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Electric Universe - Summary of Chapter 4
Faraday's God
London, 1831

Michael Faraday did the most to uncover the force fields. He was born 1791, more than a century before the electron was discovered. He had a lot of humour and teased his friends with wordplay and games as they raced down the London streets. But he had also a serious side, and was drawn to the same electrical puzzles that Joseph Henry sought out. How could a coiled copper wire act as a magnet and pull lumps of metal toward it? What pull could a magnetized coil of copper send out that would overcome that vast force? With "vast force" we mean the gravity.
Faraday was fascinated but for years he could work hard to find a solution to these problems. But after the Royal Institution director who'd slurred him the most died, Faraday took his chance to work for his project. He couldn't put the invisible drawing power of magnets out of his mind. He had to know how it worked.
In his investigation, Faraday had one great advantage over his rivals in Europe. They had all been trained in the advanced mathematics that Sir Isaac Newton had developed in the seventeenth century. Newton was famous for the image of a cold, clockwork universe, where planets rolled along like giant, separate billiard balls. There was no place in that universe, they were now taught, for invisible forces to fill up the space between solid objects, holding the solar system or the universe together; there were no invisible cobwebs pulling across the sky. Gravity existed, but it somehow leaped from object to object. In this view, it did not permeate the voids in between. This meant that when Faraday's contemporaries tried to understand the links between magnetism and electricity, they assumed it would have to be a force that leaped across a gap, without really existing in the space within the gap. Their universe was basically empty. When forces operated, it would have to be, the believed, through the cold, distance-leaping process that Newton had labelled "Action at a Distance". Faraday respected Newton, but he'd been supporting himself from the age of twelve, for years as an apprentice bookbinder. He'd learned to think for himself. In his years as an apprentice, he'd skipped learning much mathematics beyond elementary arithmetic. This had the further advantage that he'd never been seduced by the beauty of Newton's equations. But even if he hadn't been poor, and even if he had learned calculus, there was a further reason Faraday wouldn't have been convinced that space was empty. From his religion, the Sandemanians, Faraday was convinced that space was not empty, but that a divine presence was everywhere.
He was used to being ridiculed for such beliefs, but religion dominated all his thoughts. And once, on a small boat in Switzerland, he saw what he took as a proof of his beliefs. It was an ordinary rainbow at the base of a waterfall. But a strong wind was blowing and the gusts (=Windstoss) often threw the spray so far to the side that the rainbow disappeared. When that happened, Faraday motioned for the guides he was with to wait. Every time, the wind blew the spray in the opposite direction and the rainbow reappeared. It was, he felt, as if the rainbow were always waiting, even though it could only sometimes be seen. That was what he believed of science. Even when space seemed empty, something was there. Now he knew to concentrate on the one thing everyone else had missed: the "emptiness".
A common trick of the time was to sprinkle iron filings near a magnet and then watch as they formed curves that stretched from one tip of the magnet to the other. To Faraday it wasn't just a trick, it was also a sign of the invisible matrix for which he'd been searching.
After a long time working to find a solution for his problem, he had the result. He held not more than a child's small bar magnet in one hand and a coiled wire in the other. He pushed the magnet toward the coil of wire and an electric current started up in the wire. He held the magnet still and the current stopped. He moved the magnet again and the current started up again. So long as he moved the magnet in the vicinity of the wire, he created an electric current. No one had understood this before. He'd created a force field! Something was traveling from the magnet into the wire. But that couldn't happen if the space between them was empty. So Faraday had shown that electricity wasn't some hissing liquid that could only be funnelled along inside a wire. If his results were right, force fields would stretch out through an open window or perhaps even through the wall and continue to the moon or possibly beyond.
"The book of nature, which we have to read", he'd once written, "is written by the finger of God". He was right and now he had shown that God was a Titian, blasting his universe with up to this moment unseen, lively streaks.
Faraday's insights are at the heart of modern technology, and even – as we'll see – would eventually answer the question about why electrons don't pile up at the end of a long phone line. He made many more discoveries and became respected. At one point a brilliant young woman became fascinated by what his electricity findings might suggest for her own research. Ada Byron Lovelace worked on early notions of what we would now call computer programming. No technology could entirely build what she needed. But she believed in Faraday. He seemed fascinated by her, but stepped soon back.
Now, criticized by the great majority of researchers of his idea about force fields, he turned back to Newton. Maybe Newton's different view about empty space wasn't quite true. Just a hint in his writings that Faraday might be right would be perfect for him. And really, Newton had once revealed doubts about his public vision. But there were still some critics, but Faraday was still convinced about his thoughts and that someday there would be practical inventions that depended on what he'd seen. He was right.
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ELECTRIC UNIVERSE – Chapter 4

Discuss the following questions with a fellow student.


1. Discuss the following quotes: “ Faraday had one great advantage over his rivals in England and on the Continent. They had all been trained in the advanced mathematics that Sir Isaac Newton had developed in the seventeenth century.”      “Their universe was basically empty.” (p. 62 / 63)

Faraday's advantage was that he didn't know everything about Newton's mathematics discoveries. So he had his own opinions and didn't believe in just the things, which Newton discovered.
This meant that when Faraday's rivals tried to understand the links between magnetism and electricity, they assumed it would have to be a force that leaped across a gap, without really existing in the space within the gap. Their universe was basically empty. When forces operated, it would have to be, they believed, through the cold, distance-leaping process that Newton had labelled "Action at a Distance".
Michael Faraday didn’t have higher education, was bad at mathematics. Trained (did an apprenticeship) as a bookbinder. He was member of a sect, which believed in the bible literally. So Faraday believed in the presence of God everywhere.

2. What was the connection between Faraday’s experience in Switzerland and “what he believed of science”. (p. 64)

He believed from his religion, that space was not empty, but that a divine presence was everywhere. In Switzerland he saw a rainbow at the base of a waterfall. A strong wind was blowing, and the gusts often threw the spray so far to the side that the rainbow disappeared. When that happened, Faraday motioned for the guides he was with to wait. Every time, the wind blew the spray in the opposite direction, and the rainbow reappeared. It was, he felt, as if the rainbow were always waiting, even though it could only sometimes be seen. He believed of science, when even space seemed empty, something was there.
The rainbow illusion showed to him that electromagnetic forces are everywhere

3. “There in his cold basement laboratory at the Royal Institution, Faraday had shown that ……” … what? explain what Faraday had shown and what Faraday’s experiments suggested. (p. 66 / 67)

… Faraday had shown that electricity wasn't some hissing liquid that could only be funnelled along inside a wire. He held not more than a child's small bar magnet in one hand and a coiled wire in the other. He pushed the magnet toward the coil of wire and an electric current started up in the wire. He held the magnet still and the current stopped. He moved the magnet again and the current started up again. So long as he moved the magnet in the vicinity of the wire, he created an electric current. No one had understood this before. He'd created a force field! Something was traveling from the magnet into the wire. But that couldn't happen if the space between them was empty.
[bookmark: _GoBack]He showed the force fields of magnets.
4. Who was Ada Byron Lovelace? What do we find out about her from the following audiovisual? http://www.youtube.com/watch?v=xiZozgCLHc4

Ada Byron Lovelace worked on early notions of what we would now call computer programming. No technology of the time could entirely build what she needed and so she had a lot of hopes in Faraday. But he stepped back after a short time, probably to avoid risking his own marriage. Ada Byron Lovelace found out the first computer algorithm to calculate a sequence of the Bernoulli-numbers with an engine. She also suggested that such a machine, which we call today computer, could also play songs and show graphics and can be used for science.
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