Toward a New Heaven and a New Earth :
The Scientific Revolution

· Background to the Scientific Revolution 

· The Scientific Revolution of the seventeenth century, although an innovative phase in western thinking, was based upon the intellectual and scientific accomplishments of previous centuries.

· The Impact of Medieval Scholars

· The Medieval worldview was based on the writings of

· Aristotle, 384-322 BC;   Ptolemy,  90-168;    Galen, 129-199? 

· The Renaissance

· Renaissance scholar’s ability to read Latin and Greek allowed them to broaden their knowledge of the _________ thinkers.

· Artists and inventors used ___________ and experimentation in the development of advancements in the arts. 

· Artists developed the scientific skills of observation in the use of perspective and the study of _______ and nature.

· Practical Application and Engineering

· While the Medieval universities were controlled by __________ theorists and logicians, real-world _________ and architects were making practical use of the new knowledge of the world.

· The Role of Mathematics

· The use of geometry and mathematical _________ became the cornerstones of the new worldview. 

· Renaissance scholars rediscovered the ___________ of the ancients and fell under the influence of Plato who emphasized the importance of mathematics.

· “Proportion is not only found in numbers and measurements but also…. in whatsoever power there may.” - Leonardo da Vinci

· “That mental discourse that originates in first principles is termed science. Nothing can be found in nature that is not part of science, like continuous quantity, that is to say, geometry, which, commencing with the surfaces of bodies, is found to have its origins in lines, the boundary of these surfaces..... No human investigation may claim to be a true science if it has not passed through mathematical demonstrations.…”  - Leonardo da Vinci (1452 - 1519), 
Leonardo on Painting,

· The Role of Magical Thought

· In practice science was not clearly distinct from _____.

· Most of the great thinkers of the Scientific Revolution had a serious interest in ________ ideas and the fields of astrology and alchemy. 

· Alchemy 

· This involved trying to convert iron to gold or to find some ______________. 

· It was based on _____ science.

· Chemistry was in fact a subject that did not advance for a long time, possibly because of an obsession with alchemy, but the notion of mutability of matter was there.

· Astrology

· This thought that events in the _______ effect events on _____ and was pre-Aristotelian, but Aristotle's idea of contiguous motion gave a scientific rationale to it.
· The idea of a __________ of _____ was important. 

· It was fitted into a Christian worldview by saying that the stars affected the lower nature of people, while the higher parts still had free will.

· Hermeticism

· Hermetic thinking became fused with alchemical ideas into a unified system of thought.

· The Hermetics saw the world as a living embodiment of ________ where humans could use mathematics and magic to dominate nature 

· The Work of Genius

· The origins of the Scientific Revolution can be traced to the work of a very ____________ of great European intellectuals

· Scientific Achievements

· The greatest achievements in science during the sixteenth and seventeenth centuries came in the areas of _________, _________, and ________.

· The Revolution in Astronomy

· The Medieval Worldview

· Based on ideas of Ptolemy, Aristotle, and Christian ideology.

· The __________ universe was composed of crystalline _______ that moved in perfect circles.

· Aristotle and Ptolemy

· The earth was at the center of the universe and the heavenly bodies revolve around the earth in “_______” concentric circles.

· When more complex observations did not fit the model, bodies were then said to move in _________ - spheres within spheres.

· Nicolaus Copernicus 
(1473-1543) 

· A Polish priest who studied in his native Poland at Cracow and later in Italy at the Universities of Balogna and Padua - Math, Astronomy, Medicine and Theology made up the curriculum.

· Copernicus

· De Revolutionibus Orbium Caelestium 

· On the Revolution of the Heavenly Orbs was published in 1543 shortly before his death.

· Copernicus theory was based on very conservative ____ and not on ___________. 

· He based his work on the observations of several ancient astronomers and his own computations. 

· It was simpler to explain heavenly motion if the ___ was at the center. 

· Copernicus offered it as a hypothesis. 

· The idea of a ____________ universe was a mental breakthrough, but did not offer explanations for other things, such as motion, that Aristotle's' view of the world did. 

· He was still loyal to Aristotle's system of circular orbits and he retained Ptolemy’s epicycles, creating a system almost as ___________ as the one it sought to replace. 

· But the important thing was Copernicus' mental breakthrough.

·  He was wrong but his work was the stimulus for future scientists to come up with something better.

· Church Reaction

· The Catholic Church remained silent about Copernicus, but Protestant leaders like _____________ condemned the discovery as contrary to their notions of creation.

· Tycho Brahe (1546-1601) Danish Royal Astrologer. 

· Brahe recorded astronomical ____ from the observatory he built with royal financial assistance at _________ castle in Denmark.

· Tycho Brahe

· Brahe set new standards in observation without a telescope. 

· His life’s work at his observatory at _________ Castle was to compile the most accurate and complete set of astronomical observations ever produced.  

· He disbelieved Copernicus because his observations showed that planets _______ move in perfect circles. 

· In 1572-73 a ________ appeared (the Crab Nebula?) and in 1577 a new comet. 

· This went right through any supposed _______________. 

· Neither event sat well with the idea of _______ unchangeable heavens, 

· Brahe thus abandoned the idea of perfect circular motion, and the idea of fixed spheres in the heavens.

· Johannes Kepler (1571-1630) 

· Student of ____ and astronomy and a student of Brahe.

· He taught math at Graz in Austria.

· He was an Hermetic ________ and spent much of his time studying what he called the “_____ of the _______.”

· He put Brahe's observations into order. 

· His method was to ____ __________ after hypothesis until he came up with an answer that worked.

· Eventually he came up with the idea that planets move in ________. 

· His _____ ____ of _________ ______ corrected Copernicus in light of Brahe's observations. 

· Note also the beginning of the use of the idea of scientists discovering ____. 

· First Law of Planetary Motion

· Planets move in ________ - of which the Sun is one focus. 

· Second Law

· The speed of a planet around the sun is related to its proximity.

· The closer the planet to the sun -- the faster it revolves.

· Third law 

· An equal area of the plane is covered in equal time by planet revolving around the Sun. (or the period of revolution around the sun is proportional to distance from the Sun.)

· Kepler had no explanation of why this was the case.

· He was involved in number _________ and explained it as part of the mystery of numbers. 

· Kepler’s ideas gained acceptance despite disproving the great Aristotle's conviction that the motion of planets was steady and unchanging 

· The old Aristotelian system was broken, but there was no new synthesis to replace it.

· Galileo Galilei (1564-1642) 

· An Italian, he studied at Padua and Bologna, which was a hotbed of scientific discussion, on both the cause of motion and the scientific method. 

· Although he studied medicine, his true love was ___________ – which he taught at the university of Padua.

· There are two main aspects of his work to note. 

· Astronomy - he was among the first to use a _________ for astronomical observation.

· His Observations Confirmed the Heliocentric System

· He observed mountains on the moon, moons around Jupiter and spots on the sun.

· One of the dramatic findings of Galileo's observations was that planets were not made of some _______ substance but had natural properties similar to the earth. 

· The Starry Messenger

· Motion on Earth 

· Galileo also did experiments about ______ on Earth. 

· There is the story of Galileo dropping objects from the Leaning Tower of Pisa to see if heavy things really did fall faster as predicted by Aristotle. 

· There is also the story of him watching a pendulum swing in Siena Cathedral.

· Galileo's ideas on motion included: the principle of inertia.

· Galileo’s Dialogue

· In his Dialogue concerning the two chief world systems Galileo gave his support to __________ through a publication in Italian that was accessible to a wide audience.

· Opposition from Church Authorities 

· In 1600, Giordano _____ had been burnt at the stake for suggesting a plurality of worlds, and other heresies. 

· This had led to an intensification of fear about Copernicus' ideas just before Galileo became active. 

· 1633 - Galileo put on trial by the ___________, was banned by the Church and put under house arrest.

· A decree from the Holy Office said it was heresy to believe the Sun is at the center of the Universe. 

· Galileo ultimately ________ to save his neck.

· Galileo's Dialogue was also put on the _____ of Prohibited Books, together with the books by Copernicus and Kepler on the heliocentric system, where they all remained until ____.

· Isaac Newton and the Newtonian Synthesis 

· Sir Isaac Newton - 1642 - 1727 

· If I have been able to see further, it was only because I stood on the shoulders of giants. 
            —Sir Isaac Newton
· English physicist, mathematician, and natural philosopher, considered one of the most important scientists of all time. 

· Newton formulated laws of universal ___________ and ______—laws that explain how objects move on Earth as well as through the heavens.

· He established the modern study of ______—or the behavior of light—and built the first reflecting telescope.

· The Calculus

· His mathematical insights led him to invent the area of mathematics called ________ (which German mathematician Gottfried Wilhelm Leibniz also developed independently). 

· The _________
· Newtons equations and findings were published published in 1686 in his Mathematical Principles of Natural Philosophy – outlining his universal law of gravitation.

· In this work he demonstrated that the universe was a regulated _______ operating according to universal laws.

· Newton's universal ______________ proved that through its mathematical proof it could explain all motion in the universe.

· Isaac Newton's scientific discoveries although readily accepted in his own country, were resisted on the continent where it took much of the 18th century before they were accepted.

· The Destruction of the Aristotelian Cosmos
· Considerations of such concepts as __________, harmony, and value are removed from scientific discussion.
· The world was no longer viewed as ______ and hierarchically ordered: ____________ considerations replace qualitative ones. 

· The celestial and terrestrial worlds are no longer philosophically and scientifically distinct; astronomy and physics have been geometrically unified.

· The common sense world of the pre-Galilean cosmos is replaced by an idealized ____________ universe. 

· Advances in Medicine.

· The Roman anatomist _____ influenced the beliefs of doctors at the end of the Middle Ages.

· Galen’s Anatomy and Physiology

· The blood streams are divided into ___________ – one controlling the muscles, the other controlling digestion. 

· The Humors

· Believed the body was filled with four ______:

· Blood [sanguine] a hot, sweet, temperate humor whose office is to nourish the whole body,to give it strength and color.

· Pituita [phlegm] a cold and moist humor, his office is to nourish and moisten the members of the body.

· Choler [yellow bile] hot, dry, bitter, helps the natural heat and senses, and serves to the expelling of excrements.

· Melancholy [black bile] cold, dry, thick, black, and sour.

· The _________ of humors could be detected by examining the color of the urine.

· He encouraged _______ and ________ and the use of herbs.

· Paracelsus

· Thought of himself as the king of doctors.

· Dismissed a lot of Galen’s ideas.

· Believed in the _________ of the body and the microcosm/macrocosm principle.

· His ideas were the precursor to homeopathy.

· Paracelsus is considered to be the father of modern medicine in the use of _________ and for advocating the chemical philosophy of medicine.

· Vesalius

· Father of modern _______.

· Professor of surgery at the University of Padua.

· Taught while __________ human cadavers.

· The Anatomy Lesson

· On the Fabric of the Human Body

· Vesalius published his masterwork of anatomical drawings in 1543.

· Renaissance ________ skill and quality ________ made the work a masterpiece.

· William Harvey

· Educated at Cambridge and Padua.

· Physician to Kings James I and Charles I.

· Published his treatise “On the Motion of the _____ and Blood.” 

· Blood originates in the heart, only ___ blood system, and blood __________ through the body.

· The circulation of the blood was later proven by the discovery of the capillaries.

· Women in the Origins of Modern Science
· Women in the Middle Ages

· Few avenues were open for women who sought a life of learning.

· Besides the religious orders some wealthy humanist families allowed for ________ of their daughters.

· Women were first and foremost to be wives and mothers.

· Women in the Scientific Revolution

· The role of women in the Scientific Revolution is illustrated by Margaret _________, who participated in her day's scientific debates.

· Margaret Cavendish

· She was an aristocrat like most women involved in the Scientific Revolution and wrote on the matters of Natural Philosophy.

· "...Men are so Unconscionable and Cruel against us, as they Indeavor to Barr us of all Sorts or Kinds of Liberty, as not to Suffer us Freely to Associate amongst our Sex, but would fain Bury us in their Houses or Beds, as in a Grave; the truth is, we Live like Bats or Owls, Labour like Beasts, and Dye like Worms." 
· She attacked the belief that humans were masters of nature through science.

· The Qurelles des Femmes
· Women were considered to be inherently ________ - base, prone to ____, easily swayed and sexually insatiable.

· The overall effect of the Scientific Revolution on the argument about women was to generate facts about ___________ between men and women that were used to prove male dominance.

· The science of anatomy was used to “prove” female inferiority.

· Women even lost out to men in the traditional role of midwives. 

· The Natural Inferiority of Women
· “one may assert with perfect propriety, that women have not by nature equal rights with men; but that they necessarily give way to men.”      - Benedict de Spinoza

· René Descartes (1596-1650) and the Mechanical Philosophy 

· Descartes was the son of a minor French nobleman and belonged to a family that had produced a number of learned men. 

· He spent much of his living and working in the ___________.

· Skepticism

· Descartes was influenced by the __________ of Montaigne.

· The Importance of Doubt

· Descartes published his _________ on ______ in 1637.

· He began his philosophy by rejecting everything that could not be ______.

· ______, ____ ___.

· He rejected the senses because they could be deceived.

· He then rejected everything he thought he knew.

· In the final analysis all that could be proven was that he was ________ therefore he, at least, was real. 

· Two Postulates

· From this he deduced two things 

·  One:  __________ – the thought of perfection could only come from a perfect being – GOD.

· Second Postulate

·  If the mind cannot be doubted, but the material world can, then -- Mind and Matter are split = “Cartesian _______.” 

· Descartes' methodical doubt reduces existing substances to two types: 

· Res cogitans (thinking stuff): immaterial thought or ____. 

· Res extensa (extended stuff): geometrical extension or ______.

· All that exists outside the mind is matter: 

· only primary qualities exist, that is, motion, size, shape, number, location, place; secondary qualities are illusory 

· The universe is a plenum, that is, it is 'full' with no void possible. 

· Matter in the universe acts like a _______ and operates under universal physical laws.

· Using mathematics the laws of the universe can be understood.

· In 1649 he was invited by Queen Christina to Sweden, but he was unable to endure the rigors of the northern climate and died not long after arriving in Sweden.

· Descartes in Sweden

· Francis Bacon (1561-1626) and the Scientific Method 

· Francis Bacon was the son of Nicolas Bacon, the Lord Keeper of the Seal of Elisabeth I. 

· He entered Trinity College Cambridge at age 12 and became a dabbler in the sciences and philosophy.

· Although he rejected the ideas of Copernicus and Kepler, Bacon called for _________, experimental observation 

· His greatest contribution came in the development of the __________ ______.

· Instauratio Magna
· This work contained his work _____ _______ in which he outlines his scientific method of inductive reasoning.

· Basic Assumption: The Simplicity of Nature.

· Scientific progress is a matter of finding the correct method, that is, the correct method is equivalent to truth:

· If nature is approached in the appropriate manner, the truth can be found. 

· Error is the result of defective methods

· The method is the 'tool' of the intellect: it enables the mind to overcome its weaknesses, and can compensate for disparity of mental ability. 

· The function of method is to ____________ from the natural world and refashion it (the bee)—

· it is not just empirical cataloging (the ant) and it is not a matter of pure speculation (the spider)

· The Baconian Method.  

· The basic premise: observe nature with the senses--proceed ___________ from observations (data) to generalities (axioms), and form deductive conclusions which can be tested by experimental evidence. 
· Science and Religion 

· Organized religions in the seventeenth century rejected scientific discoveries that conflicted with the Christian view of the world.

· Benedict Spinoza:

· Spinoza was born in Amsterdam where his Jewish parents had gone after fleeing persecution in Portugal.

· He was influenced by Descartes, but saw no separation between mind and matter.

· Spinoza was a _________ - he believed God was in all things.

· God and Nature were two attributes of the same thing. 

· He argued that there is no free will, no afterlife and __ _____________.

· People should accept this and go along with God / Nature.  

· For Spinoza, the failure to understand God led to people using nature for their own _____________.

· He believed that the ________ of man could be explained through ___________.

· "I have made a ceaseless effort not to ridicule, not to bewail, not to scorn human actions , but to understand them."  

· Spinoza was excommunicated from the Jewish faith for his beliefs and ostracized by the Christians as well.

· Blaise Pascal
· A French scientist who sought to keep _______ and ________ united.

· In his work _______, Pascal attempted to convince rationalists that Christianity was valid by appealing to their reason and emotions.

· “We know the truth, not only by reason, but also by the heart.” 

· For Blaise Pascal, humans could not understand infinity, only God could.

· “The Eternal silence of the infinite strikes me with terror.”  -  Blaise Pascal

· ________ _____
· “if God does not exist, one stands to lose nothing by believing in him anyway, while if he does exist, one stands to lose everything by not believing.”

· Royal Societies
· The first of the scientific societies appeared in _____.

· Others followed in most of the major countries of Europe. 

· The ______ _______ received government support and control, while the English Royal Society was strictly a ________________ affair.

· During the seventeenth century, royal and princely _________ of science
became an international phenomenon.

· The scientific societies of early modern Europe established the first scientific ________ appearing regularly.

· Science became an integral part of Western culture in the eighteenth century because it offered a new means to make ______ and maintain social order.


