@ié@s @f ai‘ﬁg Maomﬁd Sun

5

Does the man on the moon change his facial expressions? ~

spin on ifs Own axis.

Try the fo@%(“mmg' Use your desktop as a mode] of the moon’s orbital plane
about Earth. Use a Roosevelt dime as a model of the moon, dnd a half
dollar a m@d@E of Earth. Point the top of Roosevelt’s head (moon) towards
the half-dollar (Earth) and revolve the moon around Earth. Now try i
again but always keep Roosevelt’s head i [‘)oimed toward Earth. What

action occurs? Right! The dime rotates, but just once as it travels around
the half-dollar. Thus, the same side of the an()ﬂ must point toward Farth
all the time. In other words, the man on the moon has the same face all the
rnme, because the moon rotates once per revolution in 27 Vs days.
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planets. Many of the explanations of the nature
of celestial objects have become part of the belief systems of past and
present cultures.

nature anda

In this topic you will study the nature and motion of celestial objects in
relationship to Earth and our satellite, the moon. Some scientists

consider Earth and its moon to be a double planet,
but for the purpose of this book, the moon will be
considered a satellite of Earth, and Earth a satellite
of the sun.

“t

; 0%55@?‘%@ S ~*5‘ia‘fs st

Horizon W

Apparent daily motion of stars in middie

northern latitudes: To an observer in the mid-latitudes of Most celestial objects appear to move across the
the Northern Hemisphere—such as New York State—most stars sky, rising in the eastern part of the sky and

appear to move from east to west in circular paths, or along arcs.

i : : setting in the western part of the sky. The vast
The complete circular path can be seen for stars in the northern - ‘ ¢

part of the sky around Polaris. Other stars rise over the eastern majority of the 6000 or so celestial objects visible
horizon and set at the western horizon in the middie latitudes, with the any location are stars.

L)
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Some of the stars near the North Star, or Polaris,
appear to move in a complete circle in 24 hours. A Orbit of Mars
The paths of all celestial objects moving in the sky B 4
are circular, or parts of a circle called an arc. All /
the motion occurs at a constant rate of /
approximately 15° per hour or 360° in 24 L
hours. These movements of celestial csb}ms over a |
24-hour period are called daily motion.
(See Figure 4-1.) \/

Direction to Mars

73
D
T

Apparent Motions of the Planeis F A

As seen from Earth, the planets exhibit daily

motion similar to that of the stars. Howcver over

extended periods of time (weeks to months), the

planets appear to change position with respect to ;

the backeround field of stars around them. As \ Sep
h

38
i

e

T L e
i Ng

pe
o
tel

s

and often azppe ars complicated. ’i ach year, a
similar motion would be observed, butin a
different region of the sky. From a central sun

perspective, the comphgat@d motion of the planets

is the result of Earth and other planets revolving Jun

around the sun in different orbits at different May

speeds. This causes other planets viewed from ] Apparent position of Mars

barth to sometimes appear to make loops and
move back and forth.

ﬁ@@@mm %@%m

& sight lines fro

ot [T

ctically paralt

othe

the more %‘z g

mm; 18]1
%va;wsg mdutui‘i m th@ seasons. In spring
es ‘iu\, rexactly, east and sets due west. In summer,
5 s‘ east and sets imrf v of west. In the winter, the sun
rises wu%h of east and sets south of west.
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Noon sun
1—«—5»*“\\\\\
Noor sun ~. ~_
JB ) S \
7
//C g \\ ‘
S S N “
Noon suﬁ\/__f’&* ; “ -
) | e « N \\

December 21
{(Winter solstice} Sept 23
March 21

&

June 21
{Summer solstice}

NOAes )

Tropic of Capricormn R - 23 1/2°5

A 3

.

Antarctic Circle s
South Pole

66 1/2°S

Figure 4-%. The changing apparent path of the sun in the
northern mid-latitudes: Note that the length of the sun’s
apparent path is longest on June 21, shortest on December 21, and
in-between on March 21 and September 23. Also, the altitude of
the sun at noon is highest on lune 21, shortest on December 21,
and in-between on September 23 and March 21. (See Appendix 4.}

TV
&L

Figure 4-4. The yearly changes in latitude where the sun
is directly sverhead at noon—at an altitude of 307 Point 1
is June 21, point 2 is September 23, point 3 is December 21, and
point 4 is March 21.

the sun at noon depends on the time of year and the latitude of the
observer. Only between latitudes 23 1° N and 23 3° S can the noon sun be

directly overhead at an altitude of 90°. Thus, the noon sun 1s never
directly overhead anywhere in the continental United States. Figure 4-4
shows how the latitude at which the sun is overhead at noon changes

Auringe o vear
ArINng 4 year.

{AY rermiy
LA SN vl R4 ¥ 4

2. How would & three-hour time exposure
photograph of stars in the northern sky
appear if Earth did not rotate?
/ P = \ N = ‘u\\ [
/// ; "\/\! A v h = i ‘ o ‘I' o -
N i i i e
N T ] ) R 3 /’ : ! - / 5 —
n {2) (3) (4)
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4. When observed from a location in New York 10. At 40° N latitude, for how many days a year is
State for an entire night, the North Star (Polaris) the sun directly overhead at noon?
appears to (1) 1 (2) 2 (3)3 4 o
(1) rise in the east and set in the west
(2) rise in the west and set in the east
(3)
(

-

11. In New York State, to see the sun at noon, one

move southward along an arc-shaped path would look towards the

4) remain stationary in the sky (1) north (3) east
{2} south (4)

5. Explain why most stars seem to move from east

to west across the Sky in New York State. 12. A student in New York State obtained the data
o i ) below by noting the altitude of the sun at noon
6. The star Sirius is observed in the evening sky for three consecutive months.

during the month of January. At the end of

3 hours, Sirius will appear to have moved Month Altitude of Sun at Noon
(1) 60° (2} 45" (3) 3 4 o
X 27.0°
7. On December 21, at which lat tude would an v 7350
1 ting the sun dis iy overhead °-2
Z 255
f“‘s arth ) . .
‘ } Nort The data for month Y were cbtained during
&. The sun's apparent daily movement across the (1) March (3) September
sky is caused by (2} june (4) December

(1} the sun's revolution around Earth
(2} Earth’s revolution around the sun
{3) the sun’s rotation on its axis

(4) Earth’s rotation on its axis gi

13. To a person located at 43" North latitude, the
sun appears to rise due east on

} December 22
} 1

9. At which location below would the sun produce
an angle of 23.5° relative to an observer’s head, 14
at noon on June 217
(1 o° (3} 23.5° (1) is always directly east
£

“; Azwam I8 VP{*EJ st

From September 21 to December 20 in the
United States, the direction in which the sun sets

3% 3 ERg {AY
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A majority of early cultures %whu ed the most obvious way to explain the
daily motion of ¢ elestial objects. They assumed that Earth is stationary, and
that most celestial objects revolve around it. This Earth-centered model is
called the geocentric model. In many geocentric models, the moon and sun
were thought to travel at slightly «,uffewm speeds in their orbits of Earth.
The geocentric model explained most of the motions of the stars, sun, and
moon, but it did not explain the apparent motions of the planets. One
version of the geocentric model proposed that the planets moved around
in circles as the planets revolved around Earth. The mﬂm‘%rﬁf%f model also
rth motions and the behavior of a freely

could not explain some Ee

o
Lak




Figure 4-%. Geocentric model of celestial objects: In this
model, Earth neither rotates nor revolves. The moon, sun, and
other stars orbit Earth in circular paths at different speeds. Ali
stars are the same distance from Earth. The planets revolve in
small circles, while the centers of these circles revolve around
Earth in circular orbits. These additional small circles for the
planets are needed to explain the planet’s irregular motions.
The small circles are much more complicated than those
shown here,

§
i
1

models did no better in

\\ \\\ x,/’/
%anet\\w/ / /
\ A

™ - // Planet

As viewed from Polaris

Figure 4-6: A modern heliocentric model: The sun is the
center of motion. Earth and other planets rotate and revolve
around the sun at different speeds in elliptical orbits with some
eccentricity. Note the counterclockwise revolution of the planets
as viewed from Polaris. The stars don't revolve around Earth and
are at varying distances from the solar system.

e ey used circular o

%4
3 Ekh

geocentric views. When elliptical orbits and varying orbital speeds were

3

added to the heliocentric model, the motions of the planets could be
el

predicted. The helio

o Uv ¥ % ey ~e CRES 3 'Y -~y
swinging penduium.




15. In the geocentric model, which motion would 18. Which diagram best represents a portion of the

occur? heliocentric model of the solar system?
(1) Earth would revolve around the sun. s . o
(2) Earth would rotate on its axis. 4 <« X -~ N
(3) The moon would revolve around the sun. / / . N A S
(4) The sun would revolve around Earth. I } ) ®
16. Which diagram represents a geocentric model? \\*\\V’/M \ /‘/
i o
i ..).__—w \\ =
(1) (3)
\\\\ M
>—0—<

i

(4
4

S = Sun, E = Earth, and M = Moon

19. Which planetary orbit model allows a
predict the exact positions of the planets in the
night sky for many years?

scientist to

X/EEH\ ’W(zx (m;am as Eiw universe e}«; ands. It moves arcund the wnm of
the M;ikv Way éuzﬁam with our solar system in a ,22 -mi Ehnﬂwy@ar period.
Farth Aiw rotates ¢ rsd revolves around the sun in an orbit.

Rotation of Earth

The spinning of Earth on its axis—the
from | hc w\é}rféé Pole to the 5 :
filted 234 fron

1 line perpe




As Earth orbits the sun, Earth’s axis remains tilted
at 23 7. The north end of the axis points fowards
the North Star, or Polaris.

Farth rotates 360" from west to east in 24 hours, at
an angular rate of 15° per hour. This angular rate
is the same at all locations on Earth. Looking
down over the North Pole, the direction of Earth's
6 AM. oK 6 pia. rotation is west to eastwgounterdockwise——as
shown in Figure 4-7.

A

meridian of . , i
ongitude | Evidence of Earth’s Rotation

Throughout much of human history, scientists
have searched for evidence that Earth rotates.

ke 5 N B A \:\ﬂ Ly . \
? Q?sz&f \fmw/f/?;ﬁg@\ }arth’ movement is not apparent because
for 2516 eople dw;* tfeel very smooth motions iéw same
A 4 & A A & A 4 éj b 4 2 ay th i CAlso,
Sun's rays

compare }@S motion. Ozﬂy in recent history have

Figure 4-7. Circle of rotation—meridians of . people and satellites been able to observe the
?ongcstude—wshowmg k'tcaf solar times: lAngu!ar rotation rate rotation of Earth.

is 15" per hour at any latitude. Local solar time changes 1 hour for
each 15 degrees of longitude. When it is local solar noon on the

side of Earth facing the sun, it is midnight on the opposite side. The Foucault Pendulum When a Foucault pendulum

is allowed to swing freely (first observed in 1851),
its path will appear to change ina p;EdiC table way, as shown in Figure 4-8
This is evidence of Earth’s rotation because the pendulum—due to
inertia—would continue to swing in the original path if Earth did not
rotate. (See A-A” in Figure 4-8.)

Actually, the

,r'}/«gwmusm E:Em% 15 rof a?r}w COUn mrdemm ise. Yims*
fE“iGﬁd is near fhg rim of the merry-go-round. You throw a ball directly at
your friend. By the time the ball reaches the rim of the merry-go-round,
your friend has been carried to the left. The ball reaches the rim at a
point that is now to the right of your friend. With respect to the moving

Flgure 4-8: Apparent motion o . - . . .
of 3 Foucault pendulum: An merry-go-round, the ball has been deflected to the right. In a similar

observer sees a pendulum swing manner, rockets, ocean currents, large storms, and winds are deflected
in the direction A-A", Several with respect to Earth’s surface. Since the only reasonable explanation of
hours later, the pendulum has 4 h S he Corioh ot | * ) .

5 4 . AT o N1 pbboet o =574 ST
changed its direction of swing to the Coriolis effect is that Earth rotates, the Coriolis effect is good evidence
the lin s rotation.
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20.

21

[
B

3
E

away from a given star. These movements toward or away from
a star result in small yearly cyclic changes in blue and red shifting
of starlight.

The following diagram represents part of the Base your answers to guestions 25 and 26 on the
night sky, including the constellation Leo. The following diagram. The diagram shows, over the
black circles represent stars. The unshaded circles  course of a year, twelve constellations that are
represent the changing positions of one celestial  visible in the night sky to an observer in New York

object over a period of a few weeks. State. Different positions of Earth are represented
by letters A through D. The arrows represent the
/‘/-\@«ﬁ0 direction of Earth’s motion around the sun.
P
e — jogs
. ob
50
2 2 (2) ? Virgo
Taurus T :
The celestial object represented by the unshaded Geminit ‘ Cancer

circles most likely is
(Not drawn to scale.}

{1} a galaxy (3} Earth’s moon
{2) a planet (4) anotherstar 25. Which constellations are both visible at midnight
y are different consteliations visible in the to an observer in New York State when Earth is

. iocated at position DY

star trails

On Earth, surface ocean currents rotate

clockwise in the Northern Hemisphere and 27. Which statement provides the best evidence
counterclockwise in the Southern Hemisphere that Earth revolves around the sun?

because of the {1} The sun follows an apparent daily path,

(1) Coriolis effect rising in the east and setting in the west.
(2) Seasonal effect (2} A Foucault pendulum appears 1o shift its
(3) Tidal effect direction of swing in a predictable manner.
(4) Doppler effect (3) The stars appear to follow circular paths

around the North Star (Polaris).
{4) The seasons of spring, summer, fall, and
winter repeat in a pattern.

68




Evidence of Earth’s Revolution Around the Sun

Earth revolves around the sun in a slightly eccentric elliptical orbit, or path,
once a year. Earth revolves in a counterclockwise direction (as viewed from
Polaris) at a rate of approximately 1 degree per day (360 degrees in

365 days). Just as scientists had trouble providing proof that Earth rotates,
they also had difficulty finding solid evidence of EBarth's revolution

around the surn.

If you understand that Earth’s limited change in distance from the sun
during the year does not cause seasons, then the seasonal changes
associated with changes of the sun’s path is evidence of revolution. If Earth
did not revolve around the sun, the same part of Earth would tilt toward
the sun all the time. Therefore, the same part of Earth would receive the
more direct rays of sunlight. The seasons would not change; each part of
Farth would have the same season all the time.

Ltferent constel]

that form a pattern and are used to h el wxspé:* foc: w%;u
At night you can see %fé@"‘wé constellations at different times of the year,
as shown in Figure 4-9.

i

s,

Earth’s revolution around the sun produces other effects that can be used
as evidence of revolution. During the year the apparent diameter of the
sun changes in a cyclic fashion. Earth’s changing distance from the sun as
Earth revolves in its slightly elliptical orbit causes the size of the sun to
appear to change. The sun appears the i&fg,,@%‘f when Earth is closest to the
sun around January 3. The sun appears the smallest when it is farthest
away from Earth on about July 4.

A ne ey
O DE Useq as evy

' Januéry

pi™ 3 1 £

\»\Aquanu,
-

) December
Earth's\ "/ Capricorn
orbit

November
Sagittarius

October
Scorpio

August September

_As viewed from Polaris




34. When does local solar noon always occur for an 37. What is the approximate time at location D7

observer in New York State? (1) 6 A.m. (3) 9 P

(1) when the clock reads 12 noon {2} 12 noon {(4) 12 midnight

(2} when the sun reaches its maximum altitude

(3) when the sun is directly overhead 38. Ship X and ship Y are sailing along the equator.

(4) when the sun is on the prime meridian The difference in local solar time between their
Base your answers to guestions 35 through 37 on ig?igg@f 2 hours. What is their difference in
the following diagram of Earth. Some of the latitude g )

(1 o (2y 15° (3) 30° {4y 45°

and longitude lines have been labeled. Points A

through E represent locations on Earth's surface. Base your answers to questions 39 and 40 on the

North Pole following time zone map.

P

Central t..o
Time Zone ¢

| 60°
< \\\

VN N

35. What do locations A, B, and E have in common?

(1) They are in the same season.

(2) They have the same local time. 39. What is the time in San Francisco when it is
{3) They have the same prevailing wind 6 4. in Dallas?
direction.

(31 3am {4) daw

{4} They are at the same |51
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axis in 27 1davs.” he moon revolves once, it rotates once.

reason why the sar
Earth. Figure 4-12 provides some details of the orbital motions of Earth

e or side of the moon always points towards

and its moon.

Half of the moon is always receiving light from the sun at any given

time——except during lunar eclipses. Since the moon revolves around Earth,

an observer on Farth sees varying amounis of this lighted half as the moon

ed Mmooy

ving amounts of the ligl

moves through its orbit,
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. _massof
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F-mMoon
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earth-moon \ Earth's motion
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Moon
Earth's 7
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Plane of Earth's orbit of sun

system

Moon's motion
around center
of mass

[
/To sun

Earth Moon

Plane of moon's orbit
{is tilted 5° from Earth's orbit)

Figre 452, The moon's orbit:

{A&} The revolution of the

moon around Earth is due to a balance between f‘*e sre%’t:a of the

- Old
gibbous
Third
quarter

Otd
8 .
crescent

I MNew

om Earth are known as the moon’s phases.
(See Figure 4-13.)

Because the revolution of the moon around the
center of the Earth-moon system is cyclic, the
phases of the moon are also cyclic. However,
because of the revolution (}f the Earth-moon
system around the sun, the ¢ mg e of mh:;geg is
somewhat longer than the time of one

revolution of the moon. The period from one

full moon to the next is 29 tdays, whereas

the moon s period of revolution and rotation is
just 27 § days. This difference in time is explained

in Figure 4-14.

Tices

on i,‘&tﬂs called tideﬁ Figure 4- h zﬁasﬁm%eﬁ a
typical tide pattern and how the varying positions
of Earth, the moon, and the sun result in different
levels of ocean water.

The tidal effect is caused primarily by the moon
t sun. Even though the moon i

L1 IS TNC

he su
alier than the sun, it is about 400 times closer
to Earth. Figure 4-15 illustrates that there is a
bulge of water-—a high tide—on Earth directly
under the moon’s position. There is also a high
h@ﬂ on the op %Mia ide of Earth because the

LS

rto the Barth- ”mo“ center of

i 134
d by the moon revolving ai mm& Barth
”* ”;%’" ideal time between two high tides or two
low tides would be about 12 hours and 25 minutes.
A complete ideal cycle of two high tides and two
low tides at a location would then take about 24
hours and 50 minutes. Few ocean shores experience
an ideal cycle of tides, due to many factors.

The phases of the moon: The half of the moon
facing the sun is always Hluminated by light from the sun. The
right side of the diagram shows how the moon appears as viewed
from Earth for each phase of the moon.




The effect of the sun on tides is largely that of
reducing or enhancing their heights. When
Earth, the moon, and the sun are in a straight
line, the sun enhances the tidal effect, and high
tides are higher and low tides are lower. This
large tidal range happens during new and full
moon phases. When the moon is in one of the
quarter phases, the sun is pulling at right angles
to the moon. As a result, high tides are then
lower, and low tides are higher, producing a
smaller tidal range.

Eclipses
Earth and the moon, like all other opaque objects
that don’ tg}md uce their own lig ht cas st long

kfaxiwfﬁaf@w b

shadows into sp pace

O SO &

celestial i}b)&:‘f there is an event called an ec%zpse

_Direction to

//”/ a fixed star X\‘
™

\j’_}j
New gibbous

Earth's orbit

u"§§

moon
M %

v of sun
/ S S

|

273 days

29! days \
/To sun

\ﬁ \V To sun

e 4-94. Different lengths of the moon's peried of
revelution and one phase cycle: The moon takes shout 27 5
days to revolve around Earth, but one phase cyele, such as from
full moon to full moon, takes 28 5 days.

Lunar Eclipse When the moon
revolves into the shadow of Earth
at the full moon phase, a lunar
eclipse, or eclipse of the moon, can
occur. {See Figure 4-16.) A lunar
eclipse doesn’t happen during
most full moons because the
moon’s orbit of Earth is tilted

about 5 degrees compared to
Ea*th 50 rblt If Eurth s

JnadOW'

Height of Tides in New York City
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/ﬁm comp ;mtc d cycle of lunar

eclipses results in an average of
two total

lunar Gi”slp‘nﬁlu a year.

ldeal tide pattern in B
£ wion phase
3“%saigm line, This causes higher high tides and lower low tides—a large tidal range.
When the moon is in the guarter phase (positions 2
the sun is at a 90" angle to the moon’s force. This causes lower high tides and higher
low tides—a smaller tidal range.

York City: When the moon is in the
M;v the {E:uv:w of the moorn and sun are in a

{positions 1 an

and 4}, the gravitational force of

Under rare ideal conditions at the new moon phase, the moon

can just barely block out the sun, casting a shadow on Earth that causes a
solar eclipse. As seen in Figure 4-17, the moon’s shadow can just barely

reach Earth, making solar eclipses a rare event. A total c—:chpse of the sun
can only be observed at any one location on Earth for up to 7 # minutes

once every 200 years or so.

.
Moon, and Sun 73




Total Lunar Eclipse . Figure 4-96. Lunar eclipse:
Diagram A shows the condition

of a total eclipse when the moon
is completely covered by Earth’s
shadow {umbra). Diagram B shows
a partial lunar eclipse as viewed
from Earth when the moon is only
partly in Earth's shadow. (Distance
and size are not drawn to scale.)

Earth

Partial Lunar Eclipse  Earth's shadow—only the part on
moon is actually visible
Moon

Diameter Diameter
of Moon of Earth

Total solare

Partial solar eclipse
Solar Eclipse

. naa*i@ in this shadow see the sun only sar{?\; iﬂsy‘x:r‘ mﬁ»»a par

COYW s8e

The moon would not be visible from Earth when
the moon is at position

(1) A (2} E 3 C {4y D
42, Why would an observer on Earth see a complete

cycle of phases of the moon in approximately
(Not drawn to scale)) one month?

42.

{1} The moon rotates on its axis.
(7} The moon revo ivges amumﬁ arth,
{3} Earthrotates oni

Jolves




It the distance of the moon from Earth were to
increase, the length of time the moon would
take to complete one revolution around Earth
would

(1) decrease (2) increase (3) remain the same

45. How does the moon appear to an observer in
New York State when the moon s located at
position E7

. O ) O
(3)

46. The shadow of the moon may fall on Earth at
position
(1) A {2} B 3y C 4y O
{1y Cand E {3) Band C
2y Aand D 4y AandB

48. If a full moon occurs on November 1, the next
full moon phase will occur about
(1) November 22 {3) December 6
(2} November 30 (4) December 13

49. in the open ocean, a bulge of water two

to three feet high that follows the moon's
movement around Earth is a

{1} tide

(Mot drawn to scale.)

The tides that occur when the , moon, and
Earth are in the relative positions indicated by
the diagram are best described as

{1} the highest high tides and the lowest
fow tides

{2} the highest high
low tides

{37 the lowest high tides and the lowest
fow tides

{4} the lowest high tid

ving
o

tides and the highest

es and the highest

51. A high tide occurs at Boston on a certain day at
3 p.mvi. The next high tide may be expected to
oceur at

{1) ©:26 p.a. the same day

(2} 3:26 a.m. the {'oiiowmg day
(3) 9:52 A, the following day
(4) 3:52 p.m. the following day

52. During which event does our moon receive the
least amount of sunlight?

{3} a solar eclipse
(4) alunar eclipse

(1) a jupiter eclipse
(2} an Earth eclipse

53. During which phase of the moon do solar
eclipses occur?

(3) last guarter moon
{4y full

{1} new moon
(2} first quarter moon

YOy ory
FEILALATY

e following diagram represents the landsca i
the moon with Earth shown in the bacdkg mﬁmﬁ tise
this é iagram to answer questions 54 through 57

(‘E} increase

(2} decrease

(3} remain the same

(4} increase, then decrease

B7. What is the most moé*a%\ e cause of the lunar
.

nd
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questions. Rea

Part A

Base your answers to questions 1 through 4 on the

following diagram. The diagram represents a plastic

hemisphere upon which lines have been drawn to

show the apparent paths of the sun on four days at a

focation in New York State. Two of the days are
December 21 and June 21. The protractor is place

ﬁég

aver the northe-south line.

Sk

L3

gh f-A 7
5 hours

19

S hours

4 Which observation about the sun’s
on June 21 is best supported by the diagram?

apparent path

(1) The sun appears to move across the sky ata
rate of 1" per hour.

{2) The sun's total daytime path is shortest on
this date.

Sunrise occurs

) north of eas
(4} Sw

nset occurs south of west,

each question \aremi!w and answer wzth a correct choice or response.

5 Which motion causes the apparent rising and
setting of the moon each day as seen from a
location in New York State?

(1) Earth revolving around the sun
(2) the moon revolving around Earth
(3) Earth rotating on its axis

{4y the moon rotating on its axis

axis and orbital 1 iaﬂ@ will
(1) decrease
(2) increase
(3} remain the same

7 The following diagram represents a Foucault
npndnhlm ina hmldmo’ in New York State.

Points A and A~ are “xed points on the floor.

As the pwmmi
(1} appear
rotation

PR

(2} appear to change position due to Earth's
revolution

(3) continue to swing between A and A" due to
inertia

(4) continue to swing between A and A" due to

air pressure



;’Motfio'ins, of Earth, Moon _and Sun

Base your answers to questions 8 through 12 on the 14 A projectile is launched from a point near the
following diagram. North Pole toward the equator. Which diagram
Earth's orbit best represents the apparent path of the projectile,
/ if it were viewed from Farth?
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9 In respect to Farth at position B, in which phase is {2) 4}
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10 When Earth is at position B, how long must the
moon travel bevond where it is shown to be in the

tution of Po

Tl sty e
Fhe moon

ighest tides on He

s

occur when the moon is at points

{1y Tand 2 (3} Zand 4
(2y Tand 3 {4y Jand 4

13 The Coriolis effect provides evidence that Farth
(1) has.a magnetic field
(2)

{3y revolves around the sun

P
> i Direction of”
has an elliptical orbit rotation

rotates on its axis




18 The new moon phase occurs when the moon is
positioned between barth and the sun. However,
these positions do not always cause an eclipse of
the sun because the
(1) moon’s orbit is tilted relative to Earth's orbit
{(2) new moon phase is visible only at night
(3) night side of the moon faces toward Earth
(4) apparent diameter of the moon is greatest

during the new moon phase

Part B

Base your answers o questions 19 through 23 on the

following table and information.

20 Compared to the first high tide on June 26, how
much later in t igh i
on June 277 {1]

21 Tides in the Bay of Fundy are best described as
(1) predictable and noncyclic
(2) predictable and cyclic
(3) unpredictable and noncyclic
(4) unpredictable and cyclic

22 Complete the following sentence: The moon has a
greater effect on Earth's ocean tides than the sun
has because the

23 Which model of the sun, Earth (E), and moon (M)

5t represents a posthion tha - 1l

Date Time Time of | Time of | Time of
of First | First Low | Second | Second
High Tide High Low Tide
Tide Tide

June 26 | 2:25 am. 1 8145 am. | 2:55 paw. 9:05 p.m.

June 27 1 3:15 a.m. | 9:35 A, | 3:45 pav, 9:55 p.m.

fune 28 1 4:05 am. L 10:25 aam. 1 4:35 e, L 10045 P,

The Bay of Fundy, located on the east coast of
Canada, has the highest ocean tides in the world. The
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25 Draw and fully label a diagram showing a total
eclipse of the sun. Include labels for the shadows,
all solar system members shown, and phase of the
moon. [4]

Use this information to answer questions 26
through 29. The following diagram represents the
apparent path of the sun for an observer in New
York State on the dates indicated. The diagram also
shows the angle of Polaris above the horizon.

June 21 Sun's presenf:
DOsitio
Sun's apparent ( Zemth Apparent
position of
Polaris

path on MBFCh 21/\‘( —

South

26 On the diagram, draw the apparent path of the
sun on May 21. [1]

27 On the diagram, mark and label
sunrise on May 21. [1]

the position of

Using the following statement, answer questions
34 and 35,

Through accurate measurements of time and
studies of growth patterns of fossil life forms, it has
been determined that Earth’s rate of rotation is

ol mviriem v A v rem
:aﬁ()wmg QOWIL

34 What unit of time would be most altered by this

change in Earth’s rotation? [1]

35 List two completely different types of apparent
maotions observed on Earth today that would not
exist if Earth were to stop rotating. [2]

Norﬁ
Sun Pole

Earth

(Not drawn to scale)

{a} Using a symbol for the Moon of
appromma?e}y this size (O), draw the
position of the Moon on the dzawr“%

+ OSIIoNn O

provided above at the time when the full-
]

Moon phase is observed from Earth.

31 How would Earth’s ocean tides be different than
1

they are with the presence of the moon? [1]
32 Wor dd people on Earth experience lunar and /or

solar eclipses? Explain why or why not. {2]

33 Infer how the lack of a moon wm.zéd have afected




Base your answers to questions 38 through 40 on the
reading passage below and on your knowledge of
Earth science.

The Blue Moon

A "Blue Moon” is the name given to the second

full moon in a calendar month. Because there
are roughly 29.5 days between full moons, it is

unusual for two full moons to "fit" into a 30 or 31 day
month {(and impossible to fit into a 28 or 29 day
month, so February can never have a Blue Moon).
The saying "Once in a Blue Moon” means a rare
(')C{urr@nm, and P redates th@ curr@m a@tronomicai

‘u% U'\xf

t one before 1999 was in july

The term Blue Moon is believed to have originated
in 1883 after the eruption of Krakatoa. The volcano
put so much dust in the atmosphere that the Moon
actually looked blue in color. This was so unusual
that the term “once in a Blue Moon” was coined.

“The Blue Moon”

Dravid R ms
nssde. gafo nas: _Qm:,/pl;xm'»mw/im'zm-,f"hlw moon. himl

38 Explain why a Blue Moon never occurs during
February. [1]

the month of

1 v of
rumber of

AR S % 5 ) [ 0%

472 State the actual Earth motion that causes the Sun
to appear to rise each day. [1]

ver, This person observe

the position of sunrise

f sunrise and t

along the eastern horizon for each ¢

> mm% of Mav.

e how the time of sunrise changed for the

during the month of May. [1]

41 Describ

creach aay

obser

Base your answer to questions 43 through 45 on the
diagram provided below and on your knowledge
of Earth science. The diagram shows the Sun, Earth,
and the Moon's orbit around Earth as viewed from
space.

Moor's

orbit
{Not drawn to scale}

43 On the diagram above draw a circle of
O repre%uﬂt !he‘

Moon's position in its orbit when a
viewed from Earth. [1]

approximately this siz

44 Approximately how many complete revolutions
does the Moon make around Earth each
month? {1]
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670,900

Gemyme{é@ 1.9 5262 070,000
Callisto 1.9 4800 1,883,000

46 dentify the planet in our solar system that is

closest in diameter to Callisto. [1]

47 I 1610, Galileo was the first person to observe,
Wu? the aid of a telescope, these four moons
orbiting Jupiter. Explain why Galileo’s

observation of this motion did mot support the

3
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eeocentric model of ot I

o7
!

Csolar systen.



