
Cosmological Models

How do we know?
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Cosmological Models

I. Planetary Motion

II. Aristotle and Ptolemy

III. Copernicus

IV. Galileo

V. Kepler’s Laws

VI. Newton’s Laws

VII. Einstein
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The student will be able to: HW:

1 Describe and illustrate the apparent motion of each of the eight planets as seen from 

Earth bringing special attention to the similarities and differences.

1 – 5

2 Define, illustrate, and apply the following concepts:  direct or prograde motion, 

retrograde motion, conjunction, opposition, and elongation. 

3 Explain and illustrate aspects of ancient geocentric models of the universe including 

the concepts of deferents, epicycles, and the works of Ptolemy.

6 – 8

4 Explain and illustrate the heliocentric model of the universe proposed by Copernicus 

including its seven main points and its own inconsistencies.

9 – 11

5 Explain and illustrate how Galileo was able to provide evidence for the validity of the 

heliocentric model.

12

6 Desribe Tycho Brahe’s contribution to the formation of Kepler’s Laws. 13 – 14

7 Define and apply the characteristics of ellipses:  focus, semi-major axis, semi-minor 

axis, and eccentricity.

15 – 16

8 Define, illustrate, and apply the concepts of aphelion and perihelion.

9 Explain, illustrate, and apply Kepler’s three laws of planetary motion and properties of 

ellipses to solve problems involving orbits.

17 – 21

10 Explain, illustrate, and apply methods for determining the absolute and relative scale of 

the solar system.

22 – 25

11 Explain, illustrate, and apply Newton’s Laws of Motion and Universal Gravitation. 26 – 29

12 Compare and contrast Newton’s Laws with Kepler’s Laws. 30 – 32
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Understanding What We See

• There are various apparent motions of the 

stars, the Sun, the Moon, and the planets.

• A cosmological model is an attempt to 

make sense out of these appearances.

• It can be argued that mankind’s attempts 

to understand the motion of the planets led 

to our enlightenment and the development 

of science and mathematics.
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Aristotle 

384 – 322 BC

Aristotle thought there were 5 

elements:  Fire, Earth, Air, 

Water, and Aether.  He also 

believed there were only two 

types of natural motion:  

linear and circular.

Based on these principles he 

thought that the Earth was the 

center of the universe and that 

all heavenly bodies moved in 

perfect spheres.
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Aristotlean Geocentric Spheres:
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Earth

Aristotlean Geocentric Spheres:
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Sun
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This is a geocentric

model because 

Earth is thought to 

be at the center of 

all heavenly 

bodies.

Why would 

people ever have 

thought such a thing?  

Because it makes sense 

of the way things look in the sky!



How do you know the Earth is 

not the center of the universe?
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Problems with Aristotle’s Ideas

• Retrograde motion does not make sense if 

planets move in perfect circles.

• The brightness of the planets changes and 

the apparent sizes of the Sun and the 

Moon change as well.  These things do 

not make sense if the “orbits” are perfect 

circles centered on Earth.
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Aristarchus 

310 – 230 BC

Aristarchus believed that the 

Sun was the center of the 

universe.  He thought that 

the Earth and the stars 

moved in circles about the 

Sun.  

This is called a heliocentric

model because Sun is at the 

center.

Aristarchus’ ideas were 

rejected in favor of Aristotles’.

© Matthew W. Milligan



Aristarchus 

310 – 230 BC

The primary objection to a 

heliocentric model was that 

the appearance and relative 

position of the stars would 

change if the Earth was in 

motion.  

The celestial sphere of stars 

appears unchanging and the 

stars appear to move in 

perfect circles about the 

celestial poles.
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If the Earth is moving in a circle 

around the Sun wouldn’t that 

change the location of the 

Celestial North Pole, towards 

which its axis of rotation points?

In other words, if we are moving 

around inside the sphere of stars 

wouldn’t we be able to tell we are 

not at the center of that sphere?  

Judging by appearances (like the 

pattern shown in this photograph) 

it appears that we are at the 

exact center!  This was a key 

argument against the notion that 

Earth orbits the Sun.



Hipparchus 

190 – 120 BC

Hipparchus applied 

mathematics and geometry to 

the geocentric concept.  In 

order to explain the changes 

in appearance of Sun and 

Moon he calculated that their 

spheres were not exactly

centered on the Earth.

He mapped and cataloged the 

stars and discovered the 

precession of the equinoxes 

and its rate of progression.
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Hipparchus thought that the Sun and the Moon moved at constant speed in perfect 

circles about Earth.  But he imagined these circles were not exactly centered on Earth 

and this explained the variation in the observed speed and size of these two objects.
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What aspect(s) of planetary motion 

are not satisfactorily explained by 

the geocentric views of Aristotle and 

Hipparchus?
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Many aspects of the appearance of the Sun, Moon, planets, and stars actually can

be explained by the geocentric views of Aristotle and Hipparchus.  However, one of 

the key things that is not well explained is the peculiar retrograde path that occurs 

for each planet at particular points in time under particular circumstances. 



Ptolemy 

85 – 165 AD

Ptolemy developed the most 

complete and detailed 

geocentric model of the 

heavens.

In order to explain the 

retrograde motion of planets 

he developed the concept of 

the deferent and epicycle.

His model was very accurate

and could be used to predict 

future positions of the 

planets, Moon, Sun, etc. to 

within one degree!
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Ptolemy 

85 – 165 AD

Ptolemy’s system is called 

the Almagest, which 

translates as “the greatest”!

The Almagest was used for 

nearly 1500 years!
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Planet
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Ptolemy’s Genius

• Without breaking from the idea of “perfect 

circles” and geocentricism, Ptolemy was 

able to “explain” the motion of the planets.

• The deferent and epicycle combined to 

produce periodic retrograde motion.

• Changes in apparent brightness of the 

planets could be explained as could 

changes in apparent angular size of Moon 

and Sun.
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The path of Mars based on Ptolemy’s system of deferent and epicycle.



Deferent

Venus Epicycle

Earth

The path of Venus based on Ptolemy’s system of deferent and epicycle.
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The path of Venus based on Ptolemy’s system of deferent and epicycle.

Here Venus is shown making one trip around its epicycle while the epicycle 

travels a little more than half way around the deferent that is centered on Earth.  

The small green dots show the path travelled by Venus in this time.

The green arrows show the 

planet’s motion – the combined 

effect of the planet moving around 

the epicycle and the epicycle 

moving around the Earth.

Venus’s maximum 

elongation of 47º 

occurs very near the 

position shown here.
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The path of Venus based on Ptolemy’s system of deferent and epicycle.

Here Venus is shown making one trip around its epicycle while the epicycle 

travels a little more than half way around the deferent that is centered on Earth.  

The small green dots show the path travelled by Venus in this time.
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The path of Venus based on Ptolemy’s system of deferent and epicycle.

Here Venus is shown making a half trip around its epicycle while the epicycle 

travels a little more than quarter way around the deferent that is centered on Earth.  

The small green dots show the path travelled by Venus in this time.
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The path of Venus based on Ptolemy’s system of deferent and epicycle.

This diagram shows a complete synodic period of 584 days, starting 

and ending with a conjunction with maximum prograde motion.  Midway 

through the cycle is a conjunction with maximum retrograde motion.
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The path of Venus based on Ptolemy’s system of deferent and epicycle.

The small green dots are shown at one day intervals.  Five synodic periods 

happens to be very nearly eight years, causing Venus to produce this pattern.

5×584 = 8×365 = 2920 days

This is the number of 

dots in the figure!
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Ptolemy’s system (simplified)



Motion of an “inner planet” (Mercury or Venus)

At all times the 

center of the 

epicycle is 

aligned with 

the Sun and 

the Earth.

The size of the 

epicycle is 

determined by 

the planet’s 

maximum 

elongation.

Note that retrograde occurs around the 

time of conjunction, as expected!
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Motion of an “outer planet” (Mars, Jupiter, Saturn)

The line from 

the planet to 

the epicycle’s 

center is 

always parallel 

to the line from 

Sun to Earth.

Note that retrograde and maximum brightness 

occur around the time of opposition, as expected!
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The size of the 

epicycle is 

determined by 

the planet’s 

observed 

retrograde 

loop.



Ptolemy’s model 

also employed 

eccentrics and 

equants!

The Almagest 

had a total of 80 

circles modeling the 

Moon, Sun, and 5 

known planets.



What fault is there in Ptolemy’s model?
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Think geocentricism 

is dead?  Check out 

this November 2003 

Sky & Telescope 

article!





Notice any similarities?!

Relative path of Mars calculated by 

computer based on actual orbits.

Path of Mars determined by Ptolemy’s 

ancient system of epicycles & deferents.



Notice any similarities?!

Relative path of Venus calculated by 

computer based on actual orbits.

Path of Venus determined by Ptolemy’s 

ancient system of epicycles & deferents.



There basically is no “fault” in Ptolemy’s model

in the sense that it correctly represents all

aspects of celestial motion visible to the naked 

eye.  It truly is an impressive and great

achievement!

However, it lacks any sort of theory that explains 

why the planets should do such things.
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