Background: EEG and Behavior
Ever think of your brain as containing billions of little spark plugs? In a way, that is what they are. The signaling units of brain are small cells called neurons and they discharge pulses of electricity that they use to convey information about what our eyes, ears, and other senses detect and that they use to make our bodies move in useful ways.

This module is about brain electricity and how it relates to our being awake and asleep. This “sleep-wakefulness continuum,” as it is called, also includes a state known as “hypnosis.” The lesson includes an adapted research paper on “animal hypnosis,” which may or may not be related to human hypnosis.

Historical Perspective:

Many people credit the U.S. “founding father,” Benjamin Franklin with discovering that lightning is electricity. Yes, in addition to being a statesman, politician, and printer, he was also a scientist. He was an important scientist too. Even Einstein cited one of Franklin’s research papers.
According to legend, Dr. Franklin around 1750 decided to test his hypothesis that lightning was electricity. He built a silk kite and flew it high in the air during a lightning storm. He used silk because it would not fall apart in the rain (maybe also because the handerkerchief was dirty and needed washing). He tied a metal key to the end of the kite string. This arrangement should conduct an electric shock if indeed lightning is electricity. Clever idea it was, but not very wise because that is a good way to get yourself electrocuted. Anyway, when the rain got everything wet, he saw loose threads of the handkerchief stand up as if repelling each other. He knew from the work of others that this was a sign of static electricity. When he touched the key, he got a real shock.

Some 30 years later, an Italian physician, named Luigi Galvani, who liked to tinker around with science, used a similar approach to test his idea that nerves conducted electricity. In the middle of a thunderstorm, he connected a lightning rod (reportedly invented by Franklin) to the sciatic nerve of a recently dead frog. During lightning flashes nearby, the frog leg would twitch and jump, suggesting that the nerve used electricity to make muscles to move. This experiment was widely reported, and it even inspired the classic 1798 novel by British novelist Mary Shelley that we know as Frankenstein.
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	Drawing of the original experiment by Luigi Galvani to demonstrate the existence of animal electricity. From Johnson, 2011.


Another famous scientist of the era was Alessandro Volta (for whom “volts” is named) challenged Galvani’s experiments as being poorly controlled and the conclusion not justified. But Galvani then did other experiments and eventually proved that electrical currents actually existed in nerves and muscle and were the cause of the actions. Actually it took some 200 years of other experiments to finally reveal just how nerves make muscles contract.
Electricity exists not only in nerves, but it is conspicuously present in brain, where one can measure the voltages generated by using electronic amplifiers. We know these signals best as the “electroencephalogram.” The signals can be recorded all over the head by placing electrodes on the scalp and connecting them to amplifiers. In the early days of this kind of research, the output of the amplifiers was led to powerful magnets that drove the movement of ink pens that drew out tracings of the voltages. These magnets were named “galvanometers.” You can guess where that name came from.

The early experiments with electroencephalograms showed that “brain waves” change appearance, depending on whether one is awake or asleep.
“Animal hypnosis” is a phenomenon that people have known about for centuries. It was popularized by Franz Mesmer, in France, in the early 19th Century, who practiced “animal magnetism” by “staring down” an animal until it did not move. Maybe you have heard of the word, “mesmerize.” Other people have noted how often a similar paralysis occurs in possums that have been startled (“playing possum,” “death feint”). This behavior is also known as “animal hypnosis.” 
There is no known connection with human hypnosis, and the state is now called “immobility reflex” or “tonic immobility.” The key point is that certain kinds of stimuli trigger an immobility, but only certain species, such as birds and rabbits, are very susceptible.

Studies of this phenomenon are of interest because they cause us to think about the relationship between sensory input and bodily movement and how the brain might regulate these relationships.

A key question over the centuries, and one addressed in the adapted research paper, is the matter of what is going on in the “hypnotized” brain? The animal is immobilized and relatively unresponsive to stimuli. Is it asleep?
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Vocabulary:

Words belonging to word families*:

	Word
	Family of

Related Words
	Meaning Common to the Family
	Meaning of

This word

	
manipulation
	
manus, manual, manipulative
	operations of the manus (hand)
	to make things occur with certain hand actions

	dissociation
	association, associative, 
	whether or not things go  together (like bread and butter)
	the opposite of being associated

	correspond
	
correspondence, respond, correlate, correspondent, 
	related
	agree with, go together

	
immobile
	
automobile, mobile, immovable, immobilize, 
	
dealing with moving
	
not moving

	
amplifier
	
amplify, amplitude, ample, 
	
something to do with size
	instrument to increase size of electrical signal

	
terminated
	
term, terminal, terminus
	
an end point
	to stop or end

	
seizure
	
seize
	
grab control of
	
uncontrolled convulsions or electrical activity

	
speculation
	
spectacles, spectacle. spectacular, speck
	
look at, view
	an informed guess or suggestions


* Many words occur in families of related words. In many cases, a student may already know one word in the family (italicized here) and that makes it easier to have a general idea of what all words in that category mean. Meaning often becomes evident by the context in which a given word is used. This, in our opinion, is the efficient way to expand one’s vocabulary, while at the same time emphasizing that each word has its own contextual nuance.

Other words and definitions:
Electroencephalogram (EEG): derived from “electricity,” “en” (meaning on or upon), “ceph” (meaning head) and “gram” (meaning graphic display. Thus, the word means a graphic display of the electrical activity as detected from the surface of the head. Similar signals can come from  electrodes placed deep within the brain, and sometimes these are also called EEG signals (though less correctly because they don’t come from  on top of the head).

Cortex: outer surface of the brain


Hypnosis: sleep-like


Inhibition: to decrease the action of something
