Electric Charge
OBJECTIVES:

1. Describe the properties and effects of static electricity.

2. Distinguish between conductors and insulators.

3. Explain transferring of electric charge in terms of charging by contact and charging by induction.

4. Explain the occurrence of lightning in terms of induction and static discharge.

5. Explain how lightning causes thunder.

6. Recognize the presence of charge in an electroscope.

VOCABULARY:

Static Electricity

Charging by Contact

Charging by Induction

Grounding 


Electroscope



Atoms are made up positively charged protons, negatively charged electrons, and neutral neutrons.  The protons and neutrons are held in the nucleus of the atom and the electrons orbit around the nucleus.  


The center of an atom contains protons (orange) and neutrons (blue). Electrons (red) swarm around the atom's center.
No one knows exactly what electric charge is, but there are two different types of electric charge.  The amount of positive charge on a proton is exactly equal to the amount of negative charge on an electron.  An atom contains equal numbers of protons and electrons, so the positive and negative charges cancel out and an atom has no net electric charge.  Objects such as shoes and carpets are made of atoms and usually have no net electric charge.  Objects with no net charge are said to be neutral.
Sometimes the electrons can be removed from the atom, making the charge unbalanced.  The substance that gains the electrons is negatively charged and the substance that looses the electrons is positively charged.  The net accumulation of electric charges on an object is known as static electricity.  The electrons are moved from one substance to another.  

Some atoms hold their electrons more tightly than other atoms.  For example, atoms in your shoes hold their electrons more tightly than atoms in the carpet.  As you walk on carpet, some electrons that are loosely held by the atoms in the carpet are transferred to your shoes.  Your shoes gain electrons and then have more electrons than protons.  Because your shoes have an excess of negative charge, your shoes are said to be negatively charged.  The carpet loses electrons and has more protons than electrons.  Because the carpet has an excess of positive charge, it is positively charged. This is an example of static electricity.
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Before the shoes scuff against the carpet, the shoes and the carpet have equal numbers of electrons and protons. This balance means the shoes and the carpet have no net charge.
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Later, as electrons move from the carpet to the shoes, the shoes become negatively charged and the carpet becomes positively charged.

In order for two substances to be attracted to one another, they must have opposite charges (positive and negative).  If they have the same charge, they will repel each other (positive and positive; negative and negative).  An electric field surrounds every electric charge and exerts the force that causes other electric charges to be attracted or repelled.  

Electrons must flow from one location to another.  A material in which electrons are able to move easily is a conductor.  A material in which electrons are not able to move easily is an insulator.  

There are two ways to transfer electrons from one object to another.  The first is through contact.  If you touch a charged object to neutral object, the electrons will flow from an area of high concentration to an area of low concentration.  
Another way to transfer electrons is through induction.  This occurs when you bring a charged object near a neutral object.  The arrangement of charge in the neutral object will change so that there is attraction to the charged object.
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As you walk across a carpeted floor, your body builds up a static charge. When you reach for a metal doorknob, the charges flow between your hand and the doorknob and you feel a shock.
Lightning is a large discharge of static electricity.  Friction from the movement of water droplets in a cloud can build up causing a negative charge at the bottom of a cloud, which induces a positive charge on the surface of the Earth.  Charge builds up until the attraction is too strong to overcome.  This is when lightning strikes, causing the cloud to discharge billions of electrons to the Earth.

Lightning can occur between a cloud and the ground, or it can happen between two clouds.  The heat is so great, as high as 30 000oC, that lightning causes thunder, which is air expanding very rapidly.  And when this strikes the ground, forest fires start.

The sensitive electronics in a computer can be harmed by large static discharges.  A discharge can occur any time that charge builds up in one area.  Providing a path for charge to reach Earth prevents any charge from building up.  Earth is a large, neutral object that is also a conductor of charge.  Any object connected to Earth by a good conductor will transfer any excess electric charge.  Connecting an object to Earth with a conductor is called grounding.  For example, buildings often have a metal lightning rod that provides a conducting path from the highest point on the building to the ground to prevent damage by lightning.
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A lightning rod directs the charge from a lightning bolt safely to the ground. 
The presence of electric charges can be detected by an electroscope.  One kind of electroscope is made of two thin, metal leaves attached to a metal rod with a knob at the top.  The leaves are allowed to swing freely from the metal rod.  When the device is not charged, the leaves hang straight down.

Suppose a negatively charged balloon touches the knob.  Because the metal is a good conductor, electrons travel down the rod into the leaves.  Both leaves become negatively charged as they gain electrons.  Because the leaves have similar charges, they repel each other. 

If a glass rod is rubbed with silk, electrons are pulled from the atoms in the glass rod and build up on the silk. The glass rod becomes positively charged.

When the positively charged glass rod is brought into contact with the metal knob of an uncharged electroscope, electrons flow out of the metal leaves and onto the rod. The leaves repel each other because each leaf becomes positively charged as it loses electrons.
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Notice the position of the leaves on the electroscope when they are [image: image8.png]


uncharged, [image: image9.png]


negatively charged, and [image: image10.png]


positively charged.
