PRACTICE EXAM 12: EARTH AND
SPACE SCIENCES REGENTS
SIMULATION (50 QUESTIONS)

1. An astronomer observes that the absorption lines in the spectrum of a distant galaxy appear shifted
toward longer wavelengths compared to laboratory references. What does this observation most strongly
indicate about the galaxy?

A. The galaxy is moving toward Earth at high velocity, producing a compression of light waves we
observe

B. The galaxy is moving away from Earth, with the wavelength shift caused by the Doppler effect on light
C. The galaxy contains different chemical elements than those found in stars closer to our solar system

D. The galaxy is rotating rapidly, with one side approaching Earth while the opposite side recedes from it

2. After a star similar in mass to our Sun exhausts the hydrogen fuel in its core, which sequence of events
will it most likely undergo over the remainder of its lifetime?

A. The star will immediately collapse into a black hole, leaving behind a region of intense gravitational
pull

B. The star will explode as a Type Il supernova, scattering heavy elements throughout interstellar space

C. The star will remain on the main sequence indefinitely, continuing to fuse hydrogen for many trillions
of years

D. The star will expand into a red giant, eject its outer layers as a planetary nebula, and leave behind a
white dwarf

3. An astronomer reports that a particular star is located 4.2 light-years from Earth. What does this distance
unit specifically measure?



A. The distance light travels through a vacuum in one year, approximately 9.46 trillion kilometers in
length

B. The time required for light to reach Earth from the star, measured in standard Earth years of duration
C. The number of years required for a spacecraft traveling at light speed to reach the star directly

D. The brightness of the star as observed by an astronomer using a standard reference telescope at sea
level

4. Which characteristic best distinguishes the inner terrestrial planets from the outer gas giant planets in
our solar system?

A. The inner planets all possess substantial ring systems while the outer planets do not have rings at all
B. The inner planets have many natural satellites while the outer planets have very few moons each

C. The inner planets are smaller, denser, and composed of rock and metal, while outer planets are larger
and gas-rich

D. The inner planets formed much later in the history of the solar system than the outer planets did

5. Earth's rotational axis is tilted at approximately 23.5 degrees relative to the plane of its orbit around the
Sun. Which phenomenon results directly from this axial tilt?

A. The phases of the Moon as it orbits Earth throughout each lunar cycle every month

B. The seasonal variation in daylight duration and solar angle experienced at most latitudes throughout
the year

C. The daily cycle of day and night caused by Earth's rotation on its own axis once every 24 hours

D. The elliptical shape of Earth's orbit producing varying distances from the Sun throughout the year

6. A comet approaches the inner solar system and develops a long, bright tail extending away from the
Sun. What causes this tail to form during the approach?

A. Solar radiation and solar wind vaporize ices and push gas and dust away from the comet's nucleus
B. The comet collides with small asteroids in the inner solar system, producing debris trailing behind it

C. The gravitational pull of nearby planets stretches the comet into an elongated shape with a tail
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D. The comet burns up in Earth's atmosphere, producing the bright streak observers see in the night sky

7. The aurora borealis (Northern Lights) is produced by which interaction between the Sun and Earth?

A. Sunlight reflecting off ice crystals in Earth's upper atmosphere during clear winter nights at high
latitudes

B. Cosmic rays from distant supernovae striking molecules in Earth's atmosphere near the magnetic poles
C. Lightning discharges in Earth's stratosphere that occur more frequently during solar maximum periods

D. Charged particles from the solar wind interacting with Earth's magnetic field and atmospheric gases
near the poles

8. Why are solar eclipses observed from a much smaller geographical region on Earth than lunar eclipses?

A. Solar eclipses can only occur during specific seasons while lunar eclipses can happen at any time of
year

B. The Moon must be in a specific phase for a solar eclipse but in any phase for a lunar eclipse to occur

C. The Moon's shadow on Earth is much smaller than Earth's shadow on the Moon, limiting the viewing
area

D. Earth's atmosphere blocks the view of solar eclipses except from specific high-altitude locations on
land

9. The Moon completes one orbit around Earth in approximately 27.3 days relative to the distant stars, but
the cycle of lunar phases takes about 29.5 days. What accounts for this difference?

A. Earth's gravity slows the Moon's orbital motion slightly, increasing the time between identical phases
observed

B. Earth itself moves along its orbit around the Sun, so the Moon must travel farther to return to the same
phase relative to the Sun

C. The Moon's elliptical orbit causes it to move at varying speeds, producing the difference between the
two periods

D. The Moon's rotation on its own axis interferes with the timing of its orbital cycle around Earth each
month



10. Our solar system is located within which type of galaxy, and what is the approximate diameter of this
galaxy?

A. A spiral galaxy called the Milky Way, with a diameter of approximately 100,000 light-years across
B. An elliptical galaxy called the Local Group, with a diameter of approximately 10,000 light-years across

C. An irregular galaxy with no defined shape, with a diameter of approximately 1 million light-years
across

D. A small dwarf galaxy orbiting a larger neighbor, with a diameter of approximately 5,000 light-years
across

11. Astronomers searching for potentially habitable exoplanets focus on planets within the "habitable
zone" of their host star. What defines this region around any given star?

A. The region close enough to the star that the planet receives strong enough radiation to support
photosynthesis

B. The region where a planet's orbit would be exactly circular rather than elliptical for stable conditions
over time

C. The range of distances where surface temperatures could allow liquid water to exist on a planet's surface

D. The region beyond which a planet would be tidally locked, with one side permanently facing the host
star

12. A radioactive isotope has a half-life of 1,000 years. If a sample originally contained 80 grams of the
parent isotope, how much would remain after 3,000 years of decay?

A. 40 grams would remain, because half of the original mass would decay during the three-thousand-year
period

B. 20 grams would remain, since the sample would lose half of its mass during each thousand-year half-
life period

C. 0 grams would remain, since the entire sample would completely decay after three half-lives have
passed

D. 10 grams would remain, since the sample would be reduced by half three times over the three-thousand-
year span



13. Which characteristics make a particular fossil species useful as an index fossil for correlating rock
layers between distant locations?

A. The species had a long geological range and was restricted to a small geographic area during its lifetime

B. The species was geographically widespread, easily recognizable, and existed for a relatively short
geological time

C. The species was extremely large in size, making fossils easy to find even in poorly preserved rock
layers

D. The species lived in only one type of environment, allowing geologists to identify the original
depositional setting

14. Approximately when did the supercontinent Pangaea begin to break apart into the separate landmasses
recognizable today?

A. About 200 million years ago, during the early Mesozoic Era, with the breakup continuing to the present
day

B. About 65 million years ago, at the end of the Cretaceous Period, coinciding with the extinction of
dinosaurs

C. About 1 billion years ago, during the Precambrian Eon, long before complex life appeared on Earth

D. About 10,000 years ago, at the end of the most recent ice age and the beginning of the Holocene Epoch

15. The most severe mass extinction in Earth's history occurred at the end of which geological period,
eliminating approximately 96 percent of all marine species?

A. The Cretaceous Period, when an asteroid impact ended the long reign of the dinosaurs on land suddenly

B. The Devonian Period, when major changes in ocean chemistry produced widespread anoxic conditions
in seas

C. The Ordovician Period, when global glaciation caused dramatic sea level drops and habitat loss
worldwide

D. The Permian Period, often called the "Great Dying," when massive Siberian volcanism altered global
climate



16. Stromatolites are layered sedimentary structures found in some of the oldest rocks on Earth, dating
back approximately 3.5 billion years. These structures provide evidence for which event in the history of
life?

A. The first appearance of complex multicellular animals in the Cambrian Period of geological history
globally

B. The arrival of life on Earth from elsewhere in the solar system through ancient meteorite impacts on
the planet

C. The activity of early photosynthetic microorganisms, providing some of the earliest evidence of life on
Earth

D. The first appearance of land plants colonizing the continents during the early Paleozoic Era of
geological time

17. Banded iron formations, layered rocks rich in iron oxides, formed predominantly between 2.5 and 1.8
billion years ago. What atmospheric change does their formation most directly indicate?

A. A dramatic decrease in atmospheric nitrogen levels during this period of Earth's early geological history

B. The complete absence of any atmosphere on Earth during this time, allowing direct iron deposition
from space

C. The first appearance of significant amounts of methane in Earth's atmosphere from volcanic outgassing

D. The rise of atmospheric oxygen produced by photosynthetic microbes, which oxidized dissolved iron
in seawater

18. The geological time scale is divided into eons, eras, periods, and epochs. Which sequence correctly
ranks these divisions from longest to shortest duration?

A. Periods, eras, eons, epochs, ranked from longest to shortest geological time intervals overall
B. Eons, eras, periods, epochs, ranked from longest to shortest geological time intervals overall
C. Epochs, periods, eras, eons, ranked from longest to shortest geological time intervals overall

D. Eras, eons, epochs, periods, ranked from longest to shortest geological time intervals overall

19. Which combination correctly describes the composition and physical state of Earth's inner core?
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A. Composed primarily of iron and nickel, in a solid state despite extreme temperatures, due to immense
pressure

B. Composed primarily of silicate minerals, in a partially molten state similar to the surrounding mantle
layer

C. Composed primarily of liquid water and dissolved minerals, accumulated during early planetary
formation

D. Composed primarily of light elements such as hydrogen and helium, similar to the composition of the
Sun

20. Convection currents in Earth's mantle drive plate tectonic motion at the surface. What process provides
the heat energy that sustains these convection currents over geological time?

A. Solar radiation that penetrates Earth's surface and gradually heats the mantle from above over
geological time

B. Tidal forces from the Moon flexing Earth's interior, generating frictional heat in the deep mantle
continuously

C. Radioactive decay of unstable isotopes such as uranium, thorium, and potassium within Earth's interior

D. Chemical reactions between minerals in the mantle that continuously generate large amounts of heat
over time

21. The Hawaiian Islands form a chain extending across the Pacific Ocean, with the youngest island at the
southeast end and progressively older islands to the northwest. This pattern is best explained by which
process?

A. Multiple subduction zones converging beneath the Pacific Plate, creating volcanic island arcs over
geological time

B. A divergent plate boundary producing new oceanic crust that builds upward into a chain of volcanic
islands

C. Transform fault motion bringing new volcanic material to the surface along a long linear boundary
continuously

D. The Pacific Plate moving over a stationary mantle hot spot, with new volcanoes forming as the plate
passes overhead



22. Composite volcanoes (stratovolcanoes) such as Mount St. Helens differ from shield volcanoes such
as those forming the Hawaiian Islands in which fundamental way?

A. Composite volcanoes form from low-viscosity basaltic lava flows while shield volcanoes form from
thick, sticky lava

B. Composite volcanoes form from viscous, high-silica lava and explosive eruptions, while shield
volcanoes form from fluid basaltic lava and gentle eruptions

C. Composite volcanoes form only on the ocean floor while shield volcanoes form only on continental
landmasses inland

D. Composite volcanoes erupt continuously for thousands of years while shield volcanoes erupt only once
in their history

23. The Richter magnitude scale used to measure earthquakes is a logarithmic scale, meaning each whole-
number increase represents which change in ground motion amplitude?

A. A tenfold increase in the amplitude of ground motion, with each whole-number step representing ten
times more shaking

B. A doubling of the amplitude of ground motion, with each whole-number step representing twice as
much shaking

C. A hundredfold increase in the amplitude of ground motion, with each step representing one hundred
times more shaking

D. The same amount of additional ground motion regardless of where on the scale the increase occurs in
measurement

24. A soil profile typically shows distinct horizontal layers called horizons. Which sequence correctly
orders soil horizons from the surface downward to the underlying parent material?

A. C horizon (weathered bedrock), B horizon (subsoil), A horizon (topsoil), O horizon (organic layer)
downward

B. B horizon (subsoil), A horizon (topsoil), O horizon (organic layer), C horizon (weathered bedrock)
downward

C. O horizon (organic layer), A horizon (topsoil), B horizon (subsoil), C horizon (weathered bedrock)
downward



D. A horizon (topsoil), O horizon (organic layer), C horizon (weathered bedrock), B horizon (subsoil)
downward

25. A meandering river develops curves that migrate over time across the landscape. Where along a
meander loop would deposition of sediment most likely occur?

A. On the outer bank of the meander loop, where water flows fastest and erodes the bank most actively
B. In the center of the river channel, where water depth is greatest and flow is most strongly turbulent
C. Along straight sections of the river between meanders, where flow velocity remains relatively constant

D. On the inner bank of the meander loop, where water flow slows and sediment is deposited as a point
bar

26. Limestone bedrock exposed at the surface in a humid climate undergoes which type of weathering
most rapidly?

A. Chemical weathering through dissolution by slightly acidic rainwater, producing distinctive karst
features

B. Physical weathering through frost wedging, as repeated freeze-thaw cycles fracture the rock into
smaller pieces

C. Biological weathering through plant roots growing into cracks and forcing the rock apart over time

D. Thermal weathering through extreme temperature changes between day and night causing rock
expansion and contraction

27. A mineral has the following physical properties: hardness of 6, two cleavage planes meeting at
approximately 90 degrees, and a pinkish color with vitreous luster. Which mineral is most consistent with
these observations?

A. Quartz, a mineral with hardness of 7, no cleavage, conchoidal fracture, and often clear or smoky in
color

B. Potassium feldspar (orthoclase), a mineral with hardness of 6, two cleavage planes at right angles, and
pink color



C. Mica (biotite), a mineral with hardness of 2.5, one perfect cleavage plane, and dark brown to black
coloration

D. Calcite, a mineral with hardness of 3, three cleavage planes not at right angles, and a strong reaction
with dilute acid

28. A region develops sinkholes, caves, and underground drainage networks visible in the landscape. The
bedrock most likely consists of which rock type?

A. Granite, an igneous rock with interlocking crystals that strongly resists chemical weathering processes

B. Basalt, a fine-grained igneous rock that forms from rapid cooling of lava at Earth's surface during
eruptions

C. Limestone, a sedimentary rock composed of calcium carbonate that dissolves in slightly acidic
groundwater

D. Quartzite, a metamorphic rock with strong silica bonds that resist dissolution by acidic groundwater
effectively

29. A geology student observes large boulders that have been transported and deposited far from their
original bedrock outcrop. Which combination of processes is best described in this scenario?

A. Weathering broke down the bedrock into transportable pieces, and erosion subsequently moved those
pieces to their current location

B. Erosion broke down the bedrock chemically, and weathering subsequently transported the resulting
pieces downhill over time

C. Only weathering occurred, since boulders cannot be transported any significant distance from their
bedrock source location

D. Only erosion occurred, since solid bedrock can be moved without first being broken down by any
weathering processes at all

30. A weather observer notes thin, wispy clouds at very high altitudes (above 6,000 meters) that appear
as delicate streaks across the sky. These clouds are composed of ice crystals. What cloud type best matches
this description?
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A. Cumulus clouds, characterized by puffy, cotton-like appearance and formed at low altitudes by
convection

B. Stratus clouds, characterized by uniform gray layers that often produce drizzle or light steady rain

C. Cumulonimbus clouds, characterized by towering vertical development and association with
thunderstorms

D. Cirrus clouds, characterized by thin, wispy appearance at high altitudes and composed of ice crystals

31. A weather report describes a region as experiencing low atmospheric pressure with rising and
converging air at the surface. Which weather conditions would typically be associated with this pressure
system?

A. Clear skies and dry conditions, since high pressure dominates the region and prevents cloud formation
effectively

B. Cloudy skies and precipitation, since rising air cools and condenses water vapor into clouds and
precipitation

C. Steady winds blowing outward from the center, since low pressure systems disperse air radially in all
directions

D. Cold temperatures and clear nights, since low pressure systems are associated with strong radiational
cooling

32. In the Northern Hemisphere, winds around a surface low pressure system circulate in which direction
when viewed from above the Earth's surface?

A. Counterclockwise and inward toward the center of the low pressure system, due to the Coriolis effect
deflection

B. Clockwise and inward toward the center of the low pressure system, opposite to the rotation of high
pressure systems

C. Counterclockwise and outward from the center of the low pressure system, expanding into surrounding
regions outward

D. Clockwise and outward from the center of the low pressure system, similar to the pattern around high
pressure areas
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33. The polar jet stream is a fast-moving river of air in the upper troposphere that strongly influences
weather across the mid-latitudes. The jet stream forms primarily because of which atmospheric condition?

A. The rotation of Earth on its axis directly accelerates winds in the upper atmosphere to extreme velocities
continuously

B. Volcanic eruptions release massive amounts of energy that drive the formation of upper-atmosphere
wind currents

C. A strong temperature gradient between cold polar air and warmer mid-latitude air, combined with the
Coriolis effect

D. The release of latent heat from tropical thunderstorms drives high-altitude winds across the mid-
latitudes constantly

34. During a hot summer day at a coastal location, observers often notice a breeze blowing from the ocean
toward the land in the afternoon. What causes this sea breeze to develop?

A. Cool ocean water absorbs solar radiation faster than land, producing warm air over the water and a
pressure gradient

B. Earth's rotation generates a steady wind pattern from ocean toward land in all coastal regions during
daytime hours

C. The Moon's gravitational pull on Earth's atmosphere creates a daily pattern of onshore winds during
daylight hours

D. Land heats faster than water during the day, creating lower pressure over land that draws cooler ocean
air inland

35. During an El Nifio event in the equatorial Pacific Ocean, which change in normal climate patterns
occurs?

A. The trade winds strengthen, pulling colder than normal water westward across the equatorial Pacific
Ocean basin

B. Trade winds weaken, allowing warm water to spread eastward across the Pacific and altering global
weather patterns

C. The Atlantic Ocean experiences cooling while the Pacific Ocean experiences warming as a result of
trade wind shifts
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D. Earth's overall energy balance shifts to a long-term cooling phase that persists for many decades into
the future

36. A climate scientist is studying how different surface types affect local energy balance. Which surface
would have the highest albedo, reflecting the greatest fraction of incoming solar radiation?

A. A dense coniferous forest with dark green needles covering the trees throughout the entire year
continuously

B. An asphalt parking lot painted with black coating to provide a durable, weather-resistant surface finish
C. Fresh snow cover on a flat plain, with its bright white surface reflecting most of the incoming sunlight

D. An open ocean surface during calm conditions with deep blue water absorbing most of the incoming
sunlight

37. In the carbon cycle, which process moves carbon from the atmosphere into the biosphere on a short
timescale?

A. Photosynthesis by plants, algae, and cyanobacteria, which removes atmospheric CO: and incorporates
carbon into organic compounds

B. Volcanic eruptions, which release carbon dioxide from Earth's interior into the atmosphere over
geological time

C. The slow weathering of silicate rocks, which gradually consumes atmospheric carbon dioxide over very
long times

D. The burial of organic material in marine sediments, which removes carbon from the active surface
carbon cycle

38. Excessive use of nitrogen and phosphorus fertilizers on agricultural land often leads to algal blooms
in nearby lakes and coastal waters, a process called eutrophication. Which sequence of events best
describes how eutrophication harms aquatic ecosystems?

A. Algae directly poison fish through the release of toxic chemicals, killing aquatic life rapidly without
any oxygen changes

B. Fertilizers cool the water temperature, slowing the metabolism of aquatic organisms until they cannot
survive in the cold
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C. Fertilizers increase water clarity, allowing sunlight to reach toxic minerals on the lake bottom that then
harm aquatic life

D. Nutrients fuel algal blooms; when the algae die, bacteria decomposing them consume oxygen, creating
hypoxic dead zones

39. Which renewable energy source converts the kinetic energy of moving water in rivers and dams into
electrical energy through generators?

A. Geothermal energy, which uses heat from Earth's interior to drive steam turbines that generate
electricity from heated water

B. Solar photovoltaic energy, which directly converts sunlight into electricity using semiconductor
materials in solar panel arrays

C. Hydroelectric energy, which uses falling or flowing water to spin turbines connected to generators that
produce electrical current

D. Wind energy, which uses moving air to turn the blades of large turbines connected to generators that
produce electricity

40. A farmer in the Midwest United States observes that topsoil is being lost from sloped fields after heavy
rainstorms. Which agricultural practice would most effectively reduce this soil erosion?

A. Plowing the fields up and down the slope, which allows water to drain quickly and prevents soil
saturation issues

B. Contour plowing along the natural slope, combined with cover crops to hold soil in place between
growing seasons

C. Removing all vegetation between rows of crops, exposing more soil to direct sunlight throughout the
growing season

D. Increasing the amount of fertilizer applied to the crops, which adds nutrients and strengthens the soil
structure overall

41. Plastic waste accumulating in the oceans poses serious threats to marine ecosystems worldwide. Which
characteristic of most common plastics makes them particularly persistent as a pollutant in the marine
environment?
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A. Plastics dissolve quickly in seawater, releasing chemicals that contaminate water supplies for many
decades after disposal

B. Plastics release toxic gases as they degrade, polluting the atmosphere immediately above the ocean
surface continuously

C. Plastics are biodegradable but only under very specific conditions that rarely occur naturally in marine
environments worldwide

D. Plastics break down very slowly and fragment into microplastics that persist in marine ecosystems for
hundreds of years

42. Urban areas typically experience higher temperatures than the surrounding rural countryside, a
phenomenon known as the urban heat island effect. Which urban feature contributes most directly to this
elevated temperature pattern?

A. Dark surfaces such as asphalt and concrete absorb more solar radiation and release it as heat over many
hours

B. The greater height of urban buildings prevents wind from circulating, blocking the dissipation of heat
from below

C. Higher rates of photosynthesis by urban trees and lawns produce excess heat in densely populated city
centers downtown

D. Greater rainfall amounts over urban areas saturate the ground and prevent normal evaporative cooling
processes everywhere

43. Tropical deforestation contributes to climate change through which combination of effects on the
global carbon cycle?

A. Cutting trees increases atmospheric oxygen levels while simultaneously cooling the surrounding land
surface dramatically

B. Removing trees decreases evaporation from the land surface, which directly cools the global
atmosphere by several degrees

C. Cutting and burning trees releases stored carbon as CO. while eliminating the ability of those forests
to absorb future CO-

D. Deforestation has no measurable effect on the global carbon budget because individual trees contain
very little carbon
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44. Mountaintop removal coal mining, a practice in parts of the Appalachian region, creates which
significant environmental impact on local watersheds?

A. The practice purifies groundwater by exposing mineral-bearing rocks that release beneficial minerals
into streams

B. Mining debris is deposited into adjacent valleys, burying headwater streams and degrading downstream
water quality

C. The removal of mountaintops increases local rainfall amounts, providing additional fresh water to
nearby communities

D. The practice creates new habitat for endangered species that thrive in disturbed, recently exposed
mining environments

45. A household replaces all of its incandescent light bulbs with LED bulbs that produce the same amount
of light. The new bulbs use approximately 80 percent less electricity. This change best illustrates which
sustainability concept?

A. Resource substitution, since one type of light source is being completely replaced by an entirely
different technology overall

B. Conservation through behavioral change, since the household chooses to use lighting less frequently
than it had previously

C. Renewable energy adoption, since LED bulbs operate on solar power and require no electricity from
the grid for operation

D. Energy efficiency improvement, since the same useful service is provided with substantially less energy
input required

46. A coastal city is preparing for projected sea level rise of approximately 0.5 meters over the next 80
years. The city decides to elevate critical infrastructure such as electrical substations and water treatment
plants above projected flood levels. This action best represents which climate change response strategy?

A. Adaptation, since the city is adjusting its infrastructure to cope with the impacts of climate change that
are projected to occur

B. Mitigation, since the city is taking action that reduces greenhouse gas emissions and thus slows future
climate change directly
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C. Geoengineering, since the city is deliberately modifying the global climate system at a planetary scale
through its actions

D. Denial, since the city is refusing to acknowledge the reality of climate change by spending money on
infrastructure projects

47. The Paris Agreement, signed in 2015, established a global framework for addressing climate change.
What is the primary commitment that signatory nations make under this agreement?

A. To completely eliminate all fossil fuel use within their borders by the year 2030 regardless of economic
consequences

B. To financially compensate other nations for any climate-related damage that occurs from their historical
emissions only

C. To set and pursue nationally determined contributions aimed at limiting global warming well below 2
degrees Celsius above pre-industrial levels

D. To abandon all economic development activities that produce any greenhouse gas emissions within the
next decade entirely

48. An engineering team designing a nuclear power plant must consider the probability of various accident
scenarios and the severity of consequences if those accidents were to occur. This analytical approach is
best described as which element of the engineering design process?

A. Aesthetic evaluation, which focuses on the visual appearance of the design and its appeal to the general
public viewing it

B. Risk assessment, which systematically evaluates potential hazards and their consequences to inform
design decisions and safety features

C. Marketing analysis, which determines how easily the final design can be sold to consumers and used
in commercial markets later

D. Historical research, which examines how similar designs were created in earlier engineering projects
across decades of history

49. An engineer designing a new car must balance fuel efficiency, safety, performance, and cost.
Improving one of these factors often comes at the expense of others. This decision-making process
illustrates which fundamental principle of engineering design?
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A. Engineering design involves trade-offs among multiple competing criteria, requiring designers to
balance priorities thoughtfully

B. Engineering design always allows all criteria to be optimized simultaneously without any need to
sacrifice any goals at all

C. Engineering design should focus exclusively on the single most important criterion, ignoring all other
considerations completely

D. Engineering design always selects the lowest-cost solution because cost considerations override all
other engineering factors

50. A community is considering investing in a flood control system that would cost approximately $50
million to construct. Engineers estimate the system would prevent an average of $5 million in flood
damage each year. Which type of analysis would help decision makers determine whether this investment
is justified?

A. Aesthetic analysis, which focuses on how the flood control system would appear visually within the
local community landscape

B. Historical analysis, which considers only the events that have already occurred without any
consideration of future possibilities

C. Material analysis, which determines whether the construction materials are sourced from local,
regional, or international suppliers

D. Cost-benefit analysis, which compares the costs of a project against its expected benefits over its
operational lifetime

Practice Exam 12 — Answer Key with Explanations

1. B — Redshift indicates motion away due to the Doppler effect on light waves. When a galaxy recedes,
the wavelengths of its emitted light are stretched, shifting absorption lines toward the red end of the
spectrum. The systematic redshift of distant galaxies, increasing with distance, is foundational evidence
that the universe is expanding.

2. D — Sun-like stars (around one solar mass) end the main sequence by swelling into red giants as
hydrogen fusion shifts to a shell around the core. They later expel their outer layers as a planetary nebula,
leaving behind a hot, dense white dwarf composed mainly of carbon and oxygen. Only stars more massive
than about 8 solar masses undergo core collapse and supernova explosions instead.

3. A— A light-year is a unit of distance, not time, defined as the distance light traveling at about 300,000
km/s covers in one year — roughly 9.46 trillion kilometers. The unit is convenient for astronomy because
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interstellar distances are too vast to express usefully in kilometers. Despite containing the word "year," it
measures spatial distance only.

4. C — The four inner planets (Mercury, Venus, Earth, Mars) are small, rocky, and metal-rich because
they formed close to the Sun where temperatures were too high for ices to condense. The outer planets
formed beyond the frost line where volatile gases and ices could accumulate, producing much larger, less
dense, gas-dominated worlds. This compositional divide reflects temperature gradients in the original
solar nebula.

5. B — Earth's axial tilt causes different latitudes to receive sunlight at different angles and durations as
Earth orbits the Sun. When a hemisphere is tilted toward the Sun it receives more direct sunlight and
longer days, producing summer; when tilted away, it gets indirect sunlight and shorter days, producing
winter. Day-night cycles arise from rotation, not tilt, and lunar phases come from the Moon's orbital
geometry.

6. A — As a comet approaches the Sun, solar heating vaporizes its icy nucleus, releasing gas and dust that
form a fuzzy coma around it. Solar radiation pressure and the solar wind then push this gas and dust away
from the Sun, producing a tail that always points away from the Sun rather than trailing behind the comet's
motion. This is why comet tails actually lead the nucleus as the comet recedes from the Sun.

7. D — Auroras occur when charged particles from the solar wind become trapped by Earth's magnetic
field and funnel toward the magnetic poles. As they collide with oxygen and nitrogen molecules in the
upper atmosphere, they excite those gases, which emit characteristic colors of light as they relax. This is
why auroras concentrate in high-latitude regions and intensify during periods of strong solar activity.

8. C— The Moon's umbra reaches Earth in a narrow cone only about 100 to 270 kilometers wide, so only
observers within that small path see a total solar eclipse. By contrast, Earth's much larger shadow can
cover the entire Moon, so a lunar eclipse is visible from anywhere on Earth's night side — roughly half
the planet at once. This geometric difference explains why solar eclipses are far rarer at any given location.

9. B — The 27.3-day sidereal period measures the Moon's orbit relative to the fixed stars, while the 29.5-
day synodic period measures it relative to the Sun. Because Earth itself moves about 27 degrees around
the Sun during one sidereal orbit, the Moon must travel an extra two days' worth of orbit to realign with
the Sun and complete the phase cycle. The synodic month is what governs the visible lunar phases.

10. A — The Milky Way is a barred spiral galaxy containing several hundred billion stars, with our solar
system located about 26,000 light-years from the galactic center. Its disk spans roughly 100,000 light-
years in diameter, with prominent spiral arms wrapping around a central bar and bulge. The Local Group
is the galaxy cluster the Milky Way belongs to, not an individual galaxy.

11. C — The habitable zone, sometimes called the "Goldilocks zone," is defined by the range of orbital
distances where a planet could potentially maintain liquid water on its surface given the host star's
luminosity. Too close and water boils away; too far and it freezes. Liquid water is considered essential for
life as we know it, so this zone is the focus of most exoplanet habitability searches.
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12. D — Each half-life reduces the parent isotope mass by 50 percent. After one half-life (1,000 years),
80 grams becomes 40 grams; after two (2,000 years) it becomes 20 grams; after three (3,000 years) it
becomes 10 grams. This exponential decay pattern is the foundation of radiometric dating across geology.

13. B — Index fossils must be geographically widespread so they can be used to correlate rocks across
regions, easily recognizable so geologists can identify them reliably, and lived for a short geological time
interval so their presence narrows the age of the host rock precisely. Trilobite species and ammonites are
classic examples. A species with a long range cannot pinpoint a narrow time window.

14. A — Pangaea, the most recent supercontinent, began rifting apart about 200 million years ago in the
early Mesozoic Era as the Atlantic Ocean started to open. The breakup has continued ever since as the
continents drift to their present positions. The 65-million-year mark is associated with the end-Cretaceous
extinction, not with Pangaea's initial breakup.

15. D — The end-Permian mass extinction, often called the "Great Dying," eliminated approximately 96
percent of marine species and around 70 percent of terrestrial vertebrate species about 252 million years
ago. The leading cause is massive volcanism in the Siberian Traps, which released enormous quantities
of CO: and other gases, triggering severe global warming, ocean acidification, and anoxia. It is the largest
extinction event in Earth's history.

16. C — Stromatolites are layered structures built by communities of microbial mats — primarily
cyanobacteria — that trap and bind sediment as they grow. Their presence in rocks up to 3.5 billion years
old provides some of the earliest direct evidence of life on Earth and specifically of oxygen-producing
photosynthesis. Modern stromatolites still form in places like Shark Bay, Australia.

17. D — Banded iron formations record a period when oxygen produced by photosynthetic cyanobacteria
began oxidizing dissolved iron in seawater, causing iron oxides to precipitate out and accumulate on the
seafloor in alternating bands. Their abundance between 2.5 and 1.8 billion years ago tracks the timing of
the Great Oxygenation Event. Once free oxygen accumulated in the atmosphere, dissolved iron was
depleted and BIF deposition largely ceased.

18. B — The geologic time scale hierarchy runs Eon — Era — Period — Epoch, from longest to shortest.
Eons span hundreds of millions to billions of years, eras encompass several periods totaling tens to
hundreds of millions of years, periods last tens of millions of years, and epochs typically span a few
million years or less. This nested structure lets geologists communicate ages at appropriate levels of
precision.

19. A — Earth's inner core is composed primarily of iron with about 5 to 10 percent nickel and traces of
lighter elements, in a solid state despite temperatures around 5,000 to 6,000 degrees Celsius. The immense
pressure at the center of Earth — over 3.5 million atmospheres — forces the iron-nickel alloy to remain
solid even at temperatures that would melt it at the surface. Seismic studies confirm the inner core's solid
behavior because it transmits shear waves.

20. C — The primary heat source driving mantle convection is radioactive decay of long-lived isotopes

such as uranium-238, thorium-232, and potassium-40 distributed throughout Earth's interior. Residual heat
from planetary accretion and core formation also contributes, but radiogenic heat is the dominant ongoing
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source. This heat sustains the slow convective motion of the solid mantle that drives plate tectonics at the
surface.

21. D — A hot spot is a plume of unusually hot mantle material that rises beneath the lithosphere and
produces persistent volcanic activity at a relatively fixed location. As the Pacific Plate slowly moves
northwestward over the Hawaiian hot spot, successive volcanoes form and are then carried away from the
active source, creating an age-progressive island chain. The Big Island sits over the hot spot today, while
older islands to the northwest have become extinct.

22. B — Composite volcanoes form along subduction zones where viscous, silica-rich magma traps gases,
leading to explosive eruptions that build steep cones from alternating layers of lava and pyroclastic debris.
Shield volcanoes form from fluid, low-silica basaltic magma that erupts gently and flows for long
distances, producing broad, gently sloping structures like Mauna Loa. The viscosity and gas content of
the magma drive these dramatically different eruption styles.

23. A — The Richter scale is base-10 logarithmic, so each whole-number increase represents a tenfold
increase in seismic wave amplitude. A magnitude 6 earthquake produces ground motion ten times larger
than a magnitude 5, and about 100 times larger than a magnitude 4. The energy release scales even more
steeply, approximately 32 times per magnitude unit.

24. C — A typical soil profile shows the O horizon (organic litter) at the surface, the A horizon (topsoil
rich in humus) below that, the B horizon (subsoil where leached materials accumulate) deeper still, and
the C horizon (weathered parent rock) just above unweathered bedrock. This sequence reflects how
surface organic input and downward water movement segregate soil into distinct layers over time. The
horizons together form the soil profile studied in soil science.

25. D — Along a meander, water on the outer bank flows faster and erodes the bank (forming the cut
bank), while water on the inner bank flows more slowly and deposits sediment (forming a point bar). This
differential erosion and deposition causes the meander loops to migrate sideways across the floodplain
over time. Point bars are characteristic features of mature meandering river systems.

26. A — Limestone is composed primarily of calcium carbonate, which reacts readily with carbonic acid
formed when rainwater dissolves atmospheric CO:. This chemical dissolution proceeds quickly in warm,
humid climates with abundant rainfall and produces karst landscapes featuring caves, sinkholes, and
underground drainage. Physical weathering processes are far slower for limestone in humid settings.

27. B — Orthoclase (potassium feldspar) has a Mohs hardness of 6, two cleavage planes intersecting at
approximately 90 degrees, and frequently displays a pink to salmon color from trace impurities. These
combined properties distinguish it from quartz (no cleavage), mica (one cleavage, much softer), and calcite
(three cleavages, acid reaction). Orthoclase is a major component of granite and many other felsic rocks.

28. C — Karst landscapes — featuring sinkholes, caves, and disappearing streams — develop almost
exclusively on soluble carbonate bedrock like limestone. Slightly acidic groundwater dissolves the
calcium carbonate along joints and bedding planes, gradually enlarging passages into cave systems.
Granite, basalt, and quartzite are far less soluble and do not produce karst topography.
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29. A — Weathering breaks rock down chemically or physically into smaller pieces in place, while erosion
transports those pieces to new locations through gravity, water, ice, or wind. Boulders found far from their
bedrock source therefore record both processes: weathering first detached them, then erosion (often
glacial) moved them. The two processes operate together to wear down the landscape and redistribute
material.

30. D — Cirrus clouds are high-altitude clouds, typically above 6,000 meters, composed entirely of ice
crystals due to the cold temperatures at that level. Their thin, wispy, streak-like appearance reflects ice
crystal sublimation and falling through varying wind layers. They often signal incoming weather changes,
since they frequently precede an approaching warm front by 24 to 48 hours.

31. B — Low pressure systems are characterized by air converging at the surface and rising, which cools
the air adiabatically and condenses water vapor into clouds. This typically produces overcast skies and
precipitation, which is why "lows" are associated with stormy weather. High pressure systems, by contrast,
feature descending air that suppresses cloud formation.

32. A — In the Northern Hemisphere, the Coriolis effect deflects winds to the right of their motion. Air
moving toward a low pressure center is therefore deflected into a counterclockwise spiral that converges
inward toward the center. This rotational pattern produces the characteristic cyclonic circulation of mid-
latitude storms and hurricanes in the Northern Hemisphere.

33. C — The polar jet stream forms where cold polar air meets warmer mid-latitude air, creating a steep
horizontal temperature and pressure gradient in the upper troposphere. The pressure gradient drives air at
high speed, and the Coriolis effect deflects that air into a generally west-to-east river of wind. Jet stream
meanders strongly influence the development and tracking of mid-latitude weather systems.

34. D — During the day, land surfaces heat much faster than adjacent water because land has a lower
specific heat capacity. The warmer air over land rises and creates lower surface pressure, drawing cooler,
denser air inland from the ocean as a sea breeze. At night the pattern reverses as the land cools faster than
the water, producing an offshore land breeze.

35. B — During EI Nifio, the normally strong easterly trade winds across the equatorial Pacific weaken,
allowing warm surface water that usually piles up in the western Pacific to spread eastward toward South
America. This redistribution shifts atmospheric convection and disrupts global weather patterns, often
bringing drought to Australia and Indonesia and unusual rainfall to the Americas. La Nifia represents the
opposite phase with stronger trade winds.

36. C — Albedo is the fraction of incoming solar radiation reflected by a surface, ranging from near 0 for
perfect absorbers to near 1 for perfect reflectors. Fresh snow has an albedo of about 0.8 to 0.9, the highest
of any common natural surface, while dark forest, asphalt, and open ocean reflect only 10 to 15 percent
of incoming light. This is why melting snow and ice produce a strong positive feedback on warming.

37. A — Photosynthesis is the dominant short-term pathway for moving carbon from the atmosphere into
the biosphere, with plants, algae, and cyanobacteria converting CO: into organic carbon compounds using
sunlight. Globally, photosynthesis fixes about 120 gigatons of carbon per year, balanced by respiration
and decomposition. VVolcanic and weathering fluxes are far smaller and operate on much longer timescales.
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38. D — Nitrogen and phosphorus runoff fertilize aquatic algae just as they fertilize crops, causing massive
blooms. When the algae die, aerobic bacteria decompose the organic matter and consume dissolved
oxygen, producing hypoxic or anoxic "dead zones" where fish and other aquatic life cannot survive. The
Gulf of Mexico dead zone fed by Mississippi River agricultural runoff is a well-documented example.

39. C — Hydroelectric power captures the gravitational potential energy of water held behind a dam or in
a flowing river, converting it to Kinetic energy as the water descends and then to electrical energy as it
spins turbine-generator assemblies. It is the largest source of renewable electricity globally and supplies a
substantial share of generation in countries with major river systems. Unlike wind or solar, output is more
controllable but depends on water availability.

40. B — Contour plowing — running furrows along elevation contours rather than up and down the slope
— slows runoff and reduces soil loss because each furrow acts as a small barrier to flowing water.
Combined with cover crops that hold soil in place during the off-season, the practice substantially reduces
erosion compared to conventional tillage. Plowing up and down the slope creates channels that accelerate
erosion rather than reducing it.

41. D — Most common plastics are synthetic polymers with strong carbon-carbon bonds that microbes
cannot readily break down, so they persist in the environment for hundreds to thousands of years.
Mechanical and ultraviolet weathering fragments them into ever-smaller microplastics, which are now
ubiquitous in marine ecosystems and accumulate in the food chain. This combination of persistence and
fragmentation makes plastics such a stubborn marine pollutant.

42. A — Dark urban surfaces such as asphalt, concrete, and dark roofs have low albedo and absorb large
amounts of solar radiation during the day, then re-radiate that heat as infrared energy through the evening
and night. Reduced vegetation cover also limits evaporative cooling, while waste heat from buildings and
vehicles adds additional warming. Together these factors raise urban temperatures by several degrees
compared to surrounding rural areas.

43. C — Forests store large amounts of carbon in their biomass and soils, and when trees are cut or burned
that carbon is released as CO: to the atmosphere. Removing the forest also eliminates the ongoing
photosynthetic uptake of CO: that the standing forest had been providing. Tropical deforestation is
therefore a major contributor to anthropogenic climate change on both ends of the carbon equation.

44. B — In mountaintop removal mining, the upper portion of a ridge is blasted away to expose coal
seams, and the resulting overburden — broken rock and soil — is pushed into adjacent valleys as "valley
fills." These fills bury headwater streams, eliminating aquatic habitat and degrading downstream water
quality through elevated heavy metal and sulfate concentrations. The practice has permanently altered
hundreds of square miles of Appalachian terrain.

45. D — Energy efficiency means delivering the same useful service with less energy input, which is
exactly what happens when LED bulbs produce equivalent light output using 80 percent less electricity
than incandescents. The household's behavior and demand for light are unchanged; only the energy cost
per unit of service has dropped. Efficiency improvements are among the lowest-cost ways to reduce
greenhouse gas emissions.
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46. A — Adaptation refers to actions that help human or natural systems cope with impacts of climate
change that are already occurring or projected. Elevating infrastructure above projected flood levels does
not reduce greenhouse gas emissions; it adjusts the built environment to the new climate reality.
Mitigation, by contrast, targets the causes of climate change rather than its consequences.

47. C —Under the Paris Agreement, each signatory submits a Nationally Determined Contribution (NDC)
describing its planned emissions reductions, with the collective goal of holding global warming well below
2 degrees Celsius above pre-industrial levels and pursuing efforts to limit it to 1.5 degrees. NDCs are
updated every five years on a ratchet mechanism intended to drive progressively stronger ambition. The
agreement combines binding procedural commitments with non-binding national targets.

48. B — Risk assessment is the systematic engineering practice of identifying potential failure modes,
estimating the probability of each, and quantifying the severity of consequences if they occur. The
combination of probability and severity guides where to invest in safety features, redundancy, and
operational procedures. It is especially central to designs in high-consequence domains like nuclear power,
aerospace, and medicine.

49. A — Engineering design is fundamentally about navigating trade-offs because improvements in one
performance metric — fuel efficiency, say — often come at the cost of another, such as safety,
performance, or cost. Skilled engineers explicitly identify these tensions and choose balanced solutions
that best meet the overall set of criteria and constraints. There is rarely a single "best" design; there are
well-reasoned compromises.

50. D — Cost-benefit analysis directly compares the costs of a proposed project (capital investment,
operating expenses) with the expected monetary value of its benefits — in this case, avoided flood damage
— over the project's lifetime. If the present value of benefits exceeds costs, the investment is generally
justified. This framework is widely used in public infrastructure decisions where benefits accrue over
decades.
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