After studw'n' his chapter, students will be able to:

e explain thermal conduction in all solids (in terms of atomic or molecular lattice
vibrations and also in terms of the movement of free (delocalized) electrons in
metallic conductors.

e  analyze everyday applications of conduction, convection. and radiation, (a) Heating
objects such as Kitchen pans (b) Heating a room by convection (¢) Measuring
temperature using an infrared thermometer (d) Using thermal insulation to maintain
the temperature of a liquid and to reduce thermal energy transfer in buildings (¢)
The mechanism of a household hot-water system.

e explain convection in liquids and gases [in terms of d:nsu}r changes]. Justify
experiments to illustrate convection. ﬂ( kﬁn 'ﬂ‘"
explain convection in seawater to support manrza Lﬁ? o \o~=

e describe the role of land breezes and ~5ca brﬂqzca Tm mammhnb moderate coastal
climates. caa N

e explain how birds are ablq tﬂ ﬂy\ﬁw hours wnhuut flapping their wings and gliders
are able to risedy| (fiditig-on thermal currents.

e describe the process of thermal encrgy transfer by radiation [and know that it does
not require a medium],

e describe the effect of surface colour and texture on the emission, absorption, and
reflection of infrared radiation.

e justify qualitatively how the rate of emission of radiation depends on the surface
temperature and surface area of an object.

e analyze the consequence of heat radiation in the greenhouse effect and its effect on

global warming.
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0.1: What is the Importa u of I!ui and how does transfer ‘of heat occur?

Ans. Heal: Heat is an important form of energy that is essential for life. It plays a pivotal
role in cooking, maintaining our body temperature, and supporting various
industrial processes.




Understanding how heat flow is important for pmtectigsjpyﬁgl i lextreme

lemperatures.
Heat transfer: When two objects with dlﬁ (5}.:1’: into contact, thermal
energy flows from the hotter 0 r:flb'e}\em'é a pmcess Lnnwn as heat transfer.

This is a natural umurﬁw'@hﬁ as long as there is a temperawre difference

between the nhjects(?m"
Examples: Thermal energy constantly transfers from one object to another until thermal
equilibrium is reached. Whether it is the Sun warming the Earth, a hot cup of coffee, or a
metal rod heating when placed in a flame,-heat transfer is a fundamental part of daily
life. |
Types of heat transfer: The three primary'types of heat transfer conduction, convection.
and radiation.

Understanding of these processes is important not just in nature. but also in the
fields like engineering. meteorology. and technology.

Q.2: Write a note on conduction in detail. At

OR Define conduction and explain why are metals %ﬁw rm&&gductm than
non-metals? - i \ { i

Ans. Conduction: l\i SN
"Conduction i iih of heat transfer

through a materid! via direct contact between

particles.”

or "Conduction is the process by which heat is
transferred through direct contact between particles in
a material, without any actual movement of the

material " : en] i anelan
Explanation: It happens when fast-moving (hotter) | gig 11.4: Hmhmﬂuhmmw
particles collide with slow-moving (cooler) particles, |. conduction

transferring their kinetic energy. This method of heat transfer is most efficient in solids.
especially in metals, as their particles are densely packed. and fr:ely moving clectrons
facilitate the quick transfer of energy.

Q.3: Explain thermal conduction in solids in detail.
OR Why does heat travel more quickly in mm

Ans. Conduction: | DY
"Conduction is the process 1@{%&‘“ the h-OIttl' part of a substance to
=

the colder part without the m rticles. and it occurs mainly in solids."

Thermal cnnductinngnd
e  The microscopic mechanism

1. Vibration:

In solids, the atoms and molecules are tightly packed and constantly vibrate around




their mean positions 5 Pl
/‘1 \"., :l ﬁ'ﬁ@‘\,

2. Collisions: 5 Ay 1 NN T
When one end of the Sﬂhﬁ% is heatqﬁ,J #@ngﬁtlmﬂ tﬂ at end in to vibrate more
vigorously. { p :‘-_\ﬂ‘ Q‘Q\Lﬂ %
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These vibra ‘pr tticles collide with nearby atoms or molecules, transferring some
of their energy to them. This process causes the neighbouring particles to vibrate more
rapidly and. in turn, pass some of their energy 10 other surrounding particles.

4. Spreading of heat:

Gradually. heat spreads throughout the solid. but the transf:r is slow, with only a
small amount of heat moving from the hotter to the cooler parts. In conduction. heat
wransfers through a solid medium due to a temperature difference.

Conduction in Metals vs Non-metals:

While both can conduct heat, metals are typically much better at it then non metals,

1. Metals:

_/""\

Metals have free electrons that can move l‘rcelw wuh in. t sb: electrons
carry energy rapidly from hot areas m uu quickcr transfer
of energy. This is why hcal than non-metals.

2. Non-Metals:
These materials 4 m:ge)v I'ﬁ and rely solely on particie to particie vibration.

making the pr
11.2 Convection in liquids and Gases

Q.4: Define convection? Explain convection in liquids and gasses?
OR What is convection and how it works in liquids and gases? Explain with an
experiment.
Ans. Convection:
Convection is the transfer of heat through the actual movement of molecules from a
hot area to a cold area
or “Convection in the transfer of heat through liquids and gasses b}, the actual

movement of molecules from a hotter region to a colder region.”
Explanation: | iquids and gases are not very efficient in con gﬂqg ﬂﬁﬁ\vever heat
can still be transterred 1hmugh lh»se ﬂxbd-; ﬂ\lqu&tgﬁ' ﬁ@ﬁ@a\w a process called

convection g '. \/ fll O\ _:‘, I\

Process: When a hiquid or ba’s"u ‘{:gheé, iUbecomes less dense (lighter) and expands. The
heated liquid ar ﬁ?;ég € thc heat source, and cooler fluid from the surrounding
area moves in o ﬁ‘fﬂ its place. This colder fluid then gets heated as well.

Conclusion: In this way. heat is transferred through fluids by the movement of heated -
molecules from the hotter parts to the colder parts of the fluid.




Experiment: (For Liquid Convection)

Fill a beaker two-thirds with water and heat-itiby {1\
placing a burner undcmeath Now, drhp m‘q or\ 'lhé‘::t%L Ho
potassium pérmanganate clg‘éqfﬁls mtmt‘h&Wat:r We
will notice coloured sptﬂlts Whg upward above the
flame, then ﬂéwlﬂnﬁ ‘downward along the sides, as
shown in Fig. 11.2. These coloured streaks reveal the
movement of currents within the liquid. But these | Fig. 11.2: Convection currents circulate
currents stop when the burner in removed As the water | heat as hot water rises and cold wates
at the bottom of the beaker heats up, it expands, sinks
becoming lighter and rising.-Meanwhile, the cooler. denser water sinks to replace it.
Q.5: Write a note on convention currents in air. Explain process.

OR - Explain the formation and importance of convention currents in the

atmosphere?

Ans. Convention Currents:

"Convention currents are the continuous circular mov s grf‘rﬂﬁjl:f that transfer
heat from hotter regions to cooler regions tlI _ més uniform.”
Examples: A\ = ﬂ.f“?'?‘f o\ 3= ”

e  Heating of water in a Esetz‘:ﬂ IS
e  Seabreeze and | e2e)\ - Airmmu Alr cools

e  Warm airxjgin hcaters and rises and sinks
e  Hot air escaping through ventilators. J
Explanation: When gasses get heated, they expand,

and this creates convention currents due to the

differences in air density at various points in the| Fig 1.3 mwﬁdﬁﬂﬁr
atmosphere. circulation as warm air rises and cool air sinks

Process: The formation of a convection current follows a continuous cycle.

1. Heating:

The sun heats the Earth's surface. Thc air directly above the ground absorbs this
heat through conduction.
2. Expansion and Rising:

As the air warms up, its molecules move fastcr and spread apart. Thi ; kes the air
lighter and less dense, causing it to rise upward .-f.f:.:., \ cO\ Q!
3. Cooling and Sinking: ﬁx\ s

As the warm air reachephlghcf\aiﬁtudcwj \Is duﬁfn coatmg causes the air to
become denser and heawer_ @ﬁi‘:lﬂnalicg it'§ink back toward the Earth's surface.
4. Replacement: [\ (N o

The cooler, Ilqtfv.:ns‘mer air moves in to replace the rising warm air near the ground. This
air is then heated, and the cycle repeats.
Natural Phenomena caused by convection: This constant movement of air creates

== ¥



convection currents, which are responsible for various natural phe L ia. Such as
winds. sea breezes. and weather patterns. '(hg;;-.ﬁgﬁténﬂ?ﬁ;ﬁ&&ﬁ‘ istribute heat

throughout the atmosphere, F_'.‘.%’f“g},&%} fﬁﬂﬂ %@"ﬂ“ﬂé Earth's climate and weather.
Q.6: Discuss the various natura and practical applications of convection currents?

Ans. Atmospheric and/Ho ‘applications:

. Convection currents play a fundamental role in regulating both our indoor role in
regulating both our indoor environments and the earth climate.
Heating System: Convection currents created by electric. gas, or coal heaters arc used 0
warm our homes and offices, Central heating systems also rely on convection Lo
distribute heat throughout the buildings.
Climate regulation: On a larger scale, convection currents occurs naturally in the
environment. The daily changes in temperature in the atmosphere are caused by the
movement of warm or cool air.
1. Land and Sea Breezes:

Convection drives the local winds found near coastal arcas duc to the different

heating rates of land and water. 7
e Sea Breeze (Day time): SRERES g;'(_j_‘_@ﬁﬁ%

During the day, the land heats thar hqa ¢ to the iands lower specific
heat capacity. The warm 'irW‘n nd fise air from the sea moves in o
replace it, creating a sea breeze 3 shown in fig. 11.4.
e Land ):

At night, land cools down more quickly than the sea. As a result, the air above the
sea becomes warmer and rises, while cooler air from the land moves toward the sea.
creating a land breeze, as illustrated in fig. 11.5.

. .. 'tf.
Fig, 11.4: Sea breeze blows from sea to land as warm Fig, 11.5: Land breeze blows from land to sea as

air risés over heated land (day time) m&ﬂmmwmm]

2 . e g T Il BRI S
=, TR} ! - = AR £ L
. Gliding: R WX

Gliding is the m?,;}?nnffl}quig W "tjjl:bﬁli}“ '
continuous flapping of wings) \{ (1 (| || 1>
Glider: A glider, whi }{jl_iki\&”*s’nijaﬂ plane without an
engine, relies\nl the' upward movement of warm air
currents, or thermals, created by convection. (Fig. 11.6) Fig. 11.6: A glider

{e N et

[ Pl

)
Gliders take advantage of these rising currents of warm air to stay in the air for




extended periods.

Gliding in birds: e e
Birds use thermals to stay aloft Kﬁd‘@‘* :
without flapping their wingS-,L l;r@"s € ;
wings and circle in the F"‘f"ﬂ‘é\'s* Mg them to

gain altitude as thmﬁkﬁ:m
Examples: Birds such as eagles, hawks and vultures

| .7 Bh‘d:ﬂﬁngmﬂle
are especially skilled at using thermals to glide over j&nq.dmm air currents

long distances with little effort, barely needing to flap their wings. (Fig. 11.7)
3. Convention in Seawater and Marine Life:

Convention plays an important role in sea water and is important for supporting
marine life.
o Surface Heating:

Sunlight heats the surface of the ocean,
o Density changes:

As the surface water warms up, it becomes lighter (less dense) /gnd Wﬁme lop.
e Sinking of cold water:

G
Conversely, cooler water is denser W .X{ng Jﬂ sink toward the ocean
floor. \—K’ :\ O

e The Cycle: "*\ W\

This differe %pemmm and density creates continuous convection currents
that move water up 3ﬂd down throughout the ocean depths.

Importance for Marine ecosystem:
Oxygen distribution:
These currents continuously move water up and down, helping to mix oxygen from
the surface into deeper layers and bringing nutrients from the ocean floor to the surface.
This process is very important for the survival of marine animals and plants
because it ensures that there is enough oxygen and food available at different depths.
Threat: Without convection, the deep ocean would lack oxygen, and surface waters
would lack nutrients, making it' difficult for marine ecasystems to thrive.

near it. I\”
Expansion and I'l!lll-n This warm air become lighter

(less dense) and rises toward the ceileing. Fig. 11.8: Heating room by convection

4. Heating and cooling of Rooms by Convection: N @) 1
a. Inwinter; a Al & If'T_?,-lx--_-;'-?*_-:'-'-'*”” |
In winter, gas heaters are gften u_ ﬁ(ﬁé 1z L)
rooms. (Fig. 11.8) \t;;:\:”" ﬂ \' AN 414 i
~ Initial: When the heatl:r IF;WQ arms the air i : - picipery
=




Displacement: As the hot air moves up, cooler. heavier air moves CoOWN 3 A 1= FHEEE
near the heater. This process is called cnnvecnon cyrrent. oK Uz 5 \¢ t[':
b. In summers: P u\m/

In summers. air conditionif WKhiﬁﬂmMm _
Spreading of heat: It keﬁps ﬂhb hgt ‘moving and helps in spreading the heat evenly
throughout the rﬂm:q J[ Y
Resull: That is why fooms gradually become warmer without needing fans.

5. The Machanism of a Household Hot-Water System:

Intake and heating process: In most homes, hot water is provided using a storage tank
water heater.

Cold water inlel: The system works by bringing cold water into the house through pipes.
where it splits into two lines. One for cold water use and one that goes into the water
heater.

Heating Element: Inside the water heater, the cold water is heated using an electric
heating element or a gas burner. depending on the type of system.

Density Change: As the water heats up, it becomes less dense and rises naturally to the
top of the tank, while the cooler, denser water stays at the bottom, — =\ \{\\
Natural Rising: When some one turns ona hgww (0 \onrs Cotdwatar
water tap, the hot water from Y

flows out easily. and new cn%ﬂ;\‘“ﬁﬁg é}sﬁ
below to be heated. \T N o\

Thermostat Guntrdﬁjkj ermostat inside the tank
controls the heating element or gas burner, ensuring
that the water stays at a set temperature (Fig. 11.9).

This system ensures a steady supply of hot water. Fig, 11.9: Homelu;dhot-m system

Heat Transfer through Radiation

Q.7: Discuss the mechanism of heat transfer through radiation in detail? How it is
different from conduction and convection?

Ans. Radiation: "Radiation is the process by which heat energy is transferred from one

place to another in the form of electromagnetic waves."

(or) "In radiation. heat transfer occurs through Convaction-heat only M" -
clectromagnetic waves without requmr(l_g ah ﬂ : J’,, @&mmnm
medium.” H\d’ﬁq ¢ ~ \\ ~, Iu '] from the fire

FIA MY N I e are emitted in the form of
No medium: Unlike cnnducu@ h\w@p}lwﬁ _ /' o S
radiation does not require@ \{n\gle}ial medium
(solid, liquid, cmlgﬁél) & travel. It can move

through a vacuum (empty space). Fig. 11,10: Thermal radiations transform in
Speed: These waves travel at the speed of light. form of E.M waves




SNS——— I, S T
The Sun: This is the primary mechanism by which the Sqqhwﬂaqlwﬁth&‘sﬁarth as it

must travel through the vacuum of space. - O 1 \( a;'“xﬁ.;'c.l‘-ﬁfwgl‘ | (G0
Example of Fire Place: Heat de H_Ij}cllzljﬁjadﬁ fuﬁs\rld g:'nhﬂtiétl‘ﬁrﬁ--flhmugh the air because air
neither conducts heat efficient Q@\mﬁﬁmh&t but radiation emitted is influenced by
various factors, m,chaq ¥ EEJ[J 21

e The color and texture of the surface.

e The temperature of the surface. e  The surface arca.

Why objects cool or warm over time?

All objects in a room, including the walls, ceiling, and floor radiate and absorbing
heat.
Cooling down: If temperature of an object is higher than that of its surroundings. it
radiates more heat than it absorbs.
Warming up: If an object is colder than its surroundings. it absorbs more radiation that in
emits, causing its temperature 1o rise.
Equilibrium: When the objects and its surroundings reach the same temperature, the rate
of emission equals the rate of absorption. -

: R
Q.8: Explain the phenomenon of emission and W@@@fﬂm Leslie's
cube? R DY

i i
LY,

@ the emission and absorption of heat

Ans. Leslie's liuih:m

Leslie's cube is a metal box with faces
made of different materials and finishes, such as
e A shiny silver surface
e A dull black surface
e A white surface
e A colored surface.
Observation: When the cube is filled with hot water, ey | B
and one face is directed towards a radiation detector,
it is found that the dull black surface is the most :
effective emitter of heat. (Fig. 11.11) A J, I
Comparison of Absorption: Tf“ rate at whigh d!_i_ffegpgd 1’"\@ !‘-ﬁﬂ‘ (0 -,-: :{'ﬂ'.a'j';-: 4
surfaces absorb heat also varies based(ornltl#:lr'i}li@tﬁh\ Y] - “7 radiations
Dull and black surface: Wh?.{q k?ﬂn}ql‘wg%hc}ulfﬁfack surface with a polished silver one.
the dull black surface absarb ;h‘pdlt'\d'ihi'é” rapidly, causing its temperature o rise quickly.
- Polished ﬂlm:ﬁlﬂ?‘:{\’h?f: the polished silver surface absorbs heat much more slowly
and warms up at a much slower rate.
Conclusion: Surfaces that are good emitters (like dull black) are also good absorbers of

radiations.




" T YT -

Q.9: Haw do surface color and fexture affect infrared radiation? — = AR

Ans. The color and texture of a surface hiw: a s;mngxm?n hbin" erm"‘is “absorbs. and

reflects infrared radiation. YU f' 3\ s

o  Dull and dark colored wﬁéqh“,f ._‘5* N
These are very g p\ﬁﬂm}b&& and emitters of infrared radiation. This is why a dull

black surface heats Ilpqﬂickl}' but also cools down faster by gwmg off more heat.

e Shiny and light colored surface:

These are poor absorbers and emitters. Instead, they reflect most of the infrared
radiation away. This is why shiny surfaces, like polished metals, stay cooler under the
Sun compared to dark surfaces.

Texture: The texture also matters.

e Rough surfaces: Rough surfaces absorb and emit radiation better.

e Smooth surfaces: Smooth surfaces tend to reflect more radiation.

'Q.10: Discuss the impact of surface temperature and surface area on the rate of
heat transfer through radiation. Additionalty, explain the function and practical
applications of an infrared thermometer?

Ans. Impact of surface temperature and mhummnm?pqi mﬁ&&mz
Themteﬂwhmhmohjm?nmﬂ\nt@ j\*’m nffenced by two main

factors: ®) RS

e  Surface temperatl\rﬁ h?‘\“ 1!,5 H”.:l-‘l.l‘f'i'm:n: Area
1. Surface temperatirg:" -

Hotter ubjc-:ts%mit more energy and heat compared to cooler ones. For instance, a
hot iron rod will glow and release more heat than one that is merely warm.

2. Surface area:

An object with a larger surface area can emit or absorb heat at a much faster rate.
This principle is used in room radiators, which are designed with many thin slots or fins
to increase their surface area. This allows for more radiation to occur simultancously,
making heat transfer more efficient without the radiator taking up excessive space.

Both a higher surface area and a higher surface temperature work together to help
an object emit thermal energy more rapidly via radiation.

Measuring temperature using an Infrared thermometer:

An infrared thermometer is a device used to
measure the temperature of objects without need to make
physical contact. @ A (Y
Working: The device detects the ﬁqfra,{pd kadzﬁﬁén (hehi) §
emitted by an object. To use “‘a“ { pj:‘rsnn points the
thermometer at the t ‘j;:g the trigger, and reads

the temperature, displayed on the screen. Fig.ll 13; Mmmﬂ

Practical Applications: These thermometers are highly versatile and were used
extensively during the COVID-19 pandemic to safely check body temperatures. They arc




also useful for monitoring the heat of ovens, maCi'liﬂEr}' and %@geiuﬁskmg@jhlﬁ such as
radioactive substances, where contact is not possit ; -

Q.11: Discuss the applications of heal tranafen i dally Wie?

OR Describe how hut ;ﬂé{iangﬂﬂ in"common household and industrial

activities? ||_',=u” )
Ans. 1. Heati pﬁld sucn as kitchen pans:
In many dally tasks, we rely on materials ot
that are good conductors to transfer heat quickly :'- m:::'-:“: m+
and-evenly.
Kitchen Pans: One everyday application of heat
transfer is when we cook food using kitchen | "7, e
pans. Cooking pans are typically made of metal | @ | : ' *ﬂm
because metals are excellent conductors. 3 n‘ém
Mechanism: When a pan is placed on a stove, .,,,,.,
hear from the flame or heating element transfers | fig 11.14: Heat transfer through conduction in
to the pan mainly by conduction. a boiling pan

Result: This causes the entire pan to become hot, allowing food ptaccd e 10 cook

evenly. 1\{‘{“’ (O

2. Using Thermal insulation to m %i&nﬁ&@dg nqum
Conduction is often s W

prevent to mamtaln thc t:i\g’ |qulds

Thermal msulatm t lhmgs hot and

cold things Wld\_] NUNST SHEs. weall

T
RLER l Outer glass wall
I3

Example: A Thermus flask (vacuum flask) has| |
Hot liquid

double walls with a vacuum between them. i

The vacuum stops heat transfer by conduction | |- : wﬂﬂﬂ"‘
and convection because there is no air or material | : Outer casing
to move heat. The inside walls of the flask are| (- Smmm— - Insulated support
coated with a reflective layer (silvered coating) that Fig. 11.15: Thermos flask

bounces back radiation to keep the liquid warm.

The outer casting and lid are made of insulating materials like plastic or stainless
steel to prevent heat loss. This smart design helps liquids like tea. coffee, or soup to stay
at the right temperature for many hours.

3. Reducing Thermal eneregy tranfer in buildings:

Thermal insulation in buildings helps-to D\‘-"‘x hf T
keep them warm in winter and @Qul ms\:h!@ﬁi 1“&1‘.{“ ¥
Wall and Cieling Insulatmn "\n n u JL (BNEh o St

Adding thick cu ih foA'in the walls, | Dessicant
or false cmlmgdj reates barriers that Slow | (,j poubled-glazedwindow  (b] Faise cieling
down the transfer of thermal energy. Fig. 11.16: Reducing thermal energy transfer
Double-Gazed windows: These consist of two panes of glass with an air space between




them to reduce heat loss through conduction. ® Wﬂ“‘ 4
Benefits: f\ @)

e ' We can reduce heat loss thrnugh con ;&u}nﬁan radiation.

¢ In cold weather, msulatm W Fﬁﬂ' from escaping.

e In hot weathers, :r. o escaping.

e It reduces lhqﬁ calers and air condltmners. saving energy and lowering
COSIS.

e  Even simple ideas like using proper shading outside the windows or ensuring good
ventilation can make a big difference in controlling indoor temperature.

114 Greenhouse Effect

0.12; Explain the greenhouse effect in detail. How does it occur in the Earth's
atmosphere, and what role do greenhouse gases play in trapping heat?
Ans. Greenhouse Effect:

The greenhouse effect refers to the process by which the Earth's atmosphere traps
some of the Sun's heat. maintaining a temperature that is suitable for life.

Without this effect. the planet would be too mld to supporlrh W&};‘ it.
Temperature regulation in a Gmanlmusu 5 \Qﬁs W Q,,o= £l

A physical greenhouse us%;rans f ]ﬁktt{ﬁﬂls_ J!ass or plastic. to creaic

a heat trap. The mechanism inv \BR QLI
Radiation Entry: The S -wavelenglh light and ultraviolet radiation. along
with Iﬂng-wavclcn I'(J H’IM\E' (infrared) radiations.

Selective Transparency: Glass and plastic allow short-wavelength radiations o pass
through but block long-wavelength infrared radiation.

Internal Heating: Rays from the sun warm the object inside the geenhouse. These
warmed objects then emit radiations with longer wavelengths.

Heat Trapping: The glass or plastic sheets prevent these longer-wavelength radiations
from escaping, reflecting them back inside. This maintains a warm environment that
benefits plant growth.

Greenhouse Effect an Earth: The Earth's atmosphere functmns in a similar way to a
Greenhouse, trapping heat from the Sun with gases, such as carbon dioxide and water -
vapours.

Global Warming: This helps to maintain the Earth's | \j, weomse” “::ﬁ;ﬂﬁi'
atmosphere. In recent years, the carbon dmx:cle im| 2 "477 o)

the atmosphere has mcrcascd sugmﬁgmmﬁn \ \ A 3|

strengthening the greenhuuse ﬁ Ha\ﬁ'.:.!;tﬂt"‘
more heat is trapped, lw lﬁe Earth's | ey oot F
average tempcramrg\Ia phenomenon known as
global warming. This increase in temperature has Fig. 11.17: Heat transfer mechanisms in a
serious implications for global climate patterns.

'




FOR YOUR INFORMATION \

n\ m

the Sun warms Earth  back Into space

DO YOU KNOW? Y

Heat is ransferred to an object, for example, how the stove "heats” the pot.

e Convection is when liquid or gases get heated.

@ Conduction is when something is hot and it touches 2

® _ Radiation is when energy travels through . M_ivaves up

e  Dull black surfaces absorb mﬂﬁllmw than shiny wﬁm Ihal is why solar panels are black.

®  Greenhouse gases absorb v ‘and\trap it in the atmosphere.

® Without gremh F#E reating what is Itmn as the "Greenhouse Effect” the Earth would not
be warm mough fot hunian to live.

Diamonds are the best heat conductors, far better than metals. A high quality diamond can conduct heat
4-5 times better than copper.

The handle of a cooking pan stays cool because it is made of poor conductors like wood or plastic.

Heat from the Sun reaches us through radiation, no air needed, just pure energy traveling across space.
The public has been led to believe that increased carbon dioxide from human activities in causing a
greenhouse effect that is heating the planet. But carbon dioxide comprises only 0.035% of our

atmosphere and is a very week greenhouse gas.

Brain Teaser)
l. Why do we feel 2 nice breeze coming from the sea during the darﬂm At the beach?
Ans. During the daytime, the land heats up faster than the sea iang, sbdSrhENERF more quickly.

The air above the hot land becomes W’rﬂ’ﬁ"f*ﬁ"*' up. cboldr ‘ait from the sea then moves
toward the land to take its place. | [\ \| U\

This movement of cool mr':ﬂ-p:@ qwmﬁmﬁiht tand is called a see breeze. This is why we feel a
leasant and cool ing from the sea during the day at the beach.

How can bh,'#l y! purs without moving their wings much in sunny weather?

Ans. Birds use warm rising air (thermals) in sunny weather to glide in the sky.

These air currents lift them up, so they do not need to flap their wings much and can fly for a long

time.




~ Muttiple Choice Questions psepured in lhe ||ght ﬂf new Exnmmunuﬂ TE‘(hﬂ!qUF‘:.
{Knnwledge, Jnderstandmg Applucatmn nnalyhcal & Conceptual)

(c)

10.

11.1
Conduction is the primary method of heat transfer in:
(a) Vacuums (b) Gases (¢c) Liquids (d) Solids
Heat transfer in metals is fast because of:
(a) Large atomic size (b) Expansion of particles
(c) Freely moving electrons (d) Movement of the material itself
Which material would be the worst conductor of heat?
(a) Copper (b) Aluminum (c) Wood (d) Iron
A high-quality diamond conducts heat how much better than mpper”
(a) 2 times (b) 4-5 times (c) 10 nmes /{B} Fﬂﬂ\umﬁ
Thermal equilibrium is reached wlu:n' C _,__‘-,ﬂ"ﬁ AT & ? |' A
(a) One object is hotter thqntﬁ ntiwn *.[ " ,- ﬁ v \BRE
(b) Temperature dlfference wn ohjeeis is zero
(c) Particles sta fwrpﬁirdg 8 (d) Heat flows from cold to hot.
in conduction, particles transfer energy by:
(a) Changing their position (b) Colliding with neighboring particles

Emitting E.M waves(d) Melting
Kitchen pans are made of metal because metals:

(a) Quickly absorb and pass heat (b) Are easy to clean
(¢) Do not expand (d) Are insulators
What stops heat transfer in a vacuum flask?

(a) Silver coating - (b) Plastic cap

(c) The vacuum between double walls (d) The glass material
Double-gazed windows use a layer of air to

(a) Increase radiation (b) Reduce heat loss via conduction
(c) Improve visibility (d) Allow cunvecucm = ;‘,'.,;-Zk'iﬁ_';
The handle of cooking pan stays cml be;auu it is made of: =

(a) Good conductors . {ha Rmt bmdut:tm {lnﬁulaturs]

(c) Reflective metals O\ \ A {d} Polished silver

Convection in liguids and Gases

Convection o@dun in
(a) Solids and liquids (b) Liquids and gases
(c) Solids only (d) Vacuums only
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24.

25.

‘When a fluid heated it:

(a) Becomes denser and sinks
(c) Contracts and stays.at Lhe bﬁhp
Potassium perm

(a) Conductiona /] A\ U 2 (b) Convection currents

(c) M@W s (d). Evaporation

Sea breeze blows during the:

(a) Day (b) Night (¢) Winter only (d) Evening only
A Land breeze occurs because:

(a). Sea cools faster than land (b) Land cools faster than the sea

(c) The sun warms the water at night  (d) Air moves from sea to land
Birds like eagles and vultures stay aloft for hours by using:

(a) Conduction (b) Radiation

(c) Thermals (d) Flapping wings constantly

In a house hold hot-water system, the hot water outlet is at the:

(a) Top of the tank (b) Bottom of the tank

(¢) Middle of the tank (d) Outside the-tanks {1\
Convection is essential for marine | \;u N g"b o

(a) Heats the water ofrhmhnghu 1 \l _m oxygen and brings up nutrients
(c) Stop water from nie&m d} Km:ps the salt at the bottom

To cool a air mndltinner should be placed:

(a) Neaihil@ {h} Near the ceiling (c) Behind a curtain(d) under a table

Why deo ‘convection currents stop when a burner is removed?
(a) The water disappears

(b) Temperature becomes uniform (equilibrium)

(¢c) The water becomes lighter (d) Gravity stops working

Heat Transier through Radiation

Radiation is unique because it:

(a) Only happens in solids (b) Does not require a medium
(c) Is very slow (d) Only happens at night
Thermal radiation travels in the form of:

(a) Sound waves (b) Water waves

(c) Electromagnetic waves {d} wb:aﬂ “ﬂl ! §

Which surface is the best abu?(bfp\qf Hl nﬁdi n?

(a) Dull black () Shing 'Wu J {¢y Polished white (d) Smooth glass

Which surface i t\n or of radiation?

(a) Rc-ugihn | ‘th) Dull grey (c) Shiny silver (d) Dark green
Leslie's cube is used to study:

(a) Convection speed (b) Conduction in metals

(c) Emission and absorption of radiation (d) The green house effect

I ———



26.

27.

29.

31.

32.

33.

34.

3§.

37.

38.

39,

41.

Hotter objects emit radiation cnmpared to coolgr [n@h (€ ©)\ f\ﬂ

(a) More (b) Liessy\(c -. :

(c) The same amount of T TH)‘LNb f._"__" \"‘ - ,;__f

Radiators have thin slots u?g‘ ﬁlm a i gféisé

(a) Temperature _m@;n% s (c) Surface area  (d) Weight

An infraredt meter detects heat without touching an object by

measuring:

(a) Conduction (b) Convection (c) Radiation (d) Specific heat

Solar planets are usually black because they need to:

(ﬁ} Reflect sunlight : (b) Absorb maximum heat -

(c) Staycool , (d) Look better

Rough surfaces radiation better than smooth surfaces.

(a) Absorb and emit(b) Reflect . (c) Block (d) Insulaic
114

The greenhouse effect is necessary because it:

(a) Causes global warming (b) Maintains a temperature suitable f llle

'|'.

(c) Stops all sunlight from reaching Earth(d) Makes th;mr ﬂ@n‘:ﬁf \UJ

Transparent glass in a green house allnw@ . \ﬁ\aﬂlﬁﬁiﬂﬁ(l‘d’pass through:
[E0 AL

(a) Short wave-length \\ ve-length

(c) Sound ﬂ‘ A\ 1\’\,1‘ \\Ted)” Microwave

The Earth's atmyg W‘Hm}%ut primarily using:

(a) Oxygen and! trogen (b) Carbon dioxide and water vapour

(c) Helium and Neon ' (d) Hydrogen

Without the greenhouse effect, Earth's temperature would be about:

(a) 60 °F (b) 32 °F (c) O°F (d) -100 °F
The increase in CO; in recent years has led to:

(a) Global cooling (b) Global warming

(c) More conduction (d) A thicker ozone layer
Greenhouse glass blocks radiation from escaping:

(a) Short-wavelength (b) Long-wavelength

(¢) Ulra violet ' (d) Visible light

A thermos flask is silvered to reduce heat loss by:

(a) Conduction (b) Convection (¢) Rad iation {d} Irp‘-ﬁ&,‘lim
Aiir is a poor conductor, therefore, it :etn,gs .R f (o

(a) Radiator (b) Absarbcr i‘. psm r~ Yy R:ﬂecmr
The movement of a glider

(a) Conduction = (b) Fu& {c} Radiation (d) Friction
Which process y & lulul held beside a fire feels warm?

(a) Conduction (b) Convection {¢) Radiation {(d) Sublimation
Shiny surfaces stay under the Sun compared to dark surfaces:

(a) Hotter (b) Cooler (¢) The Same (d) Liquid




42. Carbon dioxide comprises of our atmosphere.
(a) 10% (b) 1% {q} nms % Nf »mn QNH} P
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/ Additional Short Questions /-/

e

/ "~ Short Answer Uue;hr‘m pmpnr#d in the light ¢ nf new Exummuimn Techniques /
(Knowledge, Underst anding, Application, Analytical & Conceptual) 4
= _'='i'_'=1-—-'_—'l—="—-_—_-— e e —— e .

EER  covoucion |
1. Whatis conduction?

Ans. It is the transfer of heat through dlrectapma;,lfbﬂ\ﬁqw ﬁahuciﬁs 3\1 a material
without the actual movement of thg ,maiccfa S:HTH Al

2.  Why are metals better gq ﬂpﬁt { thé ﬂdrmetaia“

Ans. Metals have dc:nspLy\ 4paﬂ@djjaﬂkl£:s and freely moving electrons that facilitate the
quick tra Jout

3.  In which ﬂate of matter is conduction most efficient?

Ans. In solids, conduction is most efficient.

4. How does a heat travel through a metal rod?

Ans. Heated particles vibrate more vigorously and collide with neighboring atoms,
transferring kinetic energy along the rod.

5. What is thermal equilibrium?

Ans. The state where thermal energy has transferred until two objects reach the same
temperature and heat flow stops.

6. Why does a metal spoon feel hotter than a wooden spoon in hot water?

Ans. Metal is a good conductor that transfer heat quickly. while wood is a poor
conductor (insulator). That's why metal spoon feel hotter than a wooden spoon in
hot water. .

2 What is the "'best" known heat conductor? 3 ”;1 \\

Ans. High-quality diamond (Conducts 4- jtlme heusr%mqapgcrﬂ

8. How do kitchen pans cnnd q-;el (LA
Ans. The metal bottom ah “Eﬁ'hﬁﬁl 3imuje: ‘he Burner and passes it directly to the food
\ WL

thrnugh thc aurF o

Convection in liquids and Gases

"9, Define Convection?

\ Ans. The transfer of heat through the actual movement of molecules from a hot arca to a




- ) & e it =i. el mibaoiadlE el Ll y:
cooler area in liquids and gases. =) \ ._'F (© ‘Jﬁu‘-’

10. Why does heated fluid rise? o A rﬁ ! e

Ans. When heated, fluid expands: h:;pmt‘hsE @éﬁs&p Ih@ﬁter} ‘and are pushed upward
by cooler. denser fluid. {j"‘ Hf {\H “ PO

11. What is a conv [\ eury ¢

Ans. The cnntmunﬂé ele of warm ﬂl..lld rising and cool fluid sinking to take its place.

12. Describe a ''sea breeze".

Ans. During the day time air over the land rises, and cooler air from the sea moves in to
replace it.

13. Describe a "Land breeze"'.

Ans. At night, land cools faster than the sea, the warm air over the sea rises. and cool air
from the land moves toward the sea.

14. How do gliders stay in the air without an engine?

Ans. They use "thermals"; which are upward moving currents of warm air created by
convection.

15. Why is convection important for marine life? _

Ans. It moves oxygen from the surface to deepcr layers a;Ld; bripgs‘m[@@lgw{:m the

M'ﬂlﬁ

ocean floor to the surface. \\m K‘J

16. Where should a heater b c;d&q\i a :muin efficiency? |

Anms. Near the floor, so the ns?ﬁgﬁ‘ anjnijus eates a convection current to warm the
entire room. RN | o)

17. How does a Iidnﬁ ﬁled hut water system use convection?

Ans. Hot water becomes less dense and rises to the top of the storage tank. where the
outlet is located.

Heat Transfer through Radiation

18. What is Radiation?

Ans. Heat transfer through electromagnetic waves that does not require a medium (can
travel through a vacuum).

19.  How does the Sun’s heat reach the Earth?

Ans. Through radiation. the Sun's heat reach the Earth.

20. Which surface color is the best absorber of radiation?

Ans. Dull black surface color is the best absorber of radiation. A\

21.  Which surface color is the best reflector of radiation? . aff ) uC tld

Ans. Shiny or silver surfaces is the best reflectoro } Mp“nﬁ “ [ 9\O

22. What is Leslie's cube used for? \ VZI( O

Ans. To demonstrate how dlfﬁ:nfﬁt u(faacﬁlém\ures and colnrs emit and absorb radiation
at different rates. Ju

23. How does suﬂ'ﬂd# HPLH affeﬂ radiation?

Ans. A larger surface area allows an objects to emit or absorb heat more quickly.

24. Why do radiators have "'fins"'?

Ans. To increase the surface area, making heat transfer more efficient.




25. How does an infrared thermometer work:

Ans. It detects the infrared radiation (heat) emitted by an
temperature reading. 3 'ﬁ,i _ ,J:~ F’ 15 \ "'.J 1.| % " ) |

26. What is the purpose nﬁjﬁnﬁgﬁmﬂﬁl a thermos flask? ' |

Ans. [t stops heat tmn_sil'g_[j-tﬂy Enndmi&n '‘and convection because there are no particles to
move the ket /) NNEO=

27. Why is the inner wall of a thermos flask silvered?

Ans. To reflect radiation back into the liquid. preventing heat loss.

28. What is double-glazing?

Ans. Windows with two panes of glass and an air space between them to reduce heat
loss via conduction.

29. How do false ceilings help in buildings?

Ans. They trap a layer of air, which acts as an insulator to reduce thermal encrgy

transfer.

30. What is the Greenhouse Effect?

Ans. The process by which the Earth's atmosphere traps semg ?ﬁjﬁﬁiﬁ‘uh‘ﬁ heat to
maintain a temperatutre suitable far lifg. | '1" ! ﬂﬁ. 0\ N II.' R

31. Name two major greqn?pusg.gs}?\gfi‘? "‘.,xi__q':-.ﬂ_ \\ iR o

Ans.  Carbon dioxide (CO7)\\ || { Wb e

e Water gmjrr&,-lnjl\h' _f-. jlll.__ll L)
32. What is Gldbal warming?

Ans. The rises in Earth's average temperature due to increased levels of greenhouse
gasses trapping more heat.

33. What would happen to Earth without the greenhouse effect?

Ans. The planet would be too cold 10 support life as we know it.

34, Why are solar panels usually black?

Ans. Dull black surfaces absorb the most solar radiation. maximizing energy collection.

= Fxercise Questions (Solved)

I A.Multiple Choice Questions

r Tick (#) the correct answer. AT

11.1 Which method of heat transfer reqnirmdjlgaﬁiqunm’mw&n particles?
(a) Convection {Ib},Radlanﬁnu’:n x (e lﬁbn&dcﬁhn (d) Evaporation
11.2 What causes cunveﬂﬁpﬁﬁ‘rﬁ'ﬁqﬁt!ﬁ\&*ﬁi:[lﬁfls and gases?
(a) The cgt}*i_?}_gay'ﬁi_ mavement of particles in all directions
(b) The rising'of warm regions and sinking of cooler regions
(¢) The conduction of heat through the medium
(d) The reflection of heat waves

E ,1:':':::-1_"._'._ -
objéet and_converts it into a

[\
s




11.3 The natural phenomenon caused by convection currents is:

(a) earthquakes , (b) land and sea breezes
(¢) magnetic fields (d) solar eclipses
11.4 How does heat transfer occur through radiation? 4“‘-
(a) Through direct contact between objects Q C’)E @\
(b) Through the movement of hea ﬂ,hrd»”‘ V‘ WY
(¢) Through electmrnagg; Qq’ ng a medlum
(d) Through the absn ules
5 The surfa nnd emits the most radiation is:
(a) smooth Shlﬂ}f surfaccs . (b) dark and rough surfaces
(c) transparent and thin surfaces (d) polished and white surfaces

11.6 What is the role of the greenhouse effect in Earth's temperature reguiation?
(a) It allows all heat to escape into space
(b) It blocks heat from entering the atmosphere
(c) It traps heat to maintain a stable temperature
(d) It causes immediate cooling of Earth's surface
11.7 The Sun's heat reaches the Earth:
(a) through conduction between air particles
(b) through convection in space
(c) through radiation via electromagnetic waves

(d) through reflection by the moon ,LT___ SR xﬂfﬂ
L0 __a}\ﬂﬂu ’:* O
1L.1 (c) 11.2 (b)  11.3(b) 1}\4 ﬁ)xl @)\ S(b) (c) 11.7 (c)

TeessmiavhEaERES 1'-,551"_5"-1' S
| B. Short Answer Oup'tmn

11.1 What are ee primary types of heat transfer?
Ans. The three pnmary types of heat transfer are:
e  Conduction
e  Convection
e  Radiation
11.2 Why does heat travel faster in metals mmpnred to non-metals?
Ans. Heat travels faster in metals compared to non-metals because metals have free
electrons that move easily and transfer energy quickly.
11.3 How does convection transfer heat in liquids and gases?
Ans. Convection transfers heat in liquids and gases by the movement of warm fluid
(liquid and gases) that rise and are replaced by cooler ﬂuidc.

11.4 What natural phenomenon causes land and sea breezes’ (1 J\J\'ﬁ,@‘l
Ans. Land and sea breezes are caused by ;Bc Wﬂ tates between land
and water. T"w § | ol

11.5 How do birds and gli \m of cnnv:ttiun currents?
Ans. Birds and g!ld ¢ uf‘ rising warm air currents (thermals) which uP

\H‘J “’




them upward without much wing flapping. s ik Y YAl

11.6 What is radiation, and how does it transfer heat?\ [/~ | ;ul{:i L

Ans. Radiation is the transfer of hea aﬂﬁl{\é éctﬁémagﬁcttc waves and does not
require a medium {ltf" pL ).

11.7 Why does & dulr ITI élg:gH' ¢ emit and absorb more radiation than a shiny
silver surf

Ans. A dull black surfacc absorbs and emits more radiation because dark and rough
surfaces are good absorbers and emitters, while shiny silver surfaces reflect heat.

11.8 How does the greenhouse effect help regulate Earth's temperature?

Ans. The greenhouse effect helps regulate Earth's temperature by trapping some of the
Sun's heat in the atmosphere, keepin g the planet warm enough for life.

| C. Constructed Response Questions

11.1 During the Leslie's Cube experiment, why does the dull black surface radiate
more heat than the shiny silver one, even though they are at the same

temperature?

Ans. In Leslie's Cube experiment, the dull hlat:k surf‘ace radlalts,_ﬂ}wgyhﬂal because
black and rough surfaces are better ers qi;ﬁi \T ﬂﬁ; silver surface
reflects most heat and emits le lE%s pEf'aturc

11.2 How does the sizel :&Eﬂ “a' radiator nl‘fect the amount of heat it
emits thrﬂugh r in usmg a real-world example.

Ans. A Iargqn Ea emits more heat because more area is available o radiate
energy.

Example:

A big room heater warms a room faster than a small one because it has a larger
radiating surface.

11.3 Why is convection not possible in solids, and how do convection currents in
liquids and gases compensate for their poor thermal conductivity?

Ans. Convection is not possible in solids because solid particles are tightly packed and
cannot move freely. In liquids and gases, particles can move. so'warm parts rise and
cool parts sink, transferring heat effectively.

11.4 How do birds like eagles and gliders manage to stay aloft ‘H’Iﬂlﬂﬂt flapping
their wings for hours? Explain the scientific principle involved.

Ans. Birds like eagles and gliders stay aluﬁ. by usnngghcwm{[}ﬂiljﬂ‘l_hﬂm air). Warm

air rises due to lower density, c? T aﬁ @it constant flapping their
( AR

wings. I.ﬁ

11.5 Why does a hnt m:%t 1 Int’eﬂ in a cooler room eventually cool down?
Explam |]| concepts of radiation and thermal equilibrium,

Ans. A hot et object cools in a cooler room because it radiates heat to the

\ surroundings. Overtime, it reaches thermal equilibrium, where its temperature

becomes equal 1o the room temperature.




11.1 Describe how cunvectmn ﬂti.‘l.ll'!ﬂ\ \ﬁkﬁjﬂjc{v:ctmn currents
contribute to natural p reezes and wind patterns?

Ans. # Convection is th %v at lransfer in fluids (liquids and gases) by the
muvemcnbﬁﬂﬂm itself. It occurs when a fluid is heated unevenly. The
warmer, less dense part of the fluid rises, while the cooler. denser part sinks. This
creates a circular motion known as a convection current.

e  Sea breezes are a result of convection. During the day, land heats up faster than the
sea. The warm air above the land rises, creating a. low-pressure area. Cooler air
from over the sea then flows in to replace the rising warm air, creating a sea breeze.

e  Wind patterns are also influenced by convection. Uneven heating of the Earth's
surface, particularly between the equator and the poles. creates large-scale
convection currents in the atmosphere. Warm air rises at the equator and moves
towards the poles. while cooler air sinks at the poles and moves towards the

equator. These convection currents, alung with the E:zu'tlt,f.L rﬁ ate global
e
wind patterns. '125 \ C»
11.2 How does radiation |:Iil;te(:‘H fmﬂL ﬁbk\}x} nu:ctmn in terms of heat
transfer? Give exam n everyday life and explain how-

different su tion absorpnnn and emission.

Ans. o Radi'atim?vfi‘s the transfer of heat through electromagnetic waves. Unlike
conduction and convection, radiation does not require a medium to transfer heat:
it can occur in a vacuum.

e  Examples of radiation in everyday life include the warmth felt from the sun, the

heat from a light bulb, and the heat radiated by a fire.

e Different surfaces affect radiation absorption and emission differently. Dark. rough
surfaces are good absorbers and emitters of radiation, while light. smooth surfaces
are poor absorbers and emitters but good reflectors. For example, a black car heats
up more quickly in thc sun than a white car because black surfaces absorb more
solar radiation.

11.3 Discuss the role of the greenhouse effect in regulating Eartll!s. rature.
What are the potential cnnsequencu of aqq n{\ ect due to
human activities? ;ﬂ 1 ‘\ \ J i .

Ans. ® The greenhouse cffeﬁgm:é ;ij ‘which certain gases in the Earth's
atmosphere trapf mn warming the planet. These gases. known as
greenhuu'&%{gﬂaﬁés .. carboh dioxide, methane, water vapor), allow sunlight to
pass through but absnrb the infrared radiation emitted by the Earth's surface.

®  The greenhouse effect is essential for regulating Earth's temperature. making il

S W . Sj—




11.4

Ans.

habitable, Without it the Earth wnuldbemq @i%_‘g 7 @_)E m

An enhanced grccnhnusp- ﬁm}@‘@gﬁﬁ\ﬁf i centratmns of greenhousc

gases due o human ar.:t ﬂé’\gﬂlﬁbﬁlﬁng fossil fuels, deforestation). can lead to
global waKt ¢ change. Potential consequences include rising sea

levels. muy qucnt and intense heatwaves. changes in precipitation patterns. and
disruptions (o ecosystems,
Compare the absorption and emission of heat hy different surfaces. How docs

the colour and texture of a surface affect its ability to absorb and emit heat?

e Different surfaces absorb and emit heat differently based on their properties.
Dark-colored surfaces absorb more heat than light-colored surfaces. Rough
surfaces emit heat more effectively than smooth surfaces.

The color of a surface affects its ability to absorb and emit heat because dark colors

absorb more eleciromagnetic radiation across the spectrum. including visible light

and infrared radiation (heat). Light colors reflect more radlg;gon —~ ‘7\93

The texture of a surface affects its abﬁJ % 'h surfaces have

a larger surface area for q :atmnﬂ;qﬁ;(:}{_ y alsu tend to have higher

emissivity (the ahalnt}r m@w iation). Smooth surfaces have lower

emissivity W[«\J\{r‘fﬁljm ' -

11.5 Analyze how uneven heating of Earth's surface leads to the fﬂrmnnon of

convection currents and influence with patterns.

Ans. ® Uneven heating of Earth's surface occurs because different parts of the Earth

L

receive varying amounts of solar radiation. The equator receives more direct
sunlight than the poles. leading to warmer temperatures.
This uneven heating creates temperature gradients. which drive the formation of
convection currents. Warm air at the equator riscs. creating a low-pressure zone,
while cold air at the poles sinks, creating a high-pressure zonc.
These convection currents influence wind patterns. Air flows from high-pressure
areas 1o low-pressure areas. creating winds. The Coriolis effect. ca by Earth's
rotation. deflects these winds, resullmg m lobal wm@ pp;mfps\@;jp ﬂmradc winds

and westerlies.
,ﬁ,_ﬁ’\ﬂ '\ ) \d\




