Table of Contents

Chapter: Thermal Energy

Section 1. Temperature and Thermal
Enerqy

Section 2;: Heat

Section 3. Engines and Refrigerators

@ “CHAPTER RESOURCES e 9




Tlemperature andllinermal Energy

* \When you swim in water,
touch a hot pan, or swallow
acold drink, your sense of
touch tells you whether
something is hot or cold.

However, the words cold,
warm, and hot can mean
different things to different
people.
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Temperature and Tihermal Energy
o Temperature

e To understand temperature, think of aglass
of water sitting on atable.

* Thewater might seem perfectly still, but
water 1S made of molecules that are in
constant, random motion.

» Because these molecules are always moving,
they have energy of motion, or kinetic
energy.
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Temperature and Tihermal Energy
o Temperature

IS a measure of the average
value of the kinetic energy of the molecules
IN random motion. «)

* The more kinetic energy the molecules have,
the higher the temperature.
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Temperature and/ Tihermal/Energy
o Temperature

* The higher the temperature, the faster the
mol ecules are moving.
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Temperature and/ Tihermal/Energy
o Thermal Expansion
* \WWhen the temperature of an object Is

INncreased, 1ts molecules speed up and tend to
move farther apart.

e This causesthe
object to expand. g

w
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Temperature and Tihermal Energy
o Thermal Expansion
* \When the object Is cooled, its molecules slow
down and move closer together.

e Thiscausesthe
object to shrink, — WEEZ et
or contract. /‘ .
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Temperature and Tihermal Energy
o Thermal Expansion
The amount of expansion or contraction

depends on the type of material and the
change in temperature.

Liquids usually expand more than solids.
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Temperature and/ Tihermal/Energy
o Measuring Temperature
e Thetemperature of an object depends on the

average kinetic energy of all the moleculesin
an object.

|t Isimpossible to measure the kinetic energy
of all the individual molecules.
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Temperature and Tihermal Energy
o Measuring Temperature
* A more practical way to measure temperature
IS to use athermometer.

Thermometers
usually use the

expansion and
contraction of
materials to
measure
temperature.
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Temperature and/ Tihermal/Energy
o Temperature Scales
e To beableto give a number
for the temperature, a
thermometer has to have a il )
temperature scale. w180

~905 /7

* Two common temperature ity
scales are the Fahrenheit il pn'.';'

-3ﬂ ui '. 3! ef

and Celsius scales. ]

@ “CHAPTER RESOURCES




Temperature and Tihermal Energy
o Temperature Scales
e On the Fahrenheit scale, the freezing point of

water Is given the temperature 32°F and the
boiling point 212°F.

* The Fahrenhelt scale isused mainly in the
United States.

e On the Celsius temperature scale, the
freezing point of water Is given the
temperature 0°C and the boiling point is
given the temperature 100°C.
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Temperature and Tihermal Energy
o Converting Fahrenhelt and Celsius
* Y ou can convert temperatures back and forth

between the two temperature scales by using
the following eguations.

Temperature Conversion Equations

To convert temperature in °F to °C: °C = {%)(”F - 32)

To convert temperature in °C to °F: °F = (%)(“C) + 32
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Temperature and/ Tihermal/Energy
o TheKelvin Scale

 Onthisscale, 0K isthe lowest temperature
an object can have.

e Thistemperature is known as absolute zero.

* You can change from Celsius degrees to
Kelvin degrees by adding 273 to the Celsius
temperature.
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Temperature and Tihermal Energy
o Thermal Energy
* Molecules aso have potential energy.

* Potential energy is energy that the molecules
have that can be converted into kinetic

energy.

* The sum of the kinetic and potential energy
of all the moleculesin an object isthe
of the object. ¢
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Temperature and/ Tihermal/Energy
o The Potential Energy of Molecules
 The moleculesin amaterial exert attractive

forces on each other.

e Asaresult, the moleculesin a material have
potential energy.

* Asthe molecules get closer together or
farther apart, their potential energy changes.
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Temperature and Tihermal Energy

o Increasing Thermal Energy
e Temperature and thermal energy are
different.

Suppose you have two
glasses filled with the same
amount of milk, and at the
same temperature.

If you pour both glasses of
milk into a pitcher, the
temperature of the milk
won't change.
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Temperature and/ Tihermal/Energy

o Increasing Thermal Energy

However, because there are more molecules
of milk in the pitcher than in ether glass, the
thermal energy of the milk in the pitcher is
greater than the thermal energy of the milk In

either glass.

2
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o Section Check
Question 1

Which of the following does NOT depend

on how fast the molecules In a substance are
moving?

A. kinetic energy
B. thermal energy
C. potential energy
D. temperature
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o Section Check
Answer

The answer Is C. Kinetic energy depends on
the speed of the molecules; temperature
depends on the average kinetic energy of the
molecules, and thermal energy isthe sum of

the kinetic and potential energy of the
mol ecules.
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o Section Check
Question 2

When the temperature of an object Is increased,
molecules in the substance speed up and move

A. toward the surface

B. away from the surface
C. closer together

D. farther apart
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o Section Check
Answer

The answer i1s D. The molecules tend to move
farther apart, causing the material to expand.
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o Section Check
Question 3

he two most common temperature scales are
ne and the scale.

Answer

The answer Is Fahrenheit and Celsius. In
science you will al'so encounter the Kelvin
scale.
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Heat
° Heat and Thermal Energy

. IS thermal energy that is transferred
from one object to another when the objects
are at different temperatures. 0

e The amount of heat that Is transferred when
two objects are brought into contact depends
on the difference In temperature between the
obj ects.
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Heat
° Transfer of Heat

 \When heat istransferred, thermal energy
always moves from warmer to cooler objects.

* Heat never flows from acooler object to a
warmer object.

e Thisprocess of heat
transfer can occur In
three ways—Dby
conduction, radiation, | o
Or convection.

@ “CHAPTER RESOURCES




Heat
° Conduction

» Transfer of heat by direct contact is called
conduction.

occurs when the particlesin a

material collide with neighboring particles. 4
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° Conduction

e Imagine holding
an ice cubein
your hand.

e Thefaster-moving

molecules in your
warm hand bump
against the
slower-moving
moleculesin the
cold ice.
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Heat
° Conduction

e Heat flows from
your warmer hand
to the colder ice,
and the slow-
moving molecules

1N the iIce move
faster.

e Asaresault, theice
becomes warmer and Its temperature increases.
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Heat
° Conduction

e Conduction usually occurs most easily In
solids and liquids, where atoms and
molecules are close together.

e Then atoms and molecules need to move only
a short distance before they bump into one
another and transfer energy.
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Heat
° Radiation

e Heat Istransferred
from the Sun to Earth
by radiation.

e Heat transfer by
occurs when

energy Istransferred
by electromagnetic
waves. 4
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Heat
° Radiation

e Thetransfer of
thermal energy by
radiation can occur In
empty space, as well

asin solids, liquids,
and gases.
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Heat
° Radiation

 The Sunisnot the only source of radiation.

* All objects emit electromagnetic radiation,
although warm objects emit more radiation
than cool objects.

 Thewarmth you feel when you sit next to a
fireplace is due to heat transferred by
radiation from the fire to your skin.
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Heat
° Convection

* Inagasor liquid, molecules can move much
more easily than they can in a solid.

o Asaresult, the more energetic molecules can
travel from one place to another, and carry
their energy along with them.

e Thistransfer of thermal energy by the
movement of molecules from one part of a
material to another is called .
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Heat
° Transferring Heat by Convection

 Asapot of water Is heated, heat Is transferred
by convection.

e First, thermal energy istransferred to the
water molecules at the bottom of the pot from

the stove.

e These water molecules move faster as theair
thermal energy Increases.
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Heat
° Transferring Heat by Convection

» Because the molecules are farther apart in the
warm water, this water Is less dense than the
cooler water.

e Asaresult, the warm water risesand Is

replaced at the bottom of the pot by cooler
water.

e The cooler water Is heated, rises, and the
cycleisrepeated until all the water in the pot
IS a the same temperature.
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Heat
° Natural Convection

 Natural convection occurswhen awarmer,
less dense fluid Is pushed away by acooler,
denser fluid.

 \WIind movement near alake or ocean can
result from natural convection.

e Alr is heated by the land and becomes less
dense.
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Heat
° Natural Convection

e Denser cool air rushes in, pushing the warm
water up.

 The cooler air then is heated by the land and

the cycleis repeated.
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Heat
° Forced Convection

e Forced convection occurs
when an outside force
pushes afluid, such as air
or water, to make it move
and transfer heat.

e A fanisonetype of
devicethat Isused to
move air.
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Heat
° Thermal Conductors

e A IS any material that easily
transfers heat. 4

e Some materials are good conductors because

of the types of atoms or chemical compounds
they are made up of.
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Heat
° Thermal Conductors

e Certain materials, such as metals, have some
electrons that are not held tightly by the
nucleus and are freer to move around.

* Theseloosely held eectrons can bump into
other atoms and help transfer thermal energy.

 The best conductors of heat are metals such
as gold and copper.
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Heat
° Thermal Insulators

 Aninsulator 1samateria in which heat
doesn’t flow easily.

* Liquidsand gases are usually better
Insulators than solids are.

e Airisagood insulator, and many insulating
materials contain air spaces that reduce the
transfer of heat by conduction within the
material.
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Heat
° Thermal Insulators

e Materialsthat are good conductors, such as
metals, are poor insulators, and poor
conductors are good insulators.

e Houses and buildings are made with
Insulating materials to reduce heat
conduction between the inside and outside.
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Heat

° Thermal Insulators

e Fluffy insulation is put in the walls.

e Some windows
have double layers
of glass that
sandwich alayer
of air or other
Insulating gas.
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Heat
° Heat Absorption

* \WWhy Is pavement hotter than grass?

e The change in temperature of an object as it
absorbs heat depends on the material it Is
made of.
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Heat
° Specific Heat

 The amount of heat needed to change the
temperature of a substance isrelated to its
specific heat.

e The of asubstancelis
the amount of heat needed to raise the
temperature of 1 kg of that substance
by 1°C. 4
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Heat
° Specific Heat

 More heat I1s needed to change the
temperature of a material with a high specific
heat than one with alow specific heat.
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Heat
° Thermal Pollution

e Some electric power plants and factories that
use water for cooling produce hot water as a
by-product.

o |If this hot water Isreleased into an ocean,
lake, or river, it will raise the temperature of
the water nearby.
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Heat
° Thermal Pollution

e Thisincreaseinthe
temperature of abody of
water caused by adding
warmer water is called

. Q)
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Heat
° Effects of Thermal Pollution

 Increasing the water temperature causes fish
and other aguatic organisms to use more
oxygen.

e Because warmer water contains less
dissolved oxygen than cooler water, some
organisms can die due to lack of oxygen.
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Heat
° Reducing Thermal Pollution

Thermal pollution can be
reduced by cooling the
warm water produced by
factories, power plants, and
runoff before it Is released

Into abody of water.

Cooling towers are used to
cool the water from some
power plants and factories.

2
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° Section Check
Question 1

When heat moves from one object to another

as aresult of direct contact, the processis
known as

A. conduction
B. convection
C. radiation
D. expansion
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° Section Check
Answer

The answer is A. Conduction Is occurring
when you hold a cup of hot chocolate and
feel the warmth in your hand.
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° Section Check
Question 2

Heat can be transferred through empty space
only by

A. convection

B. forced convection
C. radiation

D. conduction

@ “CHAPTER RESOURCES




° Section Check
Answer

The answer 1s C. Heat Istransferred from the
Sun to Earth by radiation.
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° Section Check
Question 3

When water in a cooking pot on astoveis
heated, the water at the bottom becomes warmer
than the water above. The warm water Isless
dense and rises, cooling as it transfers thermal

energy to the cooler water above. Asthiswater
cools, It becomes more dense and sinks to the

bottom of the pot. This processis an example of
the transfer of thermal energy by
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° Section Check

A. radiation

B. convection

C. insulation

D. thermal pollution
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° Section Check
Answer

The answer Is B. Convection occurs when

thermal energy istransferred by the movement

of molecules from one place to another in a
material.
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Engines and/Refrigeratars
e Heat Engines

e The engines used in cars, motorcycles,
trucks, and other vehicles are heat engines.

A 1S
a device that
converts thermal
energy Into
mechanical

energy.
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Engines and/Refrigeratars
e Heat Engines

 Mechanical energy Isthe sum of the kinetic
and potential energy of an object.
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Engines and Refrigerators
° Forms of Energy

e Chemical energy Is energy stored in the
chemical bonds between atoms.

e Radiant energy isthe energy carried by
el ectromagnetic waves.
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Engines and Refrigerators
° Forms of Energy

* Nuclear energy Is energy stored in the nuclel
of atoms.

* Electrical energy Isthe energy carried by
el ectric charges as they move in acircuit.
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Engines and Refrigerators
Q TheLaw of Conservation of Energy
e \When energy Is transformed from one form

to another, the total amount of energy doesn’t
change.

* According to the law of conservation of
energy, energy cannot be created or
destroyed.

e Energy only can be transformed from one
form to another.
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Engines and Refrigerators
° |nternal Combustion Engines
e In engines, the fuel

burns in a combustion chamber inside the
engine. 4

Many machines,

Including cars,

airplanes, buses,

boats, trucks, and

lawn mowers, use . S
Internal combustion .«
engines. =
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Engines and Refrigerators
e |nternal Combustion Engines
 Most cars have an engine with four or more
combustion chambers, or cylinders.

o Usually the more cylinders an engine has, the

more power it can produce.

e Each cylinder contains a piston that can move
up and down.
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Engines and Refrigerators
Q I|nternal Combustion Engines
* A mixture of fuel and air Isinjected into a
combustion chamber and ignited by a spark.

* \WWhen the fuel mixture isignited, it burns
explosively and pushes the piston down.

e The up-and-down motion of the pistons turns
arod called a crankshaft, which turns the
wheels of the car.
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Engines and Refrigerators
° Refrigerators

» A refrigerator is aheat
mover.

e |t absorbs heat from the
food and other materials

Inside the refrigerator.

 Then it carriesthe heat to
outside the refrigerator,
where it Istransferred to
the surrounding air.
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Engines and Refrigerators
Q Refrigerators

* A refrigerator contains a material called a
coolant that Is pumped through pipes inside
and outside the refrigerator.

 The coolant isthe substance that carries heat
from the inside to the outside of the
refrigerator.
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Engines and/Refrigeratars
o Absorbing Heat

e Liquid coolant isforced
up a pipe toward the
freezer unit.

e Theliquid passes through an expansion valve
where it changes into a gas.
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Engines and/Refrigeratars
e Absorbing Heat

 When it changesinto a
gas, It becomes cold.

e The cold gas passes
through pipes around the
Inside of the refrigerator.

* Because the coolant gasis so cold, it absorbs

heat from inside the refrigerator, and becomes
warmer.
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Engines and/Refrigeratars
e Releasing Heat

e The heat absorbed by
the coolant cannot be
transferred to the air.

* The warm coolant gas
then passes through a
compressor that
compresses the gas.

e \WWhen the gas Is compressed, it becomes
warmer than room temperature.
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Engines and/Refrigeratars
e Releasing Heat

* The gasthen flows
through the condenser
colls, where it transfers
heat to the cooler air In
the room.

As the coolant gas coals,
It changes into aliquid.

Theliquid Is pumped through the expansion
valve, changes into agas, and the cycleis
repeated.
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Engines and Refrigerators
e Air Conditioners

 Most air conditioners cool in the same way
that arefrigerator does.

e Heat from inside the house Is absorbed by the

coolant within pipesinside the air
conditioner.
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Engines and Refrigerators
e Air Conditioners

e The coolant then Is compressed by a
compressor, and becomes warmer.

* The warmed coolant travels through pipes

that are exposed to the outside air. Here the
heat Is transferred to the outside air.
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Engines and/Refrigeratars
e Heat Pumps

e A heat pump moves heat from one place to
another.

 In heating mode, the
coolant absorbs heat

through the outside [ N W

& : \
©  Expansionvalve \

colls.

B TT] :.I_
Warm-’a?r- i

Faal
R n e s e g LU
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Engines and/Refrigeratars
e Heat Pumps

The coolant Iswarmed when it Is compressed

and transfers heat to the house through the
Inside cails. N

When a heat pump

Isused for cooling, |}
it removesthermal | outie ol

- \
=S Expansmn valve \

energy from the o

Indoor air and i
. 'EE ,_

transfers i1t outdoors.

U\}a Fy '&1[’
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e Section Check
Question 1

What isthe law of conservation of energy?

Answer

According to the law of conservation of
energy, energy can never be created or

destroyed. Energy only can be changed from
one form into other forms.
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e Section Check
Question 2

A engine ignitesthe fuel in the
combustion chamber without using a spark

plug.

A. gasoline

B. diesd

C. two-stroke
D. four-stroke
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e Section Check
Answer

The answer i1sB. In adiesdal engine, the fuel
mixture is compressed so much that it becomes
hot enough to ignite.
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e Section Check
Question 3

How does arefrigerator work?
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Section Check
e Answer

Liquid coolant passes through an expansion
valve where it changesto agas. When this
happens, it grows cold. The cold gas passes
through pipes around the inside of the

refrigerator, absorbing heat from inside. Then
It passes through a compressor, becoming
warmer than the outside air. Heat Is then
transferred from the coolant to the outside air.
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End of Chapter Summary File
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