descrlbe qualnatwely tht: thermal expansion uf solids (linear and volumetric
expansion).

explain the thermal expansion of liquids (real and apparent expansion) and gases.
discuss the pressure and the changes in pressure of a gas in terms of particles [the
forces exerted by particles colliding with surfaces, creating a force per unit area. ]
discuss the applications and consequences of thermal expansion in real life.

define and calculate specific heat for solids and liquids.

discuss everyday effects due to the large specific heat of water.

use the terms for the changes in state between solids. liquids and gases (This
includes stating the relative order of magnitudes of the expansion of solids, liqu

ids and gases.)

describe evaporation in terms of particles [in terms of the escape of more energetic

particles from the surface of a liquid]. m
: W@ over a surface

discuss how temperature, humidity, s

affect evaporation.

explam how evapu AL :

describe the usdHf\¢aelingcansed-t evapﬁrahun in the refrigeration process
without u' z-harmiful\C

defins it i fusion and latent heat of vaporization of ice and water. How

thes¢ eani’ be determmed Experimentally? [including illustrating the analysis of data
by sketchmg temperature-time graph on heating ice.]

describe supercunduct:mty [as when atoms are in this state, their kinetic energy is
low, so there is little (or no) resistance to the flow of electrons.

state that certain materials, when cooled to near absolute zero, can exhibit
superconductivity.

Long ﬂuasnnmrepured in the Ilgl'n of new Euﬁminmm Techniques: /
Y

| 1meledga. Undeutundlng, Appliouthm, Analytical & Conceptua




H_

temperature of substances change, and how heat energy | s-
Applications: This field explains important copgept m{? , heat transfer,
Al A o on.

specific heat capacity, phase changes,1 . |
o  Understanding these principle derstand how everyday objects like

rinciples . -
refrigerators, heat e &‘ : arth's climatq function.
. Thenwlfn Ust about daily life, it also helps scientists to explore space,
develo t energy systems, and emendate modern technology.

T

: 1al Exansi

0.2: What is thermal expansion? Explain in detail with the help of particle

motion. - -~
Ans. Thermal expansion is the change in the
length, area, or volume of a substance when it
is heated", -
Explanation:

As the temperature rises, the particles
within a substance gain more kinetic energy.
This causes them to move faster and spread out,
leading to expansion of the material. (Fig.
10.1-b).

Conversely, when a substance iscag
(b}
10.1-a) Fig. 10.1: Molecules of an object moving with

particles lose energy and mi
wWn as thermal (3} smaller amplitude at low temperature

4 jts\| P s £ |
causing the material to & Rib-
This phan
j:nntrarriun. (b) larger amplitude at higher temperature

Q.3: Explain the phenomenon of thermal expansion in solids in detail.
OR Explain why different solids expand by different amounts when heated? Discuss
the role of intermolecular forces and nature of material.

Ans. Thermal Expansion in Solids:

""Thermal expansion in solids is the phenomenon in which a solid increases in its
length, area, or volume when its temperature is increased due to an increase in the
vibration of its particles." '
Explanation: When solids are heated, they expand, and this expansion remains almost
consistent over a broad temperature range. Change in temperature may cause respective
change in length or volume of the solids.

Types: These are three types of thermal expansion in solids; a @@m
“39 fe’ Xpansion

e Linear expansion. ¢ Area {supcrﬁciag: m
1. Linear Expansion: g;
"When the length of 0"heating, it is called linesr Crpensme ™
(or) "If length of a 'i T: pon heating, then it is called Fnesr
= [ 4




expansion.
Explanation: Consider a metal rod of initial 1

e

When heated to temperature Ty g, 1
 Increase in length: v % O \EnY " F=iinear
AL=L-Le %\& Y\ Siptnen
. CEET )
. S@W I & > _4&1
C— 5

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

| Fig. 10.2: Linear expansion in a metal
rod

AL o LAT
or AL =a L.AT
a =AL/L.AT
or L-Lo =a L:AT

L =Lo(l+aAT).....(10.1) _
Here o (alpha) is the coefficient of linear expansion.
Coefficient of linear expansion:

"The increase in length per unit original length per degree rise in é@mm"

- Unit: K-!or°C! 1)@‘:@@
@f ifferent solid materials

Values of some coef]

W A 24 x 105
Brass 1.9 % 10-3
Copper 1.7x 10

Steel 1.2 = 105

Silver 1.93 x 10-3

Gold 1.3 x 10-%
Platinum 8.6 x10-3
Tungsten 0.4 x 10-5

Glass (pyrex) 0.4 x 10

Glass (Ordinary) 0.9 x10-5
Concrete 1.2 x 10-5

2. Volume Expansion:
“When the volume of a suhd 1&51:::5&
expansion.”

\&3

es when its temperature rises. This is known as



-_"

¢ Ty, final Volume

ﬁT':T-Tg

Like SWpafision, the increase in volume AV is directly proportional to its
original W o and the temperature chdge AT, thus,
AV = V, AT
or AV =RV, AT
or V=V¥o =B VsAT
or V =Vo(1+BAT).....(102)

Where §§ (beta) is the coefficient of volu me expansion which determines how
much a material expands with temperature.
Coefficient of volume expansion

"The increase in volume per unit original volume per dégree rise in temperature”.
Mathematically, AV

P= VAT,
important points:

@I

»  Different solids expand by diﬁw\\g@c}@

»  Metals generally expand more _ .

»  Expansion dependé_y %

1. Nature of maten ° Original size. 3 Change in temperature.
Solids) alotits &re arranged in a tight, regular pattern. As the temperature rises,

\Hhis hes tightly harder against its neighbours due to increased vibration. Since

there is no room to move inwards, the structure expands oufward instead.

Examples:

»  Gaps left between railway tracks.

»  Expansion joints in bridges.

»  Electric wires hanging loosely in summer, _

0.4 Explain Thermal expansion in -liquids and explain why liquids expand when

heated? " '

Ans. Thermal expansion:

"Thermal expansion in liquids is the increase in the volume of a liquid when it is
heated, and the decrease in its volume when it is cooled."
Explanation: When a liquid is heated, its molecules gain kingile eneddy abld s1art moving
faster. Due to this increased motion, the mypl : ; X

YL

o occupy more space. Unlike soli gririds
ﬁ'eelyi_qa]l direc
qu‘ nidﬂ. =40




weaker than in solids. . - ""ﬁj
Volumetric Expansion of Liguids: Liquids e Qﬁ@}}@@ﬁi not length or
area. The amount of expansion d : >
¢  Nature of li v : Edsif m}.&ﬁa. :
L]

Change in
Formula W ansion of a liquid is given by the formula.
Where, AV=0 Vo AT ........ (10.3)

¢ AV = Change in volume

e Vo = Original volume

¢ AT = Change in temperature

o B = Coefficient of volumetric expansion of the liquid.

Each liquid has a different B value.
Apparent and Real Expansion of liquids: Liquids are usually heated in a container (glass,
flask) so both the liquid and the container expand.

Apparenl Expansion: "The expansion of the liquid observed in the container is called
apparent expansion.”
This is less than the real expansion because part of the expansion is used in

expanding the container.
Real Expansion: "The actual expansion of the liquid itself;jignt ﬁ@@@@miﬂu of the
container, is called real expansion." (c)o .

Example: A common example o itr'liguid as seen.in flask (Fig 10.3).
»  Apparent Expa ﬁﬁ‘s i 5
The obs 5 d level from the initial point (A) to the

final

A

Expansion of flask (AB)

When heating begins, the flask expands first, causing the liquid i
level to drop slightly from A to B.
e Real Expansion (BC):

The actual expansion of the liquid, measured from the lowest T
point (B) to the final point (C). &
Relationship: Fig. 10.3: Thermal

BC=AC+ AB expansion of a liquid

Real Expansion = Apparent + Expansion
Expansion of flask
(.5: Explain thermal expansion in gases in detail.
(OR) How does Charle's Law prove that gases expand o
Ans. "Whentemperamreufagnsh its & in ng as the pressure

remains same. This is called th  KpARSIQ
by pe G
"It is the i a% i ¢ of a gas when its temperature is increased, and




* Pressure vs Volume: ifla

decreases in volume when its tempcrat'ure i; lowered, provided (@@im remains .'
constant." O @“'E g J AL
Explanation: 2 E\T\}l = |

Kinetic Energy: As the t ases, the kinetic energy of its particles

also increases. LT ju '
Molecular Mot MA_ uses the gas molecules to move faster and collide more
frequently an fully with the walls of the container. Thus, collisions exert pressure,

on the container walls,
Spreading out: In a flexible container, these collisions push the walls outward, causing
the gas to occupy more space (expansion).
Charle’s Law: The behavior of gases during expansion follows charle's Law, which states
that:
Statement: "The volume of a gas is directly proportional to its temperature at constant
pressure.”
WL
or V= (Constant) T

Vv
or ".I'.'- = constant

Key characteristics: f\F@o@@J
Expansion Rate: Gases expand muc Q@&%m liquids or solids because

their intermolecular forces-are g particles to move much larger
distances, @ -
Q

ina flexible container (like a balloon), it expands in
volume. If it}ig@\ -flexible (rigid) container, the pressure rises instead.

Real World Applications and Risks:

Hot air balloons: In a hot air balloon, the air Balloon shwiks
inside is heated, causing it to expand and| due to contraction
become lighter than the cooler air outside. Thig| of air on coaling
makes the balloon to rise. (Fig. 10.4)

Car Engine: In car engines, fuel burns and
produces hot gases that expand quickly, pushing
the pistons and making the vehicle move.
Weather patterns: In weather patterns, warm air i) -

expands and rises, affecting air pressure and| Fig, 10.4: Thermal expansion of gas in a balloon
causing winds and weather changes. (a) Before heating (b} After heating

Safety Hazards: Aerosols cans and gas cylinders can explode if exp @m high
temperatures because the gas inside expands beyond what ﬂﬁm stand. .

SR
Q.6: Explain the consequences of thermakexgeasid ﬁ\]ﬁ ife"
(OR) Explain how thermal ansion s\/ig E {1h al applications?
Ans. When material expa o temperature changes, it can lead 1o

air on heating

structural, mechanica i consequences. Thermal expansios & commondy

O




used in our daﬂy_ﬁfe such as: ,?1 ( i Lf{'\
1. Thermometers: ARy -*L‘“
o b e

In thermometers, thf:nnal expaﬁm,n, ips in the measurement of

temperature. —, \) M
2. (Gapes in railwa L«N\s} R\S\l‘ﬁ N

Steel trac pand on hot day. Without room to expand, the tracks may
bend or twlﬂhﬁenomﬂnﬂn called "Sun kinks" which can cause train derailments. Small
gaps are left between railway tracks to allow them to expand in summer, preventing them
from bending. (Fig. 10.5-a)
3. Bridges:

Bridges have small gaps called expansion joints that allow them to expand in hot
weather and contract in cold weather without breaking. (Fig. 10.5-b)
4. Metal Lids on Jars:

When a metal lid is stuck on a glass jar, running warm water, over it makes the lid
expand slightly, making it easier to open.

2 mn gaps in railway tracks (b) Expansion joints in bridges

N : :

5. Gas r;%ﬁﬁers (like aerosols or propane tanks).

Gases expand significantly when heated. If containers are exposed to heat (like
being left in the Sun) pressure can build up inside and causes explosions. Labels advice
users to store these containers away from heat, and pressure relief valves are often
included.
6. Pipes and Plumbing:

Water pipes can expand and contract, especially with hot water. This may lead to
pipe bursts or joint leaks if not properly accounted for. Flexible joints and loops are used
in piping systems to absorb movement.

7. Hol air balloon: | 3 75 -
The expansion of heated air is .
intentionally used to make the balloon 1 S j L
rise, Heating the air inside causes it to n&ld air \Y’ﬁ air
expand, reducing its density so it hfts O \f;‘!f \ e\ o= L,
neats air
the balloon. (Fig. 10.6) w\ﬁfﬂ O
Y \ en hot air baloon Is heated, air inside the balloon
o “ \\ \L e:p.md: and becomes less dense, causing the balloon to rise.




o At
; Specific Heat Capacity : @0@@@@3
0.7: Define specific heat capacily, @rijs mﬂ‘ﬂ ormula, its Si unit,

Ans. Definition: — %ﬁ
"Specific heat ‘ g

amount of heat energy needed to increase the
temperature o by 1°C (or 1K),"
Factor erial:

The energy required to heat a material depends on three factors:

I. Mass of the substance . 2. Change of temperature

3. Nature of the material,
Understanding heat absorption: Some substances absorb heat more easily than others,
ETTITIED Heating 1kg of water by 1°C requires more energy than heating 1kg of alcohol
by the same amount.
Formula: The relationship is expressed as;

Q=mc AT....... (10.4)
ere,

Q = heat energy
m = mass of the substance
AT = Change in temperature

¢ = specific heat capacity. @@Y@
Unit: The SI Unit of specific heat capacify if Vg ’“ 2
0.8: Explain specific heat cap

? i !.,@
(OR) Define the speci \ (¢ ?‘h‘f

AT ol Solids and state its S unit.

Ans. "The speci 1\capacity of solids is the amount of heat energy needed to raise
the tem : of a solid by 1°C or 1K."

Applications of different capacity:

1. High specific heat capacity:

Materials with a high specific heat capacity, such as wood and rubber require more
heat to increase their temperature, making them useful in applications like cooking
utensils and thermal insulation.

2. Low specific heat capacity:

Metals like steel and copper have low spe:'ciﬁc heat capacities. This means they are

used in; _
»  Cooking items »  Kettles
*  Radiators »  Heat engines.

fic ith special
reference to water and its effects on the envir @@m

specific hent }%’ 2

ount of heat energy needed 1o raise

0.9: Define specific heat capacity of liguids. Discuss its si%ni

Or  Explain effects of large
Ans. The specific heat capaci

®
the temperature of 1kg o “

or 1K."




Explanation: Different liquids have different specific heat cppamw on their
molecular structure and ability to store heat.

The case of water: One of the most i
high specific heat capaci %k
large amount of heat wi

water is mdel

° yxtems @  Heating systems

° Natl.lral temperature stabilizer.

Other Liguids: Other liquids, such as alcohol and mercury, have lower specific heat
capacitics, meaning they heat up and cool down more quickly than water.

Effects of large specific heat capacity of water:

On climate:

Large water bodies like oceans and lakes absorb heat during the day release it
slowly at night, preventing drastic temperature changes. This is why coastal areas have
milder climates compared to inland regions.

Since water has a specific heat capacity of 4200 Jkg-! K', while dry soil has only

810 Jkg 'K !, soil heats up five times fastér than the same mass of water under the'same
heat.

cAD

gard is water, which has a

nperature increase. Because of this property,

Asaremﬂt,l&ndtempcratu:esnsnandfa]lm qui
making seasonal temperature changes ess:}x @

Applications in tnﬂliﬂg SAFEms;
@ Water's high speci

makcs it useful for storing and transferring

Mﬂﬂgﬂﬂ the cooling system uses water to absorb and carry away

thr: heat produced during the engine operation.

o  The pump circulates water through jackets around the engine cylinders, where it

absorbs heat. (Fig 10.7)

This heated water then flows through the Fati to cogl

thermostat, which regulates its movement i

based on temperature.

o If the water is too hot, the thermostat opens,
allowing it to enter the radiator. e,

@ In the radiator, a fan draws in outside air,
which cools the water passing through it.

¢  The colled water then retumns to the engine to
absorb more heat, and this cycle is repeated.

» A pressure release cap ensures that the s

Thermonsial

remains safe by releasing excess Pressure. i\‘
property helps water Vater Eculates Cylinders
efficiently, perve i uring eyinder

smooth engin o \ Flg. !u.? Cooling system of automobile



IEE?,Z Change in State

0.10: Discuss in detail the pr "‘. Wle of a substance using the

osing energy, the K.E. of the atoms or molecules of a substance
changes can lead to change in the state of a matter. Change in states of matter occurs
when matter loses or absorhs energy.
Change in state of a substance: "“"‘"“ A

Meiti ng: !nmaﬂng ENerEy

Solid
When a substance absorbs energy, the| meta]
atoms and molecules move more rapidly and — Liquid metal
hence need more space and separation between

atoms or molecules. It may lead to turn a solid | Decreasing neTEA_

to liquid, called melting, Fig iE' 8 : Phase changes

Boiling: As more energy is absorbed the liquid particles move even faster and gain
enough separation to turn liquid into a gas known as boiling.

Condensation and -solidification: By losing epergy ulea will slow
down and hence there is less spa -. Sephrd em. It may lead to turn a
2as to liquid, called cond : known as solidification.
Intermolecular forces: rces are the strongest in solids due to least
separation and w %‘: es as the molecules are far apart as compared to liquids
and soh

kinetic molecufir,
nns Change in Stﬂﬂ \QW

e reason that the gases exhibit the greatest relative thermal expansion
whﬂf: solids have the least expansion,

047 Evaporation 4

0.11: Explain the process of evaporation, the faciors that influence its rate, and why
it leads to 3 cooling effect?

OR Define evaporation in detail_ Discuss factors which influence evaparation rate.

OR Define evaporation in detail. Also why cooling caused by evaporation?

Ans. Evaporation:

"Evaporation is a natural process by which a liquid changes into a gas at its surface
without boiling."

Explanation: It occurs at all temperatures but is faster at hxghm‘ tempera is change
oceurs at the surface of the liquid, where some nf‘ the p energj,r to
escape into the air as vapour, Evapnratmn dn qu:d to be heated,

it can occur at room lemperature

[Example 3

®  When water is 5111]] ?l r 1t gradually disappears as it turns into water
vapour.




® It helps in drying wet clothes ({‘@EE;

move more energetically, increasing the chances of them

escaping into the air as vapour.

2. Surface Area: RPPR P& o8 -
A large surface areas allows more liquid to be| © : "

exposed to the air, which speeds up evaporation. For {m:ﬂ{:;;f:m;ﬁ?;m

example, water in a wide, shallow dish will evaporate gain enough energy to escape into the

quicker than the same amount in a tall, narrow container. | s ac vapour, leading to evaporation|

3.  Air Movement (Wind Speed):
Wind or air movement helps to carry away the vapour molecules from the surface
of the liquid. This prevents saturation of the air above the liquid and allows more

molecules to evaporate. (Fig. 10.9).
SR,

4. Humidity of the surrounding air:
If the air is already full of moistize (hij it
in dry air, the Process oeenrs ﬂm ocausethe air can absorb more water vapour.

5. Nature of !hl I

®  Cooling our bodies through sweating. \ | O ?[] Ol g a |
Factors influence evaporation al ;st W <
influence how quickl ) e: ¥ o <
1. Temperalurg: b R Paow
T J]tgmpemmre, the faster evaporation hqf“ 2 Ef E: 2 ra
oceurs. heat is added, the molecules in the liquid 2 3 2 T

Differ ] at different rates based on their molecular structure. For
instance, evaporates faster than water because its molecules require less energy
to escape nto the air.

6. Pressure:

Lower atmospheric pressure can enhance evaporation since there is less force
pushing down on the liquid surface, making it easier for molecules to escape.
Cooling Caused by Evaporation: During evaporation, the molecules that evaporate take
away heat from the remaining liquid. This process cools the liquid down because the
higher energy molecules leave, leaving behind cooler molecules.

Example

e  When we sweat, the sweat on our skin Evaporation causes cooling
evaporates, taking heat a way from our
body and making us feel cooler. Medium enerry

e  Wet clothes dry faster on a hot :%{ srsplany

|

High snerpy muolsculey
evapotating

} Lewpe ormmegy rroieeuleg

because water evaporates qujc ke hord
cooling the cIntheEi i ,\'{L

{ : .10.10: High-energy molecules escape from the
This cooling eff ation | liquid surface as vapour, leaving behind

lower-energy particles

IS important i
B




helping to regulate temperatures and keq; things ¢ @D}

ool. (Fig.
0.12: Write down a note on Refrigeratigy sy W&Iunmcamﬂnswml.
OR  Explain the working pf a il mﬁ@m ithout Chiorofluorocarbons(CFCs).
Also write the ty Yré{;l § used, and the environmental benefiis
of this te ¥ |

Ans. Defi modern Refrigerants; A CFC free refrigerator is an appliance
designed to provide cooling without using ozone depleting substances, Instead of
traditional CFCs (like Feron), these units use "natural refrigerants” such as isobutane and
propane. These substances occur naturally m gas and do not contain the chiorine or
fluorine atoms responsible for attacking the ozone layer,

-----------------

low presura
%

Liquid iy

Haat
release

High temperature -
high presure

Fig. 10.11: Block diagram of refrigerator
The Refrigeration Cycle: In modern refrigeration systems, the cooling effect caused by
evaporation plays an important role in lowering temperatures without relying on harmful
CFCs, (Chlorofluorocarbons.) ‘
These systems use .7l onmentally friendly refrigerant that evaporate at low
temperatures inside the cooling coils,
As the refrigerant evaporates, it absorbs a large amount of heat from the
surrounding area (such as inside a refrigerator), causing th p.

P
®  This absorbed heat is then carried away asthe vs YOLLF 38" and condensed
“ *; 0.11)

This cycle of evapo




Q.13: Explain the nnncapt of latent heaf in, -tﬁﬂ,}, A\

OR Define latent heat. ﬁﬂ; pes.
OR Write a def "FFW 5lan’t‘*l‘umt of fusion.
Ans. Latnnfi!h_a

"Latent heat is the heat energy required to change the state of a substance without
changing its temperature.”

This heat is used to break or form bonds between particles instead of increasing
their movement.
Latent Heat of Fusion: "Latent heat of fusion is the heat energy required to convert lkg of
a solid into a liquid at its melting point while keeping the temperature constant.”
Explanation: When a solid melts into a liquid, it absorbs heat without rise in temperature.
This heat is used to break the strong bonds between solid particles, allowing them to
move more freely as a liquid. The temperature remains constant until the entire solid has
melted.
Formula: The latent heat of fusion is calculated using the formula:

s Q =mL;. & If.-’-.\ l@\hp\h
AR
L, = Lazc.nt heat offusmn [\ﬂ 1\ 5\5 \ \— \J
m = Mass \) U‘
Elﬂmnll l Fﬁs heat but remains at 0°C until it completely melts into water.

heat of fusion of ice is 3.36 x 105 Jkg-1, meaning 3.36 x 105 joules of
heat is m:eded to melt 1kg of ice into water at 0°C.
Experiment 1:

This involves placing small ice pieces in a
beaker over a stand, suspending a thermometer to
measure temperature. Heating the beaker causes
the ice to melt, keeping the mixture at 0 °C until
all ice melts. Note the time taken for complete
melting. Further heating causes water
temperature to rise from 0 °C to 100 °C. Record

the time for this increase. Plot a temperature-time L PSR, mhm, __,f’
graph (Fig. 10.12) and calculate the latent heat of mu.Tempemm- ) 25 ice changes

fusion of ice using collected data. ting
0.14: Write a detail note on latent Mﬁm f,\‘(im'm N [

OR Explain the conceptaf  of vapourization in detail

Ans. "Latent hr.at 0 :ﬁ"ﬁ iihh"—i%“thc heat energy needed to change lkg of a liquid

into gas at fit without changing the temperature.”
Explanation: When a |Iql.lld changes into gas, it absorbs heat, but its temperature remains

Water boils

Temperature {*C) —¥

8 8o BE 2 BB




constant until the entire liquid has evaporated. This heat “ﬁ”sﬁiktﬂfﬁ‘ﬁ_ﬁdk il‘;bt}ﬂds

‘gl ]

between liquid molecules, allowing them to gsca 265 ?('Z?:.lf'- A,
Formula: The latent heat of ‘*’ﬂpOUfigklti,g,‘rn’%,ﬁsj'\:&is}g\i ,c!hﬁ ‘E.} s

Q ‘=mlLy...... o600\ YL\
Where K N

#\ '|III'|II -,I'*I.I 'I.II I'l. II'.I'-,_I-" =
Ly = Latent héat\o Vapaurization.
= A [ [\ O
Q ‘Aﬁ"mﬁ lenergy.
m = Mass of the substance
Example: The latent heat of vapourization of water is 2.26x 106 Jkg='. This means
2.26 = 109 J of heat energy is needed to. convert kg of water into steam at 100°C,
Table 10.2: Melting point, boiling point, latent hear of fusion, and latent heat of

vapourizatian of some common substances are-

Heat of fusion
{(J kg1)

Substance | Heat of » apourization

Melting point
(°C)

Boiling point
°C)

{ql I\‘.E 1)

Aluminium 660 2250) 39.7
Copper 1083 2595 205.0 4810
Gold 1063 2660 64.0 1580
Helium -270 -269 55_ &l QWA
Lead 327 1750 ~ |1\ OO [CSP° 558
Mercury 39 4 A7\\(C\Ear7 D 270
Nitrogen 210 T\ | e > 25.5 200

=TT I"-,Ii'llll‘-"l"' —
Oxygen | BRI\ 183 13.8 210
Water NV 100 336.0 2260
Experiments 2:

At the end of experiment 1. the beaker contains boiling water. Continue heating
water until 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.

120
I Water boils /
1oa L)
® :
o Water and steam :
£ 6o :
ko (1
,E % :
| =4 —_ ¥
- — s .'-”:'.r;n-" \ :
G\ @MY
lE 9 "|-F - r_‘: "'\‘:‘ '::-'\: 2 'l."l"'\-_:';‘vr :
A ' i : 2.0 '
2ol/+18  Water and ice : 2 g \f"‘n \ 1"'.," M\ B s '
: : : WWaialfau\eom SN’ :
BT TP AR TN ke S e -5 e R Bl e o Bl M B G D L R e 2T

o 2 4§ g\ ‘.Hﬁz._iil-\ UMW BeNES™ 28 - 20 2y 20 WM B
Fig. 10.13: Temperat g&t&ﬂ raph asiice changes into water and water into steam on heating
Enengrﬂlfiﬁd'he lure-time graph as shown in Fig, 10.13. Calculate the latent heat of

NN A fusion of ice from the data.




10.6

Q.15: Discuss the phenomenon of My&q uctiy h' ' J key pruperties and its
impact on modern Mﬁq]@ NI\
OR Explain cond mﬁm does superconductivity work?
Ans. "Superchﬂ&il “\ﬂty is the phenomenon in which certain materials completely lose
their electrical resistance and do not allow magnetic fields to pass through them when
cooled below a critical temperature.”
Result: As a result, electrical current can flow through a superconducting material
without any loss of energy.
Working:
Zero electrical resistance:
Since, there are no collisions, electric current
Superconductor

flows without facing any resistance as
superconductors have zero electrical resistance '
Explanation: The variation of electrical resistivity —p—

Electrical resistivity

with temperature for a super conductor and a normal \S\lﬁ
f:x‘* L\f:' dJ'
metal. The resistivity of a super conductor dmps t 4[] e - -
zero below the critical temperature {Tg‘)‘, m&\g W“ﬂé ol Variatlmgfmmm{ )
normal metal shows a grad resistivity with temperature fora
Materials that show sumr superconductor and a normal metal
Some § ‘céramics bmmc superconductors at extremely low temperature.

1. Mercury — Becomes superconducting below 4.2K.
2. Lead — Becomes superconducting below 7.2 K.
3. High — temperature superconductors (ceramics) work at higher temperatures, such

as 135°C.
Uses of super conductors: Superconductors are used in advanced technologies including:
1. MRI Machines: To generate strong magnetic fields for medical imaging.
2. Maglev Trains: Use of superconductors to float the train above tracks, reducing
friction.
3. Particle Accelerators: Hélp scientists study fundamental particles.
Superconductors are important for future technologies, making electrical systems
more efficient and powerful.

= ‘vc;e; 'ﬁﬁ(\f:'r(:“"m i
1. Why llm metal feel colder than ufdp *ﬁghﬁ \E@p\aj 1t they are both at the

same temperature? O\~ 1 "‘i\ LN
Ans. Metal is a mnductf)\ v(ésod }s :irhnsulatnr The metal conducts the heat away from
out hands, mqu}ibé* nnf conduct the heat away from our hands as well as the metal.

so the wood fcef&warm:r than the metal.
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1. Why should we not fill a botﬁg of! m ﬁ ( hﬁiﬁ freezing?

Ans. Liquids do not have afi xﬁ shﬁhé;’kﬁ g.zxp'an more freely than solids. That is
why we should-n qbt\ \hﬁ;ttl:»hf“wﬁfer to the top before freezing because it might
crack. RS

2. H? %’aporannn from our skin help regulate body temperature?

Ans. E puratmn from our skin takes away body heat, keeping us cool. That is our
body's natural way of managing temperature and make a person comfortable.

3. How do modern refrigerators cool without using harmful CFCs?

Ans. Refrigerators use an amazing trick they cool by letting special liquids evaporate
inside coils. No harmful CFCs needed today, modern coolants are more eco
friendly.

4. Why does the temperature not rise when energy is used to break bonds during
a phase chnng:"

Ans. When ice melts or water boils, energy is working hard behind the scenes to break
bonds between molecules but the thermometer does not show any rise in

temperature.
gt -0 i

AMEO
I. Why ﬂﬂ not train tracks hueﬂeﬁ\ﬁ%ﬁb}qt o in summer even though the
metal is the samg x

Ans. Train tracks bu \v@{.@{) aiise mctal expands when hot and can't move and
creatin —
lr\\ﬁﬁ\%j‘ mnlmcts but gaps in the tracks absorb the shrinkage, so they don't
e

If evaporation produces cooling, why does not boiling water feel cold?

&u. Boiling water does not feel cooled because it is already very hot. Even though
evaporation cools the surface, the water's temperature (around 100°C) is much
higher than your skin, so it still feels hot,

3. Why do superconductors need extreme cold temperature to work?

Ans. Superconductors need extreme cold because at low temperatures, atoms in the
material barely vibrate, letting electrons move, without resistance. At higher
temperatures vibrations block this, so superconductivity stops.

180°C. Caliculate its coefficient of lﬁur g ; } (O
Sol: The fonnulaforlm:arexpamtﬂﬂ? wu m }h(
". Ve |,I n &T
Gl\"'cﬂthat’ -. '.I-.I\'.-,Ll\,l.ll_.l,.n—'

m i tgilehgth = 1.5 m

hange in length = 0.025




To find: a = Coefficient of linear expansion =
AT = Change in temperature = 180 °C - .3'3' °;: = 15&*{2 ot mm v
Using the formula: g | ‘dr. ?‘k‘.JLL FL:- ciT : :
Substituting the values O\ \~="
o= 0.025 /| hﬁmi W

d¢'{*2d25§ = 1.11 x 10~ K~ Ans.

[EBHow much heat is required to melt 600 g of ice at 0°C into water at 0°C?
Latent heat of fusion of ice is 336 J g-1.

Sol: The formula to calculate the heat required for m:ltmg of ice is:

Given that; Q=mx ke

Mass of ice m =600 g
Latent heat of fusion of ice Lr=336J g-!
To find; Heat required Q =7

using the formula Q =mxL¢
Substituting the values Q =600 g x 336 J g-!
Q =201 600 5 2 il
or Q =201.6 k-l 2.4 *."".. e eV fi { II'I\;:_:J;J_ II".J,:,l'-.I:_:.'.';"k':". s
FOR YOUR INFORMATION Vv x (0 WSS B

Metal heats up q’u\dﬁfy dug mil"é‘ fow specific heat capacity,

Ak

J
while wood| ptaysﬁmlmai bccausf: of its higher specific heat capacity.

Mu!hph Choice Cfm* lions p r[un d in the lig ight of new E‘-EH'II.HGEIIJII T\rhmqlu
[Hnnwledge Undersﬁndang npplncatsnn nnaiyhral & Conceptual)

1. What happens to the kinetic energy of particles when a substance is heated?
(a) It decreases (b) It increases (c) It stays the same(d) It disappears
2. The phenomenon where a material duream in size’ due tﬁrnmlilﬂ s called:

(a) Thermal expansion O A\BY *Thqrmal eontraction

(c) Linear expansiom, ~WVZG ftf)« \)’ﬂlunfctnc expansion
3. Inthe formula L = l‘.‘“‘ L + u‘.riT T, what does represent?

(a) Ori nal Feq#tu A (b) Change in length

(c) C’ tent of linear expansion (d) Final temperature
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1.

12.

13.

14.

15.

16.

17.

Which of these substances has the I:igl:ut cnefﬁcient\ul' Pﬁiﬁfﬁhansmn (ox)?

(a) Aluminium (b) Steel o {{J:}-’ ,Jv (d) Glass (Pyrex)
Why do railway tracks hm g* i{)gﬁ hem"
(a) To save 5leei \_, a x %\u ) To na:ducc noise

(¢) Toallow fi fﬂ f;m.Jn summer (d) To allow for contraction in summer
"Sunwlr& ifway tracks are caused by:

(a)\EXtréme cold

(b) Lack of space for thermal expansion

(¢) Low kinetic energy (d) Excessive moisture

If a solid expands in length upon heating, it is specifically called.

(@) Linear thermal expansion (b) Volume thermal expansion

(c) Area expansion (d) Kinetic cxpansmn

Why do liquids expand more freely than solids.

(a) They have higher density (b) They do not have a fixed shape

(c) They have lower temperature (d) Their atoms are in a tight, regular pattern

The formula for volume thermal expansion is:
() AL=a L, AT (b) AV=BVo AT (c) 0=mecAT (d) /3( constant/T
Charle's Law states that the vnlum: efn gas is d [{qu al to its:

e

(a) Pressure ?

(¢) Temperature (at cnnst&nﬁ[‘p W ;

Which device cy} s on in a narrow tube to measure
temperature"

{a} \Eﬂ Radlamr (c) Aecrosol can (d) Expansianjuint

Wh ot air balloons rise?

(a) Theair inside become denser
(b) The air inside expands and becomes less dense

(¢) The air inside gains more mass (d) Gravity pushes them upward
When atoms in a solid vibrate with a larger amplitude, it results in;

(a) Superconductivity (b) Contraction

(¢) Expansion (d) Lower kinetic energy
What is the SI Unit for the coefficient of linear expansion (a)?

(a) Jkg! Kod (b) m/s g) =t (d) °C

10.2 Specilic Heat Capacity
Specific heat capacity is defined as the energy needed to r:me the temperature

of: N 1,_||J. E\l'kll'

(a) 1 kg of a substance by 100°C _ "~ {bh %\({J s@bﬁﬁnﬁ“’hy I °C (or 1K)
(¢) Any massofa guhstancc \ (T ‘n\{[iij \ ﬁf'a substance by 10°C
What is the SI u g i‘]ﬁldfy"'

(a) K- a\t’h (c) Jkg! K- (d) kg/)

Thes tq ll}' fn water is approximately:

(a) RINIKE K- (b) 4200 J kg K-!




18.

19.

20,

21.

22.

23.

24,

25.
26.

27.

28.

29,

—_— ——

(¢) 150 ) kg ' K-! {d] 111 @Wﬁ?‘
Which substance would heal upﬁ \3@1" 4 f ,ﬁmgie same amount of
heat? L))

(a) Water (high s b) Met&l (Low specific heat)

(c) Alcohol L\ L) {d} Dry Soil

Thew @ered to heat a material depends on mass, temperature change,
and: "

(a) Volume (b) Color (¢) Nature of the material (d) Shape
In an automobile cooling system, what is the primary role of the radiator?

(a) To heat the water

(b) To cool the water passing through it using a {an

(¢) To Pump the fuel (d) To store the oil

Coastal areas have milder climates than inland regions because.

(a) Water reflects all sunlight

(b) Water absorbs heat during the day and releases it slma.fl'».rr at night.

(¢) Dry soil holds more heat than water (d) Oceans have no specific heat capacity
Why does metal feel colder than wood when both are at the same

temperature? (@ @M

(a) Meral is at a lower temperatu%{x l Eg: ﬂaguﬁ

(b) Metal conducts

(c) Wood isabe (‘EI'} ‘Metal has a higher specific heat capacity
Materials I‘vé\' ¢ heat capacity are useful for:

(a) wm / cooling (b) Thermal insulation and heat storage
(c) Making thermometers ' (d) Creating "Sun kinks"

Which component in a car engine regulates water movement based on
temperhture? ~

(a) The fan (b) The cylinder

(c) The thermostat - (d) The pressure release cap.

1 10.3 Change in State

The process of a liquid turning into a solid is known as:
(a) Melting (b) Solidification (c) Boiling (d) Condensation
Intermolecular forces are strongest in which state?

(a) Gas (b) Liquid (c) Solid (d) Plasma

Evaporation occurs at which part of a liquid?
(a) The bottom . (b) Th \ @ @ﬁ
(¢) The surface x{iﬁz ot the entire liquid
When a substance) M ‘afiquid, it is called:
(a) Condcnsmg $ mlaé\ (¢) Melting (d) Freezing
i require a liquid to reach its boiling point?
(a) §c it c:-n!y happens at high heat. (b) No. it can occur at room temperature




3L

32.

33.

34.

35.

37.

(c) Yes, it requires the entire liquid to be ht:atcd e\~ ﬁ"}f‘fa
(d) No, it only happcns when the liquid- 's reez RUTZAB S =

=
o Vo~

Evaporation is ﬂn al process that occurs:
(a) Onl \fﬁ{rﬂ Ii.thd reaches its boiling point

(b) AV Em temperatures, involving molecules at the surface.

(¢) Only in direct sunlight (d) Only when the air is 100% humid.
Which of the following would decrease the rate of evaporation?

(a) Increase the surface area of the liquid.

(b) Increasing the wind speed over the surface.

(¢) Increasing the temperature of the liquid

(d) Increasing the humidity of the surrounding air

The cooling effect of evaporation occurs because:

(a) The liquid absorbs "cold" from the environment

(b) High - energy molecules escape, leaving lower -energy molecules behind
(c) The process of boiling releases heat into the liquid

(d) Pressure increases on the surface of the liquid

In a modern refrigerator, cooling is achieved E{d*@_\p@;ﬁw
(a) Circulating ice through %\ﬂz SR
(b) The evaporati ?’.\ﬁa %&‘L mperatures.

(c) Using harrl\ 1 to\ freeze the air

(d) ﬁfqm ut nf the freezer compartment.

The heat energy required to change a substance's state without changing its
temperature is:

(a) Specific heat capacity (b) Thermal expansion

(¢) Latent Heat (d) Critical temperature

Latent heat of vaporization is specifically the energy needed to change:

(a) 1 kg of solid to liquid at its melting point

(b) 1 kg of liquid to gas at its boiling point.

(¢) 1 kg of gas to liquid by cooling it. (d) Any amount of water to steam at 0°C.
Which substance has the highest melting point?

(a) Aluminum (660°C) (b) Gold {1063 °C) A\

(c) Copper (1083 °C) (d) Lead<(3270 O (C DM

During the melting of ice at 0°Ccthe heariénerey SRbSHed s wsed to:

(a) Bread the slropg*’uor}dﬁ-hﬂﬁﬁcn@séhﬁ particles

(b) Increase the te;ﬂ}rérémkd bfphé‘ ice to 100°C.

(c) [ @lquﬁéﬁé energy of the atoms.

(d) ¢ te‘a vaccum within the beaker.




39.

40.

41.

42.

43.

44,
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8.

15.
22.
29.
36.
43.

The value of the latent heat of fusion for water is: AG\ (0 m* T
(a) 2260 J/kg. ~ (6) 42007 Ncg Ko o™
(c) 336 /gor3.36x 1051 /kg\\ ~7\/ (d)x’LQ Y\os /kg

Super cunduﬁgﬁ ¥ lis '@ state where a material has:
(a) lnfﬁitﬁ eléetrical resistance.

(b) Zero electrical resistance and no energy loss.

(c) High resistance when cooled to room temperature.

(d) The ability to expand indefinitely.

At what temperature does. Lead become a superconductor?

(a) Below4.2K (b) Below7.2K  (c) At135°C (d) At0°C
Which of the following is a modern use of superconductors?
(a) Mercury thermometers (b) Car radiator cooling systems

(c) MRI machines for medical imaging (d) Steam engine pistons.
As a normal metal is cooled, its electrical resistively:
(a) Drops to zero at the critical temperature. (b) Increases significantly

(c) Shows a graduate decrease (d) Becomes 1ndgpendenl it of temperature
In the kinetic molecular model, the ltrn ﬁﬂé&\nh"‘found in:
(a) Solids (b) Liquids ﬁ“ \ W\ |' U“’td} Superconductors

The reason gases exhibit the gm§ { rm&l expansion is because.
(a) Their malccules mq& {b} They have fixed shapes.

() Their moleruies apart with weak forces.

(d) Theylfose’ ncuc energy when heated.

(b) » M ) D SR () & (@8 5 () 6. (b) T A)
(b) 9. (b) 10. (c) 1. '(8): 1L (b) 13, () 14. (¢)
(b) 16. (c) 17. (b) 18. (b) 19. (¢) 20. (b) 21. (b)
(b) 23. (b) 24. (c) 25. (b) 26. (c) 27.- (c) 28. (c)
(b) 30. (b) 31. d) 32. (b) 33. (b) 3M4. (c) 35. (b)
(c) 37. (a) 38. (¢) 39. (b) 40. (b) 41. (c) 42. (c)
(a) 44. (c)
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1.

Short Answer Questions It LD yred in the hqh! of new Examination Tec hniques
[Knuwledge Understandmg Apnllcmmn, Anaiytical & Conceptual)

Define thermnlsﬂml sion'“ x:

Ans. Thermal exj O

’Thennai[expansmn is the increase in the length, area, or volume of a substance




when its temperature rises because its part:cles fgﬁiﬁs é)ﬁ:%#ead out."
‘2. What is thermal enntractioql

AL &L‘f
2 size of a substance when it is
cooled, as the partictesdos energy-dnd move closer together."

3 What is e
Nﬂﬁgﬁtﬁ&&siﬁn "It is the r:hange: in the length of a solid when it is heated." The

fﬁ#n'mals
AL=a L; AT.

4.  Define the coefficient of linear expansion (0)?

Ans. Coefficient of linear expansion («):
"It is the fractional change in length per degree change in temperature".

Unit: Its ST unit is K™ :

S. What is the relationship between the coefficient of lincar expansion (o) and
volume expansion (J3)

Ans. The coefficient of volume expansion is approximately three times the linear

. expansion coefficient (B =3 a)

6. Why do liquids expand more than solids?

Ans. Unlike solids, liquids do not have a fixed shape and r:lr ﬁ%s are less tightly
bound, allowing them to expand fi l}-' in a

7.  Differentiate between a uf a Ilquul"

Ans, Real :xpansm gx%&\ _/ﬁ: Iﬁe liquid, while apparent expansion is
what we ob %{T n't account for the expansion of the container.

Fnrmula Apparent + Expansion of

Expansion Flask

8. Stnte Charle's Law?

Ans. Charle's Law states that: "The volume of a gas is directly proportional to its
absolute temperature provided the pressure remains constant".

Formula:
VaT
V =(constant) T
N
T = constant

9. Why are aerosol cans dangerous when exposed to heat?
Ans. Heating causes the gas inside to expand rapidly, increasing pressure beyond what

the container can with stand, leading to an explosion. \S\ 0

10. Why are small gaps left between railwa @C) 4

Ans. Gaps allow the steel rails LQ(I# . Without them, the tracks
would bend or sy 1 ?{g\@ﬁ 85, -

11. How does a Ilﬂfﬂnk t on-rises?

Ans. Heati 0 W} 1hs:fie the balloon causes it to expand and become less dense than
the tool air outside, creating lift.




12.
Ans.

Unit:

13.
Ans.

4.

Ans.

15.
Ans.

16.
Ans.

17.

Ans.

18,

Define specific heat capacity?, [“}1 . "{; WAL N

Specific heat cap’ap; J'; :‘ agjuurrf of heat energy needed to raise the
temperature Of llf.g!p “%V “c;?By 12C (or 1K)"

Its umf *’“* =
List ctnrs that the energy required to heat a material depends on?
The factors that the energy required to heat a material depends on:
(i) Mass of the substance (m). (ii)) Change in temperature (AT).
(ifi) Nature of the material (specific heat ¢).
Why is water used in automobile cooling systems?
Water has a very high specific heat capacity (4200 Jkg ' K-'), allowing it to absorb
a large amount of heat from the engines with only a small rise in its own
temperature.
Why do coastal areas have milder climates than inland regions?
Large water bodies (oceans) absorb heat slowly during the day and release it slowly
at night, preventing drastic temperature changes in nearby land.

10.3

How does energy nhsorpho or @S ;S\ 932::3,1 tate o matter?

Absorbing cncrg.}', s¢:paraf.n:-n1 causing melting
or bmlmg losing %{‘ﬂs molecules down, leading to condensation or
sulldlﬂ N J] \,u

Whyﬂ exhlblt the greatest thermal expansion compared to solids?
Intermolecular forces are weakest in gases because molecules are far apart,
allowing them to expand more freely than in solids where forces are strongest.

0 Al

Define evaporation?

Ans, Evaporation: "Evaporation is a natural process by which a liquid changes into a

19.
Ans.

20.

Ans.

21.
Ans.

22,

gas at its surface without boiling

Why does evaporation cause cooling?

Higher energy molecules leave the liquid surface, leaving behind lower - encrgy
(cooler) molecules, which drops the temperature of the remammg liquid.

How does surface area affect evaporation?

A larger surface area allows more liquid to be E‘ipﬂSEd Lo I‘.he ;m;\\?h_:ch speeds up
the rate of evaporation, N { \1, A

What is the effect of hu mldqqf uﬁ-’\the: }px k'a{a,ppraﬁﬁ

High humidity s!m”\lqlw &i}bmm eciise the air is already full of moisture,
dryalrspce su ﬁ \ u 0

How di ting’ elp manage body temperature?

Ans. Sweatlev: porate'i from the skin, taking away body heat and cooling us down.
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23. Huw do modern refrigerators cool without CFCs'?
Ang, They uss environmentally fricndly rcfngemm;@ .

inside cooling coils, abﬁdrb:nghmi fr&m the Surrounding area.
\ It
YR

N

24, What St hnt'?

Ans. "It is the heat energy required to change the
its temperature.”

25. Define latent heat of fusion (Lg)?

Ans. "It is the heat energy required to convert 1kg ofas
point while keeping the temperature constant.”

26. What is the latent heat of vaporization (Hy)?

Ans. "It is the heat energy needed to change lkg of a liquid into gas at its boiling point
without changing the temperature.

27. Why does temperature remain constant during a change of state?

Ans. The heat energy is used to break or form bonds between particles instead of
increasing their Kinetic energy (temperature).

10.6
28. What is supereundugﬂﬂtf’ &e
Ans. It is a property nf glﬁ‘ ﬁ”ﬂu:y have zero electrical resistance when
cooled b-el |¢‘~ I temperature”.
29. Name inntenals that exhibit superconductivity and their temperatures?
Ans. Mercury : Becomes superconductivity below 4.2 K.
Lead : Becomes superconductivity below 7.2 K.
30. What are two practical uses of super conductors?
Ans. MRI machines: To generate strong magnetic fields for medical imaging.
Magler Trains: To float the train above tracks, reducing friction.

Exercise Ouestfons (Solved)

e |
10.1 When the temperature of a rod of copper is increased, its length:
(a) remains the same (b) increases
(c) decreases (d) becomes dm.lhle
10.2 The amount by which unit Iengt of m,atéil'tui xuvc
temperature is rllsed to l'“'{“,‘qA édpfﬁpient oft
(a) cubic cxpansmti‘n \c I; £ -k Jéb} “volume expansion
(¢) linear r:xpans A\ L (d) none of these

1I

- (C
>e a low lemperatures

state of a substance without changing

olid into a liquid at its melting

F oy ":-'f’-llujl\l
LL}E_?@J. \

o
W

p!:asé’s when the

"-.I -'l. .

-. _..--

10.3 What dpﬂi u‘Hurn Illtﬂ once it is evaporated?
(a) Gas - (b) Water vapours
(c) Air (d) Both (a) and (b)




10.4 Which property determines how much heat a soliC cah 2Daauds BEIEEE T2
temperature changes significantly? _ - \[[2) CONLY
(a) Density (b) Specific heat pa/p}(?' ’taj;@ippi;‘i~"“ ‘(fi] Hardness

10.5 High-tempernture,mmogd_u@ti@ﬂ@j ‘involve which type of material?
(a) Pure metals 'il"uh H}'x 1\ EI};UN—\"' (b) Organic compounds
(c) Ceramies /o)~ (d) Liquid crystals

Answers SN
101 (b) 102 (c) 103 (d) 104 (b) 105 (c)

iiiii SEERIRsERES NS

| B. Short Answer Questions

10.1 What factors influence the thermal expansion of solids?

Ans. The thermal expansion of a solid depends on three primary factors.
I. Original length / volume 2. Change in temperature
3. Nature of the material

10.2 What is latent heat of fusion?

Ans. "Latent hat of fusion is the amount of heat energy required to change a unit mass of
a substance from a solid state to a liquid state at its melting point, without any
change in temperature.”

It is mathematically expressed as. Q=mLr. e
Where Q is the heat absorbed, m is the mass, L is ! J"sﬁégg'lé : i;é}lisiun.

10.3 How do different materials qaﬁili;t M : nsion behaviours?
Ans. Different materials have diffe Eqﬁ yeffi of thermal expansion, leading to
varying degrees of %&&ﬁ:@h Rentraction for the same temperature change.

10.4 How doe bﬁw ibute to cooling processes in everyday life?

Ans. Evapofation'causes cooling because the most energetic molecules leave the liquid
as gas, taking their kinetic energy with then and leaving the remaining liquid
cooler.

Sweating: When sweat evaporates from the skin, it absorbs heat from the body,
helping us cool down.

Earthen pots: Water in clay pot stays cool because water seeps through tiny pores
and evaporates from the outer surface, removing heat from the water inside.

10.5 What is latent heat of vapourization, and how is it calculated?

Ans. "Latent heat of vapourization is the heat absorbed by a unit mass of a liquid at its
boiling to convert it into gas without a temperature increase.”

It is calculated using the formula Q = mHy,.
Where, Q is the total heat energy absorbed, m is the mass, and Hy is the specific
latent heat of vapourization.

[ C. Constructed Response Questions RSN ANEOII
10.1 Why do bridges need “P'«“f‘ﬂ@iﬁii?t‘"-ﬁ)‘if g!ﬁq“l"ﬁﬁi‘ with metal lids do not,
even though bothﬁtp;_ljgn' Jm\"ﬁé changes? Discuss in terms of the
nature of lhenn_:alfqiiﬂﬂidﬁ_j SO

Ans. Bridge \ﬂﬂrib&ﬁinﬁﬁ;ﬁﬂjoints because they are very long, so even small

tempefiture changes cause large expansion, which can create stress and damage if




b e—
not allowed to move. = .r*-l:’ﬁ
Glass jars with metal lids are small, 50 their & _ m';k“ﬁcplkkw‘\a\hd does not
produce harmful stress, Also, “eXpa x;:}s__ \h)I?: s than metal, making the
effect negligible. ‘% \e; ﬁﬁ\ p\‘b,,.“-::i* PR

10.2 Why does a liguid/eva \k taster when the air is dry?

Ans. In dry }(fé&h midity), there is a lower concentration of water molecules in the
surrounding gas. This means there are fewer molecules “returning” to the liquid
phase (condensation). allowing a higher "net” rate of molecules to escape into the
air.

10.3 When a piece of ice melts, the temperature does not increase even though heat
is supplied. Where does the energy g£0, and why is this important in phase
change?

Ans. When ice melts, the heal supplied is used as latent heat of fusion, not to raise
temperature. :
This energy goes into breaking the intermolecular bonds that hold water molecules
in the solid (ice) structure, allowing them to move freely as a liquid.

This is important because temperature remains constant during a phase change the
energy changes the state of matter. not the speed (kinetic energy) of the molecules.

‘10.4 Why do electric transmission wires sag in summer and tighten in winter?

Ans. Electric transmission wires sag in summer due to_the &(&;@’@% tighten in
winter due to ‘he"“f_l_“‘{['_tﬁ?ﬂ aafed (r\\i@m s
l D.Comprehensive Cuestions \l 95 ~
10.1 How does t [ ?_ H‘ﬁ. i differ between solids, liquids, and gases? Provide
examp rafe these differences.
Ans. Thermal expansion differs in amount and behavior for solids, liquids, and gases
because of how closely their particles are packed.
Solids: e Particles are tightly packed and only vibrate.
e = Expansion is small
Example: A metal rod becomes slightly longer when heated.
Liquids: e  Particles are less tightly packed.
e  Expansion is greater than solids.
Example: Mercury or alcohol rises in a thermometer when heated.
Gases: o Particles are far apart and move freely
e Expansion is very large.
" Example: Air in a balloon expands when heated. making the balloon bigger.
10.2 What are some practical consequences of thermal expansion ri(gﬁ.reryda}' life,
such as in construction materials or household a O\\E\ \
RO

Ans. Thermal expansion affects en inegring,. ﬂ (=

Construction: Bridges are built }lr?k. _ aps) to prevent the structure
from buckling or é?:c)%g:ﬁ !’T\&lﬂ, concrete expands in heat.

Household A phfnqgﬂ ”B altic strips (made of two different metals) are used in
therngps Ats and ¢lectric irons. They bend when heated, acting as a switch to
regulate temperature.




10.3 What is latent heat, and why is it i:i:lportnnt in phase mpﬂ \!@ melting

and vaporization? i\ﬁvd N2

Ans. Latent heat: ﬂ_\ \j\fﬁ L
"Latent heat is the a ﬁé\u or relcased by a substance during a
change of state {gphcf 131 as} without any change in temperature.

Why it is im _{Ilt

e During ing, Iatenl heat (fusion) is used to break intermolecular bonds. So a

. solid becomes a liquid.
e During vaporization, latent heat is used to separate molecules completely so a
liquid becomes a gas.
e The temperature remains constant because the energy changes the state, not the
kinetic energy of particles.
Importance: Latent heat explains why:
e Ice stays at 0°C while melting.
e  Water stays at 100°C while boiling.
e  Phase changes require energy even when temperature does not rise.
10.4 Why do solids, liquids, and gases expand when heated? Explain with examples.
Ans. Solids, liquids, and gases expand when heated because their part:::lcs in energy

and move more.
Solids: e  Heating increases wbratmrtpf St é&%ﬁmns

e  This causes hght n particles.
Example: Rallway tmcks o n hot days.
Liquids: e f:s more freedom to move

nove fanhcr apart, so volume increases.

Example: Me\l’tur}r or alcohol rises in a thermometer when heated.

Gases: o  Heating greatly increases speed of particles.

e Particles move much further apart, causing large expansion.,

Example: Air in a balloon expands when warmed.

Conclusion:

All states expand on heating because particle motion increases, but gases expand
the most, liquids more than solids, and solids the least.

10.5 If we have an equal amount of water in a wide, shallow dish and a tall, narrow
container kept at the same temperature, in which container will evaporation
occur faster? Explain the reason scientifically.

Ans. Evaporation will occur faster in the wide, shallow dish.

Scientific reason:
Evaporatlun is a surface phenomenon. In wlde, sha,{qn( ﬁquacc are of
ﬁiaﬁ'gh en

water is exposcd to air, so more wam-rm eﬁu ﬁcﬁ’ ergy to escape
into the air at the same \ '

In a tall narrow con %{Iﬁ : area is smallcr, so fewer molecules
can evaporate. \ ‘\
Conclusion: .. TRVAS R J oL

Greater ¢ pused surface area faster evaporation.
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I . Numerical Problems fn, ( f[j)ﬁu-u

10.1 A metal rod of length 1 m p)gz\q-{ ;.L Creni 20°C to
120°C. Calcu Iatﬂ qiﬂg@jﬁ H’ipanslon

Given:

Initi @ﬂrdé\ EL = L =Ilm
Gl 1 g

= AL = 0.02m
!mtlal Temperaturc =Ty =20°C
Final Termperature =T, =120°C
Change in temperature = AT = T, - T; = 120°C - 20°C = 100 °C = 100 K
Required:
Coefficient of Linear expansion = o = ?

Formula:
AL = alLAT
Solution:
AP
LAT -
Substituting the values: ~5)\ €© 5@3
| [ (o N0 o=
/@

0.02 s TN
R {lm){l{EK) ”\ﬁ%{%\@@i\
@=00002K" O\~ LA N2

o100 QLTINS

Initial volume =V, = IL = 1000cm?
Intial temperature =T, = 20°C
Final Termperature =T, = 80°C
Change in temperature = AT = T; - T,
: AT =80°C-20°C=60°C
Coefficient of volume expansion =p=2.1 x 10*°C""
Required:
Final volume=V =7 -
Formula: Using formula for volum expansion
AV = BV, AT -\r_“ﬁ-j
Solution: Substituting all values. o

g e f‘*’
AV = (2.1 x 107*°C ) x (1000¢ @\m
AV=126cm* - mw\& I
1‘:1»1!:»«1ﬂ:«ezﬂmaunmlnumﬁf‘\\g\M N
Using - "_J;“

-WMV- 1000°cm?3 + I.'Jitif.:rrf'L




V=1012.6 cm® Ans. 15\ E\\pﬁi
10.3 A steel rod initially measures 2 m at 2 f:? i‘ﬁﬂuﬁﬁ’f linear expansion
is 1.2x10-5 °C-1, what will be its I¢ 1
Initial length =4\ ?ﬂlﬂ\ U
Initial tempe ]J= b"(lf
Final témperature = T, = 100°C
Temperature rise = AT =T,-T, = 100°C - 20°C = 80°C.
Coefficient of linear expansion=a = 1.2 x [0*°C"'
Required: '
Final length=L =7
Formula:
AL =al, AT
Solution: Substituting values
AL = (1.2x10° °C") x (2m) (80 °C)
AL =0.00192 m
Final length =L = Lo + AL = 2m + 0.00192m
=2.00192 m = 2.002m
10.4 A steel bridge expands by 5 cm on a {7@(&@@\&]@ originally
spanned 100 m, what is tlu- te : )
Increase in length -@
Original Iength

"i\f
Required: %\J
AT =7
Formula: AL = aLAT
AL

.ﬁT—H

Solution: Substituting the values
0.05m
AT = 100m)x(1.2x10°C )
AT =41.67°C.
10.5 How much heat is required to raise the temperature of a 2 kg iron bar from
20°C to 100°C, given that the specific heat capacity of iron is 450 J kg'! K-'?

Given: 12\ r“@j\m\}

5 =m= 2k 2\
S;.-s;f ic heat capacity of iron =':c\_ %%‘l\}ejtﬂ\ \7‘? (2

Initial temperature C}\ \E
T, = 100°C

Final termperaty
Change |té ihﬁahi - AT = 100°C —20 °C
AT = 80°C = 80K

l 2 Ib“"("




Rﬂlulred:Q=q \J nf,_r"-.),Ih k_./(l:—\
Formula: | {:J F \(\J\th\ /
Q=mc AT ’3”“’“’”\5 \L
Solution: y B\ ‘\\\,, >
J;\fnjsb Tkg' K') (80K)
Q 720001
Q=72k

10.6 How much heat is required to melt 500 g of ice at 0°C into water at 0°C?
(Latent heat of fusion of ice = 3.36x10% J kg")

Given
Mass of ice =m = Sﬂﬂg =0.5 kg
Latent heat of fusion of ice,
Le=3.36x10% ) kg!
Required:
=7
Formula: =
Q=mly &) cON
Solution: ° ( T\@E\X L U{ Yl
Q = {0 5 kg) @%A{?’g\%ﬁ EL

10.7 mm heat required to completely vaporize 1 kg of water at 100 °C.
(Latent heat of vaperization of water = 2.26x108 J kg')

Gives:

 Mass of water = m = lkg

latent heat of vaporization of water = Ly = 2.26x106 J kg

Required:
Q=? :

Formula: A
Q=mL,

Solution: -

= (1 kg) (2.26x106 J kg 1) : 5

Q=22ﬁ“lﬂ&j 5 ’(l | ".'ltﬁ'}

~ NN |||Irr,z n,r*‘\—~

Q=226 MIJ o (E, \ﬂg\“ \\ \ V)

J J\"ll . (S 3'\_‘_,2--"
SRl HW\ \8) “‘“‘\J
RN UV " — i —
NN




