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Lesson 1

atmosphere thin layer of gases
surrounding Earth

ionosphere region within the

mesosphere and thermosphere
containing ions

liquid matter with a definite volume
but with no definite shape

ozone layer area of the stratosphere
with a high concentration of
ozone

stratosphere atmospheric layer
directly above the troposphere

troposphere atmospheric layer
closest to Earth’s surface

water vapor gaseous form of water

sson 2

conduction transfer of thermal
energy by collisions between
particles of matter

convection transfer of thermal
energy by the movement of matter
from one place to another

process ordered series of actions

radiation transfer of energy by
electromagnetic waves

reflect to return light, heat, and
sound after striking a surface

stability describes whether
circulating air motions will be
strong or weak in the atmosphere

temperature inversion layer of
cooler air is trapped by a layer of
warmer air above it
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Lesson Outline for Teaching
Lesson 2: Energy Transfer in the Atmosphere

A. Energy from the Sun
1. Radiation is the transfer of energy by electromagnetic waves.
2. Most of the radiation that the Sun gives off is visible light
3. Ultraviolet light has shorter wavelengths than visible light and can cause sunburn
and skin cancer.
4. Infrared radiation has longer waves than visible light and is felt as heat.
B. Energy on Earth

1. As the Sun's energy passes through Earth'’s atmosphere, about 20 percent i
absorbed by gases and particles in the atmosphere.

2. Ozone, oxygen, and water vapor absorb ultraviolet light. Water and carbon dioxide
absorb infrared radiation in the troposphere.

3. Earth's atmosphere and the surface of Earth reflect about 30 percent of the Sun’s
radiation that comes toward Earth.

4. About 50 percent of the Sun's radiation that reaches Earth's atmosphere is absorbed
by Earth's surface.

Radiation Balance

1. Earth's temperature remains stable because of the balance between the amount
of radiation coming from the Sun and the amount going out from Earth.

2. Land, trees, and the ocean absorb and emit solar radiation, mainly in the form
of infrared radiation.
‘The Greenhouse Effect

1. Glass allows sunlight into a greenhouse. It prevents infrared radiation from
escaping, which . keeps the greenhouse warm.

2. Certain gases in the atmosphere act like the glass in a greenhouse, warming the
atmosphere.
‘Thermal Energy Transfer

1. Thermal energy always moves from objects with high temperature to objects with
lower temperature.

2. Conduction is the transfer of thermal energy by the collisions between particles
of matter.

3. When air heats up, it becomes less dense and rises, transferring its energy upward.

4. The transfer of thermal energy by the movement of matter from one place to
another is

5. When water changes from one phase to another, latent heat is exchanged.
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Lesson Outline continued

rculating Air

. When warm air is pushed upward, cool air sinks to fill in the empty space left by
the warm air.

. Alr that moves upward near mountain ranges causes mountain waves, which form
lenticular clouds.

. Circulating air affects climate and weather around the world.

. Stability is the property of the atmosphere that describes whether circulating air
‘motions will be strong or weak.
. When the air is unstable, circulating motions of the air are strong
. A(n) temperature inversion occurs in the troposphere when temperature increases
altitude decreases.

. Temperature inversions prevent air from mixing and can trap pollution cl
Earth’s surface.

Discussion Question
Describe what happens to solar radiation as it enters Earth’s atmosphere.

About 20 percent of solar radiation coming into the atmosphere is absorbed by the
atmosphere. About 30 percent of the incoming solar radiation is reflected by the
atmosphere and Earth’s surface. About S0 percent of incoming solar radiation is absorbed
by Earth's surface.
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Key Concept Builder (page 17)
1. nitrogen

aw-Hill Ed

2. oygen

3. n any orden) water vapor,

4. owone
5. pollen, ash
6. water vapor,acids
Key Concept Builder (page 18)
1. exosphere: S
. thermosphere: M
. mesosphere
. stratosphere: B
. oposphere: 4, C
Key Concept Builder (page 19)
. gravi
. density
. (n cither order) troposphere, mesosphere
. (in any orde) statosphere, thermosphere,
exosphere
. stratosphere, oz

Enrichment (page 20)
1. The level of ozone-depleting substances was
sreatest in 1993; that was the year when the
level of ozone in the atmosphere was the
lowest
. The arcas most protected by the ozone laer
were those that ae indicated on the map 35
‘measuring between 300 and 400 Dobson
units

Challenge (page 21)
Answers depend on questions and interpretations.
In general, ozone levels in the atmosphere have
decreased since the late 1970, most dramatically in
the ozone hole over the Antarctc. Ozone

Earth's Atmospher

Answers continued
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Lesson Quiz B (page 23)

Completion
. Auroras

. decreases

. photosynthesis

. Nitrogen

. lower

. Water vapor
xosphere

. mesosphere

. thermosphere

Lesson2

Launch Lab (page 25)
NOTE: Do not expect students to determine the
correct answer. Students should be encouraged to
speculate. Use the answer st to guide students’
reasoning

1. 1t traveled through the aie.

2. They moved in al directions.

3. The particles were moved by air. Motion of
the air was reflected by the motion of the
particles.

Content Vocabulary (page 26)
onduction
. reflect
. radiation
. convection
. stability
. temperature inversion

MiniLab (page 29) Language Arts Support (page 32)

1. The information in the graph shows the 1. stratosphere

relationship between temperature and
altitude. The purple line shows that as

2. troposphere

altitude increases, temperature decreases . mesosphere
The geen line shows that temperature . exosphere

increases with altitude up to a poiat. Then it
remains relatively constant with increasing

. atmosphere

altitude . thermosphere

. Because temperature usually decreases as . ionosphere

altitude increases, the diagonal purple line
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Answers continued
MiniLab (page 29)

1.

The information in the graph shows the
relationship between temperature and
altitude. The purple line shows that as
altitude increases, temperature decreases

The geen line shows that temperature
increases with altitude up to a poiat. Then it
remains relatively constant with increasing
alttude.

. Because temperature usually decreases as

altitude increases, the diagonal purple line
represents normal conditions in the
troposphere. Because the bent green line
shows temperature increasing a5 altitude
ncreases, it epresents  temperature

. The temperature inversion starts with a slight

warming trend to a certain altitude, and then
the temperature remains relativel
with increase in altitude.

Content Practice A (page 30)

1.

0.

B
¥
T
T
. F
T
B
¥
T

T

Content Practice B (page 31)

1.

visible light, ultraviolet ight, and infrared
light

. absorbed by gases and partices in Earth's

atmosphere

. reflected by clouds and particles in the

atmosphere

. makes it o Earthy's surface but is reflected by

land and sea surfaces

5. make it to Earth's surf

6. infrared light

diation balance is a balance between the
amount of solar energy the Earth receives
and the amount it sends back to space. The
two amounts are equal, so Easth does not
overheat.
Possible answers: radiation—infrared rays
coming from a radiator; conduction—gettin
a burn from a picce of hot meta]
vection—water heating in pot

dc

hwith D.. 5]

Language Arts Support (page 32)

1. stratosphere
. troposphere
. mesosphere
. exosphere

. atmosphere

. thermosphere

. ionosphere

Language Arts Support (page 33)

1. transters

. is absorbed

. is defined
sists

are mentioned

School to Home (page 34)

1. The Sun's energy travels to Earth in the form
of clectromagnetic radiation. The radiation
that Earth receives s primarily n the visible
light, ultaviolet, and infrared range.

. The greenhouse effect is the atmospheric
effect that keeps Earth warm enough to
supportlfe as we know it. Greenhouse gases

n the atmosphere, such a5 water vapor nd

arbon dioxide, allow sunlight to pass
through on the way from the Sun to Earth's
surface. However, they prevent much of the
infrared energy (thermal) that Easth emits

om escaping into space. They therefore
function like the glass in a greenhouse, which
allows light in but holds heat to warm plants.

. The Sun's ncrgy reaches Earth through
radiation. As Earth emits thermal energy, its
surface transfers thermal energy to the
atmosphere through conduction. As conduction
heats air molecules at the surface, they spread
out and the air becomes less dense. Currents
of af rise and transfer thermal energy into
higher altitudes by convection.

. When air I stable, it circulating motion is
weak. Temperaturé inversions can form,
trapping a layer of air and pollution near
Earth's surface. When ar is unstable, its
circulating motion is strong. Thunderstorms
often form when air s unstable.

Key Concept Builder (page 35)

1. radiation
2. visible light, infrared light, ultzaviolet light

3. Infrared wavelengths are longer.

Earth's Atmospher
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Answers continued
4. 1t prevents harmful ulraviolet radiation from
reaching Earth's surface.
5. 20 percent

6. They reflect most of the sunlight that strikes
them.

7. 50 percent
8. infrarcd radiation

Key Concept Builder (page 36)
1. Sunlight strkes Earh's surface and i absorbed.

2. The absorbed enesgy is reemitied as infrared.
radiation.

. Certain gases in the atmosphere absorb the
infrared rays, preventing them from escaping
into space.

. The energy is directed downward, warming
the atmosphere.

5. the greenhouse effct

6. water vapor,carbon dioxide, and methane
Key Concept Builder (page 37)

. ndiation

. convection

. conduction

. conduction

. convection

. ndiation

. convection

. conduction

Key Concept Builder (page 38)
. convection
. sinking
. mountain wave
. lenticular
. unstable
. stable
. temperature inversion
. air pollution
Enrichment (page 39)
1. The foret reflects only S percent of the solar
radiation, which means that it absorbs about
At o the radiation that reaches Earth's
ner than the

snowfield, which absorbs 20 to 75 pecent of
the radiation that reaches the surface.

El

. Possible answer: The melting rate has been
faster during the last SO years. As the first
glaciers began melting, exposed rocks and
soil deceased the albedo of the area, causing
more absorption of thermal energy. The
additional heat makes the glaciers melt
faster.

Challenge (page 40)
Maps should be drawn accurately

clements outlned in the insiuctions. Analysis
should accurately reflct the relationships between
the surfaces and the albedo. Examples o arcas where
the albedo has changed might be grassland converted
102 housing development that has a retention pond;
farmland converted to a shopping mal; forest
converted to highrise buikdings.

Lesson 3
Skill Practice (page 42)

8. The candle wax on top of the metal rod
started to melt and run down the rod. This is
an example of conduction. The candle wax
till on top of the glass and wooden rods
shows that the heat did not move through
these materials.

. The ice cube in the sunlight or under the
light source melted more rapidly. This is an
example of radiation.

. The blue water pushed the red water away;
then it moved under it; convection.

. In the convection example, the water
molecules moved together after they were
warmed and rose above the cooler molecules
In the conduction example, the heat
transferred from the water through the metal
bar particle by particle until it heated the
candle wax. In the radiation example, matter
Wwas not necessary; the heat from the Sun of
the lamp transferred directly to the ice c

Lesson Quiz A (page 43)
Multiple Ch
A

Matching
s E
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