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OBJECTIVES:  

Students will construct a graph that illustrates Archimedes' principle of buoyant force.  Students will be able to understand that the buoyant force on an object is equal to the weight of the fluid it displaces.  (MS 8th Science 8a, 8e, 8g)
MATERIALS:

For introduction:  1 ice cube, 1 glass of water (filled to the very top), bowl or other overflow container, graduated cylinder or other measuring device
Students will be in groups of 3-4 individuals.  Each group should have each of the following:

2 Liter bottles (tops cut away)

Various objects that sink (pad lock, stone, metal, etc.)                   

Various objects that float (candle, Styrofoam, toys, etc.)               

Objects that sink, but float (fruits, lime, apples, etc.)                     

Water balloons                                                                                  

1/4 " plastic tubing, cut into 1 ft sections
Spring scales
Phillips screwdriver

Styrofoam cups

An overflow container must be constructed from each of the 2 liter bottles.  First,  take the screwdriver and heat the tip over an open flame.  Next, melt a hole in the plastic container 2- 4 cm from the top of the container.  Now, force the 1/4" tubing into the hole and secure a tight fit as not to allow any water to leak out.  A Styrofoam cup can be used to catch the water flowing from the overflow container and through the tubing.  Finally, fill the containers with water until the water starts to flow through the plastic tubing.  When the water stops flowing through the tube then you have reached a proper water level to perform the experiments.  This water level must be reached before beginning each experiment.  
INTRODUCTION:

Ask if students have ever heard of Archimedes' principle.  Ask them what they think will happen if I put a piece of ice in a glass of water that is filled all the way to the top.  Have students make several guesses as to what might happen.  Demonstrate this by putting the ice cube into the glass the glass of water that is placed in a larger see- through bowl or other container.  Have students observe what happens.  Ask what they think will happen when we measure the amount of liquid that was displaced from the glass.  Measure the overflow water, and begin explaining the concept of buoyant force and Archimedes' principle.  Tell the class the legend of how the Ancient Greek mathematician, Archimedes, came up with his theory. 

PROCEDURES:
Students will be introduced to the concept of buoyancy by observing the introductory exercise.  
1.  Explain the directions to the next activity.  Inform the students that the buoyant force is equal to the weight of the water displaced, and the following experiment will either prove or disprove the theory.  
2.  Students should weigh an object on a scale, and then put their readings in a data table.  Next, place the object in a pre- assembled overflow container.  The object will displace water into a container or graduated cylinder.  
3.  Now, weigh the water in the container.  Repeat this step for each of the objects and record all the readings on their data tables.  

4.  The students should now be ready to construct a graph that illustrates weight of an object vs. the weight of the water displaced.  The graph can be done as a group, individual, or class project.  The first graph can be done as a class project, by drawing a graph on the board or using an overhead projector.  Have each group give their findings from the data table and plot the findings on the graph.  The students could even use the data and construct a graph in Microsoft Excel, if they have the background knowledge to do so.  
CONCLUSIONS:
The objects that float should cluster together at one end of the graph and the objects that sink should cluster together at the other end of the graph.  The water balloons should give you a forty- five degree angle on the graphs to divide it in half.  Ask the students whether the theory was confirmed or rejected, and why.  Relate Archimedes' principle to the density of objects that they should be familiar with (boats, swimming pool floats, etc.)  Also-- ask students how they think a water bug walks on the top of water.  ** Because of the surface tension of the water.  The bugs are not partially submerged, so the buoyant force is not acting on them.  
ENRICHMENT:

Ask gifted learners or accelerated students to compare the forces on two divers, one at a depth of 1 m and the other at a depth 50 m.  ** Answer:  The lower diver feels much more pressure because much more water is pressing down.  But both divers experience the same buoyant force- one isn't pushed sharply toward the surface while the other is dragged down.

Adapted from lesson plan credited to Thomas J. Billups at Delano Elementary in Chicago, IL.  http://www.iit.edu/~smile/ph9524.html
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