PRACTICE EXAM 3: EARTH AND SPACE
SCIENCES REGENTS SIMULATION (50
QUESTIONS)

1. Big Bang nucleosynthesis predicts that approximately 75% of the ordinary matter in the universe should
be hydrogen and 25% should be helium by mass, with only trace amounts of lithium. Which observation
provides evidence in support of this prediction?

A. Measured elemental abundances in the oldest, lowest-metallicity stars closely match these predicted
ratios from the Big Bang theory

B. The Sun's atmosphere contains significant quantities of iron and other heavy elements forged during
its lifetime

C. Earth's crust is composed primarily of oxygen and silicon, with only trace amounts of hydrogen and
helium remaining

D. Interstellar dust clouds contain large amounts of carbon-based molecules synthesized within those
clouds over time

2. Edwin Hubble developed a classification system for galaxies based on their visible shape and structure.
Which set of categories represents the major galaxy types in this system?

A. Inner, middle, and outer galaxies based on distance from the Milky Way's center to the galactic edge
B. Solar, stellar, and supernova galaxies based on the primary type of star found in each galaxy type

C. Young, mature, and dying galaxies based on stage of stellar evolution within the galaxy's overall
structure

D. Spiral, elliptical, and irregular galaxies based on overall shape and the distribution of stars within the
structure

3. A star appears distinctly blue-white in color, while another star in the same constellation appears
reddish-orange. What does this color difference primarily indicate about the two stars?



A. The blue-white star is closer to Earth, while the reddish star is much farther away across the galaxy

B. The blue-white star is moving toward Earth, while the reddish star is moving away due to Doppler
effects

C. The blue-white star has a higher surface temperature, while the reddish-orange star has a lower surface
temperature

D. The blue-white star is younger than the reddish-orange star, which is approaching the end of its stellar
lifetime

4. A star with a mass similar to the Sun will eventually exhaust its nuclear fuel. Based on current
understanding of stellar evolution, what will this star most likely become at the end of its life?

A. A neutron star formed when the core collapses to extreme density after a supernova explosion event
occurs

B. A white dwarf formed after the star sheds its outer layers as a planetary nebula and the core contracts

C. A black hole formed when the core collapses beyond the Schwarzschild radius into a singularity over
time

D. A pulsar formed from the rapidly rotating remnant of a massive stellar core after gravitational collapse

5. Iron is the heaviest element that can be produced by nuclear fusion within stellar cores. Where do
elements heavier than iron, such as gold, uranium, and lead, originate?

A. These heavy elements were produced during the Big Bang along with hydrogen and helium during the
first few minutes

B. These elements form gradually through radioactive decay processes that occur deep within Earth's
mantle over time

C. These elements result from cosmic ray collisions with interstellar dust grains over billions of years
across space

D. These elements form during supernova explosions and neutron star mergers, which release the energy
needed for fusion

6. Earth travels around the Sun at an average orbital speed of approximately 30 kilometers per second.
Given that Earth's orbit has a circumference of about 940 million kilometers, approximately how long
does it take Earth to complete one orbit?



A. Approximately 365 days, which equals one year and is the basis for the calendar system used worldwide

B. Approximately 29.5 days, which equals one lunar synodic month and the time between successive new
moons

C. Approximately 24 hours, which equals one solar day and the basis for daily timekeeping on Earth's
surface

D. Approximately 88 days, which equals the time required for the planet Mercury to complete one solar
orbit

7. Most coastal locations on Earth experience approximately how many tidal cycles in a 24-hour period,
and what causes the doubling of the cycle?

A. One high tide and one low tide per day, caused by the daily rotation of Earth beneath the Moon's gravity

B. Four high tides and four low tides per day, caused by the combined gravitational effects of the Sun and
Moon

C. Two high tides and two low tides per day, caused by tidal bulges on opposite sides of Earth as it rotates

D. Variable tides depending entirely on the lunar phase, with some days having no tides at all in many
regions

8. Astronomers measure distances to nearby stars in light-years rather than kilometers. What does one
light-year represent, and why is it a useful unit of measurement?

A. The amount of time required for light from a distant star to reach an observer on the surface of Earth
itself

B. The distance light travels in one year, useful because interstellar distances would require enormous
numbers in kilometers

C. The age of a star measured by counting the layers of accumulated stellar material in its outer atmosphere
over time

D. The total energy emitted by a star over one full year, expressed as a distance equivalent for easier
comparison

9. Astronomers describe stellar brightness using two different scales: apparent magnitude and absolute
magnitude. What is the fundamental difference between these two measurements?



A. Apparent magnitude measures the color of a star, while absolute magnitude measures the size of the
star itself

B. Apparent magnitude applies to stars within the Milky Way, while absolute magnitude applies only to
galaxies further away

C. Apparent magnitude measures stellar mass directly, while absolute magnitude measures the chemical
composition of stars

D. Apparent magnitude is how bright a star appears from Earth, while absolute magnitude is its intrinsic
brightness at a standard distance

10. Astronomers determine the distance to nearby stars by measuring how the position of the star appears
to shift against the background of more distant stars as Earth orbits the Sun. What is this distance-
measurement technique called?

A. Spectroscopic analysis, the technique of analyzing the absorption lines in a star's spectrum to determine
its chemical makeup

B. Radial velocity measurement, the technique of detecting changes in the wavelength of light due to
motion along the line of sight

C. Stellar parallax, the technique that uses the apparent angular shift of nearby stars to calculate their
distances geometrically

D. Photometric observation, the technique of measuring how the brightness of a star changes
systematically over fixed time periods

11. The universe is approximately 13.8 billion years old, while the solar system is approximately 4.6
billion years old. What does this difference in ages indicate about the formation of the solar system?

A. The solar system formed billions of years after the Big Bang from material enriched by previous
generations of stars

B. The Sun is one of the original stars formed during the first generation of stellar formation in the early
universe

C. The solar system has existed throughout the entire history of the universe and predates galactic structure
formation

D. The age difference indicates that the universe was created at a different time than originally proposed
by scientists



12. Geologists divide Earth's 4.6-billion-year history into eons, the largest unit of geologic time. Which
sequence correctly lists the four eons of Earth's history from oldest to most recent?

A. Phanerozoic Eon, Proterozoic Eon, Archean Eon, and Hadean Eon — from most recent to oldest in
geologic order

B. Hadean Eon, Archean Eon, Proterozoic Eon, and Phanerozoic Eon — from oldest to most recent in
geologic order

C. Paleozoic Eon, Mesozoic Eon, Cenozoic Eon, and Anthropocene Eon — these are the four major
divisions of time

D. Archean Eon, Hadean Eon, Phanerozoic Eon, and Proterozoic Eon — based on geologic events and
biological developments

13. Carbon-14 dating is widely used by archaeologists to determine the age of organic remains. However,
this technique cannot be used to date most rocks in the geologic record. Why is C-14 dating unsuitable for
most geological dating?

A. Carbon-14 only forms in marine organisms and is not present in the terrestrial rocks examined by
geologists today

B. Carbon-14 is too unstable for laboratory measurement and produces results that cannot be replicated
reliably across studies

C. Carbon-14 dating requires temperatures above 1000°C to work properly, which destroys most samples
during the measurement process

D. Carbon-14 has a relatively short half-life of 5,730 years, making it useless for samples older than
approximately 50,000 years

14. A geology student examines a sequence of undisturbed sedimentary rock layers exposed in a roadcut.
Which fundamental principle allows her to determine the relative ages of the layers without any further
analysis?

A. The principle of original horizontality, which states that all sedimentary rocks are deposited in vertical
columns initially

B. The principle of faunal succession, which states that fossil organisms appear in random order
throughout the geologic record



C. The law of superposition, which states that in undisturbed sequences, younger rock layers lie above
older rock layers

D. The principle of inclusions, which states that smaller rock fragments are always younger than the rock
containing them

15. The oldest widely accepted fossil evidence of life on Earth dates back approximately 3.5 billion years
and consists of layered, mound-like structures produced by colonies of microbial organisms. What are
these structures called?

A. Stromatolites, layered structures built by mats of cyanobacteria that trap and bind sediment over time
as they grow

B. Coccoliths, microscopic calcium carbonate plates produced by single-celled algae living in the surface
ocean waters

C. Foraminifera, single-celled marine organisms with elaborate shells that have a fossil record dating back
about 540 million years

D. Trilobites, segmented marine arthropods with hard exoskeletons that first appeared during the early
Cambrian Period

16. Approximately 540 million years ago, the fossil record shows a relatively rapid appearance of diverse
complex multicellular animals with hard parts, including most major animal phyla still found today. What
is this event called, and what allowed it to occur?

A. The Great Dying, a major extinction event triggered by massive volcanic eruptions at the end of the
Permian Period

B. The Snowball Earth episode, a global glaciation that ended just before complex life forms began to
appear in oceans

C. The Late Heavy Bombardment, a period of intense meteorite impacts that delivered organic compounds
to early Earth's surface

D. The Cambrian explosion, a rapid diversification of complex multicellular life enabled by rising oxygen
levels and ecological factors

17. The supercontinent Pangaea began breaking apart approximately 180 million years ago. During which
geologic period did this fragmentation begin, and what process drove it?



A. The Carboniferous Period, driven by isostatic uplift as the continents gained mass through extensive
coal forest growth

B. The Jurassic Period, driven by mantle convection that produced a divergent boundary now seen as the
Mid-Atlantic Ridge

C. The Cretaceous Period, driven by the Chicxulub impact that disturbed the lithosphere and initiated
continental separation

D. The Cambrian Period, driven by the rapid evolution of marine organisms that influenced ocean
chemistry and crustal formation

18. Fossil ferns and tropical plants are found preserved in coal seams within the rocks of Antarctica today.
What does this discovery indicate about Earth's geologic history?

A. The discovery suggests that the climate has been completely stable throughout Earth's geological
history without significant change

B. The discovery indicates that these plants originally grew in tropical regions and were transported to
Antarctica by ocean currents

C. Antarctica was located at lower latitudes with a warmer climate in the geologic past, allowing these
tropical plants to grow there

D. The plant remains were chemically altered after deposition, with their original tropical characteristics
being introduced artificially later

19. The Himalayan mountain range, including Mount Everest, is the highest mountain system on Earth.
Which plate tectonic process produced this mountain range, and what is happening today?

A. Continental-continental convergence between the Indian Plate and the Eurasian Plate, producing
ongoing uplift as the plates collide

B. Oceanic-continental convergence with the Pacific Plate subducting beneath the Eurasian Plate at
significant rates of motion

C. A transform fault boundary where the Indian Plate slides past the Eurasian Plate horizontally without
uplift occurring

D. A divergent boundary where new continental crust is forming and pushing the Himalayan region
upward through volcanic activity



20. The Cascade Range in the Pacific Northwest contains a chain of stratovolcanoes including Mount St.
Helens and Mount Rainier. Which plate tectonic setting produces this volcanic arc?

A. A continental rift where the North American Plate is splitting apart and producing magma along the
boundary line

B. A transform boundary where the Juan de Fuca Plate slides horizontally past the North American Plate
over time

C. A continental-continental collision where two plates are converging and producing both folded
mountains and volcanoes

D. An oceanic-continental subduction zone where the Juan de Fuca Plate descends beneath the North
American Plate

21. Seismologists need to determine the exact location of an earthquake's epicenter using data from
seismic recording stations. What is the minimum number of recording stations required, and what data
from each station is used?

A. One recording station providing the difference in arrival times between P-waves and S-waves at that
location

B. Three recording stations, each providing distance to the epicenter based on P-wave and S-wave arrival
time differences

C. Two recording stations providing only the magnitude readings from both stations to triangulate the
epicenter position

D. Four recording stations providing only the depth of the earthquake at each location's measurement
system instruments

22. Igneous rocks are classified into compositional groups based on their silica content and the resulting
mineral composition. Which classification correctly orders igneous rock types from lowest to highest
silica content?

A. Felsic rocks (highest silica), intermediate rocks, mafic rocks, and ultramafic rocks (lowest silica) in
compositional order

B. Mafic rocks, ultramafic rocks, intermediate rocks, and felsic rocks based on a different classification
system used worldwide



C. Ultramafic rocks (lowest silica), mafic rocks, intermediate rocks, and felsic rocks (highest silica) in
compositional order

D. Sedimentary rocks, metamorphic rocks, intrusive igneous rocks, and extrusive igneous rocks ordered
by their formation depth

23. A geologist examines a light-colored igneous rock with large, easily visible interlocking crystals of
quartz, feldspar, and mica. The rock most likely formed under which conditions?

A. Rapid cooling at Earth's surface after a volcanic eruption produced extensive lava flows that solidified
quickly upon contact

B. Moderate cooling within a few hundred meters of Earth's surface, producing crystals of intermediate
sizes throughout the rock

C. Cooling under high-pressure metamorphic conditions deep within a continental mountain belt during
regional metamorphism

D. Slow cooling deep within Earth's crust over thousands to millions of years, allowing large interlocking
crystals to grow

24. Sedimentary rocks formed from accumulated rock fragments — such as sand, silt, and clay — that
have been compacted and cemented are classified as which type, and what is the basis for further
classification within this group?

A. Clastic sedimentary rocks, classified primarily by particle size, ranging from conglomerate to sandstone
to shale and so on

B. Chemical sedimentary rocks, classified primarily by chemical composition such as carbonate, silica, or
evaporite minerals

C. Organic sedimentary rocks, classified by the type of biological material from which they formed during
the depositional process

D. Pyroclastic sedimentary rocks, classified by the type of volcanic source that produced the original
fragmental material

25. A thick layer of rock salt (halite) and gypsum is found in sedimentary strata in the western United
States. Which depositional process most likely produced these rocks, and what does their presence
indicate?



A. Compaction of weathered fragments of pre-existing rocks transported by rivers and deposited in
floodplain environments

B. Evaporation of saline water in shallow basins, indicating arid conditions that produced these chemical
sedimentary deposits

C. Volcanic activity that deposited mineral-rich ash layers that were later compacted into evaporite
minerals over geologic time

D. Compaction and recrystallization of marine organisms with calcium carbonate shells living in tropical
shallow ocean conditions

26. A construction company quarries a metamorphic rock characterized by interlocking calcite crystals
that reacts vigorously with dilute hydrochloric acid. From which parent rock did this metamorphic rock
most likely form, and through what process?

A. Sandstone metamorphosed into quartzite through significant heat and pressure during regional
metamorphism over time

B. Shale metamorphosed first into slate, then phyllite, and finally schist as metamorphic conditions
intensified gradually

C. Limestone metamorphosed into marble through heat and pressure that caused calcite crystals to
recrystallize and grow larger

D. Granite metamorphosed into gneiss through extreme heat and pressure that produced visible banding
within the rock formation

27. A mature river flowing across a low-gradient floodplain develops looping curves called meanders.
Within each meander bend, where does erosion occur most actively, and where does deposition occur?

A. Erosion occurs on the outer bank where water flows fastest, and deposition occurs on the inner bank
where water slows down

B. Erosion occurs on the inner bank where the channel curves sharply, while deposition occurs at the apex
of each meander bend

C. Erosion occurs uniformly around the entire meander bend, while deposition occurs only in straight
reaches between bends

D. Deposition occurs throughout the meander system equally, with erosion taking place only during flood
events along the channel
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28. A mature soil profile typically displays a series of distinct layers, or horizons, that develop over time
through weathering and biological activity. Which sequence correctly describes the major soil horizons
from the surface downward?

A. The bedrock horizon at the surface, followed by the parent material, then the subsoil, and finally the
topsoil at the base

B. The mineral horizon, followed by the organic horizon, then the bedrock, and finally the underlying
weathered rock material

C. The mixed horizon, followed by the leached horizon, then the deposited horizon, and finally the
crystalline rock material below

D. The A horizon (topsoil) at the surface, followed by the B horizon (subsoil), the C horizon (parent
material), and bedrock below

29. A global pattern of deep ocean currents transports heat and nutrients between ocean basins on
timescales of hundreds to thousands of years. Which combination of factors drives this large-scale ocean
circulation, often called the "global conveyor belt"?

A. Wind patterns at the ocean surface combined with tidal forces from the Moon producing the global
circulation system

B. Differences in water temperature and salinity that drive density differences, with cold dense saline
water sinking near the poles

C. Earth's rotation acting alone on ocean water producing the global circulation pattern without any other
driving forces involved

D. Magnetic field interactions with dissolved ions in seawater producing forces that drive the deep water
circulation pattern

30. A weather map shows tightly packed isobars over the Atlantic Ocean and widely spaced isobars over
the central United States. What does this difference indicate about wind conditions in these two regions?

A. Wind speeds are equal in both regions, since isobar spacing has no relationship to wind speed in any
reliable manner

B. Wind speeds are higher over the central United States, since widely spaced isobars indicate stronger
pressure differences existing
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C. Wind speeds are higher over the Atlantic Ocean, since tightly packed isobars indicate a stronger
pressure gradient force

D. Wind speeds cannot be determined from isobar spacing alone, since wind speed depends only on
temperature differences at the surface

31. A weather map shows a warm air mass advancing into a region previously occupied by a cold air mass.
Which weather sequence is most likely to occur as this warm front passes through the area?

A. Gradual development of layered cirrus, then altostratus, then nimbostratus clouds, followed by steady
extended precipitation

B. Sudden severe thunderstorms followed by clear skies and a rapid drop in temperature as the front passes
through the region

C. Persistent fog and stagnant atmospheric conditions lasting for several days without any significant
precipitation occurring

D. Strong damaging winds blowing in a single direction with no precipitation or significant cloud
formation in the area

32. A weather observer notes thin, wispy clouds composed of ice crystals at altitudes of approximately
8,000 meters above the ground. Which cloud type is the observer describing, and what is its significance?

A. Cumulonimbus clouds, dense vertically developed clouds often associated with severe thunderstorms
in summer months

B. Stratus clouds, flat layered clouds at low altitudes producing widespread overcast skies during winter
weather patterns

C. Cumulus clouds, puffy white clouds with flat bases that form in unstable air during sunny afternoon
conditions in summer

D. Cirrus clouds, high-altitude clouds composed of ice crystals that often indicate an approaching warm
front and weather change

33. A research aircraft climbs from sea level to an altitude of 5,000 meters. Which atmospheric
measurement will show the most dramatic decrease during this ascent?
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A. The percentage of oxygen in the air, which decreases substantially as the aircraft climbs through the
lower troposphere

B. The total amount of water vapor in the air, which remains exactly constant throughout the entire climb
to altitude

C. The atmospheric pressure, which decreases substantially because there is less air mass above the aircraft
as it ascends

D. The amount of carbon dioxide in the air, which decreases rapidly because most CO: is concentrated at
sea level only

34. During a sunny summer afternoon at a coastal location, a steady breeze typically blows from the ocean
toward the land. What temperature pattern produces this sea breeze, and what is the general circulation?

A. The ocean surface heats faster than the land during the day, causing air to rise over the ocean and flow
toward the land at altitude

B. The land surface heats faster than the ocean during the day, causing air to rise over the land while cooler
ocean air flows in to replace it

C. Coastal winds are produced entirely by ocean currents flowing along the shoreline, with no relationship
to surface heating patterns

D. Sea breezes are driven by tidal cycles in the ocean and have no relationship to differential heating of
land and water surfaces

35. Coastal cities typically experience smaller daily temperature ranges than inland cities at the same
latitude. Which property of water explains this moderating effect on coastal climate?

A. Water has a high specific heat capacity, meaning it requires more energy to change temperature than
land does

B. Water absorbs sunlight at all visible wavelengths equally, while land selectively reflects most incoming
solar radiation back

C. Water releases stored geothermal heat from below, while land does not have access to this internal heat
source

D. Water vapor in coastal air absorbs all temperature variations from surrounding regions, smoothing out
daily fluctuations
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36. Scientists in northern Alaska report that the depth of permafrost — permanently frozen ground — has
been decreasing in recent decades. What does this observation indicate, and why is it significant?

A. The data indicate a long-term cooling trend in the Arctic that may be reversing global climate change
patterns soon

B. The depth changes reflect natural variability with no clear relationship to broader climate patterns
occurring globally

C. Permafrost depth is decreasing because the Arctic has been warming, and thawing permafrost releases
stored carbon and methane

D. Permafrost depth changes only reflect changes in local precipitation rather than any temperature
changes in the region

37. A municipality implements a comprehensive aluminum can recycling program that recovers used cans
for reprocessing into new products. Which environmental benefit best describes the primary impact of this
program?

A. The program eliminates all environmental impacts of aluminum use, including both extraction and
manufacturing impacts completely

B. The program reduces the amount of solid waste sent to landfills but does not affect overall aluminum
production levels at all

C. The program generates more energy than it consumes, providing a net energy benefit to the municipality
through recovery

D. The program reduces the need for new bauxite ore mining and uses approximately 95 percent less
energy than primary production

38. Human activities have approximately doubled the rate at which reactive nitrogen enters the global
biosphere compared to natural processes. Which human activity is the primary source of this additional
reactive nitrogen?

A. Combustion of fossil fuels in transportation vehicles, which releases all forms of nitrogen compounds
into the atmosphere globally

B. Industrial production of synthetic nitrogen fertilizers through the Haber-Bosch process for use in
modern agriculture worldwide
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C. Wastewater discharge from urban populations, which contributes most of the additional reactive
nitrogen entering global ecosystems

D. Volcanic eruptions, which have increased substantially in recent decades and released additional
nitrogen compounds into circulation

39. A city's drinking water comes from a reservoir fed by a large watershed extending into mountainous
terrain. To protect long-term water quality for the city, which strategy is most effective?

A. Protecting forest cover, regulating land use, and limiting pollution sources throughout the entire
watershed area upstream

B. Building higher walls around the reservoir to physically separate it from the surrounding watershed
and its activities

C. Adding chemical treatments to the reservoir water as it enters the urban distribution system before any
other strategies

D. Increasing the depth of the reservoir to dilute any contaminants that might enter from upstream sources
over time

40. Agricultural soils across the world have been losing topsoil at rates ten to forty times faster than soil
formation in many regions. Which agricultural practice most directly contributes to accelerated topsoil
loss?

A. Crop rotation with leguminous plants that fix nitrogen, which depletes soil minerals without affecting
overall structure

B. Use of organic compost as a soil amendment, which can increase soil compaction and reduce overall
water infiltration

C. Conventional tillage combined with leaving fields bare between crops, which exposes soil to wind and
water erosion

D. Application of synthetic pesticides, which directly dissolves the mineral component of topsoil over
multiple growing seasons

41. A region of boreal forest in northern Canada is cleared for agriculture and replaced with cropland that
is bare for much of the winter. Which change in surface albedo would result from this land use change,
and what is the climate consequence?
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A. The new cropland has lower albedo than the dark forest, increasing solar absorption and warming the
regional climate measurably

B. The bare snow-covered cropland has higher albedo than the dark forest, reflecting more solar radiation
and producing a cooling effect

C. Land use change has no measurable effect on surface albedo or regional climate in northern latitudes
during the winter months

D. The cropland has the same albedo as the forest year-round, with no net effect on regional surface energy
balance over time

42. Methane is a greenhouse gas approximately 28 times more potent than CO: over a 100-year timeframe.
Which combination of sources represents the major human-caused sources of atmospheric methane?

A. Volcanic eruptions, forest fires, and oceanic emissions from natural processes operating without human
influence

B. Industrial chemical manufacturing, automobile exhaust, and the burning of synthetic plastic materials
in incinerators

C. Aircraft engine emissions, power plant cooling water discharges, and electrical transmission line losses
through evaporation

D. Livestock digestion, rice paddies, landfills, and natural gas extraction and transmission systems
producing combined emissions

43. The Gulf of Mexico has a large "dead zone" that forms each summer near the mouth of the Mississippi
River, where dissolved oxygen is too low to support most marine life. What is the primary cause of this
dead zone, and how does it form?

A. Agricultural fertilizer runoff carried by the Mississippi River causes algal blooms that decompose and
deplete dissolved oxygen in the water

B. Industrial discharges of heavy metals from upstream factories chemically remove oxygen from the
water, killing marine life directly

C. Naturally low oxygen levels in the Gulf occur every summer due to warm water temperatures alone,
with no human contribution involved

D. Oil spills from offshore drilling operations have created a permanent layer that prevents oxygen from
entering the water at depth
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44. Globally, what fraction of freshwater use is accounted for by agriculture, and what does this imply for
water conservation efforts?

A. Approximately 10 percent of freshwater use, indicating that domestic consumption is the most
important conservation target

B. Approximately 30 percent of freshwater use, indicating that industrial water use accounts for most
consumption globally

C. Approximately 70 percent of freshwater use, indicating that agricultural efficiency is critical for
addressing water scarcity

D. Approximately 95 percent of freshwater use, indicating that residential conservation efforts will have
negligible measurable impacts

45. Coral reefs worldwide are experiencing mass bleaching events with increasing frequency. What
physiological process causes coral bleaching, and what triggers it?

A. Toxic chemicals from coastal pollution accumulate within coral tissues, causing the corals to release
their pigmented skeletons

B. Coral bleaching occurs as a natural seasonal process unrelated to climate change, with corals recovering
by the following season

C. Pathogenic bacteria invade coral tissues during periods of low salinity, removing the colored
compounds from coral cells gradually

D. Heat-stressed corals expel their symbiotic algae (zooxanthellae), leading to loss of color and potentially
death if stress is prolonged

46. Arctic permafrost contains approximately twice as much carbon as Earth's atmosphere, locked in
frozen organic material. As permafrost thaws, what climate feedback is produced?

A. Thawed permafrost absorbs additional atmospheric CO-, producing a negative feedback that stabilizes
climate change patterns

B. Thawed permafrost releases CO: and methane to the atmosphere, producing a positive feedback that
amplifies climate warming

C. Permafrost thaw has no significant effect on climate because the released carbon is captured by Arctic
vegetation entirely
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D. Permafrost releases water vapor only, which has no significant greenhouse effect on the global
atmospheric system overall

47. The global human population grew from approximately 1 billion in 1800 to over 8 billion today. How
does this population growth relate to the various environmental challenges humans currently face?

A. Population growth has no relationship to environmental challenges, which are caused entirely by
technology and policy choices

B. Population growth was the only cause of all environmental challenges, with consumption patterns
playing no significant role

C. Population growth combined with rising per-capita consumption multiplies pressure on resources and
environmental systems

D. Population growth has been beneficial for the environment by spreading human activities across more
diverse geographic areas

48. Engineers designing a renewable energy system for a remote village establish that any acceptable
solution must provide at least 50 kWh/day, function with minimal maintenance, and tolerate temperatures
from -20°C to 40°C. Within the engineering design framework, what do these specifications represent?

A. Criteria, the requirements that any acceptable solution must meet to be considered a valid solution to
the problem

B. Constraints, the limitations of resources, time, or other factors within which the solution must operate
during development

C. Trade-offs, the unavoidable conflicts between different desirable properties of any proposed
engineering design solution

D. Iterations, the multiple cycles of design refinement that engineering teams complete during the design
process over time

49. An engineering team has developed three potential designs for a new urban water filtration system.
Before selecting one design for full implementation, what is the most appropriate next step in the
engineering design process?
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A. Begin construction immediately on the design that received the most support from the engineering
team during initial brainstorming

B. Select the design with the lowest projected cost without regard to performance or other engineering
considerations involved

C. Allow public preference alone to determine which design will be implemented, regardless of technical
performance differences

D. Systematically evaluate each design against the established criteria and constraints, considering trade-
offs and likely performance

50. A team of engineers must decide whether to recommend a proposed seawall design for protecting a
coastal community. Which approach best reflects sound engineering practice for making this
recommendation?

A. The team should rely entirely on the experience and intuition of senior engineers, since established
expertise produces best results

B. The team should base the recommendation on evidence from physical testing, computer simulations,
and analysis of similar existing structures

C. The team should put the decision to a vote among all members of the community before any engineering
analysis is conducted on the design

D. The team should make a recommendation based on whichever design is currently most popular in
engineering publications today

Practice Exam 3 — Answer Key and Explanations

1. A— Big Bang nucleosynthesis produced the universe's primordial hydrogen, helium, and trace lithium
in the first few minutes after the Big Bang. The oldest, lowest-metallicity stars formed from this nearly
unaltered primordial gas and preserve its original composition. Their measured abundance ratios match
Big Bang predictions remarkably closely, providing one of the three pillars of evidence for the Big Bang
theory.

2. D — Hubble classified galaxies into three major morphological types: spirals (with rotating disks and
arms), ellipticals (smooth ovoid shapes), and irregulars (lacking organized structure). This classification
— captured in the famous "Hubble tuning fork™ diagram — remains the foundation of modern galactic
morphology. Each class corresponds to different formation histories and stellar populations.

3. C — Star color is a direct indicator of surface temperature according to Wien's Displacement Law,
which states that hotter objects emit peak radiation at shorter wavelengths. Blue-white stars have surface
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temperatures of 10,000-30,000 K, while red-orange stars have temperatures of 3,000-5,000 K. Color is
one of the easiest and most reliable indicators of stellar temperature available to astronomers.

4. B — Stars with mass similar to the Sun do not have enough mass to undergo supernova collapse and
instead end their lives by shedding their outer layers as a planetary nebula and leaving behind a dense,
Earth-sized white dwarf composed of degenerate carbon and oxygen. This is the predicted end-state for
approximately 97% of all stars in the galaxy, including our Sun in about 5 billion years.

5. D — Elements heavier than iron require energy input rather than releasing energy when synthesized,
so they cannot form through ordinary stellar fusion. They are produced primarily through rapid neutron
capture during supernova explosions and neutron star mergers, where the extreme conditions provide the
necessary neutrons and energy. Recent observations of kilonovae confirm neutron star mergers as a major
source of gold, platinum, and uranium.

6. A — The orbital period equals orbital circumference divided by orbital speed: 940,000,000 km + 30
km/s = 31,333,333 seconds, which converts to approximately 363 days, rounded to 365 days. This
calculation confirms the year as the time for one complete orbit and forms the basis of the solar calendar
used worldwide.

7. C — Earth's rotation carries any coastal location through two tidal bulges each day — one bulge on the
side facing the Moon (gravitational attraction) and another on the opposite side (inertial effect from the
Earth-Moon system rotating around their common center of mass). This produces a semi-diurnal tidal
pattern with two high tides and two low tides every 24 hours and 50 minutes.

8. B — A light-year is the distance that light, traveling at approximately 300,000 km/s, covers in one year
— about 9.46 trillion kilometers. Despite "year" appearing in the name, it is a unit of distance, not time.
Astronomers use light-years and parsecs because interstellar distances expressed in kilometers would
involve unwieldy numbers with many zeros.

9. D — Apparent magnitude measures how bright a star appears from Earth, which depends on both
intrinsic brightness and distance. Absolute magnitude standardizes this by measuring how bright the star
would appear from a fixed distance of 10 parsecs. Comparing the two values allows astronomers to
determine stellar distances and intrinsic luminosities.

10. C — Stellar parallax exploits Earth's annual orbital motion to measure the small apparent angular shift
of a nearby star against distant background stars. The greater the shift, the closer the star. Parallax is the
most direct geometric method for measuring stellar distances and provides the calibration foundation for
all longer-range distance measurements in astronomy.

11. A — The solar system formed approximately 9.2 billion years after the Big Bang from a nebula
enriched by elements produced in previous generations of stars. Heavy elements found in Earth, the Sun,
and the planets — including the iron in our bodies and the silicon in rocks — were forged in earlier stellar
cores and supernovae and incorporated into the solar nebula. The Sun is therefore a third-generation star.

12. B — Earth's four eons, in order from oldest to most recent, are the Hadean (4.6 to 4.0 billion years
ago), Archean (4.0 to 2.5 billion years ago), Proterozoic (2.5 billion to 541 million years ago), and
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Phanerozoic (541 million years ago to present). The Phanerozoic contains the Paleozoic, Mesozoic, and
Cenozoic eras with abundant fossil life.

13. D — Carbon-14 has a half-life of only 5,730 years, meaning that after about ten half-lives —
approximately 50,000 to 60,000 years — so little C-14 remains that it cannot be reliably measured. Most
rocks in the geologic record are millions to billions of years old, far beyond C-14's useful range. Longer-
lived isotopes such as uranium-238 and potassium-40 are used to date older rocks.

14. C — The law of superposition is one of the founding principles of stratigraphy, stating that in any
undisturbed sequence of sedimentary rocks, layers were deposited in order from bottom (oldest) to top
(youngest). This principle allows relative ages to be determined without any laboratory analysis, simply
by examining the position of layers in the rock column.

15. A — Stromatolites are layered, mound-like structures built by mats of photosynthetic cyanobacteria
that trap and bind sediment as they grow. Their fossil record extends back approximately 3.5 billion years
to the Archean Eon, making them the oldest widely accepted evidence of life on Earth. Living
stromatolites still grow today in places like Shark Bay, Australia.

16. D — The Cambrian explosion was a relatively rapid diversification of complex multicellular life
beginning about 540 million years ago, when most major animal phyla appeared in the fossil record over
a span of 20—25 million years. Rising atmospheric and oceanic oxygen levels, the evolution of predator-
prey interactions, and changes in ocean chemistry are widely considered key enabling factors for this
dramatic burst of evolutionary innovation.

17. B — Pangaea began fragmenting during the Jurassic Period, approximately 180 million years ago, as
mantle convection drove the development of a new divergent boundary that ultimately became the Mid-
Atlantic Ridge. North America separated from Africa, the South Atlantic opened later in the Cretaceous,
and the breakup continues today as the Atlantic Ocean widens at approximately 2.5 centimeters per year.

18. C — Tropical plant fossils in Antarctica are clear evidence that Antarctica was once located at lower
latitudes with a warmer climate. As the continents drifted to their present positions through plate tectonics,
Antarctica moved to its current polar location. Fossil distributions like these were key early evidence
supporting continental drift, originally proposed by Alfred Wegener in 1912.

19. A — The Himalayas formed and continue to rise through the continental-continental convergence of
the Indian Plate and the Eurasian Plate, a collision that began approximately 50 million years ago. Because
both plates carry buoyant continental crust, neither subducts; instead, the crust crumples and thickens,
producing the highest mountains on Earth. Mount Everest is still rising at approximately 4 millimeters per
year.

20. D — The Cascade Range is a classic volcanic arc formed by oceanic-continental subduction, with the
Juan de Fuca Plate descending beneath the North American Plate offshore. Water released from the
subducting plate triggers partial melting in the overlying mantle, producing the andesitic magma that
builds the chain of stratovolcanoes from northern California to British Columbia. Mount St. Helens
famously erupted in 1980.
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21. B — Locating an earthquake epicenter requires triangulation from at least three seismic stations. Each
station calculates its distance to the epicenter from the time difference between P-wave and S-wave
arrivals; circles drawn around each station with that distance as radius intersect at the epicenter. Three
stations are the minimum because two circles intersect at two points, but a third uniquely identifies the
location.

22. C — Igneous rocks are classified by silica (SiO2) content from ultramafic (less than 45% silica, like
peridotite), to mafic (45-52%, like basalt and gabbro), to intermediate (52—63%, like andesite and diorite),
to felsic (greater than 63%, like rhyolite and granite). Silica content determines mineralogy, color, density,
and viscosity of the parent magma.

23. D — Visible interlocking crystals of quartz, feldspar, and mica are diagnostic of granite, a coarse-
grained intrusive igneous rock. Large crystals can only grow when cooling occurs slowly over thousands
to millions of years, which requires the magma to be insulated deep within Earth's crust. Granite is the
most abundant rock type in continental crust.

24. A — Clastic sedimentary rocks form from the accumulation of fragments of pre-existing rocks that
have been transported, deposited, compacted, and cemented. They are classified primarily by grain size:
conglomerate has pebble-sized clasts, sandstone has sand-sized grains, siltstone has silt-sized grains, and
shale has clay-sized grains. Grain size also indicates the energy of the depositional environment.

25. B — Halite and gypsum are evaporite minerals that precipitate from saline water as it evaporates and
the dissolved ion concentrations exceed saturation. Thick evaporite deposits indicate prolonged arid
conditions in restricted basins where evaporation exceeded the supply of freshwater. Western U.S.
evaporites preserve evidence of ancient inland seas and arid climates.

26. C — Marble forms when limestone is subjected to heat and pressure during metamorphism, causing
the calcite crystals to recrystallize into larger, interlocking grains. The vigorous acid reaction is diagnostic
of calcium carbonate composition, which marble inherits from its limestone parent. The lack of foliation
results from calcite being a single mineral that does not develop preferred orientation.

27. A — In a meander bend, water flows fastest along the outer bank where the curvature forces the flow
to travel a longer path, producing erosion that undercuts the bank. Water flows slowest along the inner
bank, where reduced velocity causes sediment to deposit, building point bars. This differential pattern is
why meanders migrate laterally across floodplains over time.

28. D — A mature soil profile consists of distinct horizons developed through weathering and biological
activity: the A horizon (topsoil) rich in organic matter at the surface, the B horizon (subsoil) below it
where leached materials accumulate, the C horizon of weathered parent material, and finally unweathered
bedrock at the base. Soil scientists use this profile to assess soil quality and history.

29. B — Thermohaline circulation — the "global conveyor belt" — is driven by density differences
resulting from variations in water temperature and salinity. Cold, salty water in the North Atlantic and
around Antarctica becomes dense enough to sink, driving deep circulation that takes hundreds to
thousands of years to complete. This circulation redistributes heat globally and is sensitive to climate
change.
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30. C — Wind blows from high pressure toward low pressure, and the steeper the pressure gradient (the
closer the isobars on a map), the stronger the wind. Tightly packed isobars indicate a large pressure
difference over a small distance, producing high winds. Widely spaced isobars indicate gentle pressure
gradients and light winds.

31. A— A warm front advances when warm, less dense air slides up and over a retreating cold air mass
on a gentle slope. This produces a characteristic cloud sequence: high cirrus clouds appear first as the
front approaches, followed by lowering and thickening cloud layers — cirrostratus, altostratus,
nimbostratus — and steady, prolonged precipitation. The gentle slope produces gradual weather changes
lasting many hours.

32. D — Cirrus clouds are high-altitude clouds (typically 6,000-13,000 meters) composed of ice crystals,
giving them a thin, wispy appearance. They often appear ahead of an advancing warm front, making them
useful indicators of approaching weather changes. Their presence frequently signals deteriorating weather
within 24—48 hours.

33. C — Atmospheric pressure decreases exponentially with altitude because pressure represents the
weight of the overlying air column. At 5,000 meters, pressure drops to roughly half its sea-level value.
The percentage composition of major atmospheric gases (oxygen, nitrogen) remains essentially constant
up to about 80 kilometers; pressure decrease is the dominant change.

34. B — During sunny days, land surfaces heat more quickly than water because soil and rock have lower
specific heat capacity than water. The warmer land heats the air above it, which rises, creating low pressure
near the surface. Cooler, denser ocean air flows in to replace it, producing the onshore sea breeze
characteristic of summer afternoons at the coast.

35. A — Water has a specific heat capacity of approximately 4.18 J/g-°C, about five times higher than
typical soil and rock. This means water absorbs and releases heat much more slowly than land, moderating
temperature swings in nearby areas. Coastal cities therefore experience smaller daily and seasonal
temperature ranges than inland cities at the same latitude.

36. C — Decreasing permafrost depth is direct evidence of Arctic warming, since permafrost is by
definition ground that remains frozen for at least two consecutive years. As warming penetrates
downward, the frozen layer thins. Thawing permafrost releases previously trapped CO: and methane to
the atmosphere, producing a positive feedback that amplifies global warming.

37. D— Aluminum recycling uses approximately 95% less energy than producing aluminum from bauxite
ore via the Bayer and Hall-Héroult processes, which are extremely energy-intensive. Recycling also
eliminates the environmental damage of mining new bauxite. These energy and resource savings make
aluminum recycling one of the most environmentally beneficial recycling activities.

38. B — The Haber-Bosch process for synthesizing ammonia from atmospheric nitrogen and natural gas
now produces over 100 million tons of nitrogen fertilizer annually. This human input has roughly doubled
the natural flux of reactive nitrogen into the biosphere, with major consequences for water quality
(eutrophication), atmospheric chemistry (nitrous oxide emissions), and ecosystem function worldwide.
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39. A — Watershed-scale protection — preserving forest cover, regulating land use, and limiting pollution
sources throughout the entire drainage area — is far more effective than treatment alone for protecting
drinking water quality. New York City's protection of the Catskill watershed is a famous example of
source water protection that saved billions of dollars in treatment infrastructure.

40. C — Conventional tillage breaks up soil structure and leaves the surface exposed to wind and water
erosion, especially during seasons when fields are bare between crops. Conservation tillage, cover crops,
and no-till farming dramatically reduce erosion by maintaining soil cover. Combined poor practices have
caused the loss of approximately one-third of the world's topsoil over the past century.

41. B — Snow-covered cropland has higher albedo than dark boreal forest, which absorbs more solar
radiation due to its low reflectivity. Converting forest to cropland that becomes snow-covered in winter
therefore increases regional albedo and produces a local cooling effect. This biophysical effect can
partially offset the warming caused by carbon emissions from deforestation in high latitudes.

42. D — The major anthropogenic sources of methane are livestock digestion (enteric fermentation in
ruminants), rice paddy agriculture, landfills (where organic waste decomposes anaerobically), and the
natural gas industry (leaks during extraction, processing, and distribution). Together these sources account
for the majority of human-caused methane emissions, which now exceed natural sources.

43. A — The Gulf of Mexico dead zone is caused primarily by nitrogen and phosphorus from agricultural
fertilizer carried down the Mississippi River from the corn belt. These nutrients fuel massive algal blooms
in the Gulf each summer; when the algae die, decomposing bacteria consume dissolved oxygen, creating
hypoxic conditions that kill or displace marine organisms across an area sometimes exceeding 20,000
square kilometers.

44. C — Agriculture accounts for approximately 70% of global freshwater withdrawals, primarily for crop
irrigation. This dominance means that improving agricultural water efficiency — through drip irrigation,
drought-resistant crops, and reduced losses — is essential for addressing water scarcity. Residential and
industrial conservation, while worthwhile, cannot solve water scarcity alone.

45. D — Reef-building corals host symbiotic algae called zooxanthellae within their tissues, which
provide most of the coral's energy through photosynthesis and give the corals their characteristic colors.
When water temperatures exceed normal ranges for extended periods, the corals expel their zooxanthellae
as a stress response. Without their symbionts, corals appear white (bleached) and will die if conditions do
not return to normal quickly.

46. B — Thawing permafrost releases CO: and methane that had been locked in frozen organic material
for thousands of years. These additional greenhouse gases amplify the original warming that caused the
thaw, producing a positive feedback. With permafrost containing roughly twice the carbon in the entire
atmosphere, this feedback is one of the most concerning potential tipping points in the climate system.

47. C — Environmental impact equals population multiplied by per-capita consumption multiplied by the
intensity of resource and pollution use per unit of consumption — the | =P x A x T equation. Population
growth alone does not determine impact; rising per-capita consumption in industrial economies has been
an equally or more important driver of the increases in resource use and pollution observed since 1800.
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48. A — Criteria are the requirements that any acceptable engineering solution must meet to be considered
successful, defining what the solution must accomplish. The specifications described (minimum power
output, maintenance tolerance, temperature range) define what the system must do. Constraints, by
contrast, are the limits within which the solution must operate (budget, deadline, regulations).

49. D — Sound engineering practice requires systematic evaluation of competing designs against
established criteria and constraints, considering trade-offs and projected performance for each option. This
evaluation typically involves analysis, modeling, and sometimes prototype testing before any single
design is selected for full implementation. Skipping evaluation leads to costly failures or suboptimal
solutions.

50. B — Engineering recommendations should rest on evidence from multiple sources: physical testing
of prototypes or scale models, computer simulations under various scenarios, and analysis of how similar
structures have performed in comparable conditions. Reliance on intuition, popularity, or public vote
bypasses the rigorous evidence-gathering that distinguishes engineering from other forms of decision-
making.
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