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st around Tuly 4 when i s summer in the northern hemisphere,
This doesn’t make sense if Earth’s distance from the sun is the reason it is
sweltoring outside,

The whole sky is 180 degrees from one horizon to the sky top to the
opposite horizon. Angular degrees (7) can be divided into 60 minutes {*)
and each minute divided into 60 seconds (“). Both the sun and the moon
are about 0.5 degrees in apparent angular diameter, thus you could place
about 360 suns or moons in the sky from horizon to horizon.

When the sun is closest to Earth around January 3, its apparent diameter
15 0° 32 35", and around July 4, the sun’s apparent angular diameter is
0° 31" 31", The difference is 0" 01’ 04", which is very small. Thus other
factors must be the major cause of the seasons.
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Tomic 3 Eaeth s the Universe

Topic Overview

Throughout the ages, humans have observed the celestial objects in the
sky and wondered about them. From Earth, a celestial object is any object
outside or above Earth’s atmosphere. There are about 6000 celestial
objects visible with the unaided eye from any location on Earth. Where
do people fit? Are they alone? Are there other solar systems with an
environment in which humans could live? This topic focuses on our solar
svstemn, our ga}avv and the universe. In recent years there has been much
discussion of and evidence for dark mat* er and dark energy, which may
compose a major portion of the aniverse and cur home Jmslk('-“ Way Galaxw
ark smatter and darx ENETYY J

of shidy,

Creer the thousands of vears of human thinking, various culbures

have produced a multitude of theories concernun, the origin, evolution,

rse. Universe means ovarything that oxists it

and structure of the unive

any place—all the space, matter, and energy in axistence
of scientists today think that the universe is extremely vast, and that
it is more than 10 billion years old—maybe as many as 13.7 billion
years old.

Presently, the majority of scientists believe that the universe began with an
event called the Big Bang and has been expanding in volume ever since.
The Big Bang theory states that all matter and energy started out
concentrated in a small area and, after a gigantic explosion, matter began
to organize into subatomic particles and atoms. Most, if not all, of the
earliest atoms were hydrogen and helium. Within a few hundred million to
a billion years, atoms became organized into celestial bodies, and then
most stars became part of gravitational groupings. As this organization of



matter was occurring, the universe kept expanding in all directions, and
continues to expand at present.

Evidence for the Big Bang

Scientists have theorized that if a Big Bang did occur, the energy created
by the explosion expanded along with the matter. Thus, there should be
radiation from the Big Bang in all parts of the universe mixed with

the energy given off by stars at later times. Recently, scientists have

found evidence of long-wavelength background radiation—actually
microwaves—that appear to be coming from all directions in the universe.
This background radiation is evidence supporting the Big Bang theory.

Other evidence of the Big Bang is found in the spectrum of the radiation
emitted by stars. Look over the Electromagnetic Spectrum in the Earth

Science Reference Tables, The various types of waves that transmit energy (&

through space are called electromagnetic energy. Each element emits
energy in specific porticns—wavelengths—within the electromagnetic
specirinn. Because the human eye observes different wavelengths of
visible light as different colors, people can distinguish specific portions

of the electromagnetic spectrum. When scientists study the spectrum of
electromagnetic energy coming from stars and other celestial objects,

they can infer which elements are in these objects. Scientists base

these inferences on the comparison of the signature wavelengths produced
by elements on Earth with those coming from the other celestial objects.

Scientists have found that the position of the characteristic wavelengths, or
colored lines, are shifted to either the shorter (blue end) or longer (red end)
wavelengths. This shifting of wavelengths is called the Doppler effect. The
relative movement between Earth and the other celestial object causes the
Doppler effect. If Earth and another celestial object are coming closer
together, the electromagnetic waves are bunched together, resulting i a
blue shift Doppler effect. if Earth and some other celestial object ave
moving apart, the electromagnetic waves are spread out causing a red shift
Doppler effect
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Figuare 3%, Eig Bang and
expanding universe: (a)
Approcimately 13.7 billion yensss
ago. slf mass a‘zc‘i Eﬁelg} weas

simnit Riga

he expanding, cooling
universe tirst formed substomic
particles and finatly simail atoms
of hydrogen and helium. ) After
approximately a few hundred
miltion to a billion years, matter
clumped together forming stars
and eatly galaxies, and the
universe kept expanding.

shift.

Figare 2-2. Doppler effect blue and red shifts: Galaxy i

is not moving towards or away from Earth. The spectral lines

of one element are the same as they would be if they were
produced on Earth. Galaxy 4 is moving towards Earth—bunching
up the light rays and shifting the spectral lines of the element
to the blue end of the spectrum. Galaxy ¢ is moving away from
Earth—as most galaxies are—spreading out the light waves and
shifting the spectral lines of the element to the red end—red
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directions. This evidence further supports the Big Bang theory and the
expansion from the initial explosion. In addition, the farther away a galaxy
is from Earth, the greater the red shift. This fact indicates that the rate of
expansion of the universe is increasing.

1. From your location, what is the bast definition 6. The following diagram represents a standard
of a cefestial object? spectrum for an element.
(1} any object in the universe Violet Red
(2} any object in the universe above Earth’s . T :

atmosphere
(3} any object in the universe outside our
solar system

{{l} any ob jert in the ynivorsa

itsicle o1

The spectratl lines of this element are observed
home gataxy in light from a distant galaxy. Which diagram
represents these spectrai lines?

teili i

N

The age of the universe is measured in 10 to 20
{1) thousands of years Violet - Re
(2) miltions of years ; - e
(3) billions of years
(#) trillions of years

3. Studies of the universe generally indicate that

{1) almost all galaxies appear to be moving
away from Earth at tremendous velocities

(2) few galaxies other than our own exist

(3) all galaxies are approximately the same size

(4) all galaxies are spiral in shape Violet Red

Violet Red

4. Background radiation detected in space is
believed 1o be ovidence that

(1} the universe began with an explosion
(2} the -mivarm is contracting

iolet Red

R

statement oest descril

generaily move?

1
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€5
axies move toward one anothe
axi r
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alaxizs move sway from one ang

Gal
Yosatl
HEC
) Galaxies move randomly.
(4) Galaxies do not move,
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Structure of the Universe

In recent years instruments such as the Hubble space telescope have
atlowed scientists to infer some basic structure o the known universe.

Galaxies

The basic structural unit of matter in the universe appears to be the galaxy.
A galaxy is a collection of billions of stars and various amounts of gas and
dust held together by gravity. An average galaxy will bave over 100 billion

AL Toic 3 Cachion the Unverse



Edge-on-View Face-on-View

Nucleus o

Figure 3-3. The Milky Way Galaxy: This spiral-shaped galaxy of which Earth is a part measures approximately 100,000 light years
at its greatest diameter. Each light year is about 6 triflion miles or 9.5 trillion kilometers. The halo region is made up of clusters of stars

that are billions of years older than our sun. The sun indicates our solar system’s location near a spiral arm,

stars, and there are over 160 billion galaxies. Galaxies have been classified
into a few types largely based on shape, including eiliptical (football
shaped), irregular, and spiral. Our solar system is a part of a spiral-shaped
galaxy called the Milky Way Galaxy, which has over 200 billion stars.
Figure 3-3 illustrates the spiral shape of the Milky Way Galaxy. It also
shows the position of our solar system between two spiral arms about
two-thirds of the distance out from the galactic center.

Stars

Along with dust and gas clouds, stars make up the majority of the visible

matter in a galaxy. A star is usually a large ball of gas held together by

gravity that produces tremendous amounts of energy and shines. There are

many exceptions to this definition - -some very old stars are the size of

planets or moons, and some stars no longer emit much radiation. The star
cailed the sun is the dominant gravitational force associated with Yarth

e b FRN T
and the rest of our solar ::vou._ Tt

s

2y S an oxa “f'p o, *“T'v—* sun converts hydrogen nucled into helium
nuclei with anout 0.07 percent of the mass forming energy. There are many
other types of nuclear fusion that occur in stars of dlfﬁ:i entt ages or sizes

than the sun. Nuclear fusion can only occur in extremely hlgjh temperature
and high pressure conditions like those found in star interiors. The energy
of nuclear fusion in most stars is eventually radiated into space as types of

electromagnetic energy.

The Characteristics of Stars Diagram The classification scheme of grouping

stars by surface temperature compared to their luminosity is shown in

the Characteristics of Stars diagram in the Earth Science Reference Tables. &
Luminosity is the actual brightness of a star or rate of total energy emitted
compared to the Sun. It is measured as absolute magnitude, which is a

star’s brightness at a standard distance. What we directly observe when we
look at stars is the apparent brightness, which is dependent upon the star’s
absolute luminosity and its distance away from us.

fopee 30 Farth i the Linkess
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An analysis of a Characteristics of Stars diagram indicates that star
properties are not random. Of the hundreds of thousands of stars plotted
on the diagram, stars appear to be grouped by differences in Juminosity
and surface temperature as reflected by color. Just as the filament in a
light bulb or the coil in an electric heater changes color with increasing
temperatures, stars change color from red to blue as their surface
temperatures increase.

Star Types Figure 3-4 illustrates the relative size differences in some of the
star groups. The diameter of the sun—a medium-sized star—is 109 times
the diameter of Earth. Most stars are much bigger than Earth, but some—
such as neutron stars, black holes, and some dwarfs—are smaller than
Earth. These smaller stars are actually shown too big in this diagram
compared to the sun. Giant stars are 10 to 100 times the diameter of the
sun, and super giants are 100 to 1000 times the diameter of the sun. Some
of the star types commonly identified on a Characteristics of Stars diagram

are degcoribed here.

Main Sequence Stars About 90 percent of studied stars are located on the
Characteristics of Stars diagram in a broad band called the main sequence.
Most stars spend the majority of their life span as a main sequence star.
Most of these stars are average size, and as the surface temperatures of the
stars increase, the luminosity increases. The luminosity increase from red
to blue-white is mostly related to an increase in star size and the resulting
higher temperatures. Our sun is a main sequence star of yeliow color. The
smallest and coolest stars of the main sequence are the very common type
of star—the red dwarfs.

Giant Stars Red, orange, and yellow giant stars are a rare type of star
but are commonly seen in the night sky because of their large size—10
times or more the diameter of the sun——and their high luminosity.

1 I i e e B o Bl e e e 2 Vabm mlmmn tan b m e el
These low-lemperature stars represent a late stage in the evolution of
L 3
. ) - ] ;
medium to small-size main sequence stars—when thev greativ expand
m s51ze

Supergiant star- -

Fisuree -2, Relative sizes of stars: The smaller stars are not drawn to scale.
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super Giants Super giant stars can be anywhere from 100 to 1000 times the
diameter of the sun. (See Figure 3-4.) These highly luminous stars represent
the late evolution of stars much more massive than the sun. Super giants
usually explode in a tremendous event called a supernova. The super giant
stars that are the brightest and exhibit the highest temperature are the blue
super giants.

White Dwarfs Not all white dwarf stars are white, but they are all
small—around the size of Earth. They are hot on the surface and low in
luminosity. They represent the last luminous or shining stage of low- to
medium-mass stars.

Black Dwarfs When a white dwarf cools and no longer emits much
electromagnetic energy, it is a “dead” star—a black dwarf. Black dwarfs are
probably very common in the universe because in the many billion years of
the existence of white dwarf stars, many trillions of them have stopped
nuclear fusion and no longer produce nuclear energy.

Star Grigin and Evolution Stars, like many objects on Earth, have an origin,
an evolution of features, and an ending. Figure 3-5 models star evolution
as partly shown in the Characteristics of Stars chart in the Farth Science ®
Reference Tables. It is believed that stars originate from clouds of gas and
dust molecules. These clouds were created from the masses that evolved
from the original Big Bang and/or from the mass given off by stars that
have expanded, exploded, or otherwise given off mass to space. Gravity
causes these gas and dust clouds to dlump up, forming larger and larger
balls of gas and dust molecules. When the mass of these spherical balls
becomes slightly larger than the planet Jupiter, the gravitational
contraction results in high enough temperatures and pressure to start
nuclear fusion. Then the bali begins to shine, or radiate large amounts of
electromagnetic energy, and a star is born.

supergiant Supernova

‘Black dwat
' {dead star}

' d\_.-&f&ff‘ =

Figure 2-5. Model of star origin and evolution: The original mass of a star largely determines its evolutionary stages and
how long it lasts.



7.

The evolutionary stages of stars—after they spend most of their lives as a
main sequence star—depends upon their original mass. Most stars with
masses similar to the sun spend billions of years as a main sequence star
and eventually expand to become a red giant. As the bottom part of Figure
3-5 shows, these stars use up most of their nuclear fuel and collapse to
form a white dwarf, and then slowly “die” becoming a black dwarf. This
process may take many billions of years, and some stars created soon after

the Big Bang may still exist.

The evolution of stars with an original mass greater than one and a half
times the mass of the sun is substantially different. These stars exist for
much shorter periods of time—approximately 100,000,000 years. As the
upper part of Figure 3-5 indicates, these massive stars evolve into super
giants after spending time as a large main sequence star. They eventually
explode in a supernova event and then rapidly collapse, forming a body
much smaller than a white dwarf. They are so dense that only neutrons can
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collapse, the density is so great that it creates an exireme gravity field that
allows no visible light or any other form of energy to escape, and a black

hole is formed.

Billions of stars in the same region of the
universe are called

{3) constellations
(1) galaxies

{1) solar systems
{2} asteroid belts

The foliowing symbols represent the Miltky
Way Galaxy, the solar system, the sun, and the
universe,

Wb b arranaement of syimizols i oSt acolirate?

- I/,-- ! o \I. i
v L I 2 i ;
(3)
&
{4)

In which group are the parts iisted in order
from oldest to youngest? '

(1) solar system, Milky Way Galaxy, universe
(2} Milky Way Galaxy, solar system, universe
(3) universe, solar system, Milky Way Galaxy
(4} universe, Mitky Way Galaxy, solar systern
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14.

The great system of 200 billion stars to which
the sun and our solar system belong is the

{1} Andromeda Galaxy

(2} Large Mageilanic Galaxy
{3) Milky Way Galaxy

{2}y Orion Nebula Galaxy

A star differs from a planei inihat
has a

{1 flxed orbit
(2
{3}
( I

iR S

r:rq;«- s most n:\r’-‘"" TnE Fesuit

)

i
i
i
e
(%)
]

of hvdrogen atoms
transformation of the sun's gravitational
poter\hm energu to heat anergy

Uul”lltg Tossit fuels

radioactive decay of uranium and thorium

atoms

{1y fukion ¢

3}

(4)

Nuclear fusion can only occur in areas of

(1) high temperature and low pressure
(2) high temperature and high pressure
(3} low temperature and low pressure
(4) low temperature and high pressure

As star color changes from blue to red, the
surface temperature of the star

(1) decreases
{2} increases

N P - R—
{2Y remaing the same



15. A luminosity and temperature of stars diagram 19. An orange star has a temperature of 4000 K and

classifies a star of high temperature and low is 500,000 times as luminous as the sun. To which
luminosity as a group does it belong?
(1) giant (3) supergiant (1) giants {3) white dwarfs
{2) main sequence star (4) white dwarf (2) supergiants (4) main sequence
Base your answers to questions 16 through 23 on 20. The nearest star to the sun is Alpha Centauri.
the Characteristics of Stars diagram in the Earth How does this star compare to the sun?
Science Reference Tables. {1} Itis much hotter.

(2} It has a different color.
(3) It has a higher luminosity.
{4) 1t is much smaller in diameter.

16. A main sequence star is 1000 times more
tuminous than the sun. The temperature is
likely to be most nearly
{1) 3000K (3) 12,000 K 21. The sun is best described as a

(2) 5000 K (4) 25,000 K (1) very large star {3) red star

17. A giant star has a luminosity of 300. s color is (2) medium-sized star  (4) cool star

most likely fo be 22. The sun is brighter than any star in the group of
£} yellow-red (3 white {1} supergianis (3) main seguence stars
2} black 4} biue-white (2} giants (4} white dwarfs
18. A white dwart star has a temperature of 23, Which type of star is associated with the last

13,000 K. What is the probable luminosity stage in the evolutionary development of most
of the star? stars?
(1} 160 {2} 10 {3) 0.1 (4) 0.1 (1} main sequence star (3) giant

(2) supergiant (4) white dwarf

Sokar System
In the last few years, powerful telescopes on Earth and in
space have found evidence of planets around more than
100 stars. This means that “solar system” really can refer
to aiy star or group of iwo or Ln‘ee stars E!‘*dl hras non-star
mects vrbiting it Howoves, in ¢ N,
i@ our solar system-—the sun 2 ud
SU under its o, avitaional ggfll_ii_-'fg'z_:_“gx_

‘*k‘l 3 ;w“at‘-’ 33

FRLVIALERY!
cantamea in the sun. The sun is a medium-sized, main
sequence star abont 5 blllmn vears old that is the

vitational conter of our soiar “V"“L‘k‘ A satellie is bty

it
object that orbits or revolves arou nd another object. The
planets, asteroids, meteoroids, and comets are satellites of
the sur, and the moons are satellites of planets or asteroids.
Earth kas one natural satellite—the moon—and more than
2,50 artificial ones.

' oud is a ) vast “cioud" or: sphere
lillions of comet-like bodies
"‘und the rest of the Solar system,
end out from Neptune's orbit

#lanets The eight planets are the largest objects that
independently orbit the sun and don’t share their
environment with other large objects. Planets are generally
spherical in shape. The planets will be described in more
detail later in this topic. Recently, over 1000 planets have been
found revolving arcund stars other thap our sun.

Teapne dbarthon e Uravorss &5



Fhgmen 3.6, Composite images
ef 3 asteroids: Those three
images are at gifferent scales
three astercids are ail in the main
asteroid heit located between the
orbits of Mars and lupiter. Ceres,
the largest asteroid at the bottom,
with an average diameter of
about 940 km, has recently baen
dassified as a dwarf planet due to
its size and spherical shape. Yesta's
average diameter is about 535 km,
and is shown in the middle, ida,
the smaflest at the top, has a more
typicat irvequiar asteroid shape
and its largest "diameter” is about
56 km. Note the high density

of impact craters on all thres
metergids

T

7. Comet near the
cm‘a Whﬂn the orbit of a comes
brings it near the sun some of the
s A viEag GF Wi

- forming ohie oF more

fstereids An astevoid is a solid rocky and /or metallic body that
independently orbits the sun. Asteroids have an irregular shape, except for
the larger ones which are spherical, and no atmosphere. (See Figure 3-6.3 A
large percentage of the thousands of known astercids are in orbits between
Mars and Jupiter. Asteroids are smaller than planets (from about 100 to
1000 kilometers in diameter} and are often called minor planets.

Moons A moon is a body that orbits a planet or an asteroid as those objects
orbit the sun. There are approximately 175 known moons, which vary in
size from larger than the smallest planets to only a few kilometers in
diameter.

Comets A comet is often compared to a snowball made from snow found
along a road that has just been sanded—a dirty snowball. Comets are
mainly composed of solids that easily change to gases when heated. They

are lar;,ely ices of substances such as water and methane m}xed with rocky
ar metallic sobids. Most come! '_ b 100 kil i
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are re‘t_abm*' form ning sp-’*d Bt
weeks at a time. (See Figure 3-7.)
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Meteorsids Very small solid fragments that orbit the sun are called
meteoroids. Most meteoroids are only the size of a dime or sand grain.
When meteoroids burn up or vaporize, they leave a brief visual streak
as they pass through Earth’s atmosphere and are called meteors. If a
meteoroid survives its trip through Earth’s atmosphere and lands

on Earth's surface, it is then cal]ed a meteorite. Some meteorites have
sufficient mass to create a depression in Earth’s crust called an

impact crater.

cltmate ohs Ees angd wtass extingtions.

Meteorites still hit Earth, and there is concern that this type of natural
atsaster could destroy a large portion of the life on our planet. Presently, an
intensive scientific search is being conducted {o find comets, asteroids, and
meteoroids that could collide with Earth and have enough mass to result in
loss of life, intury, and loss of property.



Figure 3-8. Theory of our solar system’s formation: Atstage A a shock wave started a gravitational contraction of a gas-dust
cloud. At stage B, most of the matter was puiled to the center to form the sun, which started nuclear fusion. Clumping of gas and dust
around the sun occurred at the same time, At stage G larger and larger clumps formed still larger masses—forming planets, moons,
and asteroids. Elements having a small mass were driven out of the inner sotar system leaving the terrestrial planets with only small
amounts of light elements. By stage D, the solar system was simifar to what it is today.

The gravitational contraction of the planets, larger asteroids, and larger
moons preduced heat. This heat, along with the heat from radioactive
decay and frictional heat from impacting meteorites, caused the newly
formed planets, larger asteroids, and moons to largely melt. As a result,
these bodies became layered into zones based on the density of their
varigus elements and compounds

=
J;[‘ \f,r-n’[“l
A ST 'v'%?
A% {1} Craters have formed.
{2} The whole Earth’s surface has meitad
5 this Ob}e(_t ot Iikeri ‘J} Adl [ite has been de '.h_i-u regt
{1} acomet {4} The oceans have iaroe!y evaporated,
{%) a meteor 29. Today it is most commonly believed that our
(3y an explosion on the sun
. . solar system formed
{4) an orbiting sateilite ‘
o . (1) by gravitationat collapse of & gas-dust
2&. A belt of asteroids is located an average distance “cloud”
of 503 mitlion kilometers from the sun. Between (2) from material exploded from the sun
which two planets is this belt located? {3) at the time of the Big Bang that formaed the
(1} Mars and Jupiter {3} Jupiter and Saturn present universe

an the sun

2y Mars and Barth {4y Satuern and Uranes {4Y by fusion of matter




Planat Characteristics
A planet’s distance from the sun has a major effect on its characteristics.
See the Solar System Data in the Earth Science Reference Tables to find each
planet’s distance from the sun and other significant features and events.
When the planets were forming, the sun probably radiated more energy
than it does today. The high temperatures and pressure from particles
emitted by the sun drove the less dense elements and compounds away
from the inner solar system. The outer parts of the solar system were not
nearly so hot, and the particle pressure from the sun not nearly so great.
These differences in the inner and outer solar system provide
characteristics that allow the planets to be classified into the inner
terrestrial planets and outer Jovian planets. The former planet Pluto,
because of its small size and its composition similar to comets and other
distant solar system members, doesn’t fit either planet classification and is
now called a “dwarf planet.”

Tarrestrint Planet Properifes The terrestrial planets are close to the sun and
mostly solid. They have relatively smalil diameters and high densities.
Their rocky surfaces are dotted with impact craters. They have few or no
moons and have no rings. Terrestrial planets are the planets similar to
Earth and include Mercury, Venus, Earth, and Mars.

levian Planet Properties The Jovian planets are far from the sun and are
largely gaseous. They have relatively large diameters and low densities.
They have no solid surfaces (though they may have a solid core) and thus
no craters. These planets have many moons and have rings. The Jovian
planets are the planets similar to Jupiter and include Jupiter, Saturn,
Uranus, and Neptune.

: . Comparison of the size (dismeters) of the pianets and some wther solar system metmbers: The diameter of
,Eupu‘fer is a*mut 10 times that of Earth, and the diameter of the sun is a little over 100 times that of Earth. The largest meon of Jupiter
is targer than Marcgry, The former planet Pluto and former lurgest arleroid Ceses are now C alled dwarf planets.




They rotate, or spin around an imaginary axis, and they revolve around the
sun in an orbit, or path.

Planet Rotation Planets spin on an imaginary axis in a motion called
rotation. The period of rotation is the amount of time it takes for a planet
to make one spin around ifs imaginary axis and determines the length of
a planet’s day. Six of the eight planets rotate in the same direction as

they revolve around the sun. You can tell that planets rotate through
observations of surface features made at different times. The Solar System
Data Table in the Earth Science Reference Tables lists the periods of rotation
of the planets.

Planet Reveolution A planet’s revolution is its
movement around the sun in a path called an
orbit. The planets revolve around the Sun in a Orbit
counterclockwise direction as viewed from Polaris.
Earth’s orbit (and those of the other planets) is
il shape called an effipse. Within the ollip«e
are two fixed points called foci {singiar, foous).
The sum of the distances between any pointt on the

ellipse and the two foci is a constant; that is, the Major axis
sum of those distances for one point is equal to Py + ry= constant
the sum for any other pointon the curve. The sun Figure 3-10. An elliptical orbit of a solar system member

is at one of the foci of each planetary orbit in the with the sun at one focus: Except for Mercury, the orbits of
solar system. (See Figure 3-10.) The major axis of ~the planets would appear to look like a circle at this scale. The
an ellipse is the longest straight-line distance i“i’“; '2'2’)“' ofthe ellipse s 026 (d =20 mand L = 7.7 am;
across an ellipse—the biggest diameter—and it S
cuts through the two foci.

Eccentricity of Planet @rhits The degree of flattening or “ovalness” of an

ellipse is measured by its eccentricity. Bccentricity ribed as
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elliptical shape of planetary orbits causes the planets to vary in distance
from the sun during a revelution. For exampie, Earth is 147,000,000
kilometers from the sun when closest (ocen rring on or about January 3},
Earth is 152,000,000 kilometers from the sun when farthest away (occurring
on or about July 4). The difference between these two distances is only
about 5,000,000 km. It is important to note that this is MNOT the factor that
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Figere 311, Earth's orkit dravwn close to true scale: If the
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3 Lf“c pianet’s distance from the sun. The closer a planet is to the
he m‘ﬂ‘tu its orbit, the shorter its period of revolution, and the fagter

As Farth revolves arcund the sun the varying
distance between the two bodies results in changes
in the apparent size (diameter) of the sun as viewed
from Earth. Photographs taken of the sun when
Earth is closest to the sun, around January 3,
illustrate that the sun appears largest on this date
and smallest around July 4, when the distance
between Earth and the sun is the longest.

inartia, Gravitation, Orbital Velocity/Speed, and Plaret
Gebits The planets and all other bodies that orbit the
sun, or any revolving body, operate under a balance
between inertia and gravitation as shown in Figure
3-12. Inertia is the concept that an object at rest will
tend to remain at rest, and that an object in motion
witl maintain the direction and speed of that motion

force affects it Gravitation is the

force that exists between any two objocts
n ahe universe, The gravitational force is
proportional to the product of the masses of the
objects and inversely proportional to the square of
the distance between their centers. In simple terms,
the greater the mass of one or both objects (such as a
star and a planet), the more gravitational attraction
there is between the objects. Also the closer together
twa objects are, the greater the gravitational
attraction between them. Conversely, the farther
apart two objects are, the lower the gravitational
attraction between them.
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Thus the tme it takes for a planet, or any other

}.v\m For of the solar system, to orbit the sun is affected by two factors. The
farther a planet is fmm the sun, the longer the orbital path that must be
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50, the farther a planet is from the sun, the less
traction between the two objects and thus a slower



20. The lovian planets have more gravitational pull
than the terrestrial planets. Therefore, they have

(1) a shorter year

{2) higher average density

(3} higher surface temperatures

(4) more low-density gases in their atmosphere

Base your answers to questions 321 and 32 on the
following graphs. The first variable mentioned is on
the Y-axis and the second is on the X-axis.
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31. Which graph best illustrates the relationship
between the diameter of a planet versus the
distance of the planet from the sun?

32. Which graph best iltustrates the relationship
between the time it takes a planet to make one
revolution around the sun versus the distance of
the planet from the sun?

33. The planet that has the shortest day is
(1) Mercury {3) lupiter

(2} tarth {4} Ulranus
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(1 Wenus, Neptune, and Mercuny
(2} venus, Saturn, and Neptune
(3) Jupiter, Saturn, and YUranus
(4} Mercury, Mars, and Venus

¥, Astronomers have observed a reddish spot on
the surface of Jupiter. From abservations of this
spot, it is possible to estimate the

(1} period of fupiter's rotation
{2} period of Jupiter's revolution
)) orassure of Jupitars atmosphere

39.

40.
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Which planet takes longer for one spin on its
axis than for one orbit around the sun?

(1) Mercury (3) Earth

{2} Venus (4) Mars

Which planet revolves fastest in its orbit?
{1) Earth (3) Mercury

{2) lupiter (4) Neptune

In our solar system, the orbits of the planets are
hest described as

(1) dircular, with the planet at the center
(2) circular, with the sun at the center
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{4) ellipticat, with the sun at one of the fodi

Which diagram best appreximates the shape of
the path of Earth as it travels around the sun?
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Based on the following diagram, what is the
eccentricity of the eliipse in the diagram?
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(1} decroase (2} increase {3} remain the same




44. The following diagram represents a student's 47. Which planet’s orbit is most nearly circular?
constructed laboratory drawing. (1) Earth

Nl {2) Venus

(3) Neptune

{4) lupiter

48. Asthe distance between two objects in the

7 > universe increases, the gravitationat attraction
aRE): between these two objects
NG Stripg i mARR S (1) decreases
LT g {2) increases
B {3} remains the same

49. The diagram shows Earth (E} in orbit about

{Not drawn to scale.)

] the sun.
The student’s drawing best represents the
{1} shape of Earth’s moen 7
(2} shape of an elliptical orlit 7
{3) path of an earthguake wave T dE
{4} path of a projectile deflected by Earth's L4 - Tl
rotation K 2 ¥,
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(1} masses are simazil AN tne chjects are
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ya he “\ close together
/ fﬁ@\" \ 2 nasses are small and the objeds are

- far apart

{ rop \ ] {3} masses are large and the objects are

_ \ \—/j ] close together
\ K, / (4} masses are large and the objects are

/

far apart

The period of revolution for planet A most likely is

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




