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, describe qualltatlvely the thermal expanswn of solids (linear and volumetnc

expansion).
explain the thermal expansion of 11qu1ds (real and apparent expansmn) 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 hfe

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 sollds 11qu1ds 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].

discuss how temperature, humldlty, surface (@@ over a surface
affect evaporation. o @ - :

explain how evapo tlon c Mo d
describe the us@ :

- 237 evaporanon in the refrigeration process
w1thout usi

fusion and latent heat of Vaponzatlon of ice and water. How
the be determined Experimentally? [mcludmg illustrating the analysis of data
by sketching temperature-time graph on heating ice.]
describe superconduct1v1ty [as when atoms are in this state, their kinetic energy 1S
low, so there is little (or no) resistance to the flow of electrons.

~ state that certain materials, when cooled to near absolute zero, can exh1b1t

superconductivity.

Sub/ectlve Epe Ouestlcns-"'-" |




- temperature of substances change, and how heat energy i S :ﬂ\k\x
Applications: This field explains important comgept m re, heat transfer,
rgtion

specific heat capacity, phase changes,lat

¢  Understanding these :%ugnderstand how everyday objects like

refrigerators, heat e A arth's climate function.
e  Thermal i OtJjust about daily life, it also helps scientists to explore space,
. develop\¢ffictent energy systems, and emendate modern technology.

ATy

Q.2: What is thermal expansion? Explain in detail with the help of particle
motion. . EEr G :
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). ' e
Conversely, when a substance is :

particles lose energy and o 0g! o
causing the material to e

; 10.1-a) Fig. 10.1: Molecules of an object moving with
This phenom Wn as thermal (3 smaller amplitude at low temperature

contraction. - (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 te an increase in the
vibration of its particles." | o < e
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: @ @@m
e Linear expansion. o Area (superficial} expapsi @% @xpansion
1. Linear Expansion: Qm

- "When the jength of a § @% to heating, it is called linear cEpems—n "
(or) "If length of a solig m upon heating, then it is called Eneer e




expansion. ‘
Explanation: Consider a metal rod of initial leng

th Lo @g@@mv

~ When heated to temperature Ti-its length b
e Increase in length: O% @ ~  Llinear A
AL=L-L, expansion
PY Rise in . ; e
AT ) _'/AL‘
Experimentally, it is found that the change in | je= 4 i __ﬂ)
length AL of a solid is directly proportional to its | Fig 10.2: Linear expansion in a metal
original length L. and the temperature change AT. Thus, rod
AL oc LoAT :
or AL =a LAT
‘ o =AL/L.AT.
or L-Lo =a L.AT

L o=Eafl va AT} .. (10.1)
Here o (alpha) is the coefficient of linear expansmn
Coefficient of linear expansion:
"The increase in length per umt original length per degree rise in @ere

: Unlt K‘ or -t .
‘“Ea |i‘!\ on; of ilfferent solid matenals

l ok

. Values of some cog i)

2.4 x10-5

Brass - 1.9 x 10-5
' Copper e fel o e
Steel WpreTe
Silver ‘ 193y
Gold , o3 x O
Platinum 8.6 x10-3
Tungsten : 0.4 x 103
Glass (pyrex) _ - 04x10°°
Glass (Ordinary) 0.9 x10-3
Concrete : o 2x 10

2. Volume Expansion:
"When the volume of a solid ipg
expansmn

@ @15 called volume
W‘ -
"The volume of ¢ creases when its temperature rises. This is known as ,

= llh\NC —
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- volume thermal expansion," - : 35 o

Coefficient of volume expansion

i 1. Nature of mmt 7. Original size. 3  Change in témperature.l :
Solids: EM dre arranged in a tight, regular pattern. As the temperature rises,
~there is no room to move inwards, the structure expands outward instead.

o Gapsleft betwegﬁ railway tracks.

‘o occupy more space. Unlik

Explanation: Suppose a solid has an mitial yol @sgﬁre T,, final Volume
V when heated to a temperature Tts %ﬁ : ‘ : o
And the rise in temperf . 5 s L.

. __L&W on, the increase in volume AV is directly proportional to its q
original o and the temperature ch#ige AT, thus. ‘ - |

| AV o« YV, AT : o 1‘
NGE AV =PV AT . S - S

or NV, =BV AT | B L

or V = Vo (1 +BAT) ... (10.2) - E

Where B (beta) is the coefficient of volume expansion which determines how
much a material expands with temperature. ' :

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

, B = TAT
Important points:

e  Different solids expand by differenbam ) W@O e
o  Metals generally expand more%g% _ s8. =

»  Expansion depend

each atom ‘pushes tightly harder against its neighbours due to increased vibration. Since

Examples: ‘ o

¢  Expansion joints in bridges.
e  Electric wires hanging loosely in summer,

- Q.4: Explain Thermal expansion in -liquids and explain why liquids expand when

L3

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 gai
faster. Due to this increased motion, the

ﬁ "“

freely in all directions whé2




 level to drop slightly from A to B.

- point (B) to the final point (C).

weaker than in solids.

Volumetric Expansion of quulds quulds expand @%@@ﬁg not length or
. area. The amount of expansmn d nd@oc&
volu -

»  Nature of Ii
o Changeint
Fnrmula ansion of a liquid is given by the formula.

AV =B Vo AT ...... (10.3)

Where ' ; ‘ : _
® AV_ = Change in volume S '
e Vo = Original volume
¢ AT = Change in temperature
s B = Coefficient of volumetric expansion of the 11qu1d

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.

Apparent Expansmn "The expansmn of the liquid observed in the container is called
apparent expansmn

This is less than the real expansion because part of the expansion is used i in
expanding the container. -

Real Expansmn "The actual expansmn of the hquld itself: n@@@@ansmn of the

- container, is called real expansion."
Example: A common example o k‘ 1d as seen. in ﬂask (F1g 10. 3)
e  Apparent Expa»ﬁl

‘The obs IS¢ id level from the initial point (A) to the
final p

Expansmn of ﬂask (AB)
' When heating begins, the flask expands first, causmg the liquid

e Real Expansion (BC):

The actual expansion of the liquid, measured from the lowest

Relationship: , ' e Fig.10.3: Thermal -
BC=AC+ AB ' : expansion of a liquid
Real Expansion = Apparent + Expansion ' '
: : Expansion of flask '
Q.5: Explain thermal expansmn in gases in detail.




decreases in volume when its temperature is lowered,
constant."

Explanation:

Kinetic Energy: As the t ature O fa\gas. ine
also increases. O& “ : .
Molecular Mot ses the gas molecules to move faster and collide more

frequently ce 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."

VaT
or V. =(Constant) T
or % = constant

2,00

Key characteristics: o\ -
Expansion Rate: Gases expand much-mofR si @1 liquids or solids because
their intermolecular forc& re 8 particles to move much larger
distances. : & :

* Pressure vs Volume: a flexible container (like a balloon), it expands in
volume. If ity on-flexible (rigid) container, the pressure rises instead.

Real World Applications and Risks:

Hot air balloons: In a hot air balloon, the air Sl
inside is heated, causing it to expand and| due to contraction
become lighter than the cooler air outside. Thjs| of air on cooling
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 =

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
Safely Hazards: Aerosols cans and gas cylinders can explode if ex to high

temperatures because the gas inside expands beyond what the. o @m stand. .

Balloon rises due
to expansion of
air on heating

aut to temperature changes, it can lead 1o
al consequences. Thermal expansion is commonly

Ans. When material expand
structural, mechani

o



used in our daily life such as: @@K@

1.  Thermometers: .
~ In thermometers, thermal expa% lps in the measurement of
temperature. |
2. Gapes in railwa ﬂ&
Steel tr xpand on hot day. Without room to expand, the tracks may

bend or twi fomenon 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

5. Gas contai ers (hke 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. Hot air balloon: , 3

The expansion of heated air is

intentionally used to make the balloon e o5
rise. Heating the air inside causes it to Cold air i} @@@ air

expand, reducing its density so it lifts | @@
the balloon. (Fig. 10.6) Q \
i (A

Q m ix10.6-When hot air bal_o;n-\ is heated, air inside the balloon
“ expands and becomes less dense, causing the balloon to rise.
e
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0.7: Define specific heat ¢ rmula, its SI unit.

Ans. Definition:

"Specific heat ¢ amount of heat energy needed to increase the

temperature o f ce by 1°C (or 1K)."
Factorwwﬁerial; o |
The’energy required to heat a mat

erial depends on three factors:
1. Mass of the substance . 2. Change of temperature -
3. Nature of .the material.. - :

' Understanding heat absorption: Some substances ab

‘ Heating 1kg of water by 1
by the same amount.

- Formula: The relationship is expressed as;

Q=mcAT........ (10.4)
Where, -

sorb heat _moi'e easily than others,
58 requires more energy than heating 1kg of alcohol

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

e = specific heat capacity. . @ @@SS
Unit: The SI Unit of specific heat capacify i Tkg W O _

0.8: Explain specific heat
Q\i\ o

TAVRA\CaPacieot solids and state its SI unit. : :
Ans. "The speci t\Capaeity of solids is the amount of heat energy needed to raise
the temp%M of a solid by 1°C or 1K." - | :

- Applications of different capacity: G : |
1. High specific heat capacity:

Materials with a high specific heat capacity,
heat to increase their temperature, making the
utensils and thermal insulation,

2. Low specific heat capacity: : _

Metals like steel and copper have low specific heat capacities. This means they are

such as wood and rubber réquire more
m useful in applications like cooking

used in: s :
»  Cooking items e  Kettles
®  Radiators - e Heat engines.

0.9: Define specific heat capacity -of liquids. Discuss its significmith special
reference to water and its effects on the envirgnmeni O@

- Or  Explain effects of large specific hent capae n ater—"
Ans. The specific heat c acity %@ Stac-amount of heat energy needed to raise
the orl




Explanation: Different liquids have different spemﬁc heat cg m@i@ on their
molecular structure and ability to store heat. a

The case of water: One of the most ta gard is water, which has a
high specific heat capacity) is-iieans water. can absorb and store a
large amount of heat with bnly 'a $mall temperature increase. Because of this property,
water is widel 0 :

- ystems ®  Heating systems

®  Natural temperature stabilizer.
Other Liquids: Other liquids, such as alcohol and mercury, have lower specific heat
capacities, meaning they heat up and cool down more quickly than water.

Effects of large specific heat capacity ai water:
On climate: ,

Large water bodies like oceans and lakes absorb heat durmg 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‘ wh11e dry soil has only
810 Jkg'K~!, soil heats up five times faster than the same mass of water under the'same

ot ] a@@mperatures

As a result, land temperatures rise and fall mor guickd
maklng seasonal temperature changes-less_oxfre “ al greas:
Applications in cooling o) m
e  Water's high specﬁc“%i ?{é@! makes it useful for storing and transferring

heat. ’

e Inan ilé engine, the cooling system uses water to absorb and carry away
the heat produced during the engine operation.

e The pump circulates water through jackets around the engme cylmders, where it
absorbs heat. (Fig 10.7) ;

e This heated water then flows through the : Fan to cool
thermostat, which regulates its movement| =l

_ based on temperature. ,

e 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 returns to the engine to| -

~ absorb more heat, and this cycle is repeated. . |
e A pressure release cap ensures that the system ‘ LT
@aier rculates Cv!mderé
urlng to cool cylinder :

‘remains safe by releasing excess pr@sur
property helps water {q ca a\Wag& \J
| Fag 10.7: C ooi;ng system of automabt!e

Thermostat




0.10: Discuss in detail te qaesOg m‘? sl e of 2 substance using the

By, ‘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 absorbs energy. ' :

Change in state of 2 substance: Meiting Process |
Melting: /\V Increasing energy

Hhe " | solid | : 00
When a substance absorbs energy, the| metal % g

kinetic molecufar m
~Ans. Change in stﬁtﬁ:% _

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 S Ay Lo SRR .

to liquid, called melting. : : Fig 10.8 : 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 ¢ <@ a gdomolecules will slow
| @etem. It may lead to turn a

O1]

down and hence there is less space and separd
, known as solidification.

gas to liquid, called condensation. 2 S
intermolecuiar forces: Ar-lorces are the strongest in solids due to least
gases, as the molecules are far apart as compared to liquids

separation and we
and solid .

This he reason that the gases exhibit the greatest relative thermal expansion
while solids have the least expansion.

104 / Evaporation

Q.11: Explain the process of evaporation, the factors that influence its rate, and why |
it leads to a cooling effect? ; : 1
OR Define evaporation in detail. Discuss factors which influence evaporation rate.

OR Define evaporation in detail. Aiso 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 higher temperatur is change

_occurs at the surface of the liquid, where some of the partj a@ “energy to
escape into the air as vapour, Evaporation doesnot 1quid to be heated,
it can occur at room temperature. %@O @@

O

\\

r, it gradually disappears as it turns into water




4 - -

It helps in drying wet clothes

e  Cooling our bodies through swe
Factors influence evaporation
influence how quickl akes place:

1. Temperaturg: @g E o o
: t%mperature, the faster evaporation
occurs. When heat is added, the molecules in the liquid

move more energetically, increasing the chances of them
escaping into the air as vapour. e :

2.

Surface Area:

A large surface areas allows more liquid to be
exposed to the air, which speeds up evaporation. For
example, water in a wide, shallow dish will evaporate

\ﬁi"’ |

@ . & %’ &’ So
& o ﬁg‘%eg & P 3 %) e%
-4 - ® &

Q@ &

Fig10.9: Evapoation process
/(molecules at the Surface of a liquid
gain enough energy to escape into the

quicker than the same amount in a tall, narrow container.

3. Air Movement (Wind Speed):

air as vapour, leading to evaporation)

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).

4. Humidity of the surrounding air:
: If the air is already full of

jeolt

poration slows down, But

@ usethe air can absorb more water vapour.

9.

| istlize
in dry air, the process 05 r 38
gﬁk ate at different rates based on their molecular structure. For

evaporates faster than water because its molecules require less energy
to escape into 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 J

L When we sweat, the éweat on our skin Evaporation causes cooling
- evaporates, taking heat a way from our High energy molecules
body and making us feel cooler. Medium energy i
molecules pulled -
e Wet clothes dry faster on a hot day |sac o |
beCause water evaporat q@c@‘ @ ‘ : Lo‘:’e::;:;;:;ewles
CO(.)hng th.e cloth% I e% .~ Fig. 10.10: High-energy molecules escape from the
This cooling eff: Yoration  liquid surface as vapour, leaving behind
- i important i d and in nature ; lower-energy particles




helping to regulate temperatures and keep things cool. (Fig.

(.12: Write down a note on Refrigeratipp s

OR - Explain the workin m
Also write the ty
of this te

Ans. Defify d 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 in gas and do not contain the chlorine or

fluorine atoms responsible for attackjng the ozone layer.

offworocarhons (CFCs).
‘Without Chlorofluorocarbons(CFCs).
§ used, and the environmental, benefits

¥

-

Low temperature A .
. low presure §

Liquid

High temperature * g
high presure " Compres

Fig, 10.11: Biack\diagram of fefrigeratoi*

The Refrigeration Cycle: In modern refrigeration systems, the cooling effect caused by
evaporation plays an important role in |

owering temperatures without relying on harmful
CFCs, (Chlorofluorocarbons.) | :

These systems use ..:vironmentally
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 the p@@@ﬁop.
This absorbed heat is then carried away as-the %& and condensed

friendly refrigerant that evaporate at low

g10.11)
10n enables continuous cooling, while




Q.13: Explain the concept of Iatent i U
OR Define latent heat. %&m .
OR Write a detail eat of fusion.
Ans. Laten

"Latent heat is thc 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 1kg 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:
Q =mL:

where @
L; = Latent heat of fusion %@@@

Q =Heat ener,

Mass o
Example: Iwmmg‘ﬂ)s heat but remains at 0°C until it completely melts into water.
‘The latent heat of fusion of ice is 3.36 x 105 Jkg-1, meaning 3.36 x 105 joules of

heat is needed to melt 1kg of ice into water at 0°C.

Experiment 1: _
Water boils

This involves placing small ice pieces in a T .
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 :;' 48 :
all ice melts. Note the time taken for complete | § of (<@ :
melting. Further heating causes water| E ™|/i'*® waterandice |
temperature to rise from 0 °C to 100 °C. Record o pas R
the time for this increase. Plot a temperature-time o O TR
graph (Fig. 10.12) and calculate the latent heat of | 10.12: Temperature-tim sice changes
fusion of ice using collected data. ' _into water that boils.as heating
Q.14: Write a detail note on Iatent neat of @@Wﬂ (S0
OR Explain the concepbat\l: - zation in detail.
Ans. "Latent heat of vz \ zation he heat energy needed to change 1kg of a hquld
into gas at ,f _\. 3 wnthout changmg thc temperature.”




~constant until the entire liquid has evaporated. This heat a @@@@k the bonds

between liquid molecules, allowing them to

Formula: The latent heat of vapourg@@@

Where Q =mboais

L= Late rlzatlon

Q € erg}.

‘ = Mass of the substance

; Example The latent heat of vapourization of water is 2 26 106 Jkg=!. This means

2.26 x 108 J of heat energy is needed to. convert kg of water into steam at 108%C.
Table 10.2: Melting point, boiling point, latent heat of fusion, and latent heat of

vapouruan()n ()f some common substances‘ are:

Substance \]thmo point| Boiling point
(°C)

Heat of fusion
(J kg-1)

Heat of vapourization
(J kg1

Aluminium| 660 2250 39.7 10500
Copper | = 1083 omes T i 4810
Gold 1063 2660 . 64.0 T
Helium ~270 -269 $5. go] GONE
Lead 327 _ 1750 o [T\ RO (PO ey
Mercury e s AR MR o st R
Nitrogen 210 A\ 0 oS 8.5 . 200

 Oxygen | ~RR VP g3 13.8 210
Water \ J\J\J“ ' 100 L7 300 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 wo| : - _Water boils ; : Ko : /
0 ; | :
o :  Water and steam '
2 eof ' :
¢ : o
§ ') i ot : :
@ 20 . - : by :
@ Ice melts ' - m 45 bk
E : . . Sl 5 ]
e R e v
: Water andice ° : Am
o ﬂ r’/(\ Q ;
lll l'l'i‘l'l' "-V"*l"l'l'l'l'l'i'l'l'['l'!'lirTTr
1] 18 20 22 24 26 28 30 32 34
Fig. 10. 13 Temper n:e changes into water and water into steam on heating
Extend ~time graph as shown in Fig. 10.13. Calculate the latent heat of

fusion of ice from the data.




Q.15: Discuss the phenomenon of
~impact on modern te

OR Explain conducti does superconductwnty work? -

Ans. "Superc ivity 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 superconductmg materlal
without any loss of energy.

Working:

Zero electrical resistance: .
. Since, there are no collisions, electric current

flows without facing any resistance as

superconductors have zero electrical resistance

Explanation: The variation of electrical resistivity

with temperature for a super conductor and a normal

- Superconductor

@@m metal

Temperature (K}
: 0.14. Vanatlon of electrical
resistivity with temperature fora
superconductor and a normal metal

Electrical resistivity

normal metal shows a gradazl deerez

Materials that show su “;‘
Some m mics become 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 mcludmg

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: Help scientists study fundamental particles.
Superconductors are important for future technologies, making electrical systems

more efficient and powcrful

1. Why does metal feel colder thw@@m hev are bhoth at the

same temperature? O
Ans. Metal is a conductor, ' nsulator. The metal conducts the heat away from
out hands, thzﬁg;}i@m& conduct the heat away from our hands as well as the metal.

- so the wood feels warmer than the metal.




Tidhits \3 ) cON
% fore freezing?
a

1. Why should we not fill a bottle of @
Ans. Liquids do not have a ﬁx@ more freely than solids. That is

why we shoul n tiewof water to the top before freezing because it might
crack. ﬁ% . ol

0 Wpomticn from our skin help regulate body temperature? :

Ans. Evaporation 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. | T ~

4. Why does the temperature not rise when energy is used to break bonds during

a phase change? ‘ ' ; ]

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. - '

i s @@go@@m

Why do not train tracks_buckle i summer even though the

metal is the sa !
Ans. Train tracks bu%& ause metal expands when hot and can't move and

creating s 5
I«Ml contracts, but gaps in the tracks absorb the shrinkage, so they don't
buckle. '

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

Ans. 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.

Y/ Examples 4
({ABA metal rod of length 1.5 m expands by 0.025 m
180°C. Calculate its coefficient of linear expansi
)

Sol: The formula for linear expasi

_ S

Given that; &.
gth=1.5m

= Change in length = 0.025

e rom 30 °C to
el




To find: a = Coefficient of linear expansion = !

AT = Change in temperature = 180 °C -3 @ '7@ @@@

Using the formula:

Substituting the values O
"o =0.025; /% i

NON25 ™ 11 x 104 K Ans.
225

(BB How 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 meltmg of ice is:

X
Given that; g mLe

Mass of ice m =600 g :

Latent heat of fusion of ice Lr= 336 J g-!

To find; Heat required Q =?

using the formula Q =mxLg

Substituting the values Q =600 g x 336 J g-!
Q =201600]J

oo Q =201.6kl Gl @©m

FOR YOUR INFORMATION 13 Q\/AL\U U | .
Metal heats up --\ w specific heat capacity, Jeaf
while WOWMQ because of its higher specific heat capacity. — 7

= Objective Type Questions

Multiple Choice Questions prepored in the hght of new Examination Te(hmques
(Knowledge, Understanding, Application, Analytical & Conceptual)

110.1 Thermal Expansion

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) isappears
2. The phenomenon where a matenal decreases in called:
(a) Thermal expansion m %ctlon :
- (c) Linear expans tric expansion
3. In the formula L {@3 t does represent?
(a) Origi (b) Change in length

() ient 0f linear expansion (d) Final temperature




10.

11

12,
13,
14,
15.

16.

17.

(a) Aluminium (b) Steel i)
‘Why do railway tracks hm
o

) To reduce noise
(d) To allow for contraction in summer

Ld

(b) Lack of space for thermal eXpansion

(c) Low kinetic energy (d) Excessive mmsture ,
- If a solid expands in length upon heating, it is specifi ically called.
(a) Linear thermal expansion (b) Volume thermal expansion
(c) Area expansion (d) Kmetlc expansnon
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 txght regular pattern

The formula for volume thermal expansion is:

(@) AL=a Lo AT (b) AV=BVoAT (¢) 0=mcAT constant/T
Charle's Law states that the volume of a gas is di ,-1 ﬁﬁlal to its:

(a) Pressure

~(c) Temperature (at consta .
. Which dev:ce@ snon in a narrow tube to measure

temperature? | e
(a) @ (b) Radlator (c) Aerosol can (d) Expansion joint
Wh ot air balloons rise? i

(a) The air inside become denser

- (b) The air inside expands and becomes less dense

(c) The air inside gains more mass  (d) Gravity pushes them upward
When atoms in a solid vnbrate with a larger amplitude, it results in:
- (a) Superconductwnty o (b) Contraction
(¢) Expansion - . (d) Lower kinetic energy

What is the SI Unit for the coefficient of linear expansion (a)?

Aa) Jkg! K' & by ms s el (d) °C

Spe*‘ fic Heat Capacity \
Specific heat capacity is defined as the energy needed to raise G\bgz\}temperature

of:
! @m@e by 1 °C (or 1K)
@ f'a substance by 10°C

(a“)_ I kg of a substance by 100°C
(a) K-! (c) Jkg‘l K-! - (d) kg/1J

(¢) Any mass of a substance

What is the SI unit(of

The speci city fo water is approximately:

(a) LKL » (b) 4200 J kg ! K-1 ~




18.
19.

20.
21.

p 45

23.

24.

285.
26.

27.
28,
29.

s e e A

(c) 150 J kg! K-! Lildydaklbx )
Which substance would heat up) & gt whe

¢ same amount of
heat?

(a) Water (high spe @ KX (b) Metal (Low specific heat) ¥
(c) (d) Dry Soil

Alcohol '
The W@lnd to heat a materlal depends on mass, temperature change,

and:
(a) Volume (b) Color (c) 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 fan

(¢) 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 slowly at night.

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

(c) ‘Wood is a bette

Materials wi ' ecific heat capacity are useful for:
(a) ating / cooling . (b) Thermal insulation and heat storage

(¢) Making thermometers - .(d) Creating "Sun kinks"

Which component m a car engme regulates water movement based on
temperature" ' ;

(a) The fan L (b) The cylmder :

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

RIER 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:: < 5 (c) Solidv i - (d) Plasma
Evaporation occurs at which part of a hqund" ; ﬁ @\

(a) The bottom @@ '

(¢) The surface O o t the entire liquid
When a substance furns x‘k - qmd, |t is called:

( g

) Condensin KX ) Boiling (c) Melting - (d) Freezing
D{)Wﬁ equire a liquid to reach its boiling point? :
(a) ¥es, it only happens at high heat..  (b) No. it can occur at room temperaturc

a
a




30. Evaporation is . “ sess th
(a) gEIWﬂlgj d reaches its boiling pomt :
b | temperatures, involving molecules at the surface.
(c) Only in direct sunlight - (d) Only when the air is 100% humld.

31. Which of the following would decrease the rate of evaporatmn"
(a) Increase the surface area of the liquid.
(b) Increasing the wind speed over the surface.
(c¢) Increasing the temperature of the liquid
(d) . Increasing the humidity of the surrounding air
32. 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 llquld @ 'A@@m

33. Ina modern refngerator, cooling ls :

(b) The evaporation igérant \at few temperatures.
(c) Using ha 1
(d) i out of the freezer compartment.

[ 105 Latent Heat

34. The heat energy requlred to change a substance's state without changing its
temperature is:
(a) Specific heat capacity (b) Thermal expansion
(c¢) Latent Heat ~ (d) Critical temperature
~ 35. 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.
(c) 1 kg of gas to liquid by cooling it. (d) Any amount of water to steam at 0°C.
36. Which substance has the highest melting point?
(a) Aluminum (660°C) . (b) Gold (1063 °C)
(c) Copper(1083°C) (d) Le

37. During the melting of ice at 0°C¢the heat\e - ed is used to:
(a) Bread the stro .- 0 '

(b) Increase the tefn 1ce to 100°C.
(©) I c energy of the atoms.
(d) € t a vaccum w1th1n the beaker.




38.

39.

40.

41
4.

43.

1.

8.

15.
22.
29.
36.
43.

Super cond
(a) Infi

tncal resistance.

- (b) Zero electrical resistance and no energy loss.
- (¢) High resistance when cooled to room temperature.

(d) The ability to expand indefinitely. :
At what temperature does. Lead become a superconductor?

(a) Below42K (b) Below72K (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 independen perature
In the kinetic molecular model, the strongest internzol¢iuls @ found in:
(a) Solids (b) Liquids : fd) Superconductors
The reason gases exB it the gre: \ plative thermal expansion is because.
(a) Their molecules ﬂ acked.” (b) They have fixed shapes.

(c) Their ﬁ ar apart with weak forces.

(d) Th netic energy when heated.
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Ans. Therm

// Additional Short Questions //

Short Answer Quesfions prepared in the Irght of new Examination Tec .HIIQU;G

(Knowledge, Understandmg,_Apnllca\mr Anaiytica! & uonceptual)

g e e e g e e, e e
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Thermal Expansion

Define thermal

"Therma pansion is the increase in the length, area, or volume of a substance




A |

when its temperature rises because its partlcle ﬂi Wead out."

‘2. What is thermal contractlo
Ans. Thermal contraction:

size of a substance when it is
Ar d move closer together."

3. What lSl \ Brma pansion? :
Ans. Wﬂ?mn "It is the change in the length of a solid when it is heated " The
formula is: :

| AL =& Lo AT.
4.  Define the coefficient of linear expansion (c)?

Ans. Coefficient of linear expansion (a): :
"It is the fractional change in length per degree change in temperature"
Unit: Its SI unit is K™
5.  What is the relationship between the coefﬁelent of linear expansnon (oc) and
-volume expansion () :
~ Ans. The coefficient of volume expansion is approximately three tlmes the linear .
_ expansion coefficient (B = 3 )
6. Why do liquids expand more than solids?
Ans. Unlike solids, liquids do not have a fixed shape and their n@qﬁ@s are less tightly

~ bound, allowing them to expand freely in a
7.  Differentiate between a ‘

Ans. Real expansion. is\ th
: what we obse
Formula: m = Apparent + Expansion of
Expansion Flask
8. State Charle's Law? |
Ans. Charle's Law states that: "The volume of a gas is directly proportlonal to its
~ absolute temperature provided the pressure remains constant”.

Formula: :

VaT

V = (constant) T

io ofa liquid?
t e liquid, while apparent expansion is
account for the expansion of the container.

“y‘ = constant
i :

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.

10. Why are small gaps left between ailway tra @ @.S‘
Xpand \Safely ys.

Ans. Gaps allow the steel rails Without them the tracks

: would bend or " . . athm ‘
~11. How does a hoﬁ;é ‘ ? i -
Ans. Heati anside the balloon causes it to expand and become less dense than

the air outside, creatmg lift.




12.
Ans.

Unit
13.
Ans.

14.
Ans.

15.
Ans.

16.
Ans.

17.
Ans.

18.
Ans,

19.
Ans.

20.
Ans.

LT
: ~Ans.

22.
 Ans.

Define specific heat capaci
Specific heat capa

%

19C ¢ore 11()"

temperature of 1
: Its uniti : AR
List thefactors that the energy requlred to heat a material depends on?

The factors that the energy required to heat a material depends on:

(i) Mass of the substance (m). (i) Change in temperature ( AT)

(iii) 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.

Change in State

How does energy absorptlo or tgss ‘)m

d separation, causing melting

Absorbing energy ine
&
o ecules down, leadmg to condensation or

or boiling; losm org
solidificati o -
Wh exhibit 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.

Define evaporation?

Evaporation: "Evaporatmn is a naturai process by Wthh a llquld changes into a
gas at its surface without bo;lmg ' -
Why does evaporation cause cooling? v

Higher energy molecules leave the liquid surface leaving behind lower - energy
(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 exposed o the @mch speeds up
the rate of evaporation, -
What is the effect of humidi :

a on"
High humidity sl because the air is already full of moisture,

dry air speeds u g \ |
HoWﬁ help manage body temperature?
Swe aporates from the skin, taking away body heat and cooling us down.




23. How do modern refrigerators cool without CFCs? @W\S\\
A, Tﬂﬁ)’ Us¢ environmentally friendly refri @ low temperatures
j f EL ounding area. |

inside cooling coils, -l'-‘*‘ bing hiea

o . \J\‘W ('SL ’ Latent Heat
24, What NNt Heat?
Ans. "It is the heat energy required to change the state of a substance without changing
its temperature.” :

25. Define latent heat of fusion (Lg)?

Ans. "It is the heat energy required to convert 1kg of a solid into a liquid at its melting
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). -

28. What is sup'ercondb ivi

Ans, It is a property of sc :
cooled bel % ical temperature". :

29. Name erials 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.

I A.Multiple Choice Questions
'10.1 When the temperature of a rod of copper is increased, its length:
(a) remains the same (b) increases

(c) decreases (d) becomes double Kgﬂ :
10.2 The amount by which unit length of a.m ; 10@@3 k%xwhen the

temperature is raised to 1°C D soefficie

(a) cubic expansio® volume expansion

(c) linear expansi (d) none of these
103 Wh id-turn into once it is evaporated?

@ G ~ (b) Water vapours

(c) Air ~ ~ (d) Both (a) and (b)

e




'10.4 Which property determines how much heat a solid can ab

DCIOEC 1LY
temperature changes significantly? @ @@m :
“o 5 (d) Hardness
avol ;

(a) Density (b) Specific h cap: ‘
10.5 High-temperature@“:m oy which type of material?

(a) Pure metals (b) Organic compounds
(c) Ceramigs o (d) Liquid crystals
IRV

10.1 (b)) 102 (c) 103 @ 104 () 105 (o)

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.
1. 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
It is mathematically expressed as. Q=mL¢s
Where Q is the heat absorbed, m is the mass, L is-the(spe i¢

ar %l rmal expansion behaviours?

Ans. Different materials,have ﬁl ents of thermal expansion, leading to
varying degrees of action for the same temperature change.

Ans. Eva ses cooling because the most energetic molecules leave the liquid
as gas, taking their kinetic energy with then and leaving the remaining liquid
Sweating: When sweat evaporates from the skin, it absorbs heat from the body,
helping us cool down. ‘
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?
boiling to convert it into gas without a temperature increase.”

It is calculated using the formula Q = mHy.
latent heat of vapourization. _

10.1 Why do bridges need expansiomn joi m |
even though both, i % anges? Discuss in terms of the

~ nature of therma %ﬁm | '

Ans. Brid on joints because they are very long, so even small

change in temperature.” =
_ | l@@ gg}usion.

10.3 How do different materials exhi
10.4 How doe a yntribute to cooling processes in everyday life?

cooler.

Earthen pots: Water in clay pot stays cool because water séeps through tiny pores
Ans. "Latent heat of vapourization is the heat absorbed by a unit mass of a liquid at its

Where, Q is the total heat energy absorbed, m is the mass, and Hy is the spediﬁc
| C. Constructed Response Questions ; : (%m

@ %With metal lids do not,
tempefdture changes cause large expansion, which can create stress and damage if




e cesssseene—

‘not allowed to move. :
Glass jars with metal lids are small, 59 thejr & @)ﬁ@@t and does not
- produce harmful stress, Also, m@ *h\ less than metal, making the
) ,

effect negligible.

10.2 Why does a ligui ster when the air is dry?
Ans. In dry ai idity), 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. e ~ \

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

Ans. When ice melts, the heat supplied is used as latent heat of fusion, not to raise

- temperature. . & S
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 inter?

Ans. Electric transmission wires sag in summer due to ther ;@@ tighten in
et

winter due to thermal contracti Ceded
Comprehensive Questions

10.1 How does t | expan e qiffer between solids, liquids, and gases? Provide
examww& e 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: ® 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 in everyday life,
such as in construction materials or household applial e@@ :
3 Sf 5

Ans. Thermal expansion affects enginegs :
Construction: Bridges are built wi Op (gaps) to prevent the structure
from buckling or ’%\““ﬂ W6tal concrete expands in heat. |
Household Appli ‘? netaltic strips (made of two different metals) are used in
i the Rlectric irons. They bend when heated, acting as a switch to
regulate temperature. | ' : '




10.3 What is latent heat, and why is |t lmportant in phase 2 sr@@w@% melting
and vaporization? ’ ‘

Ans. Latent heat:
- "Latent heat is the a - d or released by a substance during a
a

change of state ( s) wrthout any change in temperature.
Why it is lmlﬁwi $ @
e  During ing, latent heat (fusion) is used to break intermolecular bonds. So a
. solid becomes a liquid. _

e During vaporization, latent heat is used to separate molecules’ eompletely SO a
liquid becomes a gas. o

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 particl in energy
and move more. @ ﬁ

Solids: e  Heating increases vnbratrorU) ' %ﬂ‘{ tions.

e This causes a slight increase i e between partlcles

Example: Railway tracks o (pand-on hot days.

Liquids: e  Heatin \({) icles more freedom to move

: ® 1 ove farther apart, so volume increases.

Example: Mercury or alcohol rises in a thermometer when heated.

Gases: o Heatmg greatly increases speed of particles. ‘

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

Example: Air in a balloon ex‘pands 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 evaporatnon
occur faster? Explain the reason scientifically.

Ans. Evaporation will occur faster in the wrde shallow dish.

: @ ce are of
water is exposed to air, so more watermoleculesice . energy to escape
into the air at the same time. ‘é
In a tall narrow conﬂ% ed \surface area is smaller so fewer molecules
can evaporate.

Scientific reason:
Conclusion: O : .
Greater sed surface area faster evaporation.

Evaporation is a surface phenomenon. ln wide, shall
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I E. Numerical Problems @©\S\S

10.1 A metal rod of length 1m @ eated from 20°C to
120°C. Calculat@ pans:on :

Given:
~Initial = L =Im
Ch ength = AL = 0.02m
Initial Temperature =T; = 20°C
Final Termperature =T, =120°C :
Change in temperature = AT = T>— T = 120°C — 20°C = 100 °C = 100 K
Required: | o
Coefficient of Linear expansion = o, = ?
Formula:
AL = aLAT
Solution:
| - AL
TILAT

Substituting the values: ‘ m
@= T I(EK) \\&%@@@W@ €O
a = 0.0002 “m

=2.0x10*K]
10. 2 A C lltre of water at 20°C. What will be its volume at 80°C,
g water's coefficient of volume expansion is 2.1 x 10 per °C?
leen. :
Initial volume = Vo= 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 =B =2.1 x [0°C"!
Required: ‘ |
Final volume=V =2 -
Formula: Using formula for volum expansion
AV = BV, AT
Solution: Substituting all values @ @@@
AV = (2.1 x 10“°C‘) (100 @
AV = 12.6 cm* i&é%
To find the final volum
Using

Vo Ly 1000°cm3 +.12.6 onm®




V =1012.6 cm* Ans.

10.3 A steel rod initially measures 2 m at W@rﬁ@f Imear expansnon

is 1.2x10-5 °C-1, what wiil b %‘

Initial length x

Initial tempe :
Final tm T,= 100°C '

Temperature rise = AT =T,-T, =100°C -20°C = 80°C.
Coefficient of linear expansion =a = 1.2 x 107 °C""'
Required: s
Final length = L =2
Formula:
AL = al, AT
Solution: Substituting values
AL = (1.2x107% °C"y x (2m) (80 °C)
AL =0.00192m |
Final length =L = Lo + AL =2m + 0.00192m

=2.00192 m = 2.002m m
t suW‘ 5@@ ge originally

10.4 A steel bridge exhands by Scmon a
spanned 100 m, what is the temp
Increase in length =@L\=

Original length =§X% |
WWN@ 12 103RC B s
Required: Rt ‘ '

AT=2? |

Formula: AL = aLAT
AL '
M T
Solution: Substituting the values
: 0.05m
AT = (100m)x (1 ZX")-SOC_')
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:
Mass

Initial temperature O

Final termperature “% =
Changwwmlﬁ)rc = AT =l Q0o —20 °C
AT = 80°C = 80K




Required:

, 6 ks S
Fonnula ; @@W
Q mc AT m %
Solution:
| g@?ﬁ%mg 'K (80K)
, = 72,000 J st

‘ Q=72kJ : <
 |0 6 How much heat is requircd to melt 500 g of ice at 0°C into water at 0°C"
(Latent heat of fusion of ice = 3.36><l05 J kg")
Given '
- Massofice=m= 500 g=05kg
~Latent heat of fusion of ice,
Lf=3.36x10° ) kg!
Required:
. Q=7

Formula: o niLf : e - m
Sqlution' " (10; & (@)%m% @®W@ @ |

10.7 Caleulate the heat required to completely vaporize 1 kg of water at 100 °C.
~ (Latent heat of vaperization of water = 2.26%10% J kg _
- Given:
~ Massof water = m = lkg

latent heat of vaporization of water = Lv =2, 26>< 100} kg-'
Required: :

Q=2 4
Formula: G
| Q ‘va ‘
Q= (l kg) (2. 26><l05.!kg“')
Q=226x10%)

S mmﬁ@ =
l Wwo - #ﬂﬁ' o—




