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Pictures from:  http://www.doalasvegas.com/html/diving_pics.html
In this activity the Gas Laws will be examined as they pertain to SCUBA diving.

Teacher Background Information:

The behavior of gases can have a major influence on SCUBA divers.  Before examining the gas laws, students should have a solid understanding of the Kinetic Theory of Gases:
All gases, irrespective of their chemical composition, demonstrate similar behavior in response to temperature, pressure and volume changes.  The Kinetic Molecular Theory of gases is based on six assumptions:

1.  Gases are composed of molecules.

2. These molecules are in constant motion.  This is why gases mix to uniformity and completely fill their container.

3. Molecules of a gas collide frequently with each other and with the walls of their container. 

4. The distance between gas molecules is far greater than the size of the gas molecules which is why they can be compressed.

5. The molecules of a gas move in all directions with an average velocity at a given temperature.  At a given temperature, the average energy of molecules in the gaseous state is the same for all substances.

6. Molecules are perfectly elastic.  Thus, they lose no energy when they collide with another molecule. 
Collisons of gas molecules with the walls of its container is termed pressure.  If we increase the kinetic energy of the molecules by increasing the temperature, the molecules will have more energy and will collide with more force more often on the container walls.  This is why pressure increases in a closed container as temperature is raised. 
What is SCUBA?

The acronym, SCUBA, stands for Self Contained Underwater Breathing Apparatus.

Buoyancy:  Archimedes Principle
Some objects, when placed in water, float, while others sink, and some neither float nor sink. This is a function of buoyancy.  Objects that float are called positively buoyant. Objects that sink are called negatively buoyant.  Objects that neither float nor sink are referred to as neutrally buoyant. 

The idea of buoyancy was summed up by Archimedes, a Greek mathematician, in what is known as Archimedes Principle: Any object, wholly or partly immersed in a fluid, is buoyed up by a force equal to the weight of the fluid displaced by the object. 

From this principle, we can see that whether an object floats or sinks, is based on not only its weight, but also the amount of water it displaces. (That is why a very heavy ocean liner can float. It displaces a large amount of water). 

Archimedes principle works for any fluid, but divers are mainly concerned with two different fluids: fresh water, and salt water. Fresh water and salt water are considered two different fluids because equal volumes of fresh water and salt water do not weigh the same. For example, ten litres of fresh water weighs 22.04 lbs, while ten litres of salt water weighs 22.6 lbs. The extra weight is because of the dissolved minerals in salt water.
In SCUBA, there are two pieces of gear specifically designed to affect buoyancy, the buoyancy control device (BCD), and the weight system. The purpose of the weight system is to overcome the positive buoyancy of the body and such equipment as wetsuits or drysuits and allow divers to sink. The BCD allows divers to adjust their buoyancy by adding air to or removing air from the BCD’s bladder and displacing more or less water as necessary.  By removing air from the BCD bladder, properly weighted divers will become negatively buoyant and sink. Adding air to the BCD allows divers to achieve neutral buoyancy to hover or positive buoyancy to rise in the water column.

Pressure and Gases

Air has weight. The weight of the atmosphere exerts a pressure of 760 mm of mercury (14.7 pounds per square inch) of force at sea level. We commonly call this 1 atmosphere of pressure, or 1 atm. 

Water weighs considerably more than air does, so it can exert much more pressure. For example, at a depth of 10 metres (33 feet) deep in the ocean, there is a total pressure of 2 atm’s (29.4 pounds per square inch (psi)) - one atm from the water, plus one atm from the air. We call this the ambient pressure or absolute pressure. 
(It was the French philosopher/ scientist named Pascal that proved that the weight of the atmosphere was equal to the pressure exerted by 10 metres (33 feet) of seawater).

Every additional 10 metres (33 feet) of sea water will add another 1 atm (14.7 psi) of pressure.  At 20 metres (66 feet) we have two atm’s of water pressure (the gauge pressure) plus our 1 atm of air pressure for an absolute pressure of 3 atm. At 30 metres (99 feet) our pressure is 4 atm’s, an so on.
Essentially, the absolute pressure (Pa) is the gauge pressure (Pg) plus the weight of the atmosphere (1 atm), or, 

Pa = Pg + 1 atm
Knowing this information allows one to calculate the pressure at any given depth of water – a calculation that, for safety reasons, divers need to be concerned with.

Boyle's Law

We are used to living at 1 atm of pressure, so we rarely even take notice of it. We normally don't feel the pressure on us because the human body is primarily made up of liquid, and liquids are basically non compressible. At times, however, we do notice changes of pressure, primarily in our ears. You may have noticed your ears "popping" when flying, driving in the mountains, or even going up and down in elevators. This is because our ears have an air space in them, and air, like all other gases, is compressible. 

A gas will compress proportionately to the amount of pressure exerted on it. For example, if you have a one litre balloon and double the pressure on it, it will be compressed to  one-half litre. If you increase the pressure by 4, the volume will drop to ¼ the size, etc. This theory was discovered by Sir Robert Boyle, a 17th century scientist. The theory known as Boyle's Law states: If the temperature remains constant, the volume of a given mass of gas is inversely proportional to the absolute pressure. 

For example, suppose you had a balloon measuring one litre at the surface of the water. This balloon is under 1 atm (14.7 psi) of pressure. If we push the balloon underwater, and take it to a depth of 10 metres (33 feet), it is now under 2 atm of pressure (29.4 psi) - 1 atm of pressure from the air and 1 atm of pressure from the water. Boyle's Law then tells us that since we have twice the absolute pressure, the volume of the balloon will be decreased to one half. It follows then, that taking the balloon to 20 metres (66 feet), the pressure would compress the balloon to one third its original size, and 30 metres (99 feet) would make it ¼, etc. 

If we bring the balloon back up to the surface, it would increase in size due to the lessening pressure until it reached the surface and returned to its one litre size. This is because the air in the balloon is compressed from the pressure when submerged, but returns to its normal size and pressure when it returns to the surface. 
Of course, Boyle’s Law acts in the exact opposite way when the pressure is reduced — like when divers ascend from a dive. So because reducing the pressure increases the volume, divers risk lung injury (called an air embolism) due to overexpansion if they ascend while holding their breath.  So the most important rule in SCUBA diving is “Never hold your breath!"  

Boyle's Law tells us that there is an inversely proportional relationship between the pressure and the volume of gases. This means that the pressure (P) exerted on a gas times the volume (V) of the gas will always equal a constant (K). P x V = K. 

Since this holds true for our balloon at any depth, the pressure times the volume at one depth must equal the pressure times the volume at any other depth. Or: 

P1 x V1 = P2 x V2

Where, P1 is the pressure at the first depth and V1 is the volume at the first depth and P2 is the pressure at the second depth and V2 is the volume at the second depth. 

Surface Air Consumption Rate

The compressibility of gasses is also an important consideration for divers due to its effect on how long a diver can stay underwater. SCUBA regulators are designed to deliver air to a diver at the same pressure as the surrounding water pressure, at ambient pressure. That means that when a diver fills his lungs at a depth of 10 metres, he is taking in the equivalent amount of air as two breaths at the surface. Obviously then, a tank will only last half as long at 10 metres as it would at the surface.  Any tank that would last one hour at the surface would only last 1/3 as long, or 20 minutes, at a depth of 20 metres, etc.

Charles' Law 
There is another way to make a balloon smaller other than pushing it underwater. You can put it in the freezer. When you heat up a gas, the molecules that the gas is made up of move faster. In the balloon example, this increase in molecular motion causes the molecules to hit the sides of the balloon more often, and with more force, making the balloon expand. Cooling the gas would have the inverse effect, making the balloon smaller. 

In relation to SCUBA diving, a full SCUBA tank, if left in the sun, will heat up. This causes the molecules in the air in the tank to move faster. Unlike the balloon which would expand, the tank is a rigid container that will not expand. This increase in motion then raises the pressure inside the tank.
The French Scientist Jacques Charles showed that raising the Kelvin temperature of a gas would tend to increase the volume of the gas, if its pressure remained constant.  So, increasing the temperature of a gas will cause it to expand, and if you decrease the temperature of a gas that gas will in turn contract.
Charles’ Law is thus stated as: 

                                                                          V1     =      V2

T1             T2

Note:  Temperature must be in Kelvin ( [K] = [°C] + 273 )
To a diver, knowing the effect of temperature is essential, because the temperature of the water deep in the oceans or in lakes is often significantly different from the temperature of the air at the surface.  This is also important to understand because the gas or air in your lungs will act on the same principal, and if the law is not followed internal and painful injuries can occur.
Also, SCUBA shop proprietors know about Charles' Law, which is why they often fill tanks in a water bath where the temperature is about the same as the ocean (or wherever the diving will take place).

Any of the gas laws can be combined into the General or Combined Gas Law below:

P1 x V1 = P2 x V2

T1             T2

This relationship can be used to predict pressure, volume and temperature relationships where any of the five of the six variables are known.  Note: Temperature must be in Kelvin ( [K] = [°C] + 273 )
Henry’s law:

Henry’s law is another gas law that SCUBA divers need to be concerned with.  The solubility of a gas depends upon pressure. Nitrogen is not very soluble in aqueous solution. When considerable pressure is applied, the solubility increases. Divers who work at great depths breathe air that is highly pressurized and, as such, they have more nitrogen dissolved than under normal conditions. If the divers are brought to the surface too quickly, the pressure goes down, the solubility decreases, and bubbles of nitrogen form in their blood. The result is a dangerous diver's disease -- the bends (decompression sickness).  The only treatment for the bends is to put divers into a decompression chamber a slowly decompress them back to one atmosphere of pressure. 
Note:  The effects of Henry’s law are accentuated if a diver takes a high-altitude plane fight soon after a dive.  
Oxygen Toxicity and Nitrogen Narcosis:

Oxygen toxicity is any injury or discomfort to the body from inhaling too much oxygen.  The concentrations of oxygen delivered at atmospheric pressure can harm the lungs. When diving, any given concentration of oxygen comes under higher pressure than atmospheric, thus increasing the amount inhaled and the potential for toxicity.

Nitrogen narcosis, also called "rapture of the deep" and "the martini effect," results from a direct toxic effect of high nitrogen pressure on nerve conduction. It is an alcohol-like effect, a feeling often compared to drinking a martini on an empty stomach: slightly giddy, woozy, a little off balance.

Nitrogen narcosis is a highly variable sensation but always depth-related. Some divers experience no narcotic effect at certain depths that others would feel some effect. One thing is certain: once begun, the narcotic effect increases with increasing depth.  Each additional 15 metre depth is said to feel like having another martini. The diver may feel and act totally drunk. Underwater, of course, this sensation can be deadly. Divers suffering nitrogen narcosis have been observed taking the regulator out of their mouth and handing it to a fish! 


In this activity students will be shown (by teacher demonstration or by lab investigation) a variety of experiments on Boyle’s Law and Charles’ Law so as to understand the relationships between pressure and volume and temperature and volume.  They will then relate these findings to SCUBA diving.  Finally, students will conduct research on SCUBA diving and determine some conditions that divers are subjected to based on these Gas Laws.

Introduction:
· What happens if SCUBA divers hold their breath while making emergency ascents to the surface from depths of 30 metres or more?

· Why shouldn’t divers fly or take hot showers soon after deep dives?

· Is contaminated, compressed air more dangerous to the diver at the surface or at a depth of 30 metres?

Before attempting to understand the answers to these questions, one must first concern themselves with some relationships between pressure and volume (Boyle’s Law) and between temperature and volume (Charles’ Law).

First take the following SCUBA diving quiz to find out what you know and don’t know about SCUBA diving and the Gas Laws.

SCUBA Diving Quiz:

http://www.theSCUBAguide.com/SCUBA_quiz.aspx
In this activity you will observe some demonstrations involving relationships between pressure and volume, and temperature and volume that are pertinent to SCUBA diving and then, using a variety of online resources, complete a research project on SCUBA diving and some of the conditions that divers may be subjected to as a result of these relationships.
Objectives:  
To learn about the Gas Laws as they relate to SCUBA diving through experimentation and research.

Part One: Gas Laws Demonstrations
The following investigations on the gas laws can be performed as teacher demonstrations or set up as lab stations.  There are several to choose from for each Boyle’s Law and Charles’ Law.  Do as few or as many as you wish/have equipment for. 
Boyle’s law Demonstrations

 Boyle’s Law: When the pressure of a gas decreases (at constant temperature), its volume will increase and vice-versa.
Demo/Station #1:  The Cartesian Diver:  Does it Float or Sink?
Materials:

Eye dropper 
Empty, clear 2L soft-drink bottle

Water


Procedure:

Fill the 2L soft-drink bottle with water. Immerse the tip the eye dropper into the water in the bottle and squeeze the bulb so that a little water is drawn into the dropper. The dropper should only be about half full. Drop the medicine dropper into the bottle, add more water to completely fill the bottle and tightly screw on the cap. 

1. Does the eye dropper (Cartesian Diver) initially float or sink in the water?  Explain.
2. Predict what might happen to the eye dropper if you squeeze the bottle.

3. Now squeeze the plastic bottle and hold. What happens to the eye dropper? 


4. Did the amount of air in the eyedropper change?  Why would this volume change make the dropper behave the way it did?
5.  Predict what will happen to the eye dropper if you release the pressure on the bottle.

6. Now release the pressure and observe what happens to the eye dropper. 

7. What is the relationship between pressure and volume, according to this experiment?
8. Explain, using Boyle’s Law, how the Cartesian Diver works.
Cartesian Diver link:

http://www.ed.uiuc.edu/courses/CI241-science-Sp95/resources/philoToy/philoToy.html
Explanation:
When the bottle is squeezed, the pressure increases on the air trapped in the eye dropper.  More water goes in the bottom of the eye dropper so that it becomes denser and sinks.  Releasing the bottle releases the pressure and the eye dropper floats again.


Demo/Station #2:  Does the Balloon Shrink or Expand?

Materials:

Empty, clear 2L soft-drink bottle

Stopper (sized to fit the 2L soft-drink bottle) with glass/rubber inflating tube

Balloon

Duct tape

Air pump (with pressure gauge) 

Procedure:

Insert the balloon into the 2L soft-drink bottle, while holding its opening. Blow up the balloon to a reasonable size that fits inside the bottle. Tie the balloon shut and let it drop into the bottle. Cap the bottle with the stopper that has the inflating tube through it. Secure it to the bottle using the duct tape. Predict what will happen if air is added (i.e. pressure is increased) to the bottle.  Attach the air pump to the bottle and start pumping.  Watch the pressure gauge while pumping.  Do not let the pressure exceed 150 psi (10 bar).
1. Record your observations of the balloon's behavior below.  Was your prediction correct?
2. Carefully remove the tape and the stopper. Be sure that it is pointed away from all people while doing so. What effect does this have on the balloon?  Explain.
3. Explain the changes in volume of the balloon as it relates to pressure using Boyle’s Law.

4. A bag of birthday balloons specifies the burst capacity of 6 inches.  Why is this not an accurate way to represent burst capacity?  What measurement should be used and why?



Demo/Station #3: How do Balloons, Marshmallows and Shaving Cream behave in a Vacuum?
Materials:

Large vacuum chamber or small vacuum chamber with pump

Balloon 

Marshmallow

Shaving Cream

Procedure:

Partially inflate and tie the balloon so that it is small enough to fit into the vacuum chamber. Predict what will happen to the balloon when the vacuum pump is turned on.  Place the balloon in the vacuum chamber on turn on the pump so that the air is removed (or, use the hand pump on a small vacuum chamber to pump the air out manually).  Make observations and repeat with a marshmallow and then with shaving cream. 

1.    What happened to the balloon (or marshmallow or shaving cream) when the vacuum pump was turned on?  Was your prediction correct?
2.    Explain your observations of what has happened to the air in the vacuum chamber and to the balloon (or marshmallow or shaving cream) in terms of the particulate nature of matter.

3.    Do you think the balloon would have the same mass before and after evacuating the air?  Explain.  What about the marshmallow and shaving cream?
4.   What are the air molecules doing to produce the effects in each of the three substances? 

5.   Explain why this behavior occurs according to Boyle’s law.


Boyle’s Law and SCUBA Diving:
1. Write a brief statement describing the relationship between pressure and volume (Boyle’s Law) in your own words.
2. Graphically describe the relationship between pressure and volume according to Boyle’s Law.

3. What happens to the air molecules as pressure is increased?  Decreased?

4. What kind of changes in pressure is a diver subjected to?  
5. Why does a diver need to understand Boyle's Law?


Charles’ Law Demonstrations

Charles’ Law: When the temperature of a gas is increased (at constant pressure), its volume will increase and vice-versa.
Demo/Station #4:  Does the Can Collapse or Expand?
Materials:

Water
Clean, empty soft-drink can

Hot plate

1000 mL beaker

Ice cubes

Oven mitts

Procedure:

Pour about 10 ml of water into the soft-drink can and place it on the hot plate.  Place the beaker of ice-cold water close to the hot plate.  Heat the soft-drink can on high until most of the water has boiled out. (This should only take a few minutes).  Predict what will happen when the hot can is placed into ice cold water.  Now very quickly and carefully, using oven mitts, turn the soft-drink can upside down into the beaker of ice cold water.

1. Describe your observations of the soft-drink can. Was your prediction correct?


2. What do you think will happen when the can is removed from the cold water?  Remove the can from the cold water.  Describe what you observed.
3. What is the relationship between temperature and volume, as observed in this experiment?


4. Explain, using Charles’ Law, why the soft-drink can behaved the way it did.


Collapsing Can Video:
 http://www.chem.uiuc.edu/clcwebsite/can.html



Demo/Station #5:  Popcorn Kernels – Do they Shrink or Expand?
Materials:
Popcorn kernels
Clear glass or plastic bowl with lid

Procedure:

Place about two tablespoons of popcorn kernels in the clear glass or plastic bowl.  Put the lid on the bowl and place in the microwave. Predict what will happen to the kernels as they heat up.  Close the microwave door and turn the microwave on high.  Watch as closely as you can as the popcorn kernels begin to pop, but of course do not open the door!   As soon as the vigorous popping stops, open the microwave door. 

1.  Describe what you see inside the bowl.
2.  What do you think makes the popcorn pop?
3.  What happened to the volume of the kernel as the temperature increased?
4.  Explain what you have observed using Charles’ Law.
 


Demo/Station #6:  Does the Balloon Shrink or Expand?
Materials:

250 mL Erlenmeyer flask
Balloon

Hot Plate

Oven mitts
1000 mL beaker

Water

Ice cubes
Procedure:

Place 10 mL or so of water in the 250 mL Erlenmeyer flask. Stretch an un-inflated balloon over the mouth of the flask.  Predict what will happen to the balloon as the water heats up on the hot plate.  Place the flask on the hot plate and boil the water.   

1.   What happens to the balloon? Why? Was your prediction correct?
2.   Predict what will happen when the flask is cooled in ice water.  
3.   Now, using oven mitts put the flask in a beaker of ice water and let it cool.
4.   What happens to the balloon? Why?  Was your prediction correct?
5.   What is the relationship between temperature and volume according to this experiment?  
6. Use Charles’ Law to explain your results.



Demo/Station #7: A Hot Egg-speriment
Materials:

A peeled, greased, hard-boiled egg
1L Erlenmeyer flask

Hot plate

Water

Oven Mitts

Procedure:


Pour about 10 mL of water into the 1L Erlenmeyer flask.  Place the flask on the hot plate and let the water boil away.  Immediately after the water has boiled off, remove the flask from heat (using oven mitts).  Predict what will happen if you drop the egg into the flask.  Place the well-greased, hard-boiled egg on the mouth of the flask.  Observe.  

1.  What happened to the egg?  Did it behave as you predicted?

2.  What is the relationship between temperature and volume according to this experiment?
3. Explain the behavior of the egg using Charles’ Law.
4.   Propose a way to get the egg out of the flask without cutting it.
5.   Describe the method you saw used to get the egg out.  Explain it using Charles’ Law.


Charles’ Law and SCUBA Diving:
1. Write a brief statement describing Charles' Law in your own words.
2. Graphically describe the relationship between temperature and volume according to Charles’ Law.
3. What happens to molecules as the temperature is increased?  Decreased?


4. What kind of temperature changes is a diver subjected to?
5. Why would a diver need to know about Charles' Law?




Henry’s law Lab:  (complicated, higher level lab, but worth a look)
http://chemmovies.unl.edu/chemistry/smallscale/SS038.html


Part Two:  SCUBA Research Project

SCUBA diving can be a risky activity if one does not have knowledge about the gas laws.  This is why training programs for prospective SCUBA divers include mandatory courses on the gas laws.  A few of the conditions that divers are at risk of getting are "the bends," air embolisms, nitrogen narcosis and oxygen toxicity.  
Your research project/booklet on SCUBA diving should include the following components:
· Determine what SCUBA stands for and how it works. 

· Identify the Boyle's Law, Charles' Law, and Combined Gas Law Equations. 
· Explain Henry’s law and describe how it relates to SCUBA diving.
· Define "the bends," air embolisms, nitrogen narcosis and oxygen toxicity. 

· Put together a booklet to distribute to your divers.  The booklet must have a title page and an introduction to SCUBA page.  It should also contain one page each for "the bends," air embolisms, nitrogen narcosis and oxygen toxicity.  These pages should contain an explanation of the condition using the appropriate gas law, physiology, symptoms, and treatment.  
· Add an additional page of information you feel is interesting or important.

Also research answers to the questions given at the beginning of the activity:

1. What happens if SCUBA divers hold their breath while making emergency ascents to the surface from depths of 30 metres or more?

2. Why shouldn’t divers fly or take hot showers soon after deep dives?

3. Is contaminated, compressed air more dangerous to the diver at the surface or at a depth of 30 metres?

Online Resources

Site to help with Gas Laws:

· http://www.chemtutor.com/gases.htm Chem. Tutor Web page 
Sites to help with SCUBA and Gas Laws: 

· http://science.howstuffworks.com/framed.htm?parent=question493.htm&url=http://www.iantd.com/rebreather/phys.html SCUBA diving Physics (great diagrams!)
· http://www.chm.bris.ac.uk/webprojects2001/meeraus/physicallaws.html  The Chemistry of SCUBA 
· http://marinemedical.com/articles/SCUBA_response.htm SCUBA diving Risks

· http://SCUBA-diving.suite101.com/article.cfm/air_embolism_in_SCUBA_diving  Air Embolism

· http://www.howstuffworks.com/question101.htm "The Bends" 
· http://www.howstuffworks.com/question493.htm  Oxygen Toxicity
· http://www.lakesidepress.com/pulmonary/books/scuba/gaspress.htm Oxygen Toxicity and Nitrogen Narcosis

Sample Grading Rubric

	Grade
	Requirements

	5
	Booklet is neatly typed and organized.  All required pages are present and last page shows creativity and/or extra interesting information.  Information on illnesses and gas laws is accurate, appropriate, and complete (explanation of the condition using the appropriate gas law and physiology, symptoms, and treatment).  All three questions answered in full detail.

	4
	Booklet is neatly typed and organized.   All required pages are present and the last page shows creativity and/or extra interesting information.  Information on illnesses and gas laws is accurate, appropriate, and mostly complete (At least 3 of the following 4 topics is present: explanation of the condition using the appropriate gas law and physiology, symptoms, and treatment).  All three questions answered in good detail.

	3
	Booklet is neatly typed and organized.   Only one page of information is missing.  Information on illnesses and gas laws is mostly accurate, appropriate, and complete (At least 3 of the following 4 topics is present: explanation of the condition using the appropriate gas law and physiology, symptoms, and treatment).  Two of three questions answered in good detail.

	2
	Booklet is neatly typed or handwritten and somewhat organized.   Only two pages of information are missing. Information on illnesses and gas laws is mostly accurate, appropriate, and complete (At least 2 of the following 4 topics is present: explanation of the condition using the appropriate gas law and physiology, symptoms, and treatment).  Two of three questions answered in some detail.

	1
	Booklet is typed or handwritten but with a lack of organization.   Only half of the pages are present, Information on illnesses and gas laws is lacking in accuracy, appropriateness, and completeness (Only 2 of the following 4 topics is present: explanation of the condition using the appropriate gas law and physiology, symptoms, and treatment).  One of three questions answered in some detail.


Did You Know?

Air is approx 78% N and 21% O, with trace levels of other gasses such as carbon monoxide, carbon dioxide, and water vapor as well.

SCUBA:  Never Hold Your Breath!
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Student Activities:


Part One: Gas Laws Demonstrations�Part Two:  SCUBA Research Project 








Other Interesting Online Resources:








Great Flash Animation on Gas Law Manipulations!


� HYPERLINK "http://www.mhhe.com/physsci/chemistry/essentialchemistry/flash/gasesv6.swf" �http://www.mhhe.com/physsci/chemistry/essentialchemistry/flash/gasesv6.swf�





Good Information on Gas Laws and Diving with Diagrams:


� HYPERLINK "http://www.dtmag.com/Stories/Dive%20Physiology/09-97-feature.htm" �http://www.dtmag.com/Stories/Dive%20Physiology/09-97-feature.htm�





Melanie Gertley Science Rocks (Local - Seven Oaks School Division):


� HYPERLINK "http://www.7oaks.org/site/melaniegertleysciencerocks/scuba_project_outline.aspx" �http://www.7oaks.org/site/melaniegertleysciencerocks/SCUBA_project_outline.aspx�





Arbor Scientific Cool Stuff Newsletter�� HYPERLINK "http://www.arborsci.com/CoolStuff/cool8.htm" \t "_new" �http://www.arborsci.com/CoolStuff/cool8.htm�


Chemistry: Chapter 8: Tutorials�� HYPERLINK "http://www.wwnorton.com/chemistry/tutorials/ch8.htm" \t "_new" �http://www.wwnorton.com/chemistry/tutorials/ch8.htm�


Chemtutor: Gases�� HYPERLINK "http://www.chemtutor.com/gases.htm" \t "_new" �http://www.chemtutor.com/gases.htm�


Newton's Apple: SCUBA Diving�� HYPERLINK "http://www.reachoutmichigan.org/funexperiments/agesubject/lessons/newton/SCUBA.html" �http://www.reachoutmichigan.org/funexperiments/agesubject/lessons/newton/SCUBA.html�


Physics of SCUBA Diving�� HYPERLINK "http://www.thescubaguide.com/certification/physics-of-diving.aspx" \t "_new" �http://www.theSCUBAguide.com/certification/physics-of-diving.aspx�


DEEP�� HYPERLINK "http://www.stmatthewsschool.com/deep/deep.html" \t "_new" �http://www.stmatthewsschool.com/deep/deep.html�


Body Systems: Surviving Extremes�� HYPERLINK "http://www.findarticles.com/p/articles/mi_m0BQK/is_4_6/ai_76812797" \t "_new" �http://www.findarticles.com/p/articles/mi_m0BQK/is_4_6/ai_76812797�


PBS: Lost Liners: Andrea�� HYPERLINK "http://www.pbs.org/lostliners/andrea.html" \l "top" \t "_new" �http://www.pbs.org/lostliners/andrea.html#top�


Boat/US Magazine: Andrea Doria �� HYPERLINK "http://www.findarticles.com/p/articles/mi_m0BQK/is_4_6/ai_76812797" \t "_new" �http://www.findarticles.com/p/articles/mi_m0BQK/is_4_6/ai_76812797�


Cape Cod Times: Divers Risk all for a Date with Andrea Doria�� HYPERLINK "http://www.capecodonline.com/special/andreadoria/andreadoria22.htm" \t "_new" �http://www.capecodonline.com/special/andreadoria/andreadoria22.htm�




















