Cartesian Divers – A Discrepant Event

C11-1-01-02 & C11-2-05
Introduction: The Cartesian Diver is one of the most celebrated and often-used discrepant events in science. It has applications at many different grade levels. It has many modifications allowing teachers the opportunity to develop their own repertoire for its use. In the description that follows the focus is on understanding the macroscopic experience at the molecular level focusing, in particular, on the compressibility of gases and how this influences density. These characteristics of gases are identified in the Grade 11 Chemistry Curriculum in Topic 1. As well, the relationship between pressure and volume of a confined gas is explored in Boyle’s Law in the Gases and the Atmosphere of Topic 2.

Materials: 

· Transparent plastic pop/water bottles (small preferable (343 mL) – 2 per group.

· Small test-tubes. Other transparent objects such as eyedroppers will also work. As well transparent soy-sauce packets work well.

· Trial before hand to determine what ‘dives’ the best with little fuss.
· An excellent link for some history associated with its origin: 

http://www.ed.uiuc.edu/courses/CI241-science-Sp95/resources/philoToy/philoToy.html
Procedure:
Getting Started:

1. Students work in pairs or small groups with 2 pop bottles. Ensure bottles are the same in volume and type and label has been removed.

2. Have students half-fill one bottle with water and the other nearly completely fill (2 cm from top).

3. Drop a small test-tube upside down into each bottle.

4. Screw top on the bottle.

5. Get students to observe the test-tube in the bottle and to ensure the test-tube is still upside down and floating in the water. They may be asked to note that some water actually enters the lower region of the test-tube.
6. Use the Predict-Observe-Explain-Predict-Explain-Observe-Explain sequence in this teacher-directed demonstration as sequenced below.

Sequence:

1. Tell students they are going to squeeze the half-filled bottle. Ask them to predict what might happen to the flask. Most are likely to think it will be forced upwards.

2. Get students to squeeze the bottle (possibly with considerable force) and observe what happens to the test-tube. It should dive or sink to the bottom.

3. Get students to try to explain what is happening with consideration of the molecular nature of liquids and gases. It may be best to repeatedly trial the diver but focus students’ observation on the changing water levels in the bottle AND the test-tube as they squeeze and relax their squeeze. In both areas they should see signs of changing water levels because of the applied pressure.
4. It is best for them to draw a picture of the ½-filled bottle of water and test-tube illustrated. 

5. Ask students where there is confined gas in the container. Students should identify two regions of confined gas. They should draw particulate representations of the liquid water and air in the bottle and test-tube to draw attention to the potential ‘room for compression’ available in the air in both areas. Emphasize that the pressure exerted on the bottle compresses the gas at the top of the bottle first and then compresses the air in the test-tube causing the volume in both areas to decrease. That is as pressure increases, the volume of the confined gas decreases. The change in the volume of air in the test-tube is caused by the forcing of water into the test-tube causing the mass of the test-tube to increase. The test-tube’s volume remains constant and thus the density of the test-tube increases causing it to sink as it now is heavier for its size. Relaxing the pressure causes the gas to expand back to its original volume. The water is forced out, the density decreases and it becomes more buoyant. Students should document this explanation with molecular representations and associated explanations. Encourage students to explain the diver’s behavior using the words: confined gas (air), pressure, compressibility, molecules, volume, density, buoyancy, floating, sinking, expand.



6. Repeat the process by using the nearly full water bottle.

7. Get students to predict what will happen when the bottle is squeezed recognizing there is only one major region of confined gas (in the test-tube).
8. Get students to explain their prediction. They should rightfully predict that the diver should dive easier with less pressure as there is only one region to compress and that the application of pressure should immediately affect the volume of the gas within the test-tube.

9. Get students to squeeze the full bottle and observe the result.

10.  Again explain the result using molecular explanations and the words used previously.

11. There are many extensions to this demonstration. As an example, get students to place multiple test-tubes or eyedroppers in a bottle with different volumes of water in them and by so doing change the original mass of the test-tube to create multiple variations in the diving action. As well this idea has many applications. For example, fish keep themselves from either sinking or floating to the surface by using muscles to squeeze or relax a small sac (with a small air bubble inside) in their bodies. By squeezing the sac smaller, the fish will sink. By relaxing their muscles, the sac increases in size, displaces more water, and a fish will begin to rise to the surface. Man uses this same principle to control the buoyancy of a submarine. By pumping water in and out of tanks stored in the submarine, a submarine can be made to rise and sink.
Summary: The Cartesian Diver (supposedly named after Descartes although his relationship with its origin is tenuous) focuses our explanation on the nature of liquids and gases at the molecular level. It provides a vivid macroscopic experience that shifts to a molecular level explanation of the compressibility of gases and how this influences density and ultimately flotation. These characteristics of gases are identified in the Grade 11 Chemistry Curriculum in Topic 1. As well, the relationship between pressure and volume of a confined gas is explored in Boyle’s Law in the Gases and the Atmosphere of Topic 2.
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