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ACTIVITY 2

The Cartesian Diver

To investigate how salinity and pressure affect
density and how this affects objects floating in water.

EquipmentINIaterials

*2 plastic two-liter soda containers, 2 large test tubes
�0 x 3.5 cm!, 2 graduated cylinders �00 ml or
larger! or 2 glass jars

2 identical medicine droppers  Cartesian Divers!
salt

teaspoon
plastic funnel

'If large test tubes, graduated cylinders or jars are
used, two pieces of thin rubber  ballons! and two rub-
ber bands are needed.

Fill each of the selected containers almost full of
water. Use the plastic funnel to add 4 to 8 teaspoons
of salt to one of the containers.  Larger amounts of salt
should be added to the larger containers.! Shake the
container to help the salt dissolve.

Suspend a medicine dropper vertically in each of
the containers. They can be suspended with a few
drops of water in them,

If you are using the two-liter bottles, screw the
caps on. If you are using any of the other containers,
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stretch a rubber ballon over the mouth of each con-
lainer and secure it with a rubber band.

Press the sides of the two-liter bottle containing
the fresh vvater. In the case of the other containers,
press down on the rubber cover. What happens to the
drop peP

Release the pressure on the bottle or rubber
cover. What happens to the dropper?

What happens to the amount of water in the drop-
per/test tube as it submerges?

Now press on the sides or rubber cover of the
saltwater container. Does the medicine dropper
behave differently in the salty water?

t. Does the Cartesian Diver submerge easier in fresh
or salt water?

2. Does the Cartesian Diver nse to the surface faster in
fresh or salt water?

3. What makes the Cartesian Diver dive?

4. Why does the Cartesian Diver rise back to the sur-
face of the water?

5, Discuss the relationship among density, salinity and
pressure.



ACTIViTY 3

Scuba Diving and the Gas Laws

Background

Figure 2 Boyle's law

BCD

regutator
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To introduce the gas laws in the context of scuba
dtvlrlg.

People can explore the marine world by using a
mask, snorkel and fins and holding their breath. Qr
they can prolong their exploration with the use of
scuba  selfcontained underwater breathing appa-
ratus! equipment,

The self-contained breathing apparatus consists
of a tank filled with compressed air, a regulator with a
mouthpiece and a BCD  Buoyancy Control Device!
 Figure 1!,

Figure 1 Self-contained breathing apparatus

A regulator reduces the high pressure of the air in
a scuba tank to a usable level and delivers air when
needed by the diver, A BCD is mandatory equipment
for all diving. It is an irrllatable sack that increases
buoyancy. It is used to provide surface support to rest,
swim and maintain neutral buoyancy under water.

Other types of diving equipment are available but
are less accessible to the general public.

Scuba diving has become a popular hobby for
many people. It offers a wealth of information on div-
ing physiology and the effects of gas exchange.

introduction to Gas Laws

Boyfe's Law

Boyle's law states that at a constant temperature,
the volume of a gas will vary inversely with pressure,
while the density of the gas varies directly with the
pressure.

This means that as the pressure on a volume of
gas doubles the gas is compressed to one-half its
volume  see Figure 2!. If the pressure triples then the
volume is compressed to equal one-third of its original
volume.

pressure Volume Density Lungs of a diver
Depth on lungs of air of air holding breath

0 feet 1.0 atm 40 liters 1 kg/f

33 feet 2.0 atm 2 0 liters 2 kg/1
�/2!

66 feet 3.0 atm 4/3 liters 3 kg/1

99 feet 4.0 atm 10 liter 4 kg/1
�/4!
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One of the first effects a diver feels is increasing
pressure. As he descends, the pressure around him
increases by 1 atmosphere for every 33 feet of de-
scent in salt water �4 feet in fresh water!  Figure 2!.
The increasing pressure is not felt by bone and solid
tissue but by air spaces  ears, lungs and sinuses!
 Figure 3!.

Figurie 3 Air spaces in the body

When a diver descends, the increase in pressure
reduces the size of his air spaces  Figure 2! and com-
presses the air inside. A diver who holds his breath
feefs the increase in pressure  decrease in volume! as
a squeezing in his lungs, sinuses and ears  Figure 4!.
As the pressure increases, the squeezing increases
and becomes uncomfortable. Eventually the diver will
stop his descent.

To relieve the pressure on the lungs, a diver
breathes compressed air at a regular frequency. To
relieve the pressure on ears and sinuses, a diver
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blocks his nose and attempts to exhale through rt with
his mouth closed. This forces air into the air spaces in-
side the ears and sinuses and relieves the squeeze.
This technique is known as equalizing.

The process of equalizing returns the air spaces
to their normal volume by equalizing the external
water pressure and the pressure in the air spaces, As
long as a diver breathes compressed air and equalizes
the pressure in the air spaces, he will not feel the
squeezing as he descends.

Figure 4 Technique to relieve pressure on the ear drum

A diver ascending experiences the opposite
pressure-volume relationship. The pressure decreases
and the volume increases. A diver not breathing on
ascent will feel his lungs expand  Figure 5!. A diver' s
lungs can only expand 15 to 30 percent of their orig-
inal volume without bursting. Therefore, ascending
without breathing may result in lung tissue bursting
 Figure 5!.
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Figuris 5 Lungs of ascending scuba diver

A smart diver breathes on ascent. Breathing
results in equalizing the pressure inside the lungs and
air spaces with the outside pressure so that the normal
lung and air space volume is maintained  Figure 5!,

As the pressure increases, the density of the gas
increases directly. This means that if the pressure on a
gas doubles, the density doubles. As the pressure of
the gas increases, remember the volume decreases
This decrease in volume results in the gas rnolecules
occupying a smaller space. This decrease in space
occupied by a set number of gas molecules means
that the density increases. An increase in the density
of air makes it more difficult to breathe at deeper
depths than at the surface

Charles' 'law states that if the pressure is kept con-
stant, the volume of a gas wili vary directly with
temperature.

This means that as the temperature of a gas in-
creases, the volume of space it occupies increases.
This phenomenon is seen in a diver's compressed air
tank. Filling the tank warms the air and causes it to
occupy a greater volume, Under water, the cooler

temperatures decrease the temperature of the gas in
the tank and 'the gas decreases in volume.

Consequently, the tank will not have as much air
in it as expected. This will shorten the dive time. To
avoid this problem, dive shops place the tanks in cool
water during filling so maximum air volume is achieved.

Dalton's law states that the total pressure exerted
by a mixture of gases is equal to the sum of the
pressures of each of the different gases making up
the mixture � each gas acting as if it alone was pres-
ent and occupied the total volume.

This law is illustrated in Figure 6, which shows air
tanks filled under three different conditions.

The tank contains only oxygen molecules at a low
pressure. If the total pressure of the gas is 160 mm of
Hg  mercury! and oxygen makes up 100 percent of
the gas, what is the partial pressure of oxygen?
 answer: 160 mm!

A diver's compressed air tank is never filled with
pure oxygen because it is toxic When using pure oxy-
gen, the blood's hemoglobin becomes saturated with



Condition C
Figure 8 Dalton's law

condition C

Poz = P»,i x o%%dOz
= 1520 rnm x 0,21
= 320 rnm

PNz - P~ x i%%dNz
- 'I,520 x 0.79

= 1,200 mm

760 mm Hg
total pressure

160 rnm Hg
total pressure

1520 mm Hg
total pressure

Condition B

P»~- Poz+ PNz
760 mrn =160 mrn+ PNz
PNz -600 mm
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condition A condition B

oxygen. This saturation turns off the reflexes control-
ling carbon dioxide exhalation and allows it to build up
in the body, This results in nausea, vomiting, dizziness,
tunne! vision, blackouts and grand mal seizures.

Nitrogen has been added to the tank so that the
total pressure, Pr, is 760 mm Hg � atm!. No oxygen
has escaped so the Poz is unchanged. What is the
PNz?

What percentage of the total pressure is contributed
by Oz? Nz?

'VOOz- Poz / P~
=�60 mm/760 mm! x 100
= 21o%%d Oz

O%%dNz - PNz/P~
- �00 mm/760 mm! x 100
= 790%%d Nz

These percentages are approximately the values
found in the air we breathe Dther gases such as
argon, neon and carbon dioxide are found in the at-
mosphere in very small quantities. Compressed air
tanks are filled with these same percentages of oxygen
and nitrogen.
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The tank's total pressure has doubled to 1,520
mm Hg � atm!. The percentage of oxygen and nitro-
gen in the tanks has not changed. But more of both
gases has been added to increase the pressure. What
is the partial pressure of oxygen and nitrogen>

The percent of each gas in the total gas mixture does
not change. But as pressure increases, each of the
partial pressures increase by the same amount. If you
compare conditions B and C, you will see that the
total pressure has doubled and so have each of the
partial pressures.

Nitrogen Gas rrnd Water Preesure-
Nitrogen Narcosis

The air you inhale is a mixture of 78 percent nitro-
gen, 21 percent oxygen, 0,03 percent carbon dioxide
and small amounts of other gases, The oxygen in the
air you exhale decreases from 21 to 16 percent and
the carbon dioxide increases from 0.03 to 5.6 percent.
During exhalation, the body produces roughly the
same amount of carbon dioxide as the oxygen taken
in. Nitrogen remains the same

At the surface, the pressure of air is one atm or
760 mm Hg. Nitrogen makes up 78 percent of the air
with a partial pressure of about 600 mm Hg. As a diver
experiences greater pressures, the partial pressure of
nitrogen increases  the percentage of nitrogen in air
remains the same with increasing pressure!. At greater
than 100 feet � atm!, the increase in partial pressure
causes nitrogen narcosis. At depths less than 100 feet.
nitrogen is not used by the body and has no effects
on it.

The symptoms of nitrogen narcosis are like those
of intoxication. Divers act foolish, take off their masks,
remove their mouth pieces and descend past safe
limits. Several factors, including alcohol, a hangover,
fatigue, excess carbon dioxide, inexperience and anxi-
ety lower a diver's resistance to nitrogen narcosis.
Nitrogen affects divers differently; any one cliver may
experience a vanety of symptoms.

For divers working at depths greater than 100
feet, the compressed air mixture is changed. Nitrogen
is removed and replaced with inert gases, usually
helium. This removes the problem of nitrogen narcosis
and allows the diver to work deeper. But helium is rare
and costly. Usually only commercial and other profes-
sional divers descend to depths greater than 100 feet
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Henry's law states that the mass of a gas dis-
solved by a definite volume of liquid at a constant tem-perature is directly proportional to the pressure on thatgas. The equation expressing the relationship between
solubility and pressure is:

Where:C,- solubility of gas in the solution phase
k- proportionality constant
P, = pressure of gas over the solution
This means that a 'liquid will absorb a gas from

within and outside itself  Figure 7!. For example, the
surface waters of the ocean are saturated with air at
sea level pressure � atm!. A human's blood is
saturated with oxygen, nitrogen and other gases
found in air at sea level pressure.

Nitrogen and Water Pressure � The Bends
Nitrogen, in air and compressed air, does not

combine with blood like oxygen As a diver descends
nitrogen goes into solution in the diver's blood and is
carried to the tissues and fat A diver's body tissues
balance with the partial pressure of nitrogen for a par
ticular depth in eight to 12 hours. The saturation of
tissues by nitrogen increases with the length of the
dive at a particular depth and pressure,

Figure 8 Oxyqen extraction by air breathing animals

As a diver ascends, 'the partial pressure of nitro-
gen in the lungs decreases. Blood leaving the lungs at
lower press~re has a lower nitrogen partial pressure
and is circulated to body tissues. The tissues have a
higher nitrogen partial pressure so nitrogen escapes
'from tissues into the blood. The blood returns to the
lungs where nitrogen diffuses into the air exhaled
 Figure 8!. With each round of circulation, more nitro.
gen is removed. Nitrogen is eliminated from saturated
tissues in 9 to 12 hours This elimination process is
known as decompression.
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If decompression occurs too rapidly, the blood
and tissues may receive too much dissolved gas to
hold in solution. Because the load of gas cannot be
carried to and eliminated from the lungs quickly
enough. the gas liberates itself in the form of bubbles
that appear in the blood and tissues. Therefore, a diver
needs to observe certai~ "hold points" during his as-
cent. Stopping at certain points allows time for excess
nitrogen to be removed from the bloodstream to the
lungs.

The classic example of dissolved gas coming out
of solution is a bottle of soda. No bubbles are visible
when the cap is on because the liquid is under pres-
sure and the bubbles are too small to be seen. Re-

rnoving the cap reduces the pressure. The bubbles
come out of solution. When the partial pressure of the
carbon dioxide gas dissolved in the soda equals the
partial pressure of the gas in the air surrounding the li-
quid, the soda does not bubble and is considered
"flat."

Nitrogen can form bubbles in the blood and tis-
sues much like carbon dioxide bubbles in a soda.

These bubbles move throughout the body and can: 1!
lodge in constricted areas such as joints causing pain,
2! pinch off and damage nerves and 3! cause paraly-
sis. This condition is known as decompression sick-
ness, the bends or caisson disease.

Decompression sickness is certainly the most
famous diving illness. It was discovered in the 19th
century by laborers working in tunnels beneath rivers
To keep water out of working areas, the tunnels were
pressurized. Many workers returning to ordinary atrnos-
pheric pressure at the end of the day developed pain
in their loints. Some became paralyzed. The malady
became known as caisson disease,

The disease remained a mystery until 1907 when
J.S. Haldane developed "stage decompression." He
found that decompression sickness could be avoided
by bringing anyone who had been in a high-pressure
environment to normal atmospheric pressure in grad-
ual stages. This eliminated the formation of small bub-
bles of nitrogen in the blood and tissues.

Depending on where bubbles lodge in the body,
the symptoms of decompression sickness may vary
 Figure 9!. In most cases, symptoms begin within an
hour, but they make take longer  six or more hours!.
Other factors also increase a diver's chance of devel-
oping decompression sickneM;. Age, obesity, extreme
fatigue, alcohol, old injuries, extreme hot or cold water,
and dehydration can hinder blood circulation and pre-
vent nitrogen from quickly entering and leaving the
blood. Fat absorbs about five times more nitrogen
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Fleure 9 Areas affected by decompression sickness

than blood or other tissues. Consequently, nitrogen is
not removed quickly from fat during decompression,
making obesity a dangerous problem. Other factors to
consider are the intake of certain drugs, metabolic
stresses such as sleep loss, hypercoagulability  blood
that readily coagulates!, high altitude diving and work
rate at depth,

The U.S. Navy has developed tables that tell
divers the maximum number of minutes they can
theoretically stay at certain depths and stil! avoid
decompression sickness. But abiding by those limits
does not guarantee safety. The U.S. Navy diving
tables are based on evaluations of trained, healthy
men. Sport divers range widely in physical condition
and ability.

The only effective treatment of decompression
sickness is immediate recompression in a hyperbanc
chamber. Recompression increases the pressure



Chairfes' Law

E

Questions

Soyle's Law

DensityVolume

4,0 liters

Depth

 surface!
33 ft.
99 ft,

132 ft.

Pressure

1.0 kg/liter
2.0 atm
4.0 atm

3o 25o

Volume of WngsPressure

3.0 atm

5.0 atm
4.0 atm

3.0 atm

Site Depth

A 66 ft

B 132 ft
C 99 ff
D 66 ft

3.0 liters
1.0 liter
0.50 liter
0.33 liter
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around a diver  as if he were diving!, reducing the size
of the bubbles and forcing them back into solution.
Then the pressure is slowly reduced to allow the diver
to decompress gradually. At the first signs of the
bends, a diver should not hesitate to seek treatment.
Time is critical.

In North Caroiina, the only recompression cham.
ber is at Duke University in Durham. They have a
facility for decompression sickness treatment. Duke
University also sponsors a Diver Alert Network  DAN!
that provides information to divers and physicians
nationwide

Hint. For every 33 feet of descent from the surface, the
pressure increases by 1.0 atm. Surface pressure is
1,0 atm.

1, Holding his breath, a diver leaves the surface with
4.0 liters of gas in his lungs. What is his lung volume at
a depth of 66 feet?

2. You are diving to a wreck at 132 feet. Using Boyle's
law, determine the changes in pressure, volume and
density with increasmg depth

3. A diver is at 33 feet �.0 atm of pressure! and the
gas in his lungs occupies a volume of 1.0 liter. What
volume would his lungs occupy at the surface? What
volume at 99 feet?

4. You dive to a wreck off of the North Carolina coast.
As you return to the surface �.0 atm pressure!, you
forget to breathe  a big mistake! Will your lungs burst
under the fOIIOwing SituatiOnS? USe BOyle'S law and
show all work. Human lungs can only expand to four
liters.

1. Examine the graph. Does the graph show a direct
or an inverse relationship? Why?

temperature

2. On a hot summer day you take your air tank to a
dive shop to be filled. You then have to run a couple
of errands, so you place the tank in the trunk of your
car. The tank was filled at 20'C and your car trunk is
31 'C.

a! What will happen to the temperature of the gas
rnolecules in the tank~

b! What will the gas at 31'C do in the tank?

c! If the tank is filled to its maximum capacity, what do
you think might happen to this tank in your trunk?

3. Using the graph below, answer the following
questions.

a! What volume corresponds to a temperature of
25'C? 13"C?

b! lf you were filling a tank for a diver, which tempera
ture, 25'C or 13'C, would allow you to add the maxi
mum ainount of gas? Why.

Oalton's Law

1. The total pressure in an air tank is 8 I0 mm Hg

a! If the pressure of oxygen is 150mrn Hg, what is the
partial pressure of nitrogen in the tank?  Assume oxy
gen and nitrogen are the only gases in the tank !

b! What percentage of the gas in the tank is oxygen?
Nitrogen?



Test Questians

1. A diver descends to a wreck at BO ft. He stays there
too long and realizes that he is out of air. He swims to
the surface quickly.

a! If the diver holds his breath during the ascent, how
will this affect his lungN Which gas law explains thiN

b! At the surface, the diver feels pain in his !oints, He
suspects that he has the bends Why might he have
developed the bendN  Apply the appropriate gas
laws in your answer.! How might he get rid of the
pain?

Henry's Law
2. Define each gas law.

3. Name the gas law that applies to each of the follow-
ing conditions and explain how it applies.

a! Lungs burst
b! Nitrogen narcosis
c! Squeeze
d! Decompression sickness

4. Draw graphically the relationship that applies for
each of the following gas laws.

a! Boyle's
b! Charles'
c! Henry' s

5 What are the partial pressures of nitrogen and oxy-
gen in the lungs at 0 ft? Do these change with in-
creasing depth during a dive? Explain.

6. Rapid ascent rates may contribute to the cause of
decompression sickness. True or false.

7. Helium causes decompression sickness in much
the same way that nitrogen does. True or false

8. What is the PN~ of air breathed at 99 feet under
water?  in atm and mm Hg!
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c! Is this the composition you breathe normally?

2. What is the partial pressure of oxygen in com-
pressed air from a scuba tank breathed at 132 ft?  in
mm Hg and atm! Use the percent oxygen from the
introduction.

3. In deep diving, divers breathe gas mixtures of
helium and oxygen. The partial pressure of oxygen
must be maintained at 160 rnrn Hg or slightly greater
to avoid toxicity. In a helium-oxygen mixture breathed
at 500 feet, what percentage of oxygen will result in
an oxygen partial pressure of 210 mm Hg?

1. Draw a graph that shows the relationship between
pressure and the amount of gas dissolved in a liquid.

2. At which of the following depths would a diver have
a higher partial pressure of nitrogen in his blood. 33 ft
or 132 ft. Why?

a! Hoyle's
b! Charles'
c! Dalton's
d! Henry' s
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9, Air pressure is  higher, lower! at the top of a tall
building than it is at ground level.
10. Why are water pressure changes so much greater
than air pressure changes with a change in depth?
11. For every 10 meters �3 feet! of water depth, divers
experience an additional atmosphere st
of pressure,

12, Name three body areas where divers notice
pressure the most.

13, Hve does scuba gear keep the diver from experi-
encing pressure in the body cavitied.
14. Name three problems that air in the bloodstream
can cause?

15. During a dive, gases entering the lungs are ab-
sorbed to a  greater, lesser! extent into the blood-
stream than when the diver is on land,

16, As the diver ascends, gases dissolved in the blood-
stream do not stay dissolved. They become bubbles
in the blood Name three problems that gas bubbles
can cause for the diver?

17. The formation of gas bubbles in the bloodstream is
called

18. What is the purpose of hold points during a diver' s
ascent to the surface~

19. A gas is  more, less soluble! in a hot liquid than it
is in a cold liquid.
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ACTIVITY 4

Underwater Research Facilities: Hydro fag

Purpose

Background

Questions

3. What is a surface interval?
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To teach about saturation diving in underwater
facilities.

The number of people involved in diving activities
has increased steadily. This increase is found in scien-
tific, recreational and commercia! diving. Because of
this heightened interest, there is a need for equipment
and procedures that would allow a diver to operate
with greater flexibility, safety and effectiveness and for
longer periods of time. Although significant achieve-
ments are being made towards working at greater
depths, particularly by offshore industries, much work
is still confined to waters less than 300 feet deep.

Pioneering work in the 1930s indicated that satur-
ation diving might be feasible and provide divers the
extended time and depth needed. Under saturation
conditions, divers spend 24 to 36 hours under depth-
pressure tc become saturated with an inert breathing
gas  probably helium!. Once a diver is saturated, the
required time for decompression is the same regard-
less of how long the diver stays below.

Researchers developed underwater research labs
where divers become saturated and work for days to
weeks at greater than normal pressures. Hydrolab in
the Bahamas is one such facility. At Hydrolab, divers
are saturated at 50 feet, allowing dives to greater
depths to occur more easily.

The length of a dive usually proves to be the
greatest limiting factor for scientists. But working out of
Hydrolab, divers can work longer at their research
sites and are able to obtain new air tanks without hav-
ing to endure long surface intervals between dives. A
surface interval is the time required at the surface be-
tween dives to gradually rid the body of nitrogen. The
greater the time spent at the surface between dives,
up to 12 hours, the longer the next dive can be.

Hydrolab is a manned habitat operated at arn-
bient or surface pressure. Located at 50 feet, the lab
saturates divers at this depth. Three to four divers live
in Hydro!ah for up to 14 days. Hydrolab is an 8-by-16
foot cylindncal chamber with a 3-by-10 foot submarine
dry transfer tunnel, The habitat contains two bunks,
lights, a communications radio, toilets, windows, tables

and a shower Divers use a lockout dry tunnel where
water meets air of the same pressure to access the lab.

Divers using this facility undergo extensive train-
ing, On the first day, they are delivered to an area
above the lab, They dive to the lab, set up and begin
their work. Within 12 hours, they are saturated and
have ad!usted to the change in pressure. For the next
week to 14 days, the divers work in shifts to perform
their experiments. The boat returns daily to bring
meals and compressed air tanks and to check on the
divers.

On the last day, the divers close the tunnel and
start decompression. The process takes about 14
hours. When decompression is complete, divers suit
up and return to the surface. Then they return to the
land station for at least 24 hours to guard against any
post decompression problems.

The lab allows scientists to perform experiments
that would be too difficult or impossible for divers
working from the surface. Scientists use the lab to
study marine biology, geology, chemistry, physics,
ocean dumping, resource development and ocean
technology,

1. What gas laws apply to the definition of saturation
diving?

2. If a diver does not go through a complete decom-
pression sequence what may occur? Why?

4. What is the ambient pressure at Hydrolab?
 approximate!

5. What two factors does Hydrolab extend for research
divers?

6. Are divers using Hydrolab likely to develop nitrogen
narcosis? Why?

7. How long does it take a diver to saturate at a new
depth? How long does it take to return to surface
pressure saturation?





from the whole class.
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4. The ratio of the volume of the popped corn to the
volume of the unpopped corn is called expansion
volume. The popcorn industry uses expansion volume
as a test of quality. Orville Redenbacher claims his
gourmet popping corn has an expansion volume of
40 to f. What is the expansion volume  expansion
ratio! for the popcorn used in this experiment? Show
mathematically how you arrived at this answer.

5. What substance is present in a larger amount in the
normal kernel as compared with the oven-heated
kernel? In which kernel was the internal pressure
greater before popping?

6. Which kernel produces more desirable popcorn,
the normail or the oven-heated?

7. Reread the lab introduction and answer the follow-
ing questions. Would popcorn pop faster on Pike' s
Peak or in Durham? Why?

8. Prepare a graph of expansion volume  dependent
variable with no units! as a function of the percentage
of water  independent variable with o%%d units!. Use data
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Remember. Label the axes of the graph and show the
units where appropriate. Protect the points on your
graph with circles, squares or triangles. Make the
graph cover as much of the piece of graph paper as
possible. Draw a best-fit line on your graph. Give the
graph a number and a title,

9. A data table must accompany the graph. Give the
table a title. The columns in your data table must have
titles and units where appropriate. The column titles
should be: Expansion Volume, Percentage Water P%%d!
and Source of Data. The Source of Data column
should contain the first names of the lab partnership
from whom the data was obtained,

NOTE. Do not put units on data in a data table if the
units are already specified in the column headings.

10, At what depth in the ocean would the pressure be
equivalent to the pressure inside a popcorn kernel just
before it pops  9 atmospheres!? Give your answer in
feet and meters. Ignore significant figures,



AGTIV'ITY 6

Sea Squeeze

Procedure

Background

Questions

vacuum pump

bell jar
rnarshma'Ilows  fresh!
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To relate the change in the volume of a gas to a
change in pressure on the gas  Boyle's law!.

Ships at sea often bag and weight garbage, then
dump it overboard.Occasionally garbage containing Styrofoam cups
ee~ from the bags. The high pressures at great
depths in the ocean compress the air in the cups,
squeezing them into miniatures. This basic idea of the
changing voiume of a gas with a change in pressure
on the gas can be illustrated using a rnarshrnallow
and a vacuum pump. In this case, air will be expand-
ing instead ol being compressed.

An international treaty called MARPOl-Annex V, ~ as anact by the U.S. Congress in 1988, bans all dumrxng by commercial
vessels in temtorial waters of the high seas, U.S military vessels are
exempt rintrI 1994

Equipment/Nlaterials

Place a fresh marshmallow in a bell jar and reduce
the pressure in the lar by using a vacuum pump, The
marshmallow is whipped and contains air bubbles. As
the external pressure is reduced, the air bubbles in
the rnarshrnallow will expand. The rnarshmallovii looks
like a monster corning alive as it grows.

As pressure returns to normal, the marshmallow
shrinks. If the vacuum pump is left on too long, the air
bubbles in the marshmallow will burst. When the pres-
sure returns to normal, the marshmallow will shrivel.
Then students can see an airless marshmallow.

An interesting extension of this demonstration is to
combine several marshmallows into an artistic crea-
tion. For instance, you could make a snowman.

1, How are pressure and volume related, inversely or
directly?

2. Write a mathematical equation that relates pressure
and volume.

3. Use Boyle's law to relate the marshmallow exercise
to a diver s lungs,



ACTIVITY 7

Diver's Lung

Purpose Procedure

Background

Questions

vacuum pump
bell Iar
balloons
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To relate the change in the volume of a gas to a
change in pressure on the gas  Boyle's Iaw!.

The first effect divers feel when descending into
the ocean is a "squeeze" on their lungs because of
the increasing ambient pressure. Breathing corn.
pressed air will equalize the pressure inside and out-
side the lungs and relieve the squeeze.

An ascending diver experiences the opposite
pressure-volume effect. Divers not breathing on ascent
feel their lungs expand. A diver's lungs can only ex-
pand 15 to 30 percent of their original volume without
bursting. Smart divers breathe on ascent so that exter-
nal and internal pressure is equalized and the normal
lung and air space volume is maintained. This
pressure-volume relationship can be illustrated by us-
ing a ballon and a vacuum pump.

EquiprnenUIHaterials
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Put a small amount of air in a balloon. Tie it off so
no air escapes. Place the balloon in bell jar. Reduce
the pressure by using a vacuum pump. As the
pressure reduces, the balloon expands because the
pressure inside is greater than external pressure. As
the pressure returns to normal the balloon shrinks.

To make this demonstration a little more in-
teresting, a message or drawing could be put on the
outside of the balloon. The message/drawing should
be small so that it is hardly noticeable until after the
balloon expands.

1. How are pressure and volume related, inversely or
direct! y?

2. Write a mathematical equatio~ that relates pressure
and volume.

3. Use Boyle's law to explain the changes in a diver' s
lungs as he descends or ascends in the ocean.
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ACT IVI TY 8
Pressure Versus Volume Experiment

Purpose

Equipment/Materials
4,000-rnl graduated cylinder
50-ml buret
smaller graduated cylinders
metric ruler

Procedure

Questions

4. State Boyle's law.
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To illustrate the relationship between the pressure
and voluine of a gas  Boyles' law!.

Fill the 4,000-ml graduated cylinder to its top
graduation with tap water. Let the water sit until it has
reached room temperature.  The cylinder could be filled
the night betore the lab,!

Close the stopcock on the buret. Use a small
graduated cylinder to add approximately 6 to 10 ml of
tap water to the buret.Put your finger over the open end of the buret; in-
vert the buret; and lower it into the water in the
4000-ml graduated cylinder. Remove your finger.

Raise or lower the burst until the water level inside
the buret coincides with the water level in the
graduated cylinder. At this point, is the pressure being
exerted on the air in the buret greater than, less than,
or equal to atmospheric pressure?  Answer: equal!

While holding the buret so the water levels inside
and outside the buret coincide, read the volume of
water in the buret. Be sure to read the graduations
on the buret to two decimal places. Remember to
read the volume at eye level. Record this volume in a
data table.

Move the buret down into the graduated cylinder
until the water level inside the buret coincides with the
3,500-ml mark on the cylinder, Read the volume of
water inside the buret.* Record this volume in your
data table.

Has the water 'level inside the burst risen or
fallen?  Answer: risen! Why did this water level change
occur?  Answer: Pressure on the air in the buret is
greater and the air takes up less volume!

While holding the buret's water level at the
3,500-ml mark, use a metnc ruler to measure the
distance betwee~ the water level in the graduated
cylinder and the water level in the buret.' Take your
measurement in centimeters, and read the ruler to two

decimal places. Record this measurement in your
data table in a "Height of Water" column.

Move the buret down again so that the water level
coincides with the 3,000-rnl mark on the graduated
cylinder. Read the water volume in the buret; and
record it in your data table. Before moving the buret
from the 3,000-ml mark, use the metric ruler to
measure the distance between the water level in the
graduated cylinder and the water level in the buret.
Record this measurement.

Continue this process of moving down 500 ml,
measuring, and recording until you can go no further
down in the graduated cylinder.

Add the necessary volume to each reading to ac-
count for the water that is filling the unmarked part of
the buret.

1. How can you determine the total volume of your
buret?

2. What is the total volume of your buret?  It will not be
50 ml.! Record as many significant figures as your
measuring device will give.

3. Calculate the volume of air in t' he buret at each data
point by subtracting the volume of water from the total
volume of the buret. Record the answers to your
calculations in the Volume of Air" column in your
data table, Show your calculations.

5. Write the rnathernatical statement of Boyle's law that
shows two different pressures and volumes of the
same gas.

6. Assume that the first volume of air in your data table
was measured at room pressure. Use a barometer to
determine the atmospheric pressure in the classroom.
Record this pressure in the "Pressure on Air" column
in your data table.

7. Use Boyle's law to calculate the pressures related to
the other air volumes and record them in your data
table. Show your calculations. Do not forget to use
units.
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8. Based on the data in your data table, how are the
pressure and volume of a gas related, directly or
inversely

9, Using your data, make a proper graph of volume
versus pressure.

10, Based on the water height and pressure data, how
much does the pressure exerted by the water change
for each centimeter of water height? HINT: Get an
average of the DP/2 h calculations Show your
calculations.

11. In fresh water, pressure changes 1.00 atmosphere
for every 34 feet of water height. Convert this to at-
mospheres/centimeter. Show your mathematical work.

12. Using the results in questions 10 and 11, calculate
your percent error for change of pressure with depth
of water. Show your mathematical work.

13. What other substance  in the gaseous state! was
introduced into or increased in the air trapped in the
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buret because of the procedure used in this
experiment.

14. Give two sources of error in this experiment.

15, How is the water we used in this experiment dif-
ferent from seawater?

16. If a diver is 50 feet down in fresh water, would he
experience more or less pressure than if he were 50
feet down in ocean water? Why?

17 Imagine a diver descending into the ocean. What
will happen to the volume of his lungs and the air in-
side? Why?

18. What could happen to a diver's lungs as he
ascends if he does not exhale while ri9ng?

19. Today scuba gear is commonly used for diving in
the ocean. What words are represented by each letter
in the acronym scuba?




