Cannons and Canons:  Physics, Ballistics, and Theology from Copernicus to Descartes
Nicolaus Copernicus
On a typically stark winter day in February 1473, Nicolaus Kopperlingk was born in a baroque house in the Polish city of Torun (Thorn) on the Vistula River.  Nicolaus was named after his father, who about 1458 had moved to Toruń from Kraków, then the capital of Poland, in Lesser Poland. The father was a wealthy copper trader who had become a respected citizen of Toruń. Nicolaus' mother, Barbara Watzenrode, had been born into a wealthy merchant family that was part of the city's patrician class.

Nicolaus' father died between 1483 and 1485. After that, his maternal uncle, Lucas Watzenrode the Younger (1447–1512), a church canon who would later become Prince-Bishop of the Warmia, took young Nicolaus under his protection and saw to his education and future career.
Note that it is no bad deal to have wealthy upper middle class parents who will educate you and make sure you don’t have to work too hard.  Witness Plato, Toscanelli and watch what is to come.
Nicolaus was the youngest of four children. His brother Andreas became an Augustinian canon at Frombork (Frauenburg). His sister Barbara (named after her mother) became a Benedictine nun. His sister Katharina married Barthel Gertner, a businessman and city councilor.

Copernicus, whose contemporaries were Leonardo and Michelangelo, never married and never had children—not always the same thing for Catholic churchmen in the 1400s.
With his uncle’s influence, Nicolaus became a canon of the Catholic Church at age 24 and that was to be his living for the rest of his life.  He started his education in mathematics at the University of Cracow.  Later, he studied law in Bologna and Ferrara and medicine in Padua (note that is where Toscanelli trained) before returning to Poland. He continued his interest in medicine and served as the personal physician to the Bishop of Frauenburg where his brother was canon. He also advised the government on currency reform and the Pope on reforming the calendar that had begun to badly slip. For all that, his great hobby was his amateur interest in astronomy.

Copernicus looked at Ptolemy’s spheres and epicycles and equants and could not help but ask why the system had to be so complicated.  It is a characteristic of entrenched theories that they become more complicated with time as they are forced to account for new observations. Of course, as things get impossibly complicated, they can only be understood and appreciated by academics and professionals and become part of the lore that maintains a monopoly on knowledge and “wisdom.” Note that our current view of physics is that it is too complicated to be understood by anyone without a PhD.  It is characteristic of mature and usable theories that they can be explained in plain language.  English in our case—e.g. Ma Ferguson.
The answer he came up with was that the Ptolemaic theory’s problem was that it was formulated from the point of view of someone standing on earth.  You only had to look up to see that everything rotated around you both day and night. But what would happen if one stood somewhere else to make the observations? This is exactly what Einstein would do almost 400 years later. Of course that challenged authority, the Church, and (perhaps most importantly) what seemed obvious to the senses. 
He probably first had the idea of standing on the Sun and looking from there when he was less than 40. In May 1514, he circulated a short handwritten piece among his friends that has come to be called The Little Commentary in which he posed his new idea. His friends encouraged him to enlarge and formally publish his ideas, but he did not do so until he was almost 70.  The story is that he saw the first copy of De Revolutionibus Orbium Coelestium (The Revolution of the Heavenly Spheres) in 1543 where it was brought to him on his death bed.

In the introduction, Copernicus comes close to defining the scientific method that would eventually dominate western thought.

“Since the novelty of the hypotheses of this work has already been widely reported, I have no doubt that some learned men have taken serious offense because the book declares that the earth moves, and that the sun is at rest in the center of the universe; these men undoubtedly believe that the liberal arts, established long ago upon a correct basis should not be thrown into confusion.  But if they are willing to examine the matter closely, they will find that the author of this work has done nothing blameworthy. For it is the duty of an astronomer to compose the history of the celestial motions through careful and skillful observation.  Then turning to the causes of these motions or hypotheses about them, he must conceive and devise, since he cannot in any way attain to the true causes, such hypotheses as, being assumed, enable the motions  to be calculated correctly from the principles of geometry, for the future as well as the past.  The present author has performed both these duties excellently.  For these hypotheses need not be true nor even probable; if they provide a calculus consistent with the observations that alone is sufficient. . . . So far as hypotheses are concerned, let no one expect anything certain from astronomy, which cannot furnish it, lest he accept as the truth ideas conceived for another purpose, and depart from this study a greater fool than when he entered it.  Farewell.”
It makes precisely no difference whether or not the hypothesis explains how things happen as long as it accurately describes what has already happened and accurately predicts what will happen in the future.  He has completely avoided the metaphysical and concentrated entirely on the actual.  He probably also (correctly) realized that this dodged the issues that would be of most concern to the Church.
He dedicated the book to Pope Paul III and it was regularly taught in Catholic universities for the next 50 years.  It was the Protestants who first saw it as heresy. They were, ironically, the ones who were the most upset with challenging what had been accepted wisdom for 1500 years.  Luther said “This fool wishes to reverse the entire science of astronomy; but sacred Scripture tells us Joshua commanded the Sun to stand still, and not the earth.”  Luther’s pupil Philip Melanchthon went farther: “Now, it is in want of honesty and decency to assert such notions publicly, and the example is pernicious. It is the part of a good mind to accept the truth as revealed by God and to acquiesce in it.”
The Church would eventually agree.

Going Ballistic

The night sky without light pollution was a very different experience and one every 16th century European knew well and had at least a passing interest in.  Ballistics, on the other hand, determined who would win wars and was an area of much more immediate concern to their governments.

During Copernicus’s lifetime, gunpowder had only been used in European warfare for about 100 years (although a good deal longer in East Asia).  And then a new technology for making cannon barrels from bronze became available along with a new way to bore the barrels.  Taken together, the developments markedly improved both the range and accuracy of the weapons and made them practical for warfare where previously they had been primarily of psychological value because of the noise they made. Iron cannons had been made of bars welded together with hoops to hold the welds in place. The iron was difficult to forge and minor impurities could lead to its simply exploding when fired.  As cannons became more important weapons, there was more interest in how cannon balls behaved in flight.
Aristotle had said that the natural tendency of all objects was to achieve their perfect state.  The perfect state was to be at rest and as near as possible to the center of the earth since that was the center of everything.  Objects only deviated from that perfect state when influenced by some “mover” and the initial effect of the mover gradually decreased as an effect of resistance from the fluid in which the object moved. Incidentally, Aristotle surmised the existence of a fluid since nature would not allow a vacuum and something had to fill the apparently empty space.

So a cannon ball would move as long as the mover was at work and would gradually slow down because of friction. During that time it would fly in a straight line since straight lines were degenerate and appropriate to earthly objects. Only objects in the heavens could take the more perfect curved paths. When it ran out of energy, it would stop moving forward and drop straight toward the center of the earth.  The problem was that this was obviously not what happened.  If cannon balls moved to fast to see, that was certainly not the case with arrows and arrows obviously fell in a curved path. This is actually very close to the correct idea of inertia.  The brilliance was in the gradual loss of “impetus” rather than the abrupt loss of force posited by Aristotle.
To get around that problem, two 14th c French priests (Jean Buridan and Nicole Oresme) hypothesized that putting a force on an object caused something they called impetus to be loaded into the object.  The impetus gradually leaked out as the object moved and, as the impetus leaked, the object came closer and closer to its desired position close to the center of the earth. Buridan was reputed to have been thrown into the Seine in a sack at the behest of the French king who was angry at Buridan’s bedding his queen. He was also said to have hit Pope Clement VI in the head with a shoe while fighting with him over the wife of a German shoemaker.

The theory of impetus probably did not originate with Buridan but his account appears to be unique in that he entertains the possibility that it might not be self-dissipating: “after leaving the arm of the thrower, the projectile would be moved by an impetus given to it by the thrower,” he says, “and would continue to be moved as long as the impetus remained stronger than the resistance, and would be of infinite duration were it not diminished and corrupted by a contrary force resisting it or by something inclining it to a contrary motion”

Oresme was in Paris the same time as Boridan and William of Occam (teacher of both) and was known as a translator of Aristotle, a musicologist, and a mathematician.  His description of defining an object by a pair of perpendicular scaled lines (latitudo and longitudo) and then writing an algebraic relation between the two anticipates Descartes by centuries.  Although the drawing in the slide is from Galileo describing the space covered by an object in uniform motion, it is precisely what Oresme described and was actually regularly taught between his life and Galileo’s although the latter got credit.  It also looks quite a lot like Newton’s calculus.
When Leonardo began studying the movement of cannon balls and described their motion as parabolic (although he only drew them and did not try to reduce it to a mathematical relationship) the Church was upset.  The clerics insisted that only heavenly objects could go in curves and earthly cannon balls were confined to degenerate straight lines.  Leonardo did not press the matter.

In 1543 (the same year Copernicus published De Revolutionibus), Niccolo Tartaglia published his Latin version of Archimedes’ treatise on the behavior of bodies in fluids (the Eureka treatise). 

Tartaglia was actually a nickname meaning “stammerer” because of his speech deficit as a result of a head injury received at the Battle of Brescia.  The French had besieged the city and, when it fell, they set about massacring the 46,000 inhabitants.  One soldier sliced through Niccolo’s jaw and palate. He was a Venetian mathematician and engineer who specialized in designing fortifications.  His translation of Euclid to Italian in 1543 was the first into any modern European language. He was also the first to apply mathematics to the flight of cannon balls. His Nova Scientia (1537) applied mathematics and described new ballistic instruments that would accurately predict the flight of cannon balls. Instead of attributing Aristotelian “qualities” to the cannon balls, his formulas used measurable weight, center of gravity, and force of ejection to predict the flight. He showed that 45˚ was the best angle of fire.
One of Tartaglia’s students was Giovanni Benedetti who was interested in how bodies fell in general.  Aristotle had held that the rate of fall was directly related to the weight of the object.  Benedetti recognized that bodies composed of the same material fell at the same rate regardless of their weight (1554).  Although he retained court positions and considerable wealth, his ideas were dismissed as being obviously incorrect for another century.

He was also interested in music and was the first to reduce the pitch changes of varying string lengths to a mathematical formula. (Frequency of vibration of two strings under equal tension varies inversely with the length of the string).

The interesting thing is that here (ballistics, falling objects, music) the Europeans were busy reducing the behavior of nature to patterns that could in turn be expressed as mathematical formulae.  No more of Aristotle’s list of “essences.”

Now, back to astronomy.

In late 1572, a nova appeared in Cassiopeia.  It stayed for two years and was bright enough to be easily visible in daylight.  Now here was a problem.  The Church and common wisdom held that the heavens were perfect and unchangeable.  Everything in the heavens had been created by the end of the sixth day and nothing could change after that. 

So the only explanation for the nova had to be that it was a weather phenomenon occurring in the sphere of the earth (which was base and the only place there could be changes).  The problem with that was that simple parallax proved that the nova was too far away to be in the earth’s “sphere.”  Incidentally, this may very well be the “star that’s westward from the pole” mentioned in Hamlet. Tycho Brahe was 26 years old and had been making astronomical observations for 10 years when he published his “The New Star” in 1573 which held that the Church and Aristotle were wrong and that the heavens could indeed change.
Brahe was born in 1546 the oldest son of a wealthy Danish nobleman (another one of those).  He attended the University of Copenhagen where he studied the seven liberal arts (trivium of grammar, rhetoric and logic and the quadrivium of geometry, astronomy, arithmetic, and music).  He also studied astrology which was essentially an interdisciplinary course incorporating both medicine and astronomy. He would ultimately hold 1% of the entire wealth of Denmark.
He started looking at the heavens at age 17 using only a draftsman’s calipers to measure the angles between the planets as they moved through the sky.  He was more than a bit weird.  As a teenager, he got in a duel following dinner at a professor’s house and an argument with another student over who was the better mathematician.  It resulted in Brahe losing part of his nose.  For the rest of his life, he wore a metal nose made of a combination of gold and silver.  Later examination of his skull showed green discoloration of the bones around his nose suggesting that whoever sold him the gold for his nose had adulterated it with copper.

The King of Denmark was so impressed with “The New Star” that he gave Brahe the 2,000 acre island of Hven between Denmark and Sweden along with all the rents from the island’s inhabitants.  That gave Brahe a reliable and considerable income for life and the room to build his Uraniborg Castle (Castle of the Heavens). The castle was actually an observatory as well as living quarters and support for a large staff of as many as 100 paid observers.  It had a paper mill, a printing press, a mill to prepare grain, its own herb gardens and orchards, sixty fish ponds and an arboretum with 300 species of trees.  But mostly, it had an observatory along with conference rooms and living quarters for his scientists.  It was the original think tank and the resultant catalogue of over 1,000 stars compiled over 20 years finally replaced Ptolemy’s that had been used for 1500 years.
Another comet appeared in 1577 (see the drawing from his notes).  Parallax observations suggested that it was much closer than the previous one and Brahe surmised that it must be orbiting the sun.  This was confirmed by the observation that the tail always faced the sun.  He also showed that the orbit was an ellipse and not the predicted perfect Aristotelian circle.  But if it was an ellipse, it would have to cross the orbits (crystal spheres) of other planets and that was, under Aristotelian theory, clearly impossible.

“There are not really any spheres in the Heavens. . . . It seems futile to undertake this labor of trying to find a real sphere to which the Comet may be attached . . . [Comets] cannot by any means be proved to be drawn around by any sphere.”

So Brahe put the earth at the center with the sun revolving around the earth and the planets (and the comet) revolving around the sun.

But if there were not any spheres and if the earth was at the center of everything and the preferred position of all objects was the center of the earth, why didn’t the planets fall?  That question remained unanswered.

On his deathbed, Brahe left his observations to his student Johannes Kepler hoping he would prove the Tychonic version of the universe and not that predicted by Copernicus would be correct. 

Kepler had been born in what is now the German state of Baden-Wurttemberg near Stuttgart. His father was a mercenary and his mother was a healer and herbalist who had been tried for witchcraft. He was six years old when the great comet of 1577 went over. He got smallpox as a child which damaged both his hands and his vision and limited his ability to make observations himself, but his ability as a mathematician was recognized while he was still a young child. He trained in mathematics and theology at the University of Tubingen and earned a reputation as a skilled astrologer. While a student, he was taught Copernican theory and became a major supporter.

He built a model in which each of the five known Platonic solids (octahedron, icosahedron, dodecahedron, tetrahedron, and cube) had a sphere inscribed around it. He then found that the orbits of each of the five known planets corresponded fairly well to those diameters. It was all an accident but he thought he had found God’s geometrical plan for the universe. He was deeply religious and went to some lengths to reconcile his heliocentric theory with the apparent geocentrism of the Bible.
In fact, he anticipated the current creationist argument about divine design:

“Yesterday, when weary with writing, I was called to supper and a salad I had asked for was set before me. “It seems then,” I said, “if pewter dishes, leaves of lettuce, grains of salt, drops of water, vinegar, oil and slices of eggs had been flying about in the air from all eternity, it might at last happen by chance that there would come a salad.” “Yes,” responded by lovely, “but not so nice as this one of mine.”
He began a correspondence with Brahe and finally met with him in 1600 and tried to negotiate a job but they argued and it fell through. The argument was, however, resolved and Tycho hired Kepler. He was unable to go to Hven because of political problems in Graz made observations for Tycho from Benatky Castle near Prague. After Tycho’s death and his appointment as his successor, Kepler took a job as court astrologer to Emperor Rudolph II of the HRE.
When a new supernova appeared in 1600 that had no parallax and was gradually fading Kepler was forced to conclude that things deep in the heavens did in fact change. This brought him back to astronomy and Brahe’s observations.  He published Astronomia Nova in which he began with an analysis of Mars’s orbit and tried to reconcile the observations with Copernicus’ predictions and equants.  It was too complex for him. He surmised that the Sun (which was the symbol of God the father) exerted a force on the planets that decreased as distance from the sun increased. Perhaps there was a mathematical relationship that would account for the observations. Is there a pattern emerging here?

He created a formula in which a planet’s rate of motion was inversely proportional to the distance from the sun and expressed it as the second law of planetary motion—planets sweep out equal areas in equal times. But the orbit of Mars was 8’ longer on one side of the sun than on the other.  Kepler took four years and filled 900 pages with calculations before he hit on the answer. In 1605, he hit on the idea of elliptical orbit to account for the observations of Mars’ orbit. The idea of ellipses had been dismissed by others because it was so simple that the ancients could not have possible overlooked it.  But it worked so well that he extended it to all planetary orbits.

And the ellipses were regular.  Mars moved faster when it was close to the sun and slower when farther away and the change in speed was exactly proportional to the distance from the sun.  But he had to fall back on geometry to do the proof.  The math did not exist.
When he moved to Linz in 1612, he found a better way.  Wine merchants needed to measure how much wine there was in barrels that were not of uniform size or shape.  To do that, they put a stick diagonally into the barrel and looked at where the level came on the graduated stick.  Kepler looked at why that worked and, in 1615, published his Volume Measurement in Barrels. He divided the barrels into a large number of parallel horizontal sections and made each circular.  Then he squared off the ends of the circles to make rectangles whose area (and volume when the thickness was added) was easy to calculate.  Of course, there was an error in each, but the more the number of sections, the less the error.  The error tended to a limit and, at infinity, the error was zero.  That taken back to the ellipses translated as orbital time squared equaled the distance from the sun cubed.
Galileo Gallilei

At almost the exact same time, another mathematician was making waves (and describing them) in northern Italy. Galileo Gallilei was the son of a failed cloth merchant from Pisa who was born the same year as Shakespeare (1564). His talent for mathematics was recognized early and, at age 27, he became professor of mathematics at Padua (again after Copernicus and Toscanelli).  That was a fortunate choice since Padua was under Venetian rule and the Venetians had a long standing feud with Rome and were not particularly inclined to listen to Papal admonitions against new science and observations (cf Toscanelli). Galileo had, consequently, a good deal more freedom than he would have had in other parts of Italy.  He probably got the job a Padua because he was an inveterate and successful tinkerer.  He maintained his own workshop where he made his own instruments, many of which (a hydrostatic balance and a slide rule for calculating arcs for soldiers for example) had considerable practical value.
But he spent 18 years at Padua trying to answer Brahe’s question about why planets did not fall. He actually believed that, if he could understand the answer to that question, he would also understand the curved arcs of cannon balls.  The two behaviors had to come from the same set of laws.

He also wanted to be rid of the Aristotelian “essences” and replace them with laws that could be generalized to the behavior of all objects and could be reduced to mathematical formulae instead of memorizing Aristotelian definitions and classifications.  Note the movement from Linnaean to modern biology.  To that end, he believed that, if you did enough observations, you could find repeatable patterns that could be turned into formulae.  Then you could do experiments to get at the reasons for the patterns.  It is an elegant statement of scientific method of hypothesis, experiment, and proof.

Falling objects (Brahe’s problem) were tough because they moved so quickly that accurate observations were impossible. He had a physician friend (Santorio Santori) who had created a swinging weight on a stick to measure pulse rate.  Galileo adapted that to measuring the rate at which a ball rolled down an incline (an ingenious way to slow its rate of fall).  He proved that, during equal amounts of “rolling time,” the ball accelerated at a constant rate regardless of the weight of the ball.  And the rate was 32 feet per second per second.
Then, in 1609, he heard rumors of a Dutch “looker.”  No one knows who invented spectacles but they were in common use before 1300.  It is not unlikely that some glass blower looking through a warped piece had noticed that he could see better.  The word lens comes from the Italian lente which is short for lente de vitro or glass lentil since the bean is concave-convex.
In 1608, a Flemish spectacle maker came to Venice to try to sell his new “spy glass” with which one could see an object up to two miles away.  Again, no one knows who figured out how to combine a concave and a convex lens to make a telescope but the invention has been attributed to the Dutch lens grinder Hans Lippershey and the date to about 1600.  The possibly apocryphal story is that two children playing in his shop had picked up two lenses and looked at a church steeple through the combination and noticed that it got bigger.  Lippershey, at any rate, was an illiterate mechanic but smart enough to go to the Dutch government in 1608 and ask for a monopoly on the device for 30 years.

Galileo did not meet the Flemish merchant but he did hear about the device and promptly set out to reproduce it.  His device was considerably better.  He achieved magnification of 8-10x and could resolve objects up to 20 miles away.  Specifically, he could see a ship on the horizon coming into Venice two hours before it could be seen with the naked eye.  That had a huge financial value to the brokers in the Venetian Rialto.  Galileo took the device to the top of the Venetian bell tower (Campinile) and demonstrated it to the Venetian Senate.  The commercial value was obvious.
Then Galileo looked up instead of out.  He ultimately achieved 1000x magnification and made objects appear 30 times closer than with the naked eye.  When he looked at the moon, he saw mountains and “seas” instead of the perfect sphere it had been assumed to be.  The stars, on the other hand, all seemed to be the same diameter no matter the magnification proving that they were very far away.  And, instead of the limited number catalogued by Ptolemy, there were literally clouds of them. 

“I have seen stars in myriads, which have never been seen before, and which surpass the old, previously known, stars in number more than ten times.  But that which will excite the greatest astonishment by far, and which indeed especially moved me to call the attention of all astronomers and philosophers, is this, namely, that I have discovered four planets, neither known nor observed by any one of the astronomers before my time.” 

On January 7, 1610, while looking at Jupiter, he saw three new stars—one east and two west of the planet. And the next night they were all on the west side and in a line.  He looked again and again through the winter and could come to only one conclusion—they were orbiting the planet.  If Jupiter could have satellites, why couldn’t the sun.

And it got Galileo what he wanted which was an appointment as court mathematician to Cosimo de Medici.  He was generally (and quickly) hailed as the equal of Columbus. Even Maffeo Cardinal Barbarini (who would later as Pope bring him before the Inquisition) wrote a poem to him.  

It wasn’t long before word got out.  The English ambassador, Sir Henry Wotton, wrote his superiors;  “The mathematical professor at Padua hath . . . discovered four new planets rolling about the sphere of Jupiter, besides many other unknown fixed stars; likewise . . . that the moon is not spherical, but endued with many prominences . . . The author runneth a fortune to be either exceeding famous or exceeding ridiculous. By the next ship your lordship shall receive from me one of the instruments, as it is bettered by this man.” Even Milton who visited Galileo when he was old and under house arrest was impressed. Interestingly, what impressed him most was the vastness of the universe and the likelihood that man was not alone in it. “. . . Stars numerous and every star perhaps a world of destined habitation.”  
After 1609, thinking Europeans were left with only two choices:  They could refuse to look through the telescope (or refuse to believe what they saw when they did) or they could reject Aristotle’s physics and Ptolemy’s astronomy.  

In the spring of 1610, he published the Starry Messenger, a 24 page pamphlet that would ultimately change his life.  In 1613, he republished it with the additional observation that the sun had spots and that one could follow them as the sun rotated.  It was neither perfect nor stationary.  Now that was a challenge the Church could not accept.

The Counterreformation (reaction to Luther and Protestantism) was in full swing. In 1600, Giordano Bruno had been burned at the stake for his astronomical speculations. In 1622, the Institution for the Propagation of the Faith (hence propaganda) was formed to put down heretical ideas. It would be 1624 before Galileo hit the wall, but the Church watched him for much longer than that. Actually, he thought he was safe because the truth of his argument was so obvious.  He felt so safe that he moved to Florence and left the protection of Venice.
In the Vatican, there is a safe with a small collection of documents that have been highly controversial and which have had a huge impact on the evolution of Catholicism.  In that small safe lies Henry VIII’s petition for divorce from Catherine of Aragon.  It also contains the record of the investigation and trial of Galileo—Codex 1181, “The Proceedings against Galileo Gallilei”.  The trial was in 1633, but the investigation and collection of evidence started in 1611.  One document dated February 1616 has the following: “Propositions to be forbidden: That the sun is immovable at the center of the heavens. That the earth is not at the centre of the heavens, and is not immovable, but moves by a double motion.”
In 1633, Galileo was summoned to Rome to appear before an inquisition court composed of 10 Dominican cardinals in a room that is now in the Rome post office. The trigger had been a published fictional dialogue between two parties taking opposite sides in the heliocentric argument.  Galileo pretended to not take sides, however the geocentric side was argued ineffectively by a character named Simplicius whom Pope Urban VIII thought bore an unflattering resemblance to himself. Galileo was forced to recant and placed under house arrest for the rest of his life at his house in Arcetia.  His book remained on the list of banned books until 1835.  He died alone and blind, although he was visited by people from around Europe including John Milton who would die blind himself. He died in 1642, possibly on Christmas day which was the day that Isaac Newton was being born.

Scientific experimentation in Italy ground to a halt.  Henceforth, no hypothesis could contradict Scripture.  No hypothesis could be either falsa in philosophia or erronea in fide.  The Dialogue had violated both by validating Copernicus’s heretical theory that supported a heretical idea.

Italy went from being the seat of science to an irrelevancy. Science moved to the Protestant north and out of the influence of Rome.

Rene Descartes

Italy was strangled by the Pope, Spain by the narrow minded Philip II who ruled much of the known world from a tiny room in the Escorial, and Germany by the Thirty Years War.  France, on the other hand, was being consolidated as an absolute monarchy under Louis XIII by the remarkably efficient Cardinal Richelieu. Richelieu was a bit distracted by an ongoing conflict with the Jesuits, but that just left the French intellectuals alone to think.  They were busy collecting texts from Florence and had even imported a telescope.  They were also busy holding private meetings in a variety of salons and bedrooms around France. Richelieu’s excellent postal system made both more possible.  Intellectuals could amass personal libraries without going away from home and could communicate with one another without traveling long distances either.
Nicolas-Claude Fabri de Peiresc (1580-1637) was the son of a wealthy surgeon and city magistrate from Aix-en-Provence.  He was interested in astronomy and archaeology but his main interest was in determining accurate measurements of longitude for Europe’s major cities. To do that, he measured the exact moment of lunar eclipses as the moon crossed the continent.

Marin Mersenne was from a poor family and was educated by the Jesuits before becoming a Minorite friar. He settled in the L’Annonciade convent near Paris where he spent his time studying music and mathematics and became friends with Blaise Pascal, Descartes, and Peiresc. He was a vocal defender of Galileo and helped him translate some of his work into French.  In 1634 he published his “Questions” with three rules of scientific investigation: 1) Reject all previous authority 2) Base all results on observation and experiment 3) Base all understanding of natural phenomena on mathematics.  It was hardly in keeping with Church doctrine.

Jacques Auguste de Thou (1553-1617) was from a wealthy, politically powerful family, multiple members of whom had served in the French Parlement (court). He studied law and succeeded his uncle as canon of Notre Dame de Paris.  He helped negotiate the Treaty of Nantes by which French Protestants were temporarily granted religious protection. He also wrote a 138 volume history of France.

Descartes was exposed to all of them. His mother died when he was only one.  His father was a member of the provincial parliament and sent him off to a Jesuit college when he was eleven. Descartes went to Holland to train with the Dutch military at age 22 and served with Maurice of Nassau in the Battle of White Mountain in 1620 when he was 24. After the war, he returned to Holland and got a mathematics degree and became a professor at Utrecht University.  He would spend most of the rest of his life in the Dutch Republic.  

Amsterdam was becoming rich largely because Protestantism and its looser rules favored international trade and the Dutch were becoming superb navigators. They were busy supplanting the Portuguese in South Asia.  They were also excellent bankers and used those profits to build more ships.  The Italians were building churches and palaces while the Dutch were building houses for a rising merchant class.  And they were leaving their intellectuals to pursue whatever lines of thought they wished.

Descartes took advantage.  First he turned his mind to the problem of the body and the mind which he equated with the soul.  He was convinced that the body was a machine that could be taken apart and completely understood. The mind, on the other hand, was unique to humans and did not follow the laws of physics.  Also, only humans had minds and that made them unique.  Parenthetically, he though animals could not feel pain so he had no qualms about dissecting them alive. (Note the recent suggestion that PETA objections to slaughtering and raising animals be overcome by genetically altering animals so they do not feel pain.) He also thought (incorrectly) that only humans had a pineal gland.  Since the gland lay at the back of the ventricles and was bathed in the CSF thought to cause activation of nerves, it must be the seat of the soul and the place where mind and body came together.

His mathematics were somewhat more accurate.  He invented (or at least improved on Tartaglia) the idea of placing an object in space by its position of two scales placed at right angles to one another.  In a meeting in Mersenne’s cell, he saw a fly buzzing around the room and realized that every point in its flight could be described as the intersection of two lines, one from the side and one from the floor that could intersect at a right angle.  He had invented the graph and Cartesian coordinates. Then one could reduce that to a formula.  A 45˚ slope line was x=y.  He had invented analytic geometry.  All motion could be analyzed and every trajectory had a formula. And that included planetary orbits and cannonball trajectories.  All you needed were good measurements and the 17th century was busy inventing telescopes, microscopes, barometers, clocks, and bubble levels to do just that. Once you had the measurements, you devised the simplest explanation possible to account for them.

He also invented the use of superscripts to indicate exponents.
In his 1637 Discours sur la Methode, he described his approach to science.  It was pointless to battle with the Church over whether the Bible was literally true and over whether celestial spheres existed.  It was better to collect as much observational evidence as possible and turn it over to people who could use it—navigators, engineers, builders, and entrepreneurs and see what they did with it.

Also, doubt everything your senses told you.  They could fool you. The only true fact was that man thought and the thoughts of a man could not be separated from the thinker.  Thought, then, was the only proof of existence.  Cogito ergo sum.  

Descartes died in Stockholm in 1650 of pneumonia.  He had gone to Sweden to teach science to Queen Christina.  His books were placed on the Index of Prohibited Books shortly after he died and he was buried in a graveyard for the unbaptized.  His remains were eventually moved to the Abbey of St. Germain des Pres where they remain.

Baruch Spinoza

Before leaving Holland, we need to mention one other person.  Baruch Spinoza’s family had left Portugal in 1536 because of the Portuguese Inquisition.  His father was a successful merchant who went broke as a result of the Dutch Republic’s wars with England. Spinoza became a lens grinder who would die at age 44, possibly of TB or possibly from silicosis related to his profession.

He opposed Cartesian dualism and also all established religious doctrine. He said God and nature were two names for the same thing and that one set of rules governed all nature and could be learned.  Unlike Descartes, he thought the physical and mental worlds were one and the same.  He said God did not actively rule over the universe.  On the contrary, God was a deterministic system of which nature was just a part. In the same vein, free will was an illusion based on the fact that man could recognize his own appetites and made the false assumption that he could change how he or nature would behave.  God may have created the world, but man operated it based on incontrovertible laws.  Of course, the problem here is how can you have both determinism and responsibility?  Not just the Catholic Church, but his own as well found his ideas anathema.  His local Jewish community pronounced a writ of cherem (excommunication) that was never revoked and is still in the local archives.  His books were placed on the Index.
Newton would be next.
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