The Cosmic Perspective, 7e (Bennett et al.)

Chapter 10   Planetary Atmospheres: Earth and the Other Terrestrial Worlds

10.1  Multiple-Choice Questions

1) Which of the following correctly describes the meaning of albedo? 

A) The lower the albedo, the more light the surface reflects, and the less it absorbs. 

B) The higher the albedo, the more light the surface reflects, and the less it absorbs. 

C) The higher the albedo, the more light the surface absorbs. 

D) The higher the albedo, the more light the surface emits. 

E) The higher the albedo, the more light the atmosphere absorbs. 

Answer:  B

2) Which of the following worlds has the most substantial atmosphere? 

A) Mercury 

B) Venus 

C) the Moon 

D) Mars 

E) Earth 

Answer:  B

3) Which of the following planets has the least substantial atmosphere? 

A) Venus 

B) Earth 

C) Mars 

D) Neptune 

E) Mercury 

Answer:  E

4) Which of the following worlds has the greatest difference in temperature between its "no atmosphere" temperature and its actual temperature? 

A) Mercury 

B) Venus 

C) Earth 

D) the Moon 

E) Mars 

Answer:  B

5) Why does Venus have such a great difference in temperature between its "no atmosphere" temperature and its actual temperature? 

A) It has a slow rotation. 

B) It is so close to the Sun. 

C) It has a large amount of greenhouse gases in its atmosphere. 

D) It has a high level of volcanic activity. 

E) It has no cooling effects from oceans. 

Answer:  C

6) Which planet experiences the greatest change between its actual day temperature and actual night temperature? 

A) Mercury 

B) Venus 

C) Earth 

D) Mars 

Answer:  A

7) Earth's stratosphere is heated primarily by which process? 

A) Convection from the Earth's surface. 

B) Absorption of infrared radiation by greenhouse gases.

C) Absorption of visible light by ozone.

D) Absorption of ultraviolet radiation by ozone.

E) Atoms and molecules absorb infrared sunlight. 

Answer:  D

8) Suppose Earth's atmosphere had no greenhouse gases. Then Earth's average surface temperature would be 

A) 250 K, which is well below freezing. 

B) 273 K, or about the freezing point for water. 

C) 283 K, or about 5 K cooler than it is now. 

D) 288 K, or about the same as it is now. 

E) 293 K, or about 5 K warmer than it is now. 

Answer:  A

9) What are greenhouse gases? 

A) gases that absorb visible light 

B) gases that absorb ultraviolet light 

C) gases that absorb infrared light 

D) gases that transmit visible light 

E) gases that transmit infrared light 

Answer:  C

10) Which of the following gases absorbs ultraviolet light best? 

A) carbon dioxide 

B) nitrogen 

C) oxygen 

D) hydrogen 

E) ozone 

Answer:  E

11) X rays from the Sun's corona 

A) are absorbed in Earth's troposphere. 

B) are absorbed in Earth's thermosphere. 

C) cause meteor showers. 

D) break apart ozone in the stratosphere. 

E) generally reach Earth's surface and fry us. 

Answer:  B

12) How does the greenhouse effect work? 

A) Greenhouse gases transmit visible light, allowing it to heat the surface, but then absorb infrared light from Earth, trapping the heat near the surface. 

B) The higher pressure of the thick atmosphere at lower altitudes traps heat in more effectively. 

C) Ozone transmits visible light, allowing it to heat the surface, but then absorbs most of the infrared heat, trapping the heat near the surface. 

D) Greenhouse gases absorb X rays and ultraviolet light from the Sun, which then heat the atmosphere and the surface. 

E) Greenhouse gases absorb infrared light from the Sun, which then heats the atmosphere and the surface. 

Answer:  A

13) The proper order of the layers of a generic atmosphere from lowest altitude to highest is 

A) troposphere, stratosphere, exosphere, thermosphere. 

B) troposphere, stratosphere, thermosphere, exosphere. 

C) stratosphere, troposphere, exosphere, thermosphere. 

D) stratosphere, troposphere, thermosphere, exosphere. 

E) none of the above 

Answer:  B

14) What is the exosphere? 

A) the lowest layer in the atmosphere 

B) the part of the atmosphere that absorbs optical light 

C) the part of the atmosphere that absorbs ultraviolet 

D) the part of the atmosphere that absorbs X rays 

E) the highest layer in the atmosphere 

Answer:  E

15) What is the thermosphere? 

A) the lowest layer in the atmosphere 

B) the part of the atmosphere that absorbs optical light 

C) the part of the atmosphere that absorbs ultraviolet 

D) the part of the atmosphere that absorbs X rays 

E) the highest layer in the atmosphere 

Answer:  D

16) What is the stratosphere? 

A) the lowest layer in the atmosphere 

B) the part of the atmosphere that absorbs optical light 

C) the part of the atmosphere that absorbs ultraviolet 

D) the part of the atmosphere that absorbs X rays 

E) the highest layer in the atmosphere 

Answer:  C

17) What is the troposphere? 

A) the lowest layer in the atmosphere 

B) the part of the atmosphere that absorbs optical light 

C) the part of the atmosphere that absorbs ultraviolet 

D) the part of the atmosphere that absorbs X rays 

E) the highest layer in the atmosphere 

Answer:  A

18) Which of the following planets has a stratosphere? 

A) Mercury 

B) Venus 

C) Earth 

D) Mars 

E) all of the above 

Answer:  C

19) Which of the following planets has an exosphere? 

A) Mercury 

B) Venus 

C) Earth 

D) Mars 

E) all of the above 

Answer:  E

20) The thermosphere is warm because it 

A) absorbs X rays. 

B) absorbs infrared light. 

C) absorbs visible light. 

D) contains greenhouse gases. 

E) absorbs ultraviolet light. 

Answer:  A

21) Ultraviolet light is absorbed in the 

A) exosphere. 

B) thermosphere. 

C) stratosphere. 

D) troposphere. 

E) none of the above 

Answer:  C

22) The ionosphere is a layer of ionized gas that is 

A) above the exosphere. 

B) between the thermosphere and the exosphere. 

C) within the thermosphere. 

D) within the stratosphere. 

E) within the troposphere. 

Answer:  C

23) The sky is blue because 

A) molecules scatter blue light more effectively than red light. 

B) molecules scatter red light more effectively than blue light. 

C) the Sun mainly emits blue light. 

D) the atmosphere transmits mostly blue light. 

E) the atmosphere absorbs mostly blue light. 

Answer:  A

24) Sunsets are red because 

A) the Sun emits more red light when it's setting. 

B) sunlight must pass through more atmosphere then, and the atmosphere scatters even more light at bluer wavelengths, transmitting mostly red light. 

C) sunlight must pass through more atmosphere then, and the atmosphere scatters more light at red wavelengths than bluer wavelengths. 

D) the cooler atmosphere in the evening absorbs more blue light. 

E) none of the above 

Answer:  B

25) Convection occurs in the troposphere but not in the stratosphere because 

A) the troposphere is warmer than the stratosphere. 

B) the troposphere is cooler than the stratosphere. 

C) lower altitudes of the troposphere are warmer than higher altitudes, unlike in the stratosphere. 

D) higher altitudes of the troposphere are warmer than lower altitudes, unlike in the stratosphere. 

E) the troposphere contains fewer greenhouse gases than the stratosphere. 

Answer:  C

26) Radio communication between distant places on Earth is possible because the 

A) ionosphere reflects radio signals. 

B) ionosphere transmits radio signals. 

C) stratosphere reflects radio signals. 

D) exosphere reflects radio signals. 

Answer:  A

27) There are no aurora on Venus because it 

A) lacks atmospheric oxygen. 

B) is too hot. 

C) lacks a strong magnetic field. 

D) lacks an ionosphere. 

E) lacks strong winds. 

Answer:  C

28) What is the difference in meaning between the terms weather and climate? 

A) Weather refers to local conditions, and climate refers to global conditions. 

B) Weather refers to short-term variations in conditions, and climate refers to long-term variations in conditions. 

C) Weather refers to small storms, and climate refers to large storms. 

D) Weather refers to wind and rain, and climate refers to processes like convection. 

E) There is no difference between weather and climate. 

Answer:  B

29) How is the atmosphere of a planet affected by the rotation rate? 

A) The rotation rate determines how much atmosphere a planet has. 

B) The rotation rate determines how long the planet is able to retain its atmosphere. 

C) Faster rotation rates raise surface temperatures and thus determine how much material is gaseous versus icy or liquid. 

D) Faster rotation rates raise the atmospheric temperature. 

E) Faster rotation rates produce stronger winds. 

Answer:  E

30) Which of the following is not caused by the Coriolis effect on Earth? 

A) The earth's circulation cells are split into three separate cells in each hemisphere. 

B) Objects moving northward in the Northern Hemisphere are deflected to the east. 

C) Objects moving southward in the Northern Hemisphere are deflected to the west. 

D) Hurricanes swirl in opposite directions in the Northern and Southern hemispheres. 

E) Water going down a drain swirls in opposite directions in the Northern and Southern hemispheres. 

Answer:  E

31) The strength of the Coriolis effect depends on 

A) a planet's distance from the Sun. 

B) the amount of greenhouse gases in the atmosphere. 

C) a planet's size and rotation rate. 

D) a planet's temperature. 

E) the tilt of a planet's axis. 

Answer:  C

32) Which of the following factors could explain a gradual warming trend in a planet's climate? 

A) a decreasing albedo 

B) a decrease in the amount of greenhouse gases 

C) a decrease in the brightness of the Sun 

D) a major volcanic eruption that increases the albedo of the planet by making clouds

E) none of the above 

Answer:  A

33) Venus has a high albedo because its surface is covered by 

A) light-colored rocks. 

B) snow. 

C) clouds. 

D) dust storms. 

E) volcanic ash. 

Answer:  C

34) Why doesn't Venus have seasons like Mars and Earth do? 

A) It does not have an ozone layer. 

B) It is too close to the Sun. 

C) Its rotation axis is not tilted. 

D) It does not rotate fast enough. 

E) all of the above 

Answer:  C

35) Which of the following best describes rain on Venus? 

A) It does not have rain. 

B) It has sulfuric acid rain that causes erosion on the surface. 

C) It has sulfuric acid rain in its atmosphere, but the drops evaporate before hitting the surface. 

D) It has liquid water rain that causes erosion on the surface. 

E) It has liquid water rain in its atmosphere, but the drops evaporate before hitting the surface. 

Answer:  C

36) Why does Mars have more extreme seasons than Earth? 

A) because it is farther from the Sun 

B) because it has a larger axis tilt 

C) because it has a more eccentric orbit in addition to its tilt 

D) because it has more carbon dioxide in its atmosphere 

E) all of the above 

Answer:  C

37) Where is most of the water on Mars? 

A) in its clouds 

B) in its polar caps and subsurface ground ice 

C) frozen on the peaks of its tall volcanoes 

D) in deep underground deposits 

E) distributed evenly throughout its atmosphere 

Answer:  B

38) Which of the following is not one of the four major factors that can cause a long-term change in a planet's climate? 

A) the fact that the Sun has gradually grown brighter over the past 4 billion years 

B) a change in the planet's axis tilt 

C) a change in the planet's abundance of greenhouse gases 

D) a change in the amount of dust particles suspended in the planet's atmosphere 

E) a change in the strength of the planet's magnetic field 

Answer:  E

39) What is the main reason mountaintops are so cold? 

A) The air is thinner at higher altitudes. 

B) Mountaintops are above much of the greenhouse gas in the atmosphere. 

C) The winds are stronger at higher altitudes. 

D) There is more water vapor at higher altitudes, causing there to be more snow. 

E) All of the above are true. 

Answer:  B

40) Why isn't Earth's atmosphere mostly hydrogen? 

A) Earth formed too close to the Sun for any planetesimals to have hydrogen. 

B) All the hydrogen was blasted away during the early bombardment stage of the solar system. 

C) Light gases such as hydrogen move faster than heavier gases and escape from Earth's gravitational field. 

D) The hydrogen is frozen in the polar ice caps. 

E) All the hydrogen reacted with oxygen and formed the oceans. 

Answer:  C

41) The atmosphere on Mercury is due to 

A) volcanic outgassing. 

B) evaporation. 

C) sublimation. 

D) bombardment. 

E) There is no detectable atmosphere on Mercury. 

Answer:  D

42) Why is Mars red? 

A) It is made primarily of red clay. 

B) Its surface rocks were rusted by oxygen. 

C) Its atmosphere scatters blue light more effectively than red light. 

D) Its surface is made of ices that absorb blue light. 

E) Its surface is made of ices that absorb red light. 

Answer:  B

43) Venus may have started with an ocean's worth of water. Where is its water now? 

A) The original water remains vaporized in the atmosphere due to Venus's intense heat. 

B) Most of the water is frozen beneath the surface. 

C) Most of the water combined with rocks in chemical reactions. 

D) The water was lost when ultraviolet light broke apart water molecules and the hydrogen escaped to space. 

E) The water changed to carbon dioxide through chemical reactions. 

Answer:  D

44) Deuterium is more abundant on Venus than elsewhere in the solar system. What do we think this fact tells us about Venus? 

A) It was formed in a part of the solar nebula where deuterium condensed easily. 

B) It was formed in a part of the solar nebula where deuterium was surprisingly abundant. 

C) It once had huge amounts of water in its atmosphere. 

D) It once had an atmosphere made mostly of hydrogen. 

E) Its volcanoes outgassed primarily carbon dioxide and deuterium, but little water. 

Answer:  C

45) Which of the following is not a product of outgassing? 

A) water 

B) nitrogen 

C) oxygen 

D) carbon dioxide 

E) sulfur dioxide 

Answer:  C

46) Which of the following statements about the greenhouse effect is true? 

A) Without the naturally occurring greenhouse effect, Earth would be too cold to have liquid oceans. 

B) A weak greenhouse effect operates on Mars. 

C) The burning of fossil fuels increases the greenhouse effect on Earth because of the release of carbon dioxide. 

D) One result of an increased greenhouse effect on Earth may be an increased number of severe storms. 

E) All of the above are true. 

Answer:  E

47) Why does the burning of fossil fuels increase the greenhouse effect on Earth? 

A) Burning fuel warms the planet. 

B) Burning releases carbon dioxide into the atmosphere. 

C) Burning depletes the amount of ozone, thereby warming the planet. 

D) Burning produces infrared light, which is then trapped by existing greenhouse gases. 

E) All of the above are true. 

Answer:  B

48) Why would the weather become more severe as the greenhouse effect increased? 

A) Warming would increase the evaporation of the oceans, leading to more water in the atmosphere and more frequent and severe storms. 

B) Warming of the planet would lead to terrible droughts and reduce the amount of water on Earth. 

C) Warming would dry out the atmosphere and the crust, leading to devastation of Earth through more meteor bombardment and volcanism. 

D) The depleted ozone layer would let in more particles from the solar wind. 

E) all of the above 

Answer:  A

49) Of the four gases CO2, H2O, N2, and O2, which are greenhouse gases? 

A) only CO2 

B) CO2 and H2O 

C) CO2 and N2 

D) all except O2 

E) all four 

Answer:  B

50) Earth's atmosphere contains only small amounts of carbon dioxide because 

A) Earth's volcanoes did not outgas as much carbon dioxide as those on Venus and Mars. 

B) most of the carbon dioxide was lost during the age of bombardment. 

C) chemical reactions with other gases destroyed the carbon dioxide and replaced it with the nitrogen that is in the atmosphere now. 

D) carbon dioxide dissolves in water, and most of it is now contained in the oceans and carbonate rocks. 

E) Earth doesn't have as strong a greenhouse effect as is present on Venus. 

Answer:  D

51) What are oxidation reactions? 

A) reactions that produce oxygen atoms 

B) reactions that destroy oxygen atoms 

C) reactions that remove oxygen from the atmosphere, such as fire and rust 

D) reactions that convert CO2 to O2 

E) all of the above, i.e., any reaction involving oxygen 

Answer:  C

52) What are fossil fuels? 

A) any fuel that releases CO2 into the atmosphere upon burning 

B) any fuel that is extracted from the interior of Earth 

C) mineral-rich deposits from ancient seabeds 

D) the carbon-rich remains of plants that died millions of years ago 

E) carbonate-rich deposits from ancient seabeds 

Answer:  D

53) If Earth were to warm up a bit, what would happen? 

A) Carbonate materials would form in the oceans more rapidly, the atmospheric CO2 content would decrease, and the greenhouse effect would weaken slowly over time. 

B) Carbonate materials would form in the oceans more slowly, the atmospheric CO2 content would increase, and the greenhouse effect would strengthen slowly over time. 

C) Carbonate materials would form in the oceans more rapidly, the atmospheric CO2 content would decrease, and the greenhouse effect would strengthen slowly over time. 

D) There would be a runaway greenhouse effect, with Earth becoming ever hotter until the oceans evaporated (as may have happened on Venus). 

E) The ice caps would melt and cool Earth back to its normal temperature. 

Answer:  A

54) The most recent ice age ended 

A) about 1000 years ago. 

B) about 10,000 years ago. 

C) about 100,000 years ago. 

D) about one million years ago. 

E) hundreds of millions of years ago. 

Answer:  B

55) Geological evidence points to a history of extended ice ages in Earth's history. How did Earth recover from this snowball phase? 

A) The increased ice coverage on Earth's surface absorbed more sunlight than water and rocks, thus gradually heating Earth until the ice melted. 

B) Life vanished, leading to an increase in CO2, and increased global warming, eventually melting the ice. 

C) Volcanoes continued to inject CO2 into Earth's atmosphere, increasing the greenhouse effect to the point where ice melted. 

D) Plate tectonics gradually subducted all the ice below Earth's surface. 

E) As the Sun aged, it grew brighter and increased Earth's temperature, melting the ice. 

Answer:  C

56) From where did the molecular oxygen in Earth's atmosphere originate? 

A) photosynthesis from plant life 

B) photosynthesis from single-celled organisms 

C) outgassing from volcanoes 

D) atmospheric bombardment 

E) oxidation of surface rocks 

Answer:  B

10.2  True/False Questions

1) One bar of atmosphere is roughly equal to Earth's atmospheric pressure at sea level. 

Answer:  TRUE

2) Venus has a thicker atmosphere than Earth. 

Answer:  TRUE

3) The "no atmosphere" temperature of a planet is never higher than the planet's actual temperature. 

Answer:  TRUE

4) A planet with an albedo of 10 percent absorbs 10 percent of the sunlight that strikes it and reflects the other 90 percent. 

Answer:  FALSE

5) Clouds, snow, and ice have higher albedos than rocks. 

Answer:  TRUE

6) The sky is blue because molecules scatter blue light more effectively than red light. 

Answer:  TRUE

7) Sunsets are red because sunlight must pass through more atmosphere then, and the atmosphere scatters even more light at bluer wavelengths, transmitting mostly red light. 

Answer:  TRUE

8) Without greenhouse gases, Earth's surface would be frozen over. 

Answer:  TRUE

9) Van Allen belts are regions encircling Earth where charged particles get trapped by the magnetosphere. 

Answer:  TRUE

10) The Moon has no detectable atmosphere. 

Answer:  FALSE

11) Winter and summer differ in length on Mars because of its elliptical orbit. 

Answer:  TRUE

12) The Coriolis effect is very important to the weather of Venus. 

Answer:  FALSE

13) Earth outgassed as much carbon dioxide as Venus, but it is locked up in the oceans and rocks. 

Answer:  TRUE

10.3  Short Answer Questions

1) Briefly describe the three factors that would determine planetary temperatures in the absence of greenhouse gases. 

Answer:  In the absence of greenhouse gases, the factors determining the planet's temperature are its distance from the Sun, which determines how much sunlight it receives per square meter; its albedo, how much sunlight that is reflected instead of absorbed by the surface; and how fast it rotates, which determines how the temperature differs between day and night.

2) Briefly describe how the greenhouse effect makes a planetary surface warmer than it would be otherwise. 

Answer:  Sunlight that is not absorbed by the atmosphere, such as visible light on Earth and visible and ultraviolet light on other planets, passes through to the surface of the planet, heating it. The planet then emits infrared radiation, depending on its surface temperature. Carbon dioxide, water vapor, and other greenhouse gases in the atmosphere absorb some of this infrared radiation. These gases in turn warm up and emit infrared thermal radiation in all directions. Some of this radiation is directed back down toward the surface, making the surface warmer than it would be from absorbing visible sunlight alone.

3) What is a magnetosphere? What are charged particle belts? 

Answer:  A magnetosphere is a protective field surrounding a planet created by the magnetic field of the planet. The magnetic field diverts charged particles from the solar wind around the planet. Often, ions and electrons accumulate in areas of the magnetic field near the equatorial plane of the planet, called charged particle belts.

4) Briefly describe how the solar wind affects magnetospheres and how aurora are produced. 

Answer:  Some particles from the solar wind get trapped in the magnetosphere and can follow the magnetic field lines down to the planet's surface. Since the magnetic field lines are concentrated at the magnetic poles, most of these particles collide with atoms and molecules in the atmosphere, causing them to radiate and create beautiful, often colorful auroras near the poles.

5) How do clouds form? 

Answer:  Clouds form when gases in the atmosphere condense into liquid or solid form. The cause is often convection which lifts warm air from near the surface of a planet into the upper colder regions.

6) Draw a diagram showing how temperature varies with altitude in a generic planetary atmosphere. Label each of the major layers (i.e., thermosphere, stratosphere, troposphere). 

Answer:  Diagram should look like Figure 10.6.

7) How would the atmospheric temperature structure differ from the generic structure if a planet had no greenhouse gases? 

Answer:  With no greenhouse gases, the troposphere would not be warmer at the bottom.

8) How would the atmospheric temperature structure differ from the generic structure if a planet had a reasonably thick atmosphere but no ultraviolet-absorbing gases? Which of the terrestrial planets have this structure? 

Answer:  It would have no stratosphere. Venus and Mars both are like this.

9) What would happen to a planet's thermosphere and exosphere if the Sun had a higher output of X rays? 

Answer:  With greater X-ray output, the thermosphere and exosphere would be warmer.

10) Earth and Venus both presumably had similar gases outgassed from their volcanoes. Briefly explain how their atmospheres ended up so different. 

Answer:  On Venus, water and carbon dioxide remained in the atmosphere. Over time, ultraviolet light split the water molecules and the hydrogen escaped to space. Thus, Venus has no more water today and an atmosphere thick with carbon dioxide. On Earth, water condensed to rain and eventually formed the oceans. Carbon dioxide was absorbed in the oceans and is now locked up in carbonate rocks. Thus, most of the water on Earth remains in the oceans, and most of the carbon dioxide is in rocks, leaving a much thinner atmosphere than that of Venus.

Use the following choices to answer the atmosphere composition questions:

A.
mostly carbon dioxide


B.
individual atoms, such as sodium and potassium


C.
mostly molecular nitrogen, with a lesser amount of molecular oxygen


D.
mostly molecular oxygen, with a lesser amount of molecular nitrogen


E.
mostly methane, with a lesser amount of carbon dioxide

11) Which best describes the composition of the atmosphere of Venus? 

Answer:  A

12) Which best describes the composition of the atmosphere of Earth? 

Answer:  C

13) Which best describes the composition of the atmosphere of Mars? 

Answer:  A

14) Which best describes the composition of the atmosphere of Mercury? 

Answer:  B

15) Which best describes the composition of the atmosphere of the Moon? 

Answer:  B

Use these processes for the following questions.

A.
outgassing from volcanoes


B.
evaporation and sublimation


C.
bombardment


D.
thermal escape


E.
chemical reactions with surface material

16) Which of the above processes is the primary source of the atmospheres on both the Moon and Mercury? 

Answer:  C

17) Which process explains why the atmospheric pressure on Mars is greater during its southern hemisphere summer than at other times of its year? 

Answer:  B

18) Which process is the primary source of the atmospheric gases on Venus? 

Answer:  A

19) Which process is the primary source of the atmospheric gases on Earth? 

Answer:  A

20) Which process explains why none of the terrestrial planets have much atomic or molecular hydrogen in their atmospheres? 

Answer:  D

21) Why did Earth retain most of its water while Venus and Mars lost theirs? 

Answer:  The basic answer is that Earth was at just the right distance to retain water as liquid. Venus lost its water because it was too hot. At its closer proximity to the Sun, Venus was warm enough to keep all its water in gaseous form in the atmosphere. When the runaway greenhouse effect became prominent, Venus became even warmer and the water vapor escaped into space. Mars was far enough from the Sun that it was cold enough for the water vapor to freeze out of the atmosphere, resulting in thick polar caps.

22) What is the "runaway greenhouse effect"? 

Answer:  The runaway greenhouse effect is an unstable situation that occurs when an atmosphere changes its composition in a way that leads it to continue to change more and more rapidly. As an example, water vapor in the atmosphere is a greenhouse gas: its presence traps infrared radiation and increases the temperature of an atmosphere. Now if the amount of water vapor were to increase, perhaps by volcanic outgassing, then the temperature would increase. This would lead to enhanced evaporation of any surface water, which would further increase the temperature. Without other stabilizing effects, the temperature would increase until all the water was in the form of water vapor. Such a scenario probably occurred on Venus. The runaway effect can operate in the opposite way too, as it did on Mars when cooler temperatures led to the water vapor freezing out of the atmosphere, resulting in thick polar caps that reflected solar radiation, resulting in yet lower temperatures.

23) Why does Earth have so little carbon dioxide in its atmosphere, when Earth should have outgassed about as much of it as Venus? 

Answer:  The answer to this question is that Earth has oceans. Carbon dioxide can dissolve in water, and the oceans actually contain much more carbon dioxide than the atmosphere. However, most of the carbon dioxide is locked up in rocks on the seafloor. Rainfall erodes rocks on Earth's surface. These rocks react with dissolved carbon dioxide in the oceans to form carbonate minerals, which fall to the ocean floor.

24) Why does Earth have so much more oxygen (O2) than Venus or Mars? 

Answer:  The answer to this question is simply that Earth has life. Photosynthesis supplies oxygen to the atmosphere by converting CO2 to O2. Oxygen is removed from the atmosphere through oxidation processes such as fire and rust. Therefore, Earth originally developed its oxygen atmosphere when photosynthesis added oxygen at a rate greater than it could be removed.

25) Why does Earth have an ultraviolet-absorbing stratosphere, while Venus and Mars do not? 

Answer:  Life and oxygen also explain the presence of Earth's ultraviolet-absorbing stratosphere. In the upper atmosphere, chemical reactions transformed some of the O2 into molecules of O3, ozone. The ozone molecule absorbs solar ultraviolet energy better than O2, creating the warm stratosphere. Since Mars and Venus lack photosynthetic life, they have too little O2 and too little ozone to form a stratosphere.

26) Briefly describe how human activity is affecting Earth's ozone layer. 

Answer:  Human-made chemicals called CFCs rise into the stratosphere, where they are split by ultraviolet light. The chlorine ions released in this way catalytically destroy ozone. Thus, human activity is depleting Earth's ozone layer.

27) Briefly describe at least three likely consequences of continued human burning of fossil fuels adding to Earth's greenhouse effect. 

Answer:  Many possible answers: increased global average temperature; increase in sea level; more severe storms; climate change that causes extinction. Lost in Space! Some things are worse than an exam. Just as you thought the exam was about over, you were plucked from Earth by a strange alien being. After performing gruesome experiments on your body and your mind, the alien gave you a "life-support belt" and dumped you somewhere in the solar system. This happened several times. A brief description of each place at which you were left by the alien follows. Identify your location each time. Be as specific as possible, and be sure to include a brief explanation for your answer.

28) You are walking around on a solid surface; the surface gravity is comfortable, but it is "hot as hell." It feels as if your eyeballs are being squeezed, and your insides are queasy (due to the high pressure–almost like being deep in the ocean). Your life-support belt is corroding. The Sun, barely visible through the haze, is near your meridian; you hope for nightfall (unaware that it would provide no substantial relief), but you already have been stuck on this planet for 72 hours, and the Sun seems not to have moved through the sky (and, if it moved at all, it moved eastward from the meridian). 

Answer:  You are on Venus, of course! The slow, backward motion of the Sun is the result of Venus's slow, retrograde rotation.

29) Talk about vertigo! You've been dropped at the edge of a cliff, looking down for what seems to be miles! There's only one way to go from here: up! But it's going to be quite a climb, requiring all of the mountaineering skills you've ever heard of. The atmosphere here is very thin even at the mean surface level of this place; at altitude you'll never get a lungful. No matter, though; you could not breathe this atmosphere anyway, since it contains no oxygen; it's mostly carbon dioxide. You climb and climb; this mountain must be three times the height of Everest, and much broader at its base! There are clouds around you, and you can find water ice as well. When you try to melt it, however, it does not turn to liquid (it sublimes to gas). Oh well, just keep climbing. But what will you do when you get to the top? 

Answer:  You are on Olympus Mons of Mars, the largest mountain in the solar system.

30) Your first airless world! (The life-support belt seems somewhat out of adjustment, so you constantly feel as if you're going to explode.) Because of the lack of atmosphere, you must be very careful not to look at the Sun so that you will not be blinded by the ultraviolet and X-ray radiation; however, you are able to determine that the Sun has about the same angular size that you are used to on Earth. Also, because there is no air, you notice that the shadows are completely pitch-dark and there are no sounds at all. Although this world is clearly lifeless, you are surprised to find footprints and car tracks etched in the surface. 

Answer:  You are on the Moon. The presence of car tracks indicates that you are near the landing sites of either Apollo 15, 16, or 17, since those are the missions that brought cars with them to the Moon.

31) It's cold! You are sitting on what appears to be an ice-covered world (water ice). The Sun is low on the horizon and circles the horizon about once every 24 hours. Despite the low Sun, you can almost "feel" the skin cancers appearing on your exposed face (because there is little ozone to protect you). Despite these discomforts, you are pleased to find that the air is quite satisfactory; oxygen seems plentiful, and you are able to breathe even without the life-support belt. 

Answer:  You have returned to Earth, in the Antarctic spring. (The ozone hole appears during the spring.)

32) Process of Science: Are participants in the current controversy regarding global warming following the scientific method? Defend your answer. 

Answer:  Answers will vary.

33) Process of Science: If there is a particularly cold winter in Minnesota one year, does this mean that global warming is wrong, or has ended?

Answer:  No. Global warming is the term for the long term (decades) increase of the surface temperature averaged over the whole Earth and a prediction for the future increase of this long term, global average, not a short term (one season) effect in one location (here, Minnesota).

34) Process of Science: Climate models can match the historical record of the global temperature on Earth and conclude that human's increase of atmospheric CO2 is responsible for global warming. How might you test this conclusion?

Answer:  The same climate models that match the historical record show no increase in the Earth's average temperature if they do not include an increase of atmospheric CO2 at the levels that we know are due to human activity.

10.4 Mastering Astronomy Reading Quiz

1) Which of the following correctly lists the terrestrial worlds in order from the thickest atmosphere to the thinnest atmosphere? (Note: Mercury and the Moon are considered together in this question.) 

A) Venus, Mars, Moon/Mercury, Earth 

B) Mars, Venus, Earth, Moon/Mercury 

C) Earth, Venus, Mars, Moon/Mercury 

D) Venus, Earth, Mars, Moon/Mercury 

Answer:  D

2) Which planet(s) have an atmosphere that consists mostly of carbon dioxide? 

A) Venus, Earth, and Mars 

B) Venus and Mars 

C) Venus only 

D) Mars only 

Answer:  B

3) Suppose we represent Earth with a basketball. On this scale, most of the air in Earth's atmosphere would fit in a layer that is

A) about the thickness of a sheet of paper.

B) about an inch thick.

C) about 6 inches thick.

D) about a half-inch thick.

Answer:  A

4) Why does atmospheric pressure decrease as you go higher in altitude on Earth? 

A) Gravity gets much weaker with altitude. 

B) The weight of the atmosphere above you decreases with altitude. 

C) Temperature decreases with altitude and lower temperature tends to mean lower pressure. 

D) There are fewer greenhouse gases at higher altitude. 

Answer:  B

5) In the context of a planetary atmosphere, what is a bar? 

A) the surface pressure on any planet 

B) a description of the atmospheric composition on Earth 

C) a place where lawyers can get sodas and other drinks 

D) a unit of pressure roughly equal to the atmospheric pressure at sea level on Earth 

Answer:  D

6) Which of the following is the most basic definition of a greenhouse gas? 

A) a gas that absorbs infrared light 

B) a gas that makes a planet much hotter than it would be otherwise, even in small amounts 

C) a gas that keeps warms air from rising, and therefore warms the surface 

D) a gas that reflects a lot of sunlight 

Answer:  A

7) Which of the following is not a greenhouse gas? 

A) carbon dioxide (CO2) 

B) methane (CH4) 

C) oxygen (O2) 

D) water vapor (H2O) 

Answer:  C

8) Suppose that Earth's atmosphere had no greenhouse gases. Then Earth's average surface temperature would be

A) about the same as it is now.

B) slightly cooler, but still above freezing.

C) well below the freezing point of water.

D) slightly warmer, but still well below the boiling point of water.

Answer:  C

9) Which of the following correctly lists the layers of Earth's atmosphere from the ground upward? 

A) troposphere, stratosphere, thermosphere, exosphere 

B) thermosphere, stratosphere, troposphere, exosphere 

C) exosphere, stratosphere, thermosphere, troposphere 

D) troposphere, thermosphere, stratosphere, exosphere 

Answer:  A

10) Why is the sky blue (on Earth)? 

A) because the Sun emits mostly blue light 

B) because molecules scatter red light more effectively than blue light 

C) because deep space is blue in color 

D) because molecules scatter blue light more effectively than red light 

Answer:  D

11) Which of the following general statements about light and Earth's atmosphere is not true? 

A) X-rays from the Sun are absorbed in the thermosphere. 

B) Visible light from the Sun is absorbed in the exosphere. 

C) Ultraviolet from the Sun is absorbed in the stratosphere. 

D) Infrared light emitted by Earth itself is absorbed in the troposphere. 

Answer:  B

12) What is a magnetosphere? 

A) a region of space around a planet in which the planet's magnetic field can trap charged particles 

B) the layer of a planet in which its magnetic field is generated 

C) the uppermost layer of any planetary atmosphere 

D) he region in a planet's atmosphere in which auroras occur 

Answer:  A

13) What is the difference between weather and climate? 

A) Weather refers to atmospheric conditions in the troposphere, while climate refers to atmospheric conditions in the stratosphere. 

B) Weather is something that we can control, and climate is not. 

C) Weather refers to small storms and climate refers to large storms. 

D) Weather refers to short-term changes in wind, rain, and temperature, while climate refers to the long-term average of weather. 

Answer:  A

14) Which of the following describes a primary role of global circulation cells in a planet's atmosphere? 

A) They transport heat from the equator toward the poles. 

B) They create severe weather such as thunderstorms. 

C) They cause air to be diverted into hurricane-like swirls. 

D) They keep the poles cold enough to have polar caps. 

Answer:  A

15) What important change in the Sun over the past four billion years is thought to be very important to understanding the climates of Venus, Earth, and Mars? 

A) a gradual weakening of the solar wind with time 

B) a gradual dimming with time 

C) a gradual brightening with time 

D) a gradual reduction in the amount of ultraviolet and X-ray radiation coming from the Sun 

Answer:  C

16) Which of the following best describes the nature and origin of the atmospheres of the Moon and Mercury? 

A) They have thin tropospheres only, with gas coming from evaporation and sublimation. 

B) They have thin exospheres only, with gas coming from impacts of subatomic particles and photons. 

C) They have only small amounts of gas, all of which is leftover from outgassing long ago. 

D) They have very thin atmospheres produced by outgassing, but still have the layers of a troposphere, thermosphere, and exosphere. 

Answer:  B

17) Which of the following is not a characteristic of the seasons on Mars? 

A) Global winds tend to blow from the summer pole toward the winter pole, sometimes initiating global sand storms. 

B) The polar caps shrink in summer and grow in winter. 

C) As on Earth, the seasons are caused primarily by axis tilt and orbital distance has virtually no effect. 

D) The seasons last almost twice as long on Mars as on Earth. 

Answer:  C

18) Why is Mars red? 

A) Chemical reactions between surface rock and atmospheric oxygen literally rusted the surface. 

B) Martian volcanoes released a much redder lava than volcanoes on Earth. 

C) The red color of Mars is a result of the scattering of light in the Martian sky. 

D) The red color is caused by water ice chemically bound in surface rock. 

Answer:  A

19) What do we mean by a runaway greenhouse effect? 

A) a greenhouse effect that starts on a planet but later disappears as gases are lost to space 

B) a greenhouse effect that heats a planet so much that its surface rock melts 

C) a process that heats a planet like a greenhouse effect, but that involves a completely different mechanism of heating that doesn't actually involve greenhouse gases 

D) a greenhouse effect that keeps getting stronger until all of a planet's greenhouse gases are in its atmosphere 

Answer:  D

20) Based on everything we have learned about Venus and Mars, what is the most surprising aspect of Earth's climate history? 

A) the fact that the temperature of our planet has remained relatively steady throughout our planet's history 

B) the fact that Earth apparently got a lot of atmospheric gas from outgassing by volcanoes 

C) the fact that Earth had enough water to form oceans 

D) the fact that Earth's climate can be affected by changes in its axis tilt 

Answer:  A

21) Which of the following statements about ozone (in Earth's stratosphere) is not true? 

A) Ozone is a form of oxygen. 

B) The presence of ozone was crucial to the origin of life some 4 billion years ago. 

C) Ozone absorbs harmful ultraviolet light from the Sun. 

D) The origin of the "ozone hole" over Antarctic has been traced to human-made CFCs. 

Answer:  B

22) How did molecular oxygen (O2) get into Earth's atmosphere? 

A) It was released by life through the process of photosynthesis. 

B) It was captured from the solar nebula. 

C) It was outgassed from volcanoes. 

D) It came from chemical reactions with surface rocks. 

Answer:  A

23) What is the importance of the carbon dioxide (CO2) cycle? 

A) It makes the growth of continents possible. 

B) It allows for an ultraviolet-absorbing stratosphere. 

C) It regulates the carbon dioxide concentration of our atmosphere, keeping temperatures moderate. 

D) It will prevent us from suffering any consequences from global warming. 

Answer:  C

24) In the context of Earth's climate history, what do we mean by snowball Earth? 

A) This term is used to describe all the ice ages that have occurred in the past few million years. 

B) It refers to a time when polar regions had much more snowfall than normal. 

C) It is what we expect to see happen on Earth in about a billion years. 

D) It refers to a very deep ice age that occurred hundreds of millions of years ago. 

Answer:  D

25) Which of the following is not an expected consequence of global warming? 

A) an increase in the severity of winter blizzards 

B) an increase in the number and intensity of hurricanes 

C) melting of polar ice and glaciers 

D) the entire Earth warming up by the same amount 

Answer:  D

10.5 Mastering Astronomy Concept Quiz

1) Which of the following general statements about Earth's atmosphere is not true? 

A) The sea level temperature depends primarily on the total amount of gas in our atmosphere. 

B) Atmospheric pressure decreases with altitude. 

C) Even in low-Earth orbit, some atmospheric gas is still present. 

D) Atmospheric scattering of light explains why our daytime sky is bright and blue. 

Answer:  A

2) Suppose that Earth's ice caps melted, but everything else about the Earth's surface and atmosphere stayed the same. What would happen to Earth's average surface temperature? 

A) The temperature would not be affected at all. 

B) The surface temperature would decrease. 

C) The surface temperature would increase. 

D) The surface temperature would change radically, until it was equal to the melting temperature of ice. 

Answer:  C

3) Which of the following best describes how the greenhouse effect works? 

A) Greenhouse gases absorb X-rays and ultraviolet light from the Sun, and this absorbed radiation then heats the atmosphere and the surface. 

B) A planet's surface absorbs visible sunlight and returns this absorbed energy to space as infrared light. Greenhouse gases slow the escape of this infrared radiation, which thereby heats the lower atmosphere. 

C) Greenhouse gases absorb infrared light coming from the Sun, and this absorbed sunlight heats the lower atmosphere and the surface. 

D) The greenhouse effect is caused primarily by ozone, which absorbs ultraviolet light and thereby makes the atmosphere much hotter than it would be otherwise. 

Answer:  B

4) All the statements below are true. Which one gives the primary reason why the surface of Venus today is some 450°C hotter than the surface of Earth? 

A) Venus has a much stronger greenhouse effect than Earth. 

B) Venus is only about 73% as far from the Sun as Earth. 

C) Venus has a much higher reflectivity than Earth. 

D) Venus has a higher atmospheric pressure than Earth. 

Answer:  A

5) Which of the following statements about Earth's troposphere is not generally true? 

A) It is the lowest layer of the atmosphere. 

B) It is the layer of the atmosphere in which convection plays the most important role. 

C) It is the layer of the atmosphere in which ozone absorbs dangerous ultraviolet light from the Sun. 

D) It is a layer of the atmosphere in which temperature declines with increasing altitude. 

Answer:  C

6) In very general terms, how do the temperature structures of the atmospheres of Venus and Mars differ from that of Earth? 

A) They lack X-ray absorbing thermospheres. 

B) They lack ultraviolet-absorbing stratospheres. 

C) Their atmospheres are similar in structure to Earth's, but with much higher temperatures. 

D) Temperatures in their tropospheres increase with altitude, rather than decreasing with altitude. 

Answer:  B

7) Does Venus have auroras around its poles, like Earth? Why or why not? 

A) Yes, because it is bombarded by charged particles from the Sun. 

B) No, because its atmosphere is too thick. 

C) Yes, because strong winds generate light near its poles. 

D) No, because it lacks a global magnetic field. 

Answer:  D

8) All the following statements are true. Which one explains why convection can occur in the troposphere but not in the stratosphere? 

A) Atmospheric pressure is much greater in the troposphere than in the stratosphere. 

B) The stratosphere contains significant amounts of ozone but the troposphere does not. 

C) temperature declines with altitude in the troposphere but increases with altitude in the stratosphere. 

D) Clouds tend to form in the troposphere but not the stratosphere. 

Answer:  C

9) Which of the following is not caused by the Coriolis effect on Earth? 

A) Water going down a drain swirls in opposite directions in the northern and southern hemispheres. 

B) Earth's global circulation cells are split into three separate cells in each hemisphere. 

C) Hurricanes swirl in opposite directions in the northern and southern hemispheres. 

D) Air or objects moving northward in the northern hemisphere are deflected to the east. 

Answer:  A

10) Why is the Coriolis effect so weak on Venus? 

A) because Venus is so hot 

B) because Venus rotates so slowly 

C) because Venus has such a thick atmosphere 

D) because Venus has such a strong greenhouse effect 

Answer:  B

11) All of the following have occurred over long periods of time on Earth. Which one is not thought to have played a major role in long-term changes in Earth's climate? 

A) changes in the Earth's axis tilt 

B) changes in the Earth's overall reflectivity 

C) a gradual rise in the atmospheric content of oxygen 

D) changes in the atmospheric concentration of greenhouse gases 

Answer:  C

12) Why do we think that Venus has so much more atmospheric gas than Earth? 

A) Venus has gained much more gas through outgassing than has Earth. 

B) Because of its lack of magnetic field, Venus has been able to gain gas through the impacts of solar wind particles, while Earth has not gained gas in this way. 

C) Earth has lost much more gas to thermal escape than has Venus. 

D) Most of the gases that have been released from volcanoes on Earth later returned to the surface. 

Answer:  D

13) Why is thermal escape of atmospheric gas much easier from the Moon than from Earth? 

A) The Moon's average surface temperature is lower than Earth's. 

B) The Moon lacks a global magnetic field, while Earth has one. 

C) Outgassing on the Moon releases gases with lower masses than does outgassing on Earth. 

D) The Moon's gravity is so much weaker than Earth's. 

Answer:  D

14) How is it possible that the Moon might have some water ice today? 

A) Ice brought by comet impacts may be frozen in craters near the Moon's poles. 

B) Ice is continually supplied to the Moon by impacts, and some of this ice will therefore be found almost anywhere on the Moon at all times. 

C) Some cold regions of the Moon may still have ice that originally formed from the condensation of water released by outgassing. 

D) The Moon has significant amounts of water bonded in its surface rock, so some of this water is frozen as ice. 

Answer:  A

15) All the following statements about Mars are true. Which one might have led to a significant loss of atmospheric gas to space? 

A) The axis tilt of Mars is thought to change significantly with time. 

B) Mars lost any global magnetic field that it may once have had. 

C) Outgassed water molecules are split apart, and the oxygen then reacts chemically with surface rock on Mars. 

D) Mars probably once had a much higher density of greenhouse gases in its atmosphere than it does today. 

Answer:  B

16) What makes us think that Mars must once have had an atmosphere that was warmer and had higher surface pressure? 

A) We think it for purely theoretical reasons, based on calculations showing that the Sun has brightened with time. 

B) The atmosphere is too cold and thin for liquid water today, yet we see evidence of flowing water in the past. 

C) The presence of inactive volcanoes on Mars tells us that there must once have been a lot of outgassing, and hence a thicker atmosphere. 

D) The fact that parts of Mars have a lot of craters tells us that Mars must once have been much warmer. 

Answer:  B

17) Which of the following best explain what we think happened to outgassed water vapor on Venus? 

A) Ultraviolet light split the water molecules, and the hydrogen then escaped to space. 

B) Water was removed from the atmosphere by chemical reactions with surface rock. 

C) It is frozen as water ice in craters near the poles. 

D) It turned into carbon dioxide by reacting with nitrogen in Venus's atmosphere. 

Answer:  A

18) What would happen to Earth if we somehow moved our planet to the orbit of Venus? 

A) Temperatures would rise only slightly, but enough to melt the polar caps. 

B) The fact that we have oceans would moderate the temperature change due to moving our planet, so temperature would hardly change at all. 

C) Being so much closer to the Sun would almost immediately cause the surface of Earth to melt, and all our cities would then be destroyed by the hot lava. 

D) Earth would suffer a runaway greenhouse effect and become as hot or hotter than Venus. 

Answer:  D

19) Deuterium is much more abundant on Venus than Earth. What do we think this fact tells us about Venus? 

A) that it once had a much stronger magnetic field than it does today 

B) that the greenhouse effect on Venus must have been much weaker in the distant past 

C) that it has lost a tremendous amount of water as a result of molecules being split by ultraviolet light and the hydrogen escaping to space 

D) that volcanoes on Venus did not outgas as much water as volcanoes on Earth 

Answer:  C

20) Why does Earth have so little carbon dioxide in its atmosphere compared to Venus? 

A) Earth has just as much carbon dioxide as Venus, but most of it is locked up in carbonate rocks rather than being free in the atmosphere. 

B) Earth's volcanoes outgassed far less carbon dioxide than those on Venus. 

C) Earth once had a lot of carbon dioxide, but it was lost to space during the heavy bombardment early in our solar system's history. 

D) Chemical reactions turned Earth's carbon dioxide into nitrogen. 

Answer:  A

21) Which characteristic of Earth explains why we have an ultraviolet-absorbing stratosphere? 

A) the existence of photosynthetic life 

B) the existence of plate tectonics 

C) the moderate surface temperature 

D) the existence of oceans 

Answer:  A

22) Which two factors are critical to the existence of the carbon dioxide (CO2) cycle on Earth? 

A) life and atmospheric oxygen 

B) life and active volcanism 

C) plate tectonics and liquid water oceans 

D) active volcanism and active tectonics 

Answer:  C

23) Suppose Earth were to cool down a little. How would the carbon dioxide cycle tend to restore temperatures to normal? 

A) Cooler temperatures cause volcanoes to become more active, so they release more carbon dioxide into the atmosphere than they do when temperatures are warmer. 

B) Cooler temperatures allow carbon dioxide to form rain and rain out of the atmosphere. 

C) Cooler temperatures mean more ice and more erosion, which somehow makes the planet warm up. 

D) Cooler temperatures lead to slower formation of carbonate minerals in the ocean, so carbon dioxide released by volcanism builds up in the atmosphere and strengthens the greenhouse effect. 

Answer:  D

24) According to current science, why didn't oxygen begin to accumulate in the atmosphere for more than a billion years after life appeared on Earth? 

A) Oxygen released by life was removed from the atmosphere by chemical reactions with surface rocks until the surface rock could absorb no more. 

B) Early forms of animal life consumed the oxygen released by plants during the first billion years of life on Earth. 

C) Early life did not release oxygen, and oxygen releasing organisms didn't evolve for a billion years after the earliest life. 

D) Oxygen released by life was removed from the atmosphere by dissolving in the ocean until the oceans could dissolve no more. 

Answer:  A

25) Earth has been gradually warming over the past few decades. Based on a great deal of evidence, scientists believe that this warming is caused by

A) the increase in forest fires during recent years.

B) human activities that are increasing the concentration of greenhouse gases in Earth's atmosphere.

C) the human release of chemicals called CFCs into the stratosphere.

D) the fact that our politicians spout a lot of hot air.

Answer:  B
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