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Chapter 2

Heating Earth’s Surface and
Atmosphere

Outline

I.  Earth—Sun Relationships
A. Earth’s Motions
1. Rotation
2. Revolution
a. Perihelion
b. Aphelion
B. What Causes the Seasons?
1. Angle of Solar Radiation
2. Length of Daylight Hours
C. Earth’s Orientation
1. Plane of the Ecliptic
2. Inclination of the Axis
D. Solstices and Equinoxes
1. Summer Solstice; Tropic of Cancer
2. Winter Solstice; Tropic of Capricorn
3. Autumnal Equinox
4. Spring Equinox
II. Energy, Temperature, and Heat
A. Forms of Energy
1. Kinetic Energy
2. Potential Energy
B. Temperature
C. Heat (Thermal Energy)
1. Latent Heat
2. Sensible Heat

III. Mechanisms of Heat Transfer
A. Conduction

B. Convection
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C. Radiation
1. Solar Radiation

D. Laws of Radiation

IV. What Happens to Incoming Solar Radiation?
A. Transmission
B. Absorption
C. Reflection and Scattering
1. Reflection and Earth’s Albedo
2. Scattering and Diffused Light
3. Blue Skies and Red Sunsets
4. Crepuscular Rays
V. The Role of Gases in the Atmosphere
A. Heating the Atmosphere
B. The Greenhouse Effect
VI. Earth’s Energy Budget
A. Annual Energy Budget
B. Latitudinal Energy Budget

Key Learning Outcomes

The ultimate cause behind all weather phenomena involves the differential or
unequal heating of Earth’s surface. Many factors are responsible for this unequal
heating and will be explored in upcoming chapters. However, a vital first step is to
understand the Earth—Sun relationship, or how the tilt of Earth in its yearly
revolution around the Sun creates the seasons.

Possible challenges: Although most students have been exposed to the concept of the Earth—Sun
relationship since grade school, a surprisingly large number enter college with very little
understanding of why seasons occur, the role of the #ilt of Earth in influencing weather, or even
the knowledge that different areas of the globe may be experiencing different seasons during the
same time period.

In particular, they may understand the concept of a tilted Earth (with respect to the plane of the
ecliptic), but fail to grasp that the tilt remains fixed as Earth circles the Sun during the course of
the year. A common misconception of students is that Earth tilts one way, say, during winter
solstice but “flops over” and tilts in the opposite direction by the summer solstice. When
attempting to visually explain the Earth—Sun relationship, students may create some rather
interesting (and erroneous) diagrams along the ecliptic! The first Strategy for Teaching below
should help to address this misconception.

From this starting point, the concept of energy, specifically heat energy, will be
introduced as we examine how this energy is transmitted from the Sun to Earth’s
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surface and ultimately into the atmospheric circulation through the heat transfer
processes of conduction, convection, and radiation.

Possible challenges: Most students will have a familiarity with the concept of energy and its
various forms and even at least a passing acquaintance with the laws of thermodynamics.
Conduction and convection, important concepts in this chapter, are usually easily grasped with
some examples, but radiation may prove to be more of a challenge and just the phrase
“electromagnetic spectrum’ can evoke some trepidation. The previous section laid the basis for
transferring solar energy to Earth, and an understanding of how radiation accomplishes this is
vital for completing the picture. Keep it simple! Explain radiation is just another method of heat
transference that acts to move energy from the Sun to Earth through the vacuum of space. There
are a few suggestions in the Strategies for Teaching below and several intriguing examples of
how the electromagnetic spectrum provides us with color in our everyday lives.

Radiant energy reaches Earth’s surface but many factors may affect its path
along the way. These factors can have a significant influence on the amount of
heating that may occur at any location on our planet’s surface.

Possible challenges: Reflection, absorption, and scattering can all occur as radiant energy passes
through our Earth’s atmosphere on its journey toward our surface. The concept of reflection and
what this means in the heat transference process often creates some confusion. Having just spent
the first part of the chapter stressing the transfer of heat energy from the Sun to Earth’s surface
and then encountering a scenario where the process suddenly seems to “quit working” can be
frustrating for students. However, approaching this as a “balance” issue can help; reflection plays
an important role in moderating Earth’s temperature and knowing where and why this occurs aids
the student in understanding the key concept of unequal heating of Earth’s surface.

The previous sections can now be united into a comprehensive picture of the
“infamous” (or not so infamous) greenhouse effect—and what role human
activities might play in global warming.

Possible challenges: There is such a wealth of material on global warming that many instructors
may feel reluctant to even attempt to introduce this subject. In addition, global warming can be a
contentious subject to tackle. However, the difference between the greenhouse effect and global
warming should be emphasized and, depending on your timetable, an interesting (and lively)
discussion is possible. You have an opportunity to explain the role of the scientist in this highly
political debate (and how much of the debate is not centered on the science at all). The scientific
method learned in Chapter 1 can be reintroduced here. The global scientific community
overwhelmingly supports the concept of global warming; why, then, is there so much dispute?

As science instructors, one of our key roles is introducing students to the importance of critical
analysis in making informed, rational decisions. Teaching science involves not just the passing
on of the vast library of facts that humankind has accumulated over the millennia; it is instructing
students on how to evaluate these facts and fashion them into the greater truths about our natural
world.
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Strategies for Teaching Heating Earth’s Surface and Atmosphere

A. Earth—Sun Relationships

1. Introducing this topic requires vivid visual aids. The instructor’s resources that accompany
the text contain all the photographs and diagrams found in the text, as well as animations that can
be very useful in bringing Earth’s yearly revolution to life. An examination of how differing Sun
angles can heat Earth in different ways is a good place to start.
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a Figure 2.3 Changes in the Sun’s angle cause variations in the amount of
solar energy that reaches Earth’s surface. A. The higher the angle, the more
intense the solar radiation reaching the surface. B. If a flashlight beam strikes a
surface at a 90. angle, a small intense spot is produced, however if it strikes at
any other angle, the area illuminated is larger—but noticeably dimmer.

Extra: This diagram is certainly instructive, but the message can be driven home even more
effectively with a simple classroom experiment involving two heat lamps anchored at different
angles. They can heat something as simple as a desk surface or something more elaborate such as
beakers of soil. Either way, the students can actually fee/ (and measure) the difference in
temperature that occurs whenever heat energy is spread out as compared to being concentrated in
a small area.

2. Once this concept of “differing solar angles create differences in heating” is established, it’s
time to introduce the larger picture.
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- Figure 2.5 Earth—Sun relationships.

The animation associated with Fig. 2.5 should be utilized here; putting the above picture into
motion is much more effective in helping students to create a mental picture. The animation is
particularly effective in demonstrating the changing daylight hours; it can be stopped at the
different equinox and solstice points for students to see how not only do the daylight hours
change at a given location over the course of the year, but the change—or lack of—at different
latitudes is striking. After observing this animation, students should be challenged: what is (are)
the major factor(s) in determining the amount of solar energy reaching any point on Earth?

At this point, you may also want to offer a few illustrations of the “land of the midnight Sun.”
Figure 2.7 shows an attractive view of the 24-hour Sun but there are many more available on the
Internet as well.

Note: If the classroom has a celestial globe, this can also be employed to show how Earth’s
North Pole is (currently) “locked” onto the North Star, Polaris, and therefore doesn’t “flop” back
and forth as it revolves around the Sun (a common misunderstanding). You can find many
spectacular time-lapse videos online demonstrating this concept; here’s one:
https://www.youtube.com/watch?v=1V8PVzPZcBk.

3. A final exercise can be introduced utilizing the analemma (shown at the end of the chapter).
Many students find the analemma challenging and it can be useful to point out an analemma on a
globe. You can emphasize the value of knowing one’s noon Sun angle for any day of the year or,
correspondingly, being able to calculate one’s latitude by the noonday Sun. Students should be
encouraged to think of examples as well. One example: this knowledge can have definite value
in areas such as solar energy. Box 2.1 goes into this area in further detail.
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B. Energy, Temperature, and Heat

Most students will be familiar (hopefully!) with the concept of “energy,” but a brief review is
usually a good idea. Explaining the first law of thermodynamics helps set the stage for explaining
all the energy transferences that will be covered later. Numerous examples of energy transfers can
be given in order to contrast “heat energy” with “temperature,” along with the explanation that the
students will be exposed to temperature in much more detail in the following chapter.

C. Mechanisms of Heat Transfer

Now the three important methods of heat transfer—conduction, convection, and radiation—can
be introduced.

1. Each heat transfer process can be quickly demonstrated. Conduction can be easily illustrated
by simply grasping a cold metal object (such as a metal faucet, available in most classrooms).

2. Convection can either be shown through the examples shown in SmartFigure 2.11 or, if you
have the time, by setting up a quick convection experiment in front of the classroom (or having the
students do their own). This may involve something as simple as a glass beaker of boiling water to
which a substance such as glitter has been added to something as elaborate as a convection model
available through science catalogs. An effective technique is to show how convection also is
prevalent throughout many natural systems, from currents in Earth’s mantle affecting plate tectonics
to the roiling surface of the Sun. For the purposes of this course, however, the concentration will be
on convection as a means of transferring heat energy from the surface of Earth aloft.

Conduction

Convection

<« Smart Figure 2.11 Three
mechanisms of heat transfer:

gatieter conduction, convection, and
radiation.

3. Radiation can be the most challenging to demonstrate. Using a prop to demonstrate wave
motion—a piece of flexible rubber hose with the instructor at one end and a student at another
works well—you or the student (not both) can show how slow, languid movements produce long
waves and quick, energetic movements produce short waves. Then the appropriate illustration
from the text can be displayed to explain the various divisions in the electromagnetic spectrum.
If any spectroscopes are available through an astronomy or Earth science department, those can
be utilized to show students the breakdown of light into the electromagnetic spectrum. Here’s a
useful site: http://imagine.gsfc.nasa.gov/docs/science/know_11/emspectrum.html.
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Many interesting examples can be given by both you and your students to illustrate the
differences between light being “reflected” or “absorbed” and how that affects the colors that we
see (the yellow color of the Sun versus a yellow shirt a student may be wearing). You may also
wish to return to one of the many excellent pictures to be found online of the “green flash” (such
as this site: http://mintaka.sdsu.edu/GF). This can naturally lead up to upcoming concepts such as
the distribution of incoming solar radiation and the greenhouse effect.

D. What Happens to Incoming Solar Radiation?

The emphasis is on “unequal heating of Earth’s surface”; therefore, students need to have some
understanding of the many factors that can affect the distribution of incoming solar radiation.

Incoming solar radiation 100% 30% lostito'space by reflection and scattering;

20% reflected’ 5% reflected 5% backscattered to
from clouds from space by the
land-sea atmosphere
surface

))

) \|

20% of radiation ).
absorbed by
atmosphere and clouds

50%; of direct-and:diffused radiation absorbed
by-land andisea

- Smart Figure 2.15 Average distribution of incoming solar radiation. More
solar energy is absorbed by Earth’s surface than by the atmosphere.

1. Reflection has already been addressed and can now be illustrated with an appropriate picture,
easily available online, of the brilliant Earth as taken by the Apollo astronauts.

2. Albedo is an important concept and students should be encouraged to give examples of
substances with both high and low albedos. By understanding the nature of reflection, how does
its albedo affect the temperature of any object?

Extra: If you have sufficient time, an experiment utilizing dark and reflective containers can be
set up, either as a demonstration at the front of the classroom or by the students themselves,
which would allow the students to see how different materials absorb heat at different rates:
http://www.srh.noaa.gov/jetstream/atmos/ll_cannedheat.htm.

3. Scattering is most useful in explaining the blue of the sky. How can it also explain sunsets?
How can the presence of pollutants in the atmosphere affect sky color? SmartFigure 2.15 runs
through each of these steps.
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E. The Role of Gases in the Atmosphere

1. In Chapter 1 we discussed the various constituent gases that make up our environment and
emphasized that only two—water vapor and carbon dioxide—really contribute to weather. Water
vapor is obviously the most important and we’ll be focusing on it for the rest of the semester,
particularly in Chapters 4 and 5. However, in terms of heating Earth’s surface, many other gases
may play a part in absorbing solar and terrestrial radiation (Fig. 2.21).

2. The greenhouse effect should be given ample time not only for its importance in illustrating
the distribution of solar radiation but also because of its relevance. Access SmartFigure 2.22 and
carefully explain each step in the model.. From the beginning, the difference between the
greenhouse effect and global warming should be made clear. The soundness of the greenhouse
effect model should be emphasized; many students may be surprised to learn that, despite the
controversy surrounding global warming, there is little scientific disagreement regarding the
validity of the greenhouse effect model.

A. Airless hodies like the Moon All incoming solar  B. Bodies with modest amounts of greenhouse gases C. Bodies with abundant greenhouse gases like
radiation reaches the surface. Some is reflected like Earth The atmosphere absorbs some of the Venus Venus experiences extraordinary greenhouse
back to space. The rest is absorbed by the surface longwave radiation emitted by the surface. A portion warming, which is estimated to raise its surface
and radiated directly back to space. As a result the  of this energy is radiated back to the surface and is  temperature by 523°C (941°F).

lunar surface has a much lower average tempera- responsible for keeping Earth's surface 33°C (59°F)

ture than Earth. warmer than it would otherwise be.

Incoming All outgoing longwave Incoming Some outgoing Gases reradiate | @ases reradiate

shortwave energy is reradiated directly shortwave longwave some energy considerable

radiation back to space radiation radiation Earthward radiatio energy toward
absorbed by absorbed by ~  the surface
atmosphere atmosphere

- Smart Figure 2.22 The greenhouse effect. A. Airless bodies such as the
Moon experience no greenhouse effect. B. On bodies with modest amounts
of greenhouse gases, such as Earth, the greenhouse effect is responsible for
keeping Earth’s surface 33°C (59°F) warmer than it would be otherwise.

C. Bodies with abundant greenhouse gases, such as Venus, experience
extraordinary greenhouse warming, which is estimated to raise its surface
temperature by 523°C (941°F).
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At this point we are examining the role of carbon dioxide only in creating the greenhouse effect;
the ramifications of an increasing carbon dioxide load will be covered in Chapter 14.

Finally, this is an opportunity to encourage students to connect the science they learn in the
classroom with real-world events. This can be an excellent time to assign readings and papers
outside traditional meteorology curriculum. Here are several places to get started:

e http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/grnhse.html
e http://www.c2es.org/facts-figures

e http://environment.nationalgeographic.com/environment/global-warming/
gw-overview-interactive/

F. Earth’s Energy Budget

It’s all about balance and Figure 2.23 breaks it down for us. The importance of this diagram goes
beyond the numbers, though—much of what we’ll be discussing for the rest of the semester is
found here. Once again, try to make this geographically relevant—what are the primary factors
affecting heat absorption/reflection in your area? In particular, the three major ways Earth
utilizes to cool itself—evaporation, convection, and longwave radiation—will be covered in
greater detail later. Which are most significant in your area?

Weather is all about the unequal heating of Earth and this diagram shows how unequal this
heating can be.

Answers to Chapter Questions

Answers to Concept Check 2.1

1. No. For example, Earth is closest to the Sun in January (winter in the Northern Hemisphere)
and is farthest from the Sun in July (the warmest month of the year in the Northern
Hemisphere). The angle of solar energy encountering Earth explains seasonal temperature
changes much more than Earth—Sun distance.

See Figure 2.3.

3. The primary cause of the seasons at any location on Earth involves both the changing angle
of the solar rays over the course of the year and the changing length of the daylight hours.

4. The “tropics” stretches from 23.5°N to 23.5°S and experiences the noon Sun directly
overhead (90°) at least one day a year. The northernmost boundary of this region (23.5°N) is
the Tropic of Cancer, where the noon Sun reaches 90° around June 21-22. The southern
boundary is set by the Tropic of Capricorn, and the vertical rays of the noon Sun will be
found there around December 21-22.

5. Tropical regions experience little variation between seasons due to the high noon Sun angle
throughout the year and uniform length of daylight/darkness hours, but the further one moves
from the equator, the more extreme the variation between seasonal noon Sun angles and
seasonal length of daylight hours.
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Answer to Box 2.1

1.

First, calculate the difference in degrees between your latitude and 23.5°N, then subtract that
number from 90° to arrive at your noon Sun angle on June 21. Answers will vary.

Answer to Box 2.2

1.

The weather phenomena we normally associate with each season do not coincide well with

the astronomical seasons. Meteorologists prefer to divide the year into seasons according to
temperature and therefore designate the winter season as December, January, and February;
spring encompasses March, April and May; summer is considered the months of June, July

and August; and the months of September, October and November are called autumn.

Answers to Eye on the Atmosphere 2.1

1.

September 22-23

2. Roughly 12 hours

3.

The sun reaches 23.5° above the horizon December 21-22.

Answers to Concept Check 2.2

1.

Kinetic energy is energy associated with an object by virtue of its motion. Hurricane winds
possess more kinetic energy than do localized breezes because of their larger scale and
greater velocities.

Liquid water is evaporated from Earth’s land—sea surface. The latent heat energy stored in
this water vapor is released into the atmosphere whenever the water vapor condenses.

Latent heat is the “hidden” heat energy stored or released when water changes from one state
into another. The release of heat energy in the atmosphere when water vapor returns to its
liquid state would be an example. Sensible heat is the heat we can feel and measure with a
thermometer (it can be “sensed”). People living adjacent to the Gulf of Mexico can testify to
this sensible heat that flows out of the Gulf into the surrounding states, giving them their
“muggy” summers.

Answers to Concept Check 2.3

1.

Conduction is the transfer of heat through matter by molecule-to-molecule contact, whereas
convection refers to heat transfer by the movement of a mass or substance. Radiation, the
method of heat transfer between the Sun and Earth, is the transfer of heat through space by
electromagnetic waves. Meteorologically, conduction is the least important mechanism of
heat transfer.

The term convection is used in two somewhat different ways. In its broadest meaning,
convection refers to one of the three basic methods of heat transfer. The more limited use of
the term refers to vertical motions in the atmosphere, whereas the term advection is reserved
for horizontal motions such as wind.
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3.

Each of these represents a type of electromagnetic radiation based upon a different
wavelength range. Ultraviolet has the shortest wavelength range (from 0.1 to 0.4
micrometers) and is considered the most energetic; visible rays are intermediate (from 0.4 to
0.7 micrometers) and are considered to possess intermediate energy; and infrared is the
longest (from 0.7 to about 1000 micrometers) and is considered to be the least energetic.

The Sun radiates its maximum energy at a wavelength of 0.5 micrometer, which is in the
visible range. By contrast, Earth radiates its maximum energy at a wavelength of 10
micrometers, well within the infrared (heat) range.

The higher the temperature of a radiating body, the shorter the wavelength of maximum
radiation. The entire spectrum of emitted wavelengths is also shifted toward shorter values as
the temperature increases.

Answers to Concept Check 2.4

1.
2.

See Figure 2.15.

Even though the apple may be under the tree and blocked from direct solar radiation, sunlight
is scattered due to the presence of air molecules and illuminates the area under the tree.

Air molecules more effectively scatter the shorter wavelength (blue and violet) portion of
“white” sunlight; hence, when we look at the sky, we see predominantly blue light.

When the Sun is near the horizon, the solar beam must travel through a great deal more of the
atmosphere than when the Sun angle is higher. Therefore, by the time the light reaches our
eyes, most of the blue and violet have been scattered out, leaving a beam that consists mostly
of red and yellow.

Answers to Eye on the Atmosphere 2.2

1.

2.

The terminator does not appear to be a “clean line” due to the presence of air molecules,
which scatter the light.

The astronauts are looking north and the sunlight is to the west. Because Earth rotates west to
east, the coast will soon be in darkness. They are viewing a sunset.

Answers to Concept Check 2.5

1.

The gases composing the atmosphere are selective absorbers. Because of this, they cannot
absorb much shortwave solar energy and are not effectively heated by solar energy. The solar
radiation largely passes through the atmosphere and is absorbed by Earth’s surface, warming
it. Earth emits longer wavelength radiation (infrared), which certain atmospheric gases
absorb very well. Hence the atmosphere is heated primarily by re-radiation from Earth’s
surface.

Carbon dioxide and water vapor are the primary heat-absorbing gases in the lower
atmosphere.

Copyright © 2016 Pearson Education, Inc.
23



3. Although the atmosphere is an effective absorber of radiation emitted by Earth’s surface, it is
nevertheless quite transparent to the band of radiation between 8 and 12 micrometers. This
range is referred to as an atmospheric window, because it acts much as clear window glass
does to visible light, allowing radiation in this wavelength to escape back into space.

4. The term greenhouse is used to represent the near-transparency of Earth’s atmosphere to
solar radiation and its strong absorption of Earth’s longer wavelength infrared radiation. This
combination allows Earth’s surface and the lower atmosphere to be warmed by the Sun’s
energy, but restricts the rate of energy loss from these regions back to space. The net effect is
a significant warming of Earth’s surface and lower atmospheric temperatures.

5. The media frequently report the “villain” to be the greenhouse effect; in actuality, this effect
is vital in providing a comfortable temperature for the survival of most species on Earth. The
real problem appears to be the rising level of carbon dioxide in the atmosphere due to
industrial activities.

Answers to Concept Check 2.6

1. The global wind systems and, to a lesser extent, the oceans act as giant thermal engines,
transferring surplus heat from the tropics poleward.

2. Atmospheric and oceanic circulations are caused primarily by the imbalance of heating that
exists between the tropics and the poles.

Answers to Concepts in Review

2.1 There would be no seasons; instead, the amount of sunlight and the length of daylight
reaching any given location on Earth would be roughly the same every day.

2.3 Radiation (the fire) is heating the kettle from below. By conduction, the shallow bottom
layer of the liquid inside the kettle is heated and by convection, that heat is transferred
throughout the liquid.

Answers to Give It Some Thought

1. Seasons would be more extreme if Earth’s axis were inclined 40°. Both summer days and
winter nights would be longer. The Tropic of Cancer would be at 40°N latitude, the Tropic of
Capricorn at 40°S latitude, the Arctic Circle at 50°N latitude, and the Antarctic Circle at 50°S
latitude.

2. The bucket is heated by radiation from the fire on the side of the bucket, which in turn will
heat the water on that side of the bucket via conduction, and a convection current will be
generated to heat the rest of the water. The bottom of the bucket never comes into play.

3. Earth is closest to the Sun around January 3, which corresponds to the Northern
Hemisphere’s winter. However, it is the #ilt of Earth as it revolves around the Sun that really
determines its seasons, not the relatively insignificant change in its distance from the Sun.
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4. a) conduction
b) convection
¢) radiation
d) convection

5. a) Figure d

b) Figures a and b do not show Earth’s tilt at the spring and fall equinox positions. Figures b
and ¢ show Earth revolving clockwise, instead of counterclockwise, around the Sun.

6. The Sun angle at the North Pole is very low, spreading out the solar energy and reducing its
intensity. In addition, this energy has to travel through a thicker atmosphere, which increases
its chances of being scattered, reflected, or absorbed by the atmosphere. Finally, the ice cover
present here has a high albedo, causing much of the solar energy that does reach the surface
to be reflected back into space.

7. The Stefan—Boltzmann law states that the rate of radiation emitted by a body is proportional
to the fourth power of the body’s temperature. At temperatures much hotter than the Sun, the
radiation would be very intense. For the planet to receive the same intensity of light as Earth
receives from the Sun, the planet would have to be much further away. However, according
to Wien’s displacement law, at those very high temperatures the star would be emitting
mostly UV radiation, which, even at this great distance, is not conducive to habitation by
human life.

8. The shortest would be the light filament at 4000°C, followed by the car engine at 140°C, and
finally the rock at room temperature.

9. Earth’s average temperature would significantly decrease as less solar radiation was absorbed
by Earth’s surface.

10. The equatorial winds and oceans act to transfer surplus heat from the tropics poleward.

11. The ash and debris emitted by Mount Pinatubo circled the planet and blocked sufficient solar
energy to lower the global temperature.

Answers to end of the chapter Problems

1. The sun is directly over 23.5°N on June 21. For 50°N, the difference between 50°N and
23.5°N 18 26.5°; s0 90° — 26.5° = 63.5°. For 0°, the difference between 0° and 23.5°N is
23.5°, 50 90° — 23.5°= 66.5°. For 20°S, the difference between 20°S and 23.5°N is 43.5°, so
90° — 43.5° = 46.5°.

The Sun is directly over 23.5°S on December 21.

For 50°N, the difference between 50°N and 23.5°S is 73.5°, so 90° — 73.5° = 16.5°.
For 0°, the difference between 0° and 23.5°S is 23.5°, so 90° — 23.5° = 66.5°. For 20°S,
the difference between 20°S and 23.5°S is 3.5°, so 90 — 3.5° = 86.5°.

50°N has the greatest noon-Sun angle difference.
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2. OnJune 21, 50°N: 14 h, 52 min day, 9 h, 8 min night; 0°: 12 h day, 12 h night; 20°S:
10 h, 48 min day, 13 h, 12 min night.

On December 21, 50°N: 9 h, 8 min day, 14 h, 52 min night; 0°: 12 h day, 12 h night;
20°S: 13 h, 12 min day, 10 h, 48 min night.
50°N has the greatest season variation in length of daylight, 0° the least.

3. Answer varies with location. See Box 2.1.

4. Answers vary with location. Using the equation: Surface area = 1/sin(sun angle), derive the
sin of the sun angles that you calculated in Problem 3 using the chart:
http://www.grc.nasa.gov/WWW/k-12/airplane/tablsin.html.

5. a) 0° (equator) b) 22.5°N c¢) 23°S

6. Answers will vary according to location.

Copyright © 2016 Pearson Education, Inc.
26

This sample only, Download all chaptersat: alibabadownload.com



http://alibabadownload.com/product/atmosphere-an-introduction-to-meteorology-13th-edition-lutgens-solutions-manual/

