Fixed Point: ' VT a
The upper fixed point is maiked tc °'|0vv we posiiion oF liguidiin *hr thermometer when
itis placed in steam at star da'o' p ensLrk ebove toiting water.
Scales/01) { elnperatra: '
The disidite hatviezn' tw/o! leferencs pomts is divided in different divisions. A scale is
markad dnitne thermomiewst. The temperature of the body in contact with the thermometer
(etvke readon-ihat scale.
Tyjses of Temperature Scale: (LHR 2017)
There are three types of temperature scale, which are as follows:

e Celsius scale or centigrade scale

e Fahrenheit scale

e Kelvin scale
Fahrenheit and centigrade or Celsius scales are used to measure temperatures in ordinary
life while Kelvin scale is in practice for scientific purposes. Various scales of temperature
are shown below:

Boiling g) R ( )
Pointof 1 212°F 100°C 373.16 K
Water
Highest
recorded 134°F 56.7°C 330K
JS weather
temperature
Freezing 32°F 0°C 273.16 K
Point of o :
water 0°F -16°C 255 K
M t at
ts coldest HH-280°F 1l .173c 100 K
Absolute 1 -460°F -273°C 0K
zero
Figure:  Various Scales of Temperature

Celsius Scale:

On Celsius scale, for water the interval between lower and upper fixed-paint is di‘lirje"i._ P

into 100 equal divisions. The lower frxed pornt IS marked as-% °C at*" rrre upp'-\ fi. 'eﬂ:
point is marked as 100 °C. T WY (2O~
Fahrenheit Scale: \ », \ SR '

On Fahrenheit scale, the nter\dl Let'v=er nvwr wd Lpner uxed rromts is divided into
180 ec'ch d| rlsmﬁm The !( Wer .i&d ,f.)omt is_raarked as 32 °F and the upper fixed point

is markzues 419

Kel\"n >cale

Sl unts, e urut of temperature is Kelvin (K) and its scale is called Kelvin scale of

ts rr.perature. The interval between the lower and upper fixed points is divided into 100

equal divisions. Thus a change in 1°C is equal to a change of 1 K. the lower fixed point
on the scale corresponds to 273 K and the upper fixed point is referred as 373 K. The
zero on this scale is called the absolute zero and is equal to — 273 °C.
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Q.2

Ans:

Q.3

Ans:

Scale Conversion Formula:

Following are scale conversion formulae

From Celsius to Kelvin Scale: e [ |
The temperature T on Kelvin scale_can be| optained-cyradding 273/in thetemizaraiuie C
on Celsius scale thus \ '

T Ky 273+
From [<eliir; to Celsius Scale! =
The terizeaature i Celsiusiscaie cante Tound by subtracting 273 from the temperature
in Kelvin Gale. Thus |
C=T(K)-273
i- -¢arh Ceisius to Fahrenheit Scale:
Since 100 divisions on Celsius scale are equal to 180 divisions on Fahrenheit scale.
Therefore, each division on Celsius scale is equal to 1.8 divisions on Fahrenheit scale.
Moreover, 0°C corresponds to 32°F.
F=18C+32
Here F is the temperature on Fahrenheit scale and C is the temperature on Celsius scale
Define and explain internal energy of a body. (K.B)
INTERNAL ENERGY

Introduction:

Heat is called as the energy in transit. Once heat enters a body, it becomes its internal
energy and no longer exists as heat energy.

Definition:

The sum of kinetic energy and potential energy associated with the atoms, molecules and
particles of a body is called its internal energy.

Dependence:

Internal energy of a body depends on many factors such as the mass of the body, kinetic
and potential energies of molecules etc. Kinetic energy of an atom or molecule is due to
its motion which depends upon the temperature. Potential energy of atoms or molecules
is the stored energy due to intermolecular forces.

Interesting information:

Nearly all liquids expand slightly when heated. This property is used in liquid-in-glass
thermometers, which are normally filled with alcohol or mercury.

Sensitivity: ;
Some thermometers are more sensitive to temperature change than Cth :‘13 1he tk I ad ot
liquid moves further. The diagrams on fth% right—gtiow-ho'w:, tux e "VIC‘J‘ al Tatis” the
sensitivity. The narrower thejtube, the higiier the senjitivity, of tire the/mormieter.

Mercury expands less than'al¢o}io; vfor th samis vc'umv andl same remperature rise). So a
mercury ;_'r._errp{)muu must ha\/e a\m?l\/e. Tubt tian an alcohol thermometer to give the
same se'i'nsii'ivnfv )

Ranrge: '

._m;' cury \frieze ar 39 °C alcohol freeze at a much lower temperature, -115 °C. However,

9« me mercury thermometers have an upper limit of 500 °C, which is much higher than
that of any alcohol thermometer:
Responsiveness:
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Q.2

Ans:

Q.3

Ans:

Q.4

Ans:

Q.1
Ans:

Some thermometers respond more quickly to a change in temperature than others. A
thermometers with a larger bulb, or thicker glass round the bulb, is-icss respeagive
because it takes longer for the alcohol or mercury to reactthe té‘..mf rature .’Jf *i.v
surroundings.
Linearity: - \ \
Although mercury and alcohol /in; Simbthe er> e lst .tqree at the fisieq points, they do not
exactlyagiee at.sier fernperatures) That is hecalse the expansion of one liquid is not
quite lifear corpéred with the Dthers'—
Howvaver; withiih the'0-1185°C C range, the disagreement is very small.

8.1, 8.2 SHORT QUESTIONS
Define temperature and write its unit. (K.B) (LHR 2014, GRW 2015)

TEMPERATURE

Definition:
“Degree of coldness or hotness of the body is a measure of its temperature”
Quantity:
Temperature is a base and scalar quantity.
Unit:
Sl unit of temperature is kelvin (K)
Define heat. Write its unit. (K.B) (LHR 2014)
HEAT
Definition:

“Heat is the energy that is transferred from one body to the other in thermal
contact with each other as a result of the difference of temperature”
Quantity:
Heat is a derived and scalar quantity.
Unit:
Sl unit of heat is Joule (J)
Define thermal contact (K.B)

THERMAL NTACT

“Such a contact of bodies in which exchange of heat takes place is called thermal
contact.”
Example: AN [
To store ice in summer, people wrap it with-loth or keep, i in woagen box-priin teriviss
flask. In this way, they avoid tl‘c therrr al GO wta"t ¢f fce with 'its hot.suiroundings
otherwise ice will soon méiit awav. - ARIRREEE
Define thormal equmhrlun (K, 5,

L\ I _\/I_;\;.E(‘;;;-"LIBRIQ
“The sat= of *htrma contaCr at=wnich two bodies attain same temperature and no

exckangz ofihea tc kes hlace s called thermal equilibrium.”

\!'hien you place a cup of hot tea or water in a room, it cools down gradually. It stops
cooling as it reaches the room temperature. Thus, temperature determines the direction of
flow of heat. Heat flows from a hot body to a cold body until thermal equilibrium is
reached.
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05
Ans:

| . J I. {-.’.4;"

Ans:

Q.8
Ans:

Q.9
Ans:

Q.10
Ans:

What habpens when we touch a hot bodv? (K.B)
TOUCH OF A HOT BODY _
When we touch a hot body the thermal energy flows from hot body;tt oue bedy T r IS
flow of heat continue until both the bodies become at sam< tempefafuie, i.2. e
equilibrium. A
Define thermometer. (K.R}, WA ' - (LHR 2013)
..n:PMC‘NE K L

“The instrusrent which.is used .0 maasuret "ﬁe tomoer tures callead thermometer”
Thermonﬁti ic M du,r_’-ll
“The rmaterial| thar s ubed |in .*.er.nometer for measuring temperature is called
thermor 1eric material.? !

anie stibstances nave property that changes with temperature. Substance that show
(.I ange-with: temperature can be used as thermometric material. Common thermometers
ale generally made using some suitable liquid as thermometric material.
Define absolute zero. (K.B)

ABSOLUTE ZERO

Absolute zero is the point at which the fundamental particles of nature have minimal
vibrational motion, retaining only quantum mechanical, zero-point energy-induced
particle motion.
By international agreement, absolute zero is defined as precisely; 0 K on the Kelvin
scale, which is a thermodynamic (absolute) temperature scale; and —273.15 degrees
Celsius on the Celsius scale.

What is difference between Thermistor and Thermocouple thermometer. (C.B)
Difference

Thermistor Thermometer Thermocouple Thermometer

The thermistor is a device which | A thermocouple is robust, quick to
becomes a much better electrical | respond to temperature change, has a
conductor when its temperature rises. | wide range (-200 °C to 1100 °C ), and
This means that a higher current flows | can be linked to other electrical circuits
from the battery, causing a higher | or a computer.

reading on the meter. Two different metals are joined to form
two junctions. A temperature difference

PROBE TP DIGITAL DISPLAY WINDOW _POWER BuTON between the junctions causes a tiny
|l \- | voltage which makes a current flow. The
= U ) greater the temperature difference, the

7 greater the current.
BATTERY COVER

What is clinical thermometer? (K.B) (D y'ou k'n-ow P-g. 207135, )
CLINICAL THERMOMETER- | e

A clinical thermometer is used te-measure | the, temperaitie 10F h.mcn uﬂ-’“" it"'n'as a

narrow range from 35°C t¢42°C. Ithas constrlcUon that [)rcvents tr 2 mercury to return.

Thus, its reading does not ¢change antid eskt.) |

Write aorn the corwersiy, s Of thermiemeter Scaies. (K B+U.B) (LHR 2013, GRW 2014, 2015)

' VoL CENYEERSIONS OF SCALES
Follnwmg are ,( aln (or vergion formulae.

__gl,un ersioi Hf 'Ceisius (centigrade) to Fahrenheit scale:

Te= 2xT, +32
5
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Q.11

Ans

Conversion of Fahrenheit to Celsius scale:
T, = g(TF -32)

Relationship between Kelvin and Celsiug siales:

T=T¢ H213
Every thermometer matey, use of °or|e p (per: y of o mate/iadl that varies with
temperattire, Name Hie property Usen, ir (Mini exercise Pg. # 170)

(a) Strig“therrnoraterd
(b) Mercury thermbnieiers
_ o ' PROPERTIES OF MATERIAL
o &rigthermometers, colour variation is used.
(0) Uniform thermal expansion of liquids is used in mercury thermometer.

VK R|(AB+U.B)

What will be the temperature on Kelvin scale of temperature, when it is 20 °C on
Celsius scale?
Solution:
Given Data:

Temperature on Celsius scale = C = 20 °C
To Find:

Temperature on Kelvin scale = T (K) = 20 °C
Calculations:

We know

T(K)=273+C
Putting values
T(K)=273+20=293K

Result:

| 20 °C on Celsius scale is equal to 293 K. |

VALY (A.B+U.B)

Change 300K on Kelvin scale into Celsius scale of temperature.
Solution:
Given Data:
Temperature on Kelvin scale = T (K) = 300K 1
To Find: ) N | 7
Temperature on Celsius scele,= C PA e T AN LA
Calculations: - NARRIREEE
We know YNAR!
_T/r\)‘.')?"-"x Vo
i C =T ()27 | \ .
Puiting valugs.
C=300-273=27°C

Regult:
| 300 K is equal to 27 °C. |
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VAT (A.B+U.B)

Convert 50°C on Celsius scale into Fahrenheit temperature scale:¢

Solution:
Given Data: _
Temperature on Célsius scarz= € =50'7C
To Find:
Terapearaiire of Eahenheu S¢ aI 2= F =
Calculétivivs: -
We kncvy
"F=(1.8xC+32)
Putting values
F=(1.8x50+32)
F=122°F
Result:

| 50 °C on Celsius scale is equal to 122 °F.

VST E Y (A.B+U.B)

Convert 100 °F into the temperature of Celsius scale.

Solution:
Given Data:

Temperature on Fahrenheit scale = F =100°F

To Find:
Temperature on Celsius scale = C =?
Calculations:

We know

1.8C=F-32

Putting values
1.8C=100-32
1.8C =68
C= 68 =37.8°C

1.8
Results:

| 100 °F is equal to §718 °C_, =

(GRW 2017)

mmemm

Tempe a.brel the: (KB}

(A) ass conté meq LN thedody (B) Force of the molecules of body

The Sl unit of temperature is: (K.B)

(A)°C (B) °F
(€K (D) °K

MG HDeg el kotness or coldness of the body (D) none of above
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3.

10.

11.

12.

13.

14.

15.

16.

17.

Temperature of 30 °C in Fahrenheit is: (K.B)

(A) 86 °F (B) 80 °F .
(C) 30 °F (D) 90 °F I
Human né)rmal body temperature of 37 °C,in Fahrenheit is; /K Eb) |
(A)98.6°F (328 7F
(C) 100 °F ' : (I} Norie gt aho've',
Boiling point of water in | anrern=|t |> K B, .
(A) 106°F - 1 B 273 ‘(’)F
(C) 212 o . (D) 373°F
Celsius'equivaient nf OP it 4<.B)
(£)-273.°C (B) -459.4°C
(LR (D) 100°C
Eahrenhelt equivalent of OK is: (K.B)
(A) -273 °F (B) -459.4 °F
(©o ?F (D) 100 °F
Heat is a type of: (K.B) _
(A) Kinetic energy (B) Potential energy
(C) Mechanical energy (D) None of above
Which of the following substances have greater average kinetic energy of its molecules
at 10°C? (K.B)
(A) Steel (B) copper
(C) Water _ (D) Mercury
Which flower is a natural thermometer? (K.B)
(A) Jasmine (B) Rose
(C) Daisy (D) Crocus
Crocus flower opens at: (K.B)
(A) -273°C (B) -459.4 °C
(¢)o°c (D)23°C
The temperature in the Sun’s core is: (K.B)
(A) 6000 °C (B) 15000000 °C
(C) 2500 °C (D) 1580 °C
The temperature in the Sun’s surface is: (K.B)
(A) 6000 °C (B) 15000000 °C
(C) 2500 °C (D) 1580 °C
The temperature of the electric lamp is: (K.B)
(A) 6000 °C (B) 15000000 °C
(C) 2500 °C (D) 1580 °C
The temperature of the gas lamp is: (K.B) 4
(A) 6000 °C _(B) 15000000-°C-5, | | -
(C) 2500 °C ("‘“510 ¢ VN
The temperature of the Lol mg WaLRr i (K B L LAY AV '
(A) 100 °C- . WYNAR (B\ 37°C
(C) O C — i . L | - \._,/ 18 OC
The ter 1p'—~’alu re o norma h n;\n vody is: (K.B)
C(A)A0GCGH L (B)37°C
LG 0 ock JA - (D) -18 °C
JIhe-temperature of the freezing water is: (K.B)
(A) 100°C (B)37°C
(C) 0°C (D) -18 °C
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19.

20.

The temperature of ice in freezer is: (K.B)

(A) 100°C (B)37°C

(C) 0°C (D)-18°C -
The temperature of quuid oxygen is: (K.33) W N
(A) 100°C (B 37°C

(C) 0°C I‘_‘ -18( L — -

mma

Q.1

J RVIEY

Lﬂm

\Whalt is spn‘lf C-ieat? Explain with examples and derive its mathematical formula.
LK. R G B+A. B)

PECIFIC HEAT CAPACITY
Definition:
“Specific heat of a substance is the amount of heat that is required to raise the
temperature of 1 kg mass of that substance through 1K”.

Formula:
AQ
MAT
Unit:
SI unit of specific heat capacity is Jkg™ K™,
Explanation:

Generally, when a body is heated, its temperature increases. Increase in the temperature
of a body is found to be proportional to the amount of heat absorbed by it.

It has also been observed that the quantity of heat AQ required to raise the temperature
AT of a body is proportional to the mass m of the body.

Thus AQ am AT

or AQ=cmAT

Here AQ is the amount of heat absorbed by the body and c is the constant of
proportionality called the specific heat capacity or simply specific heat.

So cC = AQ
MAT
Examples:

Specific heat capacity of water is 4200 Jkg*K™ and specmc heat canac .Ly ﬂf drv S5 173,
810 Jkg K™

Introduction:

Specific heat of water is 4707 FKG ‘K ard of cry Qenl i¢ a)oul 8]0 Jkg 1K As a result
the tempe xature of-coil W wolld-ing TeASE, Flvb times-riore than the same mass of water by
the san=“ainol it o heat 1% \ :

_port nee: | b

\Waler hs a |angﬁ peC|f|c heat capacity. For this reason, it is very useful in storing and

s Lavirig tiiermal energy due to its high specific heat capacity.

some roles of water due to its large specific heat are given below
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Keeping a Moderate Temperature: ;
The temperature of land rises and falls more rapidly than that of the.sca, Hencs, ife™ |

temperature variations from summer to winter are much smaller at piaces riear| the se2
than land far away from the sea. So cllmc e of the regions-neas sea shore, I|I«e ikarach,

remains moderate. :

The presence of large watnr esciunIll SUCH RS lnkes an1 se=s k\,ep the climate of nearby
land mederaie due tn tictalgeheat Lapacn”-of these-ieservoirs.

Coolingsystam cf-Authn. ohigs: :

The cogliny system: T of the 'automobiles uses water to carry away unwanted thermal
erefy. In an auwracbiie, large amount of heat is produced by its engine due to which its
!Ie'm'p_am:urc goes on increasing. The engine would cease unless it is not cooled down.
water circulating around the engine maintains the temperature. Water absorbs unwanted
thermal energy of the engine and dissipates heat through its radiator as shown in the
figure:

Water circulates  Cylinders
to cool cylinder

Figure: A Cooling System in Automobile

Water in Central Heating System:
In central heating systems hot water is used to carry thermal energy through pipes from
boiler to radiators. Theses radiators are fixed inside the house at suitable places as shown

in the figure:

t'mym out

— oy -| J'H'.Q..-Bl'n.w .. J|_
SARITaRATAN |J ﬁiﬁ'ﬂﬂh - l

Figure:

4)

Central Heating System
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Q.2

Ans:

Q.1

Ans:

Q.2

Ans:

Q.3

Ans:

Define heat capacity and derive its mathematical formula. (K.B+U.B+A.B)
HEAT CAPACITY -

Definition: [

“Heat capacity of a body is the qu artlty of tharinal eriergy a')sr*rroea! ny it for
one Kelvin (1K) increases.in its temperatuse. 7 !
Mathematical Form: '
Thus, if-tte temperatuie-at,a Hoay Incraases thirGygi AT on addlng AQ amount of heat,
then its-k=ét caparuy Wi’ I Le Al ‘/AT. puttiig the value of AQ, we get

Heat capacity = AQ _ meAT
AT

. AT
JA Heat capacity = mc

The above equation shows that heat capacity of a body is equal to the product of its mass
of the body and its specific heat capacity.

Unit:

SI unit of heat capacity is JK™

Example:

Heat capacity of 5 kg of water is (5 kg x 4200 Jkg™K™) 21000 Jkg™. That is 5 kg of water
needs 21000 joules of heat for every 1 K rise in its temperature. Thus, larger is the

quantity of a substance, larger will be its heat capacity.

8.3 SHORT QUESTIONS

Define specific heat capacity. Write its formula and unit. (K.B+U.B+A.B)
(GRW 2013, 2014, 2016 LHR 2015, 2017)
Given on Page #296

Define heat capacity. Write its formula and unit. (K.B+U.B+A.B) (GRW 2015)
Given on Page # 298
How specific heat differs from heat capacity? (Mini exercise Pg. # 182)

Given on Page # 296

EXAMPLE 8.5
A container has 2.5 litres of water at 20°C. How much heat is required to boil the

water? (U.B+A.B) (LHR 2017)
Solution:
Given Data: _
Volume of water =V =2.5 litres o
As 1 litre = 1 kg so —\ e AN N -
Mass of water = m = 2.5 kg™ AV

Specific heat of weel = ¢ =# OO Jl”! 1E’ o
Initial temperature = 1= 20,°G| | |
Frnallter *peratu"e As "\.,{aT@\IS ”)ujlr*t,; =T,= 100 °Cc

To Find:

Heat, req ur=o tg bu'll the water = AQ =7
Larcllations:

We know

Change in temperature AT =T, -T,

Putting values
Change in temperature AT =100°C—20°C
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L

10.

11.

2.

=80°C or 80K
Now we find Heat required to boil the water
AQ =cmAT —n
Putting values i ' I\ '
AQi=(42008%2.5)150, | |
£Q = 8400007 |

— | ] | v ———r—_w

rdence, the hﬁa recuired to b0|I the water will be 84000 J or 840 kJ. |

5.3 MULTIPLE CHOICE QUESTIONS
Ice |s a (an): (K.B)

(A) Good conductor (B) Bad conductor

(C) Perfect Conductor (D) None

The quantity of heat that causes 1K change in temperature in a substance of mass 1
Kg is called: (K.B)

(A) Specific heat (B) Latent heat

(C) Heat of exchange (D) None of above

Unit of spe0|f|c heat is: (K.B)

(A) Jkg 'K (B) JkgK™

(C) kg'K* (D) J

Which of the following has highest specific heat? (K.B)

(A) Water (B) Ice

(C) Mercury (D) Alcohol

Specific heat of water is: (K.B) (GRW 2013, 2014)
(A) 2100 Jkg*K* (B) 2500 Jkg™K™

(C) 3200 Jkg'K™ (D) 4200 Jkg*K™*

Climate of regions near sea shore remains moderate due to: (K.B)

(A) Greater specific heat of water (B) Less specific heat of water

(C) Low freezing point of water (D) High boiling point of water

Cause of land and sea breeze is: (K.B)

(A) Greater specific heat of water (B) Less specific heat of water

(C) Low freezing point of water (D) High boiling point of water

The device used to measure of the specific heat of an object is: (K. B+A B)

(A) Thermometer (B) Burner P

(C) Calorimeter (D) Thermostat—. = . | : WA
Quantity of heat that changes onn-kllogmn ofa gt sdlic-intd, |=qL.|c |> cull-nd \KB)
(A) Specific heat .~ (3) Latgnt heat Cf 1 ,JSIOI‘]

(C) Latent heat of vaporlzanm AN '([,) Ah of . abhore = [

The spetii ic heat,cfvalcoml 15 K\.B)"-. !
(A) 25Ln’"1iq L“ Vo LT
(C) 900'Jkyi K -

Tivd ipes |f C hlcf 5 fAlumlnum is: (K.B)

“(B) 903Jkg Kt
(D) 121Jkg*K™*

AN 5D q (B) 903Jkg*K™
\\,) 900 Jkg 'K (D) 121Jkg*K™*
The specific heat of Bricks is: (K.B)

(A) 2500 Jkg*K™* (B) 903Jkg K™
(C) 900 Jkg™'K™* (D) 121Jkg*K™

PHYSICS-9 299



UNIT-8

Thermal Properties of Matter

13.
14.
15.
16.
17. |
18.
19.
20.
21.
22.
23.
24,
25.
26.

RV

The specific heat of Carbon is: (K.B)

(A) 2500 Jkg*K™*
(C) 900 Jkg*K™

The specific heat of Clay is: (K B)

(A) 920 Jkg K™
(C) 2010 Jkg'K™

The spett: |c hea‘r stLopper i: \K 3)'-

(A) 92Gsi i<t
(C) 2019 Jicy it
N bpecificihea
(€28 Tkg K™
(C) 2010 Jkg*K™

The specific heat of Glass is: (K.B)

(A) 920 Jkg'K™
(C) 2010 Jkg™'K™

The specific heat of Gold is: (K.B)

(A) 128 Jkg K™
(C) 2100Jkg K™

The specific heat of Granite is: (K.B)

(A) 128 Jkg'K™
(C) 2100Jkg™K™

The specific heat of Ice is: (K.B)

(A) 128 Jkg K™
(C) 2100Jkg K™

The specific heat of Iron is: (K.B)

(A) 128 Jkg'K™
(C) 2100Jkg™K™

The specific heat of Lead is: (K.B)

(A) 128 Jkg K™
(C) 835Jkg K™

The specific heat of Mercury is: (K.B)

(A) 128 Jkg'K™
(C) 835Jkg K™

uf Ether is: (K.B)

(B) 903Jkg K™
(D) 121J|<g'1K'_1 )

(), 3BT TR
(C)\8405kg K

- (B) 387Jkg*K*?

(D) 840Jkg*K™

(B) 387Jkg K™
(D) 840Jkg™*K™

(B) 387Jkg K™
(D) 840Jkg*K™*

(B) 790Jkg*K™
(D) 470Jkg K™

(B) 790Jkg™K™
(D) 470Jkg*K™*

(B) 790Jkg*K™
(D) 470Jkg K™

(B) 790Jkg™K™
(D) 470Jkg*K™*

(B) 138.6Jkg K™
(D) 235Jkg K™

(B) 138.6Jkg K™
(D) 235Jkg*K™*

The specific heat of Sand is: (K.B)
(A) 128 Jkg K™

(C) 835Jkg™'K™* . )
The specific heat of SI|VeI |s fK b) A

(A) 125 9 K ' \ |\ IR 138.63kg K™
(C) 8355 K O\ | (D) 235)kg K

The-specifi¢ hPat “)f Sul (ary) is: (K.B)

CBLsgEnig e Y
(1 2350k TR Y

._>A\ €10 Jk¢ K-

(0j-134.8 Jkg 'K

The specific heat of Steam is: (K.B)

(A) 810 Jkg'K™
(C) 134.8 Jkg'K™

(B) 2016 Jkg'K™
(D) 1760Jkg K™

(B) 2016 JkgK™
(D) 1760Jkg K™
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28.

29.

30.

31.

The specific heat of Tungsten is: (K.B)

(A) 810 Jkg'K™ (B) 2016 Jkg'K™
(C) 134.8 Jkg K™ (D) 1760Jkg*K*
The specific heat of Turpentine is: (K.B)

(A) 810 JkgK™ . (137 2016 JKg K
(C) 134.8 Jkg'K™ (DY 1 7e0dkg
4200 JigTKT is the specific héek capasity of: (KB

(A) Sort (B) Water

(C) Zing . ' (D) Ice

385(( Jkg™# iz the'specific heat capacity of: (K.B)

1A' i (B) Water

(C) Zinc (D) Ice

CHANGE OF STATE

LATENT HEAT OF FUSION

LATENT HEAT OF VAPORIZATION

Q.1

Ans:

LONG QUESTIONS

Explain with an activity the change of states of matter. (K.B+U.B+A.B)
STATES OF MATTER
Matter exists in three states:
e Solid
e Liquid
e Gas
Matter can be changed from one state to another. For such a change to occur, thermal
energy is added to or removed from a substance as shown in the figure:

Thermal energy is taken in Thermal energy is taken in

meliing

sdid‘ freezing ’

Thermal energy is given out i Frprmal energy is gi-esout ) 1 #
Figure: Heat Energy-Brings Abdut GChasgs of Sthtd in iMaliter| *

—_— ]

Activity: - ) . |

Take a beakgr and place-it pver a/stond. Put smaid.oieces of ice in tne beaker and suspend
a therrrorater im'the beekerito _m&z\wre tivetemperature of ice.

Now placg ‘a drnar uitder the beaker. The ice will start melting. The temperature of the
mixiiire ontairiinglice-and water will not increase above 0 °C until all the ice melts and we

et ater2£67C If this water at 0° C is further heated, its temperature will begin to increase

above 0° C as shown in figure.
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Q.2

Ans:

irigure. A\ r mo Terznprazare and Time Showing Change of
State of Ice into water and steam.

_F_.»_t.dmty_o _p_h Graph
Difigrentparts of the graph can be explained as:
Part AB: On this portion of the curve, the temperature of ice increases from -30°C to
0°C.
Part BC: when the temperature of ice reaches 0°C, the ice water mixture remains at this
temperature until all the ice melts.
Reason For Not Changing Temperature:
At this stage temperature does not increase for a while because whole thermal energy is
being utilized in breaking intermolecular forces and converting solid state into liquid
state.
Part CD: The temperature of the substance gradually increases from 0°C to 100°C. The
amount of energy so added is used up in increasing the temperature of water.
Part DE: At 100°C water begins to boil and changes into steam. The temperature
remains 100°C until all the water changes into steam.
Reason For Not Changing Temperature:
At this stage again temperature does not increase for a while because whole thermal
energy is being utilized in breaking intermolecular forces and converting liquid state into
gaseous state.
Define latent heat of fusion. Write down its mathematical formula and unit also find
Latent Heat of Fusion of ice by an experiment. (K.B+U.B+A.B)

LATENT HEAT OF FUSION

Introduction:
When a substance is changed from solid to liquid state by adding heat, the process is
called melting or fusion. The temperature at which a solid starts melting is called its

fusion point or melting point. When the process is reversed i.e. wher ziiquid is cnufed; | '

it changes into solid state. The temperature at which a substayice: cllang«r from IJqu-f v}
solid state is called its freezing point. Different subsstar: cesravediiferent’ ..wl‘m g points.
However, the freezing poiriof a suhafame is toi san e iy it mertmq romt

Definition:

“Heat anmgy reaisiad to Lkanqe nit IMassof 2 L stistance from SO|Id to liquid state at its
meltingpoini without, cnance fn thelernperature is called its latent heat of fusion”.
Matherhaxical, IF ornula

e e e .| s e

_It 15 G encted Ny B

.II _ A\gf

if = —
m

Or

AQf m Hf
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"

Unit:

Sl unit of Latent Heat of Fusion is Jkg™

Latent Heat of Fusion of Ice: [ [ ' |

Ice changes at 0° C into water. Latent hedt'of fusicn o ice s 3 161:10% ‘kg Aal Is;
3.36x10° joules heat is reatired to mrllt 1l o ice, inte v/ater OL C.

Exgerlment '

Take a.5e¢ker and nlace it Gver 2/stenc.\PUt-smali-rictes of ice in the beaker and suspend

a thernianater in’ tie heakor tolmeasure: triictemperature. Place a burner under the beaker
as shown inithe fI(.U e

Figure: Heating Ice

The ice will start melting. The temperature of the mixture containing ice and water will
not increase above 0°C until all the ice melts. Note the time which the ice takes to melt
completely into water at 0°C.

Continue heating the water at 0°C in the beaker. Its temperature will begin to increase.
Note the time which the water in the beaker takes to reach its boiling point at 100°C from
0°C. Draw a temperature-time graph such as shown in figure

120 .
100 Water' boils
80 E
P60 E
£40 ;
g 20 :
g Ice melts !
e ! ]
-20|fIce Water and ice !
-30 . .
0 2 4 6 8 10 Y
t, t, t | =) \
Time (mjre-tas)—s .__.i" R f e k
Figure: ~Temserature-time) Greph | as e ¢4 L% T . * - -

% Cl. anq. ’S mtr“ ate-f Thct['_oll" d oL
L1 heatindiContirmns. | | AR [ |

.-'

Calculat '(n(' — ' A

-

Calculss# the Yatent heat of f Isr'}"l}f\ Ice hum the data as follows:
Let the mas;oche im} | 4!

o [Fiading | ihe, timiz frbnthe g-jraph
NI Tlime 1akeri by ice to melt completely at 0°C = t; =t, — t; =3.6 minutes

NNR

Time taken by water to heat from 0°C to 100°C = t, = t3 — t, = 4.6 minutes
Specific heat of water ¢ = 4200 JKg* K™

Increase in the temperature of water AT =100° C = 100K

Heat required by water from 0° C to 100° C = AQ =?
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Q.3

Ans:

As we know that
AQ=mc AT -
=m x 4200 x 100 e
=m x 42000 - Vi N[ [«
=mx4.2x10°x 102
=4.2x10°xm JKgG AL |
Heat AQ.is supplies ts-water i, time t¢ fo waise ffie-temperature of the water from 0° C to
100° C;44gnca, thevate of anov”\m1 neit iy water in beaker can be given by
Rate of ab! U‘b” g heat
= AT, /t9 '

1.~

AQ X t;
t

=]

dnee heat absorption in time t; = AQ; =

:AQ)(J[—f
t0

As we know that
AQf m X Hs

m><Hf=4.2><105><m><t_f
0

Hf:4.2><105><t—f
0

Putting the values of t; and t, which can be found though graph
H, =4.2x10°x S ZJKg

H, =3.29x10°JKg™
Conclusion:

The latent heat of fusion of ice (H;) found for above experiment is 3.29x10°

JKg™ however actual value is 3.36x10° JKg™.

Define latent heat of vaporization. Write its mathematical formula. (K.B+U.B+A.B)
LATENT HEAT OF VAPORIZATION
Introduction:

When heat is given to a liquid at its boiling point, its temperature remairs-constart. 7o, 0

heat energy given to liquid at its boiling point is used up |n chnr“un; |1*° aTﬁ-te ffroin| Imur
to gas without any increase in its temperatL B T AN (O O~
Definition: ) | \ N =

“The quantity of heat that khcncua Ginit st oF a na..ud 0l np CLEIV ito gas at its boiling
point vithnu, any chargein lits! tempera‘iure s uaI \ed-ts"1atent heat of vaporlzatlon”
Mathematical Form:( | || ™ _

It is deripted bl Hy \ A T

LA,
I [ I. il
OR

A Qy=mH,
Unit:

Sl unit of Latent Heat of vaporization is Jkg™
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Latent Heat of VVaporization of Water:

When water is heated, it boils at 100 °C under standard pressure. Its tempcirature I’Pm?if"’. A

100°C until it is changed into steam. Its latent heat of vaporlzatlon i5-2:26 & 109 qu
That is; one kilogram of water requires 2.2o ' ¢ 10° joule fieat te chang? it c"rmp eleny-into
gas (steam) at its boiling point. 1 \

Exgerlment Lt
Take a5eker and nlace it Gver 2/sténc.\PUt-smali-ricces of ice in the beaker and suspend

a thernianater in’ tie heakor tolmeasure: triictemperature. Place a burner under the beaker
as shown inithe fI(.U e

Figure: Heating Ice

The ice will start melting and will convert into water. Continue heating water till all the
water changes into steam. Note the time which the water in the beaker takes to change
completely into steam at its boiling point 100°C.

Extend the temperature time graph such as shown in the figure:

120
‘Water boils

Water and steam
‘Water,

Ice melts

RN
aoffilee Watcrand ice

H H
LI L B L B LEE LA RARE REREREREILE RS REELE AR RE RN LN LS L B AR LR I ]
0 2 4 6 8 m 1214 16 18 20 22 24 2 28 30 32 34

Figure: Temperature — time Graph As Ice Changes Into Water and Water
into Steam on Heating

Calculations:

Calculate the latent heat of vaporization of boiled water with the data as given:
Let

The mass of ice =m

Measuring the time from the graph T~ N (o
Time taken by water to heat from 0°C to 1069 C = to =ty = 4 6 min uf-e% i
Time taken by water 100°C to get \,r'mged inicisteam =ity 1= s --tg = 74.4 mifiates
Specific heat of water | — 1 e =42000 Kg? K] !

Increase_lr‘ the temperature, of! Wafer AP AT-=T00° C

Heat reaviitea, tqifeaf\v?te r0"n O\ t'200% €=AQ=mc AT
| . =m x 4200 x 100
=mx4.2x10°x10°

NIN A = 4.2 x 10°x m JKg

Th raise the temperature of the water from 0° C to 100° C, AQ is given to water. So the
heat absorption rate of water in beaker can be given by
Rate of absorbing heat = AQ/to
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Q.1

Ans:

Q.2

Ans:

Q.3

Ans:

Q4

Ans:

AQxt,

Since heat absorption in time tv=Q, =

0
\
t,
= AQx[—VJ

As we know. that AQy = i X H\,. '
| ImxE 54 _2>'l_05.<m_><.( tl] -

0

INj o2+ HV=4.2X105X(t—VJ

Putting the values of t, and t, which can be found though graph
H, =4.2x10° x(24'4ijgl
4.6

v=2.23x10°Jkg™

Results:

The latent heat of vaporization of boiled water (H,) found for above experiment is
2.23 x 10° IJKg™ however actual value is 2.26 x 10° JKg™.

8.4, 8.5, 8.6 SHORT QUESTIONS

Define latent heat of fusion. Write its formula and unit. (K.B+U.B+A.B)

(GRW 2013, 2015, LHR 2017)
Given on Page # 302
Define latent heat of vaporization. Write its formula and unit? (K.B+U.B+A.B)

(GRW 2014)
Given on Page # 304
Define fusion point or melting point. (K.B)
FUSION POINT

“When a substance is changed from solid to liquid state by adding heat, the process is
called melting or fusion. The temperature at which a solid starts melting is called its
fusion point or melting point.”

Examples: N

e Melting point of ice is 0 °C . SN [ -

e Melting point of Mercury is=39°C | |\ — T \\ () \ %[ LD
Define boiling point or migling nessit. (KB 44 4 4 W Wy T (LHR 2017)

 BOILING POINT

“Wherf aJsbstarze 15 chaiyged f\rmq‘li('juio_l tergaseous state by adding heat, the process is
called Korling, J’he‘ternp{erf_ﬂ-urjra at=wiiich a liquid starts to convert into gas is called its

_ bailiig point.

v Boiling point of water is 100°C
e Boiling point of Mercury is 357°C
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Q.5

Ans:

0.6

A

Q7

Ans:

Q8

Ans:

Define freezing point. (K.B) (LHR 2017)
FREEZING POINT . —

“When a liquid is cooled, it changes into solid state. The tnmper f0rs at hicn'a
substance changes from liquid to_solid istate is calizd its “fieezirlg pn-nt Disrerent
substances have different melting D(‘Intﬁ Liownwr the fi =e7|r g p0iNt G-a substance is
the same as |ts melting p0| at.? ' :
Exampies;

e Tienzing pointiol waeriis O ()

e iTreezitig poilt of Matcary is 39°C
\r\mat is th diifrrence between specific heat and latent heat of a material? (K.B)
| DIFFERENTIATION
Specmc heat and latent heat of a material can be differentiated as:

Specific Heat Latent Heat

Definition
e Specific heat is the amount of heat | ¢ Latent heat is the amount of heat that is
required to raise the temperature of required to convert a unit mass from solid
unit mass of a substance through one to liquid or liquid to gas at constant
Kelvin. temperature.
Unit
e ltsunitis Jkg 'K ™. | e ltunitis Jkg ™.
Example
e Specific Heat of water is 4200 Jkg | ¢ Latent heat of vaporization of water is
K 2.26x10° Jkg™.

Why temperature of a substance does not change while it is changing its state from
solid to liquid? (K.B)

TEMPERATURE AT CHANGING STATE
When a substance is changing from solid to liquid state, the temperature of the substance
remains the same. It is because the heat supplied to the substance is used to overcome the
attractive force among the atoms or molecules of the solid and not to increase the temperature.
Tabulate melting point, boiling point, latent heat of fusion and latent heat of
Vaporization of some common substances. (Table for MCQS)

TABULATION

Table for above mentioned quantities of common substances is given below:.

Melting | Boiling | Heat of L Heatst | W -
Sr# | Substance | Point L Point, | =usion—| \"Waoqr(zesion O
{oC) '/ C) 1\ KRIKG -3 “KIkg -1
1 | Aluminium_| | 666 /I 112450 1 =207~ =i0500
2 () \Clpper— - '_1@_33_‘- 2595~ | T 205.0 4810
3 ald 1T 063 2660 64.0 1580
& [ Belim| _T[—-270 -269 5.2 21
e o lead 327 1750 23.0 858
0 Murcury -39 357 11.7 270
7 Nitrogen -21- -196 25.5 200
8 Oxygen -219 -183 13.8 210
9 Water 0 100 336.0 2260
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Q.1
Ans:

8.4, 8.5, 8.6 MULTIPLE CHOICE QUESTIONS

Quantity of heat that changes one kilogram of a of liquid into gasicatled: (K.'é)

(A) Specific heat —{B) Latent hasi G fusion |

(C) Latent heat of vaporization ' ()AL ot gbave

Unit of latent heat is: (K.33) — \

(A) Jkg 'K 1L YBY kg

(c)J ) ' _{5) kg™

Latenthea: of Fusicn ntiicklis: (K:3)™

(A) 2,260,000 Mkg™ | (B) 336,000 Jkg™

(G3,25C.00C5Kkg™ (D) None of above

L atent heat of vaporization of water is: (K.B)

(A) 2,260,000 Jkg™ (B) 336,000 Jkg™

(C) 3,260,000 Jkg™ (D) None of above
EVAPORATION

LONG QUESTIONS

Define evaporation. On what factor speed of evaporation depend? Explain. (K.B)
(LHR 2016, GRW 2017)

EVAPORATION

Definition:

“Evaporation is the changing of a liquid into vapors (gaseous state) from the
surface of the liquid without heating it”.
Introduction:
Take some water in a dish. The water in the dish will disappear after some time. It is
because the molecules of water are in constant motion and possesses kinetic energy. Fast
moving molecules escape out from the surface of water and goes into atmosphere this
process is called evaporation as shown in the figure:

R A .'-_Fiti‘ur): E./=‘.,5.or.ati0n is Escaping Out of Fast Moving Molecules
{, i 7 Erom The Surface Of The Liquid Without Heating

" 0o p&tison of Boiling and Evaporation:

Unlike boiling, evaporation takes place at all temperatures but only from the surface of a
liquid. The process of boiling takes place at a certain fixed temperature which is the
boiling point of that liquid. At boiling point, a liquid is changing into vapors not only
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from the surface but also within the liquid. These vapors are comes out of the b0|I|ng
liquid as bubbles which breakdown on reaching the surface.
Evaporation Cause Cooling: '
During evaporation fast moving molecules-escape out-f:orii the »u#fave, of \the ialia
Molecules that have lower kinetic-gnergles| are I5ft, hekird. | This olvers~e~average
kinetic energy of the liguid malecules_and, tae, ternparature jof the liquid. Since
temperature_of a substance depeniis’ onithe average Kinctic encrgy of its molecules.
Evaporaticn of perspiiation heips-to 'cop! oui’ hadies:
In refrigeratol oveporatmn of ligueried.gas produces cooling.
Eactors: \
F\'apara ioh! takas prace at all temperatures from the surface of a liquid. The rate of
vaponation i1saffected by various factors.

e Temperature:

Wet clothes dry up more quickly in summer than in winter because at higher

temperature, more molecules of a liquid are moving with high velocities. Thus,

more molecules escape from its surface. Thus, evaporation is faster at high
temperature that at low temperature.
e Surface Area:

Large is the surface area of a liquid, greater number of molecules has the chance

to escape from its surface that is why we spread wet clothes to increase their

surface area and to increase rate of evaporation.
e Wind:

Wind blowing over the surface of a liquid sweeps the liquid molecules that have

just escaped out. This increases the chance for more liquid molecules to escape

out.
e Nature of the Liquid:

Evaporation depends on the nature of the liquid. The molecules having weaker

intermolecular forces evaporate more quickly as compared to others, if we take

spirit and water on our palm. As evaporation rate of spirit is greater than water, so
we feel cooling effect due to evaporation of spirit.
Define the cooling effect of evaporation?

Evaporation has a cooling effect. For example, if example, if you wet your hands,
the water on them starts to evaporate. As it evaporate. As it evaporates, it takes thermal
energy away from your skin. So your hands feel cold.

The kinetic theory explains the cooling effect like this. If faster particles escape
from the liquid, slower once are left behind, so the temperature of the liquid is less than
before.

Refrigerators use the cooling effect of evaporatlon In thc aafr.qetator ot tne'

right, the process works like this: [ | ¢

1. In the Pipes in the freezer compartment o .\4 ud ca Ieu & r=h |ge| ant e *:po.ates and
takes thermal energy fqiT) the Taad aid air) \

2. The vapour is drawn away by the pm D, ’\Ih n Lcmpresses it and turns it into a
liquitc, [T is relcases the! ‘mal ¢ne! ‘gy,,'s04he liquid heats up.

3. Thetint Liguid-is ¢oblea al it passes iiifough the pipes at the back, and the thermal
enelgy,is cairivalaviay by e air:

~, Guerhll, thermal eriergy is transferred from the things inside the fridge to the air outside.
W rSweeaning also uses the cooling effect of evaporation. You start to sweat if your

hody temperature rises more than about 0.5 °C above normal. The sweat, which is mainly
water; comes out of the tiny pores in your skin. As it evaporates, it takes thermal energy
from your body and cools you down.

On a humid (‘close’) day, sweat cannot evaporate so easily, so it is more difficult
to stay cool and comfortable.
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Q.1
Ans:

Q.2

Ans:

8.7 SHORT QUESTIONS

Differentiate evaporation and boiling (K.B)

DIFFERENTXATION
Evaporation and Boiling can be dlfue ‘entiat?d'as.

)eflr itina
"._

e E 'abcramm is” ite | chenging) (-2
liguid', intp \vapors |(nasecus state)
froin ite surface of e liquid without

0 heating Tt

When a substance is changed from
liquid to aaseous state by adding
heat, the process is called boiling.

Temperature

e Evaporation takes at all

femperatures.

place

Boiling takes place at specific
temperature called boiling point.

Bubbles

e There is no bubble formation during
evaporation.

Bubbles form during process of
boiling.

Area of Occurrence

e Evaporation takes place on the surface
of the liquid only.

Boiling takes place throughout the
liquid.

Effect

e Evaporation cause cooling. |

Boiling cause burning.

Example

e Take some water in a dish. The water
in the dish will disappear after some
time. It is because the molecules of
water are in constant motion and
possesses kinetic energy. Fast moving
molecules escape out from the surface
of water and goes into atmosphere this
process is called evaporation.

The process in which liquid converts
into gas at its boiling point is called
vaporization or boiling. Boiling point
of water is 100°C

How evaporation differs from vaporization? (K.B)

(Mini exercise Pg. # 182)

DIFFERENTIATION
Evaporation and vaporization can be differentiated as:

Evaporation

Deflmtlon

e Evaporation is the changing of-2 liquid
into vapors (gaseous; Sfate) rim sine
surfacn of the liquid wi h(,u hea*mq it.)

N — ______'\.\.____

|\ inty es atlite bgiling point is called
_\ \ Vaporizzhon. '
'I e"npe. awure

=Tl 6 Drocees in' wm h Inula-:d x,onverts

o Evam atcn_ takied | plane
reniperature: S. -

Vaporization takes place at specific
temperature called boiling point.

Bubbles

~» ~There is no bubble formation during
evaporation.

Bubbles form during process of
vaporization.

Example
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Q.3

ANns:;

Q.4

Ans:

Q.5

Ans:

Q.6

Ans:

Q.7

Ans:

Q.8

Ans.

e Take some water in a dish. The water | ¢ Vaporization of water takes at 100°C |
in the dish will disappear after some : —
time. It is because the molecules of e . !
water are in constant motion and A W M| <
possesses Kinetic energy. Fast movisg
molecules escape out fromeine, surfade
of wedter, and ooes inio ativicsphiere this-|

priass i calied evapoiation. ~

How is covsing efiedt proauced by evaporation? (K.B)
) ] "~ COOLING EFFECT OF EVEPORATION
During-2vdporation fast moving molecules escape out from the surface of the liquid.
ivlolecules that have lower Kinetic energies are left behind. This lowers the average
kinetic energy of the liquid molecules and the temperature of the liquid. Since
temperature of a substance depends on the average kinetic energy of its molecules.
Evaporation of perspiration helps to cool our bodies.
Why wet clothes dry up more quickly in summer than in winter? (K.B+U.B)
WET CLOTH
Wet clothes dry up more quickly in summer than in winter because at higher temperature,
more molecules of a liquid are moving with high velocities. Thus, more molecules escape
from its surface. Thus, evaporation is faster at high temperature that at low temperature.
Why water evaporates faster when spread over large area? (K.B)
LARGE AREA
Large is the surface area of a liquid, greater number of molecules has the chance to
escape from its surface that is why we spread wet clothes to increase their surface area
and to increase rate of evaporation.
Does spirit and water evaporates at the same rate? (K.B)
RATE OF EVAPORATION
No, spirit and water does not evaporate at the same rate because evaporation depends on
the nature of the liquid. The molecules having weaker intermolecular forces evaporate
more quickly as compared to others, spirit has weaker intermolecular forces than water so
spirit evaporates more quickly than water.
Spread a few drops of ether or spirit on your palm. You feel cold, why? (K.B)
COOLING EFFECT
If we take ether or spirit on our palm. Ether or spirit having weaker intermolecular
evaporates more quickly so we feel cooling effect due to evaporation of spirit or ether.

Give two uses of cooling effect by evaporation. (A.B) (Mini evarcise Pg. # 1877 | ) |
USES OF COOLING EFFECT I ' =y ]
Following are uses of cooling effect produced by evaporations, | | 7, -
e Evaporation of perspiration-i2lps ta,cccr-aur bucy I R

e In refrigerator evaporatlon Gt ”Iqqeflﬂd qas or)dJ et cnormc

Coolmu |' pmduL e in rerrqgerc\ 51 0Yy: (K B)

_(A)@oling | 1L L (B) Evaporation of liquefied gas
- MG)Elleatiic carrent (D) Objects present in it
mitially following were used in refrigerator: (A.B)
(A) Freon and Ammonia (B) Freon and CFC
(C) Ammonia and CFC (D) Mercury and CFC
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3.

4.

5.

In refrigerator Freon has been replaced by (K.B)

(A) Ammonia (B) CFC

(C) Ammonia and CFC (D) Mercury and GFE, |
Boiling is same as (K.B) ' '
(A) Evaporation ' . — (B} Melting

(C) Vaporizgtion L (D) Ereezing
Whict.wil! eyapdrate inoro guickly? k.2

(A) Waier , || ' (B) Mercury

(\,\ Ether | ° (D) Milk

QRN O~ THERMAL EXPANSION

Q.1
Ans:

Q.2

Angi

LONG QUESTIONS

What is thermal expansion? Explain on the basis of kinetic molecular theory. (K.B) (LHR 2014)
THERMAL EXPANSION
Definition:

“Increase in the length or volume of a substance due to heat is called thermal expansion.”
Most of the substances solids, liquids and gases expand on heating and contract on cooling.
Their thermal expansion and contractions are usually small and are not noticeable.
However these expansions and contractions are important in our daily life.

Explanation on the Basis of Kinetic Molecular Theory:

The kinetic energy of the molecules of an object depends on its temperature. The
molecules of a solid vibrate with large amplitude at high temperature than at low
temperature. Thus, on heating, the amplitude of vibration of the atoms or molecules of an
object increases. They push one another farther away as the amplitude of vibration
increases as shown in the figure:

5 "0, @ wor & 9,
ﬁémﬁgm el 6 %@m@}hé
0% g il
gﬁmg,@fg W%»Q or 9 ”@&@
0o | c n[fom@ o @ or
hiotdoe g0 '@“@@ )

]
(@ &) 1 | N L N
Figure: (a‘:,.raller A '\l.-lude af wnolenu st L.)w T mp'ared, rcfur o

Thel’m‘il"\?,‘._(ptf.nS_jQ reSults en .nc. ase . leroth) breadth and thlckness of a substance.
What islinear Expension? On wkat factor it depends? Derive its mathematical
formule, (K.ELUBHA -
| LINEAR THERMAL EXPANSION
Leinicon:

“If a thin rod is heated, there is a prominent increase in its length as compared to
its cross-sectional area. The expansion along length or in one dimension is called linear
expansion”.
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Dependence:
If we heat a metal rod the length of which is much larger than its thickness, then ing

increase in length depends on the followmg three factors e ™
e Length of thin rod. VT W M|
e Change in temperature.
e Nature of materia; 0f " thie, rnd
Explaratinn: \ \ '
Solids =%pand ‘o Tieating 'and| Lhen. mpansmn is nearly uniform over a wide range of
tempera‘uig, Considor a inetairod of length L, at certain temperature T,. Let its length on
|IIE"‘I.I 19 O & ienrperature T becomes L as shown in the figure:

L] ]

|| ]

L] ]

E;- -------- (PR R— ;E

— Increasa in

H } length

: 1 | |

L]

: Tl

1] i

' |

' I

;ﬁ ------------- L, at fC====mmmmmmnna l:
Figure: Linear Thermal Expansion

Thus

Increase in length of the rod = AL =L - L,

Increase in temperature = AT =T - T,

It is found that change in length AL of a solid is directly proportional to its original length
L, and the change in temperature AT. that is;

AL a Lo AT
or AL =0 L, AT
or L-Lo=aly AT

L =Lo(l +aAT)

Coefficient of Linear Expansion:

We know
AL =0 L, AT
Where a is the proportionality constant and it is called co-efficient of linear expan3|on
of the substance it can be defined as: -
AL — | ,"" _- A 1 1 1

Thus we can define coefficiznt oi- mea. expar sion|a\of & SJb>taI e as “The fractional
increase in its length per |t elvm Vi e ir| t m'oemtl.&‘ ”

Unlt A s il A '-
Its unit 3 Fer kel 'm (K ) \ -
Value: \

__It% value'den =PL on the nature of the material of the rod and

Re;anunshlp Between B and a:
Relationship Between 3 and o is given below:
B=3a
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Q3

Ans:

Examples:
Some values for o and B are given:

-MI?MI

Aluminum [ 2.4X(G° _ 47i2%510T, )
2 Brass 1.9:2071 | [ EOXICY |
3 Copper y Ll_lﬁ_'_ 15.0x107 ‘

What s \ol Jume, expansion?/Ch what f utOlS ic-Oepends? Derlve its mathematical
formuiz ('( ?+Lw B+A.B) | -

| o Wl Lg.wE THERMAL EXPANSION
thnntan

AN e volume of a solid also changes with the change in temperature and is called

\folume thermal expansion or cubical thermal expansion”.
Dependence:
If we heat a block then increase in volume of the block depends on the following three
factors:
e Original volume of block.
e Change in temperature.
e Nature of material of the block.
Explanation:
Consider a solid of initial volume V, at certain temperature T,. On heating the solid to a
temperature T, let its volume becomes V as shown in the figure:

Vv AV

Figure:  Volume Thermal Expansion

Then

Change in volume of a solid = AV =V -V,

And  Change in temperature = AT =T-T,

Like linear expansion, the change in volume AV is found to be proportional to its original
volume V, and change in temperature AT. Thus

AV a Vo .
And AV o AT AN (C
AV oV, AT N o o
AV =BV, AT LA bW O AN N
V-Vo=pToAT 7/~ 0 W
— V=V,+ D‘VOL’I LY R ..!- ~
-___.-: \ '.. Va._-"- \7’0\ | L A’F \\ LR A
Coefficient of \/clun € Eg;ar siorr o
~ Weknow | -
S B At

N N \)

“M/hire B is the proportionality constant and is called the co-efficient of volume
expansion. And it can be defined as

AV
b= V, AT

0
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Q4
Ans:

“The fractional change in its volume per Kelvin change in temperature”.
Unit:
Its unit is Per Kelvin (K™) [~
Value: Y AN [
Its value depends on the nature of 1 he mater 'al Cf the rcd ar d

Relationship Between B anc o I

The coeffivieats of lineand vlune\exgansich are-raldted by the following equation = 3a

Examples:
Some valua s fon o an d 3 are uuen

LE"L..

N OV Aluminum 2.4x10° 7.2x107
' 2 Brass 1.9x107 6.0x10"
3 | Copper 1.7x107 5.1x10”

Write down the consequences of thermal expansion. (A.B)
NSEQUENCES OF THERMAL EXPANSION

The expansions of solids many damage bridges, railway tracks and roads as they are

constantly subjected to temperature changes.

e Prevision is made during construction for expansion and contraction with temperature.

e The expansion of solids may damage the bridges, railway tracks and roads as they are
constantly subjected to temperature changes. So provision is made during
construction for expansion and contraction with temperature. For example, railway
tracks buckled on a hot summer day due to expansion if gaps are not left between
sections as shown in the figure:

Figure: Gaps are Left in Railway Tracks to
Compensate Thermal Expansion During Hot
Season.

e Bridges made of steel girders also expands during the day and contrast durinq nigie, i
They will bend if their ends are fixed. To allow thermal expansiolt.-aie end i$ fixed! ||

while the other one of the girder resis, on rollers in. the, gen emt aer =nans.on'
Overhead transmission _lines fre) alse glvcn @ cerair, ampunt of '55g7's0 that they
contractln winter withus sm;‘pmq as S own ntge f.gure Vol

S\ \t VN e

rollers

Figure: Gaps are Left in Railway Tracks to
Compensate Thermal Expansion During
Hot Season.
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Q.5

Ans:

Q.6

Ans:

Write down the applications of thermal expansion. (A.B)

APPLICATIONS OF THERMAL EXPANSION

Thermal expansion is used in our daily life. In thermometers -;.ermal mnantlor is Untd
in temperature measurements. - - W

To open the cap of-a boti'e thatic t|]nt 2npugh, in' m*rsL ivin .|ot water for a
minute or so. Meta: cap bxpandt al ld btconwe, ltdse: lewol ld now be easy to turn
A ] Lpen

T foin'steel p! ales\t] o[l t.\/ taether; red hot rivets are forced through holes in the
pla._.e.s ¢s, stown in figuie. The end of hot rivet is then hammered. On cooling, the
rivets cortracts and bring the plates tightly griped.

iron rims are fixed on wooden wheels of carts. Iron rims are heated. Thermal
expansion allows them to slip over the wooden wheel. Water is poured on it to
cool. The rim contracts and becomes tight over the wheel as shown in the figure:

| = r’"“\|

| |
(a) < u

I I

{b} 7 =
Figure: (a) Hot rivets inserted

(b) after _hammering,
rivets are cold down.

Wires on electric poles are given some sag to prevent breaking in winter.
Thermal expansion concept is applied in Bimetal strip.

What is Bimetal strip? Write its construction and working. (K.B+A.B)

BIMETAL STRIP

A bimetal strip consists of two thin strips of different metals such as brass and iron joined
together as shown in figure.

Current Current
from to

'Cor rolnnob Co’\tar.-'s i1 ,

- "u urd; B et gT 1er nistat Bfeaks the Electrical
i Cr.r it anirdset Temperature

=y

|

Qn peating| th'= Sl”lp orass expands more than iron. This unequal expansion causes

- | berding of ihe strip as shown in figure:

NN
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Q.7

Ans:

Bimetal stip: cold

_Bimetalsthp:hdt L =
F:_:::—‘—’_-':“’/"""'/,

—r

1 / ] L Ly

+,  Bnse (x:ands meat [y
o} (2) A'rmetal strip of brass and iron
b)-Bending of brass iron bimetal

|
1
\ | strip on heating due to the difference

in their thermal expansion

Bimetal strips are used for various purposes.

e Bimetal thermometers are used to measure temperature especially in furnaces and ovens.

e Bimetal strips are also used in thermo states.

e Bimetal thermo state switch is used to control the temperature of heater coil in an

electric iron.
Explain the thermal expansion of liquid. (K.B+U.B)
THERMAL EXPANSION IN LIQUIDS

The molecules of liquids are free to move in all directions within the liquid. On heating a
liquid, the average amplitude of vibration of its molecules increases. The molecules push
each other and need more space to occupy. This accounts for the expansion of the liquid
when heated. The thermal expansion in liquids is greater than solids due to the weak
forces between their molecules. Therefore, the coefficient of volume expansion of liquids
is greater than solids.
No Definite Shape of Liquids:
Liquids have no definite shape of their own. A liquid always attains shape of the
container in which it is poured. Therefore, when a liquid is heated, both liquid and the
container undergo a change in their volume.
Types of Thermal Expansion For Liguids:
There are two types of thermal expansion for liquids:

e Real volume expansion

e Apparent volume expansion

Activity: o
Take a long-necked flask. Fill it with some colored liquid up to mark A on its.neck as showr-, | ()
figure. — ]2\ (( '

- e % L L L

Figure: Real and apparent expansion of liquid

Now start heating the flask from bottom. The liquid level first falls to B and then rises to C.
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Q.1

Ans:

Q2

Ans:

Q.3

Ans:

Q4

Ans:
Q.5

Relation between expansions:
We observe that there are two types of expansions appear as a result of hasting a Im- ik in
any container. . ™

e Real volume expansion - | |

e Apparent volume exzansion
The heat first reaches the as<\vr‘uh p' mds md n“ VQln: e ricreasss. As a result liquid
descenss, in the flazk-and, its Yevel falh t6-B. Afici'sometime, the liquid begins to rise
above £-4r) gettingho!. Aticarigin temeeraddre it reaches at C. The rise in level from A to
C is dug tv 'the 'apparent iexnaision in the volume of the liquid. Actual expansion of the
liguidl is| greaterithar that due to the expansion because of the expansion of the glass
sk This real expansion of the liquid is equal to the volume difference between A and
C in addition to the volume expansion of the flask. Hence
Real expansion of liquid = Apparent expansion of liquid + Expansion of the flask
BC=AC+AB
The expansion of the volume of a liquid taking into consideration the expansion of the
container also, is called the real expansion of the liquid.
Coefficients of volume expansions:
The real rate of volume expansion B, of a liquid is defined as the actual change in unit
volume of a liquid for 1K (or 1 °C) rise in its temperature. The real rate of volume
expansion B, is always greater than the rate of volume expansion B, by an amount equal
to the rate of volume expansion of the container f.
Thus Br=Pa+ Py
It should be noted that different liquids have different coefficients of volume expansion.
Coefficients of liquid expansion:
In accordance with the apparent and real expansions of the liquids, their co-efficient of
expansion are also measured in two ways:

e Coefficient of apparent expansion

e Coefficient of real expansion
It should be noted that different liquids have different coefficients of volume expansion

8.8 SHORT QUESTIONS

Define linear thermal expansion. On which factors does it depend? (K.B+U.B+A.B)
Given on Page #312 .
Define coefficient of linear thermal expansion. Write its formula and unl'r (. B+d B+'-“ B)
Given on Page #313 N p
Define Volume thermal expansion.’ Or\--. which ‘mclof (JOF‘S g uep'end?
(K.B+U.B+A.B) Voo VAN Y (GRW 2013)
Given on Page # 314 ' ' ’ ' /

Define l,oei ficient oiii leart'mn ha.xwanﬂon \'\/'-i'[e its formula and unlt (K.B+U.B+A.B)
Given 7 Page 7 313,

TabuIaLe «uef‘l ieny 0 lLiri¢ar and volume expansion of some common substances.
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Q.6
Ans:

0.7
Ans:

Q.8
Ans:

Q.9
Ans:
Water

(Table for MCQS)

VALUE = EEFICIENT OF THERMAL EXPANSION i

Following vales have been tabulated by applying relation ) J6_—,
Substance . L (K #)ed o

1 Aluminum T e 10° RN N2k

2 | Brass N ;_i._.’ay.gF OO dexao
3 | Cqpper .\ /] . t ) L7x107- - 5.1x10°

47 T Steel~ T~ 0 o ) [ 12x107 3.6x10™

5 T Ngiher A 4 V4 A 1.93x10° 5.79x107
C o[ Bold | 1.3x10° 3.9x10°
0 TElegham 8.6x10” 27.0x10”
1l 3 | Tungsten 0.4x10™ 4.2x107

9 | Glass (Pyrex) 0.4x10° 1.2x10°

10 | Glass (Ordinary) 0.9x107° 2.7x107°

11 | Concrete 1.2x107 3.6x10™

12 | Glycerine 17.7x10° 53x10”

13 | Mercury 6x10™ 18x10°

14 Water 7x107 21x107

15 | Air 1.22x10°° 3.67x10°°

16 | Carbon dioxide 1.24x10°° 3.72x10°°

17 | Hydrogen 1.22x10° 3.66x10°

Why steel rods are used in construction? (K.B +A.B)
The steel rods are used to reinforce concrete because both materials expand equally. If
the expansions were different, the steel might crack the concrete on a hot day.
Why gaps are left in railway tracks? (K.B) (LHR 2017)
GAPS IN RAILWAY TRACKS
Gaps are left in railway tracks to compensate thermal expansion during hot season.
Railway tracks buckled on a hot summer day due to expansion if gaps are not left
between sections
What is anomalous expansion of water? (K.B)
ANOMAL EXPANSION
on cooling below 4°C begins to expand until 0°C. On further cooling its volume increases

suddenly as it changes into ice at 0°C. When ice is cooled below 0°C, it contracts i.e. its volume
decreases like solids. This unusual expansion of water is called the anomalous expansion of

water.

Q.10
Ans:

Explain the expansion of water and ice? (K.B) -
When hot water cools, it contracts. Howeysr, when water uoeze” .t =>¢,Ja'"ds as it-40iAs
into ice. The force of the expansm can b! Jr<t ﬂttl‘ pr)e» ch. S"ﬂlt otk Wit ualnwater
trapped in them. =4
Water expands on 1regzing ol 1he fc|lcv'|ny recs"'" In I|qL":1 water, the particles

(water iTin! eoulpq} ard close, tuqei,%f Butihe_iceihe molecules link up in a very open
structur=thiat bk tuarly farey yp migre.zeace than in the liquid.

Ice has A wower density thah'“tiquid water — in other words, each kilogram has a greater
~Vorle. Betausn inf its Tower density, ice floats on water: when liquid water is cooled the
wHolEcuiEs siart forming into an open structure at 4 °C to 0 °C. It takes up least space, and
t. wrefore has its maximum density, at 4 °C.
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Q.11
Ans:

Q.12
Ans:

What is Thermostats? (K.B)

A thermostats is device which used to detect temperature changes for-the purpose-of
maintaining the temperature of an enclosed area essentially.. cgiisiant: I a/ ySiem
including relays, valves, switches, etc, the tiermostat geseiates wlg“l'ilﬂ uS!.chIyP TN T
when the temperature exceeds or faii3 belovy theGesired valu.

Why we use pyrex in oven in plac=of glass dish? (K.3) .

The Heat recistant quality {0 hear; up 101425 vletraes . niakes the p ,.ex products ideal for
the use iy the kitznen aspaviaily “for| ceckifig-e: baking purposes in oven. If an ordinary
glass disinis pus siraight intpla hot o, the outS|de of the glass expands before the inside
and the 'strain ‘cracky tire\glass. Pyrex expands much less than ordinary glass, so should

noflcrack.
¢\ [JHE: NS (U.B+AB)

A brass rod is 1 m long at 0°C. Find its length at 30°C. (Coefficient of linear
expansion of brass =1.9x10°K™) (LHR 2017)
Solution:
Given Data:

Initial length of the brass rod = L, = 1m

Initial temperature of the brass rod = T, = 0°C = 0+273 = 273 K

Final temperature of the brass rod = T = 30°C = 30 +273 =303 K

Change in temperature AT =T —T,

Change in temperature AT =303-273=30K
Coefficient of linear expansion of brass = o0 =1.9x10°K™
To Find:
Final length of the brass rod = L =?
Calculations:
We know
L=L,(1+0AT)
Putting values
L =1(1+1.9x10°x30)

L =1.00057 m
Result:

| Hence, the length of the brass bar at 30°C will be 1.00057 m. ]

Find the volume of a brassicube'at'108°C V\J 0se ¢ |d? isiLg cm at (.»°C'Z (Coefficient of
linear thermal expansmn of b ass|= 1 9 10 ° !« 1 -
Soluti@ii | | Y -
Given i ',utd AR 1R \ .
Midjal mgrh of tt \n.41 5idle of brass = L, = 0. 1m
Initial violuine of the brass cube = V, = (Lo)® = (0.1m)* = 0.001m?* =10°m

' "_' J | Cinial temperature of the brass cube= T, =0 °C = 0+273 = 273 K

Final temperature of the brass cube = T=100 °C = 100 +273 =373 K
Change in temperature AT =T -T,

Change in temperature AT =373-273=100K
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Coefficient of linear expansion of brass = o =1.9x10°K™

To Find:

Final volume of the brass cube = L =? —n
Calculations: VO \ Y]
We know \ \ | L\

Coefficient of linea: e<rara.on uf )rass- 021,042 K

Ve can find-H as
{ ' Bl=dc |
Puttingvalites
o TB=3(1.9x107)
' B=5.7x10°K"
V =V, (1+BAT)
Putting values
V =10"(1+5.7x10° x100)

L =1.0057 x 10° m?®
Result:

Hence, the volume of brass cube at 100°C will be 1.0057x10°m?
8.8 MULTIPLE CHOICE QUESTIONS

The kinetic energy of molecules of an object depends on (K.B)

(A) Position (B) Temperature
(C) Area (D) All of the above
Linear expansion of a rod occur along dimension (s): (K.B)
(A) One dimension (B) Two dimension
(C) Three dimension (D) All

The characteristic of unequal expansion of different metals is employed in a device
known as: (K.B)

(A) Thermometer (B) Burner
(C) Calorimeter (D) Thermostat
Linear expansion depends on: (K.B)
(A) Length of rod (B) Change in temperature
(C) Nature of material of rod (D) All of above -
Thermostat works on the principle of: (K.B) ANV SR AP
(A) Unequal expansion of solids i \B) Paseal’ Sia AN [ o VO~
(C) Anomalous expansion of watel, ! ¢ (IP) Vaporizati _on: L o
Thermostat is used in: (K E) _ e oL
(A) Electric lron e v W VN \Bﬂ Refrigerator
(C) Firaalarm . " [ « ) (D) Al of above
SI unitiof G oeffict e1t 31' Im(»aI & volume expansion is: (K.B)
_(A«)n BimigR=- (B) K
M MG K " (D) °C
\oiame expansion depends on: (K.B)
(A) Volume of block (B) Change in temperature
(C) Nature of material of block (D) All of above
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9. p= (K.B+U.B)

(A) o (B) 2a

(©) 3a (D) 5a
10.  Liquid expansion is if: (K.B)

(A) One type (B Two type

(C) Three type ' (I}, Four type
11.  The liquid-£) used in thermarneters'is (are): {(iK.5)

(A) Méercury (25 Aicohol

(C) Waiei _ (D) BothA & B

PR
AINIRY 8.1 TEMPERATURE AND HEAT,
8.2 THEROMETER

1 2 3 | 4 5 6 | 7 8
~ c / CcCJ|]A ] A | C | A | B | C
13 14 15 16 17 18 19 20

A B C

D

8.4 CHANGE OF STATE
8.5 LATENT HEAT OF FUSION
8.6 LATENT HEAT OF VAPORIZATION

C D B A

8.7 THE EVAPORATIONS
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TEXT BOOK EXERCISE —

Vii.

viii.

MULTIPLE CHOICE QUESTIONSHES

Encircle the correct answer from the givzn'choices:

Water freezes at: (K.B) _, ' “=HR 2013, 2016)
a) 0°F - - §U 32°F .
273 K ‘d O K7
Norm ahuman-boay teniperaturelis: (K.B) (LHR 2016)
E ; 15 C _ . Ebg 37°C
37°F, . ' ' d) 98.6°F
Merilury it used as dsermometric material because it has: (K.B)
(&) "Unif5rn’ trermal expansion b) Low freezing point
(d)'Smail heat capacity d) All of the above properties
Which of the following material has large sBecmc heat? (K.B) (GRW 2013)
a) Copper Ice
c) Water d) Mercury

Which of the following material has large value of temperature coefficient of linear
expansion? (K.B)

E gAIumlnum Ebg Gold

Brass d) Steel
that :\L/\(l)lg be the value of B for a solid for Whlghél lllgssvalfle of 2x10° K'? (U.B+A.B)

X X
88><1O >kt ﬁdﬁ 8x10° K
A large water reservoir keeps temperature of nearby land moderate due to: (K.B)
E ; Low temperature of water gbg Low specific heat of water
Less absorption of heat d) Large specific heat of water

WhICh of the following affects evaporation? (K. B?
a) Temperature b) Surtace area of the liquid
c¢) Wind d) All of the above

ANSWER KEY

b b d C a b d d
Why does heat flow from hot body to cold body? (K.B)
FLOW OF HEAT
Molecules of hot body have greater kinetic energy than the molecules of cold body.
Therefore, fast moving molecules give their energy to cold body. So we can say that heat

flows from hot body to the cold body. In other word we can say heat flows from hot bogv Yal!

to cold body due to temperature difference between them. _ oy

Define the term heat and temperature (< ’3) SRR | ('-:'—.‘!5_‘201'3)'
Given on Page # 291 \ ™

What is meant by internz| ene'a", 0t bdl.y X ’K B)

Given on.Rage # 290 Vol

How ag=5 hehfing ﬁffPLt thar i*’it\\G{ QF 1 .u.ecules of agas? (K.B)

Y EFE ECT OF HEAT ON GAS
‘e inetic, hner v 0fgas molecules goes on increasing if a gas is heated continuously.

% 775 [cabiges' the gas molecules move faster and faster. The collisions between atoms and

inolecules of the gas become so strong that they tear off the atoms. Atoms lose their
electrons and become positive ions. This ionic state of matter is called plasma.

In short on heating the gas, the motion of the molecules becomes faster. As a result
average K.E and temperature of gas increases.
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8.6

Ans:

8.7

Ans:

8.8

Ans:

8.9

Ans:

8.10

AN’
\ J RN

Ans:

8.1

8.2

What is thermometer? Why mercury is preferred as thermometric substance? (K. B)
Given on Page #

Explain the volumetric thermal expansion. (K.B+A.B+L1L.BY—
See Q. 3 Long Question TOPIC 8.8 Given bn'Page #-314

Define specific heat. How ‘wculd y(,'! iind-ie sprcific heat of & solia? (( B+A B+U.B)
See Q. 1 ‘Long Question TORIC &.3 Civeh ¢n Page-# 296

Defineaind explaii-tateni heat uf fusnn. (K.B+A.B+U.B)

See Q. Zi.gng Duasticn TORIC 2.5:Civen on Page # 302

Define Iatent heat, of vagorization. (K.B+A.B+U.B)

oeelQ. 31Lang Questlon TOPIC 8.6 Given on Page # 304
\_NI dt is meant by evaporation? On what factors the evaporation of a liquid
depends? Explain how cooling is produced by evaporation? (K.B+A.B+U.B)

See Q. 1 Long Question TOPIC 8.7 Given on Page # 308

NUMERICAL PROBLEMS{(VR:LVN:)

Temperature of the water in beaker is 50°C. What is its value in Fahrenheit scale?
Solution:
Given Data:
Temperature in Celsius = T, = 50°C
To Find:
Temperature in Fahrenheit = T; = ?
Calculations:sss
As we know that

F=2c+3
5

1%,

By putting the values, we have
-9 x50+ 32
5

F=90+32
F=122°F
Result:

| Hence, the temperature in Fahrenheit will be 122°F. |

Normal human body temperature is 98. 60 F. Convert it |nto Celsius mnﬂ l<eIV|r scale, \

SRW 20“. L HR ’7"13 ?"”5 zbl:;

Solution: LA T '_ [ W |
Given Data: \ NEARRIRRE '

Normal human Tpn pemtwe |n I at re 1h3.f = T’,:..- 96. 6“
To Firl d Ve T |

rem pemtu're il Celsit Js— Te=7
fern, )era*um N Keivin = Tk =?

: 2 Ao ulati olg:

Als'iye Know that
5
= —(F-32
9( )

By putting the values, we have
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8.4

C= 3(98.6-32)
5 o A
C= 5(66.6) =37°C

Tk=C+ 273"
By putting the values, we hav3
Tk =374 273 =310°K
Resultr

— _-____,_ s e

[ Flence, tne T\,.nperature of normal human body in Celsius will be 37 °C and

:_*_h\_ tarperature of normal human body in Kelvin will be 310 K.

Calculate the increase in the length of an aluminium bar of 2m long when heated
from 0°C to 20°C. If the thermal coefficient of linear expansion of aluminum is
2.5x10° K™,
Solution:
Given Data:
Length of aluminum bar =L; =2 m
Initial temperature = T; =0°C = (0 + 273) K =273 K
Final temperature = T, = 20°C = (20 + 273) K =293 K
Coefficient of linear expansion of aluminum = o = 2.5 x 10° K*
To Find:
Increase in length =L — L, =?
Calculations:
As we know that
L—Lo=0Lo(T2—Ty)
By putting the values, we have
L—Lo=25x10"x 2 x (293 — 273)
L— L, =5x 107 (20)
L-L,=100x 10"
L-Lo=1x10°m=0.1cm=1mm
Result:

| Hence, the increase in length of Aluminum bar will be 1x10° m =0.1 cm = 1 mm, |

A balloon contains 1.2 m® of air at 15C. Flnd its volume at A40"C. Tk‘_.rna.. Wi
coeff|C|ent of volume expansion of air |s3 67x10 K1 . “f VoL
Given Data w, RN i ' "'
Initial volume of al. || bal?uon S\ & 1 > m3
inifial temeersiure= \ TY'= 5 C -( ,+2735K =288 K
=inel 1'-=n|:eratun\ =T, =40%.0-: (40 + 273) K = 313 K
ol Lﬁcu nt of V)l"lﬁ ¢ cxpansmn B=3.67x 10 Kkt

LA E =nd! :
1157 Tial volume of gas = V, = 2

Calculations:
As we know that

V=V, (1 +B(T2—-Ty))
By putting the values, we have
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8.6

V=12 (1+3.67x10°x (313 — 288))
V=12 (1+3.67x10°(25)) .
V=12 (1+91.75x 10?) e[S
V =12 (1+0.091) - L N | (¢
V=12+0.108=12308 = 3m

Result:

| h°1c= theii 'ﬂl’;‘vﬂ!@ gas wilipe 1.3 m |
How nudt keat s nqun.ed ito-iricrease the temperature of 0.5 kg of water from
10°S t0'65°7.! . (LHR 2014 GRW 2015)
HSavien;
Cliven Data:
Mass of water = m = 0.5 kg
Initial temperature = T, = 10° C
Final temperature = T, = 65° C
Change in Temperature:
AT=T,-T,
=(65-10)°C
=55°C
=55K
To Find:
Heat required = Q =?
Calculations:
As we know that
AQ = mcAT
By putting the values, we have
AQ = 0.5 x 4200 x 55
AQ = 1155007
Result:

| Hence, the heat required will be 115500 J |

An electric heater supplies heat at the rate of 1000 joule per second. How much time
is required to raise the temperature of 200 g of water from 20°C to 90°C?
Solution: i
Given Data: I
Rate of heat supplied by heat = P = 2800 Js'l____ — NN [
Mass of water = m = 200 g/= ')Zka A | A
Specific heat of watel\ = c.=%207J k:& Kit
Initial temperafure = S Thy= )OO
Final | eallpPrﬁtFJl =l P =, Ok~ \ i =
“ha 180 m *e n} el ature = AT =90 — 20 70° C = 70K

To Fing;
k W rRal |ch|red Q =?
Time =t=?
Calculations:
As we know that
Q=cm AT
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Q= 0.2 x 4200 x 70
Q =58800

As we also know that e

Result:-

§[] H'),v michiice WI|| melt by 50000 J of heat? Latent heat of fusion of ice 336000 Jkg

Pxt=0Q

t=Q/P

t = 588000/1000
t=58.8s

(GRW 2013, 14)

Solutlon:

Given Data:

Heat supplied to ice = AQs = 50000 J
Latent heat of fusion of ice = H¢ = 336000 Jkg™

To Find:

Mass of ice=m =7

Calculations:
As we know that

So

AQZmXHf
= 4Q
Hf

By putting the values, we have

Result:

50000

~ 336000
m=0.15kg =150 g

Hence, the mass of ice will be 150 g. |

8.8  Find the quantity of heat needed to melt 100 g of ice at -10°C to 10°C.
Solution:

Given Data:

To Einc:

I\

Mass of ice=m=1009=0.1kg PR AN ALY,
Specific heat of ice = 2100 g lKj Voo T WY A0
Specific heat of watei = 4200/ Tkg™ R '. IR RE o

Latent heat of fusion (f ice' = o3 5000 Jkg g

nidiay temiserature: of ite -\g\ 10 G
10%C

=il 1=.npe|aturt = r2 k=

Feat el m.ed to raise the temperature of ice from -10°C to 10°C=Q =7

, J Rl LafJia[IOI’]S
b | Y,

Step-I:

Heat required to raise the temperature of ice from —10°C to 0°C = AQ; =?
T,=-10°C
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T,= 0°C
AT =0°C—(-10)°C=10°C=10K -
AQ = cmAT Y
AQ; = 2100 x0.1x10 - V(T NN
AQ; =21001J
Step-11:
Fpat Jequired o conveit n:ﬂ at O f‘ mh wvater at 0°C AQ;, =?
svekriow that ! -
LhGEmls ! |
| AQ=L8:17%336000
i AQ, = 33600 J
Step-111:
Heat required to raise temperature water from 0°C to 10°C = AQ3=?
T1=0°C
T2=10°C
AT =10°C -0°C =10°C = 10K
We know that
AQ = cmAT
AQ3 = 4200 x0.1x10
AQ3=42001
Total heat required = Q = AQ1+AQ,+AQ3
Q =2100+33600+4200
Q =399001J
Result:

| Hence, the total heat required will be 39900 J. |

How much heat is required to change 100 g of water at 100° C into steam?
(LHR 2013, 2015)

Solution:
Given Data:
Mass of water = m =100 g = 0.1 kg
Temperature of water = T; = 100° C
Temperature of steam = T, = 100° C _
Latent heat of vaporization of water = HV =2.26 x 106 Jka 1y
To Find: NN |
Heat required to change waies into <te¢r. QV\:? AR A
Solution: 7 ARIRRENE,
QuamxHy S
O,V~U : ’246 1') J W b
Jv 228 io J\ B W\
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8.10 Find the temperature of water after passing 5 g of steam at 100° C through 500 g of ;

water at 10°C.

Solution: e [

Given Data:

Mass of water = m} =500-3=0. Dl‘g

ivt cSS of StRam = Mt 1= 5 G = 0.005 ky .
Tem, pe mture ot watai =\ T4-="10" C

T emp(_a; Al 67 steam = T, = 100° C
Specific heat of water = ¢ = 4200 Jkg K™

Latent heat of vaporization of vaporization = H, = 2.26x106 Jkg™

To Find:
Final temperature of water = T =?
Calculations:
According to law of heat exchange
Heat lost by steam = Heat gain by water
mH, + cmAT = cmAT
(0.005)(2.26x10°) + (4200)(0.005)(100-T) = (4200)(0.5) (T-10)
11300+21(100-T) = 2100(T-10)
11300+2100-21T = 2100T-21000
11300+2100+21000 = 2100T+21T
344400 = 2121T
_ 34400

2121
T =16.2°C
Result:

| Hence, the final temperature of water will be 16.2°C;
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SELF TEST

Time: 40 min. - M.

Q.1

Q.2

Q.3

Four possible answers (A) (B), (C) &' (L\) to r*a(l quast Gn ars Jiven, laark the
correct answer. = o L WA (6x1=6)
What yill be the valueof 3 tor 4 solid for which efias a value of 2x10°° K7
(A) 23K L T s T (B)6x10 K
(©) ex1o s kA L (D) 12x10°5 K
e amitied heat is:
(A) kelvin (B) joule (J)
(C) kg K™ (D) kg
Density of water in kgm™ is
(A) 1000 (B) 4200
(C) 4300 (D) 4500
The relation between co-efficient of linear expansion and volume expansion is
(A) a =3B (B) B =30
© o= ©) p="
B o
The value of absolute zero on Kelvin scale is equal to:
(A) 273°C (B) 273K
(C) 273F (D) —273°C
Heat capacity of 5 kg of water, is:
(A) 4200 JK™* (B) 21000 JK*
(C) 2100 JK™ (D) 2900 JK*
Give short answers to following questions. (5x2=10)

I What is thermostate? Write its uses.
ii. How much ice will melt by 50,000 J of heat? Latent heat of fusion of ice is 336000 Jkg ™.
iii. Why does ether evaporate quickly than water?

iv. Why the temperature of ice does not change at 0°C for some fime? -
V. What happens when we touch a hot h')dy’7 NN .

Answer the following quistions IIr”etu” WALV Y T (4+5 9)

a) _Ex'*'"'n volume tharmial expaisioniiiy suh( S. /iSO dr dve ne formuld ror volume expansion.

b) Anelbdirie hedttr upp ﬁ-o\h b at tie rate of 1000 joule per second. How much
({ me! s equm d lo'raisethe temperature of 200g of water from 20 °C to 90 °C?

Farents or guardians can conduct this test in their supervision in order to check the skill
of students.
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