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1 Predict Check Tor F to show whether you think
each statement is true or false.
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The sun and planets circle
Earth. :
Most early astronomers placed
the sun at the center of the
solar system.

The planets orbit the sun in
ellipses.

The telescope helped to
improve our understanding of
the solar system.

Active Reading
3 Synthesis You can often define an unknown
word if you know the meaning of its word parts.
Use the word parts and sentence below to make

an educated guess about the meaning of the
word heliocentric.

Example sentence
The heliocentric model of the solar system was
first proposed by Aristarchus.

xS

The Earth-centered model of the
solar system was accepted for
almost 1400 years. It was replaced
by the cun-centered model of the
solar system, which is shown in this
1Ith-centuty illustration.

heliocentric:

Lesson Labs
: Qulck Labs - L
¢ The Geocentric Model of the Solar System
s The Hellocentric Model of the Solar System
* Orbital Ellipses '
FieldLab
e |nvestigating Parallax
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2 Evaluate What, if anything, is wrong with the
model of the solar system shown below?
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What is the solar system?

The solar system is the sun and all of the bodies that orbit the

sun. Our current model of the solar system is the sun-centered or
heliocentric (heesleesoheSENstrik) model. In the heliocentric model,
Earth and the other planets orbit the sun. The earliest models for
the solar system assumed that the Earth was at the center of the
solar system, with the sun, moon, and planets circling it. These
models, which used Earth as the center, are called Earth-centered
or geocentric (jeesoheSENstrik) models. The heliocentric model
was not generally accepted until the work of Copernicus and
Kepler in the late 16th to early 17th centuries.

Who proposed some early models of
the solar system?

Until Galileo improved on the telescope in 1609, people observed
the heavens with the naked eye. To observers, it appeared that

the sun, the moon, the planets, and the stars moved around
‘Earth each day. This caused them to conclude that Earth was not
moving. If Earth was not moving, then Earth must be the center
of the solar system and all other bodies revolved around it.

This geocentric model of the solar system became part of

. ancient Greek thought beginning in the 6th century BCE. Aristotle
was among the first thinkers to propose this model.

Aristotle

:

5 Identify As you read the text,
underline the definitions of
geocentric and hellocentric.

6 Research Use different sources
to research a geocentric model
of the solar system from either
ancient Greece, ancient China, or
Babylon. Write a short description
of the model you choose.

Aristotle (AIRsihestaht'l) was a Greek
philosopher. Aristotle thought Earth was the
center of all things. His model placed the
moon, sun, planets, and stars on a series of
circles that surrounded Earth. He thought that
if Earth went around the sun, then the relative

positions of the stars would change as Earth
moves. This apparent shift in the position

of an object when viewed from different
locations is known as parallax (PAIRsuhelaks).

Aristotle .(334-322 BCE)
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In fact, the stars are so far away that parallax
cannot be seen with the naked eye.
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Aristarchus

Aristarchus (aireisSTAHRekuhs) was a Greek
astronomer and mathematician. Aristarchus
is reported to have proposed a heliocentric
model of the solar system. His model,
however, was not widely accepted at the time.
Aristarchus attempted to measure the relative
distances to the moon and sun. This was a
major contribution to science. Aristarchus’s
ratio of distances was much too small but
was important in the use of observation and
geometry to solve a scientific problem. '

Avristarchus (about310—230BCE)

i

Aristotle thought that if Earth were moving, the positions
of the stars should change as Earth moved. In fact, stars
are so far away that shifts in their positions can only be
observed by telescope.

Earth APParenf N
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Riagram showing the shift

in apparent position of a star
attwo different times of -

year seen from a felescope 7 Predict If a star appears at position 1during the summer,
on Earﬂ,, A star -ﬂry-i' seen at - during which season will it appear at position 27

point1 will be seen at point 2 '

Six months later. :




Ptolemy

Ptolemy (TOHLeuhemee) was an astronomer,
geographer, and mathematician who lived in
Alexandria, Egypt, which was part of ancient
Rome. His book, the Almagest, is one of the

few books that we have from these early times.

It was based on observations of the planets
going back as much as 800 years. Ptolemy
developed a detailed geocentric model that
was used by astronomers for the next 14
centuries. He believed that a celestial body
traveled at a constant speed in a perfect circle.
In Ptolemy’s model, the planets moved on
small circles that in turn moved on larger
circles. This “wheels-on-wheels” system fit
observations better than any model that had
come before. It allowed prediction of the
motion of planets years into the future.

' Ptolemaic Model

8 Describe Use the diagram at the
right to describe Ptolemy’s geocentric
model of the solar system.

Sphere
of stars

Ptolemy’s geocentric model of
the solar system. Remember that
during Ptolemy’s time people
were limited to what they could
see with the naked eye.
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Copernicus

The Polish astronomer Nicolaus Copernicus
(nikeuheLAYsuhs kohePERenuhekuhs) felt
that Ptolemy’s model of the solar system

was too complicated. He was aware of the
heliocentric idea of Aristarchus when he
developed the first detailed heliocentric model
of the solar system. In Copernicus’s time,

data was still based on observations with the
naked eye. Because data had changed little
since the time of Ptolemy, Copernicus adopted
Ptolemy’s idea that planetary paths should

be perfect circles. Like Ptolemy, he used a
“wheels-on-wheels” system. Copernicus’s
model fit observations a little better than the
geocentric model of Ptolemy. The heliocentric
model of Copernicus is generally seen as

the first step in the development of modern
models of the solar system.

Copernican Model

Mercury &

Nicolaus Copernicus (1475-1543)

4

10 Compare How does Copernicus’s model
of the solar system differ from Ptolemy’s
model of the solar system?

Ptolemaic Copernican
model model
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11 Identify Underline text that summarizes Kepler's
three laws.

Kepler

Johannes Kepler (yoheHAHenuhs KEPsluhr) was

a German mathematician and astronomer. After
carefully analyzing observations of the planets, he
realized that requiring planetary motions to be
exactly circular did not fit the observations perfectly.
Kepler then tried other types of paths and found
that ellipses fit best.

Kepler formulated three principles, which
today are known as Kepler’s laws. The first law states
that planetary orbits are ellipses with the sun at one
focus. The second law states that planets move faster
in their orbits when closer to the sun. The third law
relates the distance of a planet from the sun to the
time it takes to go once around its orbit.

12 Analyze How did Kepler's first law support the
idea of a heliocentric solar system?

f ¥
perihelion

Galileo _
Galileo Galilei (gahleuheLAY0h gahleuheLAY) was
a scientist who approached questions in the fashion
that today we call scientific methods. Galileo made
significant improvements to the newly invented
 telescope. He then used his more powerful telescope
to view celestial objects. Galileo observed the moons
To, Europa, Callisto, and Ganymede orbiting Jupiter.
Today, these moons are known as the Galilean
satellites. His observations showed that Earth was  *
not the only object that could be orbited. This gave
support to the heliocentric model. He also observed
that Venus went through phases similar to the
phases of Earth's moon. These phases result from
changes in the direction that sunlight strikes Venus
as Venus orbits the sun.

54 Unit 2 The Solar System

Johannes Kepler (1571—1630)

Kepler’s First Law

Nothing lies at
the other focus

Sun lies at
one focus

aphelion

semimajor axis

For clarity, the
ellipse has been
exaggerated.

Galileo Galilei (156‘1‘—-1641)
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Why It Matters

Galileo Galilei was an Italian mathematician,
physicist, and astronomer who lived during the
16th and 17th centuries. Galileo demonstrated
that all bodies, regardless of their mass, fall at
the same rate. He also argued that moving
objects retain their velocity unless an
unbalanced force acts upon them.
Galileo made improvements to
telescope technology. He used his
telescopes to observe sunspots,

the phases of Venus, Earth’s

moon, the four Galilean moons of

.
.

qu_piter, and a supernova.

The Galileo Spacecraft
The Galileo spacecraft

was launched from the
space shuttle Atlantis in
1989. Galileo was the first
spacecraft to orbit Jupiter.
It studied the planet and its
moons.

13 Identify What were Galileo’s most important 15
contributions to astronomy?

14 Research Galileo invented or improved upon
many instruments and technologies, such as the
compound microscope, the thermometer, and the
geometric compass. Research one of Galileo’s
technological contributions.

- Galileo’s Telescopes
This reconstruction
of one of Galileo’s
telescopes is on exhibit
in Florence, ltaly.
Galileo’s first telescopes
magnified objects at 3
and then 20 times.

Create Describe one of Galileo’s experiments
concerning the motion of bodies by doing one of
the following:

e make a poster
o recreate the experiment

e draw a graphic novel of Galileo conducting
an experiment




Lesson Review

1 Vocabulary Critical Thinking
M Ode S of the Fill in the blank with the term that best completes ~ Use the illustration to answer the following i

SOlar SVStem : the following sentences. qoestion.

1 The is the sun and all
of the planets and other bodies that travel
around it.

 Early astronomers proposed a geocentrlc

solar system. 2 Until the time of Copernicus, most scientists

thought the model of the
solar system was correct.

* 16 Label the sofar ;ys‘i‘em bodles as 'l'hey
.appear in the geocentric model.

e

3 An apparent shift in the position of an object

17 Which astronomers are. assoc:m“ed when viewed from different locations is called

with this model of the solar $y$1‘em? .

Key Concepts

In the following table, write the name of the
correct astronomer next to that astronomer’s
contribution.

not to scale

— The heliocentric solar system is the
L ; current model. '

18 Label the solar system bod:es as they
appear in the heliocentric model.

4 ldentify Who first
observed the phases

e

i o of Venus? 9 Appraise How did data gathered using
1? };Lc:hasfrozore;.sr :re alffocmfe 5 5 Identify Who Galileo’s early telescope support the heliocentric
Wi ismodel ol Tng e ali)s =0 attempted to measure | model?

the relative distances
to the moon and the
sun?

6 ldentify Who
replaced circles ,
with ellipses in a T Ry W S—

heliocontric model of 10 Explain How did Aristotle’s inability to detect
,,,,,,, | the universe? parallax lead him to propose a geocentric
1 , 7 Identify Whose model of the solar system?

geocentric model of
the solar system was
accepted for 1,400
years?

8 Identify Whose
heliocentric model is
seen as the first step
in the development of
modern models of the
solar system?
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20 Compare How does the geocentric
model of the solar system differ
from the heliocentric model of the
solar system?
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