Notes Series

—PHYSICS=—

Heat Capacity and
Modes of Heat Transfer..

Physncs ~ Unit 10 Overview

Unit 10 Overview o e M Vi e SR
: QUICk Revision Sheet Notes

( 2 Topical Wise Notes with Detailed Theory

Key Info Boxes with Deth]Pd Explanatlon [*
; gJé(&') Short Respon > Questions (HotQuestlons) .

@ MCQs with Explan atmn |

eruse ‘~I10rt Questtons with MCQS | _

cercise Numericals






SBBM ONE PA REVISION

SPECIFIC HEAT CAPACITY

Specific heat capacity (c) is the amount of heat required to change the temperature of 1 kg
of its substance by 1 degree celsius.

50
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Where ‘C is is the specific heat of the material, ‘Q’ is the amount of heat absorbed or lost, Joules; m'is the masséf‘tt‘igl.,h
substance (kg) and ‘AT (l.e., Ty~ Timmar) i the T Top | —T, . is the change in termperaure (K or °C). |

St Unit: joule per kilogram per kelvin (J/kg K)
Other Units: J/g °C or cal/g°C

USES OF LARGE SPECIFIC HEAT OF WATER

A. Temperature Variation in Land and Coastal Areas: SPECIFIC HEATS OF SELECTED SUBSTANCES
Water has a large specific heat {4200 J/kg'K’). ) Materials Specific heat J/kg K

= Oceans and lakes absorb a lot of heat fromthe
sun during the summer and release a lot of = =3
heat to the atmosphere in winters, moderates. B&d/ 1 2
coastal temperatures, keeping them lower :
in the summer and higher in the swinter.

_7-‘;:} & Water has a large specific heat {4200 J/kg LSS

HOUSEHOLD REFRIGERATORS

1. The compressor compresses the refrigerant gas, increasing its pressure
and temperature.

2. Condenser coils release heat to the
surrounding air mainty by corwection.

3. The refrigerant passes through an
expansion valve.

4. Evaporator absorbs heat from the
fridge's air.

o Freezer is located at the top because l
cold air sinks while warm air rises, =
L keeping the lower part of the fridge cooler. ; y

les vacuum walls lnsulzm'ng materials (glass wool) reduce = _INFRARED{THERMOMETER>

ansfer by conduction, heat transfer mairlyby conduction, and infrared thermometers detect (receive) infrared
nveetion, while the shiny also by convection, keeping buildings radiation emiited by objects to measure their
ctive llnlng reduca heat loss by warmer in winter and cooler in surmmer.

temperature from a distance without making contact,
capturing accurate temperature measurements.

Conduction —————--p
+ Space (Vacuum) ————p
+» Reflective (Radiation)—= ‘

= Infrared

Radiation

| # SBBM Notes JECH Repln + Share SCIENTIFICALLY ACCURATE APPLICATIONS OF HEAT TRANSFER INFOGRAPHIC




TRANSFER OF HEAT

CONVECTION & MARINE LIFE EFFECTOFTHERMAL RADIATIONON

Definition: Energy Transfer due to SURFACES
Temperature Difference (Hot = Cold) ? Color of the Object: N f/,
Dark — High Absorption & Emission
Thermal Equilibrium —_». Light — Low Absorpti l ;
o when two objecws reach the same i ol el
& Temperature — No net heat flow 9Texture of Surface: xtyrx
. : » Dull/Rough surfaces
j = Cold water smks—v Rich in sea- e AN
Heat transfer through direct A - « Shiny (Polished) surfaces
contact {eg. metal rod) i , air, Day (Sea Breeze) : ;u_ Ml - || are poor absorbers & emitters
by - : 4 —_— T —
;&'% e er A 715 || @© Surface Area of Object: ")

Al_‘» Wurient-rich

o ————
= cold deep water
—_n

- ( (upwelling)

+ For the same material and t
difference, a larg ce area
in greater heat los

B ‘-'.:—‘-.- (eg. Sun - Earth)

@ Higher Temperature — Greater Radiation Emission

W ; - 3,'
X 2) :‘lat.k (dull) surface —_ x4 4 _ Shiny (polished) surface
. aximum Emission = —» Least Emission

-l & P
=% Black (dull) 5urfacg‘ Black
- — Maximum Emission 3 =

[ » Heater warms air
'+ » Hot air rises —»

- = Cool air sinks —
- Continuous circulation

. Evapo&ru I Abs;rhs heat inside
. Compres@ Inereases pressure & T—» |
g=iCondenser - Releases heat to surmid

+ Shiny (polished)
+ Least Emission

—+ Detect infrared radiation
—+ No Contact

S o= ——— e - - Sy
APPLICATIONS of HEAT TRANSFER . s

SBBM One Page Revision Notes ‘
Volcanoes Plate Tectomcs and Earth S. Heé‘f" 9

= Heat inside the Earth creates convection currents
in the mantle which cause magma to rise through the crust.
surface and erupts

+ Plumes of ash an

Earth s Core Maintaining Its Temperature

Plates move apart Plates slide past each other « Residual Heat from formation, ® Parific &az Plate
= = ;..4_;#' ‘,"3_ 5 = + Gravitational Compression: (2) North American Plate

+ Radioactive Decay: (3) Eurasian Plate " ™. o
(%) South America <™ &
(6) African Plate |

@ Antarctic

Tectonic Plates Tectonic Plates Tectonic Plates
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MODES OF HEAT TRANSFER

10.1 SPECIFIC HEAT CAPACITY

Definition:

Specific heat capacity is the amount of heat energy required ta

raise the temperature of 1 kilogram of a substance by 1 degree

Celsius (or 1 Kelvin). It tells us how much energy a materi@lyneeds

to change its temperature

Core Formula
Q=mcAT | c=Q/(mxAT)

Variables & SI Unit
1.Q = Heat absorbed or released
(Joules, J)
2.m = Mass of the substance
(kilograms, kg)
3.c = Specific heat capacity
4.AT = Change in temperature
(T2 -T1)in°Cor K
5.SI Unit: J kg-* Ky (@lso
written as J/kg°G)
6.Note: A ghahge'of 1 K = 1°C —

Formulas:

* Q directly proportional to AT
* Q=AT

* Q=CAT

* Q=mcAT

Where:

* C= Q/mAT

* C= specific heat capacity of substance
- 0= heat absorbed or released

- m= Mass(kg)
* AT= Change in temperature (*C or K)

T =Tf - Ti is the change in temperature of a substance.

E::E——“
Why d‘s’p‘son enjoy

w‘lwooler weather near
[Sea at ‘\ywmpared to land areas?

Coastalfareas are cooler during the
day because water has a high
specific heat capacity, so it heats up
more slowly than land. As land
becomes hotter, warm air rises and
creates low pressure. Cooler air
from the sea (high pressure) moves
toward land as a sea breeze,
lowering the temperature near

coastal areas.

Specific Heat -
= Amount of heat it takes to raise 1g of
i R
t absorb heat energy

2 Metals have a low specific heat
2 Water has a high specific heat




Example:

Aluminium has a specific heat capacity of 900 J kg-* K-*
Also written as:

900 J kg-! °C-*

0.9 cT gt °Cc?

Materials with high and low specific heat capacity:

* Low Specific Heat Capacity:

1.Materials like copper, aluminium, iron, and diamondyrequire only a
small amount of heat to raise their temperature.

2.These materials heat up and cool down quickly because they have
low specific heat values.

Stable over time, even if the weather changes. It absorbs a lot of
heat during the day and releases it slowly ‘at night, preventing the
temperature from fluctuating too much.

(Remains hot for shorter period) (Remains hot for a longer
period)

Low Specific Heat Capacity:

.Require small amount of heat to/raise temperature.
.Heat up and cool down' quickly:

.Cannot store much heat.

.Release heat quickly.

.Are good conducteprs of heat.

Examples:

Copper, iron, diamond.

OB WN = e

High Specific Heat Capacity:

.Require.large amount of heat to raise temperature.

.Heat up and cool down slowly.

.Can store a large amount of heat.

sRelease heat slowly.

«Are poor conductors of heat.

Examples:

Water, oil, glycerin.

J/kg°C J/g°C

1. They are good conductors of heat transferring heat efficiently.

2.Due to their ability to change temperature rapidly, these
materials can retain heat for too long.

3.Applications: Used in heat sinks, where quick heat dissipation is

essential.

Ol B W N = o



* High Specific heat Capacity:

1.Materials with a high specific heat capacity require a lot of
energy to change their temperature.

2.Water requires a lot of heat energy to raise the temperature of a
cup of water by just a few degrees.

3.Because of this property, these materials do not change their
temperature quickly. They retain heat for a long time.

* Applications: Used for temperature control. For example, water in
swimming pools or thermal tanks keeps the temperature.

Uses of large specific heat of water

A) Temperature variations in land and coastal areas:™

1. Water has a specific heat of 4200 J kg-* K-*=This means that it
can absorb a large amount of heat withoutfaisignificant rise in
temperature.

2.Dry soil has a low specific heat of about 800 J kg-* K-*, which is
around five times smaller than water, as a result, land heats up
and cool down quickly.

Land Vs Coastal Areas:

1.-Land in summer can heat up quickly/to temperatures between 45°C
to 50°C.

2.Land in winter cools down quickly with temperatures dropping from
5°C to 0°C.

3.Coastal areas like Karachi experience smaller temperature
variations, around 19°C.to 32°C because:

4.In summer, océans and/akes absorb heat slowly, without
significant temperature rise.

* In winter, theyirelease heat gradually, maintaining a stable
temperature.

Property Low Specific Heat High Specific Heat
Heat to raise temp Small amount needed Large amount needed
Heating / Cooling Quickly Slowly

Heat Storage Cannot store much Stores large amounts
Heat Release Quickly Slowly

Examples Copper, Iron, Diamond | Water, Qil, Glycerin




C.
1.

Human Body Temperature Regulation:
The human body is made up of 60% of water.

2.Water's high specific heat capacity helps the human body to

D.

maintain a stable internal temperature (37°C).

.When the body gets hot, water in the body absorbs the

excess heat, without a sharp temperature rise, preventing
overheating.

.When the body gets cold, the stored heat in the body's

water slowly releases to mainftain a constanti{temperature,
helping prevent the body from getting too cold.

Cooling Systems in Heat Exchangersg

Water is commonly used as a coolant in power plants, industrial
processes and radiators due to its high specific heat.
1.Due to its ability to absorb a large amount of heat and

minimal rise in femperature,_ it canyremove excess heat from
machinery and systems. It helps to,prevent overheating and
increases efficiency.

.Working of a heat exchanger: In a heat exchanger, water

transfers heat fromd@,hot system (e.g, a machine) to another
medium (air, liquid) without letting the machine or system's
temperature rise too quickly.

.It ensures machine’ s working at an optimal temperature,

thereby ensuring efficiency.

1.Cooking#PFrocesses:

Water isiused in cooking due to its large specific heat capacity,
it heatsy,upyslowly and distributes heat evenly across the food.
1.This prevents burning and ensures that:

The food cooks at a steady temperature. Hot drinks, like tea
and.coffee, stay warmer for a long time due fto high specific
hWeat capacity of water, which allows it fo retain heat for
extended periods. It does not cools down quickly, meaning that
the heat stays in the beverage longer, keeping it warm for
consumption.
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Q1: What is the SI unit of specific heat capacity?
The SI unit is joule per kilogram per kelvin (J kg-* K-1*).

Q2: Why do metals have low specific heat capacity?
Metals need less heat to change temperature because:
Their particles transfer energy quickly

Temperature rises rapidly with small heat

So, metals heat and cool quickly. Q
Q3: What is specific heat capacity?
Answer:

Specific heat capacity is the amount of heat regq o raise the
temperature of 1 kg of a substance by 1 K (or . It i'$an intrinsic
material property.

Q4: Write the formula and explain e m$

Answer:
Formula: Q = mcAT — ¢ =Q / (mMAT)

Q = heat supplied (Joules) V
m = mass (kg)
c = specific heat capacity kg°C

2\ C or

AT = change in temperature )
Q5: Why does water ha i specific heat capacity?
Answer:

Water has strong in
energy to break:

ecular hydrogen bonds that require more
s more heat before femperature rises
up and cools down slowly.

Q6: Wh

Answer:
Water has high specific heat capacity, so it heats up slowly

npareg d. The sea breeze brings cool air from the ocean to
Therefor'e, coastal areas remain cooler than inland areas.

y does water help in maintaining body temperature?

astal areas cooler during daytime?

an body is 60% water. Water absorbs excess heat without
causing a large temperature rise, keeping body femperature stable
at about 37°C. When cold, stored heat releases slowly.



Q. Why coastal areas stay moderate?

Oceans and lakes absorb a lot of heat from the sun during
the summer season and store it. In winter, oceans and lakes
release heat intfo the atmosphere.

Maintaining Stability in Ocean and Lake Temperatures®

Oceans and lakes can absorb a lot of heat from the sun

during the summer without significant femperature increases.

In winter, they release the stored heat graduadly, which

helps maintain stable water temperatures.

1.It prevents rapid temperature increases“and.ensures a
suitable environment for aquatic life.

Q. Why does water retain heat?

Due to water's large specific heat|, it absorbs a lot of heat
without increasing the temperature much. This property
allows water to store heat efficiently and release it slowly
over time, which is why hot“drinks stay warmer longer and
cooking occurs evenly without burning.

Q9: Why do deserts @xpefigence extreme temperatures?
Answer:

Sand has low specifictheat capacity. It heats up very quickly
during the dayfandyco@ls rapidly at night, resulting in large
temperatune differences.

Q8: Why dd\deserts experience extreme temperatures?
Answer:

Sand has low specific heat capacity. It heats up very quickly
during/the day and cools rapidly at night, resulting in large
temperature differences.



Side Box — Why is it cooler near the sea
during the day?

Coastal areas are cooler in daytime because
water's high specific heat capacity means it

warms much more gradually than land. As
heats quickly, air above it rises (low
pressure). Cooler, denser sea air mov inland
to fill this gap — creating a sea breeze t

moderates coastal Temperafures%

QY e

Q1. Spe<lc heat capacity is the heat required to raise temperature of:
A © kg by 1°C
y 1°C Vv B) 1kg by

) 1 kg by 10°C D) 100 g by 1°C

Ans: By definition, specific heat capacity refers to 1 kg of substance raised by 1°C (or 1 K).




Q2. Sl unit of specific heat capacity is:

A) J/kg B) J/K

v/ C) J kg K- D) kg J-*

Ans: Standard Sl unit is joule per kilogram per kelvin.

Q3. Which substance has the highest specific heat capacity?

A) Copper B) Iron

v/ C) Water D) @

Ans: Water has about 4200 J/kgK — much higher than metals.

it has:

Q4. Land heats faster than

/ B) Low specific heat

D) High pressure

Half Vv B) Double

C) Same D) Zero

Ans: Q is proportional to m, so doubling mass doubles the heat required.




Q6. Water is used in car radiators because:

A) It is cheap B) It has low density

 C) Ithas high specificheat | D) It evaporates fast

Ans: |t absorbs large amounts of heat without a large temperature rise.

Q7. Coastal areas stay cooler than inland during daytime because:

A) Sand has high heat capacity

C) Sun is weaker near coast

Ans: Water's high specific heat keeps coa e ratufes moderate.

Q8. Human body temperat able due to:

A) Bones v B) Water content (60%)
C) Skin co D) Only muscles

body) absorbs excess heat without sharp temperature rise.

cific heat capacity does NOT depend on:

) Nature of substance Vv B) Mass

C) Material type D) Atomic structure

Ans: Specific heat is an intrinsic material property — mass does not change the value of c.




Q10. The specific heat capacity of water is approximately:

v/ A) 4200 J/kgK B) 900 J/kgK

C) 100 J/kgK D) 50 J/kgK

Ans: Standard value is about 4180-4200 J/kgK.

10.2 MEASURMENT OF SPECIFIC HEAFCAPACITY

A) Method of Mixtures (Calorimeter fMethad)

Principle:

This method uses a calorimeter t@ detertine the specific heat
capacity of a solid by applying_the“haw of "conservation of energy".
When a solid sample is placed intojycooler water within the
calorimeter, heat is transferped from the solid to the water and the
calorimeter. Assuming notheat togthe surroundings.

Apparatus
1.Bunsen burner opfhotplate !g [g
2.Copper calorimeternfwith lid
3.S5tirrer and insulatiag cover
4.Metallic solid£€ylinder (brass or

copper) HEAT BALANCE
5.Two thermomgeter EQUATION
6.Weightihg machine MS-CS-(T2-Ts) =

MW:-CW-(T3-T1) +

7.Water beaker, laboratory stand
MC-CC-(T3-T1)

variabPess

L fndependent: Initial temperature of
the metal block.

— Dependent: Energy supplied to the
metal block by heating

— Procedure
1.Measure the mass of empty calorimeter with a known specific heat

capacity 'c'.
2.Fill the calorimeter with enough water, so now calculate the mass of

water mw.



mw=m-mc
- mass of empty calorimeter
- mass of water calculated

.Place the calorimeter in the insulating cover.
.Measure its initial temperature with the thermometer, which will

be equal to the surroundings. Ti

3.Measure mass of solid as "ms"

4 Boil the water and heat the solid, Ti until it reaches thérmal
equilibrium.

5.Remove solid from the boiling water and shake off excess water.

6.Place the hot solid into the calorimeter.

7.Cover the calorimeter and stir the water gently buf“eghtinuously
to ensure uniform distribution.

8.Measure the final temperature of the mixtdre®ence it becomes
constant on attaining equilibrium Ts.

Symbol Meaning

ms, Cs Mass and specifiesheat of solid sample

mw, Cw Mass"and specific heat of water (4200 J/kgK)

mc, Cc Mass,and/specific heat of calorimeter

T: Initial temperature of water & calorimeter

T2 Tnitial temperature of hot solid

Ts Final equilibrium temperature after mixing

Heatsss by s'lid = Heat gained by water in calorimeter + Heat gained by calorimeter

Os=0w+Qc
msCs(Tz - Ts) = mwCw(Ts - T1) + mcCc(Ts - T1)
0s > msCs(T: - Ts)
ow > mwCw(Ts - T1)
Qc » mcCc(Ts - T:1)
Solve for Cs:

Cs = (mwCw(Ts - T1) + mcCc(Ts - T1)) / ms(T- - Ts)

Cs = (mwCw + mcCc)(Ts - T2) / ms(Tz - Ts)




Conservation: "Heat lost by solid in decreasing its temperature
from T2 to Ts is equal to the heat gained by water in increasing
its femperature from T: to Ts."

Procedure for Liquid:
Same procedure and experiment is used.
Liquid of unknown specific heat capacity "CI" is used.

Formula:
C_I = (m_sc S(Tz = Ts) -m_¢c C(Ts = T:)) / fm(Ts o T1)

B) Electrical heating Method:
Solids:

Purpose: To find the specific heat capacity offa solid using
electrical heating method.

Method Summary: Heat is tfransferred fo a solid block using
immersion heater and changednsheat is measured.

Apparatus:

(@) J0N® ) I~ 'S I N I

.Solid block
.Voltmeter
.Thermometer C = Q / mAT
.Immersion heater
.Ammeter

.Cotton woal

Procedure:

1
2

N Ol A W

.Measure the mass of the solid block.
.Place the immersion heater into the hole in the block and

connect it to the voltmeter and ammeter.

.Insert thermometer in the smaller hole.

.Insulate the block with cotton wool.

.Record the initial temperature.

.Connect the heater to the supply and furn it on for ten minutes.

Record voltage and current.

.Turn off the heater and record the highest temperature

reached.

.Calculate by the formula:



C) Heat Capacity of Liquids:
Apparatus:

1.- Immersion heater

.- Voltmeter

.- Ammeter

.- Thermometer

Water

.- Calorimeter

.- Measuring Scale

NOoO Ol h wmnN
]

Procedure:

1.Measure mass of empty calorimeter = me

2.Add liquid into calorimeter and measure'its total mass.

3.Mass of liquid = m(Total mass) - mc

4.Measure the initial temperature of liquid using thermometer, Ti.

5.Place immersion heater and thermometer inside the liquid and
connect voltmeter and ammeter to it measure current and
voltage.

6.When temperature reach0°C, turn the thermometer off, stir it
well.

7.Find difference between initial and highest temperature.

Formula:
C_L's (Q.Heater - mcC(T_F - T_i)) / mL(T_F - T_i)




mme UNIT:10 HEAT CAPACITY AND gueeesss
MODES OF HEAT TRANSFER

10.3 TRANSFER OF HEAT --- OVERVIEW

Definition:

Heat fransfer occurs when thermal energy fravels from one objelct to
another and until they reaches the same the temperature kno
thermal equilibrium. This process continues until they both reach the
same temperature.

Mode Medium Needed? Occurs In mple

Conduction Yes Solids Heating a metal rod

Convection Yes Boiling water in a pan

Sunlight heating

Radiation No Earth

Q1: Define heat transf
Answer:

Heat transfer is t
region of higher tem
continues until
equilibrium).

by which thermal energy moves from a
to a region of lower femperature. This

tion: Transfer of heat in fluids through actual movement of
forming currents.

ion: Transfer of heat in the form of electromagnetic waves that
ravel through vacuum.

What is the difference between conduction, convection, and
radiation?
Answer:
Conduction: Requires physical contact, occurs in solids via particle
vibration and free electrons.
Convection: Requires a fluid medium, occurs via bulk movement of
hot/cold fluid particles.
Radiation: Requires NO medium — can travel through vacuum as
electromagnetic waves.



Q4: What is conduction? Explain with an example.

Ans: Conduction is the process of heat transfer through a
solid without the overall movement of the substance. In
conduction, heat energy is passed from particle to particle
by vibrations and collisions.

Example: When one end of a metal rod is heated, the hegt
travels to the other end through conduction. The particlesuat
the hot end vibrate faster and transfer energy to
neighboring particles, gradually heating the entire rod\

Q5: What is convection? Explain with an exanjple¥

Ans: Convection is the transfer of heat in kiguids and gases
due to the actual movement of particles. Mhen a3fluid is
heated, the particles become less densg andmnise, while
cooler, denser fluid sinks. This movementfcreates convection
currents that transfer heat.

Example: Boiling water in a pot demonstrates convection. Hot
water at the bottom rises while cooler water descends,
forming a continuous current tntil the water reaches a
uniform temperature.

Q6: What is radiatiop? EXxplaigV with an example.

Ans: Radiation is thetitransfer of heat in the form of
electromagnetic wavesyainly infrared, without requiring a
medium. Radiati®n cdahn, occur through solids, liquids, gases, or
even empty spacey

Example: The heat“frfom the Sun reaches the Earth through
the vacuumyoffspace by radiation. Another example is feeling
the wapm¥h of a fire even without touching it.

QZ EXplainfreal-life examples of heat transfer ?
Ans:Caonduction: Cooking on a metal pan. The heat from the
Stove passes through the metal to cook food.

Convection: Heating a room with a radiator. Warm air rises
while cooler air sinks, creating a circulation that warms the
room.

Radiation: Sun heating the Earth or feeling warmth from an
electric heater without touching it.
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A) Conduction

Q1. Which of the following is not a method of heat transfer?

B) Convection

C) Radiation

V/ D) Reflection

bouncing back of light or heat, not transfer.

Ans: Heat can be transferred by conduction, convection, and radiation. Reflection e

A) Convection

Q2. Heat transfer through a solid occurs mainly by:

/ C) Conduction

Ans: In solids, particles are closely packed and t

Q3. Which materialis the b or of heat?
A) Wood V/ B) Copper
C) Plastic D) Air

per have free electrons that transfer energy efficiently.

) Conduction

ch process does not require a medium to transfer heat?

B) Convection

Vv C) Radiation

D) All require a medium

Ans: Radiation transfers heat through electromagnetic waves and does not need matter.




Q5. Which of these is an example of convection?

A) Heating a metal rod + B) Boiling water in a pan

C) Sunlight warming the Earth | D) Touching a hot object

Ans: Convection occurs when fluid motion transfers heat; boiling water shows this.

Q6. In conduction, energy is transferred by:

A) Moving particles from one place .B) Vibr
to another

ion articles

C) Heat waves

Q7. Which of the following is a p

A) Aluminum B) Silver

v/ C) Wood D) Copper

Ans: Wood has'ne free electrons and does not transfer heat efficiently.

e following reduces heat loss by conduction?

g metals +/ B) Using insulators like wood

) Increasing contact area D) Using liquids

Ans: Insulators resist the flow of heat.




mme UNIT:10 HEAT CAPACITY AND gueeesss
MODES OF HEAT TRANSFER

10.3.1 THERMAL CONDUCTION

Definition:
Thermal conduction is the transfer of heat through a solid without any movement of
the solid itself. It happens when particles in a material pass their kinetic enengy to

neighbouring particles.

Working / Mechanism
1.When one end of a solid is heated, particles gain energy and vib
2.These energetic particles collide with neighbours, passing

vibrate faster
3.In metals, conduction is faster because they contain FREE ELEETRONS
4.Free electrons move rapidly through the metal and ergy from hot to cold

end
5.This is why metals are good conductors of heat

re vigorously
ing them tfo

Property G6ood Conductors or Conductors (Insulators)
Heat transfer Allow heat to pa N Transfer heat very slowly
Free electrons Present (i S Absent

Examples ,Silver Air, Wood, Rubber, Plastic

Applications ing utensils, heat sinks Pot handles, thermal clothing

uction in Metal

pod is coated with wax
everal pins fixed along it
wax
) en one end is heated, heat
travels through rod — melts wax

— pins fall off one by one

3.Demonstrates: Conduction occurs w w
from hot end toward cool end
CONDUCTION

2003 Brocks/Cols Publishing
1 division of Thomson Leaming. Inc.

Hot rod
bums hand
by conduction,

Heat flow along
rod by conduction
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Q1. What is conduction? Give an example.

Answer:

Conduction is the process of heat transfer through a material
without any bulk movement of the material itself. Energy is
transferred from hotter to cooler regions via vibration and collisio
of particles.

Example: Heating a metal spoon in hot tea — heat is conducted f
the hot end to the cooler end you hold.

Q2. Why are metals better conductors than non-
Answer:

Metals have free electrons that move freely wit metal lattice
and transfer energy quickly from hot to coolep i
metals, there are no free electrons — condu€:
vibrating atoms, which is much slower.

Q3. How can conduction be reduced:
Answer:
Conduction can be reduced by:
Using materials with low th
Minimising direct contact
Using air gaps, wool, rubber
Example: Wooden handl
to hands.

ivity (insulators)
hot and cold regions
plastic coverings as insulators
g utensils prevent heat transfer

ide Box — Is rubber a better
ulator than air?

Yes! Rubber has lower thermal
conductivity than air, meaning it reduces
heat transfer more effectively. Rubber
has tightly bound electrons which resist
heat energy flow. Rubber can resist heat
flow about 4 to 8 times better than air,
which is why it is used in cooking pot
handles and electrical safety tools.



Q4 .How does heat transfer occur in solids?

Ans: In solids, heat transfer occurs mainly by conduction.
The particles in a solid vibrate about their mean positions.
When the particles in the hotter region gain energy, they
vibrate faster and collide with neighboring particles,
transferring energy to them. This chain of collisions
continues, causing the heat to travel from the hot end to the
cold end. In metals, free electrons also carry energy
efficiently, making conduction faster.

Q5.Define thermal conductivity.

Ans: Thermal conductivity is a measure of agmaterial®s ability
to conduct heat. It is denoted by the symbol k ahd is defined
as the amount of heat transferred per gecond through a unit
area of the material with a unit temperatdire difference
across a unit thickness. Materials with“highgthermal
conductivity, like copper and silver, transfer heat quickly,
while materials with low thermal conductivity, like wood and
plastic, are poor conductors.

Q6.How does particle agfangetme®Wt affect conduction?
Ans: The arrangement of particles plays a crucial role in
conduction. In solids{ particle’s are tightly packed in a fixed
structure, which allows €fficient transfer of vibrational
energy from onegparticle to the next. In liquids, particles
are close but _canmove past each other, so conduction is
slower. In gases, parficles are widely separated, making
conductionyveny fmefficient

Q7 .HdWw cangcoOnduction be reduced?

Ans: Conduction can be reduced by using materials with low
thermal“@onductivity (insulators) and by minimizing direct
contact between hot and cold regions. For example, wearing
wooden handles on cooking utensils prevents heat transfer to
Wands. Air gaps, wool, and plastic coverings also act as
insulators tfo reduce conduction.



MCQS

Q1. Thermal conduction is the transfer of heat through.

A) Vacuum only

+/ B) Solid only

C) Fluid only

D) Both solid and fluid

Ans: Heat is mainly conducted through solids because particles are closely packed.

Q2. Metals conduct heat better because they

A) Are heavier v B) Ha electrons
C) Are shiny D) S
Ans: Free electrons in metals move easily, transferring th nergy quickly.

Q3. Which has the highest therma

V A) Silver

ivity?

B) Aluminium

C) lron

D) Glass

Ans: Silver is the nductor of heat.

ctors of heat are also called:

B) Conductors

) Semi-conductors

D) Superconductors

Ans: Materials like wood, air, and glass resist heat flow and are called insulators.




Vv A) Conduction

Q5. Heat transfer through stationary particles is called:

B) Convection

C) Radiation

D) Diffusion

Ans: Conduction occurs without bulk movement of material.

10.3.2 CONVECTION

Definition:

Convection is the transfer of heat in
to the bulk movement of molecules or
heated particles become less dense and
sink to take their place.

KMT — How Convection Works
1.Particles of liquids and gase
are always in random mo
2.When a fluid is heated, i
particles gain kineticWe
move faster.
3.Faster motion ¢
to move farther

buds and gases) due

es. It occurs because
while cooler particles

warm

4 The heated

becomes
5.The les
upward.

cool
molecules

( T.) fluid rises

dens

denser fluid

¥ N\ N\ ¥

molecules

R
A

heat

nward.

inuous movement of
g"hot fluid and sinking cool
forms convection currents.
e currents transfer heat

rough the fluid.

& Encyclopeedia Britannica, Inc.

Type Description

Example

Occurs due to temperature/density
differences without external force

Natural Convection

Boiling water, warm air in room

External agent (fan/pump) moves
fluid to transfer heat faster

Forced Convection

Air conditioner, refrigerator
compressor
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Example:

i) Water in a pot: The water at the bottom gets the heat
first so it becomes less dense and rises while the cooler

water at the tfop moves to take its place. This convection

current distributes heat.

Convection and Marine Life
Convection current play a very important role in marine ecesystem.

a) Sea Breeze (Daytime)
1.Land heats up faster than sea
(land has low specific heat SEA BREEZE
capacity)
2.Air above the land becomes hot,
expands and becomes less dense.
.Hot air rises above the land.
4.Cooler air from the sea moves
toward land to fill the gap
5.This movement of air is called
Sea Breeze

COOL AIR

w

WARM AIR

LAND

b) Land Breeze (Nigﬂima
1.Land cools down“fasfterathan the LAND BREEZE
sea due to its low Spegific heat

capacity.
2.Sea retfains heat longer because
of its(high specific heat capacity.
3.Air.above the sea is warmer than
the airyabove land.
4 Warm air rises above the sea.
.Coldw@air from the land moves
toward the sea to fill the gap.
6sThis movement is called a land
breeze.

Ot

Effects of Sea and land Breeze:
1.Help maintain moderate temperatures in coastal areas.
2.Result in more coder and stable climate near coastal areas.



Thermals and Bird Flight:
1.During the day, sunlight heats the land creating hot, air columns called thermals.
2.These are surrounded by coder air, forming rising warm air currents.
3.Birds like eagles, hawks and vultures are excellent thermal riders.
4.The birds glide themselves in the thermals to gain height.
5.This allows them to stay air born for long periods.

Thermal lift

climb

rate, ¥ limh

gliding velocity

sink rate,
we
horizantal velocity, v,

Upwelling:
1.In some oceans, cold, deepfwaterrises to the surface.
2.This water is rich in nutrients like mineral and organic matter
(phosphorus, magnesium).
3.Plankton uses this _autriedts to grow and multiply, which is a food
force for zooplanktonsand whales.

Distribution ofaofygen:

1.Most oxygen isydissolved in the upper water and exposed to the
atmosphere, Which sinks to deeper layers.

2. Thismprowides oxygen to marine to animals like fish, which live at
the bottom.

HeaigDistributions:

.- Convection distributes heat from warm surface waters towards
colder regions.

.- This can help to keep a stable temperature.

.Help in preventing extreme hot or cold.

.releasing heat, making the air lighter.

.- This rising warm air creates a low-pressure area.

.Air moves in, creating a spinning motion.

.- If strong enough, it forms a cyclone with high winds and heavy
rain.

—

NOoOOl b W N
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Q1. Define convection.

Answer:

Convection is the transfer of heat in liquids and gases due fo
the actual movement of particles. When fluid is heated,

particles gain energy, move faster, spread apart — maki
the fluid less dense. This warmer fluid rises, and cooler
denser fluid sinks, forming convection currents.

Q2. What is a sea breeze? How does it form

Answer:
A sea breeze blows from the ocean toward the d during
daytime.
Land has low specific heat = heats up under sun
Air above land becomes hot, expan s (low

pressure)
Cooler denser air from sea moves Sea Breeze

Brings cooler, moist air to coa$tal areas, moderating
temperatures.

Q3. What is a land bree%g d how does it differ from

sea breeze?

Answer:

A land breeze bl
At night, land
Sea retains h

rom land foward the sea at night.
er than sea
above sea is warmer — rises

Cool air f ows toward sea — Land Breeze
Differe ; a breeze is daytime (sea to land); Land breeze
is nighttime d fo sea).

g water in a pot: hot water rises while cold water
s, forming convection currents.

arm air in a room: heaters warm the air, which rises,
while cooler air sinks, circulating warmth throughout the
room.



Q5. How do thermals help birds in flight?

Answer:

Thermals are columns of rising warm air formed when sun
unevenly heats Earth's surface. Birds like eagles glide into
thermals and circle within rising air to gain altitude without
flapping wings — <conserving energy during migration or
hunting.

Side Box — Why is the freezer at the TOP of a
refrigerator?

The freezer is at the top to use convection efficiently.
Cold air from the freezer is denser and travels
downward, cooling the food compartment below. Warm
air from the bottom rises and gets cooled again in the
freezer — creating a continuous convection cyclejthat
keeps all compartments cool efficiently.

Q6.In which states of matter doeff coWweéesion occur?

Ans: Convection occurs in liquids and gasjes only. It cannot
occur in solids because the particleg,ingsolids are fixed in
position and cannot move freely. In fluids, particles can move
and carry thermal energy fifo'm hotter to cooler regions.

Q7 .What are convection carreMits?

Ans: Convection currentsgare¥circular movements of a fluid
caused by differencestifi temperature and density. The hot
fluid rises becadise )it is\.less dense, while the cold fluid sinks
because it is dens@r. This continuous cycle transfers heat
throughout thexfluwidd helping in uniform heating.

Q8 .Explain why hot air rises and cold air sinks ?

Ans: When dir is heated, its particles move faster and
sppeadapapt, reducing its density. Less dense, warm air
rises above the denser, cooler air. As the warm air rises,
ceoler /air moves in to replace it, creating a continuous flow
of“@i known as a convection current.

@9 .How does convection help in heating a room?

Ans: In a heated room, warm air from radiators or heaters
rises because it is less dense. Cooler air moves down to take
its place. This cycle continues, creating convection currents
that distribute heat evenly throughout the room, keeping it
warm.
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Q1. Convection is the transfer of heat by:

A) Direct contact of particles

V/ B) Movement of fluid

C) Radiation in vacuum

D) Chemical reaction

Ans: Convection occurs due to the bulk movement of liquids or gases.

Q2. Convection is possible in:

A) Solids only

C) Gases only

Ans: Fluids can flow, which is essential for convecti

Q3. Sea breeze occurs due to:

A) Conduction

v/ B) Convection

C) Radiatio

D) Conduction and radiation

Ans: Air mo m co

r sea to warmer land due to temperature differences.

‘“ onvection, fluid motion is caused by:

A) Pressure difference only

B) Temperature difference
only

C) Gravity only

v

density differences

Ans: Hot fluid rises due to lower density; cooler fluid sinks.




A) Forced convection

Q5. Fluids can flow, which is essential for convection.

Vv B) Natural convection

C) Thermal conduction

D) Radiation

Ans: Hot fluid becomes less dense and rises, creating natural circulation.

Q6. Forced convection occurs when

A) Fluid moves on its own

V B) Externa t moves the

fluid

C) Fluid is solidified

ris zero

Ans: Fans, pumps, or blowers cause forced co

Q7. Which of the following is an

ample

al convection?

B) Air cooled by a fan

D) Using refrigerator
compressor

ransfer in atmosphere is mainly by

) Conduction

V/ B) Convection

C) Radiation

D) None of these

Ans: Warm air rises and cold air sinks, transferring heat in the atmosphere.
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10.3.2 THERMAL RADIATION

Definition:
1.Radiation, it is the process of heat transfer without any physical contact or
medium.
2.It involves energy transfer in the form of electromagnetic radiation and i
radiations.

Example:

1. The sun heats the Earth
through radiation, even though
there is a vacuum between
them.

2.We feel warmth from a fire

place even at a distance.
"of waikto Te Whane Winanga o Waikats | www.icenceleam.og.nz

Radiation vs Conductigr / vection:

1.Conduction and co ( require a medium (solid, liquid, or gas)
to tfransfer he

2.Radiation does n I any medium; it can occur in any space.

Factors i
1.A bod

fac
1) s olor:
aces are good absorbers and good emitters but bad

ctors.

more radiation when hot.

: icient in both gaining and loosing heat.

Example: Wearing black clothes on a sunny day feels hotter.

l.Laptop chargers are black to release heat quickly.

2.Light or shiny surfaces are poor absorbers and emitters but good
reflectors.




2) Texture of Surface

Rough or Dull Surfaces:

1.Absorb more radiation.

2.Rough, dull, and dark surfaces are good absorbers or emitters.
3.They are the worst reflectors.

Smooth or Shiny Surfaces:

1.Bad absorbers and bad emitters.

2.They are good reflectors.

Example: Before painting, walls are made smooth and painted white,to
reduce heat absorption.

3) Surface Area of the Object

l1.Larger surface area means more heat emitted or absorbed.
2.5Small surface area means less heat emitted.

Example: Radiators have more surface area to connduct heat.

Temperature and Radiation
1.The rate of infrared radiation emitted is directlyfproportional to the
object's temperature.
2.Higher Temperature = Higher rate of radiagion
3.Lower Temperature = Lower rate offyradiation

Examples:
1.Sun: High temperature + large,surface area emits a large amount of
radiation.
2.Cooking Stove: Lower temperature + small surface area emits less
radiation.

Working of Thermal £quilibridim
1.When an object 4s he@ted, its temperature rises and it radiates more.
2.If an object radiates moére heat than it absorbs, its temperature
decreases.
3.If it abserbs and,radiates heat equally, its femperature stays constant.
This state is called Thermal Equilibrium.
ExampleinA“hot cup of tea placed on a table
1.Inltiallyj\its temperature is higher than surroundings.
2.It\radiaties heat and starts cooling.
3.Eventudlly, it reaches the same temperature as surroundings = Thermal
Equilibrium.

Leslie Cube Experiment

1.Used to demonstrate how surface texture affects thermal radiation.
2.The cube has four sides with different surfaces:

e Black Matte

e White

e Dark Color

* Shiny Surface



Steps:
1.Boiling water is poured into the hollow cube.
2.Wait until the cube reaches a steady temperature.
3.Use an infrared thermometer to measure radiation from each side.
4 . The thermometer detects which surface emits more or less IR radiation.

Conclusions: Summary Table

Color Absorber Emitter Reflector
Black Best Best Worst v
Dull / Dark Good Good Bad A\
White Bad Bad _Goo—d \
Shiny Silver Worst Worst - I;est _

SRQs

Q1 .Define thermal radiatign.

Answer:

Thermal radiation is th@wemission of electromagnetic energy from
the surface of an object duento its temperature. All bodies above
absolute zero emitgfadiation, primarily in the infrared spectrum,
which can travelg¢through Vacuum at the speed of light.

Q2. Why does Badtaiffon not require a medium?

Answer:

Heat tramsferiby radiation occurs through electromagnetic waves
(photohs) consisting of oscillating electric and magnetic fields.
These waves do NOT need particles to carry energy, allowing them
tofpropagaté through empty space — this is why the Sun's energy
reaches Earth.

Q3"¥Compare radiation with conduction and convection.
Answer:

Conduction and Convection need a medium (solid, liquid, or gas).
Radiation does NOT need any medium — can occur in vacuum.
Radiation travels at the speed of light — fastest heat transfer
method.

Conduction: particle-to-particle vibration.

Convection: bulk fluid movement.

Radiation: electromagnetic wave emission.



Q4.Name two everyday sources of thermal radiation ?
Ans:

1). The Sun, which emits a broad spectrum of
electromagnetic radiation (visible, UV, infrared) that
provides Earth with light and heat.

2). A fire (burning wood), whose flames generate intense
infrared radiation that heats nearby objects through
emission and absorption of electromagnetic energy. Both
sources demonstrate how hot bodies release thermal
radiation that can be felt or measured.

Q5.What does the solar spectrum illusifdte about the
Sun’'s energy?

Ans:

The solar spectrum displays the intensity of the Sun's
electromagnetic radiation versus wavelength, showing three
main regions: ultraviolet, visible, anduinfrared. The peak
intfensity lies in the visible range, with substantial infrared
energy that contributes 10 heating: The spectrum explains
how the Earth receives both luminous energy (for vision and
photosynthesis) and thermal,energy (for warming), and it
highlights that radiation travels at light speed, making it
the fastest heat-transfer mechanism.

Q6 How does@an“@bject's temperature affect the amount of
thermal radiafdon i emits?

Ans:

An object's temperature directly influences its thermal
radiation emission according to the Stefan-Boltzmann law: P
= oeAT* where power P is proportional to the fourth power
of absolute temperature 7. Thus, a small temperature
increase causes a large rise in emitted radiation. Hot objects
emi¥™more energy and shift emission foward shorter
wavelengths (e.g., visible light for very hot bodies), while
cooler objects emit longer-wavelength infrared radiation.
This relationship is crucial in thermodynamics and
engineering design.



MCQS

Q1. Thermal radiation is the transfer of heat through:

A) Solids only B) Fluids only

 C) Electromagnetic waves D) Conduction

Ans: Radiation transfers heat via infrared electromagnetic waves and does not need axmedium.

Q2. Radiation can occur in:

v/ A) Vacuum B) Solidsenly

C) Fluids only D) Solids and fluids only

Ans: Unlike conduction or convection, radiation‘ean transfer heat through empty space.

Q3. Which surface will radiate heat fastest?

v/ A) Black and®ough B) White and shiny

C) Silveredpolished D) Polished aluminium

Ans: Dark, rough surfaces are the best emitters of radiation.

Q4.Heat from the Sun reaches Earth by:

A) Conduction B) Convection

/' C) Radiation D) All of these

Ans: Space is a vacuum, so radiation is the only possible method.




Q5. A perfect black body:

A) Reflects all radiation

v

radiation

C) Transmits all radiation

D) Emits no radiation

Ans: A perfect black body absorbs ALL incident radiation.

Q6. Polished silver reflects most incident radiation. This means it is‘a

A) Good absorber

 B) Poordbsarber

C) Good emitter

D) Poor reflector

Ans: surface that reflects most incident radiation absorbs very little of it (unlike a Black body

radiation which absorbs all radiation).

Q7 .Poor emitters of radiation are

A) Dark and rough surfaces

v

surfaces

C) Black surfaces

D) Matte surfaces

Ans: Reflect most radiation, emit little.

Q8 .Which of the following is a good absorber and emitter of radiation?

v
A) White body

 B) Black body

C) Silver plate

D) Polished aluminum

Ans: A black body absorbs all incident radiation and emits maximum radiation.
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10.4 APPLICATIONS OF HEAT TRANSFER

1) Heating a Pan — All Three Modes
Conduction
1.
Heat moves from the burner to the pan's base
by direct contact.

The metal pan absorbs that energy and passes
it on to the food touching the pan.

Some heat also travels up the handle—hence
handles are made up of plastic or wood, which
are poor conductors.
Convection
1.
In a pot of water, the layer at the bottom
heats up, becomes less dense and rises.
2.
Cooler denser water from the above move
the bottom, creating a circulation th
out the temperature until boiling.
Radiation
1.

infrared
or heating

In grilling or broiling, heat radi
waves straight from th oa
element to the pan, wi

physical contact.

\Jl ll"\llllls v U’ wVIIVOG W LIV
1.When the heater#s turned on, it
heats the,surrounding air.

comes less dense and

e hot air rises, cooler air
s in from the rest of the
om to replace it.

4.
The cooler air heats up, becomes
less dense and rises, and the
cycle repeats.

5.

This creates a convection
current, raising the overall
temperature of the room.

. Conduction
Convection

sehold Hot Water

m

.Cold water enters the
bottom of storage ftank

2.Electric element heats the
water inside

3.Hot water rises to top
layer by convection

4 As hot water is used, fresh
cold water refills the
bottom — continuous supply




Glass walls

with silvered
WYV NS IV 1 Tu9n surfaces
1. Double-wall construction with a \

VACUUM between walls Spring
2. Conduction: Minimised — no medium ;i?ﬁggg

to transfer heat through vacuum } §
3. Convection: Cannot occur — no air to P 1  Container

carry heat Hot or cold

L. . . . liquid :
4. Radiation: Minimised — inner wall is ¢
) L 11 Vacuum
SILVERED so it reflects heat back \
Rubber support

5) Measuring Temperature with
Infrared Thermometers:

1.All object emit infrared

radiations.

2.Used to measure temperature
without a physical contact.
.Used in furnaces and industries.
.Food storage facilities.
.Hazardous areas where contact is
risky.

H W

(&)

Methods to rediée heat“4ransfer:

Double-glazed windows, which contain
a vacuumior air gap between two panes
of glass, help reduce heat transfer.
Proper roofyand wall insulation helps
keep the'interior temperature stable.
Using thick curtains and ventilation.
Proper shading, false ceilings acts as
tnsulation

Proper Orientation

Rail

Glass [
Sealant Sash Rail Hole
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Q1. How does heat transfer occur in cooking using a kitchen
pan?
Answer:
Three modes work together:
Conduction: Heat transfers from hot pan directly to food

through contact.

Convection: Heat circulates within liquids due to movemen
fluid particles.

Radiation: In grilling, heat radiates as infrared waves t
coals to food.

Q2. How does a thermos flask prevent hea sfer?
Answer:
A thermos flask has a double-wall constr
between walls:
Conduction: minimised — vacuum has
Convection: cannot occur — no air

ith vacuum

to transfer heat
heat

Radiation: minimised — inner wall is d, reflects heat
back
This keeps hot liquids hot Idyligtiids cold for extended
periods.
Q3. How does convec e n heating a room?
Answer:

Room Heating

Air near the
Rising of
The warm

s warm, expands, and becomes less dense.

isespupward while cooler air moves downward.
Forma ofiConvection Currents

This ¢ontinuous> movement creates convection currents that
distribute heat evenly.

at is the mechanism of a household hot water system?

orKking Principle of Water Heating System

eating at the Bottom

e heating element warms water at the base of the tank.
Convection Currents
Hot water rises to the fop while cooler water sinks o the bottom.
Continuous Circulation
This cycle continues until all water becomes uniformly heated.



Q5. How is the temperature of a liquid measured?

Answer:

Using a Thermometer:

A thermometer is placed in the liquid fo measure its
temperature.

Expansion of Liquid:

When heated, the liquid inside the thermometer expandsiand
rises in the narrow tube, indicating the temperature.

Correct Placement:

The thermometer bulb should be fully immersed in the“liquid and
must not touch the sides or bottom of the container to ensure an
accurate reading.

Q6. How can thermal energy transfergbe reduced in buildings?
Answer:

Use of Insulation Materials:

Materials such as fiberglass trap air andsreduce heat transfer.
Double-6lazed Windows:

The air gap between two gldss panesdcts as an insulator and
reduces heat loss or gain.

Reflective Surfaces:

Light-colored roofs and walls reflect heat radiation and reduce
heat absorption.

Q7. How do infirared thermometers measure temperature?
Answer:

Working of Infrared Thermometers

Detection of Infrared Radiation

All objects emit infrared radiation based on their temperature.
Non=Contaci Measurement

These thermometers measure temperature without touching the
object,

Role"of Emissivity

Accuracy depends on the emissivity of the surface being
measured.
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Q1. In a metal pan, heat reaches food mainly through:

A) Radiation B) Convection

/ C) Conduction D) Evaporation

Ans: Direct contact between pan and food transfers heat by conduction.

Q2. A heater is placed near the floor to: @
B) @

A) Maximise radiation > conduction

v

“currents in room

duce heat loss

Ans: Warm air rises and creates throughout the room.

Q3. Doub ed'windows reduce heat loss by:
g conduction v
panes
creasing radiation D) Removing convection

Ans: Trapped air acts as an insulator, reducing heat transfer.




Q4. Why is the heating element at bottom of a water heater?

A) To increase radiation B) To reduce cost

v

currents

D) To avoid conduction

Ans: Heating from below ensures hot water rises and cold water sinks — ptoperconvection
flow.

Q5. Infrared thermometers measure temperature by detecting:

A) Conduction B) Convection

V/ C) Infrared radiation D) Visible light

Ans: All objects emit infrared radiation based on their temperature.

Q6. Why deesstirring food increase cooking efficiency?

A) Itincreases radiation v
currents
C) It reduces conduction D) It stops heat loss

Ans: Stirring improves convection by distributing heat evenly.
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10.5 GREENHOUSE EFFECT & GLOBAL WARMING

Natural Process of earth's energy distribution mechanism.

Greenhouse Effect:

Heat Trapping:

1.Water vapours, methane, Carbondioxide, etc absorb
outgoing infrared radiation.

2.Re-emits much of it back to the Earth } s lower
temperature.

Life-Supporting Blanket:
1.Without it, nighttime temperatures: i drop to -180°C.

2.Methane from livestock a

3.Nitrous Oxidizes fro ers.
4 Deforestation increas levels.

'
Natural i Human Enhanced
Global : Greenhouse Effect 1 Greenhouse Effect
These gases dets like a . — : oy
blan eventing the vy mm“:"s' : -
hecfing. k&m Sun

ualincrease in earths & e
average temperature. 5;-




Effects of Global Warming

1.Increased rainfall and flooding in some areas.

2.Faster melting of glaciers, raising sea levels.

3.Stronger hurricanes due to more moisture content.

4.Heavier snowfalls due to increased moisture from the atmosphere.

due fo more moisture content in atmosphere

Drying of land:

1.Increased evaporation and reduced water retention in soil and plants.
2.Harder for plants to grow.

3.Increased Wildfires:

4.Dry vegetation and high temperature make conditions ideal'for wildfires.
5.Fire spread quickly and reduce air quality due to smoke.

Solutions

1.Stop deforestation and promote afforrstation

2.Forests act as natural carbon sinks absorbing CO.?2

3.Use energy sources that emit little or no greenhouse gases.

4.Develop climate-resilient infrastructure to withstand extreme weather.

Difference between greenhouse efifect and global warming?
6reenhouse effect:

1.It is a natural process.

2.Traps enough heat from theiSun/

3.Keeps the earth warm enough to support life.

Global warming:

l.Long-term rise infEarth’s temperature.

2.Caused by human activities.

3.Increases greenhousedeffect.

GLOBAL WARMING

0

LOSS OF SPECIES ICBCﬂP’SMBI.‘IING

; WEATHER

DISRUFTIONS

FOLAR ANIMALS
AT RISK

HURRICANES

www.shutterstock.com - 2345636127
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Q1. What is the greenhouse effect?

Answer:

The greenhouse effect is the process in which certain
gases in the atmosphere trap heat and keep Earth warm.
Sunlight enters Earth's surface, and the heat radiated
back is absorbed and re-emitted by greenhouse gases (CO%
methane, water vapor), preventing it from escaping te
space. It is a NATURAL process essential for life.

Q2. What is global warming?

Answer:

Global warming is the gradual increase in_Earth“s average
temperature due to increased concentrationgef greenhouse
gases caused by human activities such asyburning fossil
fuels, deforestation, and industrialfprocesses.

Q3. How can global warming be reducegd?
Answer:

1. Planting more trees (foreshs absorb CO:2)
. Reducing fossil fuel use

. Using renewable energy“(solar, wind)

. Reducing vehicle emissjions

. Developing energy-efficient technology

. Building climafte-resihient infrastructure

oSOl W

Side Box — Wh‘ will global fires increase by 19% by 2050?
Climate models predict a 19% increase in global fires by 2050 (vs 2015) due to:
1. Hotter, Drier Conditions: Warmer climate causes more evaporation, drier soil
and vegetation, more flammable fuel.

2. .konger Fire Seasons: Warmer temperatures extend the window for hot, dry
conditions.

3. Changed Rainfall Patterns: Some areas receive less rain due to climate
change, increasing drought and fire risk.




Q4. How do human activities increase greenhouse gases?
Answer:

Human activities increase greenhouse gases in several ways:
1)Burning fossil fuels (coal, oil, gas) releases CO-.
2)Vehicles produce smoke and harmful gases.

3)Industrial activities release methane and nitrous oxide.
4)Deforestation reduces the number of trees that absorb
CO-.

These actions increase the concentration of greenhouse
gases in the atmosphere.

Q5. How does global warming cause flo#ding?

Answer:

Global warming causes flooding in the following ways:
1)Rising temperatures melt glaciers.

2)Melting glaciers increase sea levels.

3)Higher sea levels flood coastal areas.

4)Heavy rainfall also increases due o increased evaporation.
5)This leads to damage to land and property.

Q6. Why are droughtSwgincreasing due to global warming?
Answer:

Droughts increase because:

1)Higher temperatures cause more evaporation.

2)Soil loses moisturesquickly.

3)Plants receive less water.

4)Rainfalkl patterns change in some regions.

This makes land dry and reduces agricultural production.

Q7. Howwmdbes global warming affect hurricanes?
Answern:

1)&lobal warming heats up oceans.

2)Warm oceans give more energy to hurricanes.
3)Hurricanes become stronger.

4)They produce faster winds.

5)They bring heavier rainfall.

This increases destruction in affected areas.



MCQS

Q1. The greenhouse effect involves Earth:

A) Only absorbing radiation

/ B) Absorbing high-energy,
emitting low-energy radiation

C) Reflecting all radiation

D) Only emitting radiation

Ans: Earth absorbs high-energy solar radiation and emits low-energy infrared radiation,

trapped by greenhouse gases.

Q2. Without atmosphere, Earth's nighttime temperature would drop to:

A) +40°C

B) 0°C

v/ C) -180°C

D) Remain constant

Ans: Without an atmosphere, nighttime temperature would be about -180°C (like the Moon).

Q3. Which of the followingdsiNOT a greenhouse gas?

A) Carbon Dioxide

B) Methane

C) Nitrogen,Oxide

V/ D) Helium

Ans: Water vapor,.COzmethane, and nitrogen oxide trap heat. Helium does not.

Q4. Deforestation contributes to global warming by:

A) Increasing reflection

+/ B) Reducing CO. absorption

C) Producing methane

D) Cooling Earth

Ans: Trees absorb CO;; cutting them reduces absorption, increasing CO: levels.




Q5. Wildfires are increasing due to global warming because:

A) More rainfall

v

out vegetation

C) More trees planted

D) Decreased evaporation

Ans: Higher temperatures lead to hotter, drier conditions making vegetation more flammable.

Q6. Which gas contributes the most to the greenhouse effect in global warming

A) Oxygen

B) Nitrogen

< C) Carbon dioxide

D) Hydrogen

Ans: Carbon dioxide is the major greenhouse gas due'to human activities.

Q7. Which human activity is the largest source of carbon dioxide?

A) Agriculture

“

/ B) Burning fossil fuels

C) Fishing

D) Mining salt

Ans: Combustion of coal, oil, and gas releases large amounts of CO..

Q8. Methane is more effective than carbon dioxide in trapping heat because it:

A) Is heavier

v

absorption capacity

C) Is more abundant

D) Is colorless

Ans: Methane traps more heat per molecule than CO..




mme UNIT:10 HEAT CAPACITY AND gueeesss
MODES OF HEAT TRANSFER

QUICK REVISION — KEY POINTS SUMMARY

Specific Heat Capacity
- Definition: Heat needed to raise 1 kg of substance by 1K
low

- Formula: Q = mcAT | ¢ = Q/(mAT)

- SI Unit: J kg-* K-*

* Water (4200 J/kgK) = highest — heats and cools

* Metals have LOW specific heat — heat and_coo ickly

Modes of Heat Transfer

* Conduction: Through solids via vibra es and free

electrons

* Convection: Through fluids via bulk nent (hot rises, cold
sinks)

* Radiation: Through electro ves — NO medium needed

Radiation Surface Propertie

* Black/dark/rough — B s er, Best emitter, Worst reflector
- White/shiny/smooth — absorber, Worst emitter, Best
reflector

Greenhouse Effe al Warming

* Natural proGess’—%keeps Earth warm by trapping low-energy
infrared radiation

0 i th drops to -180°C at night

= human-caused increase in greenhouse gases —
ures
: Renewable energy, afforestation, reduce fossil fuel use







SRQS

(QNO:01): Why should we wear dark-colored clothes in
winter and white colored clothes in summer?

Answer

We should wear dark-colored clothes in winter because they
absorb more heat. from the surroundings, helping to keep our
body warm In summer, we should wear Light-colored clothes
because they reflect. most of the sunlight, keeping us

(QNO:02): In house geysers or water boilers are edhon
the ground floor, and still we get Sing Warm r e
top floor without a pump How is it possible?

Answer

We get Warm water on the top floor without u a pump
because when water is heated in a geys ecomes less
dense and rises naturally. This upward nt of water

ot water to
pumps.

happens due to convection, which a
reach higher floors without the nee

(QNO:03): Where will you g more heat from. a wood
fire, I meter above the s e meter from the
front of the woods?
Answer

We will get more hea eter above the wood. This is

because, in addition t tion, hot air rises due to
convection, car eat upwards-So, above the fire we
receive heat by iation and convection, while in front
of the fire, wejge at mostly by radiations only.

y do crowded city areas feel hotter
e outskirts on a hot Summer? State

d city Outskirts because buildings, roads and vehicles
1 large areas feel hotter than the. amount of heat and
lease it slowly. This increases heat through radiation.
o, cities have less greenery. So there is less cooling from
vaporation. In contrast, outskirts have more open Land and
plants, which help to keep the area coder.



(QNO:05): Why is the metallic handle of a door colder
than the wood of the same door when touched?

Answer

The metallic handle feels colder than the wooden part
because metal is a good conductor of heat. It quickly absorbs
heat from our hands, making it feel cooler. Wood being a
poor Conductor, absorbs heat slowly, So, it feels warmer
when touched.

(QNO:06): How do trees help to reduce the effe o
climate change, and what could happen if trees ar
depleted?
Answer
Trees help to reduce climate change by abs ihg carbon
dioxide and releasing Oxygen through pho
forests are depleted, less CO2 is absor
global warming and increase in natural
and cyclones.

g fo more
s like storms

(QNO:07): How does gravity cont to Earth's Core
temperature?
Answer

Gravity contributes to ed!
heavy metals like iron to
move inward, the pre it

ore femperature by pulling
e center. As these materials
eases, which generates heat.

This heat, Combined w compression from gravity.
Keeps the core y hot.

(QNO:08): W rtain gases in the atmosphere trap
more hea e others?

Answer

Greenfhouseggases trap more heat because they absorb
Infrared radiations released by the Earth and reradiate it
surface. Examples include: methane, Carbon

e and water vapours. Gases can lead to climate change
bal warming.

NO:09): What are the potential impacts of extraction
f geothermal energy?
Answer
l1.Land degradation and ecosystem disruption Depletion of
underground reservoirs if not managed properly.
2.Release of harmful gases like sulfur dioxide and hydrogen
sulfide.



Answer

(QNO:10): How does the specific heat capaci
different materials affect their use in Cookire.
ifi i i ects

4 ow it heats
up and cools down. Cookware made fro als with low
specific heat, like aluminum, heats gui G- is useful for

fast cooking Materials with high s eat, like cast iron,
take longer to heat, but retain hed making it ideal for

even cooking.

(QNO:11): Water at 20° Veep underground into

heated layers where it to a mix of steam and hot
s

water at 100°C. As e a and hot water cool down
back to 20°C, why d kg of steam release more
energy than one o ot water?

Answer:

Steam releas
because it.cha

ergy than hot water when cooled
sUi*s state into liquid, releasing Latent
heat durin ndensation. Hot water only loses heat by
coolin own Without a change of state. This is why 1 kg of
steamigivesioff more energy than 1 kg of hot water.




MCQS

Q1.Why is water used in radiators of automobile as coolant?

A) It is easily available

B) It is low cost or free

 C) It has large specific heat

D) It has oxygen

Ans: Water absorbs a large amount of heat without heating up quickly. So it cools the engine

effectively.

Q2.Which of the following situations is the best example of conduction?

v

hot when placed in boiling
water

B) Warmsair rising near a heater

C) Sunlight warming the
surface of the Earth

D) A microwave oven heating
food

Ans: Heat transfers through direct contact in solids. The spoon gets hot by conduction.

Q3:Which combination of heat transfer methods would be dominant when you place your hand

near, butnot touching, a fire?

ArConduction and radiation

B) Convection and conduction

&/ C) Radiation and convection

D) Conduction and insulation

Ans: You feel heat through radiation (heat waves) and convection (hot air). No conduction

because there is no contact.




Q4.What is symbol and what is unit for the heat capacity of an object?

v A) J°Ct B) J kg K-

C) J kg K- D) J kg K

Ans: Heat capacity is measured in Joule per degree Celsius. It shows how much heat is needed
to raise temperature by 1°C.

Q5.If the same amount of heat energy is supplied to equal masses of water and copper, why
does the temperature of copper increase faster?

 A) Copper has a lower B) Water is a poar conductor
specific heat capacity of heat

C) Convection in water D) Radiation from water is
dissipates heat energy quickly | stronger

Ans: Copper needs less heat to raise its temperature, soit heats up faster than water.

Q6.The transfer of heat that takes place because of density difference in fluids is

A) Conduction B) Radiation

V' C) Convectien D) Insulation

Ans: Hot fluid'becomes lighter and rises, cold fluid sinks. This movement is called convection.

Q7.Which of the following statements best explains why the Earth experiences more heat from
the Sun than the Moon, despite being almost the same distance away?

A) Earth is better conductor / B) The Earth has
than the Moon greenhouse gases

C) The Moon reflects most of

the Sun’s radiation D) Moon traps heat effectively

Ans: Earth’s atmosphere contains greenhouse gases that trap heat. The Moon has no
atmosphere.




Q8.Dull black colour on a surface is the best absorber of radiation, which of the following is the
best radiator?

 A) Dull black surface B) Shining silver surface

C) Red coloured surface D) White surface

Ans: A dull black surface is both the best absorber and the best radiator of heat.

Q9.How does the enhanced greenhouse effect contribute to globalwarming?

/ B) It traps'more heat in the
Earth'ssatmosphere, raising
global temperatures

A) It increases the Earth's
ability to reflect solar radiation

D) It increases the Earth's
rotation speed, causing heat
buildup

C) It blocks ultraviolet rays
from entering the atmosphere

Ans: More greenhouse gases trap more heat, which increases Earth’s temperature.

Q10.What is the primary driving force behind the movement of tectonic plates?

A) Gravitational pull of the

B) Solar radiation
Moon

v

D) Magnetic field of the Earth
/currents

Ans: Hot material inside Earth moves in circular currents. This movement pushes tectonic
plates.




Q11.Which layer of the Earth is composed of partially molten rock that can flow slowly?

A) Lithosphere

/ B) Asthenosphere

C) Mesosphere

D) Quter.core

Ans: The asthenosphere is soft and semi-molten, so it flows slowly and allows plate movement.

Q12.Which of the following extreme weather events is most directly associated with rising sea

levels?

A) Tornadoes

B) Wildfires

v I T

D) Earthquakes

Ans: Rising sea levels make hurricanes more dangerous because they cause stronger flooding

and storm surges.




NUMERICALS

J/g-°C. Solve this Numerical.

Convert the specific heat of water 4180 J/kg-K in@

GIVEN: REQUIREL
« Specific heat of water = 4180 J/kg-K| + Speci @ ofgwater in J/g-°C=7?

SOLUTION:
Step 1: Convertkgto g

. 1kg = 1000 g. So, y
4180/ ik

100
A8 J/g-K

ius

Step 2: Convert Kelvi

remains the same.

4.18J/g-°C J

the specific heat of water is 4.18 J/g-°C.




Q2 g

Calculate amount of heat given to 25 Kg of water t
increase its temperature by 50°C. Solve this Numeri

GIVEN: REQUIRED:
« Mass of water; m = 25 kg « Heat sup ," Q="
« Change in temperature, AT = 50°C
« Specific heat capacity of water, c=

SOLUTION:
Step 1: Heat energy supplied: = = mgAT
* Q=mcAT

Step 2: Substituting aliov
» Q = (25)(4180((

Step 3: Solvi
)

Answer
Q =5.225x10°J = 5225 kJ

So, 5,225,000 joules (or 5225 kJ) of heat is required.




A half kg block of an unknown metal is heated from 30°C to 80°C,

requiring 19 kJ of heat energy, (a) Calculate the specific heat capacity
of the metal. (b) if the same metal block is heated from 80°C to 125°C;
how much additional heat energy would be needed? Solve this Numeri

GIVEN: REQUIRED:
» Mass of metal, m = 0.5 kg + (a) Specific heat capacity off meta
« Initial temperature, T, = 30°C + (b) Additional heat r m

Step 1: Find change in temperature:
SAT=T,-T,

» Final temperature, T, = 80°C 80°C to 125°
« Heat supplied, Q =19 kJ = 19000 )
(a) Calculate specific heat capacity: O
AT =80 -30=50°C
Step 2: Use formula:
*Q=mcAT, _ Q
maT

Step 2: Used- again:
s Q=mc AT

+ Q=(0.5){760)(45)
» Q=(0.5)(34200)

- Q=17100J

« (a) Specific heat capacity = 760 J/kg-°C
= (b) Additional heat required =17.1 kJ




Calculate the change in temperature of 5 litres of water if it

absorbs 8.4 MJ of heat energy? (Use specific heat of water =
4200 J/kg - K)

GIVEN: REQUIRED:
= Volume of water = 5 litres + (@) Change i ratu T =7

« Heat absorbed, Q = 8.4 M.

« Specific heat capacity of water,
c =4200 J/kg-K
'SOLUTION:

Step 1: Convert units
= 1 litre of water = 1kg
So,

* Mass, m =5 kg
Convert heat into jou
+ 84 MJ=84x10%]

+ Q = 8,400,0

Step 2: Use

nce temperature change in Kelvin equals temperature change in Celsius,
T=400°C

; . Final Answer: Change in temperature = 400°C




In a container, 100g of water at 80°C is mixed with 200g of wat
20°C. What will be the final temperature of the mixture,

no heat loss to the surrounding (and container)?

(Use specific heat capacity of water = 4200 J/kg-K or -K)

GIVEN: REQUIRE
= Mass of hot water = 100 g - (a) Final te = of the mixture, T
» Mass of cold water = 200 g

» Temperature of hot water = 80°C
» Temperature of cold water = 20°C

« Specific heat capacity of water,
C=4200 J/kg-K=4.2 l/g-K

SOLUTION:

Step 1: Apply heat ba
« Heat lost by hot wat
100 = 4.2 % (8Q

ained by cold water
x 4.2 x (T — 20)
cels out). 100(80-T) = 200(7 — 20)

Final Answer: Final temperature of the mixture = 40°C I




A 200g piece of an unknown solid cylinder is heated to 110°C and the
placed into a calorimeter containing 200g of water at 20°C. The calori
has a mass of 60g and specific heat capacity of 0.9 J/g°C. The final
°C.

temperature of the system (solid, water, and calorimeter) is
no heat is lost to the surroundings. Calculate the specific h
solid.

GIVEN: REQUIRE »
+« Mass of solid metal = 200g @ Apaci
« Initial temperature of solid = 110°C '

« Mass of water = 200g

Initial ternperature of water = 2@°C

+ Mass of calorimeter = 60 g

» Specific heat capacity of calorimeter,
c=0.9 J/g°C

« Final temperature of the systermn

SOLUTION:

Step 1: Apply Heat Ba

« Heat lost by solid = Hea ed by water + calorimeter

Step 2: Write s

- Heat lost - Heat gained by water:

Q, =m,c, (35 — 20)
Q, = 200=4.2x15

Q, = 12600 J
t Gained - Heat gained by calcrimeter:
. B £ D Q. =m,c.(35 - 20)
w = 12600 + 810 Q. =60x09x15
1gained = 13410 J Q. =810

o 4: Equate Heat Lost and Gained
+ 15000 c,= 13410

€y = 1o212=0.894 J/g°C

. Final Answer: SpeC|f|c heat capacnty of the solid, ¢, ~ 0.89 J/g°C ]




460 J/kg-°C. Calculate the thermal energy lost by the st
ols to 50°C.

GIVEN:

« Mass of steel rod = 3 kg

- Initial temperature, T, = 450°C

« Final temperature. T, = 50°C

- Specific heat capacity of steel,
¢ = 460 J/kg°C

SOLUTION: V
Step 1: Write Formula
» Since the rod is coolin

AT=Th-T; s b

AT = 450 - 50

AT = 400°C

hermal energy lost by the steel rod, Q = 5.52 <105 J
or Q=552kJ




Examplé 10.1

A 200 g sample of a solid metal is heated from 25°C to
If 3,500 joules of heat energy is required to raise the tem
ture of the metal, what is the specific heat of the m

g GIVEN:

e Mass:m=200g=0.2kg

(Change in temperature in Celsius a is same)

e Heat energy: Q = 3,500 ]

.

REQUIRED:

Specific heat capacity i

erefore, the specific heat of the metal is 350 J/kg K.

ANSWER
[ c = 350 )/kgK I




Example 10.2

A half kilogram sample of aluminum (specific heat capacit
J/kg' K) is heated from room temperature of 25 °C to 100
much heat is absorbed by the aluminum to raise its t

~
e Mass ‘m=0.5 kg ' :
e Specificheat ‘c’ ="=900J kg' K"
e |nitial temperature T, =25°C
e Final temperature T, =100 °C
e Change in temperature ‘AT’ =

mma!

Final

°C=75°C=75K

L.

SOLUTION:

Specific heat capacit

Q=c rQ=mcAT
i es
(0.5 kg) x (900 J/kg K) x (75 K)

|Q=33,7504=33.75KkI |

refore, the amount of heat required by sample of aluminum

3.75 kJ.
| Q= 33750J 33 \




Example 103

A 150 g piece of an unknown solid cylinder is heated to 100 °C an
then placed into a calorimeter containing 200 g of water at 25 °
calorimeter has a mass of 50 g and a specific heat capacity of O
°C. The final temperature of the system (solid, water,
ter) is 30 °C. Assume no heat is lost to the surroundin
the specific heat capacity of the solid.

e Mass of solid cylinder ‘m; =150 g D:
» Mass of water in calorimeter ‘m, = 200 ecCific heat capacity
e Mass of calorimeter ‘m_/=50¢ ’=7?(in J/g°C)

e Initial temperature ‘T,” = 25 °C
e Temperature of solid cylinderSf, =
e Final temperature ‘T =3

.

.J

200g x 4.18 1/g°C + 50gx 0,9 J/g°C) x (30°C - 25°C)
(150g) x (100°C - 30 °C
1090x5°C 5450

= S 10,49 )/g°C
150gx70°C 10500

e specific heat capacity of the solid is 0.42 J/g°C.

—]
[ ¢,=042)/g°C

SOLUTION -
From principle of calori y, we have:
C mccc)(T e Tl )
\ m, (Tz - T)
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	Quick Review Sheet Notes
	Topical Wise Notes SRQs + MCQs
	UNIT:10 HEAT CAPACITY AND MODES OF HEAT TRANSFER
	10.1 SPECIFIC HEAT CAPACITY
	Definition: Specific heat capacity is the amount of heat energy required to raise the temperature of 1 kilogram of a substance by 1 degree Celsius (or 1 Kelvin). It tells us how much energy a material needs to change its temperature
	Variables & SI Unit
	Q = Heat absorbed or released (Joules, J)
	m = Mass of the substance (kilograms, kg)
	c = Specific heat capacity
	ΔT = Change in temperature (T₂ − T₁) in °C or K
	SI Unit: J kg⁻¹ K⁻¹ (also written as J/kg°C)
	Note: A change of 1 K = 1°C — numerical values are identical
	Why does a person enjoy comparatively cooler weather near sea at day compared to land areas?



	Materials with high and low specific heat capacity:
	A) Temperature variations in land and coastal areas:
	Land Vs Coastal Areas:
	C. Human Body Temperature Regulation:
	SRQS
	Q. Why coastal areas stay moderate? Oceans and lakes absorb a lot of heat from the sun during the summer season and store it. In winter, oceans and lakes release heat into the atmosphere.
	Maintaining Stability in Ocean and Lake Temperatures: Oceans and lakes can absorb a lot of heat from the sun during the summer without significant temperature increases. In winter, they release the stored heat gradually, which helps maintain stable water temperatures.
	It prevents rapid temperature increases and ensures a suitable environment for aquatic life.
	Q. Why does water retain heat? Due to water's large specific heat, it absorbs a lot of heat without increasing the temperature much. This property allows water to store heat efficiently and release it slowly over time, which is why hot drinks stay warmer longer and cooking occurs evenly without burning.
	Q9: Why do deserts experience extreme temperatures? Answer: Sand has low specific heat capacity. It heats up very quickly during the day and cools rapidly at night, resulting in large temperature differences.
	Q8: Why do deserts experience extreme temperatures? Answer: Sand has low specific heat capacity. It heats up very quickly during the day and cools rapidly at night, resulting in large temperature differences.
	MCQS
	10.2 MEASURMENT OF SPECIFIC HEAT CAPACITY
	Apparatus
	HEAT BALANCE EQUATION MS·CS·(T₂−T₃) = MW·CW·(T₃−T₁) + MC·CC·(T₃−T₁)
	→ Procedure


	Place the calorimeter in the insulating cover.
	Measure its initial temperature with the thermometer, which will be equal to the surroundings. Ti
	Measure mass of solid as "ms"
	Boil the water and heat the solid, Ti until it reaches thermal equilibrium.
	Remove solid from the boiling water and shake off excess water.
	Place the hot solid into the calorimeter.
	Cover the calorimeter and stir the water gently but continuously to ensure uniform distribution.
	Measure the final temperature of the mixture once it becomes constant on attaining equilibrium T₃.
	B) Electrical heating Method: Solids:
	Apparatus:
	Procedure:
	C) Heat Capacity of Liquids: Apparatus:
	Procedure:
	UNIT:10 HEAT CAPACITY AND MODES OF HEAT TRANSFER
	10.3 TRANSFER OF HEAT –-- OVERVIEW
	Definition: Heat transfer occurs when thermal energy travels from one object to another and until they reaches the same the temperature known as thermal equilibrium. This process continues until they both reach the same temperature.


	SRQS
	Q4: What is conduction? Explain with an example. Ans: Conduction is the process of heat transfer through a solid without the overall movement of the substance. In conduction, heat energy is passed from particle to particle by vibrations and collisions. Example: When one end of a metal rod is heated, the heat travels to the other end through conduction. The particles at the hot end vibrate faster and transfer energy to neighboring particles, gradually heating the entire rod.
	Q5: What is convection? Explain with an example. Ans: Convection is the transfer of heat in liquids and gases due to the actual movement of particles. When a fluid is heated, the particles become less dense and rise, while cooler, denser fluid sinks. This movement creates convection currents that transfer heat. Example: Boiling water in a pot demonstrates convection. Hot water at the bottom rises while cooler water descends, forming a continuous current until the water reaches a uniform temperature.
	Q6: What is radiation? Explain with an example. Ans: Radiation is the transfer of heat in the form of electromagnetic waves, mainly infrared, without requiring a medium. Radiation can occur through solids, liquids, gases, or even empty space. Example: The heat from the Sun reaches the Earth through the vacuum of space by radiation. Another example is feeling the warmth of a fire even without touching it.
	Q7: Explain real-life examples of heat transfer ? Ans:Conduction: Cooking on a metal pan. The heat from the stove passes through the metal to cook food. Convection: Heating a room with a radiator. Warm air rises while cooler air sinks, creating a circulation that warms the room. Radiation: Sun heating the Earth or feeling warmth from an electric heater without touching it.
	MCQS
	UNIT:10 HEAT CAPACITY AND MODES OF HEAT TRANSFER
	10.3.1 THERMAL CONDUCTION
	Working / Mechanism
	Experiment — Conduction in Metal Rod

	SRQS
	Q4.How does heat transfer occur in solids? Ans: In solids, heat transfer occurs mainly by conduction. The particles in a solid vibrate about their mean positions. When the particles in the hotter region gain energy, they vibrate faster and collide with neighboring particles, transferring energy to them. This chain of collisions continues, causing the heat to travel from the hot end to the cold end. In metals, free electrons also carry energy efficiently, making conduction faster.
	Q5.Define thermal conductivity. Ans: Thermal conductivity is a measure of a material’s ability to conduct heat. It is denoted by the symbol k and is defined as the amount of heat transferred per second through a unit area of the material with a unit temperature difference across a unit thickness. Materials with high thermal conductivity, like copper and silver, transfer heat quickly, while materials with low thermal conductivity, like wood and plastic, are poor conductors.
	Q6.How does particle arrangement affect conduction? Ans: The arrangement of particles plays a crucial role in conduction. In solids, particles are tightly packed in a fixed structure, which allows efficient transfer of vibrational energy from one particle to the next. In liquids, particles are close but can move past each other, so conduction is slower. In gases, particles are widely separated, making conduction very inefficient
	Q7.How can conduction be reduced? Ans: Conduction can be reduced by using materials with low thermal conductivity (insulators) and by minimizing direct contact between hot and cold regions. For example, wearing wooden handles on cooking utensils prevents heat transfer to hands. Air gaps, wool, and plastic coverings also act as insulators to reduce conduction.
	MCQS
	10.3.2 CONVECTION
	Definition: Convection is the transfer of heat in fluids (liquids and gases) due to the bulk movement of molecules or particles. It occurs because heated particles become less dense and rise, while cooler particles sink to take their place.
	KMT — How Convection Works
	Particles of liquids and gases are always in random motion.
	When a fluid is heated, its particles gain kinetic energy and move faster.
	Faster motion causes particles to move farther apart.
	The heated part of the fluid becomes less dense.
	The less dense (hot) fluid rises upward.
	The cooler and denser fluid sinks downward.
	This continuous movement of rising hot fluid and sinking cool fluid forms convection currents.


	UNIT:10 HEAT CAPACITY AND MODES OF HEAT TRANSFER
	a) Sea Breeze (Daytime)
	b) Land Breeze (Nighttime)
	Effects of Sea and land Breeze:

	Thermals and Bird Flight:
	Upwelling:
	Distribution of oxygen:
	Heat Distributions:
	SRQS
	Q5.  How do thermals help birds in flight? Answer: Thermals are columns of rising warm air formed when sun unevenly heats Earth's surface. Birds like eagles glide into thermals and circle within rising air to gain altitude without flapping wings — conserving energy during migration or hunting.
	Q6.In which states of matter does convection occur? Ans: Convection occurs in liquids and gases only. It cannot occur in solids because the particles in solids are fixed in position and cannot move freely. In fluids, particles can move and carry thermal energy from hotter to cooler regions.
	Q7.What are convection currents? Ans: Convection currents are circular movements of a fluid caused by differences in temperature and density. The hot fluid rises because it is less dense, while the cold fluid sinks because it is denser. This continuous cycle transfers heat throughout the fluid, helping in uniform heating.
	Q8.Explain why hot air rises and cold air sinks ? Ans: When air is heated, its particles move faster and spread apart, reducing its density. Less dense, warm air rises above the denser, cooler air. As the warm air rises, cooler air moves in to replace it, creating a continuous flow of air known as a convection current.
	Q9.How does convection help in heating a room? Ans: In a heated room, warm air from radiators or heaters rises because it is less dense. Cooler air moves down to take its place. This cycle continues, creating convection currents that distribute heat evenly throughout the room, keeping it warm.
	MCQS
	UNIT:10 HEAT CAPACITY AND MODES OF HEAT TRANSFER
	10.3.2 THERMAL RADIATION
	Example:
	Radiation vs Conduction / Convection:
	Factors impacting radiation:
	1) Surface color:

	2) Texture of Surface Rough or Dull Surfaces:
	Smooth or Shiny Surfaces:
	3) Surface Area of the Object
	Temperature and Radiation
	Examples:
	Working of Thermal Equilibrium
	Example: A hot cup of tea placed on a table
	Leslie Cube Experiment
	Steps:
	Conclusions: Summary Table

	SRQS
	Q4.Name two everyday sources of thermal radiation ? Ans:  1). The Sun, which emits a broad spectrum of electromagnetic radiation (visible, UV, infrared) that provides Earth with light and heat. 2). A fire (burning wood), whose flames generate intense infrared radiation that heats nearby objects through emission and absorption of electromagnetic energy. Both sources demonstrate how hot bodies release thermal radiation that can be felt or measured.
	Q5.What does the solar spectrum illustrate about the Sun’s energy? Ans:  The solar spectrum displays the intensity of the Sun’s electromagnetic radiation versus wavelength, showing three main regions: ultraviolet, visible, and infrared. The peak intensity lies in the visible range, with substantial infrared energy that contributes to heating. The spectrum explains how the Earth receives both luminous energy (for vision and photosynthesis) and thermal energy (for warming), and it highlights that radiation travels at light speed, making it the fastest heat‑transfer mechanism.
	Q6 How does an object’s temperature affect the amount of thermal radiation it emits? Ans:  An object’s temperature directly influences its thermal radiation emission according to the Stefan‑Boltzmann law: 𝑃 = 𝜎𝜀𝐴𝑇⁴, where power 𝑃 is proportional to the fourth power of absolute temperature 𝑇. Thus, a small temperature increase causes a large rise in emitted radiation. Hot objects emit more energy and shift emission toward shorter wavelengths (e.g., visible light for very hot bodies), while cooler objects emit longer‑wavelength infrared radiation. This relationship is crucial in thermodynamics and engineering design.
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	1) Heating a Pan — All Three Modes Conduction
	Convection
	Radiation
	3) Heating a Room by Convection
	2) Household Hot Water System

	4) Thermos Flask
	Double-wall construction with a VACUUM between walls
	Conduction: Minimised — no medium to transfer heat through vacuum
	Convection: Cannot occur — no air to carry heat
	Radiation: Minimised — inner wall is SILVERED so it reflects heat back

	5) Measuring Temperature with Infrared Thermometers:
	All object emit infrared radiations.
	Used to measure temperature without a physical contact.
	Used in furnaces and industries.
	Food storage facilities.
	Hazardous areas where contact is risky.
	Methods to reduce heat transfer:
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	Q5. How is the temperature of a liquid measured? Answer: Using a Thermometer:  A thermometer is placed in the liquid to measure its temperature. Expansion of Liquid:  When heated, the liquid inside the thermometer expands and rises in the narrow tube, indicating the temperature. Correct Placement:  The thermometer bulb should be fully immersed in the liquid and must not touch the sides or bottom of the container to ensure an accurate reading.
	Q6. How can thermal energy transfer be reduced in buildings? Answer: Use of Insulation Materials:  Materials such as fiberglass trap air and reduce heat transfer. Double-Glazed Windows:  The air gap between two glass panes acts as an insulator and reduces heat loss or gain. Reflective Surfaces:  Light-colored roofs and walls reflect heat radiation and reduce heat absorption.
	Q7. How do infrared thermometers measure temperature? Answer:  Working of Infrared Thermometers Detection of Infrared Radiation All objects emit infrared radiation based on their temperature. Non-Contact Measurement These thermometers measure temperature without touching the object. Role of Emissivity Accuracy depends on the emissivity of the surface being measured.
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	10.5 GREENHOUSE EFFECT & GLOBAL WARMING
	Natural Process of earth's energy distribution mechanism.
	Heat Trapping:
	Life-Supporting Blanket:
	Increase in Greenhouse Gases


	Effects of Global Warming
	Solutions
	Difference between greenhouse effect and global warming? Greenhouse effect:
	Global warming:
	SRQS
	Q4. How do human activities increase greenhouse gases? Answer: Human activities increase greenhouse gases in several ways: 1)Burning fossil fuels (coal, oil, gas) releases CO₂. 2)Vehicles produce smoke and harmful gases. 3)Industrial activities release methane and nitrous oxide. 4)Deforestation reduces the number of trees that absorb CO₂. These actions increase the concentration of greenhouse gases in the atmosphere.
	Q5. How does global warming cause flooding? Answer: Global warming causes flooding in the following ways: 1)Rising temperatures melt glaciers. 2)Melting glaciers increase sea levels. 3)Higher sea levels flood coastal areas. 4)Heavy rainfall also increases due to increased evaporation. 5)This leads to damage to land and property.
	Q6. Why are droughts increasing due to global warming? Answer: Droughts increase because: 1)Higher temperatures cause more evaporation. 2)Soil loses moisture quickly. 3)Plants receive less water. 4)Rainfall patterns change in some regions. This makes land dry and reduces agricultural production.
	Q7. How does global warming affect hurricanes? Answer: 1)Global warming heats up oceans. 2)Warm oceans give more energy to hurricanes. 3)Hurricanes become stronger. 4)They produce faster winds. 5)They bring heavier rainfall. This increases destruction in affected areas.
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	QUICK REVISION — KEY POINTS SUMMARY

	Excercise SRQs + MCQS + Numericals
	SRQS
	(QNO:09): What are the potential impacts of extraction of geothermal energy? Answer
	(QNO:10): How does the specific heat capacity of different materials affect their use in Cookware? Answer The specific heat capacity of a material affects how it heats up and cools down. Cookware made from materials with low specific heat, like aluminum, heats quickly. and is useful for fast cooking Materials with high specific heat, like cast iron, take longer to heat, but retain heat well, making it ideal for even cooking.
	(QNO:11): Water at 20°C is sent deep underground into heated layers where it turns into a mix of steam and hot water at 100°C. As the steam and hot water cool down back to 20°C, why does one kg of steam release more energy than one kgbof hot water? Answer: Steam releases more energy than hot water when cooled because it changes its state into liquid, releasing Latent heat during condensation. Hot water only loses heat by cooling down without a change of state. This is why 1 kg of steam gives off more energy than 1 kg of hot water.
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