
Part A

Answer all questions in this part.

Directions (1–35): For each statement or question, write in your answer booklet the number of the word or
expression that, of those given, best completes the statement or answers the question. Some questions may
require the use of the 2010 Edition Reference Tables for Physical Setting/Earth Science. 

1 Evidence of mass extinctions of life-forms is 
preserved in the fossil record.  It is inferred that
some of these extinctions occurred because of
(1) earthquakes (3) solar eclipses
(2) asteroid impacts (4) tsunamis

2 By which process do stars convert mass into great
amounts of energy?
(1) nuclear fusion (3) gravitational pull
(2) heat transfer (4) radioactive decay

3 The diagram below represents the development of
our universe from the time of the Big Bang until
the present. Letter A indicates two celestial objects.

The present-day celestial objects labeled A are
best identified as
(1) asteroid belts (3) spiral galaxies
(2) terrestrial planets (4) eccentric comets

4 The constellation Pisces changes position during
a night, as shown in the diagram below.

Which motion is mainly responsible for this
change in position?
(1) revolution of Earth around the Sun
(2) rotation of Earth on its axis
(3) revolution of Pisces around the Sun
(4) rotation of Pisces on its axis

5 The diagram below represents the bright-line
spectrum for an element.

The spectrum of the same element observed in
the light from a distant star is shown below.

The shift in the spectral lines indicates that the
star is moving
(1) toward Earth
(2) away from Earth
(3) in an elliptical orbit around the Sun
(4) in a circular orbit around the Sun
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Base your answers to questions 51 and 52 on the calendar model shown below of the inferred history of the
universe and on your knowledge of Earth science. The 12-month time line begins with the Big Bang on
January 1 and continues to the present time, which is represented by midnight on December 31. Several
inferred events and the relative times of their occurrence have been placed in the appropriate locations on the
time line.

51 State one piece of evidence used by scientists to support the theory that the Big Bang
event occurred.   [1]

52 How many million years of Earth’s geologic history elapsed between the event that
occurred on September 10 and the event that occurred on September 25 in this
model?   [1]

Part B–2

Answer all questions in this part.

Directions (51–65): Record your answers in the spaces provided in your answer booklet. Some questions
may require the use of the Earth Science Reference Tables.

December 31
late evening
The first humans

January 1
The Big Bang

December 30
The extinction
of dinosaurs

December 19
The first vertebrates
(animals with a
backbone)

December 26
Earliest dinosaurs

September 10
The formation of
Earth and our solar
system

September 25
The formation of
the oldest microfossil
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44 The diagram below illustrates three stages of a current theory of the formation of the universe.

Stage 1

A ball of hydrogen
exploded.

Stage 2

A huge hydrogen
cloud moved outward

with cloud parts condensing
to form galaxies.

Stage 3 (present)

The galaxies continue
to move outward.

Earth

A major piece of scientific evidence supporting this theory is the fact that wavelengths
of light from galaxies moving away from Earth in stage 3 are observed to be
(1) shorter than normal (a red shift) (3) longer than normal (a red shift)
(2) shorter than normal (a blue shift) (4) longer than normal (a blue shift)

45 The diagram below shows the Moon orbiting Earth as viewed from space above the North Pole. The Moon
is shown at eight different positions in its orbit.
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At which two positions of the Moon is an eclipse of the Sun or Moon possible?
(1) 1 and 5 (3) 3 and 7
(2) 2 and 6 (4) 4 and 8



Base your answers to questions 73 through 77 on the table below, which lists some information about
Barnard’s Star.

73 The diagram below shows four spectral lines produced by glowing hydrogen gas in a laboratory and four
spectral lines produced by hydrogen gas as seen in the light from Barnard’s Star.

Explain why the positions of the spectral lines of Barnard’s Star are all shifted toward the blue end of the
spectrum.   [1]

74 The distance from point A to point S on the line in your answer booklet represents the equatorial diameter
of the Sun.  On this line, place a point labeled B at the correct scale distance from point A to represent the
equatorial diameter of Barnard’s Star.   [1]

75 Compared to the surface temperature and luminosity of the Sun, describe the relative surface temperature
and the relative luminosity of Barnard’s Star.   [1]

76 List Barnard’s Star, the Sun, and the universe in order by age from oldest to youngest.   [1]

77 If a planet with the same mass as Earth were discovered orbiting Barnard’s Star at the same distance that
Earth is orbiting the Sun, why would there be less gravitational attraction between this new planet and
Barnard’s Star than there is between Earth and the Sun?   [1]

Blue Red
Laboratory
spectral lines

Blue Red
Barnard’s Star
spectral lines

Barnardʼs Star

Distance from Sun
• 6.0 light-years*
• currently moving toward the Sun (and Earth) and will get as close 
as 3.8 light-years in approximately 11,000 years

Characteristics of 
Barnardʼs Star

• less than 17 percent of the Sunʼs mass
• approximately 20 percent of the Sunʼs diameter
• age thought to be between 11 and 12 billion years old and may 
last another 40 billion years

• no planets observed orbiting Barnardʼs Star
* A light-year is the distance light travels in one year.
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10 The reaction below represents an energy-producing process.

The reaction represents how energy is produced
(1) in the Sun by fusion
(2) when water condenses in Earth’s atmosphere
(3) from the movement of crustal plates
(4) during nuclear decay

11 The diagram below shows the spectral lines for an element.

Which diagram best represents the spectral lines of this element when its light is
observed coming from a star that is moving away from Earth?

Hydrogen + Hydrogen → Helium + Energy
(lighter element) (lighter element) (heavier element)

Violet Red
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7 Land surfaces of Earth heat more rapidly than
water surfaces because
(1) more energy from the Sun falls on land than on

water
(2) land has a lower specific heat than water
(3) sunlight penetrates to greater depths in land

than in water
(4) less of Earth’s surface is covered by land than

by water

8 The geologic drill core below shows bedrock 
layers A, B, and C that have not been overturned.
The geological ages of layers A and C are shown.

What is the geologic age of layer B?
(1) Cambrian (3) Devonian
(2) Ordovician (4) Permian

9 Most of Earth’s surface ocean current patterns
are primarily caused by
(1) the force of gravity
(2) the impact of precipitation
(3) prevailing winds
(4) river currents

10 A student uses a sling psychrometer outdoors on
a clear day. The dry-bulb (air) temperature is
10°C. The water on the wet bulb will most likely
(1) condense, causing the wet-bulb temperature

to be higher than the air temperature
(2) condense, causing the wet-bulb temperature

to be equal to the air temperature
(3) evaporate, causing the wet-bulb temperature

to be lower than the air temperature
(4) evaporate, causing the wet-bulb temperature

to be equal to the air temperature

11 In which direction do surface winds around low-
pressure centers in the Northern Hemisphere
generally move?
(1) counterclockwise, toward the center of the low
(2) clockwise, toward the center of the low
(3) counterclockwise, away from the center of

the low
(4) clockwise, away from the center of the low

A Carboniferous

B

C Silurian

Top

Bottom

6 The diagram below shows the types of electromagnetic energy given off by the Sun. The shaded part of the
diagram shows the approximate amount of each type actually reaching Earth’s surface.

Which conclusion is best supported by the diagram?
(1) All types of electromagnetic energy reach Earth’s surface.
(2) Gamma rays and x rays make up the greatest amount of electromagnetic energy

reaching Earth’s surface.
(3) Visible light makes up the greatest amount of electromagnetic energy reaching

Earth’s surface.
(4) Ultraviolet and infrared radiation make up the greatest amount of electromagnetic

energy reaching Earth’s surface.
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22 According to the Big Bang theory, which graph best represents the relationship between time and the size
of the universe from the beginning of the universe to the present?

23 Which map below shows the most likely storm track for a hurricane ( ) in the Atlantic Ocean?
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Part A

Answer all questions in this part.

Directions (1–35): For each statement or question, write on your separate answer sheet the number of the
word or expression that, of those given, best completes the statement or answers the question. Some questions
may require the use of the Earth Science Reference Tables. 

1 Which planet’s orbit around the Sun is most 
nearly circular?
(1) Mercury (3) Pluto
(2) Neptune (4) Venus

2 How many times will the Sun’s perpendicular
rays cross Earth’s Equator between March 1 of
one year and March 1 of the next year?
(1) 1 (3) 3
(2) 2 (4) 4

3 Which star’s surface temperature is closest to the
temperature at the boundary between Earth’s
mantle and core?
(1) Sirius (3) the Sun
(2) Rigel (4) Betelgeuse

4 Which graph best represents the relationship
between soil particle size and the rate at which
water infiltrates permeable soil?

5 The diagram below shows a standard spectrum
compared to a spectrum produced from a distant
star.

Which conclusion can be made by comparing the
standard spectrum to the spectrum produced
from this distant star?
(1) The star’s spectral lines have shifted toward

the ultraviolet end of the spectrum and the
star is moving toward Earth.

(2) The star’s spectral lines have shifted toward
the ultraviolet end of the spectrum and the
star is moving away from Earth.

(3) The star’s spectral lines have shifted toward
the infrared end of the spectrum and the star
is moving toward Earth.

(4) The star’s spectral lines have shifted toward
the infrared end of the spectrum and the star
is moving away from Earth.

6 Scientists are concerned about the decrease in
ozone in the upper atmosphere primarily because
ozone protects life on Earth by absorbing certain
wavelengths of
(1) x-ray radiation
(2) ultraviolet radiation
(3) infrared radiation
(4) microwave radiation
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19 In the diagram below, the spectral lines of hydro-
gen gas from three galaxies, A, B, and C, are com-
pared to the spectral lines of hydrogen gas
observed in a laboratory.

What is the best inference that can be made con-
cerning the movement of galaxies A, B, and C?
(1) Galaxy A is moving away from Earth, but

galaxies B and C are moving toward Earth.
(2) Galaxy B is moving away from Earth, but

galaxies A and C are moving toward Earth.
(3) Galaxies A, B, and C are all moving toward

Earth.
(4) Galaxies A, B, and C are all moving away from

Earth.

20 What is the dewpoint temperature when the 
dry-bulb temperature is 16°C and the wet-bulb
temperature is 11°C?
(1) 5°C (3) 9°C
(2) 7°C (4) –17°C

21 A strong west wind steadily blew over Lake
Ontario picking up moisture. As this moist air
flowed over the Tug Hill Plateau, the plateau
received a 36-inch snowfall. This snow fell from
clouds that formed when rising air was
(1) cooled by expansion, causing water vapor to

condense
(2) cooled by compression, causing water vapor

to condense
(3) warmed by expansion, causing water vapor to

evaporate
(4) warmed by compression, causing water vapor

to evaporate

22 The map below shows a meandering river. A–A′ is
the location of a cross section. The arrows show
the direction of the riverflow.

Which cross section best represents the shape of
the river bottom at A–A′?

23 During which phase change of water is the most
energy released into the environment?
(1) water freezing
(2) ice melting
(3) water evaporating
(4) water vapor condensing

24 During a rainfall, surface runoff will probably be
greatest in an area that has a
(1) steep slope and a clay-covered surface
(2) steep slope and a gravel-covered surface
(3) gentle slope and a grass-covered surface
(4) gentle slope and a tree-covered surface
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10 The reaction below represents an energy-producing process.

The reaction represents how energy is produced
(1) in the Sun by fusion
(2) when water condenses in Earth’s atmosphere
(3) from the movement of crustal plates
(4) during nuclear decay

11 The diagram below shows the spectral lines for an element.

Which diagram best represents the spectral lines of this element when its light is
observed coming from a star that is moving away from Earth?

Hydrogen + Hydrogen → Helium + Energy
(lighter element) (lighter element) (heavier element)

Violet Red
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Part A

Answer all questions in this part.

Directions (1–35): For each statement or question, write in your answer booklet the number of the word or
expression that, of those given, best completes the statement or answers the question. Some questions may
require the use of the 2010 Edition Reference Tables for Physical Setting/Earth Science. 

1 Evidence of mass extinctions of life-forms is 
preserved in the fossil record.  It is inferred that
some of these extinctions occurred because of
(1) earthquakes (3) solar eclipses
(2) asteroid impacts (4) tsunamis

2 By which process do stars convert mass into great
amounts of energy?
(1) nuclear fusion (3) gravitational pull
(2) heat transfer (4) radioactive decay

3 The diagram below represents the development of
our universe from the time of the Big Bang until
the present. Letter A indicates two celestial objects.

The present-day celestial objects labeled A are
best identified as
(1) asteroid belts (3) spiral galaxies
(2) terrestrial planets (4) eccentric comets

4 The constellation Pisces changes position during
a night, as shown in the diagram below.

Which motion is mainly responsible for this
change in position?
(1) revolution of Earth around the Sun
(2) rotation of Earth on its axis
(3) revolution of Pisces around the Sun
(4) rotation of Pisces on its axis

5 The diagram below represents the bright-line
spectrum for an element.

The spectrum of the same element observed in
the light from a distant star is shown below.

The shift in the spectral lines indicates that the
star is moving
(1) toward Earth
(2) away from Earth
(3) in an elliptical orbit around the Sun
(4) in a circular orbit around the Sun
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Part A

Answer all questions in this part.

Directions (1–35): For each statement or question, write in your answer booklet the number of the word or
expression that, of those given, best completes the statement or answers the question. Some questions may
require the use of the 2010 Edition Reference Tables for Physical Setting/Earth Science. 

1 Evidence of mass extinctions of life-forms is 
preserved in the fossil record.  It is inferred that
some of these extinctions occurred because of
(1) earthquakes (3) solar eclipses
(2) asteroid impacts (4) tsunamis

2 By which process do stars convert mass into great
amounts of energy?
(1) nuclear fusion (3) gravitational pull
(2) heat transfer (4) radioactive decay

3 The diagram below represents the development of
our universe from the time of the Big Bang until
the present. Letter A indicates two celestial objects.

The present-day celestial objects labeled A are
best identified as
(1) asteroid belts (3) spiral galaxies
(2) terrestrial planets (4) eccentric comets

4 The constellation Pisces changes position during
a night, as shown in the diagram below.

Which motion is mainly responsible for this
change in position?
(1) revolution of Earth around the Sun
(2) rotation of Earth on its axis
(3) revolution of Pisces around the Sun
(4) rotation of Pisces on its axis

5 The diagram below represents the bright-line
spectrum for an element.

The spectrum of the same element observed in
the light from a distant star is shown below.

The shift in the spectral lines indicates that the
star is moving
(1) toward Earth
(2) away from Earth
(3) in an elliptical orbit around the Sun
(4) in a circular orbit around the Sun
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10 The reaction below represents an energy-producing process.

The reaction represents how energy is produced
(1) in the Sun by fusion
(2) when water condenses in Earth’s atmosphere
(3) from the movement of crustal plates
(4) during nuclear decay

11 The diagram below shows the spectral lines for an element.

Which diagram best represents the spectral lines of this element when its light is
observed coming from a star that is moving away from Earth?

Hydrogen + Hydrogen → Helium + Energy
(lighter element) (lighter element) (heavier element)

Violet Red
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Base your answers to questions 39 through 42 on the table below, which shows eight inferred stages describing
the formation of the universe from its beginning to the present time.

Data Table

39 How soon did protons and neutrons form after the beginning of the universe?
(1) 10–43 second (3) 10–6 second
(2) 10–32 second (4) 13.7 billion years

40 What is the most appropriate title for this table?
(1) The Big Bang Theory (3) The Law of Superposition
(2) The Theory of Plate Tectonics (4) The Laws of Planetary Motion

41 According to this table, the average temperature of the universe since stage 3 has
(1) decreased, only (3) remained the same
(2) increased, only (4) increased, then decreased

42 Between which two stages did our solar system form?
(1) 1 and 3 (3) 6 and 7
(2) 3 and 5 (4) 7 and 8

Stage Description of the Universe

Average
Temperature of
the Universe

(°C)

Time From the
Beginning of
Universe

1 the size of an atom ? 0 second
2 the size of a grapefruit ? 10–43 second
3 “hot soup” of electrons 1027 10–32 second
4 Cooling allows protons and neutrons to form. 1013 10–6 second
5 still too hot to allow the forming of atoms 108 3 minutes

6
Electrons combine with protons and neutrons, 
forming hydrogen and helium atoms. Light emission
begins.

10,000 300,000 years

7 Hydrogen and helium form giant clouds (nebulae)
that will become galaxies. First stars form. –200 1 billion years

8
Galaxy clusters form and first stars die. Heavy 
elements are thrown into space, forming new stars
and planets.

–270 13.7 billion years
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25 The symbols below are used to represent different regions of space.

Which diagram shows the correct relationship between these four regions?  [If one symbol
is within another symbol, that means it is part of, or included in, that symbol.]

26 A student in New York State looked toward the eastern horizon to observe sunrise at three different times
during the year.  The student drew the following diagram that shows the positions of sunrise, A, B, and C,
during this one-year period.

Which list correctly pairs the location of sunrise to the time of the year?
(1) A—June 21 (3) A—March 21

B—March 21 B—June 21
C—December 21 C—December 21

(2) A—December 21 (4) A—June 21
B—March 21 B—December 21
C—June 21 C—March 21

A CB Horizon

Northeast East Southeast

( 1 )

( 2 )

( 3 )

( 4 )

Solar system =Galaxy =Earth =Universe =



Part B–2

Answer all questions in this part.

Directions (51–65): Record your answers in the spaces provided in your answer booklet. Some questions
may require the use of the 2010 Edition Reference Tables for Physical Setting/Earth Science.

Base your answers to questions 51 through 53 on the data table below, which shows some galaxies, their 
distances from Earth, and the velocities at which they are moving away from Earth.

One light-year = distance light travels in one year

51 On the grid in your answer booklet, use an X to plot the distance and velocity for each
galaxy from the data table to show the relationship between each galaxy’s distance
from Earth and the velocity at which it is moving away from Earth. Connect the Xs
with a smooth line.   [1]

52 State the general relationship between a galaxy’s distance from Earth and the 
velocity at which the galaxy is moving away from Earth.   [1]

53 Another galaxy is traveling away from Earth at a velocity of 70 thousand kilometers
per second. Estimate that galaxy’s distance from Earth in million light-years.   [1]

Name of Galaxy Distance
(million light-years)

Velocity
(thousand km/s)

Virgo 70 1.2

Ursa Major 1 900 15

Leo 1100 19

Bootes 2300 40

Hydra 3600 61
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