The Discovery of Faraday 
Faraday was born in 1791 to a working-class family near present-day South London. At the age of 14, he became a bookbinder's apprentice, which gave him access to books on a variety of subjects. Books he read during this period sparked an interest in physics and chemistry to such an extent that he attended a set of lectures given by John Tatum, founder of the City Philosophical Society of London. With his skill as a bookbinder, he transcribed his weekly lecture notes and added his own commentary and illustrations. 

Faraday’s employer was impressed by these notes and showed them to an upper-class customer, William Dance. Similarly impressed, Dance gave Faraday tickets to see lectures by Humphry Davy at the Royal Institution. Davy was a brilliant and highly accomplished chemist, pioneering the field of electrochemistry. In particular, he used electrolysis to discover the elements sodium, potassium, magnesium, and calcium, among others. He also discovered the physiological effects of Nitrous Oxide – laughing gas – which became one of the first anesthetics … and a source of entertainment for Davy and his friends. 

Davy was also a celebrity, known for dynamic public lectures, spectacular demonstrations, and sex appeal. At that time, many scientists gave public lectures in order to generate interest in – and funding for – their work. It was considered highly fashionable for wealthy members of society to attend these lectures. Such lectures would have ordinarily been inaccessible to a commoner like Faraday, but the gift of tickets gave him access to scientific learning and, eventually, real scientists.  This was vital, because a person of Faraday’s social status would not have had access to a University education.

Faraday saw Davy conduct electrical demonstrations using the new fangled invention called the battery. He again took extensive lecture notes and copied them in a more polished form; he even made a battery of his own. His bookbinder’s apprenticeship was coming to an end, however, and a career in science was beyond his reach. In a mix of good and bad fortune, Davy injured himself working on an explosive compound and requested Faraday's help with demonstrations and lab work while he recovered. Davy may have received the recommendation from the same man who gave Faraday the lecture tickets. 

After Davy recovered, he attempted to hire Faraday into the Royal Institution, but there were no positions open for assistants. Later, when an assistant was fired for “brawling”, Faraday was hired. His tasks were menial at first: washing containers, setting up equipment, and housekeeping. But Faraday was highly skilled and tenacious, and eventually took on more direct role in laboratory experiments. He even injured himself with the same explosive as Davy. 

When Davy, who was now Sir Humphry Davy, was preparing for a multiyear trip to Europe with his wife, Lady Davy, he chose Faraday to accompany him. Though Faraday would effectively be Davy’s servant, this was an opportunity he could not pass up. He had never been more than a few miles outside London. Here was a chance to become a man of the world, while meeting some of the greatest European scientists. 

Davy had come to accept Faraday as a junior colleague. He treated him with respect, and introduced him to many French scientists. They found Faraday impressive, and this built his confidence. However, Faraday had an awful time dealing with the arrogant and very class-conscious Lady Davy, who taunted him and treated him as a lowly servant. The trip was just long enough for Faraday, who had about had enough by the time the political climate forced them back to England.

Faraday Invents the Electric Motor
Work and life resumed as Faraday and Davy returned home. Once a skeptic of love, Faraday changed his mind and married Sarah Barnard in 1821. At about the same time, news of startling experiments connecting magnetism and electricity reached Davy’s laboratory. In particular, Hans Christian Oersted was giving a demonstration on electricity, and noticed that the current in the wire affected a nearby compass needle. See fig. 1 below for a modern explanation. 

Traditional scientists at this time believed electricity and magnetism to be distinct phenomena.  Moreover, all the forces that they knew (Newton’s gravity, Coulomb’s law) acted along straight lines. Oersted’s experiment challenged everything they knew. Faraday, on the other hand, was not trained in these traditions. He came up with the notion that lines of magnetic flux circulated around the wire, and that the compass aligned with this flux. He visualized the flux lines by drawing pictures. He did not know calculus and essentially distrusted all of the sophisticated theorizing that his more learned colleagues were doing. 

	

	Figure 1. Oersted’s experiment showed that a compass rotated as it was passed around a wire carrying electric current. The wire is shown standing “upright” in the center, with the compass in four positions around the wire. Faraday’s interpretation – in modern terms – was that the compass aligned with lines of magnetic flux that circled the wire. Faraday’s magnetic flux lines are shown as three lines circling the magnet.


While few scientists could make use of Oersted’s results, Faraday’s intuitive idea of flux lead to many other experiments. Most importantly, Faraday created two electric motors: one in which the wire moves and one in which the magnet moves. The scientific community at the time could not ignore Faraday’s experimental results and inventions. However, they regarded his notion of flux lines with condescension at best and ridicule at worst. 

Accusations of Plagiarism 
The idea of a relationship between electricity and magnetism had been in the air in Davy’s laboratory. Faraday conducted his first experiments with wires and magnets somewhat after Davy and William Hyde Wollaston had attempted to conduct similar experiments. Davy and Wollaston had failed and dropped the problem, while Faraday succeeded. Importantly, when Faraday published his results, he did not acknowledge Davy or Wollaston. This enraged Davy, causing serious problems for Faraday as he strove to advance his career as an independent scientist. 

In brief, this is how the problem arose: To explain Oersted’s experiment, it occurred to Wollaston that current might move in a helical fashion instead of straight through a wire (like a screw drilling into wood). Therefore, he thought the wire would spin in the presence of a strong magnetic field. Davy and Wollaston tried to observe this rotation, but could not get their experiment to work. This was not a well-known idea and Faraday did not record hearing about this work in his journals. However, the first experiments that Faraday performed on his way to the electric motor did resemble what Davy and Wollaston were trying to do. Furthermore, Faraday was working in a nearby lab when Wollaston and Davy were making their attempt, so its plausible that he overheard them.

Davy was outraged when Faraday published his work without citing him.  When this came out in public, the idea of rotational motion of the wire around a magnet seemed so unique that people assumed Faraday took the idea without giving credit. After all, Davy was a great man and Faraday was his butler! This problem became critical when Faraday was later nominated to become a Fellow of the Royal Society. Many were hesitant to allow such a “plagiarist” into the Society. Interestingly, Wollaston, the real “victim” in the whole story saw no offense. Wollaston felt that Faraday’s ideas were unique, and that he had succeeded where he himself had failed. He testified in support of Faraday.  

Faraday was able to convince his opponents that he was not a plagiarist and did finally become a Fellow of the Royal Society. This freed him to pursue his own work. 

He eventually arrived at what would be called “Faraday’s Law of Induction,” which states that electric current can be produced by a change in the magnetic flux through a closed circuit (he called it “cutting of magnetic curves”).  Much of the electric hardware of the industrial revolution was in-fact invented by Faraday.   

Faraday attempted to generate electricity only from the magnetism and motion of the Earth. He never succeeded, but the effect was later observed in underwater telegraph cables. He waited to publish after making his initial announcement of the discovery, and was scooped by French and Italian scientists. Faraday played the plagiarism game once again, only this time he claimed he was the victim. 
Multiple Choice – Circle the letter of the answer for each question:

1) Faraday worked for which other scientist to get his start?

1) Oersted

2) Davy

3) Tatum

4) Dance

2) What idea did Faraday discover?

1) Magnetic Flux is in a straight line

2) Current affects a magnetic field

3) Electricity and Magnetism are different phenomena

4) An electric motor using Magnetism and Electricity

3) Why were Faraday’s ideas not immediately accepted in the scientific community?

1) He was not of the same social class as the other scientists

2) His ideas were not backed up by mathematics

3) His drawings were counter to the current understanding of direction of force

4) All of the above

4) How did Faraday get his start in science?

1) He went to lectures

2) He got a job with a famous scientist

3) He re-wrote lecture notes for distribution

4) All of the above

5) Why did famous scientists of the time give public lectures?

1) To educate the general populace in scientific endeavors

2) To generate enough interest to get more money

3) To become famous enough to publish their discoveries

4) All of the above

6) What was different about Faraday’s idea of ‘flux lines?’

1) They were in circular patterns

2) They had extensive mathematics backing them up

3) They generated power in a motor

4) They went in straight lines away from the center of charge

7) What followed from Faraday’s concept of ‘flux lines?’

1) A collaboration with Wollaston

2) Immediate acceptance from the scientific community

3) A version of the electric motor

4) Plagiarism by French and Italian scientists

8) In Figure 1, what is represented by the arrows pointing in circles around the center of the picture?

1) An electric current

2) A magnetic flux

3) A closed circuit

4) A compass line

9) Who was upset at Faraday for not citing them regarding electricity and magnetism?

1) Wollaston

2) Dance

3) Davy

4) Oersted

10) What is created in Faraday’s Law of Induction?

1) An electric current

2) A magnetic flux 

3) A closed circuit

4) All of the above

Short Answer – Write 1-3 complete sentences answering each question:

Q1. What is an example of a force you have encountered in the everyday world that works along straight lines? 

Q2. Was the scientific community justified in their denial of circular forces?  Why or why not?

Q3. What are the three main ideas in this passage?

Q4.  In Faraday’s experiment with a compass and a current carrying wire, describe the relationship between the direction of the compass needle and the ‘flux lines.’

Q5. Look at the drawing labeled “Figure 1” and describe what might be confusing about it and why.

Q6. Give an example of how science might be able to act as more of a social equalizer today than in the time of Faraday. 

Q7. What roadblocks might someone like Faraday (poor but talented) have today when trying to become an elite scientist?

Q8. What factors might have contributed to the fact that people like Faraday and Davy were so concerned with others taking credit for their discoveries?  

Q9. Was Faraday at fault when he was accused of plagiarism?  Why or why not?

Essay - Answer the following question in essay format, providing reasoning for your stance as well as examples to back up your thoughts.

Davy’s trip was during the time of Napoleon’s rule. Many regarded Sir Humphry Davy as unpatriotic for visiting France since he was English and there was a great amount of political tension. How would you judge this decision?  What are the positive and negative sides of international science?
