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3d: Christianity and modern science

Unit Overview

Background information

This unit will examine the contribution of some of the key players in the so-called ‘Scientific revolution’ from Galileo to Newton.  The emphasis will be on the relationship between religious ideas, mainly Christian ones in this case, and the development of scientific thought.  The teacher will not need specialist knowledge but will need to beware of over-simplifications.  Rather than reach conclusions of absolute certainty, the purpose of the unit is to show students that religious and scientific ideas have had a rich and complex relationship, and that many of the debates alluded to in the unit are still on-going.

Students will access this period of scientific development through some of the main characters of the time.  What is less well known is how the religious climate during the 17th century contributed to scientific progress.  At times Christian beliefs seemed almost to inspire scientific thinking.  At other times it appeared to impede scientific inquiry.  It must have been a very exciting time to be around as people struggled with the implications of science becoming ‘modern.’  

Did the new ideas really threaten Christian beliefs or was the Church more worried about losing control over what people thought about the universe?  Students can judge for themselves as they look into the ideas that have influenced the way we understand the universe today.

On Galileo, teachers may wish to discuss with students whether a theory can ever be considered as ‘the true explanation’ for a phenomenon, or whether it describes the ‘best fit’ of available observations.  For example, we still use Newtonian physics in engineering, despite Relativity Theory demonstrating that Newton was incorrect.  Some of these questions are asked more fully in Unit 1a – How does science make sense of the world?

Teacher Notes on Galileo

In 1615 Galileo did something that was to get him into considerable trouble.  He wrote a very long letter explaining why the Church authorities must be careful when telling the people what to believe about astronomy.  The Church was teaching that the earth was at the centre of the universe.  Galileo firmly believed that the sun was at the centre and knew that before long someone would prove it and the church would look foolish.  Before Galileo, another astronomer called Copernicus had suggested that the sun was at the centre of the universe.  Galileo, who was a loyal supporter of the Catholic Church, wanted it to address this issue to avoid embarrassment.  There were many in the church that found this challenge very threatening.

Galileo was a forceful personality and did not mind too much if he upset people who disagreed with him. He also had something to say about the manner in which theologians were reading the Bible. It could be read, he said, so that it was consonant with the way the universe was ordered. Here was a situation in which Galileo, a natural philosopher, was trying to show the church how to interpret the Bible and the church was telling a natural philosopher how the universe was ordered!  There were some powerful members of the church who were sympathetic to Galileo’s views but preferred him to treat his theories as if they were a mathematical convenience, not a description of reality.  

In 1632 Galileo wrote and published a work which compared the sun-centred and earth-centred theories, but did so in a way which offended Pope Urban VIII.  Moreover, he did not follow the advice of the church and discuss the ideas as theoretical only.  He wrote about them as if they were conclusively true.  Despite Galileo being a loyal member of the Roman Catholic Church, he was put on trial and sentenced to house arrest for life.  He had to state publicly that he rejected Copernicus’ views of a heliocentric universe when he was faced with the Inquisition.  

Why did this disagreement take place between a sincere ‘scientist’ and the Roman Church in the early years of the 17th century?  Was it really about what was at the centre of the universe?  There seemed to be plenty of people with authority in the church who found Galileo’s position appealing.  Some secretly agreed with him, some were more open about it.  Or was it about who was best qualified to interpret the Bible?  The Roman Catholic Church had for centuries had complete control over this and was keen to maintain the status quo.  The Roman Catholic authorities did not want to cause confusion amongst the people by re-viewing the meaning of key passages in scripture and they did not want to give the Protestant church an opportunity to challenge their authority. If people were given leeway to think for themselves about how to read the Bible, they feared that chaos would follow. 
Had Galileo been more diplomatic in the way he put his views forward, they may have been received more sympathetically. He lived a long life, working for most of it as an engineer, teacher, philosopher and inventor.  He was employed by one of the most important families in Italy - the Medici family - as a practical problem solver.

Lesson 1

In the Introduction to this lesson the following quotation is given: “Epur si muove” – “And yet it does move”.  It is important for teachers to note that these words are more likely to be apocryphal than something which Galileo actually said. But if used with care, they do in fact provide us with a useful summary of Galileo’s thinking. 
Lesson 2

In the first of the main activities it is useful to note that conflict may arise for many different reasons.  Galileo was judged to have disobeyed an order given him in 1616 not to defend the Copernican system. And when he wrote his book on the Two Chief World Systems, he disobeyed Pope Urban VIII's advice that he must treat the motion of the earth only hypothetically.   Teachers may wish to highlight disobedience as well as disagreement if students do not raise this as an issue themselves.

It is vital to place this whole affair in its historical context.  It may be, for instance, that one reason the Catholic Church reacted so strongly against Galileo was because of the perceived threat of the Protestant Reformation and the need to take a firm stand against anyone suspected of heresy. 

During the third of the main activities, it is important to note that in Aristotelian thinking, one of the reasons for believing that the earth was at the centre of the cosmos was that objects would naturally fall to the centre: we know that in this cosmos they fall to the earth so the deduction was made that the earth must therefore be at the centre, its 'natural place'.

Students should also be alerted to the way in which almost all the Copernicans, including Galileo, got round the problems caused by Psalm 93:1, Joshua 10:12 and similar passages implying the movement of the sun. This was the appeal they made to the idea of biblical 'accommodation' - namely that the language of Scripture had been deliberately simplified to make it accessible and comprehensible to everybody - which it could not possibly be if it contained technical astronomical information. In short, the Bible was not to be regarded as a scientific textbook having authority over truths derived from reason and experience.  See Galileo’s letter to the Grand Duchess Christina De Medici in 1615.

Teacher notes on Newton

(Notes adapted from scienceworld.wolfram.com)
He was an English physicist and mathematician born into a poor farming family. Luckily for humanity, Newton was not a good farmer, and was sent to Cambridge to study to become a preacher.  Newton was forced to leave Cambridge when it was closed because of the plague, and it was during this period that he made some of his most significant discoveries, notably his realisation that the force holding the moon in its orbit around the earth might be the same gravitational force that pulled objects (e.g. apples!) to the ground. With the reticence he was to show later in life, Newton did not, however, publish his results. 

In response to a letter from Hooke, he suggested that a particle, if released, would spiral in to the centre of the Earth. Hooke wrote back, claiming that the path would not be a spiral, but an ellipse. Newton then proceeded to work out the mathematics of orbits. Again, he did not publish his calculations. Newton then began devoting his efforts to theological speculation and put the calculations on elliptical motion aside, telling Halley he had lost them. Halley, who had become interested in orbits, finally convinced Newton to expand and publish his calculations. Newton devoted the period from August 1684 to spring 1686 to this task, and the result was one of the most important and influential works on physics of all time, Philosophiae Naturalis Principia Mathematica (Mathematical Principles of Natural Philosophy) (1687), often shortened to Principia Mathematica or simply “Principia”.
In Book I of Principia, Newton opened with definitions and the three laws of motion now known as Newton's laws (laws of inertia, action and reaction, and acceleration proportional to force). Book II presented Newton's new scientific philosophy which came to replace the philosophy of Descartes, in which the planets orbited the sun as if they were floating in whirlpools of matter. Finally, Book III consisted of applications of his dynamics, including an explanation for tides and a theory of lunar motion. 

Newton invented a scientific method which was truly universal in its scope. He presented his methodology as a set of rules for scientific reasoning. These rules were stated in the Principia and included that (1) we are to admit no more causes of natural things such as are both true and sufficient to explain their appearances, (2) the same natural effects must be assigned to the same causes, (3) propositions deduced from observation of phenomena should be viewed as accurate until other phenomena contradict them. 

Newton went much further than outlining his rules for reasoning, however, actually describing how they might be applied to the solution of a given problem. The analytic method he invented far exceeded the more philosophical and less scientifically rigorous approaches of Aristotle and Aquinas. Newton refined Galileo's experimental method, creating the compositional method of experimentation still practised today. In fact, the following description of the experimental method from Newton's Optics could easily be mistaken for a modern statement of current methods of investigation, if not for Newton's use of the words "natural philosophy" in place of the modern term "the physical sciences”. Newton wrote, "As in mathematics, so in natural philosophy the investigation of difficult things by the method of analysis ought ever to precede the method of composition. This analysis consists of making experiments and observations, and in drawing general conclusions from them by induction...by this way of analysis we may proceed from compounds to ingredients, and from motions to the forces producing them; and in general from effects to their causes, and from particular causes to more general ones till the argument ends in the most general. This is the method of analysis: and the synthesis consists in assuming the causes discovered and established as principles, and by then explaining the phenomena proceeding from them, and proving the explanations." 

In Optics (1704), whose publication Newton delayed until Hooke's death, Newton observed that white light could be separated by a prism into a spectrum of different colours, each characterised by a unique refractivity, and proposed the corpuscular theory of light. Newton's views on optics were born out of the original prism experiments he performed at Cambridge. In his "experimentum crucis" (crucial experiment), he found that the image produced by a prism was oval-shaped and not circular, as current theories of light would require. He observed a half-red, half-blue string through a prism, and found the ends to be disjointed. He also observed Newton's rings, which are actually a manifestation of the wave nature of light which Newton did not believe in. Newton believed that light must move faster in a medium when it is refracted towards the normal, in opposition to the result predicted by Huygens's wave theory. 

Newton also formulated a system of chemistry in Query 31 at the end of Optics. In this corpuscular theory, "elements" consisted of different arrangements of atoms, and atoms consisted of small, hard, billiard-ball-like particles. He explained chemical reactions in terms of the chemical affinities of the participating substances. Like his predecessor Robert Boyle, Newton was deeply interested in alchemy, believing that in performing chemical experiments he was privileged to be imitating the creative work of God.  He also believed that prophecies recorded in the Bible had either been already fulfilled or would eventually be fulfilled.
Newton single-handedly contributed more to the development of science than any other individual in history. He surpassed all the gains brought about by the great scientific minds of antiquity, producing a scheme of the universe which was more consistent, elegant, and intuitive than any proposed before.

Although his methodology was strictly logical, Newton still believed deeply in the necessity of a God. His theological views are characterized by his belief that the beauty and regularity of the natural world could only "proceed from the counsel and dominion of an intelligent and powerful Being." He felt that "the Supreme God exists necessarily, and by the same necessity he exists always and everywhere." Newton believed that God periodically intervened to keep the universe going on track. He therefore denied the importance of Leibniz's vis viva as nothing more than an interesting quantity which remained constant in elastic collisions and therefore had no physical importance or meaning. 

Aims of the topic

At the end of the topic most students will be able to:

· demonstrate an understanding of relationships between faith, religion and science.
· recognise some of the different opinions held in the past within Christianity about the place of scientific discovery
· recall basic facts about Galileo and Newton

· be able to explain differences in opinion over what these different people/movements achieved

· evaluate and develop their own thinking

Some will not have progressed as far but will be able to:

· demonstrate a little understanding of relationships between faith, religion and science
· recall basic facts about Galileo and Newton

· be able to explain something of what these different people/movements achieved

· evaluate and develop their own thinking

Others will have progressed further and will be able to:

· demonstrate a detailed understanding of relationships between faith, religion and science
· recognise some of the different opinions held in the past within Christianity about the place of scientific discovery
· recall detailed relevant facts about Galileo and Newton

· be able to evaluate what these different people/movements achieved for scientific discovery and religious progress

· understand the nature of theory, and be able to discuss whether theory can ever be thought of as fact
· recognise different interpretations of key biblical passages in the 17th and 18th century debates
· develop their own thinking about the importance of religious belief in scientific discovery
Key Questions

· Does religious belief help or hinder scientific progress?

Learning Objectives / Outcomes

· Knowledge and understanding of the science and religion debate in the 17th and 18th centuries

· Knowledge and understanding of Galileo and Newton, their work and their influence on the development of science

· Evaluation of ideas outlined

Resources

Books

· A Lion Handbook – The History of Christianity (Lion Publishing 1990)
· The Simpsons and Philosophy Irwin, Conard and Skoble (Open Court)
· Pooh and the Philosophers J Tyerman Williams (Methuen)
· World Book Multimedia Encyclopedia 2004

· Philosophy goes to the Movies C. Falzon (Routledge)

 
In chapter 5 (ps 149–180) the following relevant films are discussed:

· Gattaca 

· Star Trek: First Contact 
· Terminator 2: Judgement Day 
· The Handmaid’s Tale 

Websites

Galileo
http://www.lucidcafe.com/library/96feb/galileo.html 

http://www-history.mcs.st-andrews.ac.uk/Mathematicians/Galileo.html
http://www-history.mcs.st-andrews.ac.uk/Quotations/Galileo.html
http://www-history.mcs.st-andrews.ac.uk/history/PictDisplay/Galileo.html
Newton

http://education.yahoo.com/reference/encyclopedia/entry?id=33852 

www.newton.cam.ac.uk/newtlife.html
www.space.about.com/cs/astronomyhistory/a/isaacnewtonbio.htm 

http://www-groups.dcs.st-and.ac.uk/~history/Mathematicians/Newton.html 

http://scienceworld.wolfram.com/biography/Newton.html
Curriculum Links
 

OCR/AQA  GCSE Religious Studies (Philosophy & Ethics)

Citizenship (7-14) 
Develop communication and participation skills; research and debate topical issues.

History (11-14) QCA Unit 21
From Aristotle to the atom, scientific discoveries that changed the world

RE (11-14) QCA Unit 9B
Are science and religion in conflict?
RE (11-14) QCA Unit 7A
Where do we look for God?
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