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Since @rsted! had shown that an electric current could produce a magnetic effect, it had seemed
to Faraday that there ought to be some way of showing that the reverse was also true, that a magnet
could induce an electric current.

To do this, Faraday made use of an iron ring. In 1831, he wound a coil of wire around one portion
of the iron ring and attached it to a battery. The circuit could be opened or closed by a key. If he
closed the circuit, current would flow, and a magnetic field would be set up and concentrated in the
iron ring.

Suppose, then, that a second coil was wrapped around another segment of the iron ring and
" connected to a galvanometer. The magnetic field set up in the iron ring might produce a current in
this second coil, and the galvanometer would record its presence.

The experiment worked. Faraday had devised the first electrical transformer and had discovered
electromagnetic induction. However, it did not work as he had expected. There was no continuous
electric current to match the continuous presence of the magnetic field. Instead, there was a momen-
tary flash of current, marked by a jerk of the galvanometer’s needle when he closed the circuit, and
a second flash, in the opposite direction, when he opened the circuit.

Faraday explained this by means of the lines of force that he visualized. When a circuit was closed
and electricity was set to flowing, magnetic line of force? sprang outward and crossed the second coil,
inducing an electric current. When the circuit was opened again, the magnetic lines of force collapsed
inward and crossed the second coil again, inducing an electric current in the opposite direction. When
the magnetic lines remained in place because the current in the first coil was flowing steadily, no

lines crossed the second coil in either direction and no current was induced in it. )

Faraday went on to devise a way of having metal cut across the lines of force continually. He
turned a copper wheel so that its rim passed between the poles of a permanent horseshoe magnet?®.
As long as the copper wheel turned, its rim continually cut through magnetic lines of force and an
electric current flowed continually in the wheel. That current could be led off and made to do work.
Faraday had thus devised the first electric generator.

Until then, electric current had been produced only by batteries, which meant that the electriéity
was obtained by burning metals such as zinc. This meant that electricity was expensive and limited
in quantity.

The turning of the copper wheel to cut across the magnetic lines of force took considerable effort,
and it was this energy that was turned into electricity.(z) If one had to turn the wheel by muscle
power, little electricity could be obtained. However, the wheel could be and eventually was driven by

l@rsted T—ILRAFTY K (AB)
2magnetic line of force B
3horseshoe magnet U RIS




steam power, which meant that electricity was formed from burning fuel or from some other copious

source of energy such as falling water or blowing wind.
Eventually, when the electric generator was sufficiently improved, electricity could be generated

cheaply and in any quantity desired.
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air

water

“Okay, here’s the path a ray of light takes when crossing from air to water. ¥RIKeIOH3F TR

—ERCED, KEERBERRNES, BH 5XRBITEEZER Do (o) You've heard of this before,
right?”

I nodded. “Sure.”

“Now here’s an interesting property about the path the light takes. The path is the fastest possible

route between these two points.”

“Come again?” |

“Imagine, just for grins, that the ray of light traveled along this path.” He added a dotted line to
his diagram:

air

water
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“Z DIRBNEIBIERBIC KT EDBEI YW ERBLAE (p) ( 7 ) light travels more slowly in water
than it does in air and a greater percentage of this path is underwater. ( - ) it would take longer
for light to travel along this path than it does along the real path.”

“Okay, I get it.”

KB ZOBEBOEE LKL Do (r)” He drew a second dotted path:

air

.
i water
L]

“This path reduces the percentage that’s underwater, ( = ) the total length is larger. It would
also take longer for light to travel along this path than along the actual one.”

Gray put down the chalk and gestured at the diagram on the chalkboard with white-tipped fingers.
“Any hypothetical path would require more time to traverse than the one actually taken. ( I ),
the route that the light ray takes is always the fastest possible one. That’s Fermat’s principle of least
time.”
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