Chapter 16:The Scientific Awakening
The middle ages was not a period of scientific ignorance… but

All scientific thought was seen through a strict theological framework.

It was appropriate to study God’s “handiwork”

Logical analysis was the form of study, not scientific observation as we are now accustomed to.

Why the sudden changes in scientific approach?

The mastery of the Greek and Latin language brought by the Renaissance made available new works by Aristotle, Galen, Ptolemy, 

Archimedes and Plato.[image: image1.jpg]


ARISTOTLE
It was apparent that these classical thinkers were contradicted by other thinkers. It will lead to the rejection of some old ideas.

The love of nature in the Renaissance inspired closer look and observation of nature. The application of nature into art required careful study of nature and math principles.

Geometry was a must for the artists.  Da Vinci was mathematician first, artist second.

The age of exploration required accurate calculating tonnage of ships, direction of travel that required math and astronomy.

Learning was done to solve practical problems of the Middle Ages, outside of universities and schools, but by tradesmen driven by economic endeavors.
Don’t forget the effect of the printing press!

MATH was the center of the start of science…. “Nature is inherently g

Math is certain, there is no opinion of right or wrong.

Math is the language of nature

The daily life in Europe was not ruled by science by religion, superstition and magic.

Described as Hermetic thought… the world is a living embodiment of divinity.  Humans thus have divinity within us and could use magic to manipulate nature under their control.

This hermetic idea was crucial in believing science can be used to control nature. [image: image2.png]



Nearly all the great scientists of this new age dabbled in astrology and alchemy (potions) as a form of Hermetic thought. Yes, Galileo, Newton etc… thus the idea that these scientists were often thought of as wizards? Take that Selena Gomez!
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Astronomy

The study of the heavens was previously built on a geocentric view of the universe.  Based on Aristotle, Ptolemy and Christian thought, the earth was the center of the solar system and universe.

The earth was surrounded by crystal like substance that moved in orbits around the earth.
Aristotle… circles are perfect so they are “heavenly bodies”.
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Empyrean Heaven… is the tenth sphere containing Heaven and God. 

#refer to chart on scientists

Copernicus… felt Ptolemy’s view to complicated but he was not an observational astronomer, he relied on records and data of others.

He introduced the Heliocentric (sun centered) solar system.
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He also introduced the idea the Earth spun on an axis.

He did not outright reject Aristotle’s heavenly spheres moving in circular orbits… thus is system was very complex to explain.

Protestants first to attack him!  Catholic church silent for now.

Brahe.. rejected Aristotle but didn’t buy the Earth moved. Added a detailed record stars and plants added to accurate data for others.
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Kepler… He was an active Hermetic…His idea was “Music of Spheres”

            The harmony of the human soul was mirrored in the relationships between the planets.
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Arrived at three laws of planetary motion.

1. Planet orbits were elliptical.

2. Speed of planet is faster nearer of the sun.

3. Planets with longer orbits revolve at slower velocity than those with smaller orbits.

He accepted Copernicus heliocentric model.
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He rejects the crystal sphere argument. 

Galileo… His telescope proved planets were made of differing materials, not the same as Earth.

The first proponent of heliocentric system… he was a celebrity so he attracted the most attention.
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He had to face the Roman Inquisition Office

He could propose Helio belief as only a math theory, not fact.
Why the fuss…God no longer in a specific place, the spiritual world was one of matter, humans not chosen to be center of universe.

He continued to write… Using a dialogue format as Simplico a Aristotle supporter and Sagredo an open minded laymen and Salviati a Copernicus supporter. 

Written in Italian for all to read, not scientific Latin.

In 1633 he was forced by the Church to refute his ideas, place under house arrest.

“Still it moves”… his comments when led out after being found guilty.
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How did these planets keep moving? Artistotle said you needed a force… but there was not visible force in space…

Galileo developed the idea of inertia…a body in motion remains at motion…

With the victory of the Church over science… Scientific innovation moved North into England, France and Dutch.

Newton… He was one of the last of the magicians… studying alchemy and magic as much as science.
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Sir Isaac Newton

He made a coherent synthesis of all the previous astronomers.

The three laws of motion changed the world being applied not only to space but mechanics allowing the industrial age to follow soon.

Universal law of gravity applied math to a new subject.

The Apple incident relates that Newton felt the secrets of nature could be understood by careful investigation/observation.
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The world would be viewed as a machine following the laws of nature. Newton believed God was present behind these laws, but followers would later drop this teaching.

Although accepted in England, it would be another century before the rest of the European continent would accept them, they resisted them as more people turned to science to explain the body and human thought.

Medicine
Galen… Greek who influenced medieval world…studied animal anatomy, not human.

His idea was an imbalance of humours in the body…

  Blood, Yellow bile, phlegm and black bile.  

Diagnose by observing urine,  bleeding patients or purging them (vomiting), to restore balance.

3 figures of 16th-17th century medicine… Paracelsus, Vesalius & Harvey.

Paracelsus was named Philippus von Hohenheim but changed his name to honor ancient Greeks.

Found university study contemptuous.  Left them.

He rejects Aristotle & Galen.

 He sought a new Chemical philosophy of medicine based on observation and experiments.

He viewed people as small replicas (micro) of the larger world (macro).

Everyone is part of the universe. What happens in the universe happens inside people. 

Chemical problems in organs could be cured with other chemicals.

He followed the like cures like principle, give correct dosage of a poison that caused the disease may cure it. 

He is viewed as the “father of modern medicine”.

Today this is called holistic, or homeopathy medicine.

He is associated with the diagnosis and treatment of disease.

Andreas Vesalius… studies Galen  He will emphasize practical research and experimentation of human anatomy.
He published On the Fabric of the Human Body and became a surgeon.

He personally dissected bodies at his lectures.

His books illustrated each organ using the advancements in art and printing.

Vesalius corrects Galens errors…Heart is where blood vessels emerge, not liver. But he thought there were two types of blood.

William Harvey will discovery how the circulatory system works.

The heart is center of circulation and it is the same blood.

He is the father of modern physiology.

Women in Medicine

The education of women only applied to elite, wealthy women of the day.

Only made possible by humanism in education that encouraged women to study classical texts.

Being wealthy gave them connections to male educational circles and clubs. 

Margaret Cavendish…Excluded from the Royal Academy of Science 

She did debate with men of her age.

Critical of the belief that man can be masters of nature. A warning that still rings loud today.

Because women were growing in craft and other business, it gave them a chance to observe nature around them.

Maria Merian… She learned the art of illustration in her fathers workshop and was an entomologist (bugs).  Illustrated her observations.. Traveled to Surinam to collect exotic samples and studied insect life and development.
Maria Winkelman… Astronomy  She married German astronomer Gottfried Kirch as his assistant she discovered an unknown comet.

Due to being a female, she was denied a post at Berlin’s academy due to her anatomy as a girl!

Bring us to the arguments of Querelles des Femmes.

Arguments about women!   The men viewed them as easily swayed by vice… sexually insastiable!  Men needed to control them! Women who were in intellectual circles were seen to the rare women who fought to overcome these urges.

Women emphasized that education was the ticket out of male control over them.  Even in the age of scientific observation… rationality was not brought to the table in this debate of the sexes.

Anatomy studies of the time provided evidence (not true) that women’s bodies were inferior… small heads, larger pelvis meant they are only child bearers… The misuse of science kept equality at bay for several centuries.
Women who practiced medicine found they were being pushed out by the increase in male doctors

Midwives..helped with child-birth…Male doctors professionalized this service in urban, wealthy areas.  In poor areas and rural areas… midwives used to this day.

Check out what Jean de La Bruyere says about women… she is to be shown to the curious but has no use at all, any more than a carousel horse…
A New way of Thinking and view of Man
Rene Descartes Created the philosophy of western civilization after contemplating the turmoil of the 17th century.

11/10/1619… Descartes illumination moment…

A new commitment to mind, math and the mechanical universe.

Set aside all you know, doubt it, discover for yourself

Explained in Discourse of Method.
“I think therefore I am”… The only thing he didn’t doubt was his existence and mind.

Mind and matter need separated…Cartesian dualism

Using the mind as the path to pure reason, math as an instrument, man can understand the universe as a great machine, created by God, governed by physical laws.

Matter was dead/inert could be studied separate from the mind, so pure reason can figure it out.

Western man now had his own identity with their mind.

His form of study is called deduction: start with specific general truths to discover more complex detailed conclusions. (Rationalism)

Francis Bacon developed Inductive reasoning… Proceed from the specific particulars and develop broad, general scientific truths.

A new form of scientific method.

Bacon wanted man to conquer nature… practical applications of science. 

Combining the two thoughts gave us the modern scientific method.

Since science did not delve into WHY… 

Science and Religion

Theology of the Church was seen as science prior to this era of awakening.
Religious beliefs would suffer as they clung to and defended ideas that science proved incorrect.

Many intellectuals were both scientific and religious and implications of a split between the two would be tragic.

Many intellectuals worked to synthesize the two belief systems.

Benedict Spinoza… Unwilling to accept mind and body (matter) separation…would lead to a separation of God from our world of matter…

Pantheism (monoism)… We are part of God’s natural universe…

 Nothing can be separated from God… God is the universe.

Everything has a rational explanation reason can solve… Study human actions as you would the stars and planets…People can find happiness thru reason.

Understand the order of nature.

Blaise Pascal… keep science and religion united.

Invented a calculating machine…

Pensees… his work to try to convert rationalist to Christianity appealing to reason and emotion.

Pascal’s wager was an example of his plea.

Nature could never reveal God… due to all the infinites that scared him.

Reason will not fulfill man… Christianity is the final step.

Heart over mind.

However, more and more, the elite began to act on secular rather than religious assumptions.

Spread of science

Universities began adding sciences to departments…Patronage by kings/royals of scientists… new societies and journals emerged.
Societies began in Italy, but soon surpassed by England and France.

The English Royal Society…

The French Royal Academy of Sciences both started as informal gatherings.

France.. Abundant state financial support under government control.

England little state funding but little political interference.

Both began as means to help industry and business both eventually came to study astronomy and mechanics.

France and Germany used these academies to support research the state wanted for practical purposes and war to improve the state.

These societies created a cooperative atmosphere between sciences and help other accountable for honest work.

Journals shared the ideas… The French journal Journal des Savants printed weekly experiments for science and non science audience.

Philosophical Transactions of the English society was aimed at practicing fellow scientists… journals would be imitated in all sciences in the future.

Society

Why was science so readily accepted into European life?

It allowed new ways to exploit resources for profit. 

Science was for the high minded elites, not the low classes.

Science would be used by politicians for social stability.

A belief in starting a new age like in England’s revolution… a Puritan idea of ushering a new age to reform the world.

A way to enrich themselves while improving the human condition.

They will do the first, but questions abound about the latter thought. 

