Buoyant Force – The Swimming Potato
List of Materials:


For the float or sink demonstration:

· Loonie

· Rock (granite or some other dense rock)

· Rubber hockey puck

· Styrofoam

· Pumice

· Wood (pine or some other wood that floats)

For the Swimming Potato Demonstration/Sinking or Floating Potato:
· 5 glass beakers

· Salt
· Water

· Potato cut into five equally sized cubes

· Small lead weights

If the classroom does not have tiled floor:

· Masking tape to create a grid

Curriculum Location:

This topic is part of the Grade 8 Science curriculum, specifically SLO 8-3-01 which states:



Use appropriate vocabulary related to their investigations of fluids.



Include: fluid, viscosity, flow, density, particle theory of matter, 



buoyant force, pressure, compressibility, hydraulic, pneumatic.



GLO: C6, D3, E1

This lesson works best if taught after the students have discussed the topic of density.

Possible Student Misconceptions:

1. Students may state that objects float because they are light.

2. Students may believe that solid objects will always sink.

3. Students may believe that all solids have higher densities than all liquids.

4. Students may not have a solid definition of the buoyant force (or floating).

Classroom Procedure:

1. Prepare the beakers for the Swimming Potato demonstration.  Fill one beaker with water.  Fill the second with water and add salt until saturated.  Do not over saturate or allow any salt to sit on the bottom of the beaker, the solution should be as clear as the first beaker.  This is so the students cannot tell the difference between the first two beakers.  Fill the third beaker half full with the salt solution, then carefully pour in the water so the water layer sits on top of the salt solution layer.  

2. Prepare beakers for the sinking and floating potato demonstration.  Fill two beakers with salt water.  Cut up another potato into cubes, leaving one cube alone and stuffing the other cube with lead weights.

3. Begin the class by asking students for their definition of buoyancy.  What does it mean “to float”?  Why do objects float or sink?  Give the students a few minutes to discuss with their neighbours, circulate to answer any questions, then collect a few definitions.  Ask the students what “forces” are acting on an object when it is floating or sinking.  Get them to think about these forces while placing the objects in the tank.

4. Using the materials listed above and the water tank, go through the list of objects with the students and discuss whether they will float or sink.  If there is not a general consensus among the class, probe the “float” and “sink” sides as to why they feel strongly about their decision.  
5. Go through the list of materials, placing each into the tank and observing the outcome.  Leave the Styrofoam to the end.  If there are objects that confused the class, discuss why the outcome was different than they thought.  Be sure to guide the students to the correct conclusions, but do not give them outright answers.  For how pumice is formed, see references (Gyllenhaal website).
6. Finally, probe the students about the Styrofoam.  They should believe that it will float.  Drop it in the water, and it will float.  Get some of the students to push the Styrofoam down into the tank and ask them what they feel.  They should feel the upward buoyant force of the fluid on the Styrofoam.  Ask the students what forces affect any object placed in a fluid.  Guide them to finding that there is a buoyant upward force and the downward force due to gravity.   Talk with the students about the battle between the two forces and that whoever “wins” (or is bigger) will decided whether the object sinks of floats.  To help the students visualize this, draw a diagram on the board showing the forces as arrows.  When one arrow is bigger than the other, the object will move in that direction.
7. Bring out the two beakers of salt water and two potato cubes (one normal, the other with lead weights).  Tell the students that you will be dropping each potato into the same fluid.  Ask the students what will happen when you drop the normal potato cube into the first beaker.  It will float.  Ask the students which force is winning.  
8. Move to the second beaker and drop the leaded potato in after asking the students what will happen.  Ask them why the buoyant force lost this time.  Probe the students as to why the potato floated in the first beaker, but sunk in the second.  Remind the students about density.  Ask them to draw conclusions about the second potato.  They should come to the conclusion that the second potato must somehow be denser.  Now that the students see that the second potato was denser (show them the weights), ask them to apply this knowledge to the forces “battle”.  When does the buoyant force win?  When does the gravity force win?  The students should come to the conclusion that the buoyant force will win when the fluid is denser than the object.  The gravity force will win when the object is denser than the fluid.  
9. Ask the students if anything would change if the “object” was another fluid.  Bring out the three beakers prepared before class for the Swimming Potato demonstration.  Take out one potato cube and ask the students whether it will sink or float when placed in the first beaker (water).  If the students are not sure, ask them to think about the density of water and potatoes and make an educated guess.  

10. Place the potato in the water.  Ask the students why it sank.  The students should have the density comparison in their answer.  If they don’t, ask probing questions until they are able to come up with this answer.

11. Ask the students what will happen when the next piece of potato is placed in the second beaker (salt solution).  The response should be “it will sink”, but they may be hesitant.  If they think it will float, ask them why.

12. Place the potato in the salt solution.  It will float.  Ask the students why the potato is floating, seemingly in the same solution as before.  Ask how these solutions must be different, considering what happened in the first beaker.

13. Move to the final beaker (salt solution/water mixture) and ask for the students’ predictions.  They should come up with an assortment of answers.  Since this is a tricky step, do not worry about their hypotheses.

14. Place the potato in the beaker and it will sink halfway.  Ask the students how this is possible.  There will be a variety of answers; hopefully one will come up with the true answer.  If the students are confused, suggest that they use what they have learned from the first and second beakers.  They should then realize that the buoyant force can be exerted by one liquid onto another as well.  Explain that the less dense water “floats” on the salt solution, and then discuss how the potato sinks in the water, but floats on the salt solution.  Remind the students about the force battle.
15. Discuss with the students the concept of density.  They should be familiar with this, as it was discussed in the previous class.  Make sure the students understand that density does not have to do with an object being heavier than another object.  The density has to do with the object being heavy for its size.  

16. To help the students understand, do a class demonstration.  This works well if the classroom has a tiled floor.  If not, create a grid on the floor.  Have one student be the potato.  Their density is 1 student/4 floor tiles.  The other students are the water, which density .5 students/4 floor tiles.  Since his density is greater, he will move through the “water” to the “bottom” of the beaker.  His gravity force is stronger than the fluid’s buoyant force, because he is denser.  Add “salt” to the “water” so that there are 2 students/4 floor tiles.  The “potato” will no longer sink, since the salt water exerts enough of a buoyant force to keep the potato floating.

17. Discuss with the students that in principle, an object will float if its’ density is less than that of the fluid, and will sink if greater.  Also, discuss the relation that the denser the fluid, the greater the buoyant force.  These fluids exert a buoyant force upwards are the object. 
18. Summarize the lesson by giving a few notes on the italicized information in 17.  Emphasize the importance of density, not weight, being the main factor contributing the object’s buoyancy and remind the students about the “battle” between the two forces.
19. For a possible assignment, see “The Titanic” BLM 8-C in the Grade 8    curriculum document.

Conclusion:
This lesson uses the LEP model of instruction.  It emphasizes the use of all three planes of activity to help the students to understand the concept of the buoyant force.  
Evidential Plane:

This lesson begins with some demonstrations in the evidential plane.  The students are asked to discuss what they feel the buoyant force means.  This is related to sinking and floating, which are words that the students are much more comfortable with.  Also, by having the water tank, the students are able to experience sinking and floating and get some ideas about why certain objects sink or float.  The two potato demonstrations also allow the students to be subjected to the concept of buoyant force.  The students are able to see the potato sinking and floating, and it will create some disequilibrium.  This will make the students questions what they have already seen and discussed in the classroom.  While in this evidential level, the students should constantly be asked questions about what they are thinking and why certain things work.  
Psychological Plane:

This lesson spends a lot of time in the psychological plane.  Firstly, when the students get to actually feel the buoyant force on the Styrofoam, they will actually begin to make sense of this invisible buoyant force.  This will encourage the students to discuss the battle of the forces, which is a good analogy for talking about why objects sink or swim.  The demonstrations also encourage discussion, which will help the students to start to make sense of the demonstrations.  Some of the most fruitful conclusions will come from this discussion time after the demonstrations.  Finally, the class demonstration using the floor grid will solidify the force battle and the relationship to density.  This activity gets the students to act out the battle and see why the denser objects exert the stronger force.  

Theoretical Plane:

Finally, this lesson closes with the theoretical plane.  After all of the activities are done, it is important to discuss with the class what main conclusion we can make.  It is important to keep the students active in the class notes; their definitions are important because the students will relate best to their own ideas.  The two most important points that have to be consolidated for the students are: an object will float if its’ density is less than that of the fluid, and will sink if greater and the denser the fluid, the greater the buoyant force.  
This lesson also relies heavily on the concept of density, which should be presented before this lesson to fully utilize the above procedure.  This lesson also concentrates on helping the students to overcome their misconceptions of the buoyant force discussed in the Driver text.  For supplemental ideas and demonstrations, see the Groleau and Discrepant Events webpages located in the references.  Both of these sites have good examples for teaching this concept to a higher level class, such as Physics 30S or 40S class.
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