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On 21 August 1560 a young Danish nobleman 
named Tycho Brahe (1546–1601) saw a solar 
eclipse. It fascinated him—all the more so 

since astronomers had predicted it. His family wanted him 
to study law, but Tycho couldn’t resist astronomy. He soon 
had the standard reference works in the fi eld and began 
making his own observations. It wasn’t long before he 
came to an important conclusion: that the leading theories 
of astronomy were built on bad data.

He became convinced that to try to account for the Sun’s 
and stars’ movements, scientists needed to observe them 
more systematically than they had done. It wasn’t enough 
to monitor Mars, say, just at certain points in its orbit. 
Astronomers needed to follow the red planet all along 
its path—night after night. And these observations should 
continue for years to produce enough data to be useful.

Tycho came from a very wealthy and well-connected 
family. He traveled all over Europe to consult with leading 
astronomers. By the mid-1570s he was back in Denmark 
for a time—but had decided to settle in Basel, Switzerland.

Tycho was Denmark’s leading scientist, however, and 
Danish King Frederick II didn’t want to lose him. So the 
king offered to help him build an observatory. Frederick 
had to make a number of offers before he fi nally proposed 
something that Tycho accepted.

Frederick gave him an entire island, Ven. The project’s cost 
was immense—roughly 5 percent of the country’s entire 
gross domestic product, by one estimate. Uraniborg, as 
the observatory was known, had very large, very accurate 
instruments. For some 20 years, Tycho and his students 
studied the heavens there. They never had a telescope—
that invention still lay in the future—but the data from their 
observations would later prove crucial to understanding 
how the Solar System really worked. 

If you were Tycho, how 
would you have argued 
for the kind of observatory 
you wanted from the king?

• Copernicus and the 
Sun-centered model 

• Kepler’s laws of planetary 
motion
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Copernicus and the Sun-Centered Model 
In Lesson 1, you read about Ptolemy’s model of the universe. 
For some 1,300 years, people accepted it as the explanation for 
the planets’ movements. But in the fi fteenth century, a Polish 
churchman named Nicolaus Copernicus (Koh-PURR-ni-kuss) 
began to turn his eyes to the sky and to develop another theory.

Why Copernicus Searched for a Better Model 

Copernicus seems to have had three main reasons for trying to improve on 
Ptolemy’s model of the cosmos:

• He found that Ptolemy’s predictions for the positions of celestial bodies were 
off from what he could observe himself—sometimes by as much as 2 degrees. 
This is signifi cant in astronomical terms. To be fair to Ptolemy, his model held 
up pretty well for more than a thousand years. But as astronomers continued 
their observations over the centuries, they kept having to “reset” each planet’s 
position on their charts. These adjustments were more than refi nements of the 
model. They were a sign that there was something fundamentally wrong with 
it. Copernicus recognized this.

• His religious beliefs also pushed Copernicus to investigate a Sun-centered 
model of the cosmos. A heliocentric—another word for Sun-centered—
model would provide more accurate data for the Roman Catholic Church 
calendar, helping ensure that holy days were observed at the right time. 
What’s more, Copernicus also believed that a Sun-centered system would 
be more aesthetically pleasing. After all, he argued, the Sun was the source of 
light and life. The Creator would naturally put it at the center of everything.

• The third reason for exploring a heliocentric model was that the theory 
of epicycles didn’t adequately explain the changes in Mars’ brightness. 
While Ptolemy’s model explained these changes, it didn’t do so very precisely 
when the data were accurate.  

This last point prompted Copernicus to revisit an idea proposed by the Greek 
scientist Aristarchus (Air-i-STAR-kuss). Observers had largely ignored it for 
2,000 years. 

•  heliocentric
•  meridian
•  ellipse
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Star POINTSSSSSSSSSSSSSSSSSSSSStttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSStttttttttttttttttttttttttttttttttttttttttttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOOOOOOIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIPPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOO
Historians have often written that the 
Roman Catholic Church opposed scientifi c 
progress. The church had a keen interest 
in accurate calendar data—to ensure that 
believers celebrated holidays and feast days 
at the right time. This meant that astronomy 
was an important fi eld of study for church 
scholars such as Copernicus. It didn’t 
mean that the church would be happy 
with what Copernicus and other scholars 
found, however.

Star POINTSSSSSSSSSSSSSSSSSSSStttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSStttttttttttttttttttttttttttttttttttttttttttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr NNNNNNNNNNNNNNNNNNNNNNNNNNNNTTTTTTTTTTTTTTTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOIIIIIIIIIIIIIIIIIIIIIIIIIIPPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
Some 400 years before Ptolemy, 
Aristarchus had proposed a moving-
Earth model of the universe. His 
calculations of the heavenly bodies’ 
relative sizes convinced him that the 
Sun was much larger than the Earth, 
and must therefore be the central 
body around which the Earth and 
other planets revolve.

Copernicus: Casting 
a Careful Eye Heavenward

Nicolaus Copernicus (1473–1543) 
lived at a time of great cultural 
fl owering in Europe, an exciting 
period of new developments and 
discoveries in the arts and sciences. 
His contemporaries included Leonardo 
da Vinci and Christopher Columbus.

He was well educated in many 
subjects. But his great contribution 
was as an astronomer. Educated 
in Italy as well as his native Poland, 
he spent most of his life as canon 
(priest) of the cathedral in the Polish 
city of Frauenberg (now Frombork). 
Like Tycho, he never had a telescope. 
He lived just about a century before 
it was invented. But his observations 
with the naked eye led him to redraw 
the map of the heavens.

Early astronomers cared about being able to measure 
exactly when a celestial object crossed the meridian—
an imaginary line drawn on the sky from south to 
north. To help him do this, Copernicus had a special 
narrow window slot built into one of the walls of his 
quarters. By standing in just the right spot and looking 
through the slot, he could be sure to tell exactly when 
a heavenly body crossed the meridian.
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Copernicus’s Heliocentric System 

Copernicus’s theory made the Earth just one of several planets revolving around 
the Sun. He also had the plane of the Earth’s equator tilted with respect to the plane 
of its orbit around the Sun. This tilt causes Earth’s seasons. 

Like Ptolemy, Copernicus understood that the Moon revolves around the Earth. 
He indicated this in his drawing of the cosmos by showing the Earth encircled by 
the Moon’s orbit (Figure 2.1).

Copernicus was able to calculate the relative distances of the planets from the Sun, 
and relatively accurately. As one example, he reckoned Mars is 1.5 times farther 
from the Sun than the Earth is. What he couldn’t calculate were actual distances; 
that is, distances worked out in miles. His was a map without a scale. The early 
Greek scientist Aristarchus, who lived around 280 BC, had made a very rough 
calculation of the distance from the Sun to the Earth. But he got a crucial angle 
wrong. And so while he was correct in principle, his calculation was off by a factor 
of about 20. The Italian astronomer Cassini would be the fi rst to measure the 
distance from the Sun to the Earth in 1672, after the invention of the telescope.

Autumnal equinox: 
Sun is again above the 
equator; first day of spring  
in Southern Hemisphere. 

Winter solstice, late 
December: Sun is  
farthest south. 

Vernal equinox: Sun 
is above the equator. 

Summer solstice: 
Sun is farthest north; 
winter in Southern 
Hemisphere. 

23.5°
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24 CHAPTER 1 The History of Astronomy

One of the arguments against a 
heliocentric model—an argument 
that Ptolemy made—was that a 
rotating Earth would produce a 
great wind. Copernicus addressed 
this point (correctly, it turns out) 
by stating as an assumption that the 
Earth’s atmosphere simply follows 
the Earth as it rotates (Figure 2.2). 

Comparing the Copernican 
Model With the Ptolemaic 

Scientists comparing the models 
of Copernicus and Ptolemy consider 
them in light of three different 
criteria. Today they accept the 
Copernican model. But, interestingly, 
Ptolemy got enough things right, 
and Copernicus got enough things 
wrong, that the competition was 
closer than you might think.

• Accuracy of the data: The heliocentric model provides a logical explanation 
for the observed motions of the stars, the Moon, and the planets. But the 
planets didn’t always move quite the way Copernicus predicted. For one 
thing, he assumed—incorrectly—that the planets move at a constant speed. 
He also clung to the ideal of the circle as a planet’s perfect path around the 
Sun. These two errors led him eventually to introduce epicycles into his own 
model. But the epicycles didn’t really help produce more accurate predictions 
of the planets’ motion. The two underlying errors remained. The bottom line: 
Using the evidence available in the 1500s, the two models score about even. 
Copernicus was not really better at predicting planetary motion than Ptolemy.

• Predictive power: Both models made testable predictions. Ptolemy predicted 
that stellar parallax should not exist. He held that the stars’ positions relative 
to one another would not change because they were moving together around 
a stationary Earth. The Copernican model held that stellar parallax would 
exist. Both models pass this test. Ptolemy was actually wrong in his prediction, 
scientists now know. But for the purposes of this test, a prediction that is 
eventually disproved by new data is as acceptable as one eventually supported 
by new data. So again, on this criterion, the two models are in a tie.
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• Simplicity: Here’s where Copernicus pulls ahead of Ptolemy. As you read 
earlier, Ptolemy had to introduce epicycles to account for the planets’ 
retrograde motion. As for the two planets between the Earth and the Sun, 
Venus and Mercury, he had to introduce another idea—that the centers 
of their epicycles remained on a line between the Earth and the Sun. But 
Copernicus was able to explain the motions of all the planets, in general terms 
at least, without epicycles and without introducing a special rule for just 
two planets. He used epicycles to try to make his predictions more accurate, 
but not to provide a basic explanation for retrograde motion.

Simplicity appealed to scientists like the devout Copernicus. They were sure 
that the Creator would not have made an overly complicated, disorderly universe. 
Simplicity still appeals to scientists today, but for a different reason: Experience 
has shown that in the case of two competing models, the simpler one is more likely 
to fi t new data as they become available.

Kepler’s Laws of Planetary Motion 
Johannes Kepler’s mission was to fi nd a theory that fi t the data. He had some ideas 
of his own he was eager to test out when he moved to Prague in 1600 to work 
as a mathematician at the imperial court. His new post would give him access 
to the best body of data in the world. 

Johannes Kepler 

When Johannes Kepler (1571–1630) 
was only 4 years old, he nearly died of 
smallpox. The disease left him with poor 
eyesight. That meant he was unable to 
observe the heavens himself. But he 
made great contributions to theoretical 
astronomy. He made sense of the data 
collected by others.

He was studying theology when he 
heard of the Copernican system. He 
became an advocate for it and went 
to work as Tycho Brahe’s assistant. By 
that time, Tycho had left Denmark and 
gone to work for the Hapsburg Emperor 
Rudolph, whose capital was Prague. 
Kepler’s assignment in Prague was to 
work out models of planetary motion.

JJoJohhan

Wh JJ
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Tycho Brahe’s Observations 
of Planetary Motion 

As Tycho began to study astronomy, the 
big question he faced was whether Ptolemy 
or Copernicus had the correct model of 
the universe. The young Dane needed 
more data (Figure 2.3).

Tycho’s observations didn’t confi rm the more 
recent Copernican model, however. If the 
Earth orbited the Sun, Tycho argued, the 
nearby stars would show parallax. They did 
not, as far as sixteenth-century astronomers 
could tell. The model Tycho came up with 
put the Earth at the center of the Sun’s orbit, 
but had other planets orbiting the Sun. You 
might say he came to a wrong conclusion 
but for a good reason. 

Kepler’s First Law: The 
Signifi cance of the Ellipse 

Kepler took over most of Tycho’s records 
after he died. Kepler kept working and 
reworking the data, trying to devise a 
system of circles and epicycles that would 
accurately predict the positions of Mars. 
He had great confi dence in the accuracy 
of Tycho’s observations. After four years, 
he fi nally came up with an answer.

Both the ancient Greeks and the Christian scholars of the Renaissance had 
cherished the ideal of the circular orbit. But the shape that fi nally fi t the data, 
Kepler found, was the ellipse. In very unscientifi c terms: An ellipse is like a circle 
but elongated, and with two centers instead of one.

Kepler’s First Law of Planetary Motion holds that each planet’s path around the 
Sun is an ellipse, with the Sun at one focus of the ellipse. The Sun is at one of 
the two “centers,” in other words.

might say he ca
bbut fforr aa good r

Star POINTSSSSSSSSSSSSSSSSSSSSStttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSStttttttttttttttttttttttttttttttttttttttttttaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSSSSSSSSSSSSSSSPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOOOOOOIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIPPPPPPPPPPPPPPPPPPPPPPPPPPPPOOOOOOOOOOOOOOOOOOOOOOOO
You may be wondering why this 
text refers to Tycho by his fi rst 
name. He is one of a number 
of artists and scientists who are 
known primarily by their fi rst 
names. Among the others: Galileo, 
Leonardo (da Vinci), Michelangelo, 
Raphael, and Rembrandt.  
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To get a little more precise: An ellipse  is a geometrical shape of which every point (P) 
is the same total distance from two fi xed points, or foci. (“Foci” is the plural of focus.) 
A circle is a set of points in a given plane at a certain distance from a given center. 
An ellipse is thus a somewhat more complex shape, defi ned with reference to two 
points (the foci), instead of one (Figure 2.4). (When you move the two foci closer 
to each other, the shape becomes more circular. When the foci lie on top of each 
other, the shape is a circle.) The farther apart the two foci of an ellipse are, the more 
“eccentric” it is said to be, and the more elongated it is. The planets’ orbits are not 
actually all that eccentric. But they aren’t perfect circles, either, and realizing this 
was Kepler’s fi rst major achievement. 

The Second Law: The Planets’ Changing Speeds 

Kepler’s second law tells us about a planet’s speed as it moves around the Sun. 
He found that a planet speeds up when it is closer to the Sun. It slows down 
when it is farther away. He formalized this observation in his second law: 

a

b

major axis = 2a

minor
axis
= 2b

F1 F2

P
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“A planet moves along its elliptical path with a speed that changes so 
that a line from the planet to the Sun sweeps over equal areas in equal 
intervals of time (Figure 2.5).”

How Kepler’s Third Law Implied the Force of Gravity

Kepler went beyond Ptolemy and Copernicus in trying to understand the 
planets’ motions. He wanted to know why they moved as they did. He 
hypothesized that a force held the planets near the Sun—the force today 
known as gravity. He also thought there had to be another force that swept 
the planets around the Sun. Both of these forces, he believed, grew weaker 
over distance.

The sweeping force doesn’t really exist. But the idea that there might be 
such a thing helped Kepler fi nd a rule, his third law, that later led Sir Isaac 
Newton to discover the forces that do exist.

Kepler’s third law is sometimes known as the Harmonic Law. It expresses a 
relationship between the time a planet takes to orbit the Sun and its distance 
from the Sun. The mathematical formula for this law is very concise: P 2 � a3.

This law means that if you know how long a planet takes to orbit the Sun, 
you can tell its average distance from the Sun, and vice versa. Kepler didn’t 
know the actual distances from the planets to the Sun. But he was able to use 
Copernicus’s estimate that Mars is about 1.5 times further from the Sun than 
the Earth is. That allowed him to do the necessary calculations.

So Copernicus, Tycho, and Kepler set the stage for the modern breakthroughs 
in astronomy and physics. You might call them the bridges from the ancient 
view of the universe to the modern. You’ll learn more about that view in 
the next lesson.
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Kepler’s Laws in a Nutshell  

The following is a greatly simplifi ed version of this great astronomer’s three laws 
of planetary motion.

1. Each planet’s path around the Sun is an ellipse (not a circle) with the Sun 
at one focus.

2. A planet moves faster along its path when it is closer to the Sun and more 
slowly when it is farther away.

3. There is a relationship between the length of time a planet takes to orbit 
the Sun and its distance from the Sun. The farther away the planet is, the 
longer it will take to complete its orbit, the greater the distance it will travel 
to complete an orbit, and the slower its average speed will be.

KeKepler

h ff llll
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Lesson 2 Review 
Using complete sentences, answer the following questions on a sheet of paper.

 1. How did Copernicus’s religious beliefs push him to investigate 
a Sun-centered model of the cosmos?

 2. The Copernican model showed the plane of the Earth’s equator tilted 
with respect to the plane of its orbit around the Sun. What was the 
signifi cance of that?

 3. Why did Ptolemy’s predictions for the positions of celestial bodies lead 
Copernicus to seek a better model?

 4. Which model of the universe did Tycho come up with?

 5. What does Kepler’s First Law of Planetary Motion say about the 
planets’ orbits?

 6. What does Kepler’s second law say about a planet’s speed as it moves 
around the Sun?

 7. What did Kepler hypothesize about why planets orbit around the Sun?

✔ CHECK POINTSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIINNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIIIIIINNNNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTSSSSSSSCCCCCCCCCCCCCCHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKK PPPPPPPPPPPPPPOOOOOOOOOOOIIIIINNNNNNNNNNNNTTTTTTTTTTTSSSSSSSSSSCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTTSSSSSSSSSSSS

 8. “If I have seen farther than the others, it was because I have stood on the 
shoulders of giants,” Sir Isaac Newton once wrote in a letter to another 
scientist. Do you think he could have had Kepler in mind as a giant? 
Why or why not?
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