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T
he possession or use of any com

m
unications device is strictly prohibited w

hen taking 
this exam

ination. If you have or use any com
m

unications device, no m
atter how

 briefl y, your 
exam

ination w
ill be invalidated and no score w

ill be calculated for you.

U
se your know

ledge of E
arth science to answ

er all questions in this exam
ination. 

B
efore you begin this exam

ination, you m
ust be provided w

ith the 2011 E
dition 

R
eference Tab

les for P
hysical Setting/E

arth Science. You w
ill need these reference 

tables to answ
er som

e of the questions.

You are to answ
er all questions in all parts of this exam

ination. You m
ay use scrap 

paper to w
ork out the answ

ers to the questions, but be sure to record your answ
ers 

on your answ
er sheet and in your answ

er booklet. A
 separate answ

er sheet for P
art A

 
and P

art B
–1 has been provided to you. F

ollow
 the instructions from

 the proctor for 
com

pleting the student inform
ation on your answ

er sheet. R
ecord your answ

ers to the 
P

art A
 and P

art B
–1 m

ultiple-choice questions on this separate answ
er sheet. R

ecord 
your answ

ers for the questions in P
art B

–2 and P
art C

 in your separate answ
er booklet. 

B
e sure to fi ll in the heading on the front of your answ

er booklet.
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A
ll answ

ers in your answ
er booklet should be w

ritten in pen, except for graphs and 
draw

ings, w
hich should be done in pencil.

W
hen you have com

pleted the exam
ination, you m

ust sign the declaration  printed 
on your separate answ

er sheet, indicating that you had no unlaw
ful know

ledge of the 
questions or answ

ers prior to the exam
ination and that you have neither given nor 

received assistance in answ
ering any of the questions during the exam

ination. Your 
answ

er sheet and answ
er booklet cannot be accepted if you fail to sign this declaration.

N
otice …

A
 four-function or scientifi c calculator and a copy of the 2011 E

dition R
eference Tab

les for 
P

hysical Setting/E
arth Science m

ust be available for you to use w
hile taking this exam

ination.

 D
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P
art A

A
nsw

er all questions in this part.

D
irections (1–35): F

or each statem
ent or question, choose the w

ord or expression that, of those given, best 
com

pletes the statem
ent or answ

ers the question. Som
e questions m

ay require the use of the 2011 E
dition 

R
eference T

ables for Physical Setting/E
arth Science. R

ecord your answ
ers on your separate answ

er sheet.

1 T
he apparent change in direction of sw

ing of a 
F

oucault pendulum
, at one specifi c location, 

provides evidence that E
arth

(1) travels around the Sun
(2) spins on its axis
(3) has a tilted axis
(4) has a spherical shape

2 T
he presence of cosm

ic background radiation is 
evidence that helps support the
(1) B

ig B
ang theory

(2) Plate Tectonic theory
(3) process of global w

arm
ing

(4) process of radioactive decay

3 In N
ew

 York State, the highest altitude of Polaris 
w

ill be observed at
(1) U

tica 
(3) M

assena
(2) K

ingston 
(4) O

ld F
orge

 
4 E

arth’s rate of revolution is approxim
ately

(1) 1°/day 
(3) 23.5°/day

(2) 15°/day 
(4) 360°/day

 
5 A

s w
ater vapor changes phase from

 gas to liquid, 
each gram

 of w
ater vapor

(1) releases 2260 joules of heat energy
(2) releases 334 joules of heat energy
(3) gains 2260 joules of heat energy
(4) gains 334 joules of heat energy

 
6 A

t the tim
e of an equinox, the subtropical jet 

stream
s 

in 
E

arth’s 
troposphere 

generally 
are 

located closest to
(1) 0° and 90° S 

(3) 60° N
 and 60° S

(2) 30° N
 and 30° S 

(4) 90° N
 and 90° S
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7 W
hen the dry-bulb tem

perature is 16°C
 and 

the dew
point is 7°C

, w
hat are the w

et-bulb 
tem

perature and the relative hum
idity?

(1) w
et-bulb tem

perature 
�

 9°C
 and relative 

hum
idity �

 7%
(2) w

et-bulb tem
perature 

�
 9°C

 and relative 
hum

idity �
 54%

(3) w
et-bulb tem

perature �
 11°C

 and relative 
hum

idity �
 7%

(4) w
et-bulb tem

perature �
 11°C

 and relative 
hum

idity �
 54%

8 W
hich ocean current w

arm
s the clim

ate along a 
continent’s east coast?
(1) C

alifornia C
urrent 

(3) F
alkland C

urrent
(2) B

razil C
urrent 

(4) G
uinea C

urrent

9 W
hich process transfers heat energy through 

m
olecular collisions?

(1) radiation 
(3) infi ltration

(2) convection 
(4) conduction

 10 Tw
o m

ajor greenhouse gases that can be found in 
E

arth’s atm
osphere are

(1) carbon dioxide and m
ethane

(2) m
ethane and nitrogen

(3) nitrogen and oxygen
(4) oxygen and carbon dioxide

 11 W
hich 

event 
causes 

a 
tem

porary 
slow

ing 
or 

reversal of the surface ocean currents in the 
equatorial region of the Pacifi c O

cean, w
hich 

m
ay disrupt norm

al w
eather patterns in N

orth 
A

m
erica?

(1) a volcanic eruption 
(3) E

l N
iño

(2) a tsunam
i 

(4) G
renville orogeny



 P
.S

./
E
. S

ci. –
 Ja

n
. ’2

3
 

6
 

12 T
he m

ap below
 show

s the tim
e zones of the continental U

nited States. T
he dashed lines represent m

eridians 
of longitude. T

he locations of C
leveland, O

hio, and Portland, O
regon, are show

n.

120° W
105° W

90° W
75° W

Portland

Pacific
tim

e zone
M

ountain
tim

e zone
Central

tim
e zone

Eastern
tim

e zone

Cleveland
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W
hat tim

e is it in Portland, O
regon, w

hen it is 9 p.m
. in C

leveland, O
hio?

(1) 5 p.m
. 

(3) 11 p.m
.

(2) 6 p.m
. 

(4) 12 m
idnight

13 T
he diagram

s below
 represent the constellations that are visible above the southern horizon at m

idnight 
from

 the sam
e N

ew
 York State location on tw

o different dates of the year.

Canis
M

ajor Canis
M

inor

M
onoceros

Lepus

Orion

Hydra

AquilaScutum

Sagittarius

Scorpius
Corona
Australis

S
o

u
th

e
rn

 h
o

riz
o

n – January 8
S

o
u

th
e
rn

 h
o

riz
o

n – July 9
(Not drawn to scale)

Libra

W
hy are different constellations seen on these tw

o dates at m
idnight?

(1) C
onstellations rotate on an axis. 

(3) E
arth rotates on its axis.

(2) C
onstellations revolve around the Sun. 

(4) E
arth revolves around the Sun.
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14 L
etters A

, B
, C

, and D
 in the diagram

 below
 represent processes in the w

ater cycle.

A

B

C

D

W
hich letter represents the process of transpiration?

(1) A
 

(3) C
(2) B

 
(4) D
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15 T
he cross section below

 represents a lake-effect snow
storm

 that resulted from
 air m

oving across L
ake 

O
ntario and over O

sw
ego, N

ew
 York.

Lake Ontario
Oswego

T
hese lake-effect snow

storm
s com

m
only occur in the region around O

sw
ego during w

inter because L
ake 

O
ntario

(1) cools the air so that it is no longer saturated, w
hich then produces frozen drops of w

ater
(2) w

arm
s the air so that it is no longer saturated, w

hich then produces frozen drops of w
ater

(3) cools the air, w
hich rises, contracts, and w

arm
s to the dew

point, form
ing clouds and snow

(4) w
arm

s the air, w
hich rises, expands, and cools to the dew

point, form
ing clouds and snow
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 16 A
ssum

ing that no overturning of rock layers has occurred, w
hich geologic outcrop containing N

ew
 York 

State index fossils represents the correct sequence of tim
e w

ithin the sam
e group of organism

s?

.    .    .    .    .
.    .    . 

.    .    .    .
.    .    .    .    .

.    .    .    .
.    .    .    .    .

.    .    .    .
.    .    .

.    .    .    
.    .    .

.    .    .    

.    .    .    .
.    .    .    .

.    .    .    .    .
.    .    .    

.    .    .    .    
.    .    .    .    .

.    .    .    .
.    .    .    .    .

.    .    .    .
.    .    .    

.    .    .    . 
.    .    .    .

.    .    .    .
.    .    .    .

.    .    .    .    .
.    .    . 

.    .    .    .
.    .    .    .    .

.    .    .    .
.    .    .    .    .

.    .    .    .
.    .    .

.    .    .    
.    .    .

.    .    .    

.    .    .    .
.    .    .    .

.    .    .    .    .
.    .    .    

.    .    .    .    
.    .    .    .    .

.    .    .    .
.    .    .    .    .

.    .    .    .
.    .    .    

.    .    .    . 
.    .    .    .

.    .    .    .
.    .    .    .

.    .    .    .    .
.    .    . 

.    .    .    .
.    .    .    .    .

.    .    .    .
.    .    .    .    .

.    .    .    .
.    .    .

.    .    .    
.    .    .

.    .    .    

.    .    .    .
.    .    .    .

.    .    .    .    .
.    .    .    

.    .    .    .    
.    .    .    .    .

.    .    .    .
.    .    .    .    .

.    .    .    .
.    .    .    

.    .    .    . 
.    .    .    .

.    .    .    .
.    .    .    .

.    .    .    .    .
.    .    . 

.    .    .    .
.    .    .    .    .

.    .    .    .
.    .    .    .    .

.    .    .    .
.    .    .

.    .    .    
.    .    .

.    .    .    

.    .    .    .
.    .    .    .

.    .    .    .    .
.    .    .    

.    .    .    .  
.    .    .    .    .

.    .    .    .
.    .    .    .    .

.    .    .    .
.    .    .    

.    .    .    . 
.    .    .    .

.    .    .    .
.    .    .    .

  .    .
. 

.    
.    .
  .    .
.    .

.    . 
...   

.    
.    ..

.
. .    

  .    .
.    .
  .    .
.    .

. 
.  . 

( 1 )
( 2 )

( 3 )
( 4 )
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 17 E
qual areas of w

hich type of surface absorb the 
m

ost insolation?
(1) dark-colored and sm

ooth
(2) dark-colored and rough
(3) light-colored and sm

ooth
(4) light-colored and rough

 18 W
hich m

aterial requires the least am
ount of 

heat energy to raise its tem
perature one C

elsius 
degree?
(1) liquid w

ater 
(3) basalt

(2) ice 
(4) granite

 19 O
ne characteristic of a good index fossil is that 

the organism
s that produced these fossils

(1) left rem
ains that can be found in igneous, 

sedim
entary, and m

etam
orphic rocks

(2) lived over a w
ide geographic area

(3) existed on E
arth for a long period of geologic 

tim
e

(4) lived both on land and in the w
ater during 

part of their lives

 20 D
uring w

hich geologic epoch w
as nearly all of 

E
arth’s landm

ass inferred to have been located 
in the Southern H

em
isphere?

(1) E
arly C

retaceous 
(3) M

iddle Triassic
(2) E

arly M
ississippian 

(4) M
iddle O

rdovician

 21 T
he A

lleghenian orogeny occurred as a result of 
the
(1) intrusion of the Palisades sill
(2) breakup 

of 
Pangaea, 

w
hich 

form
ed 

the 
A

tlantic O
cean

(3) collision of the N
orth A

m
erican Plate w

ith 
the A

frican Plate
(4) m

etam
orphism

 
of 

the 
bedrock 

in 
the 

A
dirondack M

ountains

 22 W
hich concept states that m

ost sedim
ents are 

deposited in layers that are fl at and parallel to 
E

arth’s surface?
(1) principle of superposition
(2) cross-cutting relationship
(3) dynam

ic equilibrium
(4) original horizontality
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 23 W
hich layer of E

arth’s interior is inferred to be 
com

posed m
ostly of iron and nickel, and has 

an interior tem
perature that is greater than its 

m
elting point?

(1) plastic m
antle 

(3) outer core
(2) stiffer m

antle 
(4) inner core

 24 A
 seism

ic station that is 4000 kilom
eters from

 
the 

epicenter 
of 

an 
earthquake 

records 
the 

arrival tim
e of the fi rst P-w

ave at 10:00:00 (hours: 
m

inutes: seconds). A
t w

hat tim
e did the fi rst 

S-w
ave arrive at this station?

(1) 9:54:20 
(3) 10:07:05

(2) 10:05:40 
(4) 10:12:40

 25 W
hat is the approxim

ate latitude and longitude 
of the B

ouvet H
ot Spot?

(1) 54° N
 3° W

 
(3) 3° N

 54° E
(2) 54° S 3° E

 
(4) 3° S 54° W

26 A
s the distance from

 the M
id-A

tlantic R
idge 

increases, the age of the ocean fl oor surface 
bedrock
(1) decreases, only
(2) increases, only
(3) decreases, then increases
(4) increases, then decreases
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 27 T
he graph below

 show
s the decay of a 50-gram

 sam
ple of a radioactive isotope over 30 days.

R
a
d

io
a
c
tiv

e
 D

e
c
a
y

T
im

e (days)

Amount of Radioactive Isotope (grams)

0
5

10
15

20
25

30

50403020100

T
he half-life of this radioactive isotope is approxim

ately
(1) 7.5 days 

(3) 15.0 days
(2) 12.5 days 

(4) 25.0 days
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 28 B
ased on fossil evidence, w

hich pie graph best show
s the percentage of tim

e that hum
ans have existed on 

E
arth since the tim

e of E
arth’s origin?

( 1 )
( 2 )

( 3 )
( 4 )

K
e
y

W
ithout hum

ans
W

ith hum
ans
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 29 T
he photograph below

 show
s a cone-shaped volcano.

W
hich stream

 drainage pattern m
ost likely w

ill be found on this volcano?

( 1 )
( 3 )

( 2 )
( 4 )
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 30 T
he topographic m

ap below
 show

s the surface features of a coastal location. L
ine X

Y is a reference line on 
the m

ap.

Y

200

100

Red River

Ocean
X
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W
hich profi le best show

s the landscape elevations along line X
Y?

D
is

ta
n

c
e

X
Y

0

100

200

300
Elevation (m)

( 1 )

D
is

ta
n

c
e

X
Y

0

100

200

300

Elevation (m)

( 2 )

D
is

ta
n

c
e

X
Y

0

100

200

300

Elevation (m)

( 3 )

D
is

ta
n

c
e

X
Y

0

100

200

300

Elevation (m)

( 4 )
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 31 T
he block diagram

 below
 represents a m

eandering river. Points A
, B

, C
, and D

 represent locations near the 
edge of the river.

A
B

C
D

T
he greatest am

ount of erosion is m
ost likely occurring at locations

(1) A
 and B

 
(3) C

 and D
(2) B

 and C
 

(4) D
 and A
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32 T
he m

ap below
 show

s the locations of num
erous drum

lins south of L
ake O

ntario.

K
e
y

Drum
lins

NS

W
E

Niagara Falls

Buffalo

Rochester

Lake Ontario

W
hich agent of erosion form

ed these drum
lins?

(1) w
ind 

(3) m
oving ice

(2) stream
s 

(4) w
ave action
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33 T
he landscape diagram

 below
 represents a fan-

shaped feature that is com
posed of sedim

ents 
that w

ere transported and deposited by a stream
 

entering a lake.

Lake

T
his fan-shaped feature is best identifi ed as a

(1) w
atershed 

(3) delta
(2) m

oraine 
(4) tributary

 34 T
he tendency of a m

ineral to split along fl at 
surfaces indicates the m

ineral property called
(1) cleavage 

(3) com
position

(2) fracture 
(4) hardness

 35 T
he 

data 
table 

below
 

show
s 

a 
student’s 

observations of a m
ineral sam

ple.

P
ro

p
e
rty

O
b

s
e
rv

a
tio

n

luster
m

etallic
color

brassy yellow
streak

green-black
density

5.0 g/cm
3

B
ased on the student’s observations, the m

ineral 
can best be identifi ed as
(1) m

agnetite 
(3) sulfur

(2) hem
atite 

(4) pyrite
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P
art B

–1

A
nsw

er all questions in this part.

D
irections (36–50): F

or each statem
ent or question, choose the w

ord or expression that, of those given, 
best com

pletes the statem
ent or answ

ers the question. Som
e questions m

ay require the use of the 2011 E
dition 

R
eference T

ables for Physical Setting/E
arth Science. R

ecord your answ
ers on your separate answ

er sheet.

 G
O

 R
IG

H
T

 O
N

 T
O

 T
H

E
 N

E
X

T
 PA

G
E

 ➯
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B
ase your answ

ers to questions 36 through 40 on the diagram
 below

 and on your know
ledge of E

arth science. 
T

he diagram
 represents the M

oon at different positions in its orbit around E
arth. T

he phases of the M
oon as seen 

by an observer in N
ew

 York State have been labeled.

(Not drawn to scale)

New
M

oon

Last
quarter

Old 
crescent

New
crescent

First
quarter

Old 
gibbous

Sun’s 
rays

Earth

Full
M

oon

New 
gibbous

North
Pole

 36 W
hich diagram

 best represents the new
 gibbous phase of the M

oon as seen by an observer in N
ew

 York 
State?

( 2 )
( 4 )

( 1 )
( 3 )
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 37 H
ow

 m
any days (d) are required for the M

oon to com
plete a cycle of phases from

 one full M
oon phase to 

the next full M
oon phase?

(1) 15.0 d 
(3) 29.5 d

(2) 27.3 d 
(4) 365.3 d

 38 A
t w

hich tw
o M

oon phases w
ill the difference in height betw

een high tide and low
 tide m

ost likely be the 
greatest?
(1) new

 M
oon and full M

oon 
(3) new

 crescent and old gibbous
(2) new

 gibbous and old crescent 
(4) fi rst quarter and last quarter

 39 E
clipses do not occur each tim

e that the M
oon revolves around E

arth because the M
oon’s

(1) orbit is less eccentric than E
arth’s orbit

(2) orbit is inclined to E
arth’s orbit

(3) diam
eter is greater than E

arth’s diam
eter

(4) diam
eter is less than E

arth’s diam
eter

 40 T
he sam

e side of the M
oon alw

ays faces E
arth because the period of revolution of the M

oon is
(1) shorter than the period of rotation of E

arth
(2) shorter than the period of rotation of the M

oon
(3) equal to the period of rotation of E

arth
(4) equal to the period of rotation of the M

oon
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B
ase your answ

ers to questions 41 through 44 on the passage and cross section below
 and on your know

ledge 
of E

arth science. T
he cross section represents the area of Scoby H

ill w
here fi ll w

as added to construct a roadw
ay.

Scoby H
ill L

andslides
Scoby H

ill is approxim
ately 40 m

iles south of B
uffalo, N

ew
 York. T

he silt layer of Scoby 
H

ill m
ay have been unstable ever since it form

ed from
 glacial outw

ash approxim
ately 

12,000 years ago. C
onstruction of a road required the addition of fi ll, w

hich consisted of 
clay, silt, sand, and pebbles. T

he resulting landslides that occurred w
ere a surprise because 

the gradient of Scoby H
ill w

as thought to be too low
 for landslides. G

eologists discovered 
that landslides easily started because of the w

eight of the fi ll. In order to decrease pressure 
on the silt layer, engineers decided to rem

ove the fi ll and som
e of the silt layer to create a 

level surface for the road. In addition, drain pipes w
ere installed to low

er the w
ater table 

and reduce the chance of future landslides.

C
ro

s
s
 S

e
c
tio

n
 o

f S
c
o

b
y
 H

ill

Fill

Silt
Clay

W
ater

table

 41 T
he outw

ash sedim
ent that form

ed Scoby H
ill is best described as

(1) sorted and layered 
(3) unsorted and layered

(2) sorted and nonlayered 
(4) unsorted and nonlayered
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 42 T
he m

axim
um

 diam
eter of the particles in the fi ll w

as
(1) 0.006 cm

 
(3) 6.4 cm

(2) 0.2 cm
 

(4) 25.6 cm

 43 T
he drain pipes that w

ere installed low
ered the w

ater table by
(1) decreasing the porosity of the clay
(2) decreasing the perm

eability of the silt
(3) rem

oving infi ltrated w
ater from

 the ground
(4) rem

oving clay and silt from
 the groundw

ater

 44 In w
hich N

ew
 York State landscape region is Scoby H

ill located?
(1) A

llegheny Plateau 
(3) A

dirondack M
ountains

(2) Tug H
ill Plateau 

(4) A
tlantic C

oastal Plain
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B
ase your answ

ers to questions 45 through 47 on the station m
odel below

 and on your know
ledge of E

arth 
science.

84

86
996

2
2 1

 45 T
he num

ber 2
12  on the station m

odel indicates that
(1) 2.5 inches of precipitation has fallen in the past 6 hours
(2) the farthest object that can be seen is located 2.5 m

iles aw
ay

(3) an advancing cold front is 2.5 m
iles aw

ay
(4) the air pressure has risen 2.5 m

illibars in the past 3 hours

 46 W
hich present-w

eather sym
bol represents the form

 of precipitation that is m
ost likely occurring at this 

location?

( 1 )

( 2 )

( 3 )

( 4 )
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 47 W
hat are the w

ind direction and the w
ind speed at this location?

(1) w
ind from

 the southeast at 15 knots 
(3) w

ind from
 the southeast at 25 knots

(2) w
ind from

 the northw
est at 15 knots 

(4) w
ind from

 the northw
est at 25 knots
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B
ase your answ

ers to questions 48 through 50 on the cross section below
 and on your know

ledge of E
arth 

science. T
he cross section represents rock units labeled A

 through E
 that have not been overturned. A

 lava fl ow
 

is represented betw
een rock units A

 and B
. L

etter X
 represents a location in the igneous rock.

.    .    .    .    .
.    .    . 

.    .    .    .    .
.    .    .    .

.    .    .    .    .
.    .    .    .    .

.    . 
.    .    .    .    .

.    .    .    .    .
.    .    .    .

.    .    .    .    .
.    .    .    .

.    .    .    .
.    .    .    .    .

.    .    .    .
.    .    .    .    .

.    .    .    .    .
..    .    .    .
.    .    .    .    .

.    .    .    .
.    .    .    .    .

.    .    .    .
.    .    .    .    .

.    .   
.    .    .  

.    .   

Lava flow

DE C B A

K
e
y

Igneous rock
Contact m

etam
orphism

X
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 48 R
ock unit A

 w
as form

ed m
ost likely by

(1) chem
ical w

eathering 
(3) the eruption of a volcano

(2) regional m
etam

orphism
 

(4) the com
paction of sedim

ents

 49 W
hich tw

o m
inerals w

ould m
ost likely be found in the igneous rock if the rock is highly m

afi c?
(1) quartz and potassium

 feldspar 
(3) olivine and potassium

 feldspar
(2) quartz and pyroxene 

(4) olivine and pyroxene

 50 W
hich m

etam
orphic rock m

ost likely form
ed at the interface betw

een rock unit B
 and the igneous rock?

(1) quartzite 
(3) phyllite

(2) m
etaconglom

erate 
(4) m

arble
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B
ase your answ

ers to questions 51 through 54 on the passage below
 and on your know

ledge of E
arth science.

Salt —
 A

 V
aluable C

om
m

odity
In N

ew
 York State, salt is a valuable natural resource. A

pproxim
ately 8500 square m

iles 
of N

ew
 York State has bedrock that contains rock salt. T

he layers of rock salt form
ed after 

parts of N
ew

 York State w
ere covered by a shallow

 inland sea, w
hich eventually evaporated. 

G
roundw

ater dissolved som
e of the deeper rock salt layers and carried salty w

ater up to 
the surface in central N

ew
 York. C

om
m

ercial salt production began in the Syracuse area 
in the late 1700s. E

arly production of salt involved heating the salty w
ater by burning 

w
ood from

 the surrounding area. T
he heat vaporized the w

ater, leaving salt behind. W
hen 

lum
ber supplies dw

indled, solar m
ethods w

ere used to evaporate the w
ater. A

lthough the 
salt industry had an overall positive effect on Syracuse, the industry in Syracuse closed 
dow

n in the 1920s, leaving negative environm
ental effects. T

here are currently salt m
ines 

operating south of Syracuse and in the F
inger L

akes region of N
ew

 York State.

P
art B

–2

A
nsw

er all questions in this part.

D
irections (51–65): R

ecord your answ
ers in the spaces provided in your answ

er booklet. Som
e questions m

ay 
require the use of the 2011 E

dition R
eference T

ables for Physical Setting/E
arth Science.
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 51 Identify one process that form
ed rock salt from

 the shallow
 inland sea that covered parts of N

ew
 York State.   

[1]

 52 Identify the geologic tim
e period during w

hich the rock salt in the surface bedrock at Syracuse w
as form

ed.   
[ 1]

 53 Identify the nam
e of the m

ineral that m
akes up rock salt and describe one use of this m

ineral.   [ 1]

 54 D
escribe one negative environm

ental effect that resulted from
 the m

ining of salt in Syracuse.   [ 1]
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B
ase your answ

ers to questions 55 and 56 on the diagram
 below

 and on your know
ledge of E

arth science. 
T

he letters A
 through G

 on the diagram
 represent positions of sunrise on several dates during the year as seen 

by an observer at 40° N
 latitude.

A
6/21

B
5/21

C
4/21

D
3/21

E
2/21

F
1/21

G
12/21

Sunrise Positions

Horizon

(Not drawn to scale)

Sunrise

 55 Identify the date of the sunrise position w
hen the insolation from

 the noontim
e Sun w

ill be m
ost intense.   

[1]

 56 A
 stick is placed vertically into the ground at the observer’s location, and its shadow

 is observed from
 sunrise 

to sunset on January 21 (1/21). Identify the tim
e of day w

hen the shortest shadow
 is cast by the stick.   [1]
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B
ase your answ

ers to questions 57 through 61 on the diagram
 below

 and on your know
ledge of E

arth science. 
T

he diagram
 represents relative orbital positions for the planets and the asteroid belt in our solar system

.

M
ars

M
ercury

Venus

Earth

Sun
Jupiter

Saturn

Asteroid
belt

Uranus

(Not drawn to scale)

Neptune

 57 State the general relationship betw
een a planet’s distance from

 the Sun and the planet’s period of revolution.   
[1]

 58 Identify one terrestrial planet and one Jovian planet represented in the diagram
.   [ 1]

 59 E
xplain w

hy this diagram
 represents a heliocentric m

odel of the solar system
.   [ 1]
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 60 State one possible distance from
 the Sun, in m

illion kilom
eters, at w

hich an asteroid in the asteroid belt can 
be found.   [1]

 61 C
alculate how

 m
any tim

es greater M
ercury’s average density is than N

eptune’s average density.   [ 1]
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B
ase your answ

ers to questions 62 through 65 on the m
ap below

 and on your know
ledge of E

arth science. 
T

he m
ap show

s som
e of E

arth’s tectonic plates and the boundaries betw
een them

. L
etters A

 through D
 represent 

locations on E
arth’s surface.120°

140°
160°

180°
160°

140°
120°

100°

120°
140°

160°
180°

160°
140°

120°
100°

D

Indian-Australian
Plate

Pacific Plate

Philippine
Plate

A

B
North Am

erican
PlateC Nazca

Plate

Antarctic Plate
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 G
O
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G
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 62 Identify one geologic feature found along the subducting plate boundary at location A
.   [1]

 63 Identify the nam
es of the subducting plate and overriding plate at location B

.   [ 1]

 64 State the nam
e of the m

id-ocean ridge found at location C
.   [ 1]

 65 Identify the type of tectonic plate boundary represented at location D
.   [ 1]
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P
art C

A
nsw

er all questions in this part.

D
irections (66–85): R

ecord your answ
ers in the spaces provided in your answ

er booklet. Som
e questions m

ay 
require the use of the 2011 E

dition R
eference T

ables for Physical Setting/E
arth Science.
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B
ase your answ

ers to questions 66 through 68 on the diagram
 below

 and on your know
ledge of E

arth science. 
T

he diagram
 represents a laboratory setup that is used to analyze the different sizes of sand in a 100-gram

 sam
ple 

of beach sand. T
he laboratory setup consists of a colum

n containing a series of screens. T
he size of each screen 

opening and the size of sand stopped by each screen are labeled. T
he beach sand w

as poured into the top of the 
colum

n, w
hich w

as then shaken from
 side to side to sort the sand. T

he total m
ass, in gram

s, of each size of sand 
stopped by the screen at that level is indicated above each screen.

Beach
Sand

Very coarse
sand

Coarse
sand

M
edium

sand

Fine
sand

Very fine
sand

Size of sand
stopped by 
screen

16 gram
s

14 gram
s

25 gram
s

38 gram
s

7 gram
s

Screen opening 
diam

eter

(Not drawn to scale)

Open top

0.1 cm
 screen

0.05 cm
 screen

0.025 cm
 screen

0.0125 cm
 screen

Bottom
 collecting

tray
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 66 O
n the graph in your answ

er booklet, construct a bar graph that show
s the m

ass of each size of sand listed 
inside the colum

n.   [1]

 67 T
he various sand sam

ples separated by the screens w
ere tested to determ

ine capillarity. O
n the graph in 

your answ
er booklet, draw

 a line to show
 the general relationship betw

een the size of sand and capillarity.   
[1]

 68 Identify the m
inim

um
 stream

 velocity, in centim
eters per second, needed to m

aintain m
ovem

ent of a sand 
particle w

ith a diam
eter of 0.1 centim

eter.   [1]
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B
ase your answ

ers to questions 69 through 72 on the passage below
, the cross section in your answ

er booklet, 
and on your know

ledge of E
arth science. T

he cross section represents a portion of the G
rand C

anyon, indicating 
the location of the G

reat U
nconform

ity. L
etter A

 identifi es an igneous rock unit. L
ine B

C
 represents another 

unconform
ity.

T
he G

reat U
nconform

ity
O

ne of the w
orld’s m

ost fam
ous unconform

ities is located in N
orth A

m
erica. T

his 
dram

atic gap in the geologic record (T
he G

reat U
nconform

ity) stretches from
 A

rizona in 
the U

nited States to A
lberta in C

anada. Perhaps the best place to see this unconform
ity 

is in G
rand C

anyon N
ational Park, w

here, over the last 5 to 6 m
illion years, the C

olorado 
R

iver has cut dow
n through the overlying sedim

entary rock layers to reveal the 2-billion-
year-old V

ishnu schist. In the G
rand C

anyon, the G
reat U

nconform
ity exists at the bottom

 
of the Tapeats sandstone. A

t certain locations, w
here the V

ishnu schist is in contact w
ith 

the Tapeats sandstone, it is possible to touch tw
o rock units that are over 1.5 billion years 

apart in age w
ith the span of your hand.

 69 O
n the cross section in your answ

er booklet, place an X
 on the G

reat U
nconform

ity at the point w
here the 

greatest difference in age betw
een the bedrock above and below

 the unconform
ity exists.    [1]

 70 Identify tw
o geologic processes necessary for the form

ation of any unconform
ity.   [ 1]

 71 D
escribe one piece of evidence show

n in the cross section that supports the inference that rock unit A
 is 

younger than unconform
ity B

C
.   [1]

 72 Identify one process that produced the V
ishnu schist from

 a previously existing rock.   [ 1]
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B
ase your answ

ers to questions 73 through 77 on the w
eather m

ap below
 and on your know

ledge of E
arth 

science. T
he w

eather m
ap show

s a low
-pressure center (L

) w
ith associated fronts. A

 high-pressure center (H
) is 

also show
n. T

he isobars represent air pressure in m
illibars (m

b). Point X
 represents a surface location.

Gulf of M
exico

Atlantic Ocean

W
e
a
th

e
r M

a
p

1004
1008

1012

H

1020

1012

1016

10121008
1004
1000

1020

1016 L
X
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 73 Identify the w
eather instrum

ent that is used to m
easure air pressure.   [1]

 74 Identify the type of front that extends eastw
ard through N

ew
 York State from

 the center of the low
.   [1]

 75 T
he air m

ass over location X
 originated in the G

ulf of M
exico. W

rite the tw
o-letter air m

ass sym
bol that 

represents this air m
ass.   [1]

 76 T
his low

-pressure center is follow
ing a norm

al storm
 track. Identify the com

pass direction tow
ard w

hich this 
low

-pressure center w
ill m

ove in the next 24 hours.   [1]

 77 D
escribe the pattern of surface w

ind circulation around the high-pressure system
.   [ 1]
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B
ase your answ

ers to questions 78 through 81 on the m
ap in your answ

er booklet and on your know
ledge 

of E
arth science. T

he m
ap show

s the average yearly rainfall received, in centim
eters, at various locations on the 

H
aw

aiian island of M
aui. R

ainfall isolines have been draw
n on the northw

estern part of the island. Points A
, B

, 
and C

 represent surface locations.

 78 O
n the eastern section of the A

verage Yearly R
ainfall M

ap for M
aui in your answ

er booklet, draw
 the 

100-centim
eter rainfall isoline. E

xtend the isoline to the edge of the island.   [1]

 79 State a possible average yearly rainfall am
ount, in centim

eters, for location A
.   [ 1]

 80 C
alculate the average yearly rainfall gradient betw

een locations B
 and C

, in centim
eters per kilom

eter.   [ 1]
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 81 T
he topographic m

ap below
 show

s contour lines on the island of M
aui. Points X

 and Y represent tw
o locations 

on the island. M
t. H

aleakala is a volcano on this island. T
he arrow

 represents the direction of the prevailing 
w

inds.

Pacific Ocean

Prevailing 
W

inds

20004000

X

2000400060008000

Y
N

Contour interval 2000 feet T
o

p
o

g
ra

p
h

ic
 M

a
p

 o
f M

a
u

i

M
t. Haleakala

State one reason w
hy location X

 receives m
ore yearly rainfall than location Y.   [1]
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B
ase your answ

ers to questions 82 through 85 on the diagram
 below

 and on your know
ledge of E

arth science. 
T

he diagram
 represents E

arth in its orbit. L
etters A

 through D
 represent E

arth’s location on the fi rst day of each 
of the four seasons.

(Not drawn to scale)

Sun

N

S

D

C

N

S A
N

S

N

S

B
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 82 C
alculate the num

ber of days (d) that it takes E
arth to travel in its orbit from

 position A
 to position D

.   [1]

 83 Identify the latitude w
here the Sun is directly overhead w

hen E
arth is at position B

. Include units and 
com

pass direction in your answ
er.  [1]

 84 Identify the prim
ary force that causes E

arth’s orbital velocity to change from
 position B

 to position D
.   [ 1]

 85 O
ver 42,000 years, E

arth’s axis tilt has varied betw
een 22.1° and 24.5°. D

escribe the effect on N
ew

 York 
State’s relative sum

m
er and w

inter tem
peratures w

hen the tilt of E
arth’s axis increased from

 22.1° to 24.5°.   
[1]
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