Diving Test Tubes
Materials: 

· Transparent plastic pop/water bottles (small preferable (343 mL, 2).

· Small test-tubes. Other transparent objects such as eyedroppers will also work.

Safety Concerns:
· Students should at all times behave in a responsible manner. 

· There should be no horseplay and proper use of water taps in filling the water bottles. 

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 full (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. It may be best to do repeated trials and 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. Explanation:

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 of gas in both areas to decrease. That is as pressure increases (squeezing), the volume (amount) 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 weight 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 weight of the test tube decreases and the test tube floats again. 

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

6. 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).

7. Get students to explain their prediction. See if they predict correctly that the test tube will go down to the bottom with not as much force from squeezing needed. This happens because the test tube should go down easier with less pressure as there is only one region to compress and release gas from (the test tube) and that the application of pressure should immediately affect the volume of the gas within the test-tube making the water be forced into the test tube and therefore again increasing the weight of the test tube which will make it float down to the bottom. 
8. Get students to squeeze the full bottle and observe the result.

9. The results can be further discussed if needed. What happens in both situations is that water is forced into the test tube which makes it heavier and therefore it floats to the bottom of the bottle. 
Review Questions:
1. In the first bottle (half full) what causes the test tube to move towards the bottom when the bottle is squeezed?

2. In the second bottle what causes the test tube to move towards the bottom when the bottle is squeezed?

3. Does the composition of the water change at any time in either of the bottles?

4. Is the test tube altered at any time in either of the two bottles?

5. Is there a way to make the test tube move to the top when squeezed in either of the two bottles? Explain. 
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