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I. General Description of Lab.

 
The inverse relationship of gas pressure and gas volume is employed to develop a hypothesis to explain the behavior observed in the classic demonstration of a Cartesian diver.


A Cartesian diver is a demonstration constructed with a glass pipette, filled with some water and suspended in a partly filled plastic lab bottle or soda bottle. The eyedropper must contain only enough water to “just barely” float in the liquid in the plastic bottle. An observation is made that when the sealed water bottle is squeezed, the diver “dives” to the bottom of the bottle. When pressure is released the diver returns to the surface. By increasing and releasing pressure on the outside of the bottle the diver dives and surfaces depending upon the pressure applied. Also, if pressure is applied at a constant quantity, the diver can “float” at a specific depth in the bottle.

A necessary observation must be made and agreed upon, is that the level of liquid in the pipette changes when pressure is applied or released as the diver ascends and descends. The relationship must, also, be made that increasing pressure causes the volume of “captured” gas to decrease. Therefore, when pressure increases volume decreases or there is an inverse relationship between pressure and volume.


A definite advantage is that a Vernier pressure probe can give us a quantitative measurement very quickly and conveniently. The lab will involve measuring volume as pressure is changed to an adapted Cartesian diver.

II. Lab Materials


1 – 1 L. or larger polypropylene bottle with screw cap


1 – 10 ml graduated cylinder with plastic base removed


1 – Vernier pressure  probe

III. Lab Procedure

A. Construct the Cartesian diver by inserting a partially filled pipette into a plastic bottle almost, but not completely, filled with water.

B. Temporarily cap the bottle. Adjust gas and water volumes so that the diver behaves correctly when the bottle is squeezed slowly. 

C. Replace the cap of the bottle with a one holed stopper and the Vernier pressure probe. CAUTION……The stopper must be held tightly when high pressure is applied. You do not want to apply so much pressure that the stopper is “rocketed” off.
D. Apply a constant pressure to force the diver to assume a specific position, suspended in the bottle. Transfer volume and pressure data to a table.

E. Repeat the previous step to acquire, at least, 4 additional pressures and volumes.

F. Construct a graph with pressure on the y-axis and volume on the x-axis.
G. Construct a second graph with pressure on the y-axis and the inverse of the volume on the x-axis.

H. On both graphs, draw straight, best fit lines as the data dictates

IV. Questions and Discussion

A. Explain the statement that there is a “straight line” relationship between pressure and volume.
B. Where does the air go when the bottle is squeezed?

C. Why is it easier to compress air than water?

D. What is pressure?

E. Using your graphs, predict the pressure necessary to produce a gas volume of 5.5 ml.

F. Explain what is happening when you make a “diver” rise.

G. Explain what is happening when you make a “diver” sink.

