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Laws of Planetary Motion
and
the Moon
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Topic: Laws of Planetary Motion
Aim:

Law I:

FOCI - (plural of focus) Eccentricity —
two points on the major axis
(longest axis drawn through the A numerical measurement of “how

ellipse) located on opposite sides oval’ an ellipse is.
of the center point and equidistant
from the center point. (See The more eccentric an ellipse is, the
diagram below) more oval-shaped it is.

the ellipse-shaped orbit

on which a celestial

object travels major axis

(longest line drawn
/ through ellipse)
Focus 1 Focus 2
T ° T

distance between foci

Eccentricity formula: (ESRT) As the distance between the foci

increases, the eccentricity of the
ellipse also increases.

Distance between the foci
Length of the major axis

- lowest eccentricity value = 0
(geometric shape is a circle)

- highest eccentricity value = 1
(geometric shape is a line)
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Eccentricity

You will need to use a ruler to do questions 1 and 2.

1. What is the eccentricity of the ellipse shown to the right?

F, Fi- foci
AB - major axis
(1) 1.000 (3) 0.256
(2) 0.524 (4) 0.133
2. The diagram below represents the orbit of a spacecraft around the Sun. O
a. What is the numerical eccentricity of the orbit Foct

rounded to the nearest thousandths?

" —
S L e

[Drawn to scale]

b. According to the Earth Science Reference Tables,
the eccentricity of the spacecraft’s orbit is
(1) the same as the Earth’s orbital eccentricity
(2) more eccentric than Earth's orbit, but less eccentric than Mars' orbit
(3) more eccentric than the orbit of any planet in the Solar System
(4) less eccentric than the orbit of any planet in the Solar System

3. Which of the following planets has the most elliptical orbit?
(1) Saturn (3) Venus
(2) Neptune (4) Mercury

4. Which of the following planets has the most circular orbit?
(1) Mercury (3) Venus
(2) Neptune (4) Earth

5. Orbits with a higher eccentricity value

(1) are more elliptical and appear more oval-shaped
(2) are less elliptical and appear more circular

(3) are more elliptical and appear more circular

(4) are less elliptical and appear more oval-shaped
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Topic:  Laws of Planetary Motion
Aim:

NEWTON’S LAW OF UNIVERSAL GRAVITATION

The gravitational attraction between two objects is greatest when:

1.
2,

KEPLER’S SECOND LAW OF PLANETARY MOTION

When orbiting the Sun, a planet sweeps out equal areas in an equal amount of time.

This REALLY means:

\ The Sun has a smaller
apparent diameter when
viewed from Earth at aphelion
because it is farther.

The Sun has a greater
apparent diameter (looks bigger)
when viewed from Earth at
perihelion because it is closer.

KEPLER’S THIRD LAW OF PLANETARY MOTION
Outer planets have a longer period of revolution than inner planets.

This is true because:
1.

2.
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Kepler's Laws of Planetary Motions,
Law of Universal Gravitation,
and Apparent Diameter (Size)

. What is the exact shape of the Earth’s orbit around the Sun?
(1) The orbitis a slightly eccentric ellipse.

(2) The orbit is a very eccentric ellipse.

(3) The orbit is an oblate spheroid

(4) The orbitis a perfect circle.

. The gravitational attraction between the Earth and the Sun is greatest at the time when
1) Earth is farthest from the Sun

2) Earthis closest to the Sun

3) Northern Hemisphere is receiving maximum intensity of insolation

4) Northern Hemisphere is receiving maximum duration of insolation

Py

. As the distance between the Earth and a satellite increases, the gravitational attraction between them will
(1) decrease (2) increase (3) remain the same

. As the distance between the Earth and the Sun decreases, the velocity of the Earth in its orbit
(1) decreases (2) increases (3) remains the same

Planet A has a greater mean distance from the Sun than Planet B. On the basis of this fact, which further
comparison can be correctly made between the two planets?

(1) Planet A s larger.

(2) Planet A’s revolution period is longer.

(3) Planet A’s speed of rotation is greater.

(4) Planet A’s day is longer.

. The top views of four possible orbits for a planet revolving around a star are shown below. The distances
from the star to each orbit are drawn to scale. In which orbit would the greatest changes in orbital velocity
occur as the planet makes one revolution?

KEY:

® PLANET
& STAR

DR

n (2) (3) (4)
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7. The diagram shows the orbits of planets A and B in a star-planet system.

The period of revolution for planet B is 40 days.
The period of revolution for planet A most likely is

(1) less than 40 days
(2) greater then 40 days
(3) 40 days

8. The diagram below represents the orbit of a planet around the Sun.

B8
(NOT DRAWN TO SCALE)

At which location is the gravitational attraction between the Sun and the planet the greatest?
(1) A 3 C
(2) B 4) D

9. The force of gravity between two objects will be greatest if their masses are
(1) small and they are far apart
(2) small and they are close together
(3) large and they are far apart
(4) large and they are close together

10. Which planet has an orbital eccentricity most like the orbital eccentricity of the Moon?
(1) Venus (3) Mars
(2) Saturn (4) Mercury
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11. Which graph best represents the relationship between the gravitational attraction of two objects
and their distance from each other?
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12. The diagram below shows a satellite in an elliptical orbit around the Earth.

Which graph best approximates the gravitational force between the Earth and the satellite at

positions A through D?

Gravitational
Force

—_—
Graviiational
Force

R p— gy e——
A 8 ¢ 0 A A 3 ¢ D0 A
Positions of the Positions of the
Satellite Satellite
n (3
H ;
; /\ i
=e = e
s %” ¢35
Gl  prishyitesyimmgpip—— D e e
A B8 C 0 A A 8 ¢ 0 A
Positions of the Positions of the
Satellite Satellite
(2) (4)

13. As the Moon in its orbit moves closer to Earth, the Moon’s apparent size as measured from Earth will
(1) decrease (2) increase (3) remain the same
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Topic: The Moon
Aim:

. Moon’s period of rotation =

1. What are . Moon’s Period of revolution =
the motions
of the Moon?

. we always see the same side of the moon because

the Moon'’s rotation and revolution periods are equal.

2. What causes
the phases
of the Moon?

The numbered positions represent where the
Moon is in its orbit around the Earth

The circles that you shaded illustrate the phase of
Moon observed from the Earth when Moon is at
that position.

v

v

v

v

Sun's Rays

v
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Moon Phases
1. Name each of the phases of the Moon:
2. The phases of the Moon are caused by
(1) rotation of the Earth on its axis (3) revolution of the Moon around the Earth
(2) rotation of the Moon on its axis (4) revolution of the Earth around the Sun

3. The diagram below represents the Moon in its orbit, as viewed from above Earth’s North Pole.
Position 1 represents a specific location of the Moon in its orbit.

Key
Lighted part Dark part
of Maoon of Moon
Which phase of the Moon will be seen from -
Earth when the Moon is at position 1? P |s|t||:||'| 1 w
O O O O Mo '-“Lll'm
orth =
(1] (21 (7 (41 l_‘F'u:uIe Iw
E arth
Moon's or |JI[-”I "

(Mot drawn to scala]
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4. The diagram below represents the Moon, the Earth, and the Sun’s rays. Point A is a location on
the Earth’s surface.

—_—

Gt - A

_
SUN'S RAYS
_—

€
S—— MOON
———
el EARTH

(Not drawn to scale)
How does the Moon appear when observed from point A on the Earth?

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

9. A student observed the phases of the Moon observed from one location on the Earth on each of
the dates shown below.

May 4 May 8 May 12 May 16 May 20

) DOOO

Which diagram best shows the Moon’s phase on May 24t?
(1) (2) (3) (4)

6. The diagram shows four positions
of the Moon in its orbit around the Earth.

In which position will the new moon phase s

be seen from the Earth? ' —
Sun's rays

1 W O ——————"

2 X Moon's

3 Y orbitail

4 Z
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Topic: The Moon
Aim:

DIAGRAM A

profile view of what happens on
Earth

Jones
Beach

/:ﬂ:“
-
Zi T

DIAGRAM B - a little more than 6 hours later ...

profile view of what happens on
Earth

Jones
Beach
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Topic: The Moon
Aim:

1. What is spring tide?

2. What is neap tide?




Romano - 126

‘paubije Ajpospad Buieq woly Yyue3 pue ‘Uoojy ‘ung ayj sjusaaid siy] NQI0 S yue3 o
108dsal yym (pauljour) payn 1 1GI0 S UOO\ 8y} 8sneasaq yiuow AJaAs Jndoo jou op sasdijo]

'SasdI[23 BuluIadUO0Y) 9JON [er0adg

7 asdij99 |ejo

\ - (mopeys JayJep) eiquin

/
e
&
&

’ )

/ asdijo9 [enJed

/ - (mopeys Jayybi)) eiquinuad
)

asdi|99 |ejo)}
— (mopeys 1ayJep) eiquin

asa1[99 [eljed
- (mopeys Jajybi) eiqunuad

W
UOO|A 93U | :01do |




Romano - 127

Moon Phases, Tides, and Eclipses

Questions 1-3:

1. Which phase of the Moon would be SUN'S
observed at position B when the RAYS
Earth, Sun, and Moon align as

F
shown in the diagram? — @
(1) ful e G
(2) crescent — MOON
(3) gibbous
(4) new (NOT TO SCALE)
2. Which positions on Earth would be experiencing a high tide?
(1) AandB (3) BandC
(2) AandC (4) BandD
3. Which other astronomical event could possibly occur in the alignment shown?
(1) asolar eclipse could be observed at position B
(2) alunar eclipse could be observed at position B
(3) alunar eclipse could be observed at position D
(4) aneap tide is occurring
4. A total lunar eclipse will occur when the Moon moves into the
(1) umbra of the Earth (3) penumbra of the Earth
(2) umbra of the Moon (4) penumbra of the Moon
5. The diagram shows the Moon at four positions in its orbit
around Earth as viewed from above the North Pole. -
The date of one of the four positions has been labeled. /
Which photograph shows the appearance of the Moon /
as viewed by an observer in New York State on I_‘,..i'.\
May 17, 20007 L W)

6. Approximately how many hours exist between two consecutive high tides?
(1) 3hours (3) 12.5hours
(2) 6 hours (4) 24 hours

\
\
\H

(Not drawn to scale)

A ROTATION

B D
c
EARTH
May 10, 2000
,,.—-::\.- )"_
North\\
Pole \
¢ ©
_/ -
Earth A
“Ir/"\'l ,/

b /JMOOH

7. The cyclic rise and fall of ocean tides on Earth is primarily caused by Earth’s rotation and the
(1) temperature differences in ocean currents (3) direction of Earth’s planetary winds
(2) revolution of Earth around the Sun (4) gravitational attraction of the Moon and the Sun

Sun's
rays
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Base your answers to questions 8 through 10 on the world map below, which shows regions of Earth where a solar eclipse was
visible on May 20, 1947. Locations A, B, C, and D are on Earth’s surface.

8. At which location could an observer have viewed i Solar Eclipse May 20, 1947
this total solar eclipse if the skies were clear? £
(1) A 3)C
(2)B 4)D

Fartial
eclipse

aclipsa ﬁ
__________________________ 2957 5 -]

“~Location C

atial ap
_\0\&.;'\1)@ %{!
&

—Location s
= D &

9. Which statement best describes the visibility of this
eclipse from locations in New York State?
(1) A total eclipse was visible all day.
(2) A total eclipse was visible only from noon until sunset.
(3) A partial eclipse was visible only from noon until sunset.
(4) Neither a partial nor a total eclipse was visible.

4
6?&
L)

the Sun, and the Moon (M) that created the solar eclipse?

10. Which diagram best represents the positions of Earth (E), ® Y il @
(Diagrams are not drawn to scale.) —

Key

E = Earth H = High tice
M=Moon  L=Low tide

11. The diagrams below represent Earth’s ocean tides at four
different positions of the Moon.

L -
Which diagram shows the Moon position that will produce § ® H@'* L©L
the highest high tides and the lowest low tides? A

(The diagrams are not drawn to scale.) §98

SE
(3
L-H L
Sun @ Sun @
H L L 4
]
(2) (4

)

T

()

)

12. The diagram shows Earth’s orbit around the Sun and different
positions of the Moon as it travels around Earth. Letters A through D
represent four different positions of the Moon.

An eclipse of the Moon is most likely to occur
when the Moon is at position

(1)A 3)C
(2)B 4D

(Not drawn to scale)



Romano - 129

Base your answers to questions 13 and 14 on the calendar below, which shows the month of July of a recent year.
The dates of major Moon phases, as seen in New York State, are shown.

13.

14.

15.

16.

17.

18.

July
Sunday | Monday | Tuesday |Wednesday| Thursday | Friday | Saturday

O‘I 2 3 4 5 L] 7

,f)ﬂ 9 10 1 12 13 14 Key

OM&WM{I:"I
15 OIE 17 18 19 20 21
Olrlrstq.lartarh"lm

22 \‘;23 24 25 26 a7 28|
(_ /. O Full Moon
29 30 3
O O Last-quarter Moon

The diagram below represents the phase of the Moon observed from New York State one night during the month of July.

On which date was this phase of the Moon visible from New York State?
(1) July 4 (3) July 19
(2) July 11 (4) July 26

On which date will the next first-quarter Moon phase occur?
(1) August 6 (3) August 16
(2) August 10 (4) August 22

Eclipses do not occur every month because the Moon'’s
(1) rate of rotation is 15° each hour (3) orbit is inclined to Earth’s orbit
(3) period of revolution is 27.3 days (4) period of rotation and period of revolution are the same

Why does the Moon’s gravity have a greater effect on Earth’s ocean tides than the Sun’s gravity?
(1) The Sun is composed mostly of gases. (3) The Moon is much closer to Earth.
(2) The Sun'’s gravity influences more planets. (4) The Moon has a greater mass.

What is represented by the diagram below?

Key
. Moon
Sun
(1) changing phases of the Sun (3) stages in an eclipse of the Sun
(2) changing phases of the Moon (4) stages in an eclipse of the Moon

An observer recorded the times of three successive high tides at one Earth location as:
* 712 a.m.
*+ 7:38 p.m.
+8:04 a.m.

What was the time of the next high tide?
(1) 8:12 p.m. (3) 8:38 p.m.
(2) 8:30 p.m. (4) 9:04 p.m.
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Questions 19 and 20:
The diagram below shows the Moon as it revolves around Earth. The numbered locations represent different positions of the Moon in
its orbit around the Earth.

19. Sketch in the circle to represent the phase *
of the Moon that would be seen at position 8. ;
4—
- —
Sun’s
rays
- s
-—
-—
20. What the name of the phase when the Moon is at position 8? -
-
(Not drawn to scale)
21. The photographs below show the surface of the Moon as seen from Earth over an 80-minute period
during a single night.
Which motion is responsible for this changing appearance of the Moon?
(1) The Moon moves into the shadow of Earth.
(2) The Moon moves into the shadow of the Sun.
(3) The Sun moves into the shadow of Earth.
(4) The Sun moves into the shadow of the Moon.
Questions 22-23: Diagram 1 shows the Moon in its orbit at four positions labeled A, B, C, and D.
Diagram 2 shows a phase of the Moon as viewed from New York State.
22. At which labeled Moon position would the
phase of the Moon shown in diagram 2 be Diagram 1
observed from New York State? ‘
(1) A (3)C D Diagram 2
(2) B (4) D iagram
-
Sun's
‘T}*’S O
23. What is the name of the phase shown in R
diagram 2? -
-—
-

(Mot drawn to scale)



Tide Height (meters)

Base your answers to questions 24 and 25 on the graph below, which shows two days of tidal data from a coastal location in the
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northeastern United States.

Tidal Changes

- Wi
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26.
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The change in the tides as shown on the graph is primarily the result of
(1) Earth’s rotation and the Moon'’s revolution

(2) Earth’s rotation and revolution

(3) the Moon’s rotation and Earth’s revolution

(4) the Moon’s rotation and revolution

o Day 1 g Day2————— =

«—Day3—»

Key

Mid — Midnight
N — Noon

If the pattern shown continues, the most likely height and time for the first high tide on day 3 would be

(3) 2.2 meters at 5 a.m.
(4) 2.3 meters at 5 a.m.

(1) 2.2 meters at4 a.m.
(2) 2.3 meters at4 a.m.

The diagram below represents the Sun’ Sun’s rays striking Earth and the Moon.
Numbers 1 through 4 represent positions of the Moon in its orbit around Earth.

Which position and phase of the Moon would result in a solar eclipse?
(1) position 1, the full Moon

(2) position 3, the full Moon

(3) position 1, the new Moon

(4) position 3, the new Moon

(Mot drawn to scale)

Sun's rays
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Base your answers to questions 27 through 29 on the diagram below, which has lettered arrows showing the motions of
Earth and the Moon.

Key d 5

Arrow Motion

A Earth’'s rotation
on its axis

{
1 ‘
g | Earth's revolution | @ }
around the Sun A |
¢ | The Moon's rotation MOQQS\@ i Y
on its axis @ | /
D The Moon's revolution A\

Y
around Earth ~ s
&i: -

27. These lettered arrows represent motions that are
(1) noncyclic and unpredictable
(2) noncyclic and predictable
(3) cyclic and unpredictable
(4) cyclic and predictable

28. Which two motions are completed in about the same amount of time?
(1)Aand B (3)Cand D
(2)Band C (4)Aand D

29. Which lettered arrow represents the motion that causes the Moon to show phases when viewed from Earth?
(1)A (3)C
(2)B (4)D

30. The Moon's gravitational force has a greater tide causing effect on bodies of water
on the Earth than the Sun's gravitational force. What is one reason for this?
(1) The Moon's mass is greater than the Sun's mass.
(2) The Moon is closer to the Earth than the Sun is.
(3) The Moon's mass is less than the Sun's mass.
(4) The Moon's gravitational force always attracts while the Sun's sometimes repels.

31. How long is one full cycle of Moon phases?

32. How long is one complete Moon revolution?




