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Goal:  To use a pipette bulb as a ‘recyclable submarine’ to explain the properties of density and buoyancy.  The lesson concludes with the students constructing their own version of a Cartesian diver that functions according to Archimedes’ Principle.

I.  Introduction and Discussion of Density

II.  Building a Cartesian Diver



The students will construct a Cartesian diver.
III.  Summary and Discussion



Review of the terms density and buoyancy.  Place emphasis on the effect of both mass and volume on density as demonstrated by Cartesian diver.

Materials

1 
box of goggles

1 
roll of paper towels

4 
small 8oz narrow mouth water bottles 
4
large pipettes
1 
2L demonstration Cartesian Diver with one diver and fizz-keeper pump
1 
2L demonstration Cartesian Diver with 4 divers and fizz-keeper pump
8
Volume changing Pipette water bottles

30
20oz soda bottles with lids, and the label removed

30
pre-made and sealed Cartesian divers with green water ballast
30
pipettes and hex nuts

1
pair scissors

1
20oz bottle containing balloon and fizz-keeper pump
Add vacuum pump too
ALL students and VSVSers must wear goggles throughout this lesson.  Do not allow students to pump up the bottles too hard, and release the pressure as fast as you can, to avoid the cap being forcibly blown off.

I.  Balloon in a Bottle – to demonstrate that increasing the pressure on a gas will decrease its volume.

Show students the bottle containing an inflated balloon and fizz keeper top.

Pump up the fizz keeper and ask students what they have noticed about the size of the balloon.


The balloon will have decreased in size (this may not be easy to see).

Release the fizz keeper and observe that the balloon regains its original size (this is easier to see).

Explanation:

This illustrates Boyle’s Law (as the pressure on a gas increases, its volume decreases).  We assume the amount of gas and temperature remains constant.   

As the fizz keeper is pumped more air is added to the bottle, which increases the pressure inside the bottle.  The added air cannot escape until the Fizz Keeper is unscrewed.

II. Marshmallows in a Bottle
Before repeating the above experiment on the bottle containing the marshmallows, ask the students to predict what will happen.


The marshmallows will decrease in size as the pressure in the bottle is increased with successive pumps.  They will regain their size as soon as the pressure is released.


III. Cartesian Divers

Materials

4 
Volume Changing Pipette water bottles 
A. Introduction and Discussion of Density
Pass out one of the Volume Changing Pipette water bottles to each group.  
Have each student in the group squeeze the soda bottle and note what happens to the level of the blue water in the pipette.  The students should notice that the blue water level in the pipette rises when the bottle is squeezed.  
Point out that the pipette is sealed, so no additional water can enter the pipette.  Instead, squeezing the bottle increase the pressure inside the bottle and on the pipette.  
Under the increased pressure, the gas (air) inside the pipette is compressed, causing a decrease in the total volume inside the pipette and causes the blue water level to rise. 
Name some objects that float in water.

Name some objects that sink in water.
What is different about objects that float and sink in water?

Water has a density of about 1 gram/ml.  
Objects that have a density of less than 1 gram/ml float.

Objects with a density greater than 1 gram/ml sink. 
Oil is less dense than water and floats on it; a penny sinks in water but floats in mercury.  Explain to the class that the density is affected by the mass and volume of an object.  
A Cartesian diver is an object whose density changes with pressure.  
Show the students the 2L bottle containing a single pipette diver to demonstrate an object that can both sink and float.  The diver is colored to make it more visible to the students.  Pump the bottle until the diver sinks, then release the pressure so that the diver rises again. 
Explain to the class that the density is affected by the mass and volume of an object.  
Increasing the pressure in the bottle (by pumping with the Fizz Keeper) decreases the volume of the gas in the pipette bulb.  Since the mass of the bulb cannot be changed, the density of the bulb increases.
The decreased volume of the diver under pressure increases the density of the diver. (Remember; density is 
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).  The result is that the diver’s density becomes greater than water’s density, and the diver sinks.  
Releasing the pressure on the bottle cause the reverse to happen and the diver rises.

When using sealed divers, as pressure is increased, a Cartesian diver’s density might increase from about .8 grams/ml to 1.2 grams/ml. 
Note for VSVSers only:  A property of matter called buoyancy affects the ability of an object to float or sink.  Buoyancy is the upward force of water on an object that is equal to the weight of water that the object displaces. Heavy things, like a boat that is denser than water, float because the volume of water they displace weighs more than the boat itself and the resulting buoyant force keeps the boat afloat.  
B.  Building a Cartesian Diver

Materials

30
20oz soda bottles with lids and label removed

30  pipettes (graduated, with “collar”) and hex nuts

30  cups 

4 bottles different colored food coloring

30
pre-made and sealed Cartesian divers with green water ballast

Experiment 1 – Making a Cartesian Diver
Tell the students that they will now construct their own Cartesian Divers.  

1.  Give each student a pipette and hex nut, a cup containing water,
2. Thread the hex nut onto the pipette stem and over the collar.  They may need pliers to do this.
3. Cut most of stem off, leaving about ¼ inch protruding.

4. Put the bulb and nut into the water in the cup to make sure it floats.

5. Tell students they will need to add water to their bulb so that the bulb barely floats.

6. Keep the bulb in the water and squeeze out some of the air in the bulb.  Release the squeezing so that water is drawn into the bulb.

7. Check to see if it still floats.  If it sinks, hold the bulb in the air and squeeze out a drop of water and release so that more air is sucked into the bulb.

8. Put bulb (now a diver) into soda bottle filled with water.  Use a pipette to add water to the bottle so that it overflows.  

9. Screw cap on tightly.

10. Squeeze bottle to make diver descend.

Experiment 2 - Challenge
Use the large (2L) Cartesian Diver to demonstrate these principles.  The diver contains four pipette bulbs of varying density.  They are calibrated to sink differently depending on how high the air pressure in the soda bottle is raised with the hand pump.  The pump should be pumped slowly and each diver will sink in succession with the continued air pressure introduced by the hand pump.  The green diver will sink first, the red diver second, the blue diver third, and the orange diver last.  The divers ascend in the opposite order.  With this setup, a volunteer can demonstrate an object that is denser than water, an object that is at neutral buoyancy, and an object that is less dense than water at the same time.  
Put students into groups of 3-5 and challenge them to create divers that will dive at different pressures, so that they reach the bottom at different times.
Ask the students what differences they notice about the divers.

The liquids in the bulbs are at different levels.  The fact that the water in each diver is colored differently has nothing to do with the diver’s ability!
Give each group 4 cups of water and add drops of food coloring to each cup so that they have 3-5 different colors.

Tell students to make 3-5 divers that will sink at different pressures.


Make sure that the divers have different amounts of air in them, and float at different levels.

Put all divers into a 2L bottle filled with water (to the brim) and screw on the “fizz-keeper”. Have one student in the group pump the fizz-keeper to see if they succeeded.

Ask the students to place their divers in a position that would make one more dense than water, one less dense than water, and one at neutral buoyancy with the water.

For lesson with pre-made divers:

The pipette bulb divers have been preassembled and sealed to maintain their ability to repeatedly dive and return to the surface.

Pass out one diver and one filled soda bottle to each student.  Students will place the diver into the soda bottle with the nut end down.  A volunteer will come around to each student and add water to the very top edge of the soda bottle using the small water bottles and a large pipette.  The top of the diver should be floating above the lip edge of the soda bottle.  The students will then tightly screw the lid onto the soda bottle.  They may need help getting the lids tightly secured.  Some water will leak out as the lid is screwed down tightly.  This removes as much air as possible and extends the life of the diver.

Students can be given an already-made sealed diver to take home if they want one.
IV.  Summary and Discussion

Remind the students of the two factors that affect density:  mass and volume.  Explain to the students that the pipette bulb diver is an example of changing the volume.  By increasing the pressure inside the bottle, the density of the pipette bulb was effectively increased and the pipette bulb sunk.  

Reference:  Steve Spangler Science; 

39 Fantastic Experiments with the Fizz-Keeper;  Brian Rohrig
Lesson written by: Pat Tellinghuisen, Coordinator of VSVS, Vanderbilt University


[image: image2.emf]Instructions for constructing a ‘Helicopter Cartesian Diver”     for 3 rd /4 th  grade Buoyancy     Preparing the soda bottle   1.   Use only 16oz or 20oz clear (not green tinted) soda bottles or “Dasani”  water bottles.  No regular, flimsy plastic water bottles.   2.   Remove the  label.  This is best done by filling the bottle with hot water and  letting it set for a few minutes to loosen the glue.     Preparing the Helicopter Cartesian Diver  Blades   1.   Cut out the large plastic blades from the  transparency sheet.    2.   Punch out the cent er hole with the provided  single hand - punch.   3.   Slice the individual blades by cutting the six  lines from the large outer diameter circle in  to the 2 nd  center circle (large in diameter and  not shaded grey).   4.   Bend one side of the blade up and the other  s ide of the blade down.  Do this consistently  for all six blades so that all six left sides are  bent up and the six right sides are bent down.     Preparing the Helicopter Cartesian Diver   1.   Slide the prepared blade unit over a large  stem pipette all the way up t o the bulb.   2.   Screw a brass nut onto the pipette stem.  The nuts have a right side that will  easily screw onto the stem and a wrong side that will deform the stem.   Pressure must be kept on the stem by holding the bulb in one hand and using  your other hand t o maintain pressure on the stem while screwing the brass  nut onto the stem.  The nut should firmly hold the blade unit in place against  the pipette bulb.   3.   Cut the pipette stem about   ⅜ ” to  ½ ” of an inch below the brass nut.   4.   Add green tinted water to the Cartesian diver until it just barely floats in a  cup of water.   5.   Seal the Cartesian diver stem with hot glue .   6.   Allow the glue a few seconds to dry; then dip in a cup of cold water to fully   set the glue.   7.   Double check that the diver just floats above the water level with the added  weight of the glue.  
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