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Unit overview

This unit follows on from 3b) ‘The late 18th and 19th centuries’. During the 19th century evolutionary ideas of the natural world were further developed and gradually replaced static concepts. Christian responses coming from Natural Theology such as William Paley’s Argument from Design were challenged by David Hume (see unit 3b)) and materialistic atheism and/or agnosticism. Hume and Paley weren’t c.19 though.

Amongst the many major scientific inputs to the debate are those which arose from new discoveries and theories in Geology and Biology (Theory of Evolution; Charles Lyell; Charles Darwin) challenging the status of scripture, particularly the Genesis story and the need for a God. The conflict between the Sciences and Religion increased especially through the input of the professionalisers such as Thomas H Huxley |(Andrew White and John Draper were other important inventors of the “Conflict Thesis”) who argued for a clear separation of the two domains: science to the scientists and religion to the clergy. Other scientists (Michael Faraday, James C Maxwell, Lord Kelvin) argued for a complementary approach between Science and Religion and proved to be both professional scientists and committed Christians.

The 20th century developments in both the sciences and in religion cannot be understood without the discoveries and debates in the 19th century (evolution as a very well established paradigm; electromagnetism; oxygen; radioactivity and particle physics; relativism in philosophy and ethics; hermeneutics of scripture interpretation etc.).

In this unit we will look at the following aspects:

a. Geology: The Fossil Record and the Story of the Genesis – Charles Lyell.

b. Biology: The Theory of Evolution and Religion – Charles Darwin.

c. Physics: Electromagnetism and Religion – Michael Faraday.

d. Lord Kelvin: Conservation of Energy and Religion.

e. Moses and the Smitten Rock (Exodus 17): a Victorian Bible reading.

Learning Opportunities

Lesson 1 
In this lesson the students have the opportunity to discuss the importance of Geology as a means of providing both challenges to, and opportunities for, ideas about the interpretation of the Genesis creation accounts.

Lesson 2
The students consider the importance of the work of Charles Darwin and the theory of evolution, with particular reference to the descent of man.

Lesson 3 and 4
The ideas of Michael Faraday and Lord Kelvin are explored through group work involving visual display and role play.

Lesson 5
Exodus 17 is taken as a case stuffy for the examination and consideration of Victorian ‘Typological Symbolism’.

Background information 


From Revelation to Reason (see 3a: Student Resource 8 / 8[LA]: From Revelation to Reason)

During the 17th century, Diderot said "The supposition of any being whatever placed outside of the material universe is impossible .... There is no more than one substance in the universe, in man, in animal." For Diderot, all things were formed by the inherent motion of atoms; his was a kind of materialistic monism. But this philosophy no longer needed the First Cause or Watchmaker of natural theology, and so Diderot rejected all theologies and philosophies that posited an immaterial God.  […]

Here we see the sharp break between science and religion, between scientist and religious believer. […] Active matter, that is, matter that is uncreated and indestructible, that has as inherent properties motion, feeling, and thought, that is constantly in flux throughout the universe according to well-defined laws, this kind of matter eliminated the need for a God who created and sustained.

One might accuse the philosophes of practicing "arm-chair science," but "experimental science," especially in the area of biology, was supporting their position. […] Continuing his experiments, Trembly sought to discover if these organisms were capable of regeneration. No matter how he cut the polyp -lengthwise, crosswise, big pieces, small pieces - each piece always gave rise to an entirely new polyp. Soon other experimental work showed that worms, which were known to be animals, could do the same thing, and so the hydra's place in the animal kingdom was established.

But this created a problem. If every portion of an animal could reconstitute a new animal, where was the animal soul or organizing principle? To say that every piece of tissue, no matter how small, contained the soul was beyond belief and meaning. To say that every piece of tissue, no matter how small, contained a preformed embryo of the next generation was just as unlikely. The work on the polyp supported the materialistic views that denied the existence of soul. Without soul, matter must possess the ability to express all the properties seen in Nature. […]

Here is a clear statement of the implications of active, dynamic matter. Rather than an unchanging world, conceived in the mind of God and executed by His omnipotent power, Nature is in a constant state of ceasing to be as it is and beginning to be something else. Rather than motion being the result of God's will, it is an inherent property of matter itself, and the specific motion is the determined result of prior motions. Such reactions have occurred eternally and will occur eternally. God as an explanatory hypothesis is no longer needed.

Obviously Christian scientists rejected these philosophical views and especially the idea of active matter, but it was more difficult to reject the biological findings concerning the polyp and generation. The general tendency was to accept the data but reject the interpretation or implications. […]

Michael Faraday (1791–1867) (see 3a: Student Resource 6 / 6[LA]: Faraday)

Michael Faraday was among the scientific giants of the nineteenth century. He discovered electromagnetic rotation, electromagnetic induction, and the dynamo. He made significant advances in electrochemistry and produced aluminum by electrolysis. He isolated benzene. And in a brilliant technical insight, he reconceived 

wine-glass-like chemical vessels to produce the first test tubes. Renowned for his strong empirical research, Michael Faraday also believed in a literal interpretation of the Bible. His whole life, both inside the laboratory and out, was dominated by his faith as a member of the Sandemanians, a small Protestant sect in Britain. His science was inseparable from his religion. Faraday's faith influenced several aspects of his science: his motivation for research; his theoretical orientation; the experimental problems he pursued; his interpretation of phenomena; and his public communication of science. […]

The Sandemanians believed in both moral law and physical law, and it was the latter belief that made Faraday's science thematically religious. For Faraday, humans could seek no higher goal than to reveal God's laws of creation. Faraday's devotion guided his patient and detailed observations and, on occasions, his great caution in asserting his conclusions. By contrast, Faraday saw religion as independent of science. He did not subscribe to the popular natural theological arguments of his day, that one could prove God's existence from observations themselves. Religion was primary. While science might indeed reveal God's wisdom, our knowledge of or faith in God surely did not depend on it. The Sandemanian community was small, exclusive, and tightly knit. Their Biblical beliefs in social unity, reciprocity, and harmony resonated in Faraday's views of nature. […]

The concept of divine unity in nature influenced Faraday most deeply and extensively in his research on the relationships between various forces of nature (on what we would now call the conservation of energy). Faraday's famous findings on the mutual effects of electricity and magnetism were natural products of these inquiries. The very same beliefs led Faraday to investigate other similar relationships, as well. For example, he tried to find how electricity affected polarized light or produced heat. In 1828, he projected a solar spectrum on a copper plate, expecting to show how light could induce electricity under the appropriate conditions. Though these investigations did not yield the same positive results as his electro-magnetic research, they do illustrate the religious orientation that guided his scientific thinking throughout. For Faraday, all these forces must be unified in God's world and his aim was to demonstrate how.

Most impressive of these studies was work done over three decades on the relationship between electricity and gravity. These forces differ greatly and Faraday remarked on this several times--gravity follows straight lines of force only; it is not transferable to other bodies; it exhibits attraction only, no repulsion; etc. Still, Faraday's religious outlook convinced him that a "gravelectric" effect was there, waiting to be elucidated, just like the once unknown electromagnetic effects. […]

Even more remarkably, perhaps, religion shaped Faraday's most "progressive" theoretical thinking. Faraday was unusual for his time in conceiving electricity and magnetism more in terms of fields of force than in terms of distinct particles with forces acting at a distance. For the Sandemanians, God's word in the Bible was immediate and direct. So, too, were his actions in nature. Faraday denied gaps in the physical world. Forces could not act across empty space, for example, but only through a medium. Nor could they could exert influence simultaneously, rather only in real time. Thus the contemporary concept of atomism--of matter in discrete billiard-ball-like units--was unthinkable for Faraday the Sandemanian. Instead, matter was continuous, with each point a centre of complex webs of forces. While Faraday never fully developed or formalised this framework, it strongly governed his thinking. Most importantly, it meant that his models of electricity and magnetism continued to be valid when field theory later took hold. 

Faraday's influence was so vast that it is hard to imagine nineteenth century science without him. 
Lord Kelvin (see Student Resource  6: Lord Kelvin)

Kelvin, Lord (1824-1907), was one of the great British physicists of the 1800's. Kelvin published 661 papers on a wide range of scientific subjects, and he patented 70 inventions. Queen Victoria knighted Kelvin for his work as the electrical engineer in charge of laying the first successful transatlantic cable in 1866. 

Kelvin invented the mirror galvanometer used in cable signalling, and the siphon recorder, still used to receive the signals. He invented the first ship's compass that reduced the magnetic influence of iron on the ship. He also invented a mechanical tide predictor. 

Kelvin introduced a temperature scale that begins at absolute zero (-273.15 °C, or -459.67 °F). This scale is known as the Kelvin scale. 

Kelvin also tried to calculate the age of the earth. He estimated a maximum of 400 million years in 1862, but by 1868 this changed to a 100 million, and by 1876 to a mere 50 million years. Kelvin's technique was to apply Fourier’s analysis of heat conduction to establish a temperature gradient from the earth’s molten core to its surface. Knowing the thermal conductivities of rocks near Edinburgh and Greenwich, and assuming they were typical values for the earth's interior, he was able to calculate the rate of heat loss and so determine the duration of the process.

However, the discovery of radioactivity (Marie and Pierre Curie during the 1890s)  showed that Kelvin’s basic assumptions were incorrect. Scientists today think that Earth probably formed at about the same time as the rest of the solar system. They have determined that some chondrite meteorites, the unaltered remains from the formation of the solar system, are up to 4.6 billion years old. Scientists believe that Earth and other planets are probably that old. They can determine the ages of rocks by measuring the amounts of natural radioactive materials, such as uranium, in them. Radioactive elements decay (change into other elements) at a known rate. For example, uranium gives off radiation and decays into lead. Scientists know the time it takes for uranium to change to lead. They can determine the age of a rock by comparing the amount of uranium to the amount of lead. (Contributor: Steven I. Dutch, Ph.D., Professor, Department of Natural and Applied Sciences, University of Wisconsin, Green Bay.)

Kelvin was born on June 26, 1824, in Belfast, Ireland. His given and family name was William Thomson. He was educated at the University of Glasgow and Cambridge University. He became Professor of Natural Philosophy at the University of Glasgow in 1846. He remained there until he retired in 1899. In 1892, he received the title of Baron Kelvin of Largs. He died on Dec. 17, 1907 (Contributor: Richard G. Olson, Ph.D., Professor, Department of Humanities and Social Sciences, Harvey Mudd College)
Physics in the 1800s (see Student Resource 7/7[LA]:  Physics in the 1800s)

Developments in the 1800's 

The Industrial Revolution, which had begun in the United Kingdom in the 1700's, led to the production of scientific instruments that were extremely accurate for their time and which enabled scientists to perform more complicated experiments for testing scientific theories. As scientific research grew more complex, people began specialising in more narrowly defined areas of study. Professionalism in science lead to a separation between science and religion: ‘Science to the scientists and religion to the clergy’ (Thomas Huxley) was the motto of the separatists.

Three areas of particular interest in the 1800's were heat and energy, light, and electricity and magnetism. 

Developments in the study of heat and energy
At the beginning of the 1800's, it was widely believed that heat existed in the form of a fluid, called caloric. But by the middle of the century, scientists had come to view heat not as a fluid, but as a form of energy. That is, they had learned that heat is able to do work. In the 1840's, James Joule, an English physicist, showed how to calculate how much work a given quantity of heat could do. About the same time, a number of physicists, including Lord Kelvin of the United Kingdom and Hermann von Helmholtz of Germany, independently proposed the law of conservation of energy. This law states that energy cannot be created or destroyed, only transformed from one kind to another. 

By the mid-1800's, heat energy also came to be interpreted as the mechanical movement of the atoms of which everything was made. This interpretation was based on the atomic theory proposed in 1803 by John Dalton, an English chemist. 

Developments in the study of light

From 1800 to 1803, the English physicist Thomas Young published a series of papers, based on experiments he had done, that revived the theory that light existed in the form of waves. From about 1815 to 1819, Augustin Fresnel, a French physicist, provided still more evidence. By 1850, the wave theory of light was almost universally accepted, replacing Newton's particle theory. 

The wave theory of light led physicists to propose the existence of a material called the ether. They reasoned that if light travelled in waves and could travel through a vacuum, there had to be some medium present to support the waves. They concluded that all space, including vacuums, was filled with the ether. They interpreted light energy as simply the vibration of the ether, in the form of waves. 

Developments in the study of electricity and magnetism 

In 1800, Alessandro Volta of Italy announced his invention of the first electric battery. This invention opened the way for new methods of studying electrical effects. About 1820, two physicists, Andre Marie Ampere of France and Hans Christian Oersted of Denmark, showed that electricity and magnetism were related. In the early 1830's, the English physicist Michael Faraday and the American physicist Joseph Henry independently demonstrated how to produce electric current in a changing magnetic field. Their demonstrations showed that mechanical energy could be converted into electrical energy and suggested the principles behind the generator and the motor. 

In the 1860's, the Scottish physicist and mathematician James Clerk Maxwell developed a theory that interpreted visible light as the movement of electromagnetic waves. Maxwell predicted the possible existence of similar electromagnetic waves that were invisible. Heinrich Hertz, a German physicist, detected such invisible radio waves in the late 1880's. Hertz's discovery eventually led to the development of radio, radar, and television. But it also suggested that light, electricity, and magnetism were related. All three were viewed as resulting from waves in the ether. Such waves are sometimes referred to as electromagnetic radiation. 

The beginning of modern physics

Near the end of the 1800's, many physicists were convinced that the work of physics was nearly over. They believed that almost all the laws governing the physical universe had been discovered. Some of them believed that all physical laws would one day be expressed in a few simple equations. 

A few problems remained to be solved, however. One such problem involved determining the source of electromagnetic radiation. Scientists knew that under the right conditions, each chemical element radiates a unique combination of visible, infrared, and ultraviolet light, called line spectra. At the time, the atom was considered to be the most fundamental unit of matter in the universe. But to some physicists, the line spectra phenomenon suggested that the atom might itself be composed of still more fundamental units. 

The dream of explaining all physical phenomena with one small set of basic laws was not realized. Instead, various discoveries began to reveal that such phenomena were more complex than scientists had thought. In 1895, for example, Wilhelm Roentgen of Germany discovered x-rays. In 1896, the French physicist Antoine Henri Becquerel discovered natural radioactivity, the spontaneous emission of radiation from atoms. In 1897, the English physicist Joseph John Thomson discovered the first subatomic particle, later called the electron. In 1898, the French physicists Marie Curie and her husband, Pierre, discovered the radioactive element radium. Such developments signalled that, rather than being nearly over, the work of physics had only begun.

Key Quotations 

The Words of Lord Kelvin

Of Matters Theological:
“Overwhelming strong proofs of intelligent and benevolent design lie around us.”

 “Dark indeed would be the prospects of the human race if unilluminated by that light which reveals 'new heavens and a new earth.”

“I believe that the more thoroughly science is studied, the further does it take us from anything comparable to atheism.”

“The more thoroughly I conduct scientific research, the more I believe that science excludes atheism.”

“The atheistic idea is so nonsensical that I cannot put it into words.”

“Do not be afraid of being free thinkers! If you think strongly enough you will be forced by science to the belief in God, which is the foundation of all religion. You will find science not antagonistic but helpful to religion.”

http://zapatopi.net/kelvin/quotes.html#theo
Aims of the topic

At the end of the topic most students will have:

· A knowledge and understanding of the Science and Religion debate in the 19th Century.

· An awareness of some of the solutions Victorians gave to ultimate questions of our existence.

· A realisation of the importance of the discipline of Geology in the Science and Religion debate.

· A knowledge and understanding of Charles Darwin and the responses to the theory of evolution.

· An understanding of key figures such as Michael Faraday and Lord Kelvin.

· A critical understanding of Typological Symbolism.

Some will not have progressed as far but will have:

· An awareness of some of the key questions raised by the Victorians concerning 

· Science and Religion.

· A basic understanding of the ideas of key people at the time. 

· Developed the ability to analyse an example of Typological Symbolism.

Others will have progressed further and will have:

· Carried out a more in depth study of some of the key thinkers during the 19th Century.

· Developed informed and reasoned opinions on key issues concerning the relationship between Science and Religion.

· Thought through analytically the implications, both for Science and Religion, of using Typological Symbolism.

· An understanding of the influence of key ideas in the 19th Century on thinking today regarding Science and Religion.

Key Questions

· Where do Dinosaurs come from?

· What can fossils tell us about the origins of life on earth, and in particular of humans?

· Are we all connected with lower forms of life?

· What are the implications of ‘Survival of the Fittest’ for society?

· To what extent can the Bible be an inspiration for other disciplines?

· Can we draw lessons from the symbolism in Bible narratives?

Learning Objectives 

· To be able to outline some of the solutions of the Victorians to scientific discoveries.

· To analyse the significance of geology in the debate about the origins of the Earth and life.

· To have contributed to discussions and debates about the theory of evolution.

· To provide an analysis of their own subject disciplines in the light of biblical inspiration.

· To have formed opinions about statements made by Lord Kelvin regarding Science and religion.

· To have taken part in role plays expressing these opinions.

· To show graphically how typological symbolism can be used to interpret Biblical text.

Learning Outcomes

· To identify key ideas regarding Science and Religion in the Victorian era.

· To demonstrate knowledge of key people of the time and their ideas.

· To understand how it is possible to draw analogies from Biblical text.

· To have formed opinions of their own on the use of Typological Symbolism.

· To have reached informed and reasoned conclusions about the relationship between Science and Religion in the light of new scientific discoveries.

· To make connections between ideas about this debate in the 19th century and today.

Resources.

· 3c_Overview

· Student Resource 1:
Exodus 17: Moses and the smitten rock

· Student Resource 2:
Genesis: The story of creation

· Student Resource 3: 
The Word of God

· Student Resource 4: 
The words of Lord Kelvin

· Student Resource 5: 
Electromagnetism

· Student Resource 6: 
Lord Kelvin

· Student Resource 6[LA]:
Lord Kelvin

· Student Resource 7: 
Physics in the 1800’s

· Student Resource 7[LA]: 
Physics in the 1800’s

· 3a: Student Resource 8: 
From Revelation to Reason

· 3a: Student Resource 8[LA]: 
From Revelation to Reason

· 3a: Student Resource 6: 

Michael Faraday

· 3a: Student Resource 6[LA]: 
Michael Faraday

· 3a: Student Resource 3: 

From Miracles to Mechanism

· 3a: Student Resource 3[LA]: 
From Miracles to Mechanism

· 3a: Student Resource 1: 

The Age of Reason

· 3a: Student Resource 1[LA]: 
The Age of Reason

Further Resources

· 4c: Overview

· 4c: Student Resource 1: 
‘What is Evolution?’

· 4c: Student Resource 1[LA]: 
‘What is Evolution?’

· 4c: Student Resource 3: 
‘Evolution and Creationism.’

· 4c: Student Resource 3[LA]: 
‘Evolution and Creationism.’

· 4c: Student Resource 4: 
‘Can evolution and Creation be compatible?’

· 4c: Student Resource 4[LA]: 
‘Can evolution and Creation be compatible?’
Books 

· A Beginner’s Guide to Ideas, Raeper and Smith, Lion Publisher. 

· The Philosophy Files, Stephen Law, Dolphin.

· The Simpsons and Philosophy; Irwin , Conard, Skoble; Open Court.

· Pooh and the Philosophers; J Tyerman Williams; Methuen Publisher.

· Philosophy of Religion for A level, A Jordan et al., Stanley Thornes

· Philosophy goes to the Movies; Ch. Falzon; Routledge in chapter 1 (pages 33 – 44) discusses the following relevant films:

a) Rear Window (A Hitchcock, 1954)

b) You Only Live Once (F Lang, 1937)

c) Cabaret (Bob Fosse, 1972)

d) Citizen Kane (O Welles, 1941)

e) He Said, She Said (K Kwapis)

f) Hilary and Jackie (A Tucker, 1998)

g) Rashomon (A Kurosawa, 1951)

h) Twelve Angry Men (S Lumet, 1957)

ICT opportunities

· http://www.victorianweb.org/science/science&religion.html
· http://www.victorianweb.org/science/sciov.html (for an overview of Victorian science) 

· http://www.victorianweb.org/science/physintro.html (on Physics in the 19th century)

· http://www.victorianweb.org/science/cons.html (on Conservation of Energy and Thermodynamics)

· http://inventors.about.com/library/inventors/blthermometer.htm?terms=history+of+thermometer
· http://zapatopi.net/kelvin/quotes.html
� � HYPERLINK "http://www.asa3.org/ASA/PSCF/1991/PSCF12-91Miles.html" ��http://www.asa3.org/ASA/PSCF/1991/PSCF12-91Miles.html�
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