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Learning about Learning

ACTIVITY 1 HW 2: Historical Development of a Model of Magnetism


Chapter 3

Activity 1 Homework 2


Purpose

	In a previous activity you made some decisions about which model of magnetism was more useful for accounting for all available evidence. In this activity, you will examine how models have developed in the history of science and how models differ from things that we can actually observe with our senses. 
	Unrubbed 
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Rubbed
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	What is a ”model” in science? Do models change over time? If so, why?


Initial Ideas
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What role do you think observations play in the development of models? Provide an example. 

Collecting and Interpreting Evidence
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The next few pages of this activity contain a brief historical account of how the domain model of magnetism was ultimately developed within the scientific community. Read through the article and then answer the summarizing questions at the end of this activity. 

READING: The Development of a Model of Magnetism

       “…the meaning of the experiments does not become apparent until theory makes it so.” 

Albert Einstein and Leopold Infeld (1966)

This reading is a brief summary of the history of the development of the domain model of magnetism. This summary is based on Johnson’s (1999) historical analysis. 

The Story

William Gilbert’s Harmony and Discord Model

By the end of the 16th century, William Gilbert had identified two different poles of a magnet and observed that one end of a magnet attracted to one end of another magnet and repelled from the other end.  He described attraction in terms of “harmony” and repulsion in terms of “discord.” According to this model, when two magnets were in harmony, they attracted one another and when they were in discord, they repelled one another. While Gilbert’s harmony and discord model could explain why magnets attracted and repelled other magnets, the harmony and discord model could not really account for two different poles and it could not explain why magnets attracted iron.  In addition to attraction and repulsion, Gilbert also observed that when he cut a magnet in 

half, the two pieces acted like two individual magnets. His harmony and discord model could not explain this either.

Rene Descartes’ Particles and Pores Model 

In 1644 René Descartes published an influential work that outlined his own model for magnetism. Descartes, following the work of other scientists who were trying to explain electricity, described magnetism in terms of an invisible substance or fluid that exists everywhere and consists of very small spiral particles that were always in motion.  According to his model, a magnet was a special type of matter because it had several pores or channels through which the spiral particles in the substance passed.  Descartes’ model could explain why the two ends of a magnet acted differently. He proposed that inside the walls of the pores or channels in a magnet there were many hairs or teeth that resisted the flow of the substance, therefore the substance could flow only in the preferred direction through the magnet.  This idea helped to explain the existence of two poles of a magnet, one into which the substance flowed and the other out of which the substance emerged.   Since the substance could only move in one direction through the magnet, attraction was easily explained by the idea that if magnets were aligned correctly (north to south pole) the substance would flow out of one and into the other magnet, creating a continuous flow-attraction.  When the magnets were not aligned correctly (e.g. north pole to north pole), the fluid flowed in opposite directions and emerged from the two interacting ends of both magnets, therefore the magnets repelled. 

In addition to accounting for the two different poles of a magnet, Descartes’ model could explain why iron is attracted to a magnet.  In Descartes’ model, the holes or pores in the iron were not aligned as they were in the magnet, so there was no preferred direction for the substance to flow through in iron. The invisible substance could still flow through the pores but not as easily as it does through magnets. According to Descartes’ model, when a magnet is brought into the presence of iron, the spiral particles of substance pushed the holes in the iron into alignment, so the iron could behave like a magnet during an interaction with a magnet.  

Franz Aepinus’ Magnetic Fluid Model 

In 1756, Franz Aepinus published a book explaining his own model for magnetism. According to Aepinus’ model there exists a  “magnetic fluid” which moves around through the air and gets stuck in iron. The magnetic fluid was similar to the ‘electric fluid’ which was earlier introduced by Benjamin Franklin and was a popular idea at the time for explaining observations with electricity. According to Aepinus’ magnetic fluid model, all iron contains a magnetic fluid.  A magnet was simply a piece of iron in which the magnetic fluid was stuck at one end. This left the piece of iron with an excess of fluid on one end and a deficit of fluid on the other end. This model could explain the two-ended nature of the magnet (north and south poles - one end has fluid and the other does not), and could explain why a magnet was attracted to iron (iron contained a very small amount of magnetic fluid which would shift during an interaction with a magnet). The magnetic fluid model could also explain the observation that when a magnet is cut in half, the two halves still act like individual magnets;  according to Aepinus, when the magnet is cut in half, some of the magnetic fluid “evaporates” from one end of each half, leaving one end of each half with an excess of fluid and the other end of each half of the magnet with a deficit of fluid. Aepinus introduced another addition to magnetic theory. He introduced a set of mathematical calculations that could support his model. The practice of supporting models with mathematical calculations was quickly becoming commonplace in science. One of the problems with Aepinus’ model is that it was not quite clear how the fluid moved around within a half of a broken magnet, and exactly how the evaporation process took place. 

Charles Coulomb’s Magnetic Entities Model

 In the late 18th century, Charles Coulomb introduced the idea of “magnetic entities” which pre-exist within the magnet. According to this model, each entity contained magnetic fluid and entities could not be broken apart.  The fluid could move around within each entity but could not move between entities (for example, an entity would act like a tiny magnet if the fluid was stuck at one end as is the case in Aepinus’ model). Coulomb took special care to provide evidence that could support his model, to provide  mathematical support for his model, and to make his model consistent with other models of action-at-a-distance that were accepted by the scientific community at the time (such as Newton’s model for gravity). Coulomb’s model eventually led to the modern domain model of magnetism.
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Summarizing Questions

S1.    How would you know if a model is a good model? What criteria would you use to decide between several models of the same observations? 

S2.   In the table below, the models that were discussed in the article are listed in rows and the observations that people made with magnets are listed in columns. For each observation, write an “X” for each of the models that explains that observation. 

	Observation 
Model

              
	Attraction and Repulsion
	North and South Poles
	Attraction to Iron
	Cutting the Magnet yields Two Magnets

	Gilbert’s Harmony and Discord Model
	
	
	
	

	Descartes’ Particles and Pores Model
	
	
	
	

	Aepinus’ Magnetic Fluid Model
	
	
	
	

	Coulomb’s Magnetic Entities Model
	
	
	
	


S3.  Why do you think that people in history felt the need to generate new models of magnetism even though other models such as the “harmony and discord” model and the “particles and pores” model already existed to explain observations with magnets? 

S4.  What do you think are some reasons that Coulomb’s model was the one that ended up being accepted (in a slightly modified form) by the scientific community? 

S5. In what ways do you think models are different from observations? 
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