CHAPTER 16

TOWARD A NEW HEAVEN AND A NEW EARTH: 

THE SCIENTIFIC REVOLUTION AND THE EMERGENCE OF MODERN SCIENCE

_________________________________________________________
LEARNING OBJECTIVES

After reading this chapter, students should be able to:
· Identify the developments of the Middle Ages and Renaissance that contributed to the seventeenth century scientific revolution.

· Discuss the contributions that Copernicus, Kepler, Galileo, and Newton made to a new vision of the universe, and how this vision differed from the Ptolemaic view.
· Summarize the contributions of Vesalius, Harvey, Boyle, and Lavoisier to a scientific view of medicine and chemistry.
· Describe the role of women in the Scientific Revolution.
· Explain why Descartes is considered the “founder of modern rationalism.”

· Analyze how the ideas of the Scientific Revolution spread and their impact on society and religion.
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FOCUS QUESTIONS

16-1 Background to the Scientific Revolution

What developments during the Middle Ages and the Renaissance contributed to the Scientific Revolution of the seventeenth century?

16-2 Toward a New Heaven: A Revolution in Astronomy

What did Copernicus, Kepler, Galileo, and Newton contribute to a new vision of the universe, and how did it differ from the Ptolemaic conception of the universe?

16-3 Advances in Medicine and Chemistry

What did Vesalius, Harvey, Boyle, and Lavoisier contribute to a scientific view of medicine and chemistry?

16-4 Women in the Origins of Modern Science

What role did women play in the Scientific Revolution?

16-5 Toward a New Earth: Descartes, Rationalism, and a New View of Humankind

Why is Descartes considered the “founder of modern rationalism”?

16-6 The Spread of Scientific Knowledge

How were the ideas of the Scientific Revolution spread, and what impact did they have on society and religion?
CHAPTER SUMMARY

There was an interest in nature, “God’s handiwork,” in the Middle Ages, but the world was seen through a theological prism, relying on a few ancient authorities, particularly Aristotle. Other ancient authors were rediscovered in the Renaissance, and its artists made use of science, mathematics, and nature in portraying the real world. New technologies also contributed, as did the discovery of the New World, which challenged prevailing doctrines of the makeup of the earth’s surface. By shattering one previously held truth, the Age of Discovery set a precedent of questioning conventional wisdom and seeking new truth in new ways, though this took time and the quest for scientific truths was often combined with a belief in magic and alchemy.

From the Scientific Revolution of the sixteenth and seventeenth centuries came a new cosmology. Aristotle and Ptolemy had posited a geocentric universe, with the fixed earth in the center and crystal spheres moving around it in perfect circular orbits. The inner crystal spheres were the heavenly bodies (the moon, planets, and fixed stars), and the outer was the God’s Empyrean Heaven. But it was difficult to reconcile the Ptolemaic system with actual astronomical observations until Nicolaus Copernicus (d. 1543) theorized a heliocentric or sun-centered universe. Johannes Kepler (d. 1630) discovered that planetary orbits were elliptical and that a planet’s speed is variable, thus destroying the idea of perfect circular orbits. 

Galileo Galilei (d. 1642), using the new telescope, discovered the moon’s craters, moons of Jupiter, and sunspots; the universe was not perfect and unchanging as the Aristotelian system had claimed. Galileo was condemned by the Catholic Church, which feared a cosmology where humanity was no longer at the center of the universe and where God’s heavens were material. In his Mathematical Principles of Natural Philosophy, Isaac Newton (d. 1727) put forth mathematical proofs to support his universal law of gravitation: the entire universe is a mechanistic entity, operating though mathematical laws. 

There were advances in medicine. Galen, the ancient Greek physician, claimed that there were two separate blood systems. Andreas Vesalius (d. 1564) used anatomical dissection, discovering that Galen was often incorrect. The discovery of a single system of blood that circulates through veins and arteries was made by William Harvey (d. 1657).

Despite gender discrimination, the lack of formal educational opportunities, and the assumption that females were inferior, many women made contributions to the Scientific Revolution, including author Margaret Cavendish (d. 1673) and astronomer Maria Winkelmann (d. 1720).  
The Scientific Revolution led to doubt. René Descartes (d. 1650) questioned all that he had learned and began again. What he could not doubt was his own existence: “I think therefore I am.” He concluded that truth relies upon reason. Mind and matter differed; the mind could only achieve knowledge of the material world through reason and mathematics. Francis Bacon (d. 1626) preferred experimentation, data collection, and analysis rather than reason and logic. His preference contributed to the scientific method or the inductive method, where a study of the specific would lead to correct generalizations. To “conquer nature in action” was Bacon’s goal.  

Knowledge of the new science was spread through universities, royal patronage, scientific societies, and scientific journals. The Scientific Revolution was more than merely intellectual theories. Its appeal was also to non-scientific elites because of its practical implications in economic progress and profits and in maintaining the social order, including the waging of war. If the planets were governed by laws that could be discovered, examined, tested, and understood, shouldn’t that also hold true for other aspects of nature, society, politics, and economics?

Traditional religious beliefs were challenged. Blaise Pascal (d. 1662) claimed that Christianity was not contrary to reason, that reason and emotions were inseparable. Ultimately, his faith was in the human heart, not the rational mind.
SUGGESTED LECTURE/DISCUSSION TOPICS

1. The Significance of the Scientific Revolution for the Development of Western Civilization

2. Did the Hermetic Tradition Have an Impact on the Emergence of the Scientific Revolution?
3. The Role of Isaac Newton in the Scientific Revolution

4. The Trial of Galileo
5. Revolutionizing the Human Body: Implications of the New Scientific View of Humans as Complex Natural Machines

6. Women and Science in the Early Modern World
7. The Popularization of the Scientific Revolution in the Seventeenth Century
8. The Scientific Method: Nature and Implications
THOUGHT/DISCUSSION QUESTIONS FOR THE PRIMARY SOURCES 

1. “On the Revolutions of the Heavenly Spheres”: What major new ideas did Copernicus discuss in this selection? What was the source of these ideas? Why might one say that European astronomers finally destroyed the Middle Ages? Why were the ideas of Copernicus so controversial? (p. 373, in section 16-2 Toward a New Heaven: A Revolution in Astronomy)
2. “Opposing Viewpoints: A New Heaven? Faith versus Reason”: What is Galileo’s response to the claim of biblical inerrancy? Is his argument in favor of relying upon “sense experience” convincing? Why or why not? What is Bellarmine’s response to Galileo’s reliance upon sense experience? What type of threat would Galileo’s work pose for the Catholic Church? (p. 377, in section 16-2 Toward a New Heaven: A Revolution in Astronomy)
3. “Margaret Cavendish: The Education of Women”: What arguments does Cavendish make to defend her right and her ability to be an author? How does Cavendish counter the arguments of those who criticize her? How does she justify her right to education and to exercise reason? (p. 381, in section 16-4 Women in the Origins of Modern Science)
4. “Pascal: ‘What is a Man in the Infinite?’”: Why did Pascal question whether human beings could achieve scientific certainty? Does Pascal seem to argue that the Copernican Revolution, with its vastness, was a proof of the existence of God? What does the sheer scale of Pascal’s thought (and disquiet) tell you about the impact of the Scientific Revolution on the consciousness and conscience of Europeans? (p. 386, in section 16-6 The Spread of Scientific Knowledge)
STUDENT RESEARCH AND PROJECT TOPICS 
1. Have students choose a specific subject (physics, chemistry, biology, medicine, economics, etc.) and research how that subject developed and changed during the Scientific Revolution, with special attention to major figures and radical new ideas or methods that were a part of the change.
2. Have students research sixteenth and seventeenth century cures for specific ailments and diseases. Lead a discussion on the assumptions and beliefs that led people of the time to believe such treatments could work.
3. Have students research current issues and public debates in which religious belief and scientific research conflict and compare them with conflicts in the chapter. Are there similarities or patterns?
4. Conventional knowledge says Galileo was heavily persecuted for challenging church doctrine, but recent research by Prof. Ronald Numbers argues that Galileo’s treatment by the church has been blown out of proportion. Have students research the conflict between Galileo and the Catholic Church. Was he a helpless victim, or have historians and scholars been projecting their own biases into the past?
5. Assign students, individually or in groups, to examine and account for the patterns of development that caused the Scientific Revolution to develop and spread as rapidly as it did. In sum, why there and why then?

6. Have students examine, and perhaps discuss in class, the impact of the Scientific Revolution upon religious beliefs, religious practices, and religious institutions in the seventeenth century.

7. Suggest that students explore the possible reasons and causes why the Scientific Revolution occurred in Europe rather than in Asia, the Middle East, or elsewhere. 

8. Have students answer the following question: What medical practices and knowledge of the sixteenth and seventeenth centuries are still used today? This project could possibly include an interview with a physician.
9. Have students identify any modern medical practices that reflect the advances in the medical field during the seventeenth century.

10. Have students compare and contrast the role and influence of women in science in the seventeenth century with women in science today.
INTERNET RESOURCES

1. The Galileo Project

http://galileo.rice.edu/ 
A massive site devoted to all aspects of Galileo’s life and work equipped with numerous links to documents and other relevant source readings. Highly recommended.
2. The Enlightenment 
https://brians.wsu.edu/2016/10/12/the-enlightenment/
A fine site with good biographical material on all the major scientists, subjects, women, philosophers, and more that relate to the enlightenment period.
3. Internet History of Science Sourcebook

https://sourcebooks.fordham.edu/science/sciencesbook.asp
Superb site on the history of science within the context of western civilization. See in particular the subsections on Classical Science and the Scientific Revolution.
4. The Newton Project
http://www.newtonproject.sussex.ac.uk/prism.php?id=1
Full online presentation of all of Isaac Newton’s writings.
5. The Trial of Galileo
http://law2.umkc.edu/faculty/projects/ftrials/galileo/galileo.html
Website containing primary documents regarding Galileo’s defense of his research before the Inquisition, also contains maps, timelines, and other relevant contextual information.
RELEVANT VIDEOS 
1. Philosophy – René Descartes
https://www.youtube.com/watch?v=CAjWUrwvxs4
The School of Life provides a short, 10 min video on the major points of Cartesian philosophy and its influence on the modern world.
2. Philosophy – Baruch (Benedict) Spinoza
https://www.youtube.com/watch?v=pVEeXjPiw54
Another School of Life video explaining Spinoza’s attempt to replace religious and Biblical ethics with a new ethical system based on logic and reason—a great example of the religion-science conflict resulting from the Scientific Revolution.
3. Galileo in a Nutshell
https://www.youtube.com/watch?v=NMM8vx9vDiE
Like the title says, a 3 min clip that explains why Galileo’s methods and research were so significant and played a crucial role in the development of the Scientific Revolution.
4. Introduction to the Solar System: Crash Course Astronomy
https://www.youtube.com/watch?v=TKM0P3XlMNA
The subject that started the Scientific Revolution—the solar system. This clip is from a different playlist on the Crash Course channel provides a look at our solar system and a brief recap of how humanity learned about it.

5. Cengage Learning Western Civilization YouTube Channel
https://www.youtube.com/channel/UC7z4PXzzi9c8Yng-xKmVziA/featured
GOOGLE ARTS & CULTURE

Astronomy

https://artsandculture.google.com/exhibit/1gIS5nqRCdLZJg
Learn more about early astronomers. Tycho Brahe was an early astronomer who was trying to reconcile the Copernican theory of a heliocentric universe with the basic laws of Aristotelian physics. Tycho’s model of the universe was geo-heliocentric, a system wherein the sun and moon orbited the earth, and the other planets orbited the sun. Brahe believed in nightly observation of the night sky, and his notes on the orbit of Mars were instrumental in guiding Kepler’s work toward a heliocentric model of the universe. Brahe was a scientific heavyweight, one of many whose contributions, though ultimately incorrect, aided our growing understanding of the universe.
Galileo and Space Exploration

https://artsandculture.google.com/exhibit/SQLyWl-kBd7mIw
Explore an exhibit on Galileo and his astronomical studies. Galileo Galilei is considered the father of modern science. His contributions to the fields of physics, astronomy, cosmology, philosophy, and mathematics earned him a place of prominence in the intellectual communities of sixteenth-century Europe, and his flair for combative self-promotion earned him powerful enemies. As the first astronomer to use a telescope, Galileo made many observations that led him to promote the Copernican model of a heliocentric universe. He invented compasses and balances, as well as improved telescopes and microscopes while advocating for experimentation that utilized the scientific method.
Breaking In: Women in Science, Technology, Engineering, & Mathematics

https://artsandculture.google.com/exhibit/NAKCO5S1I8MMIQ
Learn more about women in science. In the western tradition, women have largely been denied entrance into the scientific realm. Despite these obstacles, women have persisted. Early scientific pioneers who had been erased from the record or hidden behind a male authority are now being brought from the margins of history to receive their deserved recognition. Still, this legacy of exclusion continues to have repercussions in the STEM fields today.
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