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electricity and Magnetism

Introduction to the Concepts: Historical Perspective
Static Electricity

 an awareness of static or electrostatic charge dates back to the Greek scientist Thales 
of Miletus, 600 b.c . w e are all familiar with the effects of walking across a carpet and touching 
a doorknob or having a thin plastic bag stick to our clothing. These and other examples are 
representative of electric fields that are stationary or static, as opposed to a flowing charge or 
current electricity.
 Benjamin Franklin observed static charges resulting from rubbing a hard rubber rod with 
rabbit fur and a glass rod with silk. he called the charges that were produced negative  and 
positive , respectively. The practice of referring to a material that has gained electrons as having 
a negative charge and a material that has lost electrons as having a positive charge is still in 
use today.
 william Gilbert (1540–1603) observed that rubbing a piece of amber allowed it to attract 
lightweight materials. he is credited with giving the name electricity to this property of matter. 
The word electricity is derived from the Greek word for amber, elektron.
 Dr. Galvani (1737–98) of Bologna, Italy, worked with electrostatic devices in his laboratory 
and noted the influence that static electricity had on a frog’s leg. The leg twitched when a scalpel 
he was using apparently conducted a charge from one of his machines to a nerve in the frog’s 
leg. This observation led to the eventual discovery of the electric battery.
 allesandro volta (1745–1827) invented the battery  in 1800 by layering silver and zinc plates 
separated by leather strips soaked in salt. This “pile” developed a fairly significant charge when 
the bottom silver and top zinc strips in the pile were connected or touched simultaneously.  
early uses for the voltaic pile included using it to separate water into its two elements. wires 
were connected to the pile and attached to metal pieces called electrodes  that were placed 
in the water. a small amount of acid was added to the water to improve its conductivity. The 
process of using electricity to induce a chemical change was known as electrolysis . The use 
of electrolysis led to the discovery of several new elements.

Current Electricity

 In our discussion of static electricity , it becomes clear that it is defined as the charge-
producing movement of electrons within a material and between materials. when electrons flow 
freely over a substance, we have what is called electric current . some materials, such as most 
metals, conduct this flow of electrons more readily than other materials. 
 wires correctly connecting a flashlight battery and a light bulb make a complete circuit. 
The glow of the light bulb leads to the inference that electrons are flowing. The electrons are 
present in the wires, and the flashlight battery serves as the motive force to set them in motion. 
If you had a row of ball bearings in a plastic tube and rolled an additional ball bearing into the 
tube, energy would be transferred from ball to ball along the length of the tube. This is analogous 
to how electrons flow through a wire. The electrons flow from one electrode in a battery, through 
the circuit, and into the other electrode on the battery. The flow of electrons is from the electrode 
on the battery labeled with the negative “-” sign and to the electrode labeled with the positive 
“+” sign. 
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 Georg o hm (1787–1854) developed the understanding of how voltage, resistance, 
and current are related and stated this relationship in ohm’s Law. ohm started his career as 
an elementary school teacher, and later taught in secondary school. During his free time, he 
studied the factors that affected the flow of electricity across various metal conductors. Ohm’s 
Law  may be simply represented in the following mathematical equation: E = IR, where E stands 
for electromotive force or volts, I for electric current or amperes, and R stands for resistance 
or ohms. There is always some resistance to the flow of electricity, and ohm’s law provides a 
means for expressing the resistance, relative to voltage and amperage. The measurement of 
voltage is used to find the resistance in a system. a voltmeter is placed at any place in a circuit 
to find the drop in voltage. 

Magnetism

 Thales (600 b.c .), a Greek scientist, noted the attractive force in a natural earth material 
called lodestone  (leading stone), which was made up of iron ore. observations of lodestone 
included noting that a slender piece of the mineral, when suspended from a string, oriented 
itself with the north and south Poles of the earth. 
 william Gilbert (1540–1603) published the first book dealing with magnetism in 1600. 
he noted that the earth acts as a giant magnet, and opposite poles attract each other. 
 a magnetic field represents an area around a magnet that may influence other materials. 
For instance, a magnetized iron bar will attract or repel other objects made of a similar material. 
a magnetic field may be observed by placing a magnet under a piece of paper and scattering 
iron filings over it. It may be observed in a bar magnet that the two magnetic fields exist, one at 
either end of the bar magnet. These areas are called magnetic poles . a  bar magnet suspended 
from a string will align itself with the Poles of the earth. It may also be observed that when two 
magnets are brought together, like poles repel each other, and unlike poles attract each other.
 hans Christian oersted (1777–1851) discovered the magnetic field that exists around 
electrical circuits. a magnetic compass placed near a wire with an electric current flowing through 
it will be deflected in a regular pattern. additionally, a wire placed vertically through a horizontal 
piece of cardboard (Figure 1) will exhibit a magnetic field when iron filings are sprinkled onto 
the cardboard. 

Figure 1
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 since a magnetic field can be detected around an active circuit, a compass may be used 
to detect an electric current. The instrument used for measuring small electric currents is called 
a galvanometer . The galvanometer uses a permanent magnet and a small coil of wire or spring 
suspended near the permanent magnet. when a small current is introduced near the coil, it 
behaves like a magnet. The interaction of the temporary magnet (spring) and the permanent 
magnet is used to produce a measure of electric field (Figure 2).
 Michael Faraday (1791–1867) and Joseph h enry (1791–1878) discovered that a magnet 
moving in the vicinity of a coil of wire would generate an electric current. This is known as 
induced current . The large electric generators used today in power plants all over the world 
are based on the principles of induction outlined by Faraday and henry.
 wrapping an insulated wire around a nail, and then attaching the ends of the wire to a 
battery, is a way to create a temporary magnet called an electromagnet . The use of magnets 
to induce electrical currents and the use of electric currents to produce magnetic fields are 
examples of the relationship between magnetic and electrical charges. 
 The galvanometer, as seen in the diagram below, is a device that can be used to detect 
and measure small amounts of current. The movable coil becomes a temporary magnet when 
current flows, deflecting a spring to the right or left. The amount of movement in the spring and 
attached needle is relative to the amount of current.
 
Figure 2

  In amir D. aczel’s book, The Riddle of the Compass: The Invention That Changed the 
World, he recounts the history of the magnetic compass, from its use by the Chinese to orient 
buildings, to its application by the Italians in navigation at sea. 
 
Static Electricity Concepts
 
 static electricity or stationary charges are the result of the migration or transfer of elec -
trons. a positive charge  forms when electrons are removed from a material, and a negative 
charge  forms when electrons are added to a material. objects acquire a static charge by fric -
tion , conduction , and induction . 
 a charge may be introduced in a balloon that is rubbed by a piece of wool through fric -
tion . If a plastic container filled with confetti-sized scraps of paper is rubbed with a plastic bag, 
a charge is introduced in the lid by friction. The lid takes on a positive charge as electrons are 
transferred to the plastic sheet. small pieces of paper in the plastic container can be observed 
standing on end. The ends of the small pieces of paper near the lid become negatively charged, 
and the ends of the pieces of paper away from the lid become positively charged. This is an 
example of an induced charge, as the electrons in the pieces of paper migrate to one end of the 
papers. The pieces of paper appear to stand on end and dance at the bottom of the container, 
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because the lid with a positive charge attracts the negative portion of the paper scraps. note 
that when a material is given a charge through induction, the charge is opposite the object in-
ducing the charge.  some of the pieces of paper may actually stick to the underside of the lid 
and lose their electrons to it. In this example, the charge is transferred through direct contact or 
conduction .
 It can be observed that objects with like charges repel each other, while objects with 
opposite charges attract each other, and a charged object attracts a neutral object.
 other concepts that are related to static electric charges include the following. static 
electric charges can be detected and measured, and static electric charges can be stored. a 
high level of humidity  (water vapor in the air) will cause charges on an object to dissipate more 
rapidly than when the air is dry.
  
Current Electricity Concepts

 The concept of a circuit is related to the root of the word circuit or circle, and just as a 
circle is represented by a closed figure, the circuit  represents a continuous path through which 
electricity flows. Basic elements of a circuit include an energy source, a conductor or wire for 
transmitting the electricity, and usually an appliance or resistor. an example might include a 
simple circuit made up of a “D-Cell” flashlight battery, a piece of bell wire, and a small flashlight 
bulb (Figure 3). such a circuit is called a closed or complete circuit .

Figure 3

 a switch  may be added to open the circuit and turn off the light or to close the circuit 
and turn on the light. switches are devices used to open and close circuits.
 Short circuits  occur when the current finds a path with lower resistance than the circuit 
that is intended. For instance, a short circuit will result if, instead of using a low-resistance wire 
to connect a light bulb in a circuit, the wire is used to connect the negative end and the positive 
end of a battery directly. In this situation, the wire will rapidly heat up, and the battery will be 
depleted in a short time.
 Circuits can be configured in a number of different ways, and both the sources and 
devices that are used in a circuit can be connected in different ways. Circuits can be designed 
to perform a variety of useful functions.
 a subtopic related to electricity is that of conductors and insulators. It is best to think of a 
continuum or relative scale with materials that are excellent conductors at one end of the scale 
and materials that are poor conductors at the other end of the scale. Materials that either do 
not conduct electricity or conduct it poorly are considered insulators .

Introduction to the Concepts: Historical Perspective (cont.)
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Naive Concepts 
 
 s tudents and adults have many naive conceptions when it comes to electricity and 
magnetism. Much of this is apparently due to the fact that we are dealing with “black boxes,” or 
invisible forces. one of the best sources for the naive ideas related to electricity and magnetism 
is the program Operation Physics. The following represents a presentation of some of the naive 
concepts that will be addressed in the activities included in this book. note that the presentation 
of the naive concepts is followed by a presentation of the accepted science concepts. addition-
ally, the following website is an excellent source for naive concepts in science: www.ems.psu.
edu/~fraser/Badscience.html .

Static Electricity

The idea that objects carry a negative or positive charge represents a source for several 
naive concepts. s tudents may accept the idea that substances carry opposite charges; however, 
this may lead to the intuitive idea that if materials that are negatively charged have an excess of 
electrons, then materials with a positive charge have an excess of protons. The scientific gener-
alization is based on the ability of materials to freely give up or take on electrons ; therefore, a 
positive charge forms when a substance has lost electrons, and a negative charge forms when 
a material takes on electrons. 

students may also think that materials that lose electrons have lost them completely. The 
view from science is that there is a conservation of charge and that a material may temporarily 
give up electrons to nearby materials, but there is no net loss of electrons. In time, a charged 
object will either regain lost electrons or give up extra electrons, and return to a neutral state.

students may come to the conclusion that all atoms are charged, since they observe 
interaction among many different materials. They may also conclude that a charged object will 
only affect another charged object. The accepted view in science is that many materials carry no 
charge and are considered neutral, and a charged object attracts a neutral object. Furthermore, 
objects can acquire a charge through friction , conduction , and induction . 
 
Circuits
 
 Many of the naive concepts relative to current electricity and circuits are related to an 
incomplete understanding of a complete circuit. students may accept that electricity flows from 
an energy source, such as a battery, through a wire to a light bulb. however, they may not 
realize that in order for the circuit to be complete, the electrons must continue in a path back to 
the source (battery). a circuit  is a continuous path of flowing electrons from a source, through 
wires and appliances (resistors), and back to the source.
 a common understanding is that conductors allow electricity to flow through them and 
that insulators do not allow current to flow. This concept is related to resistance, or the relative 
ability of a material to allow electrons to flow. 

a more acceptable view involves looking at the nature of conductors. a material is a 
conductor when it has electrons that are free to move. There are a number of variables involved 
in whether a substance is a conductor or a nonconductor. Included in these variables is the 
nature of the material, its thickness, temperature, and other factors. Usually, insulators  have 
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relatively few electrons that are free to move, whereas conductors  have many electrons that 
are free to move. Generally speaking, shorter wires are better conductors, thicker wires are 
better conductors, and some metals are better conductors than others. Gold is one of the best 
conductors, followed by silver; however, their cost is too high for wide use. Copper is frequently 
used, because it is a good conductor with other properties that make it popular for use as a 
conductor, including its cost and flexibility. 
 one of the most popular misconceptions about electricity is that batteries have electricity 
inside them, as opposed to the accepted scientific view that chemical energy can be converted 
to electricity. other forms of energy can also be converted to electricity, including solar energy. 
Falling water, tides, and the wind are all used to produce electricity, and all have the sun as their 
original source of energy.

Properties and Behaviors of Magnets

 early explorations with magnets and magnetism may be related to several misunderstandings 
about the properties and behaviors of magnets. Children may conclude, incorrectly, that all metals 
or metal-colored objects are attracted to magnets. They may also conclude that all magnets 
are made of iron, since it is one of the more accessible materials for use in the elementary or 
middle-school classroom. They may also believe that larger magnets are stronger than smaller 
magnets. More widely held beliefs include the idea that the geographic and magnetic poles of the 
earth are in the same place, and that the magnetic poles of the earth are north in the northern 
hemisphere, and south in the southern hemisphere.
 More extensive investigations with magnets and magnetism show us that magnets attract 
some metals, and materials that are attracted have magnetic properties. Magnets are made of 
various materials and come in a variety of shapes, sizes, and strengths. w e also learn that the 
concentration of magnetism is in two places, or poles , on a magnet. 

The earth acts as a giant magnet, and a freely suspended magnet in the northern 
hemisphere will orient itself with the north Pole. The pole of the magnet that points to the north 
is called a north pole, and the pole of the magnet that points to the south is called the south pole. 
This appears to be counter-intuitive, since we learn through exploration that opposite poles of a 
magnet attract, and like poles repel each other. This is a figment of history, and may be related 
to an early scientist simply labeling the end of the magnet that is oriented to the north with an 
“n,” and the end pointing to the south pole with an “s .”

Naive Concepts (cont.)
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Naive Concepts (cont.)

Magnetism Concepts

 exploration with magnets leads to the generalization that magnets attract some metals. 
w e also find out that magnets have areas where their strength is maximized. w e call these 
areas poles . every magnet has two poles; one pole is referred to as the north pole, and the 
other is called the south pole. additionally, we find that like poles repel each other, and unlike 
poles attract each other. 
 The earth acts as a giant magnet with a north pole and a south pole. The pole of a freely 
suspended magnet that points toward the earth’s north is called a north pole. The pole that 
points to the earth’s south is called a south pole. You will note that this is contrary to what we 
learn through exploration with magnets. It is an accepted convention in science to refer to the 
end of a freely swinging magnet pointing to the earth’s north pole as the “north-seeking pole” 
or north pole of the magnet. Likewise, the south pole of a magnet is the end of the magnet that 
points in the direction of the earth’s south pole.
 Materials that are attracted to a magnet are magnetic materials. Magnets and magnetic 
materials contain “tiny magnets” called magnetic domains, and materials exhibit magnetic proper-
ties when these magnetic domains become aligned. Magnets come in a variety of sizes, shapes, 
and strengths. heating, jarring, shaking, or dropping a magnet can destroy its magnetism.

Definitions of Terms

Static Electricity Terms
Static electricity  is defined as electricity at rest.

Electrostatic charge  is a charge that is confined to an object; that is, the object has taken on 
or lost electrons, and therefore has a net negative or positive charge.

Current Electricity Terms
Conductor is a material that allows an electric charge (electrons) to flow through it. some 
conductors are better than others. Most metals are good conductors.

Insulator  is a material that restricts an electric charge from flowing through it. some insulators 
may be considered nonconductors.

Ampere  is the measure for the unit of current.

Electric circuit  is a closed-loop conducting path that consists of an energy source, an appliance 
or electric load, and wires that conduct the electric current from the battery, through the appliance, 
and back to the battery.

Electric current  is the rate of flow of charge past a given point in an electric circuit.

Electricity  is the physical attraction and repulsion of electrons within and between materials. 
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Electrification  is the process of charging a body by adding or removing electrons. 

Electromotive force (emf)  is the energy per unit of charge supplied by a source of electricity.

Ohm  is the measure for the unit of resistance in electric current.

Parallel circuit  is a circuit with two or more appliances that are connected to provide separate 
conducting paths for current for each appliance.

Resistance is the opposition to flow of electricity.

Series circuit  is a circuit with two or more appliances that are connected to provide a single 
conducting path for current. 

Volt  is the measure for the unit of potential difference.  

Magnetism Terms
Domain  is a microscopic magnetic region composed of a group of atoms whose magnetic fields 
are aligned in a common direction. a magnet has many magnetic domains that are all aligned 
in the same direction.

Line of flux (line of force)  is a line around a pole of a magnet representing the direction of 
magnetic field.

Magnetic field is a region in which a magnetic force can be detected.

Magnetic flux  is defined as lines of flux in a magnetic field, considered collectively. Magnetic 
flux can be observed by placing a magnet under a piece of paper, then scattering iron filings 
over the paper.

Magnetic force  is a force associated with the motion of electric charges and can be measured 
indirectly by finding out how many similar objects a magnet can pick up. 

Definitions of Terms (cont.)
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