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Cartesian
Divers
Overview

In this activity, students will learn about pressure,
density, compressibility, and buoyancy-some of the
most important concepts to SCUBA diving. Students
will create Cartesian divers which offer a hands-on
demonstration of those ideas.
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Easy-Moderate/Elementary-Middle School

;]OOM[\ML/ZW]X;QbM
<30 students, individual or pairs

Time

Between 45-60 Minutes
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Objectives

• Create a physical representation of the concepts of
pressure, density, compressibility, and buoyancy.
'H¿QHSUHVVXUHYROXPHDQGGHQVLW\DQGGHVFULEHWKH
compressibility of air and water.
• Describe how a Cartesian Diver works.
• Describe how pressure, density, and compressibility
relate to SCUBA diving.
• Describe Boyle’s Law

;SQTT[IVL;\ZI\MOQM[

• Forming hypotheses
7DQJLEO\GHPRQVWUDWLQJDEVWUDFWVFLHQWL¿FFRQFHSWV
• Exercising artistic and design creativity

5I\MZQIT[XMZ[\]LMV\

• Small ball of modeling clay (1/4 oz, 3/4 in.)
• Pen cap (eye droppers and condiment packets like soy
RUWDFRVDXFHSDFNHWVZRUNDVZHOOZLWKPRGL¿FDWLRQ
• Clear plastic soda/water/juice bottle
:DWHUWR¿OOERWWOH
• Paint supplies/permanent markers
• How it Works handouts
• One fully assembled Cartesian Diver for teacher
demonstration
• One or two small tubs of water for the class in which
students can test the buoyancy of their divers
• Hand towels or paper towels
For Extension Activities
• Tape or marker
• Paperclip and light wire
• Salt water
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1. Set out materials on tables over protective
tablecloths. Wait for student hypotheses
before handing out the How it Works page.
For Extension Activity
1. Set out extra materials for extension
activities.
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1. Demonstrate a working Cartesian Diver
without explaining how it works. Pretend
it is a magic trick or rub your hand
in your hair and act as if it is powered by
static electricity, secretly squeezing the
bottle with one hand while pretending to
control the elevation of the diver by
pointing with the other.
2. Ask students to try to explain what they see
happening.
3. Next, discuss the concepts of pressure,
volume, density, and the compressibility of
air and water. Hand out the How it Works
page and read it as a class.
4. Have the students cap their empty bottles
DQGVTXHH]HWKHPWKHQ¿OOWKHPZLWKZDWHU
and do the same to observe that air can be
compressed while water cannot be.
5. Discuss how these concepts relate to
SCUBA diving. See the How it Works
section.
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6. Next, instruct the students to begin creating their
divers. They will have to discover by trial and error
how much clay to use in order to make their diver just
EDUHO\ÀRDW,ISHQFDSVKDYHVORWVLQWKHWRSWKH\PXVW
EH¿OOHGZLWKFOD\WRHQVXUHWKHFDSKROGVZDWHU7KH
diver is simply a pen cap with a ball of clay attached to
the tab to weight the cap and to hold it upright in water.
$LUZLOO¿OOWKHFDSZKHQLWLVSXWLQWKHERWWOH
7. Finally, students will dry their bottles and decorate the
outside of them with underwater scenery and watch
their divers perform!

-`\MV[QWV[
Neutral Buoyancy
For an extension activity, mark off three different distances
from the bottom of the bottle with tape or a marker. Try
WRPDNH\RXUGLYHUGHVFHQGWRWKH¿UVWPDUNKROGIRU
seconds, rise or descend to the second mark, hold for three
seconds, then rise or descend to the third mark and hold
for three seconds. This demonstrates the concept of neutral
buoyancy. Neutral bouyancy occurs when an object has
equal density to the water around it and hovers at a certain
depth. Notice that being neutrally buoyant at different
depths requires different amounts of pressure.
Rescue Diver
For an engineering challenge have students perform “diver
rescues” by attaching a paperclip, bent in a “J” shape to
the bottom of their diver. Then sink a small loop or hook of
something like copper wire that the diver can hook to and
lift to the surface. Make sure the object is light enough so
that the diver can lift it. This is hard, and should only be
attempted by older students.
Fresh Water Salt Water
To help understand some of the differences between fresh
DQGVDOWZDWHUWU\\RXUGLYHULQDERWWOH¿OOHGZLWKZDWHU
saturated with salt. Does it take more or less pressure to
make the diver sink? What does this tell you about the density of salt water as compared to fresh? It will take more
pressure to sink the diver. Use this extension to demonstrate
that salt water is denser, and therefore makes objects more
buoyant.
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What happens to the pressure as a diver goes deeper and
deeper underwater? How does this affect the solid and liquid parts of a diver’s body? The air spaces like the lungs?
The pressure increases because of the added weight of the
water overhead being pulled down by gravity. The solid
and liquid parts are mostly unaffected but the air in spaces
like the lungs is compressed.
Do you think divers breathe air that is higher in pressure,
lower in pressure, or at the same pressure as surface air
when they are under water? Why? Divers must breathe air
at higher pressures underwater because the pressure in
the lungs must equal the outside pressure. As the outside
pressure increases with depth, pressure of the air being
breathed in must also increase. The lung volume must stay
the same.
In what other ways could you make a Cartesian diver?
What elements are required? Cartesian divers can be made
with a variety of materials. They need to be slightly buoyant and must contain some gas that can be compressed
when the container of water is squeezed to increase the
pressure.
How do you think divers control their depth underwater?
They use air. Divers adjust the air they have in their BCD
%XR\DQF\&RPSHQVDWLQJ'HYLFH RULQÀDWDEOHYHVWVWR
balance out the weight of their tanks, weights and equipment. As they change depth, the air compresses or expands
and so divers need to add or let air out of their vests as
they descend and ascend.

:MMTQVO1\1V

Review the concepts of pressure, density, and
compressibility. Remind students that everything around them is under a variety of balanced pressures. Diving throws these pressures
out of balance and therefore special skills and
technology required to be safe.

>WKIJ]TIZa

Pressure: a force pushing on a surface
Volume: how much space an object takes up
Density: a measurement that puts together
mass and volume in units of mass per volume.
Compressibility: the capacity of a substance to
be reduced in volume with increased pressure.

:M[W]ZKM[

1. Cartesian Diver: Lesson Plan. Center for
Ocean Sciences Education Excellence West.
University of Southern California <http://
www.usc.edu/org/cosee-west/MidwaterRealm/
11CartesianDiver.pdf>.
2. Warner, Byron; Dilley, Kevin. Cartesian
Divers: Lesson Plan. Cornell Center for Materials Research. <http://www.ccmr.cornell.
edu/education/modules/documents/CartesianDiver.pdf>.
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Cartesian Divers
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:KHWKHUDQREMHFWÁRDWVRUVLQNVGHSHQGVRQLWVGHQVLW\
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ÁRDW$&DUWHVLDQGLYHULVPDGHVRWKDWH[WUDSUHVVXUHFUHDWHGE\VTXHH]LQJ





WKHERWWOHZLOOFKDQJHWKHGHQVLW\RIWKHGLYHUWRPDNHLWVLQN$FRQFHSW
QHFHVVDU\IRUXQGHUVWDQGLQJWKLVLVFRPSUHVVLELOLW\&RPSUHVVLELOLW\LVWKHGHJUHHWRZKLFKVRPHWKLQJFDQEH
VTXHH]HGWRPDNHLWVPDOOHU(YHU\WKLQJLVPDGHXSRIWLQ\SLHFHVRIPDWWHUFDOOHGPROHFXOHV7KLQNRI\RXU
FODVVURRPÀOOHGZLWK\RXUFODVVPDWHV7KHSHRSOHDUHOLNHPROHFXHV&RPSUHVVLELOLW\KDVWRGRZLWKKRZIDU
WKHPROHFXOHVDUHDSDUWIURPHDFKRWKHU,QDJDVWKHPROHFXOHVDUHIDUDSDUWDQGWKHUHIRUHWKHJDVFDQEH
VTXHH]HGLQWRDVPDOOHUVSDFHE\DGGLQJSUHVVXUH,IWKHUHZHUHRQO\ÀYHSHRSOHLQ\RXUURRPWKHUHZRXOG
SUREDEO\EHDORWRIURRPIRUWKHPWRPRYHDURXQGLQ7KH\FRXOGEHVTXHH]HGHDVLO\LQWRDVPDOOHUVSDFH
$LUFRPSUHVVRUVIRUÀOOLQJEDOOVRUWLUHVGRH[DFWO\WKDW6&8%$DLUWDQNVDUHÀOOHGZLWKDORWRIDLUFRPSUHVVHGLQWRDVPDOOVSDFHVRGLYHUVFDQEUHDWKHIRUDORQJWLPHXQGHUZDWHU,QDOLTXLGRUVROLGWKRXJK
WKHPROHFXOHVDUHYHU\FORVHWRJHWKHUDQGVRFRPSUHVVLRQLVSUDFWLFDOO\LPSRVVLEOH,I\RXUFODVVURRPZDV
ÀOOHGZLWKSHRSOHWKHUHSURDEDEO\ZRXGQ·WEHPXFKURRPWRPRYHDURXQG,I\RXFDQVTXHH]HVRPHWKLQJWKDWLVVROLGRUOLTXLGLQWRDVPDOOHUVSDFHOLNHDSLOORZIRULQVWDQFHLWLVEHFDXVH\RXDUHDFWXDOO\
VTXHH]LQJRXWWKHDLULQVLGHLW7KHSHQFDSKROGVDLULQVLGHNHHSLQJWKHGLYHUOHVVGHQVHWKDQZDWHUPDNLQJLWÁRDW:KHQ\RXVTXHH]HWKHERWWOHWKHH[WUDSUHVVXUH\RXFUHDWHLQVLGHWKHERWWOHFRPSUHVVHVWKHDLU
LQWKHFDSÀOOLQJSDUWRILWZLWKZDWHU6LQFHZDWHULVGHQVHUWKDQDLUWKHGLYHUEHFRPHVGHQVHURYHUDOO
PDNLQJLWVLQN7KHUHODWLRQVKLSEHWZHHQSUHVVXUHDQGYROXPHLQDJDVLVGHVFULEHGLQ%R\OH·V/DZ7KLV
ODZVWDWHVWKDWSUHVVXUHDQGYROXPHDUHLQYHUVHO\SURSRUWLRQDO,QVLPSOHUWHUPVLQFUHDVLQJSUHVVXUHRQD
JDVFRPSUHVVHVLWLQWRDVPDOOHUVSDFH DVORQJDVWKHWHPSHUDWXUHUHPDLQVFRQVWDQW 7KHVDPHJDVXQGHU
OHVVSUHVVXUHZLOOWDNHXSPRUHVSDFH
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