ELECTRICITY & MAGNETISM

*Investigate the Properties of Electricity and Magnetism*
Electricity sounds very much like the word electron. The similarity between the words is

no accident. Electricity is the energy associated with electrons as they move from one

position to another. Recall that electrons are negatively charged particles, while protons

are positively charged particles. 
When like charges come near each other, they repel each other. 

When opposite charges come near each other, they attract each other. 


Static electricity results from an accumulation of like charges. Electric current is a flow of electric charges. Recall that electrons are negatively charged particles, while protons are positively charged particles. 

Rubbing two objects together can cause the electric charges on the objects to

separate. The charging that results is due to friction. In this process, only electrons

can be transferred from one object to another object. One object will become

negatively charged as it gains electrons, while the other object will become

positively charged as it loses electrons.

In conduction, electrons flow through one object into another by direct contact.

Silver, copper, aluminum, and magnesium are examples of good conductors. These

materials allow electrons to flow freely.

[image: image1.png]Charging a Neutral Object by Conduction





Conductors are materials that permit electrons to flow freely from atom to atom and molecule to molecule. In contrast to conductors, insulators are materials that impede the free flow of electrons from atom to atom and molecule to molecule. Examples of conductors include metals, aqueous solutions of salts (i.e., ionic compounds dissolved in water), graphite, water and the human body. Examples of insulators include plastics, Styrofoam, paper, rubber, glass and dry air.
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Superconductivity is a phenomenon occurring in certain materials at low temperatures, characterized by the complete absence of electrical resistance and the exclusion of the interior magnetic field. Superconductivity occurs in a wide variety of materials, including simple elements like tin and aluminium, various metallic alloys, some heavily-doped semiconductors, and certain ceramic compounds containing planes of copper and oxygen atoms. 
Induction involves electrons being rearranged. No contact need occur between two

objects for induction to take place. A neutral object only needs to approach a charged

object. For example, a negatively charged rubber rod picks up tiny slips of paper by

induction. The electrons on the parts of the paper nearest the rod are pushed away

leaving positive charges. Because the positive charges are closer to the negatively

charged rod, the slips of paper are attracted to the rod.
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Sometimes electric charges can build up on an object and then remain at rest. This

buildup of electric charges on an object is called static electricity. The buildup of

charges can be caused by friction, conduction, and induction. The electric charges leave the charged object during an electric discharge. Lightning is probably the most dramatic example of an electric discharge.




A circuit is a complete, closed path for electron flow. A circuit consists of a source of electrons, such as electrochemical cells, a resistance or load, wires, and a switch. 
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When electrons flow through the wire in a circuit, it is called electric current (I). 
Current is measured in amperes (A).                    [image: image6.png]B o=
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AC vs DC:

Alternating Current (AC) flows one way, then the other way, continually reversing direction.

An AC voltage is continually changing between positive (+) and negative (-).

The rate of changing direction is called the frequency of the AC and it is measured in hertz (Hz) which is the number of forwards-backwards cycles per second. 
Electricity in the US has a frequency of 60Hz for a standard outlet.

Direct Current (DC) always flows in the same direction, but it may increase and decrease.

A DC voltage is always positive (or always negative), but it may increase and decrease.

Electronic circuits normally require a steady DC supply which is constant at one value or a smooth DC supply which has a small variation called ripple.

Cells, batteries and regulated power supplies provide steady DC which is ideal for electronic circuits.
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To get electrons flowing through a circuit, a voltage (V) is applied.  Voltage, which is measured in volts (V), is the potential difference in electrical potential energy between two places in a circuit. In other words, voltage is the energy per unit of charge that causes charges to move. It is the force in the electrical system, or the ‘push’ needed to get the electrons through the circuit.
The opposition to current is called resistance (R), which is measured in ohms (Ω). Light bulbs and resistors are examples of objects with a resistance. Materials, like copper, that are good conductors of electricity have low resistance. Insulators do not allow electrons to flow easily. The resistance of wire also depends on its thickness, length, and temperature.

Ohm’s law relates electric current, voltage, and resistance and can be summarized in the following equation:

V = IRwhere V is voltage, I is electric current, and R is resistance.

	In series
so that each component has the same current. 

The battery voltage is divided between the two lamps 
Each lamp will have half the battery voltage if the lamps are identical. 
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	In parallel
so that each component has the same voltage. 

Both lamps have the full battery voltage across them. 
The battery current is divided between the two lamps. 
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When the charges in a circuit have only one path to flow through, the circuit is called a series circuit. If the circuit has different branches for the charges to flow through, it is called a 

parallel circuit. Parallel circuits are used in houses. 
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Magnetism

An electric current will also produce a magnetic field. A magnetic field is a region around a magnet or current-carrying wire where magnetic forces are noticeable. 
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 A simple electromagnet

A simple electromagnet consisting of a coil of insulated wire wrapped around an iron core. The strength of magnetic field generated is proportional to the amount of current.

How can you increase the strength of an electromagnet?
1) Increase the current flow

2) Increase the number of coils

3) Pass an 'iron core' through the coil of the electromagnet (e.g. transformer)

Magnetism is the force of attraction or repulsion due to electron motion. Magnets have two poles, a north pole and a south pole. Unlike magnetic poles attract each other, while like magnetic poles repel each other. Groups of atoms with magnetic poles aligned are called magnetic domains. Materials with most of the domains lined up are considered magnetized.
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magnetized
Motors vs. Generators

When an electric current is used to produce a magnetic field in a coil of wire, the coil

becomes an electromagnet. A rotating electromagnet is used in electric motors to

convert electrical energy to mechanical energy.

When a magnet is moved near a wire, an electric current is generated. This process,

called electromagnetic induction, is used to operate a generator. A generator is a

device that converts mechanical energy to electrical energy. In a commercial generator,

an electric current is produced when a large coil of wire is rotated in a strong magnetic

field.
An electric motor is all about magnets and magnetism: A motor uses magnets to create motion. If you have ever played with magnets you know about the fundamental law of all magnets: Opposites attract and likes repel. So if you have two bar magnets with their ends marked "north" and "south," then the north end of one magnet will attract the south end of the other. On the other hand, the north end of one magnet will repel the north end of the other (and similarly, south will repel south). Inside an electric motor, these attracting and repelling forces create rotational motion. 
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An electric generator is a device used to convert mechanical energy into electrical energy. In a hydroelectric power plant, the mechanical energy to turn the generator comes from the water turbine, which is turned by the force of falling water. In a home generator, t he mechanical energy needed to turn the generator comes from the brown hand crank at the front of the generator. As Faraday learned, moving the wire through the magnetic field causes electric current to flow in the wire.




Science Vocabulary words
Divide your paper into 4 blocks. In each block, you will have the following information:

Block 1: Use the word correctly in a sentence.

Block 2: Define each word using your textbook, study guide, or internet. Use a physical science definition as it pertains to the unit. 

Block 3: Explain each word. Give examples or an example problem, show formulas and units when applicable, describe in complete sentences – the explanation should be longer than the definition. Be creative.

Block 4: Give a visual for each word such as a vector diagram or other diagram which must be labeled, a concept map or a picture  which includes an explanation. 

Each part counts one point, and therefore each word is worth 3 points. Separate each section, and skip lines in between each word. Number the vocabulary words.

Language (Unit 4-Electromagnetism ) – AC, conduction, conductors, current, DC, electric force, electrical charge, electromagnet, electrons, induction, insulator (non-conductors), parallel circuit, permanent magnet, resistance, semi-conductor, series circuit, super-conductor, voltage.

