Nov 29 Methodology in the Scientific Revolution

Mathematics

Experimentation

Proponents: Galileo, Bacon

Galileo & the new physics

· Anti-Aristotelian laws of motion.

· Study of moving bodies on/near Earth (dynamics) underpins the new cosmology. How would moving bodies behave on a moving Earth?

· Wants unified system that explains ALL matter & motion. No separate terrestrial vs. celestial.

· Insists that he’s doing natural philosophy = true explanations of the world. 

Galileo’s principles of motion

1. Objects fall at same rate. 

2. Uniform accelerated motion (law of free fall).

3. Path of projectile is parabolic.

4. Inertia – body in motion stays in motion.

Began research in 1590s (manuscript On Motion), 1600s does inclined plane experiments, 1632 writes about motion to defend new cosmology, returns to finish his total project during house arrest.

1638 Discourses and Mathematical Demonstrations on Two New Sciences.

How he studies motion

· Logic

· Mathematics

· Experiments

· Show where Aristotle made errors.

· Basis for new science = new theories AND new methods of knowing nature.

Applying math to natural philosophy

Talk about matter & motion in terms of quantity, proportion.

G’s model is Archimedes ( ), scholar & technologist, doing math & engineering problems

Weight, balance, lever = statics.

Galileo analyzes inclined plane, pendulum = dynamics.

Why is mathematics significant?

Universities separated math from natural philosophy; Galileo & Kepler argue that all NP should be mathematical; outsiders who cross boundaries.

“Book of Nature” written in “language of mathematics.”

Galileo/Kepler follow Plato/Pythagoras

Philosophical belief that math and mathematical abstractions are accurate representations of natural phenomena.

Modern physics deals with quantities, not qualities

Aristotelian science = qualitative.

Platonic science = Forms/geometry, not accidental individual qualities.

Now mathematical physics strips away the qualities & works with number, abstractions, idealized situations.

Galileo’s physics also simplifies the kinds of questions asked

Aristotle wanted to understand WHY things happen.

Now Galileo focuses only on HOW motion occurs, giving mathematical description of regularity.

Doesn’t try to explain the nature of motion, heaviness… Esp no more final cause.

Artisan/engineering mentality (Archimedes): as long as it works, don’t worry about underlying causes…

Experiment

“making of specific trials of phenomena, with contrived circumstances and apparatus.” (Dear)

Let’s define as an artificially generated experience, that’s intended to reveal something about how natural processes work.

Experiments simplify the messy real world

Thought experiment

Can’t be done for real

Logical deduction

Heavy and light bodies are falling, become linked together, what must happen?

Experiment: situation idealized to get consistent result.

Galileo’s inclined plane as artificial free fall.

Abstract the essential features, minimize the messiness (friction), pretend all is perfect.

Get perfect results?

Galileo’s Aristotelian holdover

· Describing his inclined plane set-up: I repeated this “a full hundred times.”

· Meaning, this is not an artificial, unusual situation, but an everyday experience, routine, familiar, undeniable.

· “What always happens,” what is regularly observed and thus true.

New science must overcome old empiricism based on ordinary experiences. 

· Feather and ball normally seen to fall different speeds = duh

· Reasoning about an artificial situation shows the truth = in an imagined vacuum where there’s no resistance from the medium, they will fall at same rate.

Copernicanism requires one to reject/reinterpret common sense

1632 Dialogue: “Nor can I ever sufficiently admire the outstanding acumen of the Copernicans; they have thru sheer force of intellect done such violence to their own senses as to prefer what reason told them over that which sensible experience plainly showed them to the contrary.”

Senses can be misleading

· Contrary to perception, how is it plausible the whole Earth is moving?

· Key is to see & interpret the curved trajectory of projectiles: mixed motion.

· And concept of inertia: objects on Earth partake of its motions around axis and around Sun, without being perceived.

Earlier math & experimental studies of projectile motion

Philosophy of experimentalism

Practices of manipulating natural phenomena

Galileo, Tartaglia

Artisans, technologies

Natural magic, alchemy, medicine

Francis Bacon = justifies these practices as an effective way to learn new things about nature.

Francis Bacon (1561-1626)

· Not practicing scientist, but known as philosopher of science.

· Lawyer, English government official.

· Goal: reform all of science, by devising a new method (New Organon) that will lead to discoveries and practical applications to improve human life, social/national good.

“Baconian science” 

· “Know how things work so as to be able to control them.”

Utility, technology

· Inductive method of research

Starting from particular observations then derive general statements (theories, laws).

First collect tons of diverse facts & systematize (natural history).

· Scientific collaboration, organization.

Influences founding of Royal Society, etc.

Condemns Aristotelian science

· It is “barren” because purely contemplative, not practical.

· It fails to seek NEW knowledge.

Too text & authority based (stereotype).

Deductive syllogism method is backward.

Does not use experiments, instruments, etc that extend our perceptions.

“Many shall pass thru and knowledge shall grow” (Book of Daniel = prophecy)

Explaining the ship metaphor

· “The opening of the world by navigation & commerce & the further discovery of knowledge should meet in one time & place”

· Which is – the Second Coming of Christ, the Millennium foretold by prophets.

· Hence, Bacon presents his new science as backed by a religious/moral imperative. 

Another version of religion-science harmony

· We MUST learn more about the world to prepare the way for the final judgment.

· Mankind must achieve mastery (dominion) over nature, to re-establish our state of perfection before the Fall (sin) in Garden of Eden. Science and technology are the means “whereby the human race seeks to recover its right over nature.”

Usefulness of science – to whom?

Bacon writes 1626 New Atlantis (title copies Plato’s utopia): The researchers at his ideal Salomon’s House seek “knowledge of Causes, and secret motions of things; and the enlarging of bounds of Human Empire, to the effecting of all things possible.”

Methodology = inductive, collecting data on all topics, later theorize.

What should investigators look for?

1. ordinary phenomena = nature in her free state.

2. monsters, rarities = nature perverted.

3. artificial phenomena = nature manipulated, twisted, experimentally created facts.

Bacon as advocate for “experimental philosophy” = importance of the artificial

His model for science is artisan techniques (work with metal, textiles, gunpowder, etc)

Skilled trades involve making useful things, via trial & error methods of investigating & altering natural processes. 

Wants to unify the manual arts with scholarly sciences.

He also values the approach of the natural magic tradition (e.g. Paracelsus)

Power to learn about and “control” hidden forces for human benefit, medicine, alchemy.

Bacon’s rhetoric of discovery & progress thru experimentation

“If any man there be who, not content to rest in & use the knowledge which has already been discovered, aspires to penetrate further, to seek demonstrable knowledge, I invite all such to join, as true sons of knowledge, with me, that passing by the outer courts of nature, we may find a way into her inner chambers.” 

Language & imagery (analogies)

Gendered

Nature = female

Scientist = male

Violence?

Experiment is “hunt” for nature’s secrets, “constraining & molding.”

“Nature exhibits herself more clearly under the trials and vexations of art than when left to herself.”

We have “power to conquer and subdue her, to shake her to her foundations.”

