Science ch. 18

Thermal and light energy
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~ thermal energy is transferred between objects
, conduction, convection, and radiation

w waves carry energy.
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thermal
energy poge 503

heat page 504
conduction poge 505
convection poge 506
radiation poge 506
insulator page 508
conductor poge 508
refraction poge 512

reflection page 512
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{ You Are There! Lesson |
You stare in wonder as the glassblower H : th 1
gathers the glowing, liquid glass onto O V V ]-S e rma
a rod. Even at a safe distance, the heat ?
from the roaring furnace warms your t f d
face and reminds you that liquid glass 4 e n € rgy ra nS erre ‘
is unbelievably hot. The glassblower :
turns the rod over and over to shape
the glass. The glass flows first one
way, and then the other. But slowly,
as the glass cools, it flows less.

Gradually, the cooling - | ; B 5 ‘ Th
glass becomes a solid. . . . ermal Energy

Thermal energy is the total kinetic and potential energy of the particles in a
substance. Heat is thermal energy that moves from one substance to another

Heat can move by conduction, convection, and radiation.

When you look at the molten glass, it is easy to see that its particles are
moving. The molten glass flows. But a solid object, such as a glass pitcher
seems to be perfectly still. Are you surprised to find out that it's not 4

All matter is made of particles that are always moving. The particles
have kinetic energy, or energy due to motion. The particles in a substance
always pull on each other. This means the particles have potential energy
or energy due to position. Particles in a gas can move Ires ly. They do not
pull strongly on each other. Particles in a liquid can only flow around
each other. They pull more strongly on each other than gas particles do
The particles in a solid pull strongly on each other. They vibrate, but they
cannot move from their fixed position
The total kinetic and potential energy

: ‘ ‘ L
thermal energy. The amount of thermal energy depends on the amoun
p of water and you pour half of it out
refore has half

of the particles in a substance Is

of the substance. If you have a cu
the part that is left has half the number of pamdm [t the
the thermal energy that the full cup of water had

E > ) 1\
Thermal energy determines how warm a substance fee
| p of water The warm

v TR

A warm cup

of water has more thermal energy than a cool cu

- el warmer
Therefore, they have more thermal energy and feel W

( W he energy
1. Checkpoint What is the ditterence between kinelic energ

and potential energy?

! 3 "-':".70.’\,":}1 '-"\% - YOU plOCe acv

Vi o
.ce. Explain what happens tC

D C‘ water In
N the

a freezer and it changes to
thermal energy of the water
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Heat

You've probably measured your kinetic energy
many times, but you may not have known It.

e pera e plaaiLe ol Cis trera gy anetic & . t]'. . about what happens if you

energy of an object’s particles. When you BN ' ; ice cubes in a glass of warm

your temperature with a thermometer, your body ll i, T i1 enbes Eoui e

hvut increases the kinetic energy of particles of a [ O e or does the lemonade

liquid in the thermometer. The thermometer then | — o, |, 3%, 30 2 4 1 ¥ s BT PRLn
shows the average kinetic energy of particlesin 38 T~ K [he temperature of the ice cubes filament

your body.
Temperature is not the same as thermal energy.

C rduction

¢ transfer between two objects
~uch is called conduction.

wer than the temperature of the

1S |

Surface of
the Sun

2500%

Liquid thermometers measure
temperature change when
increased kinetic energy
causes a liquid fo expand,
Digital thermometers measur
temperature change when
increased kinetic energy
causes a metal to expand,

| » » particles that make
inetic ene ’ l¢ ;u.vn(ldt . The |
Temperature depends only on the average kinetic energy.

Thermal energy is the sum of kinetic and potential energy.
Unlike thermal energy, temperature does not depend on

up the lemonade are vibrating faster
than the particles of the ice. When

: he ice touches the lemonade, the
the amount of a substance. If you split an object in half, the

each part has half as many particles. But the temperature
does not change. The average kinetic energy is the same.
Thermal energy that can move from one substance to
another is called heat. Heat always moves from a
warmer substance to a cooler one. An increase in
temperature means that heat moves into a substance.
When heat moves into a substance, the average kinetic
energy of the particles rises. The extra kinetic energy
Increases the particles’ vibrations. Particles vibrate faster
| when a substance is heated.

Gas flame

partic les in the lemonade hump
2000°C

against the ice particles. This causes
the ice particles to move faster and
faster. Heat flows from the warmer Molten iron

lemonade to the cooler ice. The 1500°C
lemonade particles slow down.
Conduction of heat has warmed the
ice and cooled the lemonade.
When heat moves by conduction,
the particles in the substances do

; _ not change their location. Energy
The movement of heat from one substance to another

can occur between objects that touch and objects
that don’t touch. The three types of

heat transfer are conduction.

convection, and radiation.

The lynx warms the
snow as heat moves
from particles in its body
to particles in the snow.

s passed from particle to particle

as the particles vibrate and bump
against other particles. This
movement of energy may occur
between a warmer substance and

a cooler one. It may also occur
between the warm part of an object
and a cooler part of the same object.

\/Checkpoint Why doesn’t the
'femperature of an object change
It you break the object in half?
TeChnology IN Science MalEel
NAturally moves from warm to
ool objects. but refrigerators
'everse this movement. Research
and write o paragraph that

®xplains this process

Boiling water
100°C

Death Valley
50°C

Human bod)

> B 4

C

.\fl'“l”g ICE

0%

h\‘d in a freezer
]18%

[!«]Uld oxvgen
]83%C

Comparing
Temperatures

Absolute zero
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Hang gliders can stay in the air
longer because of convection.
They are pushed upward as
they fly through rising currents
of warm air called thermals.

Energy from these lamps
moves by radiation to

keep the food warm.

Convection

A hang glider soars through the air, swooping up and
circling again and again. The wings of the glider Provid
balance, but how is the glider able to move upwarg? Hang
gliders depend on the movement of thermal €Nergy in th,

Heat moves from the warm ground to the air just qhyy.
it by conduction. As with solids, the kinetic and potentxoir
energy of particles in a fluid—a liquid or gas—increqse; if
the fluid touches a warmer object. Energy from the Warmer
object moves into the fluid. As the fluid becomes warmer i
particles move faster. The density of a fluid decreases qs the
fast-moving particles spread apart.

A fluid with a higher density sinks below a fluid with
a lower density. This causes the lower-density fluid to rise
When this happens, the rising fluid carries thermal energy
along with it. Convection is the transfer of thermal energy
by the movement of the particles of a liquid or a gas. This
movement results in a stream of fluid called a convection
current. Hang gliders can fly great distances as they are
continually pushed upward by convection currents along
the way.

Convection currents in the air cause winds to form. As
warm air rises, cooler air rushes in to fill its place near the
ground. The rising warm air becomes cooler and begins to
fall. The cooler air near the ground becomes warmer and
begins to rise.

A pot of boiling water is another example of convection. li
you place a pot of water on a stove, the temperature of the
pot rises by conduction. Heat moves from the stove to the po!
The pot then warms the water that touches it by conduction
as heat moves from the pot to the water. The warm water s
less dense than the cooler water above it. The cool water ther
sinks, causing the warm water to rise. The rising and falling

of warmer and cooler water increases the temperature of the
entire pot of water.

Radiation

For the chameleon, q good way to spend a sunny afterno
Is sitting on a rock. Like all reptiles, chameleons warm thels
b()deS W]th ()ncrgy fr()m th(’ Sun. Thl\ (,’n('TQY n]ust trQ\'(‘]

from the Sun to Earth through space that has almost n¢
matter. Radiation is the

waves. It can involve ene
across empty space.

transfer of thermal energy @
st OF
rgy transfer through matter<

(Qlr

i —_— I—

Some radiation ~ - Mq'
is reflected back
info space. Rodiofion is

i absorbed. Earth’s

4 surface warms
\[‘,”1 I

Radiation passes
| through Earth’s _ =
l atmosphere.

vhen solar radiation reaches Earth’s atmosphere, some of the
-nerqy is reflected back toward space. The rest of the radiation
h' ches Earth. Like the atmosphere, Earth’s surface reflects some
radiation and absorbs the rest. The absorbed radiation heats Earth’s
surface, which releases some of this heat back into the atmosphere
There gases, such as carbon dioxide and water vapor, absorb the
energy and become warmer. These gases surround Earth and act like
a blanket to hold heat. This process by which the atmosphere holds

p

heat is called the greenhouse effect. 4 i
The greenhouse effect is a natural process. Without it, Earth 4

would be a cold, lifeless planet. But some scientists are 4

concerned that the increase in some atmospheric

gases, such as carbon dioxide, will

cause the atmosphere to become 250

too warm. Increased ’ ’* b gt

temperatures can ' ’ &' . ;‘ - ,%

have a harmful g‘l S % & A Energy from the Sun

effect on Earth’s RF %  warms o chameleon by

ecosystems. radiahon. The chameleon
is also warmed by
conduchon. Heat moves
from the rock into the
chameleon's body.
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This scarf is made

of a material that
contains air pockets.

A scarf keeps you
warm because thermal
energy doesn’t easily
move through air.

Some materials are good conductors because their
atoms can easily vibrate to transfer heat. Metals, such

as copper and silver, are good conductors because of the
movement of electrons. Some electrons are

held to the atoms of the metals. These elect
move easily. They carry ene
You may have realized that metals are

when you've stirred hot soup with a sp
while, you can feel the

Liquids and gases are usuall
solids because their particle
space is also a good insulator. He
through empty space by conduct

Insulation

Brrr! It's a cold winter day, and yotfrc getting ready for
school. You put on a thick coat, sc arf, uh(_i_glk’\'('\ to keep
warm. Now that you've learned about different types of
heat transfer, can you explain how a coat, scarf, and
9[()\'({\ kc('p you warm?

Winter clothes keep you warm because they insulate yoy
against the cold. An insulator is a material that does not
easily transfer heat. Other materials, such as metals, are
conductors. They transfer heat easily.

What causes a material to be either an insulator or a
conductor? Recall what happens when heat moves from
a warmer object to a cooler one. Particles in the warmer
object move faster. If the warmer object touches the cooler
object, particles in the warmer object bump against
particles in the cooler object. Particles in the cooler object
then move faster and faster. Their kinetic enerqy rises.

The temperature of the cooler object rises by conduction.

A shiny surface on the
thermos slows heat
transfer by radiation.

A pocket of
insulating air inside
a thermos slows the
conduction of heat.

not tightly
rons can

rgy from place to place.
good conductors

oon. After a short
heat in the spoon.

y better insulators than
s are farther apart. Empty
at cannot move

lon or convection.

Windows have
a double layer
of panes. The air

between the panes
is a good insulator.

Using Insulators

Understanding insulators is important in choosing clothes
for cold weather. Layers of materials will keep you warmest.
They contain pockets of air. Because air is a good insulator,
heat cannot easily escape from your body.

Insulating materials are also important in home building If
you've ever seen a house being built, you may have seen thick
layers of insulating material placed in the walls and attic _Axr
pockets within the layers slow the movement of heat out of a
home on cold days. They also slow the movement of heat into
a home on hot summer days. Some houses have windows with
double layers of glass. The pocket of air between the layers 1s
Insulation against the movement of heat through the window.

Insulation is one way that animals protect themselves
from the cold in winter. Some animals have thick layers of
'Nsulating fat. Animals may also have fur or hair that traps
heat close to their bodies.

‘/Lesson Checkpoint
|

2

?
r
How does q liquid thermometer show that you have @ feve

Why are you warmer if you wear layers of clothing on @
cold day?

—

This photograph was taken wi
o thermal camerg that den(:“h
heat loss in buildings. Yellow
areas show where the house
has little insulation and heat

can easily escape. Blue areas
show where the house is well
insulated with little heat loss.

The roof and attic are
lined with fiberglass
insulation.

—

Floors are covered
with carpet.

Air-filled insulation such
as foam is packed into
hollow walls.

Fluﬁy down feathers
have pockets of air that
trop heat near a goose’s
use these insulating
feathers for winter

coats and blankets.
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Lesson 2

How do waves
carry energy?

Waves, such as sound and light, carry energy. -When
light strikes matter, it may be absorbed, transmitted, or
reflected. Light may change direction when it moves from
one material to another.

Types of Waves

Have you ever dropped a rock into a pool of water? Waves spread
out in all directions from the point where the rock enters the water.
The rock causes molecules in the water to move back and forth as a
vibration. A wave carries energy away from a vibration.

The illustrations below show the two main types of waves. Notice
their differences. When waves move through matter, the matter does
not move along with the wave. When transverse waves move through
matter, they cause the matter to move in a direction different than
the wave moves. If the wave is moving to the right, molecules in
the matter move up and down. If a compressional wave is moving
through matter, the matter moves back and forth in the same
direction as the wave. The particles in the matter move forward and
then backward, over and over again.

An important type of compressional waves is sound. As with all
waves, sounds are caused by vibrations. Think about what happens if
you strike your pencil against a desk. The force of your pencil causes
molecules in the desk and air next to it to vibrate. These vibrations
cause nearby air particles to vibrate, and they cause other molecules to
vibrate. The vibrations move outward through the air in all directions.
You hear sound when the vibrations reach your ear. You can also
hear the pencil striking the desk if you place your ear against the

desk. Sound waves can travel through matter, but they cannot travel
through empty space.

Water waves
carry energy,

Iransverse wave
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Gomma rays are used 6

jo treat cancer.

Ultraviolet rays can
damage skin cells.

Visible light is the
range of wavelengths

that humans can see.

X rays pass through
soft body tissue but not
through bones.

Electromagnetic Spectrum

You just read about sound waves that travel through matter. Like
sound, light travels as a wave, but unlike sound, light can travel
through empty space. Light travels as transverse waves

Visible light is only one of the many kinds of waves that truf'el
to Earth from the Sun. If you arranged all the kinds of waves from
the shortest wavelength to the longest wavelength, you would get a
Pattern similar to the one shown in the diagram above. The pattern
IS called the electromagnetic spectrum.

Notice that the wavelength becomes longer as you move
from left to right across the spectrum, but the frequency becomes |
shorter. Like ql) waves, those of the electromagnetic spectrum Carry
“Nergy. Waves with a shorter wavelength have more energy than
those with q longer wavelength.

- ¥ Checkpoint What type of wave carries more energy —radio

aves or visible light?

o
c°mP0re and Contrast Tell how transverse waves
an
d Compressional waves are alike and difterent

2

The infrared light of
the heat lamp warms
this chicken.

Microwaves are used
for satellite signals
and for cooking food.

Television signals
are short-wavelength

radio waves.

Radio waves carry
signals that represent

sound.

511



|
|
!
|
I

Absorption of Light R

Shine a llth on a piece ol (]l(l\\, ancd —
travels through it. Shine the same lighton aj e I
metal. and no light goes through. ight can behave '

| ike or. Some light may
different ways when it strikes matter :
be absorbed, or taken in, by the matter. When light
enters a material, some of the light energy is changed
into heat energy. You may have noticed this on a warm
summer day. Dark-colored materials absorb more
sunlight than light-colored materials. Wearing a 'bl“('k
shirt, for example, makes you warmer than wearing a
white shirt.

Light may also pass through a material without
being absorbed. The amount of light that passes
through a material depends on the type of material.
Almost all light passes through transparent materials,
such as clear glass and water. Translucent materials
only allow some of the light that strikes them to pass
through. Waxed paper is a translucent material.
Opaque materials don’t allow any light that strikes
them to pass through. Wood, rocks, and metals are
examples of opaque materials.

All electromagnetic waves travel through empty
space at the speed of light—300,000 kilometers per
second. Light travels through matter at speeds less than
this. But light doesn’t pass through all materials at the
same speed. The particles that make up matter cause
light to slow down. The speed that light passes through
a material depends on the type of material. Unlike
sound waves, light usually travels slowest through solids
because they have the highest density. Light travels
faster through liquids, and even faster through gases.

Refraction and Reflection

Light changes speed when it moves from one material
to another. If a beam of light strikes the border of two
materials at an angle, the change in the speed of the
light changes its direction. Refraction is the change
in direction of light when it moves from one mate
another. You can see refraction by placing a SpPoo
glass of water and looking at it from the side. The spoon

seems to be bent. This happens because light changes
direction when it moves from the water to the air

rial to
nina

512

Seeing Color

The wavelengths of |;

ght that an obiect
absorbs and reflects Yy

determine ifs color

Block objects absorh olmost ofl
light that strikes them When you
look at g black object, little

|»gh'
reflects back 1o your eyes

White objects reflect almost ol
of the light that strikes them
White is a combination of ol
wavelengths of light

An object appears red if it
absorbs all wavelengths of light
except red. When you look at
the object, you see only the red
light that reflects off it

Refraction distorts this photo taken under water.

S Grass is green because it
Light that isn’t absorbed and doesn’t pass absorbs all wavelengths of light
thrn—uqh a material is reflected. Reflection except green. It reflects the green
is the ‘hnunung of light rays off the surface of wavelengths of light
a material. If the surface is smooth, you may
be able to see your reflection in the material A blue object refle:ts only b::e
When light strikes a mirror, for example, the .WOVO:C“Q’:5 of "Qb' n;::‘ d
: : 3 wavelengths are absor
light reflects back so that you can see yourself
N————P Think about places where you can see
your reflection. Why can’t you see your
reflection when you look at a wall or a book?
These surfaces may seem smooth. Using a
magnifying glass, however, you can see many
Refraction bumps and holes. Light that strikes these
surfaces bounces off in many directions. A
surface must be smooth enough for light to
bounce back to your eyes in order for you to
Sée a clear reflection.
v v Lesson Checkpoint
I Why can't sound travel through empty space? ;
2. Why will you likely be cooler if you wear o
|lghtco|or:d shirt nt\steod of a darkcolored White light contains all Mjﬂm’
shirt on @ warm day? Vol At m:hemssﬁ\zoohopﬁun.
. @CQm d Contrast Write o °".‘°°""""'" |y'°pa ou o see different
pare and Contras This same effect allows y
Reflection po'ogfoph explommg ways ||9h? and radio colors in @ rainbow.

Waves are alike and ways they are ditterent

= 513




Combustion is a chemical reaction in which a
substance combines with oxygen and releases
energy. A common example of combustion

is a candle burning. A flame occurs when
gases combust quickly, releasing heat and
bright light.

In a candle, evaporated wax combines with oxygen
in the air to produce heat and light. If you look at a
candle flame closely, you will see different colors. The
color is an indication of how complete the combustion
is and also how hot the flame is. The bottom of the
flame is blue, and the outer edge is white. These colors
show that more complete combustion is taking place
and the flame is hotter /' 2 |
The inside of the z

homeismore Candle Flame
ge, lem perature

which means less
/‘———-———.—-——-——-ﬂ‘-‘——"‘
. Light Yellow 1,200c

complete combustion

is taking place
and the flame is
not as hot

: White 1,400° C .
\ —

¥y ;
— R 1 Blue 1,600°C _—
™. . - - |
| i ' | N

. >
o
- -

o4 " -
N - " 4
" . t

LTI @ Tool

s Take It to the Net

Pearonsuccessnet com

Answer each question. Use the chart on page 514
e 010

'rr'-f | e t r {
] surtace temperature of g stqr ok K

L_\ ]

than a candle flame, but it is estimated by color
using the same rules. Use what you've learned ic
write the names of the ‘O”Q‘Mﬂg five stars in order

from hottest surface temperature to coolest

Aldebaran: orange
Betelgeuse: red
Polaris: yellow
chel bluish white
Sirius B: white

A candle is burning at the rate of 1.5 cm per hour
The candle is now 2.25 cm tall. If it was originally
' ]2 cm 70”, how 'ong hGS it been bummg?

3. While the space shuttle is launching, combustion in
the engines burns fuel ot the amazing rate of about
76,000 L (the volume of a swimming pool) every
10 seconds. If the engines fire ot full throttle for 8
minutes, how much fuel will be used?

4. Only about 8% of the electrical energy of o
standard light bulb is converted to light. The rest of
the energy is lost as heat. If a 100-watt light bulo
uses $42 worth of electrical energy in a year, what
is the cost of the wasted heat?

s ———
———

————— —— .

%1\ Take-Home Acti

- ZOne

A

trum

to make a spec

Use crayons or markers
white, and blue

of red, orange, yellow e
~ ~loct on ! e
Lobel the 5pec?um with Coolesi on =
and Hottest on the 1
in that oraer
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Chapter 18 Revi

Use Vocabulary

conduction [p. 505) radiation (p. 506)

conductor (p. 508) reflection (p. 513]

convection [p 506) refraction (p. 512

heat (p. 504) thermal energy

insulator (p. 508) lp- 503)

Determine whether each statement is true

- or false. Write true if it is true. If it is false,
replace the underlined term with another
vocabulary term to make the statement true

1. The movement of thermal energy by rising

currents is conduction.

2. The total kinetic and potential energy of
the particles in a substance is thermal

energy
3. A conductor does not transfer heat easily.

4. Thermal energy that moves from one
substance to another is heat

3. Heat transfer between two objects that
touch is convection.

' 6. Connection is the change in direction of
light when it moves from one material to

| another.

| 7.

If you stand near a hot fire, you feel the
warmth because of radiation.

8. Reflection is the bouncing of light rays off
the surface of the material

9. An insulator transfers heat easily

51869 ﬁiﬁd Point Sz

ew and Test Prep |

- Explain Concepts

10. Suppose you have a large container of
warm water. You pour half the water
into a second container. Tell whether
the amount of thermal energy and the
temperature in the first container would he
affected after half the water is poured i,
the second container.

. 11. Why do some objects appear black?
Why do other objects appear white?

12. Identify and describe the ways that heat ¢
being transterred in the picture below

A

redict Would you expect a light wave
\o change speed as it moves from the air
nto a glass window? Would you expect
1 to change direction? Explain your

13.

answers.

14. Experiment Which is a better heat
insulator —cotton or nylon? Design an
experiment to answer this question.
Write a paragraph that describes your
experiment.

@ Compare and
Contrast

15. Make a graphic organizer like the one
shown below. Show how thermal energy
and temperature are alike and how they
are different.

Thermal

energy

- statement or answers the question

« 17. If a compressional wave moves through

- 20.

: Choose the letter that best completes the H

- 16. Which electromagnetic waves have

higher frequencies than ultraviolet waves?
® infrared waves

® microwaves

© radio waves

© Xrays

matter from left to right, the matter
® moves from left to right

© moves up and down

® moves back and forth

@ does not move.

- 18. When heat moves by conduction from :

one end of a metal spoon to the other
® the temperature of the spoon
decreases |
® the thermal energy of the spoon |
Increases |
© particles move from one end of the
spoon to the other
© vibrations are passed among particles
of the spoon

- 19, Explain why the answer you chose for

Question 18 is best. For each of the
answers you did not choose, give O
reason why it is not the best choice

Writing in Sclence Descriptive
Write a paragraph that describes how

insulators prevent the movement of heat
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