Materials

·  2 disposable graduated plastic pipettes 

·  2 stainless steel hex nuts (1/4" or of a size that can screw securely onto the stem of the pipette available) 

·  Scissors
Procedure 

1. Screw the hex nut securely onto the stem of a graduated plastic pipette. The nut makes its own threads as it goes. 
2. Use a flotation-testing tank. Place the pipette-nut assembly into the water and observe that it floats rather buoyantly in an upright position with the hex nut acting as ballast. Squeeze out some of the air and draw some water up into the pipette. Now check the buoyancy. If you draw up too much water, the assembly sinks. If this happens, simply lift it out of the water, squeeze out a few drops of water, release the squeeze to allow air back in to replace the water. Using these techniques, adjust the amount of water in the assembly so that it just barely floats (in other words: fine-tune the assembly's density to make it slightly less than that of the water).
Before putting a Cartesian diver in the 2L bottle, attach a chenille loop to the Cartesian diver to make it easy to remove from the bottle.
Open diver 

1. Place the assembly in a 2-L bottle, which is filled completely with water, and screw the cap on securely. Be careful not to squeeze out any water while transferring the open diver to the bottle. Observe the assembly diving to the bottom as you squeeze the bottle and rising back to the surface as you release the pressure. 

Closed Diver 

1. After adjusting the water level in the diver, seal the tip closed with a hot glue gun. Hold the diver gently, without displacing either air or water, because any distortion is sealed into the diver. 

2. Place the assembly in a 2-L bottle, which is filled completely with water, and screw the cap on securely. Squeeze and release. Observe.
3. Compare the open diver to the closed diver. Note the differences in shape and volume.
Challenge
1. Screw the hex nut securely onto the stem of a graduated plastic pipette. The nut makes its own threads as it goes. With a scissors, cut off the protruding stem of the pipette below the hex nut. 

2. Make several divers. Write a message, (HELLO!) or number the divers in sequence. The order of submerging is adjusted during the filling process below. 

3. Use a flotation-testing tank. Place the pipette-nut assembly into the water and observe that it floats rather buoyantly in an upright position with the hex nut acting as ballast. Squeeze out some of the air and draw some water up into the pipette. Now check the buoyancy. If you draw up too much water, the assembly sinks. If this happens, simply lift it out of the water, squeeze out a few drops of water, release the squeeze to allow air back in to replace the water. Using these techniques, adjust the amount of water in the assembly so that it just barely floats (in other words: fine-tune the assembly's density to make it slightly less than that of the water). 

4. Put the message or numbered divers in the same beaker. Adjust the floating levels of the divers to be like stair steps. If the steps are not quite even go back and adjust the amount of air in the divers. The lowest, least buoyant one -- the one with the least air left inside -- is the first to dive (and the last back up when the squeeze is released). The rest dive in order according to their relative buoyancies. 

5. Transfer all of the divers directly into a 2-liter soda bottle entirely filled with water. Use care not to squeeze any water out of the divers during the transfer. Screw the cap of the bottle tightly closed. Gently squeeze the bottle. Use both hands if necessary. Observe the divers. 

Questions 

1. Why do some objects float in water and some objects sink?  

2. Describe two ways the density of an object can be increased. 

3. What is pressure? 

4. Describe the relationship between pressure and volume for a gas sample? (Hint: What happens to the volume of gas when pressure is increased?) 

5. What caused the diver to dive when the bottle was squeezed? 

6. Describe the differences between the open and closed divers. 

7. Explain how submarines can dive and surface using the principles observed in your divers. 

http://dwb4.unl.edu/chemistry/beckerdemos/BD031.html

Background 

· There are really two appropriate ways to explain this phenomenon: 

1. If we consider the diver assembly to consist of the pipette bulb, the hex nut and the air and water inside, then as we squeeze the bottle, we force more water up into the assembly (because the air pocket inside the bulb is compressible). This adds to the mass of the assembly without changing the volume, thus increasing the assembly's density. 

2. On the other hand, consider the assembly to consist of the bulb, the hex nut and the air inside, but not the water -- it is part of the surrounding fluid. When we squeeze on the bottle, it compresses the air pocket and thus decreases the total volume of the assembly. Since the mass remains constant, the assembly's density increases. 

· Either way, when the assembly's density increases, it soon surpasses that of the surrounding water, and the assembly sinks. When the pressure is released, the compressed air pocket inside the bulb pushes the extra water back out, and the assembly assumes its original density and floats back up to the surface. 

· This assembly is formally known as a Cartesian diver -- after Rene Descartes, a 17th century French mathematician who used them to explain various principles of density and buoyancy. 

Answers- 

Q1. Why do some objects float in water and some objects sink? 

A1. An object floats in a fluid (be it a liquid or a gas) if the object is less dense than that fluid. The object sinks if it is more dense than the fluid 

Q2. What is density? 

A2. Density is the ratio of a substance's mass to its volume. It can be considered an indication of how tightly concentrated the matter is in a given substance. 

Q3. Describe two ways the density of an object can be increased? 

A3. Since density is a ratio or fraction, it can be increased by increasing the numerator (the mass) while holding the denominator (the volume) constant. It can also be increased by holding the numerator (mass) constant while decreasing the denominator (volume). 

Q4. What is pressure? 

A4. Pressure is defined as the force exerted on a surface per unit area. Gas samples tend to exert pressure on a surface by the action of their particles colliding with that surface. 

Q5. Describe the relationship between pressure and volume for a gas sample? 

A5. Pressure and volume vary inversely for a gas sample. In other words, as the pressure of a gas sample increases, the sample's volume decreases proportionately, and vise-versa. 

Q6. How are solids and liquids different than gases in terms of volume changes. 

A6. In solids and liquids, the particles are so close together that the volume of a sample is due almost entirely to the volume of the particles themselves, not the space between them. Since compressing the volume of the particles requires very high pressures, solids and liquids are generally considered incompressible. In gases, however, the particles are so far apart that the volume of a sample is due almost entirely to the empty space between the particles, and not to the volume of the particles themselves. Increasing pressure has a profound influence on the volume of a gas sample, for it pushes the particles closer together; thus gases are considered compressible. 

Q7. What caused the diver to dive when the bottle was squeezed. 

A7. Consider answer A6 above. Since liquids are not compressible and gases are, as the bottle was squeezed, the pressure is transferred through the water and compresses the air pocket inside. As more water is pushed in through the mouth of the diver, the density increases. When the density of the diver surpasses that of the water, the diver dives to the bottom. 

Q8. Describe the differences between the open and closed divers. 

A8. The closed diver actually changes shape and collapses as pressure increases. The volume of the diver decreases significantly. The open diver volume remains the same, but it fills with water as the air volume decreases in response to the increase in pressure. 

Q9. Explain how submarines can dive and surface using the principles observed in your divers. 

A9. Pumps compress air and allow water into special tanks to submerge the submarines. To surface, the submarines allow the air to expand back to its original volume and expel the water. 

