Can Attracted to Charged Rod

Electricity and Magnetism

Description

Electrostatic force can be shown with an aluminum soda can and a charged rod.
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Discussion

When a charged rod brought close to the aluminum can, the electrons in the can will redistribute themselves so that one side of the can is more negative and the other side is more positive. This is an induced charge separation that goes away when the rod is removed.

Only the electrons are free to move around in the aluminum. If the charged rod is positive, free electrons will be attracted toward the rod so that the side of the can near the rod is more negative, the far side more positive.  The attractive force between the positively charged rod and the negatively charged side of the can is larger than the repulsive force between the positive rod and the positive side of the can because of the inverse square law.  This difference of force is enough to cause the can to roll toward the rod.  If the rod is negative, free electrons will be repelled away from the rod leaving the side of can near the rod positively charged.  Again the net force is attractive and the can will roll toward the rod.

Hints for this demonstration

This demonstration works better when a fairly large rod is used. A rod made from acrylic and rubbed with silk or paper is an excellent source of a strong positive charge, while a PVC tube rubbed with paper will be negatively charged.

How to present this demonstration

As soon as the can begins to roll, slowly move the rod away from the can.  The can will thus roll across the table “chasing” the charged rod.  Have both types of rods available, and a charged latex balloon hanging conveniently nearby.  Demonstrate the attractive effect of one type of charged rod, then ask what the other typed of charge will do.

Related Demonstration:  5A40.30

5A40.22

Wooden Needle

Electrostatics

Induced Charge

Description

Electrostatic force and the polarization of charge can be shown with a simple board.  The A long 2x4 board is balanced horizontally on a watch glass on a table with a hard, smooth surface so friction between table and watch glass is very low. The 2x4 can then be pivoted by placing a charged rod that near one end of the board.
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Discussion

When a charged rod is brought close to, but not touching, an uncharged object such as the 2x4, the opposite charge is induced in the uncharged object.  If the rod is charged positively, some electrons will be attracted toward the rod and move toward the surface of the wood. This produces an induced negative charge on the board and the two objects will attract each other. If the rod is charged negatively, electrons in the wood will be repelled causing the surface of the wood to be positively charged. Again the rod and board are oppositely charged and will attract each other. If the rod is moved slowly away from the board, the long 2x4 will follow the rod and pivot on the watch glass.

The actual number of electrons on the rod is relatively small.  This is an excellent demonstration to illustrate how large electrostatic forces are.

Hints for this Demonstration

The longer the 2x4 the more impressive is its resulting rotation. About 6’ is usually large enough to be impressive, but not no long that it is hard to find room enough for it to pivot.

A 0.5  inch diameter acrylic rod will produce a large static electric effect.  They can be purchased at most stores that sell plastic products. Acrylic rubbed with paper will produce a positively charged rod.   A section of 1/2 inch PVC tube will become negatively charged when rubbed with paper.

How to present this demonstration

Bring the charged rod close to the end of the 2x4.  As the board begins to move, slowly move the charged rod away.  The board will follow and pivot on the watch glass.  You can speed it up, slow it down and reverse its direction. A good take-off question for discussion is “Why is the force always attractive?”

Compare the relative strength of gravitational forces vs. electrostatic forces by first trying to attract the 2x4 with another board.  The board will not move.

Equipment needed for this demonstration

Any 2x4 piece of wood, 4 ft to 10 ft long

A watch glass 

Any source of electrostatic charge, such as fur and a plastic rod

Alternate equipment:

If a watch glass is not available, a lens can be substituted.  (See 5A40.30)
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