Drill: Czar & Boyars
Czar: Russian rulers to adopt the title meaning “Caesar.”
Boyars:  were the land-owning nobles in Russia
6.1 The Scientific Revolution
Section 1 Objectives

l1 To list circumstances that led to the Scientific Revolution.

l2 To summarize the development of the heliocentric theory and explain

why it led to conflict.

l3 To describe the scientific method and show how Bacon and

Descartes advanced this approach.

l4 To explain Newton’s law of gravity.

l5 To describe the importance of the scientific method in different fields.
Notes

GUIDED READING

1. The Renaissance

2. Age of European

exploration

What did each scientist discover about the universe?

3. Nicolaus Copernicus

4. Johannes Kepler

5. Galileo Galilei

6. Isaac Newton

What important developments took place in the following areas?

7. Scientific instruments

8. Medicine

9. Chemistry
1. Renaissance inspired spirit of

curiosity; discoveries of classical

manuscripts led to realization

that ancient scholars often did

not agree; scholars began to

question ideas that had been

accepted for hundreds of years;

printing press spread new ideas

quickly.

2. Long sea voyages required better

navigational instruments,

which led to research in astronomy

and mathematics. As scientists

looked more closely at the

world around them, they made

discoveries that did not match

ancient beliefs.

3. Planets revolve around the sun.

4. Mathematical laws govern planetary

motion; orbits of the planets

are elliptical, not circular.

5. Each pendulum swing takes the

same amount of time; falling

objects accelerate at a fixed rate;

Jupiter has moons.

6. The same force—gravity—rules

all matter on earth and in space.

Every object in the universe

attracts every other; the degree

of attraction is determined by

mass and distance.

7. invention of telescope, microscope,

barometer, thermometer

8. study of human anatomy, first

vaccine (against smallpox)

9. Boyle’s law explaining relationship

of volume, temperature,

and pressure of gas; discovery of

oxygen

B. Possible response: The scientific

method, which uses observation,

experimentation, and reasoning

to reach new conclusions, is

based on Bacon’s empirical, or

experimental, method and on

Descartes’s belief that mathematics

and logic should be the

means to arrive at and express

basic truths about the natural

world.
Section 1

SECTION QUIZ The Scientific Revolution

A. Terms and Names Write the letter of the name that matches the description.

Not all names will be used.

a. Galen e. Isaac Newton i. Anders Celsius

b. Aristotle f. Francis Bacon j. René Descartes

c. Tycho Brahe g. Edward Jenner k. Johannes Kepler

d. Robert Boyle h. Galileo Galilei l. Nicolaus Copernicus

______1. This brilliant mathematician used the data of Tycho Brahe to prove the

accuracy of Copernicus’s basic ideas about the motion of the planets.

______2. This great mathematician and physicist brought together some of the

theories and discoveries of Copernicus, Kepler, and Galileo under a single

theory of motion known as the law of universal gravitation.

______3. This pioneer of the use of the scientific method in chemistry is considered

the father of modern chemistry. He is best known for the discovery

of a law that helps to explain characteristics of gases.

______4. This English politician and writer had a passionate interest in science.

In his writings, he criticized the techniques of the ancient and medieval

scholars. He argued forcefully for the adoption of new scientific techniques

such as the experimental method.

______5. After studying planetary movements for many years, this astronomer

reasoned that the stars and planets revolved around the sun, an idea

that became known as the heliocentric theory. Fearing ridicule or persecution,

he didn’t publish his findings until 1543, the year of his death.

______6. This mathematician developed analytical geometry, which links algebra

and geometry. Of his own existence, he was sure; everything else was

doubtful until proved by reason. In his writings, he urged scientists to

rely on mathematics and logic to reach fundamental truths about the

natural world.

______7. Among his many scientific discoveries are the law of the pendulum and

the fact that falling objects accelerate at fixed and predictable rates.

Despite his genius, he lived the last years of his life under house arrest

because his scientific findings did not go along with the church authorities’

interpretation of the Bible.

B. Critical Thinking Briefly answer the following question on the back of

this paper.

What was so revolutionary about the Scientific Revolution? In your answer, be

sure to discuss the scientific method.
SECTION QUIZ

The Scientific Revolution

A.1. k

2. e

3. d

4. f

5. l

6. j

7. h

B. Possible answers:

a. The Scientific Revolution

introduced a completely new

way of thinking about the natural

world.

b. The Scientific Revolution was

based upon careful observation

and a willingness to question

accepted beliefs.

Previously, the vast majority of

scholars and scientists simply

accepted the conclusions of

ancient thinkers and church

authorities.

c. The scientific method introduced

a new approach to science.

The old approach to science

relied on ancient authorities,

church teachings, and

reasoning from abstract theories.

The new approach (the

scientific method) involved

observation, experimentation,

and the analysis and interpretation

of data.
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Name Date

HISTORYMAKERS Nicolaus Copernicus

Earth-Shaking Scientist

“We revolve about the sun like any other planet.” —Copernicus, A Commentary

on the Theories of the Motions of Heavenly Objects (1514)

Section 1

Watching the sun travel through the sky each

day and seeing the stars and planets glide

across the sky each night, Europeans concluded

that these heavenly bodies revolved around the

earth. As a result, they made the logical conclusion

that the earth was the center of the universe and

did not move. This view also became part of the

teaching of the Catholic Church. Nicolaus

Copernicus changed all this.

Born in 1473, Copernicus became a learned

man. He was trained in Church law, medicine, and

mathematics. His main interest, though, was

astronomy. After more than 25 years of observations,

he reached a startling conclusion: the earth

itself moved and revolved around the sun.

In 1514, Copernicus wrote a pamphlet outlining

his ideas and passed it around to friends, but he

delayed making it widespread. In the 1530s, his

views were presented to Pope Clement VII, who

had no objection to this new theory. Finally, a former

student of Copernicus’s persuaded him to publish

his ideas. As a result, On the Revolutions of

Heavenly Bodies became available in 1543, the year

its author died.

Copernicus argued that the earth moved in

three ways. It spun on its axis every day, it rotated

around the sun over the course of a year, and it

moved up and down on its axis to cause the change

of seasons. His new system put the planets in their

proper order: sun, Mercury, Venus, Earth and

moon, Mars, Jupiter, and Saturn.

Copernicus’s bold idea solved several problems.

The order of Mercury and Venus had always been

disputed, and his new system settled that. His idea

also gave a simpler explanation of the motion of the

planets. Because the planets sometimes seem to

stop and move backward, the old theory had

required a complex structure of circles within circles.

Copernicus reasoned that these movements

occurred because the earth also orbits the sun.

Furthermore, the earth and the other planets orbit

at different speeds. His view was not perfect,

though. He believed the planets moved in circles

around the sun, but it was later proven that they

move in ellipses, or ovals.

Copernicus’s theory raised two questions. If the

earth moves, why do the stars not appear in different

positions? The stars, he said, were so far away

that their changes in position could not be noticed.

In other words, he suggested that the universe was

vast. Copernicus was right, although his argument

could not be proven for three centuries. Only then

did scientists have telescopes powerful enough to

detect that the stars did indeed move.

The second question asked why objects in the

air tend to fall to the ground. When the universe

was seen as moving around the earth, it was logical

to think that objects would fall to the center of the

universe. Now that the earth moved, it was no

longer the center. However, Copernicus believed

that an object tended to fall to the center of its

home. Thus, articles on Earth would be pulled to

Earth, and those on the moon would be pulled to

the moon. He suggested the basics of gravity about

100 years before Isaac Newton.

Copernicus’s views did not cause much of a stir

at first. Although his idea challenged Catholic

teaching about the universe, the Church did not

object to the new theory. However, Martin Luther

and John Calvin, leaders of the Reformation, both

objected strongly. Calvin asked, “Who will venture

to place the authority of Copernicus above that of

the Holy Spirit?” Over time, though, Catholics

objected as well. By 1616, the Church officially

called his idea false. The work of later astronomers,

however, showed that Copernicus drew an accurate

picture of the solar system.

Questions

1. Recognizing Facts and Details According to

Copernicus, what were the ways in which the

earth moved?

2. Making Inferences Since Copernicus’s theory was

not perfect and could not explain all observations

of the heavens, why did some people accept it?

3. Identifying Supporting Ideas How did

Copernicus use the idea of bodies tending

toward different centers to support his theory?

CHAPTER 6
Nicolaus Copernicus

Possible responses:

1. He used his observations to conclude

that the earth rotated on

its axis, moved around the sun,

and moved up and down on its

axis.

2. Copernicus’s theory was accepted

even though it was not perfect

because it offered an answer

to the question of the location of

Venus and Mercury. Also, he had

better and simpler explanations

of the movement of the planets.

3. His explanation that every object

tended toward a different center

helped his theory because it

explained why everything on

earth did not fall to the sun,

which, he said, was the center of

the solar system.
