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1 The direction of swing of a Foucault pendulum
appears to change due to Earth’s
(1) revolution (3) spherical shape
(2) rotation (4) elliptical orbit

2 Great amounts of energy are released in the core
of a star as lighter elements combine and form
heavier elements during the process of
(1) compaction (3) radioactive decay
(2) condensation (4) nuclear fusion

3 Which sequence of stars is listed in order of
increasing luminosity?
(1) Spica, Rigel, Deneb, Betelgeuse
(2) Polaris, Deneb, 40 Eridani B, Proxima Centauri
(3) Barnard’s Star, Alpha Centauri, Rigel, Spica
(4) Procyon B, Sun, Sirius, Betelgeuse

4 As Earth travels in its orbit, Earth’s axis
(1) remains parallel to itself at all Earth positions
(2) remains aligned with the Sun’s axis
(3) is perpendicular to the Moon’s axis
(4) is pointing toward the center of the Milky Way

5 To a nighttime observer on Earth, how many
degrees do the stars appear to move around
Polaris in 3 hours?
(1) 60° (3) 3°
(2) 45° (4) 15°

6 To an observer in New York State, the duration
of daylight increases continuously from
(1) March 1 to May 1
(2) June 1 to August 1
(3) September 1 to November 1
(4) December 1 to February 1

7 The arrows in the diagram below show changes
in the direction of surface winds at four lettered
locations, A, B, C, and D, on Earth.

The arrow at which location correctly shows a
deflection of the wind that could be due to the
Coriolis effect?
(1) A (3) C
(2) B (4) D

8 Approximately 2.2 billion years ago, which gas
was first added in large amounts to Earth’s
atmosphere from life-forms that evolved in the
oceans?
(1) carbon dioxide (3) oxygen
(2) water vapor (4) nitrogen

9 Which weather variable generally decreases when
wind speed is increasing, clouds are thickening,
and visibility drops?
(1) relative humidity (3) precipitation
(2) dewpoint (4) air pressure

Part A

Answer all questions in this part.

Directions (1–35):  For each statement or question, choose the word or expression that, of those given, best
completes the statement or answers the question. Some questions may require the use of the 2011 Edition
Reference Tables for Physical Setting/Earth Science. Record your answers on your separate answer sheet.
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AArdvark
Sticky Note
The Foucault pendulum appears to change direction at a rate of 15°/hr so whatever causes the change must be an Earth motion that occurs at that rate.

AArdvark
Sticky Note
In a star hydrogen atoms are fused together forming helium.

AArdvark
Sticky Note
See ESRT pg 15 (Characteristics of Stars). Luminosity is lowest for the stars near the bottom and increases towards the top.

AArdvark
Sticky Note
The Earth's axis is always pointed in the same direction. Try drawing the Earth at different positions in its orbit and look closely at the axes.

AArdvark
Sticky Note
The stars appear to move because the Earth is rotating. At what rate does the Earth rotate? Think about question #1.

AArdvark
Sticky Note
Duration of daylight increases from December 21st through June 21st. Which choice fits into that time period?

AArdvark
Sticky Note
Which arrow is drawn correctly when compared with the arrows on the Planetary Wind Belt diagram on ESRT page 14?

AArdvark
Sticky Note
The life-forms that added this gas to the atmosphere were plants and photosynthetic bacteria.

AArdvark
Sticky Note
If it's getting cloudy the air is probably becoming more humid (moist). What kind of weather systems bring humidity and probably rain?



10 The diagram below shows a weather instrument
found at most weather stations.

The main function of this instrument is to 
measure which weather variable?
(1) wind speed (3) air pressure
(2) wind direction (4) relative humidity

11 What is the approximate percent of oxygen by
volume present in Earth’s lower atmosphere?
(1) 21% (3) 46%
(2) 33% (4) 94%

12 Global warming is most likely occurring due to
an increase in
(1) carbon dioxide and methane gases in the

atmosphere
(2) oxygen and nitrogen gases in the atmosphere
(3) ultraviolet radiation and x rays reflected from

Earth
(4) visible light and radio waves reflected from

Earth

13 Which geologic event occurred in New York State
at the end of the Triassic Period?
(1) domelike uplift of the Adirondack region
(2) formation of the Catskill delta
(3) retreat of the last continental ice
(4) intrusion of the Palisades sill

14 What is the approximate time difference between
the first P-wave and the first S-wave recorded at a
seismic station located 8000 kilometers from an
earthquake’s epicenter?
(1) 8 minutes 40 seconds
(2) 9 minutes 20 seconds
(3) 11 minutes 20 seconds
(4) 20 minutes 40 seconds

15 In which Earth layer does the pressure reach 
3.5 million atmospheres?
(1) crust (3) outer core
(2) stiffer mantle (4) inner core

16 Which surface feature was produced by crustal
movements at a transform plate boundary?
(1) East African Rift (3) Tasman Hot Spot
(2) Aleutian Trench (4) San Andreas Fault

17 The block diagram below shows part of a 
meandering stream. Line XY shows the location
of a stream cross section.

Which cross section best represents the shape of
the stream channel at line XY?

X Y

( 1 )

X Y

( 3 )

X Y

( 2 )

Y

( 4 )

X

Y

X
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AArdvark
Sticky Note
The instrument is a wind vane. They are commonly found on the roofs of houses and barns.

AArdvark
Sticky Note
The "lower atmosphere" is the troposphere. See ESRT page 1 'Average Chemical Composition'.

AArdvark
Sticky Note
Which gases are considered 'Greenhouse Gases' and are known to absorb infrared energy?

AArdvark
Sticky Note
See ESRT page 9, 'Important Geologic Events in NY'.

AArdvark
Sticky Note
Use ESRT page 11. Find 8000 km. on the bottom axis. Go straight up and count how many minutes apart (the distance between the lines) the S and P lines are. For more help see power point.

AArdvark
Sticky Note
See ESRT page 10 (pressure graph). 

AArdvark
Sticky Note
See ESRT page 5. Find 'transform boundary' in the key at the bottom of the page. Now, one by one, find each of the choices on the page 5 map to find the one that's located at a transform boundary.

AArdvark
Sticky Note
Water moves faster on the outside of a curve. Faster movement means more erosion so the outside is deeper. Which location is the outside of the curve?
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18 Which type of surface bedrock is most commonly
found in New York State’s Tug Hill Plateau region?
(1) intrusive igneous rock layers 
(2) extrusive igneous rock layers 
(3) horizontal sedimentary rock layers 
(4) faulted metamorphic rock layers

19 The cross section below shows layers of sedi-
ments deposited in a region of Wisconsin that 
has experienced several periods of glaciation.
Descriptions of the sediments in layers A through F
are included.

Which two layers of sediments were probably
deposited directly by glaciers? 
(1) A and D (3) C and E
(2) B and F (4) D and E

20 A river’s current carries sediments into the ocean.
Which sediment size will most likely be deposited
in deeper water farthest from the shore?
(1) pebble (3) silt
(2) sand (4) clay

21 Which mineral would most likely become
rounded at the fastest rate when tumbled along
a stream bottom?
(1) garnet (3) plagioclase feldspar
(2) pyroxene (4) selenite gypsum

22 Mineral crystals of quartz, biotite mica, and
amphibole are produced primarily by the
(1) chemical reaction of elements in seawater
(2) cooling and solidification of magma
(3) deposition of sediments by a glacier
(4) metamorphism of bituminous coal

23 Which texture best describes an igneous rock
that formed deep underground?
(1) glassy (3) fine grained
(2) vesicular (4) coarse grained

24 A nonvesicular rock is made entirely of green 
2-millimeter-diameter crystals that have a 
hardness of 6.5 and show fracture, but not
cleavage. The rock is most likely
(1) shale (3) dunite
(2) phyllite (4) schist

Clay

Clay, silt, and
sand

Forest bed clay

Red and gray
clays with
lenses of
silt and sand

Gray mixed
sediments

Red mixed
sediments

A

B

C

D

E

F

Sediment
DescriptionLayer

Source: A. N. Strahler, The Earth Sciences,
2nd Edition, 1971 (adapted)

AArdvark
Sticky Note
Use ESRT page 2 to find the Tug Hill Plateau. Now find the same region on the map on ESRT page 3. Look at the shading in that region and find it on the key at the bottom of page 3. What kind of rock is there?

AArdvark
Sticky Note
When glaciers melt they deposit unsorted sediments which are a mixture of many different sizes all in one layer.

AArdvark
Sticky Note
The smallest particles get carried furthest. Use the 'Particle Size' graph on page 6 or the    chart on the top of page 7 to find which is the smallest particle.

AArdvark
Sticky Note
The softest mineral would be abraded most and would become rounded at the fastest rate. The hardness or softness of a mineral can be found on ESRT page 16.

AArdvark
Sticky Note
These are all mineral crystals that are found in igneous rocks (see ESRT page 6 bottom - mineral composition). How to igneous rocks form?

AArdvark
Sticky Note
Rock that form deep underground cool slowly. This gives the crystals (grains) time to grow to a large size. See ESRT page 6. Large crystals are described as having what kind of texture? 

AArdvark
Sticky Note
See ESRT page 16. Find a green mineral that has a hardness of 6.5. The only other place on the ESRT where that mineral is mentioned is page 6 so go there and find the igneous rock made entirely of that mineral. 



25 The diagram below shows the Moon at one position in its orbit around Earth. Letter X indicates the location
of an observer in New York State.

Which phase of the Moon will the observer see when the Moon is at the position shown in its orbit?

26 The photographs below show the same coastal location at two different times during the same day.

Which statement best explains the cause for the higher water level at 6:52 p.m.?
(1) The Moon rotates on its axis at the same rate that it revolves around Earth.
(2) The Moon exerts a gravitational pull on a rotating Earth.
(3) Earth’s rotation causes a deflection of surface ocean currents.
(4) Earth’s tilted axis causes different amounts of insolation throughout the day.

People on Beach
12:40 p.m.

People Boating
6:52 p.m.

Source: thehopewellrocks.ca (adapted)

( 2 )( 1 ) ( 3 ) ( 4 )

(Not drawn to scale)

Pole Sun’s
rays

Earth

North

Moon

X
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AArdvark
Sticky Note
Notice the direction in which the Moon is moving. It is almost at the new moon phase. What would the phase just before the new moon look like? A thin sliver of moon on the left side.

AArdvark
Sticky Note
Tides are caused by the moon. High tides occur daily so they cannot be caused by the Moon's rotation which takes nearly a month. 
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27 Which bar graph best represents the equatorial diameters of the eight planets of our solar system?
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AArdvark
Sticky Note
See ESRT page 15, Solar system data. Use the 'Equatorial Diameter' column.
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28 Which diagram represents the apparent path of the Sun on March 21 for an observer at the equator?

29 The arrows in the diagram below represent processes in the water cycle.

Which processes in the water cycle are identified by the numbered arrows?
(1) Process 1 is transpiration; process 2 is runoff.
(2) Process 1 is precipitation; process 2 is runoff.
(3) Process 1 is condensation; process 2 is infiltration.
(4) Process 1 is evaporation; process 2 is infiltration.

1
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0 0

0 0
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AArdvark
Sticky Note
It's March 21st, an equinox. On an equinox the Sun will rise due east and set due west. Now you need to know this: What is the noon altitude of the Sun on the equator on an equinox? If necessary, look it up!

AArdvark
Sticky Note
#1 is water entering the atmosphere from plants. You probably learned that term in Living Environment. #2 looks like water moving over the ground, not through it.



30 The diagram below represents the setup for an experiment for studying groundwater. Tubes A, B, C, and D
contain equal volumes of sediments. Within each tube, the sediments are uniform in size, shape, and 
packing. A test for water retention was conducted by first filling each tube with water and then draining the
water into beakers.

Which graph represents the general relationship between the sediment size and the amount of water
retained by the sediments after the tubes had drained?

31 The geologic cross section below shows several rock units of Earth’s crust. Some rock units are labeled 
A through E.

Which two rock units formed from sediments deposited in horizontal layers?
(1) A and B (3) C and D
(2) B and C (4) D and E
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AArdvark
Sticky Note
The 'water retained' is water that is stuck to the surface of the particles. The more surface area the particles have, the more water will be stuck to them and be 'retained' in the tube. Which particles have the greatest surface area, the smallest or the largest? 

AArdvark
Sticky Note
If they formed from sediments they must be sedimentary rocks. Diabase and basalt are igneous rocks (see ESRT page 6). Choose the only answer that does not contain diabase or basalt.
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32 Weather station models for three New York State cities on the same day at the same time are shown below.

Which map shows the front that was most likely passing through Rochester at that time?

33 Arrows on the maps below show differences in the direction of winds in the region of India and the Indian
Ocean during January and July. Isobar values are recorded in millibars.

Heavy monsoon rains usually occur in India during
(1) January, when winds blow from the land (3) July, when winds blow from the ocean
(2) January, when winds blow toward high pressure (4) July, when winds blow toward high pressure
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AArdvark
Sticky Note
Syracuse is warm (78°F) and Niagara Falls, to the west, is cool (64°F). The winds are from the west so Rochester is about to experience the cool air blowing from Niagara Falls. Which map shows Rochester at or near a cold front blowing from the west. For front symbols see ESRT page 13.

AArdvark
Sticky Note
Rain would probably come from winds blowing in from the ocean where they could pick up moisture. 
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34 Which cross section best represents the convection currents in the mantle beneath the Peru-Chile Trench?

35 The sequence of block diagrams below shows stages of development of a landscape. The stages are labeled
A, B, and C.

Which sequence of geologic processes best describes the events that created each stage shown?
(1) erosion → subsidence and deposition → uplift and faulting
(2) uplift and deposition → flooding → folding and erosion
(3) metamorphism → erosion and deposition → volcanic eruptions
(4) uplift and erosion → subsidence and erosion → folding

A B C

Trench

Mantle

( 1 )

Trench

Mantle

( 3 )

Trench

Mantle

( 4 )

Trench

Mantle

( 2 )

AArdvark
Sticky Note
See ESRT page 2. The Peru-Chile trench is at a convergent boundary. 'Convergent' means coming together. Which diagram shows arrows coming together (converging) near the top of the convection current? 

AArdvark
Sticky Note
'A' shows one layer, the exposed surface of which must be eroding. In diagram 'B' new layers have been deposited on top of the original layer which is now lower (it has subsided). In diagram 'C' the layers are higher than they were (uplift) and they are split by faults.
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Base your answers to questions 36 and 37 on the data table below. The table shows the percentage of 
original carbon-14 remaining in three different fossils. The approximate ages of the gastropod shell and the tree
wood are shown in years. The age of the human bone has been left blank.

Data Table

36 What is the approximate age of the human bone fossil?
(1) 5,700 y (3) 22,800 y
(2) 17,100 y (4) 39,900 y

37 During which geologic period did all three fossils form?
(1) Quaternary (3) Paleogene
(2) Neogene (4) Permian

Fossil
Original 14C

Remaining (%)
Approximate

Age (y)

gastropod shell 50 5,700

tree wood 25 11,400

human bone 12.5

Part B–1

Answer all questions in this part.

Directions (36–50):  For each statement or question, choose the word or expression that, of those given, best
completes the statement or answers the question. Some questions may require the use of the 2011 Edition
Reference Tables for Physical Setting/Earth Science. Record your answers on your separate answer sheet.

AArdvark
Sticky Note
The half-life of 14C is 5,700 years (see ESRT page 1 - Radioactive Decay Data). After 1 half-life there will be 50% remaining. After 2 half-lives there will half of that amount, 25% remaining. After 3 half-lives there will half of 25% remaining. How long is three half-lives?

AArdvark
Sticky Note
All three fossils are relatively young, less than 1 million years. Use ESRT page 8 to find the PERIOD in which these fossils formed. 
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Base your answers to questions 38 through 41 on the passage and map below. The map shows sections of
the Atlantic Ocean, the Caribbean Sea, and the Gulf of Mexico.

Shipwreck

In 1641, the crew of the ship Concepcion used the Sun and stars for navigation.
The crew thought that the ship was just north of Puerto Rico, but ocean currents had
carried them off course. The ship hit a coral reef and sank off the coast of the
Dominican Republic. The X on the map marks the location of the sunken ship.

38 The Concepcion was carried off course to the northwest by an ocean current flowing from the
(1) Florida Current (3) North Atlantic Current
(2) Gulf Stream Current (4) North Equatorial Current

39 What is the approximate latitude and longitude of the sunken ship?
(1) 20.5° N 70° E (3) 20.5° S 70° E
(2) 20.5° N 70° W (4) 20.5° S 70° W

40 At which map location does Polaris appear the highest in the nighttime sky?
(1) Miami, Florida (3) Havana, Cuba
(2) Kingston, Jamaica (4) San Juan, Puerto Rico

41 On which tectonic plate is Puerto Rico located?
(1) North American Plate (3) Caribbean Plate
(2) South American Plate (4) Cocos Plate
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Atlantic
Ocean

Haiti
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AArdvark
Sticky Note
Use ESRT page 4 to find a current near this location that is moving towards the northwest.

AArdvark
Sticky Note
Latitude is between 18 and 24° north and longitude is between 68 and 74° west. This may be easier to see by looking at ESRT page 5.

AArdvark
Sticky Note
The altitude of Polaris is the same as the latitude so look for the location with the highest latitude.

AArdvark
Sticky Note
Find Puerto Rico on the map on page 5. Which plate is it on?
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Base your answers to questions 42 through 44 on the cross sections below, which represent a particular location
of the channel of the San Juan River in Utah. Changes in river discharge (Q), in cubic meters per second, and 
sediment deposits before, during, and after a flood are shown.

42 During the time from September 9 to October 14, the thickness of the sediment deposits at the bottom of
the San Juan River’s channel
(1) decreased, only (3) decreased and then increased
(2) increased, only (4) increased and then decreased

43 On October 14, during the flood, the discharge of the San Juan River changed dramatically. The change in
the river’s discharge at this location was related to an increase in the river’s
(1) velocity (3) channel length
(2) gradient (4) sediment deposits

44 If the greatest velocity of the San Juan River on December 9 was 10 centimeters per second, what was the 
approximate diameter of the largest particles that the river could have carried?
(1) 1.0 cm (3) 10.0 cm
(2) 2.0 cm (4) 0.2 cm
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AArdvark
Sticky Note
Look at the key and be sure you understand which is the water and which is the sediment.

AArdvark
Sticky Note
Discharge means how much water is flowing per unit of time. When there is a flood, more water is forced to flow in the same river channel. When this happens the water flows faster. 

AArdvark
Sticky Note
See ESRT Stream Velocity graph. Find 10 cm/sec on the bottom axis. Go straight up to the black line and find the particle diameter at that point.
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Base your answers to questions 45 through 48 on the map below, which shows the position of the jet stream
relative to two air masses and a low-pressure center (L) over the United States.

45 In which layer of the atmosphere is this jet stream located? 
(1) thermosphere (3) stratosphere
(2) mesosphere (4) troposphere

46 What is the difference in the air temperature and humidity between the cP and mT air masses?
(1) The cP air mass is warmer and less humid.
(2) The cP air mass is colder and more humid.
(3) The mT air mass is warmer and more humid.
(4) The mT air mass is colder and less humid.

47 What is the general movement of the surface winds around the center of this low-pressure area?
(1) counterclockwise and outward (3) clockwise and outward
(2) counterclockwise and inward (4) clockwise and inward

48 Assuming the low-pressure center (L) follows a typical storm track, it will move
(1) into the mT air mass to the west
(2) into the cP air mass to the northwest
(3) along the path of the jet stream to the northeast
(4) along the path of the jet stream to the southwest
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Ocean
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AArdvark
Sticky Note
See ESRT page 14 (Wind & Moisture Belts). Look carefully at the location of the tropopause and notice that the jet stream is below it. Now look at the graphs above, also on ESRT page 14. Which layer of the atmosphere is below the tropopause?

AArdvark
Sticky Note
Continental = dry
Maritime = moist
Polar = cold
Tropical = warm

AArdvark
Sticky Note
In the northern hemisphere the winds surrounding a low pressure center move counterclockwise and inward towards the center. This is something you must know. It is always on the regents and it is not in the ESRT!

AArdvark
Sticky Note
See ESRT page 14 (wind Belts). Notice that the United States is in the wind belt between 30° and 60° north. The winds here are from the southwest and the blow weather systems towards the northeast.
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Base your answers to questions 49 and 50 on the passage and photograph below.

Dinosaur Tracks Revealed After Years of Dry Weather

By April 2005, the surface of Lake Powell, a human-made lake in Utah and Arizona,
had fallen 145 feet below its highest level. This revealed many traces of ancient life that
had not been observed since this area had been covered with water. Among these traces,
discovered in sandstone bedrock, were many dinosaur tracks, ranging in age between
170 and 200 million years old.

49 The events listed below led to the formation and exposure of these dinosaur tracks.
A. Rock layers above the dinosaur tracks are eroded.
B. Tracks are made in loose sand by dinosaurs.
C. Sediments are compressed and cemented.
D. Sedimentation buries tracks.
E. The water level of Lake Powell drops.

What is the correct sequence of the events listed above that led to the formation and exposure of the
dinosaur tracks in the surface bedrock along the shoreline of Lake Powell?
(1) B → C → A → E → D (3) E → D → A → B → C
(2) B → D → C → A → E (4) E → C → B → D → A

50 Which conditions before April 2005 in the Lake Powell region most likely produced the decrease in the
water level of Lake Powell? 
(1) Runoff exceeded precipitation. (3) Evaporation exceeded precipitation.
(2) Precipitation exceeded runoff. (4) Precipitation exceeded evaporation.

Dinosaur Track on Shoreline
of Lake Powell

Source: Andre Delgalvis, Arizona Highways,
February 2006

AArdvark
Sticky Note
First, the tracks must be made so pick a choice that starts with B. Then the loose sediment in which the track were made must be buried. Burial causes the sediment to be compressed and cemented into sedimentary rock.

AArdvark
Sticky Note
Water enters the lake from precipitation and leaves by evaporation. For the water level to fall which would have to be greater?
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Base your answers to questions 51 through 53 on the map below, which shows a portion of New York State
and Canada. The arrows represent the direction of the wind blowing over Lake Ontario for several days early
one winter.

51 Explain why Oswego, New York, usually gets more snow than Toronto, Canada, when the wind is blowing
in the direction shown on the map.   [1]

52 Compared to the average winter air temperature in Watertown, New York, explain why the average winter
air temperature in Old Forge, New York, is colder.   [1]

53 Explain why the surface of Lake Erie freezes much later in the winter than the surrounding land surfaces.   [1]

LAKE ONTARIO
Old Forge

Syracuse

Oswego

Watertown

Rochester

Buffalo

Niagara
Falls

Utica

ERIELAKE

Toronto

Canada

New York

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 2011 Edition Reference Tables for Physical Setting/Earth Science.

AArdvark
Sticky Note
If the air contains moisture it may eventually fall as snow. Air may pick up moisture as it moves over a body of water. Look carefully at the location of Lake Ontario and the city of Oswego.

AArdvark
Sticky Note
What do you know about the specific heats of water and of land? Which will cool faster and which more slowly. Watertown is near a large body of water. Old forge is not.

Also, look at the locations of Old Forge and Watertown on ESRT pg 3. Old Forge is in the mountains. What is the effect of higher elevation on temperature?

AArdvark
Sticky Note
It must have something to do with the differences in specific heats of water and of land. One cools quickly. The other cools much more slowly.
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Base your answers to questions 54 through 57 on the passage below.

Meteorite Composition

Meteors that strike Earth’s surface are called meteorites. Analysis of meteorite
composition has provided scientists with information regarding the formation of Earth
and our solar system, and possibly the development and evolution of life on Earth.

Two types of meteorites are iron meteorites and chondrites. Iron meteorites 
consist mostly of iron and nickel, and are inferred to be from core materials of early
planetary bodies in our solar system. More than 60% of meteorites studied have been
identified as chondrites. Chondrites are made of millimeter-sized spheres of olivine
and pyroxene crystals embedded in a mass of mineral and metal grains. The chondrites
are thought to represent fragments of the earliest solid materials in our solar system.
One type of chondrite, the carbonaceous chondrite, contains water, organic compounds,
and minerals that represent the chemical composition necessary for life to form.

54 Identify the type of meteorite that is inferred to have a composition similar to the composition of 
Earth’s core.   [1]

55 Identify two elements that can be found in both olivine and pyroxene.   [1]

56 What is the estimated age, in years, of Earth and our solar system?   [1]

57 Explain why there is little evidence of meteorite impact craters on Earth.   [1]

AArdvark
Sticky Note
The composition of Earth's core can be found on ESRT page 10.

AArdvark
Sticky Note
See ESRT page 16. Find the minerals. See what they're made of in the 'Composition' column, and look up the names of the elements at the bottom of the page.

AArdvark
Sticky Note
See ESRT page 8. Look at the time line on the left side of the page. The age of the Earth and solar system is at the bottom of the time line. The number is in billions of years.

AArdvark
Sticky Note
What happens to all surface features on Earth including meteorite impact craters, mountains, and anything else exposed to running water, wind and glaciers? 
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Base your answers to questions 58 through 61 on the generalized map below, which shows a portion of the
Atlantic Ocean floor located between South America and Africa. Isolines show the approximate age, in million
years, of the ocean-floor bedrock on each side of the Mid-Atlantic Ridge. Points A, B, and X represent 
locations on the ocean floor.

58 On the grid in your answer booklet, construct a line graph of bedrock age by plotting the age of the bedrock
shown by each isoline that crosses line AB. Points A and B are plotted on the grid. Connect the plots from
A to B with a line.   [1]

59 Estimate the age of the ocean-floor bedrock at point X.   [1]

60 Explain why the age of the ocean-floor bedrock increases as the distance from the Mid-Atlantic Ridge
increases.   [1]

61 The Mid-Atlantic Ridge separates pairs of crustal plates, such as the South American Plate and the African
Plate. Identify one other pair of crustal plates separated by the Mid-Atlantic Ridge.   [1]
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AArdvark
Sticky Note
Need help? See the "How to Draw Map Profiles" powerpoint tutorial.

AArdvark
Sticky Note
What number is about mid-way between 68 million and 83 million?

AArdvark
Sticky Note
Look at choice 2 in question 34. Remember sea floor spreading.

AArdvark
Sticky Note
Find the Mid-Atlantic Ridge on ESRT page 5 and follow it northward.
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Base your answers to questions 62 through 65 on the topographic map in your answer booklet. Letters A
through D represent locations on the map. Elevations are measured in feet. Dashed lines represent trails.

62 On the map in your answer booklet, place an X on the trail between A and B so the center of the X
indicates where the slope is steepest.   [1]

63 On the map in your answer booklet, first draw an arrow on the stream to show the direction in which the
stream is flowing. Then state one piece of evidence shown on the map that supports the direction of the
arrow you drew on the stream.   [1]

64 Identify the contour interval used on this map.   [1]

65 How long will it take a person to hike along the trail from point C to point D at a rate of 3 miles per hour?   [1]

AArdvark
Sticky Note
Slopes are steepest where isolines are closest together.

AArdvark
Sticky Note
Two clues to stream direction: 
1) Streams flow downhill. Use contour lines to find the downhill direction.
2) When contour lines cross a stream they bend forming V-shapes that point in the direction opposite streamflow.

AArdvark
Sticky Note
Find two index contour lines (those marked with the elevation). Use 7800 and 8000 for example. Now subtract to get the difference in elevation. 8000 minus 7800 equals 200 ft. Now divide by the number of spaces between them. 200/5 = 40 ft.

AArdvark
Sticky Note
The trail can be divided into 4 almost straight sections. Use a piece of blank paper to mark off the 4 straight sections and add them together using the key at the bottom of the map. Do NOT measure directly from C to D.
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Base your answers to questions 66 through 68 on the bar graph below and on the data table in your answer
booklet. The bar graph shows the number of partial lunar eclipses that occurred during each of the last nine 
centuries (100-year intervals) on Earth. A partial lunar eclipse occurs when only part of the Moon is within the
darkest part of Earth’s shadow. The data table in your answer booklet shows the number of total lunar eclipses
that occurred during the same nine centuries. A total lunar eclipse occurs when the entire Moon is completely
within the darkest part of Earth’s shadow.

66 On the grid in your answer booklet, construct a bar graph of the number of total lunar eclipses for each
100-year interval listed on the data table in your answer booklet.   [1]

67 State the relationship between the number of partial lunar eclipses per century and the number of total
lunar eclipses per century.   [1]

68 On the diagram in your answer booklet, draw an X so the center of the X indicates the position of Earth 
during a lunar eclipse.   [1]
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Part C

Answer all questions in this part.

Directions (66–85): Record your answers in the spaces provided in your answer booklet. Some questions
may require the use of the 2011 Edition Reference Tables for Physical Setting/Earth Science.

AArdvark
Sticky Note
Relationships are direct, inverse, or none at all. First decide which kind of relationship exists and then make this kind of statement:
"As X increases, Y decreases" or possibly "As X increases Y increases".

AArdvark
Sticky Note
Just transfer the information from the data table to the bar graph.

AArdvark
Sticky Note
A lunar eclipse occurs when the Earth is directly between the Sun and the Moon.
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Base your answers to questions 69 through 74 on the geologic cross section below, which shows rock 
units 1 through 7 that have not been overturned. Some of the rock units contain New York State index fossils.
An unconformity exists between rock units 5 and 6.

69 State the grain size of the sediment that was deposited to form rock unit 2.   [1]

70 Identify two processes that produced the basalt.   [1]

71 What evidence shown in the cross section indicates that the basalt rock unit is the youngest rock unit?   [1]

72 Bedrock from which entire geologic time period is missing between rock units 5 and 6?   [1]

73 Identify one metamorphic rock that could have been formed by the contact metamorphism within 
rock unit 1.   [1]

74 Describe one characteristic of volcanic ash layers and index fossils that makes both of them good geologic
time markers.   [1]
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AArdvark
Sticky Note
See ESRT page 7. Compare the map symbols there with unit 2 in the diagram to determine the kind of sedimentary rock. Then use the 'grain size' information on page 6 to answer the question.

AArdvark
Sticky Note
Basalt is an igneous rock. Look at the Rock Cycle diagram on ESRT page 6 to find the 2 processes that form all igneous rocks (look at the words on the arrows leading into the Igneous Rock box).

AArdvark
Sticky Note
The basalt intrusion goes through all the other layers. Could it do that if the other layers weren't there first?

AArdvark
Sticky Note
Go to ESRT page 8 (bottom). Find the pictures of the index fossils in the layers. Layer 6 contains fossil A. Layer 5 contains fossil H. Now find when these fossils existed using the 'Time Distribution' column on ESRT page 9. Now that you know the periods in which these fossils existed, which period occurred in between?

AArdvark
Sticky Note
Use the map symbols on ESRT page 7 to determine the type of rock found in unit 1. Now look in the comments column for metamorphic rock, ESRT page 7, to find the metamorphic rock formed from the rock in layer 1.

AArdvark
Sticky Note
Either you know this or you don't. Index fossils existed on Earth for a short time. Volcanic ash layers are deposited in a short time. Both have very wide geographic distribution. That is, they are found in many places around the world.
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Base your answers to questions 75 through 78 on the map in your answer booklet, which shows surface air
temperatures, in degrees Fahrenheit, for a portion of the United States. These temperatures were recorded at
noontime on the same winter day. Two coastal cities are labeled: Atlantic City, New Jersey, and Miami, Florida.
Other selected locations are labeled A, B, and C.

75 On the map in your answer booklet, draw the 60°F isotherm from location A to the western edge of the
map.   [1]

76 Calculate the temperature gradient between locations B and C in °F per mile.   [1]

77 Explain why the noontime winter air temperatures in Miami, Florida, are usually higher than the noontime
winter air temperatures in Atlantic City, New Jersey.   [1]

78 A frontal boundary exists between locations B and C. Identify one process that causes clouds to form in the
moist air rising along this frontal boundary.   [1]

Base your answers to questions 79 and 80 on the climate graph below, which shows the average monthly 
precipitation and average monthly air temperatures at city X. City X is located near a mountain range in the
Southern Hemisphere.

79 What evidence shown on the graph indicates that city X is located in the Southern Hemisphere?   [1]

80 In your answer booklet, state whether the climate of city X is dry or wet. Then, on the cross section 
in your answer booklet, place an X on Earth’s surface to indicate the most likely location of city X.   [1]
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AArdvark
Sticky Note
First plan the route the isotherm will take. Draw all the points it will go through before you draw the line.  

AArdvark
Sticky Note
Find the difference in temperature between B and C (subtract the smaller value from the larger). Then, using the scale on the bottom find the distance between the two points. The answer must be °F/mi so divide the change in temperature by the change in distance.

AArdvark
Sticky Note
Latitude. 

AArdvark
Sticky Note
Air rises - expands - cools - reaches the dewpoint and condensation occurs. Water droplets may then precipitate.

BUT, if the question asks for ONE process, give only ONE. The more you write the greater the danger that you will turn a simple right answer into a complicated incorrect response!

AArdvark
Sticky Note
The highest temperatures anywhere in the world occur in summer. Which are the summer months for this location?

AArdvark
Sticky Note
PART 1 - Look at the line for temperature and the shaded bars at the bottom indicating rainfall (precipitation). Notice that the temperature is much higher than the amount of rainfall in every month. This means that all the rain will evaporate and there will be no spare moisture at all. Is that a wet or dry climate?

PART 2 - Now that you know the kind of climate, does the X go on the windwards side of the mountain where the climate will be cool and moist or on the leeward side where the climate will be hot and dry?
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Base your answers to questions 81 through 85 on the diagram in your answer booklet. The diagram shows
Earth revolving around the Sun. Letters A, B, C, and D represent Earth’s location in its orbit on the first day of
the four seasons. Aphelion (farthest distance from the Sun) and perihelion (closest distance to the Sun) are
labeled to show the approximate times when they occur in Earth’s orbit.

81 On the diagram in your answer booklet, draw a line through Earth at location A to represent Earth’s tilted
axis on the first day of summer in the Northern Hemisphere. Label the North Pole end of the axis.   [1]

82 On the diagram in your answer booklet, draw an arrow on Earth at location D to show the direction of
Earth’s rotation. Extend the arrow from one side of Earth to the other side of Earth.   [1]

83 Approximately how many days does it take Earth to travel from location B to location C?   [1]

84 Explain why the gravitational attraction between the Sun and Earth decreases as Earth travels from 
location D to location A.   [1]

85 Explain why an observer in New York State sees some different constellations in the night sky when Earth
is at location A compared to when Earth is at location C.   [1]

AArdvark
Sticky Note
It's summer if the Northern Hemisphere is tilted towards the Sun. 

AArdvark
Sticky Note
Everything in the sky (Sun, Moon, stars) appear to move from east to west because the Earth actually rotates from west to east so draw a west-to-east arrow.

AArdvark
Sticky Note
From B to C is one quarter of a year. A year is 365 days. Do the math.

AArdvark
Sticky Note
In the summer Earth is farthest from the Sun. The greater the distance between the Earth and the Sun the weaker the gravity.

AArdvark
Sticky Note
The Earth is about 150 million kilometers from the Sun (ESRT page 15). So as we move from position A to position C we are moving to a point in space that is 300 million miles from where we were. Naturally we see different stars (constellations) from this different viewpoint.
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51 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— The air travels over Lake Ontario toward Oswego, picking up moisture that results in more
snow.

— The air over Toronto contains less moisture.

— Lake-effect storms occur on the eastern side of the lake when the wind is blowing in the
direction shown.

52 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— Old Forge is located in the mountains.

— Higher elevations have colder temperatures.

— Watertown is closer to a large body of water that moderates its temperature.

53 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— Water has a higher specific heat than land.

— Water takes a longer time to cool than land.

— Land surfaces cool faster.

54 [1] Allow 1 credit for iron meteorite(s) or iron.

55 [1] Allow 1 credit if both elements are correct. Acceptable responses include, but are not limited to:

— iron/Fe

— magnesium/Mg

— silicon/Si

— oxygen/O

56 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— 4,600 million y

— 4.6 billion y

— 4,600,000,000 y

57 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— Weathering and erosion on Earth’s surface have erased many craters.

— Most meteors are very small and burn up in Earth’s atmosphere.

— Most of Earth’s surface is ocean, where sediments cover impact craters.

— Crustal plate movement has destroyed the evidence.

Part B–2

Allow a maximum of 15 credits for this part.
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58 [1] Allow 1 credit if all nine ages are correctly plotted within the rectangles shown below and are con-
nected with a line from A to B that passes within the rectangles.

Note: It is recommended that an overlay with the same scale as the student answer booklet be
used to ensure reliability in rating.

59 [1] Allow 1 credit for any value greater than 68 million years and less than 83 million years.

60 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— Plates are diverging at the Mid-Atlantic Ridge where new seafloor is forming.

— The boundary between the South American Plate and the African Plate is a spreading 
center.

— New oceanic crust is formed at mid-ocean ridges.

— The seafloor is spreading.

61 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— North American Plate and Eurasian Plate

— N. American Plate and African Plate
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62 [1] Allow 1 credit if the center of the X is located on the trail on or between the 7960- and 8000-foot
contour lines as shown below.

63 [1] Allow 1 credit for both an arrow on the map showing the stream flowing toward the northeast and
for correct supporting evidence. Acceptable evidence includes, but is not limited to:

— The stream is flowing from higher contour elevations to lower contour elevations.

— Contour lines bend upstream when crossing a stream.

— Vs in the contour lines point in the opposite direction of stream flow.

Example of a correctly placed X for question 62 and a correctly drawn arrow for 
question 63:

64 [1] Allow 1 credit for 40 ft.

65 [1] Allow 1 credit for any value from 1.8 h to 2.2 h.

0 1 2 3 miles

C

B

D

A

Stream

Tr
ail

N

7800

7800

76
00

80
00

8000

Tr
ai

l

76
00

X

P.S./E. Sci. Rating Guide–Aug. ’12 [5]



66 [1] Allow 1 credit if the tops of all nine bars are within the ranges shown below.

Note: It is recommended that an overlay with the same scale as the student answer booklet be
used to ensure reliability in rating.

Example of a 1-credit response:

67 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— As the number of partial lunar eclipses increases, the number of total lunar eclipses
decreases.

— The more partial lunar eclipses there are, the fewer total lunar eclipses there are.

— When the number of partial eclipses is high, the number of total eclipses is low.
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Part C

Allow a maximum of 20 credits for this part.



68 [1] Allow 1 credit if the center of the X is within the rectangular zone shown below.

Note: It is recommended that an overlay of the same size as the student answer booklet be used
to ensure reliability in rating.

69 [1] Allow 1 credit for clay or for a size equal to or less than 0.0004 cm.

70 [1] Allow 1 credit for two correct responses. Acceptable responses include, but are not limited to:

— cooling

— solidification

— crystallization

— melting

— intrusion/intruding

71 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— Basalt cuts across all other rock units.

— Contact metamorphism is shown between the basalt and all rock layers.

72 [1] Allow 1 credit for Ordovician Period.

73 [1] Allow 1 credit for marble or hornfels.

74 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— They are formed over a short period of time.

— They are geographically widespread.

Moon
Sun

(Not drawn to scale)
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75 [1] Allow 1 credit for a correctly drawn 60°F isotherm. If more than one isotherm is drawn, 
all isotherms must be correct to receive credit. The isotherm does not have to be labeled.

Example of a 1-credit response:

76 [1] Allow 1 credit for any value from 0.20 °F/mi to 0.30 °F/mi.

77 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— Miami is located at a lower latitude.

— Atlantic City receives a lower angle of insolation/less intense insolation.

— The temperatures in Miami are warmed by the Florida Current.

— Miami has a longer duration of insolation.
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78 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— expansion

— cooling to the dewpoint

— condensation

— cooling

— deposition

79 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— Its warmest months are in January and February.

— Its coldest months are in June and July.

— The warm and cold times of the year are the opposite of New York’s.

80 [1] Allow 1 credit if the climate is identified as dry and an X is placed anywhere on the leeward side
of the mountain range.

Example of a correctly placed X:

Mountain range
Prevailin

g winds

XOcean
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81 [1] Allow 1 credit if the axis line is drawn through Earth at location A within the stippled areas shown
below and the North Pole is correctly labeled.

Note: It is recommended that an overlay of the same size as the student answer booklet be used
to ensure reliability in rating.

82 [1] Allow 1 credit for an arrow at location D that shows a general west to east rotation. Allow credit if
the arrow showing the direction of Earth’s rotation is correctly drawn at location A.

Example of a 2-credit response for questions 81 and 82:

Note: Allow credit if the student labels the North Pole at the bottom, as shown below.

83 [1] Allow 1 credit for any value from 88 d to 94 d.

84 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— Earth’s distance to the Sun is increasing.

— Earth is getting farther from the Sun.

— Earth is approaching aphelion.

85 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— The nighttime side of Earth at location A faces a different region of space than at location C.

— Earth is on different sides of the Sun in its orbit at locations A and C.

— Earth revolves around the Sun, so locations A and C have different views of the night sky.
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A D
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