California Physics Standard 3a               Send comments to:  layton@physics.ucla.edu
3. Energy cannot be created or destroyed although in many processes energy is transferred to the environment as heat.  As a basis for understanding this concept:

a. Students know heat flow and work are two forms of energy transfer between systems.

The following great old activity should not be overlooked even though it was discussed in the Framework as early as in grade three.  Have the students rub their hands together.  First with little or no pressure applied between their hands.  Next by pressing their hands together with great force.  In the first case little work is done and little heat evolves.  In the second case it is apparent that continued rubbing can get you tired and your hands will certainly heat up.

Activity to measure the relationship between work and heat.

Commercial apparatus is available to reproduce Joule’s determination of the mechanical equivalent of heat, but a fairly simple and inexpensive duplicate of this experiment can be made using a standard 60-watt light bulb. 
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One error in this experiment will be the energy loss as visible light through the sides of the cup.  Lining the cup with aluminum foil can minimize this.   Also, to minimize the effect of loss heat through the walls of the cup, one could start the experiment with the temperature below room temperature and heat it to the same temperature above room temperature.

Below is an illustration of how to attach the line cord to the light bulb.  A socket can be used but this method is less expensive.  If the entire base of the bulb, below and above the wood is covered with silicon calk, the apparatus will be quite safe.
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The basic apparatus is a 60 watt light bulb that has been attached to a line cord through a hole in a piece of ¾” soft wood. (Details on how to attach the cord below.)  Using silicon calking, the base of the bulb is glued to the wood and covers the electrical attachment to the bulb.  A hole through the wood allows a thermometer to be pass through it.  Using a Styrofoam cup large enough to accommodate the bulb, an amount of water is filled in the cup to completely submerge the bulb when lowered into the cup.  (Do not plug in the bulb until it is completely submerged in the water.)  The idea behind the experiment is to carefully time how long the bulb is on while submerged in the water.  The temperature change is recorded during the time the bulb is on.  Multiplying the power of the bulb times the seconds it was on would give the joules of energy put into the bulb. The mass of the water times the temperature change will give the amount of heat delivered to the water.








