PRACTICE EXAM 13: EARTH AND
SPACE SCIENCES REGENTS
SIMULATION (50 QUESTIONS)

1. Two stars appear equally bright in the night sky, but Star X is much farther from Earth than Star Y.
What does this comparison imply about their actual luminosities?

A. Star X must be far more luminous than Star Y in order to appear equally bright despite its greater
distance

B. Star X must be less luminous than Star Y, since closer stars always have higher actual luminosity values
C. Both stars must have identical luminosity values, since their apparent brightness from Earth is the same

D. The relative luminosities of the two stars cannot be determined from any kind of brightness comparison

2. A star is classified as spectral type G, the same class as our Sun. Which property does this classification
most directly describe?

A. The total mass of the star compared to the mass of our Sun in solar units overall
B. The age of the star measured in billions of years since its initial formation from gas and dust

C. The surface temperature of the star, which determines its color and the patterns of absorption lines in
its spectrum

D. The distance of the star from Earth measured in parsecs or light-years for catalog purposes

3. The boundary surrounding a black hole beyond which nothing — not even light — can escape is known
by what specific term?

A. The accretion disk, where matter falling into the black hole heats up dramatically and emits intense X-
ray radiation



B. The event horizon, the surface beyond which the escape velocity exceeds the speed of light in a vacuum
C. The singularity, the central point of infinite density where the black hole's entire mass is concentrated

D. The photon sphere, where light can orbit the black hole in unstable circular paths around the central
mass

4. A pulsar is observed to emit regular pulses of radiation with a precise period. Which type of
astronomical object produces these pulses?

A. A normal main sequence star with active sunspots rotating into and out of view from our vantage point
B. A binary star system in which one star periodically eclipses the other along our line of sight from Earth
C. A planet orbiting a distant star and periodically blocking some of the star's light from reaching observers

D. A rapidly rotating neutron star whose beam of radiation sweeps past Earth like a cosmic lighthouse

5. Hubble's Law describes a relationship between two specific properties of distant galaxies. Which
relationship does Hubble's Law express mathematically?

A. The mass of a galaxy is directly proportional to the number of stars it contains and its overall luminosity

B. The brightness of a galaxy decreases inversely with the square of its distance from the observer's
location

C. The recession velocity of a galaxy is directly proportional to its distance from Earth, indicating cosmic
expansion

D. The age of a galaxy is inversely proportional to the abundance of heavy elements found within its
constituent stars

6. Astronomers use stellar parallax to measure the distances to nearby stars. The parallax method depends
on which observation?

A. The measurement of redshift in a star's spectrum as the star moves away from Earth over short periods
of time

B. The apparent shift in a nearby star's position against more distant background stars as Earth orbits the
Sun



C. The variation in a star's brightness over a regular cycle of pulsation observed throughout the year

D. The Doppler shift caused by Earth's rotation altering our motion relative to the observed star each day

7. Robotic missions to Mars have provided evidence that liquid water once flowed on the planet's surface.
Which observation supports this conclusion most directly?

A. Networks of dry river channels and minerals that form only in the presence of liquid water have been
observed

B. The Martian atmosphere contains large amounts of water vapor that condenses into liquid rain during
summer

C. Active hot springs gushing liquid water have been directly photographed by rovers exploring the
Martian surface

D. The polar ice caps of Mars are composed entirely of frozen liquid water with no carbon dioxide ice
present

8. Which set of definitions correctly distinguishes among comets, asteroids, meteoroids, and meteors?

A. All four terms describe identical types of objects and the names are simply used interchangeably in
astronomy

B. Comets are made of metal, asteroids are made of rock, meteoroids are made of ice, and meteors are
made of gas

C. Comets orbit the Sun, asteroids orbit Earth, meteoroids orbit the Moon, and meteors orbit other planets
directly

D. Comets are icy bodies, asteroids are rocky bodies, meteoroids are small fragments in space, and meteors
are the bright streaks when those fragments enter the atmosphere

9. The same side of the Moon always faces Earth, a phenomenon known as tidal locking. What relationship
between the Moon's rotation and orbit produces this effect?

A. The Moon does not rotate on its own axis at all, so the same side naturally always faces Earth from its
orbit



B. The Moon rotates much faster than it orbits Earth, so any side facing us appears to remain in place
visually

C. The Moon's rotational period equals its orbital period around Earth, so the same hemisphere always
faces our planet

D. The Moon's gravitational field forces Earth to rotate at exactly the same rate as the Moon orbits around
it

10. Based on observations of the cosmic microwave background and the Hubble expansion rate, scientists
estimate the age of the universe to be approximately how old?

A. About 13.8 billion years since the Big Bang, with this estimate refined through multiple independent
observations

B. About 4.6 billion years since the formation of the Sun and the solar system in which we currently reside

C. About 100 billion years since the universe began expanding, much older than most astronomers had
previously assumed

D. About 6,000 years since the universe began, based on the most recent astronomical observations of
distant objects

11. Galileo's early telescopic observations of Jupiter revealed four large moons orbiting the planet. Why
was this discovery scientifically significant in the early 1600s?

A. It proved that Earth must also have multiple moons that had simply been overlooked by previous
astronomers

B. It demonstrated that celestial bodies could orbit centers other than Earth, undermining the geocentric
model of the cosmos

C. It established that Jupiter was the largest planet in the solar system, larger even than the Sun itself by
far

D. It confirmed that Earth was the center of the universe, with all other planets including Jupiter orbiting
around our world

12. The most widely accepted scientific hypothesis for the origin of Earth's Moon proposes which
mechanism for its formation?



A. The Moon condensed from the same solar nebula as Earth and has always existed as Earth's natural
companion in orbit

B. The Moon was originally an independent planet that was gravitationally captured by Earth's gravity
early in solar system history

C. The Moon formed from material that was thrown off Earth's equator due to rapid spinning during the
planet’s early formation

D. A Mars-sized body collided with the early Earth, ejecting material that coalesced in orbit to form the
Moon

13. Geological evidence suggests that Earth experienced periods of extreme global glaciation during the
Neoproterozoic Era, when ice may have covered most of the planet. These episodes are commonly known
by which name?

A. The Great Oxygenation Event, when atmospheric oxygen levels rose dramatically over hundreds of
millions of years gradually

B. The Cambrian Explosion, when a sudden diversification of complex multicellular life appeared in the
early fossil record

C. Snowball Earth events, during which ice sheets are hypothesized to have extended from the poles
toward the equator

D. The Mesozoic ice ages, the most recent global cold periods to affect Earth's overall climate over
geologic time

14. Most of the world's major coal deposits formed during the Carboniferous Period, approximately 359
to 299 million years ago. Which environmental and biological conditions allowed for such massive
accumulation of organic carbon during this period?

A. Vast swampy lowland forests of giant lycopsids and ferns produced abundant plant material that
accumulated in oxygen-poor waters before fully decomposing

B. Frequent global wildfires reduced living forests to charcoal, which then accumulated in deep ocean
basins around the world continuously

C. Marine plankton blooms produced enormous quantities of organic carbon that settled to the sea floor
as black shale layers over millions of years

D. Volcanic eruptions buried tropical forests under thick layers of ash, preserving the plant material in dry
sediment for millions of years



15. The principle of original horizontality, fundamental to interpreting sedimentary rocks, states what
about the initial deposition of these layers?

A. Sedimentary layers are typically deposited as steeply tilted layers that later become horizontal through
gravitational settling

B. Sedimentary layers are typically deposited in nearly horizontal positions, so tilted layers indicate later
tectonic deformation

C. Sedimentary layers form only vertically along cliff faces, which is why most sedimentary outcrops
appear vertical in nature

D. The orientation of sedimentary layers at deposition is random and reveals nothing about subsequent
geological deformation

16. The Ediacaran biota, dating from approximately 575 to 541 million years ago, represents an important
phase in the evolution of life on Earth. Which characteristic best describes these organisms?

A. They were small single-celled bacteria similar to those found in the oldest Precambrian rocks of the
Archean Eon

B. They were small marine animals with hard shells whose mineralized remains form the most abundant
Cambrian fossils

C. They were freshwater protists living in shallow lakes whose remains accumulated in soft sediment as
microscopic fossils

D. They were the earliest large soft-bodied multicellular organisms, preserved as impressions in fine-
grained sedimentary rocks worldwide

17. The principle of lateral continuity states what about sedimentary layers at the time of their original
formation?

A. Sedimentary layers extend laterally in all directions until they thin out at the edges of their depositional
basin

B. Sedimentary layers always form in completely random thicknesses and orientations across any
particular region of land

C. Sedimentary layers can only form within narrow channels and never extend laterally across wide
regions overall



D. Sedimentary layers form vertically along cliff edges and do not extend horizontally beyond the
immediate area

18. Trilobites, which lived from the Cambrian through the end of the Permian Period, are particularly
useful as index fossils. Why are they so valuable for correlating rock layers between distant locations?

A. Trilobites were exclusively terrestrial animals living in specific forest environments, making them
indicators of ancient land conditions

B. Trilobites were extremely large in body size, making their fossils easy to identify even in heavily
weathered rocks across regions

C. Trilobites were widespread marine animals that evolved many distinct species over short time intervals
and had hard preservable exoskeletons

D. Trilobites lived for hundreds of millions of years with essentially no morphological change, providing
stable reference fossils throughout the Phanerozoic

19. How does oceanic crust compare to continental crust in terms of thickness and composition?

A. Oceanic crust is much thicker than continental crust and composed primarily of granite-rich felsic rocks

B. Oceanic crust is thinner and denser than continental crust and composed primarily of basaltic rocks rich
in iron and magnesium

C. Oceanic crust and continental crust are identical in both thickness and chemical composition across all
locations

D. Oceanic crust is thicker but less dense than continental crust, with both types composed primarily of
sedimentary materials

20. The Mohorovici¢ discontinuity (Moho) is an important boundary within Earth's interior identified
through seismic studies. What does this boundary mark?

A. The boundary between Earth's solid inner core and the surrounding liquid outer core composed of iron
and nickel alloys

B. The boundary between the liquid outer core and the overlying solid mantle, marked by major changes
in seismic wave behavior



C. The boundary between the upper and lower mantle at approximately 660 kilometers depth, marked by
mineral phase transitions

D. The boundary between Earth's crust and the underlying mantle, marked by an abrupt increase in seismic
wave velocity

21. The Japanese islands form a curved chain of volcanic islands along the Pacific Ocean. Which plate
tectonic process is responsible for the formation of this volcanic island arc?

A. Oceanic-oceanic plate convergence, where one oceanic plate subducts beneath another, producing
volcanism in the overriding plate

B. Continental-continental collision producing massive thrust faulting and crustal thickening without any
volcanic activity at all

C. A transform plate boundary where two plates slide past each other horizontally, producing only
earthquakes without any volcanic activity

D. A divergent plate boundary where plates pull apart, producing a long linear chain of volcanoes along
the rift zone over time

22. The East African Rift Valley represents an example of which geological feature actively forming at
the present time?

A. A transform fault where two plates slide laterally past each other, producing earthquakes without any
topographic depression

B. A subduction zone where one tectonic plate descends beneath another, creating a deep ocean trench
along the boundary

C. A continental rift zone where a continental plate is splitting apart, eventually leading to the formation
of a new ocean basin

D. A mountain range formed by continental collision, similar to the Himalayas, with deep valleys carved
by glacial erosion

23. On the Mohs hardness scale, which sequence correctly ranks these four minerals from softest to
hardest?



A. Diamond, quartz, calcite, talc, listed in order from softest mineral to hardest mineral on the standard
ten-point scale

B. Calcite, talc, diamond, quartz, listed in order from softest mineral to hardest mineral on the standard
ten-point scale

C. Quartz, diamond, talc, calcite, listed in order from softest mineral to hardest mineral on the standard
ten-point scale

D. Talc, calcite, quartz, diamond, listed in order from softest mineral to hardest mineral on the standard
ten-point scale

24. Which sedimentary rock is classified as a chemical sedimentary rock formed by the precipitation of
dissolved minerals from water?

A. Sandstone, formed by the compaction and cementation of sand-sized grains transported by wind or
water from upstream sources

B. Rock salt (halite), formed by the evaporation of saline water and direct precipitation of sodium chloride
crystals from solution

C. Conglomerate, formed by the cementation of rounded gravel-sized rock fragments transported by high-
energy streams or beaches

D. Shale, formed by the slow compaction of clay and mud particles deposited in calm water environments
over long times

25. A stream flows down a steep mountain slope. Compared to a similar stream flowing across a flat plain,
what would be expected about the steeper stream?

A. The steeper stream would have a higher gradient and faster water velocity, giving it greater erosional
power per unit length

B. The steeper stream would have a lower gradient and slower water velocity, producing extensive
deposition along its course

C. The steeper stream would have no gradient at all and would flow upward against gravity due to
topographic features

D. The steeper stream would have identical gradient and velocity to the flatland stream regardless of
topography or location



26. A geologist examining a glacially modified landscape identifies a long ridge of unsorted rock debris
deposited at the maximum extent reached by a former ice sheet. What is this feature called?

A. A drumlin, a smooth elongated hill of glacial sediment with its long axis aligned parallel to the direction
of ice flow

B. An esker, a long sinuous ridge of sand and gravel deposited by streams flowing within or beneath a
glacier as it melted

C. A terminal moraine, an arcuate ridge of unsorted glacial till marking the farthest advance of a glacier
into the landscape

D. A kettle lake, a circular depression containing water formed where a large block of glacial ice melted
in the outwash plain

27. Loess is a type of sediment that covers extensive areas in the central United States and parts of China.
What is the origin of loess deposits?

A. Loess is composed of marine shells that accumulated during periods when shallow seas covered these
regions in the geological past

B. Loess is composed of fine wind-blown silt, often originating from glacial outwash plains, that was
transported and deposited by wind

C. Loess is composed of volcanic ash from explosive eruptions, transported by wind from distant volcanic
mountain ranges across continents

D. Loess is composed of coarse glacial till deposited directly by retreating ice sheets at the end of the most
recent ice age

28. The water table represents an important boundary within the subsurface of Earth. Which definition
correctly describes this feature?

A. The boundary between the soil layer at the surface and the underlying bedrock that supports the soil
profile from below

B. The boundary between fresh groundwater and the salty seawater that intrudes into coastal aquifers near
the ocean shoreline

C. The boundary between the deep mantle and the overlying crust where significant chemical changes in
rock composition occur
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D. The boundary between the zone of aeration above (where pores contain air) and the zone of saturation
below (where pores are fully filled with water)

29. The Adirondack Mountains of northern New York State are geologically distinct from the Appalachian
Mountains to the south. The Adirondacks consist primarily of which rock types?

A. Ancient Precambrian metamorphic and igneous rocks that have been uplifted in a circular dome,
exposed by erosion of overlying layers

B. Young Cenozoic volcanic rocks erupted during the past few million years from active volcanoes in the
region near the Canadian border

C. Cretaceous sedimentary rocks deposited during the time of the dinosaurs in a shallow inland sea
covering eastern North America

D. Modern glacial deposits laid down during the Pleistocene Epoch by continental ice sheets covering
New York entirely under ice

30. A meteorologist observes that air at the surface is converging toward a region while air higher in the
atmosphere is diverging away above the same location. Which weather pattern would be expected at this
location?

A. Clear skies and high pressure dominating the region, with persistent sinking air suppressing all cloud
formation overall

B. Cloudy skies and likely precipitation, since the converging surface air must rise upward through the
atmosphere as upper-level divergence removes it

C. Strong steady winds blowing radially outward in all directions at the surface across the entire affected
region of land

D. Persistent fog and stagnant air conditions for an extended period of time without any precipitation
development over many days

31. An occluded front forms when a fast-moving cold front overtakes a slow-moving warm front, lifting
the warm air mass off the ground entirely. Which weather conditions are most commonly associated with
an occluded front?
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A. Clear skies with rising temperatures as the warm sector advances rapidly across the affected region
overall

B. Drought conditions and strong steady winds blowing in a single direction throughout the affected region
for many days

C. Cloudy skies with extended precipitation, often marking the mature stage and decline of a mid-latitude
cyclone

D. Cold, dry conditions with completely clear skies and rapidly falling air pressure throughout the affected
region

32. Earth's atmospheric circulation includes three major cells in each hemisphere. Which sequence
correctly names these cells from the equator toward the poles?

A. Polar cell, Ferrel cell, Hadley cell, listed from the equator northward to the North Pole in the Northern
Hemisphere

B. Ferrel cell, Hadley cell, Polar cell, listed from the equator northward to the North Pole in the Northern
Hemisphere

C. Polar cell, Hadley cell, Ferrel cell, listed from the equator northward to the North Pole in the Northern
Hemisphere

D. Hadley cell, Ferrel cell, Polar cell, listed from the equator northward to the North Pole in the Northern
Hemisphere

33. The Asian monsoon, which produces dramatic seasonal precipitation changes across India and
Southeast Asia, results from which fundamental mechanism?

A. Seasonal reversal of wind direction between summer and winter, driven by differential heating of land
and ocean throughout the year

B. The annual movement of the jet stream over Asia, which directly causes rainfall to shift from one region
to another seasonally

C. Volcanic eruptions across the region releasing massive amounts of water vapor into the atmosphere
during summer months only

D. The seasonal influence of El Nifio cycles, which alone determine whether the Asian region experiences
wet or dry conditions annually
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34. Milankovitch cycles describe periodic variations in Earth's orbital parameters that have driven long-
term climate changes including the timing of ice ages. Which three orbital parameters define these cycles?

A. The mass of Earth, the rotation rate of Earth, and the total amount of solar radiation emitted by the Sun
continuously

B. The eccentricity of Earth's orbit, the tilt of Earth's axis (obliquity), and the precession (wobble) of
Earth's rotational axis

C. The distance of the Moon from Earth, the speed of solar wind, and the strength of Earth's magnetic
field over time

D. The amount of volcanic activity, the concentration of greenhouse gases, and the area of polar ice caps
on Earth's surface

35. A large explosive volcanic eruption injects substantial amounts of sulfur dioxide into the stratosphere.
What climate effect does this typically produce in the months and years following the eruption?

A. A long-term warming of global average temperatures because the released gases trap additional
outgoing infrared radiation

B. No detectable climate effect, since volcanic gases are quickly removed from the atmosphere within
hours of any eruption

C. A short-term cooling of global average temperatures, because sulfate aerosols reflect sunlight back to
space from the stratosphere

D. A permanent increase in atmospheric oxygen levels, as volcanic gases react with sunlight to produce
more atmospheric oxygen

36. The trade winds are persistent surface winds in the tropics that blow toward the equator. In the
Northern Hemisphere, the trade winds blow from which direction?

A. From the south, called the southerly winds, which carry warm tropical air northward into the equatorial
low-pressure belt

B. From the west, called the westerlies, which dominate the entire tropical region throughout the year
continuously

C. From the north, called the northerly winds, which blow directly southward across the entire Northern
Hemisphere tropics
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D. From the northeast, called the northeast trades, which result from Coriolis deflection of air flowing
toward the equator

37. The phosphorus cycle differs from the carbon and nitrogen cycles in one fundamental way. Which
characteristic distinguishes the phosphorus cycle?

A. Phosphorus has the shortest cycling time of any major biogeochemical cycle, with all phosphorus
recycling every few hours globally

B. Phosphorus does not have a significant atmospheric component in its cycle, with most movement
occurring through rocks, soil, and water

C. Phosphorus is the most abundant element in the universe and is therefore unlimited in natural
ecosystems on Earth at all times

D. Phosphorus is found only in the atmosphere and never in any solid form within Earth's rocks or
biological systems anywhere

38. Coral bleaching, an increasingly common phenomenon affecting tropical reefs worldwide, is caused
primarily by which environmental stress?

A. Elevated ocean temperatures that cause corals to expel the symbiotic algae living within their tissues,
leaving them pale and weakened

B. Decreased salinity of seawater due to increased rainfall over the tropics throughout the year on a global
scale continuously

C. Excessive nutrient levels in seawater that overstimulate coral growth, producing pale colors and weak
skeletons in adult colonies

D. Increased exposure to ultraviolet radiation as the ozone layer over tropical regions thins during summer
months only each year

39. Permafrost in Arctic regions contains large amounts of frozen organic matter accumulated over
thousands of years. Why does permafrost thaw represent a significant climate concern?

A. Thawing permafrost rapidly absorbs carbon dioxide from the atmosphere, accelerating global cooling
at northern latitudes substantially
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B. Thawing permafrost reflects more solar radiation back to space, leading to a cooling feedback that
slows climate change overall

C. Thawing permafrost has no significant climate impact because the organic matter it contains does not
decompose after thawing

D. Thawing permafrost releases methane and carbon dioxide from decomposing organic matter,
amplifying global warming through positive feedback

40. Wind turbines generate electricity by converting which form of energy through which mechanism of
operation?

A. Wind turbines convert solar radiation directly into electrical energy through photovoltaic panels
mounted on rotating turbine blades

B. Wind turbines convert geothermal heat into electrical energy through underground heat exchangers
connected to surface generators directly

C. Wind turbines convert the kinetic energy of moving air into electrical energy by spinning rotor blades
connected to a generator

D. Wind turbines convert chemical energy from fuel combustion into electrical energy through internal
generators housed in the tower

41. Nuclear power plants generate electricity through which fundamental physical process occurring in
the reactor core?

A. The fusion of hydrogen nuclei into helium under extreme temperatures, the same process that powers
the Sun continuously every day

B. The fission of uranium or plutonium nuclei into smaller nuclei, releasing heat that produces steam to
spin electrical turbines

C. The chemical combustion of uranium fuel rods, which releases stored chemical energy as heat to drive
turbines and generate power

D. The radioactive decay of natural radium ore, which produces direct electrical current without any need
for steam turbines

42. The concept of ecological footprint is a measure used to assess human impact on the environment.
What does the ecological footprint specifically measure?
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A. The total weight in kilograms of all waste products produced by a single person over the course of one
calendar year

B. The total amount of money spent by an individual on environmentally friendly products in any given
calendar year overall

C. The total number of trees planted by an individual or community as a contribution to reforestation
efforts over time

D. The area of biologically productive land and water required to provide resources consumed and absorb
wastes generated

43. The carrying capacity of an environment refers to which specific characteristic of an ecological
system?

A. The maximum population size of a species that the environment can sustain indefinitely given available
resources and conditions

B. The maximum number of different species that can coexist within a particular ecosystem without any
extinctions occurring at all

C. The minimum population needed for a species to avoid going extinct in any given ecosystem regardless
of external conditions

D. The average lifespan of individual organisms within a population living in a particular environment
throughout history overall

44. Invasive species often cause significant harm to native ecosystems. Which characteristic typically
allows an invasive species to thrive in its new environment compared to native species?

A. Invasive species always require more resources than native species, but ecosystems automatically
expand to meet these demands

B. Invasive species are always smaller than native species, allowing them to hide and avoid competition
with established native populations

C. Invasive species often lack natural predators, parasites, or diseases in their new range that would
otherwise control their populations

D. Invasive species reproduce far more slowly than native species, but their slow growth gives them long-
term competitive advantages
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45. A regulator is investigating the source of pollutants entering a river. Which scenario best illustrates a
non-point source of water pollution?

A. A factory discharge pipe that releases industrial wastewater directly into the river at a single identifiable
location continuously

B. Agricultural runoff carrying fertilizers and pesticides into the river from many farms spread across a
large watershed area

C. A municipal sewage treatment plant releasing partially treated wastewater into the river at a single
permitted outfall location

D. An oil tanker spill that contaminated a specific section of the river at a known location and time during
a recent accident

46. The Intergovernmental Panel on Climate Change (IPCC) plays a central role in international climate
science. What is the primary function of the IPCC?

A. The IPCC assesses and synthesizes the global scientific literature on climate change, producing
comprehensive reports for policymakers worldwide

B. The IPCC directly conducts its own original climate research at laboratories around the world,
employing thousands of climate scientists

C. The IPCC sets legally binding emissions limits that all member countries must follow regardless of
national circumstances or economic capacity

D. The IPCC operates the global network of weather stations that collect daily meteorological observations
from across the planet

47. The Air Quality Index (AQI) is a public health tool used to communicate the level of pollution in
outdoor air. What does the AQI represent for the public?

A. A measurement of the total annual emissions of greenhouse gases from a specific country, expressed
in metric tons of CO: equivalent

B. A direct measurement of the amount of oxygen present in outdoor air at sea level expressed as a
percentage of the total atmosphere

C. A measurement of the average wind speed across a given urban area calculated over the course of one
calendar month overall
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D. A numerical index based on concentrations of major air pollutants that indicates the level of health
concern for the general public

48. Which statement best describes the fundamental difference between scientific inquiry and engineering
design?

A. Science and engineering are entirely identical activities with no meaningful differences in their
purposes or methods of investigation

B. Science focuses on building useful products, while engineering focuses on understanding the natural
world through experiments and observation

C. Science seeks to understand how the natural world works, while engineering applies knowledge to
design solutions for human needs and problems

D. Science is conducted only in laboratories, while engineering is conducted only at industrial
manufacturing facilities or construction sites

49. An engineering team systematically considers all the ways a proposed bridge design might fail and
the consequences of each failure mode. This analytical approach is best described as which element of the
engineering process?

A. Failure mode analysis, the systematic identification of potential ways a design can fail in order to
prevent or mitigate these failures

B. Aesthetic evaluation, the assessment of how visually appealing the bridge will be to people viewing it
from various distances

C. Marketing research, the investigation of public preferences for bridge designs in order to choose the
most popular option overall

D. Historical documentation, the recording of past bridge designs without considering possible failures in
the current proposed design

50. When designing a new wind farm, engineers must consider the interests of multiple groups including
local residents, energy companies, environmental organizations, and wildlife conservationists.
Considering these diverse perspectives during the design process is best described as which engineering
practice?
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A. Aesthetic optimization, which focuses solely on making the wind farm visually attractive to passing
motorists on nearby highways daily

B. Stakeholder analysis, the systematic identification and consideration of all groups affected by an
engineering project during its design

C. Material selection, which focuses solely on choosing the most cost-effective materials for the
construction of the wind turbines themselves

D. Schedule planning, which focuses solely on the timeline for the construction project without
consideration of any affected groups

Practice Exam 13 — Answer Key with Explanations

1. A — Apparent brightness depends on both luminosity and distance through the inverse-square law.
Since both stars look equally bright but Star X is much farther away, Star X must emit far more light to
overcome the dimming with distance. This is the fundamental distinction between apparent magnitude
(what we see) and absolute magnitude (true luminosity).

2. C — Stellar spectral classification (O, B, A, F, G, K, M) is fundamentally a temperature scale, with O
stars hottest (~30,000 K+) and M stars coolest (~3,000 K). The Sun's G classification corresponds to a
surface temperature of about 5,800 K. Each spectral class shows characteristic absorption lines that depend
on the temperatures at which various atomic transitions occur.

3. B — The event horizon is the radius at which the escape velocity equals the speed of light, beyond
which not even light can escape the black hole's gravitational pull. Its size depends on the black hole's
mass (Schwarzschild radius = 2GM/c?). The singularity lies inside the event horizon, but the horizon itself
is the defining boundary of the black hole.

4. D — Pulsars are rapidly rotating neutron stars whose strong magnetic fields channel radiation into
narrow beams along their magnetic poles. As the star rotates, these beams sweep across space, and Earth
receives a pulse each time a beam points our way, like a lighthouse. Pulsar periods are extraordinarily
precise, making them useful as cosmic clocks.

5. C — Hubble's Law states that v = Ho X d, where the recession velocity v of a distant galaxy is
proportional to its distance d, with Ho being the Hubble constant. Galaxies farther away recede faster,
which is the signature of cosmic expansion. Edwin Hubble's discovery of this relationship in 1929
provided the foundation for the Big Bang model.

6. B — Stellar parallax uses Earth's annual orbit as a baseline to detect the apparent shift of a nearby star
against the more distant stellar background as Earth moves from one side of its orbit to the other. The
parallax angle is inversely proportional to distance — closer stars show larger shifts. The parsec, the
standard astronomical distance unit, is defined as the distance at which a star shows a parallax of one
arcsecond.
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7. A — Mars rovers and orbiters have documented extensive networks of dry river channels, deltas, and
lake beds, along with minerals such as hematite "blueberries,” clays, and sulfates that form only in the
presence of liquid water. These geological and mineralogical signatures indicate that liquid water flowed
across the Martian surface billions of years ago when the planet was warmer and had a thicker atmosphere.

8. D — Comets are icy bodies originating from the outer solar system that develop tails when heated by
the Sun; asteroids are rocky or metallic bodies, mostly between Mars and Jupiter; meteoroids are small
fragments of asteroids or comets traveling through space; and meteors are the bright streaks of light
produced when meteoroids burn up in Earth's atmosphere. Any meteoroid that survives to reach the ground
is then called a meteorite.

9. C — Tidal locking is synchronous rotation: the Moon's rotational period (about 27.3 days) precisely
equals its orbital period around Earth. Earth's gravity gradually slowed the Moon's once-faster rotation
until the rotation rate matched the orbital period, presenting the same hemisphere to us permanently. This
phenomenon is common among moons close to their parent planets.

10. A— Combined evidence from the Hubble expansion rate, cosmic microwave background temperature
anisotropies measured by missions like Planck, and the ages of the oldest stars converge on a universe age
of approximately 13.8 billion years. The estimate has been refined steadily as instruments improved, and
multiple independent methods agree to within a few percent. The solar system, formed about 4.6 billion
years ago, is much younger.

11. B — Before Galileo's 1610 observations, the dominant Ptolemaic model held that all celestial bodies
orbit Earth. Seeing four moons clearly orbiting Jupiter demonstrated that at least some bodies orbit centers
other than Earth, providing decisive evidence against geocentrism and supporting the Copernican Sun-
centered model. The Galilean moons remain key examples in the history of science.

12. D — The giant impact hypothesis proposes that about 4.5 billion years ago a Mars-sized body (often
called Theia) struck the proto-Earth, ejecting a ring of vaporized rock that coalesced into the Moon within
thousands of years. This model explains the Moon's iron-poor composition, its similar isotopic chemistry
to Earth's mantle, and the angular momentum of the Earth-Moon system. Computer simulations strongly
support this scenario.

13. C — Geological evidence including glacial deposits at low paleolatitudes and “cap carbonates™
suggests Earth experienced one or more episodes of near-global glaciation during the Neoproterozoic,
popularly called Snowball Earth. Reduced surface heating from extensive ice cover may have created a
powerful albedo feedback locking the planet into deep glaciation. These events preceded and may have
influenced the Cambrian Explosion of animal life.

14. A — During the Carboniferous, extensive low-lying tropical swamps were dominated by giant
lycopsids (scale trees), horsetails, and ferns whose biomass accumulated in waterlogged, oxygen-poor
conditions that inhibited decomposition. Over geologic time, this peat was buried, compressed, and
transformed into coal seams. The proliferation of woody plants before fungi evolved to efficiently
decompose lignin contributed to the unusually massive carbon burial.
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15. B — Original horizontality, formulated by Nicolas Steno, states that sediments are initially deposited
in essentially flat, horizontal layers due to gravity acting on settling particles. When geologists encounter
tilted or folded sedimentary beds today, the principle tells them those beds have been deformed by tectonic
forces after deposition. It is one of the foundational rules for interpreting Earth's history from rocks.

16. D — The Ediacaran biota comprises the earliest known large, complex, soft-bodied multicellular
organisms, preserved mainly as impressions and casts in fine-grained sandstones at sites like Mistaken
Point and the Ediacara Hills. They predate the Cambrian Explosion and represent an enigmatic experiment
in early animal-grade life. Their unusual body plans differ from those of most later animals.

17. A — The principle of lateral continuity, also from Steno, holds that sediments are deposited in
continuous layers extending in all directions until they thin against the edges of the basin or pinch out
against pre-existing topography. This allows geologists to correlate rock layers across distances even when
erosion has separated them later. It complements the principles of superposition and original horizontality
in interpreting sedimentary sequences.

18. C — Trilobites were marine arthropods that diversified into thousands of species across the Paleozoic,
lived in shallow seas worldwide, and had calcite-strengthened exoskeletons that preserved exceptionally
well. Their rapid evolution into morphologically distinct species over relatively short geologic intervals
lets geologists assign narrow age ranges to rocks containing specific trilobite species. These qualities make
trilobites among the most valuable index fossils for the Paleozoic Era.

19. B — Oceanic crust averages about 7 kilometers thick and is composed mainly of dense basalt and
gabbro rich in iron and magnesium (mafic composition), while continental crust averages 30 to 50
kilometers thick and is dominated by less dense granitic (felsic) rocks. The density contrast is why
continental crust "floats” higher on the mantle than oceanic crust does. These differences drive the
asymmetric outcomes at convergent boundaries, where denser oceanic crust subducts beneath continental
crust.

20. D — The Mohorovici¢ discontinuity (Moho), discovered by Andrija Mohorovi¢i¢ in 1909, marks the
boundary between Earth's crust and the underlying mantle. Seismic waves accelerate abruptly when they
cross the Moho because mantle peridotite is denser than crustal rocks. The Moho lies about 7 kilometers
deep beneath oceans and 30 to 50 kilometers beneath continents.

21. A — Japan sits along a subduction zone where the dense Pacific Plate (and the Philippine Sea Plate)
descends beneath the overriding Okhotsk and Eurasian plates. Water released from the subducting slab
lowers the melting point of the mantle wedge above, generating magma that rises to form a chain of
volcanoes parallel to the trench. This produces the characteristic arc-shaped pattern of volcanic islands in
oceanic-oceanic convergence.

22. C — The East African Rift is an active continental rift where the African Plate is splitting into the
Somali and Nubian subplates, with the crust thinning, faulting, and dropping along normal faults to create
a long rift valley. Volcanism accompanies the rifting, and if extension continues for millions of years, the
rift will widen into a new ocean basin similar to how the Atlantic opened. The Red Sea represents a more
advanced stage of the same process.
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23. D — The Mohs hardness scale ranks talc (1) as the softest, followed by calcite (3), quartz (7), and
diamond (10) as the hardest of common reference minerals. The scale measures resistance to scratching,
with each higher-numbered mineral able to scratch any lower-numbered one. The scale is non-linear, but
the ordinal ranking is fundamental to mineral identification.

24. B — Rock salt (halite) is a chemical sedimentary rock formed when saline water evaporates and
dissolved sodium chloride precipitates out of solution as crystals on the basin floor. Other examples of
chemical sedimentary rocks include rock gypsum and some limestones. Sandstone, conglomerate, and
shale are clastic sedimentary rocks formed from physical accumulation of grains, not chemical
precipitation.

25. A — A stream's gradient is the slope of its bed, and steeper gradients produce higher water velocities.
Higher velocities give the stream greater kinetic energy and therefore greater erosional and
transportational power, capable of moving larger particles and cutting deeper channels. Streams on flat
plains have low gradients, slower flow, and tend to deposit rather than erode sediment.

26. C — A terminal moraine is the arc-shaped ridge of unsorted till — boulders, gravel, sand, and clay all
jumbled together — that accumulates along the leading edge of a glacier at the position where ice melt
and supply balance for an extended period. When the glacier finally retreats, the moraine remains as a
permanent topographic marker of the glacier's maximum extent. Long Island's spine consists of terminal
moraines from the last glaciation.

27. B — Loess deposits consist of well-sorted, angular silt particles carried by wind from glacial outwash
plains, river floodplains, and deserts, then deposited over wide areas downwind. The midwestern United
States and the Loess Plateau of China both received massive silt loads during and after the Pleistocene
glaciations. Loess weathers into highly fertile soil, supporting some of the world's most productive
agriculture.

28. D — The water table is the upper boundary of the saturated zone, where every available pore space is
filled with groundwater. Above the water table lies the zone of aeration (vadose zone), where pores contain
a mixture of air and water. The water table rises and falls with precipitation, pumping, and seasonal
changes, and intersects the surface at wetlands, springs, and gaining streams.

29. A — The Adirondacks are a structural dome of Precambrian (Grenville-age, roughly one billion years
old) igneous and metamorphic rocks — primarily anorthosite, gneiss, and granite — that has been domed
upward in geologically recent time, exposing the ancient basement through erosion of overlying Paleozoic
sedimentary cover. They are geologically distinct from the folded Paleozoic sediments of the
Appalachians to the south.

30. B— Convergence of air at the surface forces rising motion because air cannot accumulate indefinitely,
and the rising column is sustained by divergence aloft removing the air at altitude. Rising air cools
adiabatically, condenses water vapor into clouds, and produces precipitation. This vertical pattern is the
defining circulation of low-pressure systems and storm centers.

31. C — An occluded front forms in the mature stage of a mid-latitude cyclone, when the faster cold front
catches up with the warm front and lifts the warm sector entirely off the ground. Cool air now sits on both
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sides of the occlusion, with the warm air aloft producing widespread cloudiness and prolonged
precipitation. Occluded fronts typically signal that the cyclone is reaching peak intensity and starting to
decay.

32. D — In each hemisphere, the three cells are the Hadley cell (equator to about 30°), the Ferrel cell (30°
to 60°), and the Polar cell (60° to the pole). Hadley cells transport warm equatorial air poleward aloft and
return cool surface air equatorward, while Ferrel cells operate in the reverse direction, and Polar cells push
cold polar air toward mid-latitudes at the surface. Together they produce the global belts of high and low
pressure that drive weather patterns.

33. A— The Asian monsoon arises because the Asian landmass heats up dramatically in summer, creating
low pressure that draws moisture-laden winds inland from the Indian Ocean and produces intense rainfall.
In winter the continent cools faster than the ocean, reversing the pressure pattern and producing dry,
offshore winds. Differential heating capacities of land and water are the fundamental physical driver.

34. B — Milutin Milankovitch's calculations identified three cyclic variations in Earth's orbit: eccentricity
(the shape of the orbit, on roughly 100,000-year cycles), obliquity (the axial tilt, varying between about
22.1° and 24.5° on a 41,000-year cycle), and precession (the wobble of the rotational axis, on roughly
26,000-year cycles). These cycles change the seasonal and latitudinal distribution of solar radiation and
have paced the major glacial-interglacial cycles of the Pleistocene.

35. C — Sulfur dioxide injected into the stratosphere reacts with water vapor to form fine sulfate aerosols
that remain suspended for one to three years and reflect incoming solar radiation back to space before it
reaches the surface. Major eruptions like Pinatubo in 1991 produced measurable global cooling of about
0.5°C for about two years. The effect is short-lived because aerosols eventually settle out, returning
climate to its prior trajectory.

36. D — In the Northern Hemisphere, air flowing from the subtropical high pressure belts toward the
equatorial low is deflected to the right by the Coriolis effect, producing northeasterly trade winds (winds
blowing from the northeast toward the southwest). Trade winds are remarkably persistent and historically
powered sailing ships across the Atlantic. In the Southern Hemisphere, the corresponding winds are the
southeast trades.

37. B — Unlike carbon and nitrogen, phosphorus has no significant gaseous form under normal Earth
conditions, so its cycle moves through weathering of phosphate-bearing rocks, uptake by organisms,
deposition in sediments, and eventual uplift back to the land surface. This rock-dominated cycle operates
much more slowly than atmospheric cycles. Phosphorus is therefore often the limiting nutrient in many
ecosystems, especially freshwater systems.

38. A — Reef-building corals depend on symbiotic zooxanthellae algae living inside their tissues for most
of their nutrition and color. When water temperatures exceed normal seasonal maxima by even one to two
degrees Celsius for extended periods, the symbiotic relationship breaks down and the coral expels the
algae, leaving the coral pale or white. Prolonged bleaching leads to coral death, and the increased
frequency of marine heatwaves is the principal driver of widespread reef bleaching events.
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39. D — Permafrost stores roughly twice as much carbon as is currently in the atmosphere, locked in
frozen organic matter accumulated over thousands of years. When permafrost thaws, microbial
decomposition releases that carbon as CO: and methane (a potent greenhouse gas), warming the climate
further and accelerating additional thaw. This represents a major positive feedback that could amplify
human-caused warming.

40. C — Wind turbines convert the Kinetic energy of moving air into rotational mechanical energy as wind
pushes against angled rotor blades, and a generator in the nacelle then converts the rotation into electrical
energy Via electromagnetic induction. Output scales with the cube of wind speed, so siting in consistently
windy locations is critical. Modern utility-scale turbines can each produce several megawatts of electricity.

41. B — Nuclear power plants split (fission) heavy nuclei, typically uranium-235 or plutonium-239, by
bombarding them with neutrons. Each fission releases additional neutrons that sustain a controlled chain
reaction along with substantial heat, which boils water into steam that drives turbine-generators to produce
electricity. Fusion, the opposite process, powers stars but has not yet been achieved as a practical
electricity source on Earth.

42. D — The ecological footprint measures the area of biologically productive land and water (cropland,
pasture, forest, fisheries, and built-up land) needed to provide the resources consumed by an individual,
community, or nation and to absorb the wastes they generate, especially COs.. It is typically expressed in
global hectares. When humanity's footprint exceeds Earth's biocapacity, we are running an ecological
deficit.

43. A — Carrying capacity is the maximum population size of a particular species that a given
environment can support indefinitely without degrading the resource base. It depends on available food,
water, shelter, and other resources, as well as predation, disease, and waste accumulation. Populations that
exceed carrying capacity typically experience crashes through starvation, disease, or emigration until they
fall back to sustainable levels.

44. C — When a species is introduced into a new range, it often arrives without the predators, parasites,
and pathogens that limited its population in its native ecosystem. Released from these natural controls, the
invader can reproduce and spread rapidly, outcompeting native species and disrupting ecosystem function.
This "enemy release hypothesis" helps explain why species like zebra mussels and kudzu have spread so
aggressively in North America.

45. B — Point sources discharge pollution from a single identifiable location like a pipe or smokestack,
while non-point sources release pollution diffusely across broad areas. Agricultural runoff from many
fields entering a river across a watershed is the classic non-point source: no single discharge point exists,
and the cumulative effect comes from countless small contributions. Non-point pollution is harder to
regulate precisely because it lacks a single accountable source.

46. A — The IPCC, established in 1988 by the WMO and UNEP, does not conduct original research; it
assesses and synthesizes the published scientific literature on climate change to produce comprehensive
assessment reports about every six to seven years. Thousands of volunteer experts review and summarize
current knowledge on the physical science, impacts, and mitigation options for policymakers worldwide.
The IPCC's reports form the scientific basis for international climate negotiations.
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47. D — The Air Quality Index is a standardized numerical scale (typically 0 to 500) that summarizes
concentrations of five major air pollutants — ground-level ozone, particulate matter, carbon monoxide,
sulfur dioxide, and nitrogen dioxide — into a single index value indicating the level of health concern.
Color-coded categories let the public quickly understand whether air is safe (green) through hazardous
(maroon). The AQI guides decisions about outdoor activity and helps protect sensitive populations.

48. C — Science aims to discover and explain how the natural world works through observation,
hypothesis testing, and theory building. Engineering applies scientific knowledge, along with mathematics
and creativity, to design, build, and improve technologies that solve human problems and meet human
needs. The two enterprises are complementary and often deeply intertwined, but their fundamental goals
— understanding versus designing — are distinct.

49. A — Failure mode analysis (formalized as FMEA — Failure Modes and Effects Analysis)
systematically identifies how each component or function of a design could fail, the consequences of each
failure, and the likelihood of occurrence, then prioritizes mitigation efforts accordingly. The approach is
essential in safety-critical engineering like bridges, aircraft, and medical devices. Anticipating failure
modes in advance is far cheaper and safer than discovering them after a failure has occurred.

50. B — Stakeholder analysis identifies all groups affected by or interested in a project, characterizes their
concerns and influence, and incorporates their perspectives into design decisions. For a wind farm, this
includes residents concerned about noise and visual impact, energy companies focused on output and
profitability, environmental groups concerned about carbon emissions, and wildlife advocates concerned
about bird and bat mortality. Considering stakeholders early reduces conflict, improves outcomes, and
increases the likelihood that the project will be approved and successful.
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