10-2
Boyle's Law and Absolute Zero and Cartesian Diver
Description:  There is a "Boyle's Law Unit" that consists of a large syringe connected to a pressure gauge on a clear plastic stage that is meant to be viewed through an overhead projector.  As the syringe is used to increase or decrease the volume of air in the syringe, the pressure gauge shows a decrease or increase in pressure.  Students can be asked to formulate Boyle's Law using data from the "Unit".   Also the "Unit" includes a bulb that can be emmersed in boiling water, ice bath, and liquid nitrogen to show the relationship between temperature and pressure and to extrapolate to absolute zero.

Ideal Gas Law:  PV = nRT

Boyle's Law:   V 
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Charles Law:  the volume of a gas at a constant pressure is directly proportional to the absolute temperature.  

Liquid nitrogen is - 196o C

Absolute zero is - 273.15o C (0o K)

Acetone/dry ice slurry is approximately - 78o C

About the Boyle's law unit and the absolute temperature bulb:

For the bulb, when the valve is up it is open.  Down is closed.  Keep valve down/closed while cooling/heating bulb.  Open the valve to make the measurement.

Pressure gauge is in lbs/in2.   The starting point of the gauge should be atmospheric pressure which is approximately 14.5 lbs/in2.  Volume is in cubic centimeters.

Materials:
· Boyle's law unit and absolute temperature bulb

· Overhead pen

· Hot plate

· Boiling water bath

· Ice bath

· Room temperature bath

· Dry ice/acetone bath in dewar

· Liquid nitrogen in dewar

· Insulated glove

Procedure:

Before class: To set the volume scale of the system first disconnect the tubing from the gauge and set the plunger at zero (pushed all the way in).  Then reconnect the tubing to the gauge.  Record the pressure reading.  Pull the plunger out until the pressure reading is half of the value of the original reading.  Record the volume reading.  This volume is equal to the volume of the gauge, tubing, and fittings.  This figure must be added to the volume of the syringe at all plunger settings.  


Boyle's Law

In class:  Disconnect the tubing and pull the plunger out to the last or second to the last major setting.  Reconnect the tubing to the gauge.  Record the volume (cc) and

the pressure (lbs/in2).  Push in the plunger about 5 ccs and make another set of readings.  Continue until you have 4 or 5 sets of readings.  These readings can then be plotted to show Boyle's Law.


  Absolute Zero


In class:  Disconnect the tubing from the syringe.  Close the bulb and connect it to the gauge.   Immerse the bulb in a room temperature water bath.  Wait about 3 minutes.  Open the bulb and take a pressure reading.  At the same time measure the temperature of the water bath.  


Close the bulb.  Immerse the bulb in a boiling water bath.  Wait 3 minutes.  Open the bulb and take a pressure reading.  At this time measure the temperature of the boiling water bath.


Allow the bulb to cool so that it is safe to touch.  Close the bulb and immerse in an ice bath.  Wait 5 minutes.  Open the bulb and take a pressure reading.  Also measure the temperature of the ice bath.  


If time allows there can be a fourth reading done after the bulb has been immersed in a dry ice/acetone bath.   Some have also used liquid nitrogen.  Note: in these very cold liquids, ice crystals will form on the bulb and eventually up onto the valve.  Remove the bulb from the acetone bath or liquid nitrogen before ice crystals form on the valve.  If they do, the valve will freeze and you will not be able to open it.


Plot pressure and temperature and then extrapolate to absolute zero.  

Cartesian Diver:  In a smaller sized class it would be possible to pass around a Cartesian diver for students to play with.

Diver can be constructed using a 1 liter clear, plastic soda-pop bottle and an eye-dropper.

Fill the bottle with water and insert the eye-dropper.  Close the bottle.  When the bottle is squeezed, the increase in pressure forces water into the eye-dropper, compressing the air inside the dropper and reducing its volume.  Ask students if they can explain what makes the diver sink.  Ask students "Does the amount of air in the eye-dropper change?".  Stress that the amount of air stays the same, even though its volume has changed.

Model of a Lung and Diaphram:
In a smaller sized class this model can be passed around.  In a larger class the model could be made visible using the Elmo.

Construction:  Attach a balloon to the opening of a plastic pop bottle (1 Liter size) such that the balloon is void of air and is inside the bottle.  Make sure that there is no air leak.

Cut the bottom of the bottle off and stretch a ballon across the opening.  Attach the balloon making sure there are no leaks.  When the bottom balloon is pulled out the balloon at the top and inside of the bottle will fill with air.  This is a good model of how the diaphram works to fill the lungs with air.  Ask students to explain how this model works in terms of Boyle's law.  

Notes:
Boyles law and absolute zero used by C105 and S105.

Activity Idea:  Either as homework or in class, have students graph the results of the Boyle’s Law demo and the absolute temperature demo.
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