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PRACTICE EXAM 11: EARTH AND 

SPACE SCIENCES REGENTS 

SIMULATION (50 QUESTIONS) 

 

 

1. What is the cosmic microwave background radiation (CMB), considered one of the strongest pieces 

of evidence for the Big Bang theory? 

 

A. The light emitted by the first generation of stars formed several hundred million years after the Big 

Bang 

B. The energy released by ongoing nuclear fusion in distant galaxies throughout the observable universe 

C. The faint glow produced when high-energy cosmic rays strike Earth's upper atmosphere continuously 

D. The thermal radiation left over from the early universe approximately 380,000 years after the Big 

Bang 

 

2. A main sequence star that is significantly more massive than our Sun would be located where on a 

Hertzsprung-Russell diagram? 

 

A. In the lower-left region of the diagram, showing low luminosity but high surface temperature 

characteristics 

B. In the upper-left region of the diagram, showing high luminosity and high surface temperature 

characteristics 

C. In the upper-right region of the diagram, showing high luminosity and low surface temperature 

characteristics 

D. In the lower-right region of the diagram, showing low luminosity and low surface temperature 

characteristics 
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3. Elements heavier than iron, such as gold and uranium, are believed to have formed primarily through 

which process? 

 

A. Explosive stellar events such as supernovae and neutron star mergers where rapid neutron capture 

occurs 

B. Standard fusion reactions occurring in the cores of main sequence stars throughout their long 

lifetimes 

C. The radioactive decay of lighter elements over billions of years within rocky planetary interiors 

D. Chemical combination reactions during the formation of the original solar nebula from interstellar 

dust 

 

4. According to Kepler's First Law of planetary motion, planets travel around the Sun in orbits that have 

which shape? 

 

A. Perfect circles with the Sun positioned at the exact geometric center of each orbital path 

B. Parabolic paths that bring the planet close to the Sun once and then carry it away permanently 

C. Ellipses with the Sun positioned at one of the two foci rather than at the center of the orbit 

D. Spirals that gradually carry each planet closer to the Sun over very long timescales of billions of 

years 

 

5. On which date does the Northern Hemisphere receive the maximum duration of daylight at any given 

latitude north of the Tropic of Cancer? 

 

A. Approximately March 21, the spring equinox, when day and night are equal in length across the 

world 

B. Approximately September 23, the autumnal equinox, when day and night are equal in both 

hemispheres 
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C. Approximately December 21, the winter solstice, when the Sun's vertical rays strike the Tropic of 

Capricorn 

D. Approximately June 21, the summer solstice, when the Sun's vertical rays strike the Tropic of Cancer 

 

6. An observer in the Northern Hemisphere sees the Moon directly overhead at midnight. What phase 

must the Moon be in at that time? 

 

A. Full moon phase, which is on the opposite side of Earth from the Sun and rises as the Sun sets in the 

evening 

B. New moon phase, which occurs when the Moon lies between Earth and the Sun in the same direction 

C. First quarter moon phase, which appears overhead at sunset in the western part of the evening sky 

D. Last quarter moon phase, which appears overhead at sunrise in the eastern part of the morning sky 

 

7. Which feature of our solar system is best explained by the rotation of the original solar nebula during 

its gravitational collapse? 

 

A. The existence of asteroids in the gap between Mars and Jupiter formed from the breakup of a small 

planet 

B. The flattened disk shape of the planetary orbits, with all planets orbiting in approximately the same 

plane 

C. The presence of water ice on the surfaces of moons orbiting the outer gas giant planets in the system 

D. The different chemical compositions of inner rocky planets compared to outer gas giant planets in our 

system 

 

8. A lunar eclipse occurs when which specific alignment takes place between the Sun, Earth, and Moon 

during a full moon? 
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A. The Moon passes directly between the Sun and Earth, casting its shadow on Earth's surface below it 

B. The Sun passes directly between Earth and the Moon, illuminating both objects from a single 

common direction 

C. Earth passes directly between the Sun and the Moon, casting its shadow on the Moon's lunar surface 

D. The Moon passes through Earth's atmosphere, which scatters sunlight and blocks the Moon from 

view 

 

9. Neap tides, which have the smallest difference between high and low tide of the month, occur during 

which lunar phases? 

 

A. The first quarter and last quarter moon phases, when the Sun and Moon are positioned at right angles 

to Earth 

B. The new moon and full moon phases, when the Sun and Moon both pull water in the same direction 

together 

C. The waxing gibbous and waning gibbous phases, when more than half the Moon's surface appears 

illuminated 

D. Only during total lunar eclipses, when Earth's shadow falls completely across the Moon for several 

hours 

 

10. Compared to chemical reactions, nuclear fusion in the Sun produces energy at what relative scale per 

gram of fuel consumed? 

 

A. Approximately the same amount of energy per gram as ordinary chemical combustion reactions in 

everyday life 

B. Substantially less energy per gram than chemical combustion, but compensated by the Sun's 

enormous size 

C. About ten times more energy per gram than chemical combustion, accounting for the Sun's high 

luminosity 
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D. Millions of times more energy per gram than chemical combustion, explaining the Sun's enormous 

power output 

 

11. The angle of insolation, measured from the horizon up to the Sun, affects energy distribution on 

Earth's surface because: 

 

A. A higher angle results in sunlight traveling through less atmosphere, but does not affect surface 

heating rates 

B. A lower angle produces more concentrated heating because sunlight strikes the ground from directly 

overhead 

C. A higher angle concentrates solar energy on a smaller surface area, producing more intense heating 

per square meter 

D. The angle has no effect on heating; only the duration of daylight determines how much energy is 

received 

 

12. A geologist needs to determine the absolute age of a granite intrusion estimated to be approximately 

500 million years old. Which radiometric dating method would be most appropriate for this rock? 

 

A. Carbon-14 dating, which has a half-life of approximately 5,730 years and works best on organic 

materials 

B. Uranium-lead dating, which has half-lives of hundreds of millions to billions of years suitable for 

ancient rocks 

C. Tree ring counting, which can establish exact ages back through several thousand years of 

overlapping samples 

D. Potassium-40 dating applied to wood samples found within the surrounding sedimentary rock layers 

nearby 

 

13. Fossils of the same extinct fern species are found in rock layers in both Antarctica and South 

America. This observation best supports which conclusion about Earth's geological past? 
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A. The two landmasses were connected and located in similar climates before continental drift separated 

them over time 

B. The fern species evolved independently on both continents through identical environmental selection 

pressures 

C. The fossil species was carried across the ocean by ancient migratory birds before going extinct in 

both regions 

D. The rock layers containing these fossils must have formed at exactly the same moment by global 

coincidence 

 

14. According to the principle of superposition, in an undisturbed sequence of sedimentary rock layers, 

which layer is the oldest? 

 

A. The layer in the middle of the sequence, since it formed when erosion balanced with deposition for 

the longest time 

B. The top layer of the sequence, since it has been most recently exposed to weathering and erosion 

processes 

C. The layer containing the most fossils, since active biological activity correlates with the oldest 

geological times 

D. The bottom layer of the sequence, since it was deposited first before any of the layers above it could 

form 

 

15. A meteorite that fell to Earth recently is found to contain isotopes indicating an age of approximately 

4.56 billion years. What does this measurement most likely represent? 

 

A. The exact moment when the meteorite entered Earth's atmosphere and began to burn from 

atmospheric friction effects 

B. The approximate age of the solar system itself, since meteorites formed during early solar system 

formation 

C. The age of Earth's crust, since the meteorite must have formed from the same materials as Earth's 

surface 
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D. The time elapsed since intelligent life first appeared in the early solar system on the developing 

planets 

 

16. Which event marked the beginning of the Phanerozoic Eon approximately 541 million years ago? 

 

A. The Cambrian Explosion, when a rapid diversification of complex multicellular animals appeared in 

the fossil record 

B. The Great Oxygenation Event, when atmospheric oxygen levels rose dramatically due to 

photosynthesizing bacteria 

C. The formation of Earth's first solid crust through the cooling of the magma ocean that once covered 

the planet 

D. The Cretaceous-Paleogene mass extinction, when an asteroid impact ended the long reign of the non-

avian dinosaurs 

 

17. The principle of uniformitarianism, fundamental to modern geology, states what specific relationship 

between past and present geological processes? 

 

A. All geological processes occurring today are entirely different from those that operated in Earth's 

distant past 

B. The rate of all geological processes has steadily increased throughout Earth's history at a measurable 

rate 

C. The same natural processes operating today, such as erosion and volcanism, also operated throughout 

Earth's geological past 

D. Catastrophic events alone, with no role for gradual processes, shaped Earth's surface during ancient 

geological eras 

 

18. A sedimentary rock formation contains alternating layers of coal and shale with abundant plant 

fossils. What does this sequence most likely represent in terms of ancient environment? 
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A. A series of volcanic eruptions that buried tropical forests under thick layers of ash over short 

geological periods 

B. A deep ocean basin where dead marine plankton accumulated in sediment over many millions of 

years gradually 

C. A high mountain glacier environment where compressed plant material accumulated under ice sheets 

seasonally 

D. A coastal swamp environment that periodically flooded, alternating peat accumulation with mud 

deposition cycles 

 

19. The Mid-Atlantic Ridge, which runs the length of the Atlantic Ocean, represents which type of plate 

boundary? 

 

A. A divergent boundary where plates separate, producing new oceanic crust through volcanic activity 

along the rift zone 

B. A convergent boundary where plates collide, producing high mountain ranges along the boundary 

zone over time 

C. A transform boundary where plates slide past each other, producing only earthquakes without any 

volcanic activity 

D. A subduction zone where one plate descends beneath another, producing deep ocean trenches and 

volcanic island arcs 

 

20. P-waves (primary waves) and S-waves (secondary waves) generated by earthquakes differ in which 

fundamental physical property? 

 

A. P-waves travel only through liquids while S-waves travel only through solid materials at all depths 

within Earth 

B. P-waves are compressional waves that travel through solids, liquids, and gases, while S-waves are 

shear waves that travel only through solids 

C. P-waves are produced only by shallow earthquakes while S-waves are produced only by deep 

earthquakes near the core 
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D. P-waves carry no information about Earth's interior while S-waves alone reveal the structure of 

subsurface layers 

 

21. Which mineral property most directly reflects the regular internal arrangement of atoms within the 

mineral's crystal structure? 

 

A. Hardness, which measures resistance to scratching but reveals nothing about internal atomic structure 

of the mineral 

B. Color, which often varies among samples of the same mineral due to small amounts of trace 

impurities present 

C. Streak, which reveals the color of the mineral's powder when scraped across an unglazed porcelain 

plate surface 

D. Cleavage, which describes how minerals break along planes of weakness in their internal atomic 

structure 

 

22. A student observes a rock sample containing visible, interlocking crystals of approximately equal 

size, with no visible layering. Which rock type and origin does this best suggest? 

 

A. A sedimentary rock formed from the deposition and compaction of small particles in a marine 

environment over time 

B. An extrusive igneous rock formed from the very rapid cooling of lava at Earth's surface after volcanic 

eruption 

C. An intrusive igneous rock formed from the slow cooling of magma deep within Earth's crust over 

very long times 

D. A foliated metamorphic rock formed from the intense pressure and heat applied to preexisting layered 

rocks 

 

23. Which characteristic distinguishes a non-foliated metamorphic rock from a foliated metamorphic 

rock? 
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A. Non-foliated rocks lack the parallel alignment of minerals that gives foliated rocks their layered 

appearance 

B. Non-foliated rocks contain visible fossils, while foliated rocks never contain any fossil evidence of 

past life 

C. Non-foliated rocks are always darker in color, while foliated rocks are uniformly lighter in coloration 

D. Non-foliated rocks form only at low temperatures, while foliated rocks require extreme heat to 

develop 

 

24. Approximately what percentage of Earth's total fresh water is currently locked up in glaciers and 

polar ice caps? 

 

A. Approximately 30 percent of Earth's freshwater is locked in glaciers and ice caps, with most being in 

groundwater storage 

B. Approximately 69 percent of Earth's freshwater is locked in glaciers and ice caps, the largest single 

freshwater reservoir 

C. Approximately 10 percent of Earth's freshwater is locked in glaciers and ice caps, with most being in 

lakes globally 

D. Approximately 1 percent of Earth's freshwater is locked in glaciers and ice caps, with most being in 

rivers globally 

 

25. Groundwater can become contaminated when pollutants from the surface infiltrate downward 

through the soil and rock. Which combination of materials would allow the most rapid contamination of 

an underlying aquifer? 

 

A. A thick layer of clay-rich soil overlying dense, unfractured shale with very low permeability 

throughout the system 

B. A bedrock of compact granite covered by a thin layer of organic-rich topsoil from a deciduous forest 

above 

C. A frozen permafrost layer overlying impermeable bedrock that completely blocks any downward 

water movement 



11 

 

D. A sandy soil overlying fractured limestone bedrock with open joints and dissolution cavities allowing 

rapid downward flow 

 

26. Which process in the rock cycle converts sedimentary rock directly into metamorphic rock without 

an intermediate molten phase? 

 

A. Weathering and erosion of the sedimentary rock followed by transportation and re-deposition into 

ocean basins 

B. Complete melting of the sedimentary rock to form magma followed by cooling and solidification into 

igneous rock 

C. Heat and pressure applied to the sedimentary rock during tectonic processes such as mountain 

building or burial 

D. Chemical precipitation of new minerals from water flowing through the sedimentary rock at the 

surface 

 

27. Which statement correctly describes the relative residence times of water in different reservoirs of 

the hydrologic cycle? 

 

A. Water in the deep oceans has a residence time of thousands of years while water in the atmosphere 

averages about ten days 

B. Water remains in the atmosphere for thousands of years before falling as precipitation eventually 

back to Earth 

C. Water in glaciers cycles through the system in days or weeks because of constant melting and 

refreezing processes 

D. Water in rivers has the longest residence time because of the slow flow of river water through 

landscapes globally 

 

28. The figure below shows a topographic map of a region with contour lines spaced at 20-meter 

intervals. The contour lines are closely spaced along one edge and widely spaced on the other side. What 

does the close spacing indicate about that part of the landscape? 
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A. The closely spaced contour lines indicate a flat region where elevation remains nearly constant across 

the area 

B. The closely spaced contour lines indicate a steep slope, since elevation changes rapidly over a short 

horizontal distance 

C. The closely spaced contour lines indicate a depression in the landscape where water would naturally 

collect 

D. The closely spaced contour lines indicate the presence of a stream channel flowing through the 

mapped region 

 

29. Glacial striations on bedrock and erratic boulders carried far from their source rock found together in 

a region indicate which past geological process occurred there? 

 

A. A major volcanic eruption that deposited large rocks and scratched bedrock with pyroclastic flows 

over the area 

B. Repeated earthquakes that displaced large boulders and created linear scratches along fault scarps 

across the bedrock 

C. Continental glaciation that transported boulders far from their source and scratched bedrock as ice 

moved across it 

D. River flooding that carried large rocks downstream and eroded parallel grooves into the underlying 

bedrock surface 
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30. A maritime tropical (mT) air mass forms over warm ocean waters and moves over the southeastern 

United States during summer. Which weather conditions would this air mass most likely produce upon 

arrival? 

 

A. Cold, dry conditions with clear skies, similar to weather patterns produced by air masses originating 

over polar regions 

B. Cool, dry conditions with light winds, similar to weather patterns produced by air masses originating 

over continental interiors 

C. Hot, dry conditions with extended drought, similar to weather patterns produced by air masses 

originating over desert regions 

D. Warm, humid conditions with frequent thunderstorms, since the air mass contains substantial 

moisture from the warm ocean below 

 

31. Along a warm front, where warm air slowly advances over cooler air ahead, what type of 

precipitation pattern typically develops? 

 

A. A broad zone of steady, light to moderate precipitation that may last for many hours or even days as 

warm air slowly rises 

B. A narrow band of intense thunderstorms lasting only a few hours as the warm air rapidly displaces 

the cool air ahead 

C. Sudden, intense snow squalls that drop heavy snow accumulations over very small areas during 

winter conditions only 

D. Clear, calm conditions with no precipitation, since warm fronts represent stable atmospheric 

conditions without lifting 

 

32. The figure below shows a simplified psychrometric chart. According to the chart, if the air 

temperature is 30°C and the dew point is 20°C, what is the approximate relative humidity? 
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A. Approximately 20 percent relative humidity, indicating extremely dry air conditions typical of desert 

environments only 

B. Approximately 100 percent relative humidity, indicating the air is fully saturated with the maximum 

water vapor possible 

C. Approximately 56 percent relative humidity, indicating the air contains roughly half of its maximum 

possible water vapor 

D. Approximately 10 percent relative humidity, indicating that condensation would be impossible under 

these atmospheric conditions 

 

33. Which factor most strongly limits hurricane formation at latitudes very close to the equator (within 

about 5 degrees of latitude)? 

 

A. Atmospheric pressure at the equator is too high to allow the low pressure centers required for 

hurricane formation to develop 

B. The Coriolis effect, which provides the rotational force for tropical cyclones, is too weak directly 

along the equator to spin storms 

C. Ocean water temperatures near the equator are typically too cold to provide the energy required for 

hurricane development 

D. Strong upper-atmosphere winds near the equator always tear apart developing storm systems before 

they can intensify into hurricanes 
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34. Which gas contributes the largest share of Earth's overall natural greenhouse effect, despite often 

receiving less public attention than carbon dioxide does? 

 

A. Carbon dioxide alone, since it is the most abundant greenhouse gas produced by human industrial 

activities currently 

B. Methane, since each molecule of methane traps approximately 25 times more heat than a molecule of 

carbon dioxide 

C. Nitrous oxide, since it has a longer atmospheric lifetime than the other major greenhouse gases 

combined into one effect 

D. Water vapor, since it is the most abundant greenhouse gas in the atmosphere and absorbs a broad 

range of infrared wavelengths 

 

35. The Coriolis effect, combined with uneven solar heating, produces the prevailing wind patterns at 

Earth's surface. In the mid-latitudes of the Northern Hemisphere, the prevailing surface winds blow 

primarily in which direction? 

 

A. From west to east, called the westerlies, which carry weather systems across the United States from 

the Pacific toward the Atlantic 

B. From east to west, called the easterlies, which dominate weather patterns across the Northern 

Hemisphere mid-latitudes throughout the year 

C. From north to south, called the polar winds, which carry cold Arctic air directly southward into 

temperate latitudes year-round 

D. From south to north, called the equatorial winds, which carry warm tropical air directly northward 

into polar regions year-round 

 

36. Which of the following provides the most direct measurement of historical atmospheric composition 

over the past 800,000 years of Earth's climate history? 

 

A. Tree ring widths from very old living trees, which reflect annual variations in temperature and 

precipitation patterns 
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B. Coral skeleton chemistry from tropical reefs, which records ocean temperature variations over recent 

geological time 

C. Air bubbles trapped within Antarctic and Greenland ice cores, which contain samples of the actual 

ancient atmosphere 

D. Sediment cores from deep ocean basins, which contain fossil microorganisms whose chemistry 

reflects ancient seawater 

 

37. Which fundamental characteristic distinguishes a renewable resource from a nonrenewable resource 

in terms of replenishment? 

 

A. Renewable resources have been used for fewer years by human civilizations than nonrenewable 

resources have been used 

B. Renewable resources produce no pollution at any stage, while nonrenewable resources always 

produce significant pollution 

C. Renewable resources are always less expensive to use than nonrenewable resources regardless of any 

other factors 

D. Renewable resources are replenished naturally on human timescales, while nonrenewable resources 

form too slowly to be replaced 

 

38. A coal-fired power plant releases mercury and sulfur dioxide into the atmosphere as byproducts of 

its operation. The health and environmental costs of these emissions are borne by communities 

downwind rather than by the power plant operators. This situation best illustrates which economic 

concept? 

 

A. A direct cost of operation, since the power plant operators pay for the fuel and equipment needed to 

generate electricity 

B. A negative externality, since the costs of pollution are imposed on parties not involved in the 

electricity production process 

C. An opportunity cost, since the power plant operators must choose between generating electricity or 

pursuing other business 
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D. A positive externality, since the broader community benefits from the electricity generated by the 

power plant operations 

 

39. A keystone species is one that has a disproportionately large effect on its ecosystem relative to its 

abundance. The loss of a keystone species typically results in which ecosystem response? 

 

A. Substantial restructuring of the ecosystem, including population changes in many other species and 

possible loss of biodiversity 

B. No significant change to the ecosystem, since other species quickly fill the ecological role left by the 

keystone species 

C. An immediate increase in overall biodiversity, since the dominant keystone species no longer 

suppresses other organisms 

D. Improved ecosystem health and resilience, since reducing competition allows previously suppressed 

species to flourish 

 

40. Pollinating insects such as bees provide an essential service to agricultural ecosystems by 

transferring pollen between flowering crops. This type of ecosystem service is classified within which 

category? 

 

A. A provisioning service, since pollinators directly provide food products such as honey and beeswax 

to human communities 

B. A cultural service, since pollinating insects have inspired human art, literature, and aesthetic 

appreciation throughout history 

C. A supporting service, since pollination represents a basic ecological process that supports all other 

ecosystem services indirectly 

D. A regulating service, since pollinators regulate plant reproduction and influence the production of 

fruits and seeds in ecosystems 

 

41. Sea level rise driven by anthropogenic climate change occurs through which two primary physical 

mechanisms? 
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A. Increased rainfall over the oceans combined with decreased evaporation from warming ocean surface 

waters 

B. Tectonic uplift of ocean floor combined with the melting of sea ice that floats on the ocean surface 

globally 

C. Thermal expansion of seawater as the oceans warm, combined with melting of land-based ice sheets 

and glaciers 

D. Changes in Earth's gravitational field combined with shifts in ocean currents that redistribute existing 

seawater 

 

42. Ground-level ozone, a harmful air pollutant that triggers respiratory problems in many people, forms 

through which atmospheric process? 

 

A. Direct emission of ozone gas from automobile exhaust systems and industrial smokestacks into the 

lower atmosphere 

B. Photochemical reactions between nitrogen oxides and volatile organic compounds in the presence of 

strong sunlight 

C. Diffusion of stratospheric ozone downward into the troposphere through gaps in the ozone layer 

above urban areas 

D. Volcanic eruptions that release large quantities of ozone gas from deep within Earth's interior to the 

surface 

 

43. The Ogallala Aquifer, beneath the central United States, is being depleted because water is being 

withdrawn faster than it can be naturally recharged. This situation represents which sustainability 

concept? 

 

A. Unsustainable resource use, since withdrawal rates exceed natural replenishment rates, leading to 

long-term depletion of the resource 

B. A successful management strategy, since the aquifer continues to provide water for agricultural use in 

the present time 
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C. A renewable resource situation, since groundwater is continuously replenished by rainfall regardless 

of withdrawal rates 

D. A neutral situation, since groundwater depletion has no measurable consequences for either 

agriculture or local ecosystems 

 

44. Earth's human population has grown from approximately 1 billion in 1800 to over 8 billion in the 

present day. This rapid population growth has placed increasing demands on which resources? 

 

A. Only on water resources, since all other resources can be produced indefinitely through industrial 

technologies regardless of population 

B. Only on food production, since modern industrial agriculture can produce unlimited quantities of any 

other needed resources 

C. On nearly all natural resources including water, food, energy, mineral, and ecological resources 

required to support human life 

D. Only on energy resources, since other resources are sufficiently abundant to meet any conceivable 

level of human demand globally 

 

45. The most cost-effective long-term strategy for protecting biodiversity according to many ecologists 

involves which approach? 

 

A. Creating captive breeding programs in zoos for every endangered species and releasing the animals 

into the wild as needed 

B. Establishing and maintaining large, interconnected protected areas that preserve entire ecosystems 

and the species within them 

C. Importing nonnative species into degraded ecosystems to artificially increase the number of species 

in those areas immediately 

D. Removing all human activities from every region of Earth simultaneously without considering 

economic or social consequences 
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46. Reforestation, the planting of trees in areas where forests have been removed, represents a climate 

change mitigation strategy that operates through which mechanism? 

 

A. Reforestation cools the Earth by directly blocking incoming solar radiation with the canopy of newly 

planted trees only 

B. Reforestation reflects more solar radiation back to space because tree canopies appear bright when 

viewed from space above 

C. Reforestation produces greenhouse gases that warm Earth's surface in a deliberate engineered 

geoengineering scheme 

D. Reforestation removes carbon dioxide from the atmosphere through photosynthesis as growing trees 

absorb and store carbon 

 

47. The Antarctic ozone hole has begun to recover since the late 1990s primarily because of which 

international action? 

 

A. The Montreal Protocol, an international treaty that phased out the production and use of ozone-

depleting chemicals worldwide 

B. The widespread voluntary efforts of consumers worldwide to reduce their personal use of aerosol 

products in daily life 

C. The natural healing of the stratosphere as Earth's atmosphere automatically recovered from the late 

twentieth century damage 

D. The Paris Agreement, an international treaty addressing greenhouse gas emissions and global 

temperature increases generally 

 

48. An engineering team is designing a wind turbine for a residential neighborhood. The design must 

produce a certain minimum amount of electricity while keeping noise levels below a specified maximum 

decibel level. These requirements represent which elements of the engineering design process? 

 

A. Both elements describe optional features that the engineering team may include if convenient during 

the design process 
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B. Both elements describe the final cost of the project after all design and construction activities have 

been completed 

C. Criteria define what the design must achieve, while constraints define the limits within which the 

design must operate 

D. Both elements describe the personal preferences of the design team that have no relationship to the 

function of the turbine 

 

49. An engineer builds and tests a prototype of a flood barrier, identifies several weaknesses during 

testing, modifies the design based on results, and tests the new version again. This process represents 

which aspect of engineering design? 

 

A. The use of mathematical analysis alone to determine the optimal design without any need for 

physical prototype testing 

B. The iterative nature of engineering design, where prototypes are tested, evaluated, refined, and 

retested in repeated cycles 

C. The reliance on intuition rather than systematic testing, since experienced engineers can correctly 

judge designs by inspection 

D. The economic optimization process, where each test is used solely to reduce the construction cost of 

the final product 

 

50. A team of climate scientists develops a computer model to project future precipitation patterns under 

different greenhouse gas emission scenarios. They run the model with multiple emission scenarios and 

produce a range of possible outcomes. Which statement best characterizes the appropriate scientific use 

of these projections? 

 

A. The model projections represent precise, certain forecasts of exactly what will occur in each emission 

scenario over the future 

B. The model projections should be treated as the single correct answer about future climate, replacing 

all other lines of evidence 

C. The model projections have no scientific value since complex Earth systems can never be represented 

mathematically at all 
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D. The model projections provide useful information about likely outcomes under specified 

assumptions, with explicit uncertainty bounds 

 

Practice Exam 11 — Answer Key with Explanations 

1. D — The cosmic microwave background is thermal radiation released about 380,000 years after the 

Big Bang, when the universe finally cooled enough for atoms to form and photons to travel freely. Its 

near-uniform 2.7 K blackbody spectrum and small-scale anisotropies provide direct evidence of the hot, 

dense early universe predicted by the Big Bang model. 

2. B — High-mass main sequence stars are both highly luminous and very hot, placing them in the upper-

left region of the HR diagram. Main sequence luminosity scales steeply with mass (roughly L ∝ M³·⁵), so 

massive O- and B-type stars burn hydrogen far brighter and hotter than the Sun. 

3. A — Ordinary stellar fusion cannot produce elements heavier than iron because fusing iron absorbs 

rather than releases energy. The rapid neutron capture (r-process) required to build heavier elements only 

occurs in the extreme neutron fluxes of supernovae and neutron star mergers, which is why the gold and 

uranium on Earth trace back to such cataclysms. 

4. C — Kepler's First Law states that planetary orbits are ellipses with the Sun positioned at one of the 

two foci, not at the geometric center. This was a major departure from earlier circular-orbit models, and 

the eccentricity of each ellipse determines how much a planet's distance from the Sun varies between 

perihelion and aphelion. 

5. D — The June solstice marks the day Earth's Northern Hemisphere is tilted maximally toward the Sun, 

placing the Sun's vertical rays at the Tropic of Cancer. At all latitudes north of that tropic, this produces 

the longest daylight period of the year, with the shortest day occurring six months later at the December 

solstice. 

6. A — A full moon lies on the opposite side of Earth from the Sun, so it rises at sunset and reaches its 

highest point in the sky around midnight. At that overhead position the side facing Earth is fully 

illuminated by sunlight passing around the planet, making midnight overhead a unique signature of the 

full moon phase. 

7. B — As the original solar nebula collapsed under gravity, conservation of angular momentum forced it 

to spin faster and flatten into a rotating disk perpendicular to its spin axis. Planets formed within this disk, 

which is why all of them orbit in nearly the same plane and direction — one of the strongest pieces of 

evidence supporting the nebular hypothesis. 

8. C — A lunar eclipse occurs when Earth passes directly between the Sun and a full moon, casting its 

shadow across the lunar surface. The alignment requires the Moon to cross Earth's orbital plane at the 

same time, which is why eclipses do not occur every full moon despite the favorable geometry occurring 

monthly. 
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9. A — At the first and last quarter moon phases, the Sun and Moon sit at right angles relative to Earth, 

so their gravitational pulls on the oceans partially cancel each other. This produces neap tides, the smallest 

tidal range of the month. Spring tides occur at new and full moon when the Sun and Moon pull in 

alignment. 

10. D — Nuclear fusion converts a small fraction of mass directly into energy according to E = mc², 

releasing roughly a million times more energy per gram of fuel than chemical combustion. This enormous 

energy density is why the Sun has shone for billions of years on its hydrogen supply, while chemical 

reactions could never sustain stellar luminosity over geologic timescales. 

11. C — When sunlight strikes the surface at a high angle, a given beam of solar radiation is concentrated 

onto a smaller surface area, producing more intense heating per square meter. At lower angles the same 

beam spreads across a larger area and passes through more atmosphere, both of which reduce surface 

heating — the fundamental reason equatorial regions are warmer than polar regions. 

12. B — Uranium-238 has a half-life of about 4.5 billion years and uranium-235 about 700 million years, 

both well-suited to dating rocks hundreds of millions of years old. Granite typically contains uranium-

bearing minerals such as zircon, which lock in lead daughter isotopes over geologic time. Carbon-14, with 

a 5,730-year half-life, is useless for a 500-million-year-old rock. 

13. A — Identical fossils on now-distant continents indicate those landmasses were once joined and shared 

the same organisms before continental drift separated them. The Glossopteris flora found across South 

America, Africa, Antarctica, Australia, and India is a classic example, and independent evolution of 

identical species on separated continents is statistically implausible. 

14. D — The principle of superposition, formalized by Nicolas Steno, states that in undisturbed 

sedimentary sequences each layer is younger than the one beneath it and older than the one above it. 

Therefore the bottom layer must have been deposited first, making it the oldest. This principle is the 

foundation for interpreting relative ages in sedimentary rocks. 

15. B — Meteorites are remnants of the early solar nebula that condensed at roughly the same time as the 

planets and have remained largely unchanged since then. Radiometric dating of the oldest meteorites 

consistently yields ages of about 4.56 billion years, which is taken as the age of the solar system. Earth's 

surface rocks are younger because crustal recycling has erased the original material. 

16. A — The Cambrian Explosion, a rapid diversification of complex multicellular animals around 541 

million years ago, marks the boundary between the Precambrian and the Phanerozoic Eon. The name 

Phanerozoic itself means "visible life," reflecting the abundance of body fossils preserved from this point 

forward in the geologic record. 

17. C — Uniformitarianism, often summarized as "the present is the key to the past," holds that the same 

natural processes operating today — erosion, sedimentation, volcanism, plate motion — also shaped Earth 

in the geological past. Articulated by James Hutton and popularized by Charles Lyell, it allows geologists 

to interpret ancient rocks using modern process rates. 
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18. D — Coal beds form from plant material accumulating in oxygen-poor swamps, while shale forms 

from mud deposited during flooding events. Alternating coal and shale layers therefore indicate a coastal 

or deltaic swamp that periodically flooded with mud-laden water before returning to peat-accumulating 

conditions — a pattern typical of Pennsylvanian Period coal swamps in eastern North America. 

19. A — The Mid-Atlantic Ridge is a divergent boundary where the North American and Eurasian Plates 

(and South American and African Plates) are separating. Magma rises from the mantle to form new 

oceanic crust along the rift, accompanied by shallow earthquakes and submarine volcanism. Iceland is the 

surface expression of this ridge above sea level. 

20. B — P-waves are compressional waves that propagate by alternating compression and expansion of 

the medium, allowing them to travel through solids, liquids, and gases. S-waves are shear waves that 

require the medium to resist shear stress, which liquids and gases cannot do, so S-waves travel only 

through solids. The S-wave shadow zone was the first evidence that Earth's outer core is liquid. 

21. D — Cleavage describes the tendency of a mineral to break along smooth, flat planes that correspond 

to planes of weak chemical bonding within its crystal structure. The number and orientation of cleavage 

planes therefore directly reflect the internal atomic arrangement of the mineral, as seen in mica's single 

perfect cleavage or halite's three cleavages at right angles. 

22. C — A rock with visible, interlocking crystals of approximately equal size and no layering is 

characteristic of an intrusive (plutonic) igneous rock that cooled slowly deep within Earth's crust. The 

slow cooling allowed atoms enough time to migrate and form large, well-developed crystals — granite is 

the most common example of this phaneritic texture. 

23. A — Foliated metamorphic rocks like slate, schist, and gneiss display parallel alignment of platy or 

elongated minerals produced when directed pressure during metamorphism reorients those minerals. Non-

foliated rocks like quartzite and marble lack this alignment because they recrystallize from minerals 

(quartz, calcite) that do not naturally form platy crystals. 

24. B — Of all the freshwater on Earth, approximately 69 percent is locked in glaciers and polar ice caps, 

making them the largest freshwater reservoir on the planet. Groundwater accounts for roughly 30 percent, 

while surface water in lakes and rivers makes up less than 1 percent — which is why polar ice melting has 

such significant implications for global sea level and freshwater availability. 

25. D — Sandy soils have high permeability that allows pollutants to infiltrate rapidly, and fractured 

limestone bedrock with open joints and dissolution cavities provides direct pathways for contaminated 

water to reach the underlying aquifer. This karst-type combination is the most vulnerable to surface 

contamination, while clay and unfractured granite act as natural barriers to downward flow. 

26. C — Metamorphism occurs when preexisting rocks are subjected to elevated temperatures and 

pressures that cause mineral recrystallization without complete melting. Sedimentary rocks transform 

directly into metamorphic rocks under these conditions during regional or contact metamorphism 

associated with mountain building, deep burial, or igneous intrusion. Complete melting would instead 

produce igneous rock. 
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27. A — Residence time, the average time a water molecule spends in a reservoir, varies by orders of 

magnitude across the hydrologic cycle. Deep ocean water cycles slowly on timescales of thousands of 

years, while atmospheric water vapor is replaced through evaporation and precipitation about every 9 to 

10 days on average. These differences reflect the relative volume and turnover rate of each reservoir. 

28. B — On a topographic map, the spacing between contour lines indicates the steepness of the terrain 

because each line represents a fixed elevation change. Closely spaced contours mean elevation changes 

rapidly over a short horizontal distance, indicating a steep slope, while widely spaced contours indicate 

gentle, gradual terrain where the same elevation change is spread over a longer horizontal distance. 

29. C — Glacial striations are linear grooves scratched into bedrock by rocks embedded in the base of 

moving ice, while erratic boulders are rocks carried by glaciers far from their source outcrops. Together 

they are diagnostic of continental glaciation, in which massive ice sheets transported and abraded material 

over wide areas. Rivers and volcanoes cannot produce both features in combination. 

30. D — Maritime tropical (mT) air masses form over warm tropical oceans, where they pick up large 

amounts of moisture and heat from the sea surface. When such an air mass moves over land, it produces 

warm, humid weather conditions and frequent convective thunderstorms when lifted or destabilized. The 

Gulf of Mexico is the primary source region for mT air affecting the southeastern United States. 

31. A — A warm front represents the gradual advance of warmer air over a wedge of cooler, denser air, 

producing a gently sloping frontal surface. As the warm air slowly rises along this slope, widespread 

layered clouds form and produce steady, light to moderate precipitation that can persist for many hours or 

even days — sharply different from the narrow, intense band of weather along a cold front. 

32. C — Relative humidity is the ratio of the actual water vapor content to the saturation vapor pressure 

at the current temperature, expressed as a percentage. At 30°C the saturation vapor pressure is about 42 

hPa, while at the dew point of 20°C it is about 23 hPa, giving a ratio of roughly 56 percent. The air would 

need to cool to 20°C to reach 100 percent saturation and produce condensation. 

33. B — Hurricanes derive their rotation from the Coriolis effect, which deflects winds moving toward a 

low pressure center and gives the storm its characteristic spin. The Coriolis effect is proportional to the 

sine of latitude and approaches zero at the equator, so tropical disturbances within about 5 degrees of the 

equator cannot organize into a rotating cyclone despite warm equatorial waters. 

34. D — Water vapor is by far the most abundant greenhouse gas in Earth's atmosphere and absorbs 

infrared radiation across a broad range of wavelengths, making it responsible for the largest share of the 

natural greenhouse effect. However, water vapor is a feedback rather than a long-term forcing agent 

because its concentration is controlled by temperature itself, so CO₂ and other long-lived gases drive the 

long-term radiative balance. 

35. A — Between approximately 30° and 60° latitude in both hemispheres, surface winds blow 

predominantly from west to east — a pattern called the prevailing westerlies. This arises from the Coriolis 

deflection of air moving poleward from the subtropical high pressure belts, and the westerlies are what 

steer most weather systems across the United States from the Pacific Northwest toward the Atlantic. 
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36. C — Ice cores from Antarctica and Greenland contain air bubbles sealed within the ice as snow 

compacted into glacial ice, preserving samples of the actual atmosphere from the time of deposition. By 

analyzing these bubbles, scientists directly measure ancient atmospheric concentrations of CO₂, methane, 

and other gases extending back roughly 800,000 years. Other proxies provide indirect climate information 

but not direct atmospheric samples. 

37. D — A renewable resource is one whose natural rate of replenishment is fast enough that human use 

does not deplete it over human-relevant timescales. Solar, wind, geothermal, and biomass resources fit 

this definition because they are continuously regenerated by ongoing natural processes, while fossil fuels 

and metallic ores form too slowly (millions of years) to be replenished within human timescales. 

38. B — A negative externality occurs when the costs of an economic activity fall on parties who are not 

involved in the transaction and not compensated for the harm. Pollution from a power plant imposes health 

and environmental costs on downwind communities who neither produce nor consume the electricity, 

fitting the definition exactly — which is why economists often advocate carbon taxes or emissions limits 

to internalize such costs. 

39. A — Keystone species exert influence on their ecosystems far out of proportion to their biomass, often 

by controlling populations of other species, modifying habitats, or driving key ecological processes. When 

they are removed, cascading effects propagate through the food web, producing substantial restructuring 

and significant loss of biodiversity — the sea otter's role in maintaining kelp forests by controlling sea 

urchins is the classic example. 

40. D — Under the Millennium Ecosystem Assessment framework, pollination is classified as a regulating 

service because it regulates the reproduction of flowering plants and thereby influences the production of 

fruits, seeds, and overall ecosystem functioning. Regulating services also include climate regulation, water 

purification, and pest control. The economic value of pollination services to global agriculture is estimated 

in hundreds of billions of dollars annually. 

41. C — Global sea level rise from climate change is driven by two main mechanisms operating in roughly 

equal proportion. Thermal expansion occurs because seawater expands as it warms, increasing ocean 

volume without adding new water, and the second contribution comes from melting of land-based ice — 

glaciers and the Greenland and Antarctic ice sheets. Melting sea ice does not change sea level because 

that ice was already floating. 

42. B — Ground-level (tropospheric) ozone is not directly emitted but forms as a secondary pollutant 

through photochemical reactions between nitrogen oxides and volatile organic compounds in the presence 

of sunlight. These precursors come from vehicle exhaust, industrial emissions, and solvents, which is why 

ozone smog problems are worst on hot, sunny days in urban areas. Stratospheric ozone is chemically and 

geographically distinct from this harmful surface ozone. 

43. A — A resource is being used unsustainably when withdrawal exceeds the natural rate of 

replenishment, leading to long-term depletion. The Ogallala Aquifer fits this definition precisely: pumping 

for irrigation in the High Plains far exceeds the slow recharge from precipitation in this semi-arid region, 

threatening the long-term viability of agriculture across multiple states that depend on the aquifer. 
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44. C — Human population growth from 1 billion to over 8 billion since 1800 has dramatically increased 

demand for nearly every category of natural resource simultaneously. Water for drinking and agriculture, 

food production, energy, mineral extraction, and ecological capacity for waste absorption have all been 

stressed by this expansion. The concept of an ecological footprint quantifies this combined demand on the 

biosphere. 

45. B — Conservation biology research consistently finds that large, interconnected protected areas are 

the most cost-effective long-term strategy for preserving biodiversity. Large reserves can support viable 

populations of wide-ranging species, while connectivity between reserves allows gene flow and species 

movement in response to environmental change. Species-by-species rescue is far more expensive and 

addresses only a small fraction of biodiversity. 

46. D — Reforestation removes carbon dioxide from the atmosphere because growing trees absorb CO₂ 

through photosynthesis and convert it into biomass stored in wood, leaves, and soil. This biological carbon 

sequestration directly reduces atmospheric greenhouse gas concentrations and thereby mitigates climate 

change. The amount of carbon stored depends on tree species, growth rate, and the long-term fate of the 

wood. 

47. A — The Montreal Protocol, adopted in 1987 and subsequently strengthened, phased out global 

production of chlorofluorocarbons and other ozone-depleting substances. As atmospheric concentrations 

of these chemicals have slowly declined, the Antarctic ozone hole has begun to show signs of gradual 

recovery, and the Montreal Protocol is widely cited as the most successful international environmental 

treaty in history. 

48. C — In engineering design, criteria specify what the design must achieve (its functional goals), while 

constraints define the limits within which the design must operate (boundaries that cannot be violated). A 

minimum electricity output is a criterion because it states a goal to meet; a maximum noise level is a 

constraint because it bounds an acceptable solution. Clear separation of the two is essential for evaluating 

competing designs. 

49. B — Engineering design is inherently iterative: engineers build prototypes, test them, evaluate the 

results, refine the design based on what they learn, and test again in repeated cycles. This process allows 

designers to identify and correct weaknesses that purely theoretical analysis would miss. Real-world 

testing is essential because complex systems often behave in ways that mathematical models do not fully 

predict. 

50. D — Climate models provide projections of likely outcomes under specified assumptions about 

emissions and other inputs, accompanied by quantified uncertainty bounds. They are not precise 

predictions of exactly what will occur but scientifically grounded tools for exploring possible futures 

under different scenarios. Used appropriately alongside observational evidence, model projections inform 

planning decisions about mitigation and adaptation. 

 


