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university oceanographers in Maine, 
USA, noticed a few years ago that 
their marine science students seemed 
unaware of the physics involved in 
their subject, focusing instead mainly 
on the biology. As a result, they 
decided to put together a teaching 
resource to convince students that 
oceans are an unusually exciting place 
to study physics. This article is based 
on that resource (Karp-Boss et al., 
2009), which focuses on key concepts 
in physics that are also fundamen-
tal in oceanography, and provides a 
compelling environmental context for 
ideas within physics.

Of course, students learn best when 
they are actively engaged, so central 
to the resource is a series of activi-
ties designed to engage students and 
challenge their assumptions. Two ac-
tivities that the oceanographers have 

Part of the answer is gravity. Grav-
ity acts on water masses of different 
density and this, together with wind 
and Earth’s rotation, produces forces 
and currents within the oceans. Such 
processes not only have a potential 
impact on our climate, but are also a 
huge influence on the environment 
inhabited by marine organisms.

As a result, any student of oceanog-
raphy will need a good understand-
ing of these processes. But a group of 

By Susan Watt

When we think about 
climate change, one of 
the biggest concerns is 

that major ocean currents such as the 
Gulf Stream are being sent off course, 
jeopardising the weather systems that 
depend on them. But what causes 
such currents to be established in the 
first place?

Movers and shakers: physics 
in the oceans
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Physics is often seen as unrelated to everyday life, which makes many 
students uninterested in the subject. This article uses oceanography to 
provide a context for physical concepts, thus helping to raise students’ 
interest. It could be used in biology or physics lessons, particularly 
when studying marine topics.

The two activities described can either be used by teachers as demon-
strations or carried out by students. They can be used before explain-
ing the physics concepts that appear in them (to make students think 
about them) or after their explanation. Additional exercises about 
physical oceanography that would be useful for teaching physics to 
students aged 12-18 are listed at the end of the article.

Finally, the text could help students understand that seemingly diverse 
scientific subjects can be interlinked. For example, to understand how 
the environment affects marine life, we need concepts from physics 
(and also chemistry and geology).
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Contrary to the popular saying, deep waters 
are often far from still – which is just as well 
for marine life. Activities using simple water 
tanks are a good way to find out about the 
physics at work beneath the waves.

Im
age courtesy of som

ebody_; im
age source: Flickr

North Atlantic  
Ocean

North America



Science in School  I Issue 25 : Winter 2012 I 29www.scienceinschool.org

Teaching activities

used successfully in their classes are 
described here: one focusing on den-
sity, the other on waves. Both could be 
used with secondary-school students 
of all ages (11-19).

The first activity shows how strati-
fication occurs as a result of density 
differences due to temperature or 
salinity. The second activity looks at 
internal waves; resonance and natural 
frequency are also demonstrated. For 
both activities, the apparatus is set up 
prior to class, and the students carry 
out the activities for up to 30 minutes 
per activity (using worksheets). The 
last part of the lesson is used for sum-
marising findings and discussion.

Density and stratification
Density is a fundamental property 

of matter. It is the mass per unit vol-
ume of a material – that is, how much 
mass is packed into a given volume. 

Image courtesy of Nicola Graf

sinking from surface to deep waters 
are just two examples.

Whereas the density of water  
ranges from 998 kg/m3 for fresh  
water at room temperature to nearly 
1250 kg/m3 in salt lakes, ocean waters 
have a much smaller density range 
(about 1020–1030 kg/m3). Most of 
the variability in seawater density is 
due to salinity and temperature. As 
salt concentration increases, due to 
evaporation or ice formation, density 
increases. Higher temperatures reduce 
density, whereas cooling increases it.

Ocean seawater density increases 
with depth, but not in a uniform way: 
instead, water of different densities 
forms a series of layers (figure 1). 

This stratification acts as a barrier 
for the exchange of nutrients and dis-
solved gases between the top, sunlit 
layer where phytoplankton thrive, 
and the deep, nutrient-rich waters. 

North Atlantic  
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Image from the DataStreme Ocean project. ©American Meteorological Society. Used with permission.

Figure 1: In open ocean regions, there are at least 
three distinct water layers: an upper mixed layer 
of warm water; the thermocline, in which the 
temperature decreases rapidly with increasing 
depth; and a deep zone of cold, dense water in 
which density increases slowly with depth.
The three layers are illustrated in this cross-sec-
tional diagram of the Atlantic Ocean. Note that 
the thickness of the layers varies with latitude. At 
high latitudes, only the deep-water layer exists.
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Physics

The Gulf Stream is one of the strongest ocean cur-
rents in the world. It originates at the tip of Florida 
in the US, then follows the eastern coastlines of the 
USA and Newfoundland, Canada, before crossing 
the Atlantic Ocean towards the British Isles.

The Gulf Stream is driven by winds and differences 
in water density. Surface water in the north Atlantic 
is cooled by winds from the Arctic, whereupon it 
becomes denser and sinks to the ocean floor. This 
cold water then moves towards the Equator where 
it is slowly warmed. To replace the cold water 
moving towards the Equator, warm water moves 
from the Gulf of Mexico north into the Atlantic. 

Density layers. The top image shows 
the tap water and salt solution before 
the divider is removed. Afterwards 
(lower image), the salt solution forms 
a stable layer at the bottom of the 
tank with the tap water above it.

Image courtesy of Lee Karp-Boss

In oceanography, density is used to 
characterise water masses and to 
study ocean circulation. Many ocean 
processes are caused by differences 
in densities: large-scale ocean circula-
tion and carbon transport by particles 
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Mixing stratified layers requires work: 
think how hard you need to shake a 
bottle of salad dressing to mix the oil 
and vinegar. So, without enough ener-
getic mixing due to wind or breaking 
waves, phytoplankton at the ocean’s 
surface will lack nutrients.

Types of waves
Although density is not the first 

thing that comes to mind when we 
think of the sea, waves are a differ-
ent matter. Waves are ubiquitous in 
the ocean, in lakes, and of course on 
beaches – and they are feared in their 
destructive form as tsunamis.

Most of these waves are what physi-
cists call surface waves. But there are 
also internal waves, which occur at 
the interface between density layers of 
water. In the ocean, breaking internal 
waves mix up the water layers and lift 
the nutrients they contain.

The geometry of a water basin 
(such as a lake or a bay) determines 
which waves are excited when force 
is applied and then released (e.g. due 
to a passing storm). These waves are 

Density is fundamental to how lakes freeze. As winter approaches in high 
latitudes, lake waters are cooled from the top. When the upper waters become 
cooler and denser than the waters below, they sink. The warmer, less dense water 
underneath then rises to replace the sinking water. If low air temperatures persist, 
these processes will eventually cool the entire lake to 4 °C – the temperature of 
maximum density for fresh water. With yet further surface cooling, the density of 
the upper waters will decrease, and the lake becomes stably stratified with colder 
but less dense water at the top. As surface waters cool to 0 °C, they begin to 
freeze. If cooling continues, the frozen layer deepens. 

Image courtesy of Nicola Graf

the ‘natural modes’ of the basin – in 
a similar way to sound waves in a 
musical instrument, where a particu-
lar frequency is produced by a given 
length of string or air column. This 
phenomenon is called resonance.

In oceanography, there is an ad-
ditional phenomenon known as seiche 
(pronounced ‘saysh’, from an old 
French word meaning ‘to sway’). This 
is when a standing wave is estab-
lished in a semi-enclosed body of 
water, which moves from side to side 
as a mass – rather like tides. For ex-
ample, the Adriatic seiche, which has 
a period of 21.5 hours, is associated 
with serious floods in Venice, Italy. 
Other naturally occurring examples 
of seiches have been observed in Lake 
Geneva and in the Baltic Sea.

1 2 3 4 5

1	The upper layer of water cools and sinks.

2	Warmer (not yet cooled) water rises to 
replace it.

3	The process repeats, cooling whole lake to 
the temperature of maximum density (4°C).

4	The surface layer cools further and ice starts 
to form on the surface. This is stable, as it is 
less dense than water below.

5	With more cooling, the whole lake freezes.

A frozen lake
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Acqua alta (‘high water’ in Italian) 
is the name given to the high water 
levels that occur periodically in the 
Venetian lagoon. The phenomenon 
occurs in part due to the Adriatic 
seiche. Shown here is Venice’s famous 
Piazza San Marco, partially sub-
merged during an acqua alta in 2004.

Image courtesy of Moroder; image source: Wikimedia Commons
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Physics

Teaching activities

Materials
•	 Rectangular tank with a divider
•	 Bottle containing salt solution 

(approximately 75 g salt dissolved 
in 1 l water)

•	 Two beakers containing tap water, 
at room temperature

•	 Food colouring (two different 
colours)

•	 Ice

Procedure
1.	 Calculate the densities of the tap 

water and the salt solution. To do 
this, students measure the weight 
of a known volume of water, mak-
ing sure to subtract the mass of the 
container from the total mass of 
the container plus liquid. The den-
sity can then be calculated, since 
density (r) is mass (m) divided by 
volume (v) (or r = m/v).

2.	 Place the tap water in one 
compartment of the tank and salt 
solution in the other.

3.	 Add a few drops of food colouring 
to the water in each compartment, 
so that each has a different colour.

4.	 What do you predict will happen 
when you remove the divider 
between the compartments? 
Explain your reasoning.

5.	 Remove the tank divider. What 
happens? Are your observations 
consistent with the densities you 
measured?

6.	 Empty the tank and the beakers. 
Now fill one beaker with hot tap 
water and one beaker with ice-cold 
water.

7.	 Add a few drops of food colouring 
to each of the beakers (a different 
colour in each beaker).

Activity 1: Investigating water density and stratification

8.	 Place the hot water in one tank 
compartment and the ice-cold 
water in the other. What do you 
predict will happen when you 
remove the divider? Explain your 
reasoning.

9.	 Remove the tank divider. What 
happens? Is it as you predicted?

10.	After observing the new 
equilibrium in the tank, place 
your fingertips on top of the fluid 
surface and slowly move your 
hand towards the bottom of the 
tank. Can you feel a temperature 
change?

11.	How might the effects of climate 
change, such as warming and 
melting of sea ice, affect the 
vertical structure of ocean water? 
Discuss possible scenarios.

A frozen lake
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the interface between the two 
differently coloured fluids. 
Measure the speed of this wave 
by timing how long it takes for 
the wave to travel the length of 
the tank. (Make sure you use an 
average value by timing several 
traverses.) Find the speed of the 
wave using the formula: 

	 Length of tank (m) / time taken 	
	 (s) = wave speed (m/s)
4.	 Try producing surface and inter-

nal waves using the wave pad-
dle. For surface waves, lower the 
paddle into the water and raise it 
again, repeating the cycle at a fast 
frequency (at least once a second). 
For internal waves, do this more 
slowly (about once every 10 sec-
onds).

5.	 Discuss your results.
6.	 Optional: if you have time, you 

can repeat the experiments using 
the piece of plastic inserted at an 
angle to the bottom of the tank, 
to give the effect of a shallow sea 
bed. Place the plastic in position as 
shown below.

Materials
•	 Rectangular tank with a divider
•	 Stopwatch
•	 Food colouring or other 

appropriate dye 
•	 Two containers: one with fresh 

water and the other with dyed 
salt water (approximately 75g salt 
dissolved in 1 l tap water)

•	 Wave paddle (a wide piece of 
plastic about 2 cm high, with a 
width similar to that of the tank)

•	 Optional: a piece of plastic the 
same width as the tank but about 
one-third of its length

Procedure
1.	 Place the tap water in one 

compartment of the tank and the 
coloured salt solution in the other.

2.	 Remove the divider between the 
compartments, and watch what 
happens. Make a note of any 
waves you see, and describe their 
movements.

3.	 Identify the internal wave – this 
travels back and forth along 

Discussion
The energy of internal waves is 

generally lower than that of surface 
waves. This is because the gravita-
tional restoring force is smaller for 
internal waves, due to the relatively 
slight difference in density between 
water layers (compared to that 
between water and air for surface 
waves). This lower energy means that, 
for a tank (or water basin) of a given 
size, the natural frequency of the 
internal waves will also be lower than 
for surface waves. 

In additional to surface waves, strat-
ified fluids support internal waves; in 
two-layer fluids, these waves ride on 
top of the interface between the two 
fluids. Their periods are significantly 
longer than those of surface waves 
and their amplitudes can be signifi-
cantly higher. When we perturb the 
two-layer system, many waves are 
initially excited, but only those that 
fit (resonate) with the geometry of the 
basin remain. Inserting the piece of 
plastic at one end of the tank, simulat-
ing an increasingly shallow seabed, 
can cause internal waves to break, 
similar to surface waves breaking 
on a beach, but occurring below the 
surface.

Activity 2: Investigating internal waves

Image courtesy of Lee Karp-Boss

An internal wave at the interface between the denser 
(blue) salt water and less dense (clear) water. A wave 
paddle is shown on the right of the tank, and a piece 
of plastic to simulate shallow topography on the left. 

Im
age courtesy of stock photos for free.com
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For more information and activities 
on ocean layering and mixing, see 
the article Mix it up, mix it down: In-
triguing implications of ocean layering, 
available online at: www.tos.org/
oceanography/archive/22-1_franks.
pdf

The website of COSEE Ocean Systems 
offers images of density profiles and 
thermohaline circulation, videos 
on ocean convection, a collection 
of hands-on activities, and links to 
related concepts. See: http://cosee.
umaine.edu/climb

	 In particular, there are videos dem-
onstrating activity 1: water density 
and stratification (http://cosee.
umaine.edu/files/coseeos/ 
video_tsoi04.htm or use the shorter 
link: http://tinyurl.com/crjzwoq) 
and activity 2: internal waves 
(http://cosee.umaine.edu/files/
coseeos/video_tsoi11.htm or use the 
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Resources
The tanks can be obtained from 

sciencekit.com, where a set of six 
tanks costs 130 USD. You could 
also try building your own, using a 
small fish tank and constructing a 
divider with a good seal.

shorter link: http://tinyurl.com/
cf4so47#).

NASA offers a website with informa-
tion and resources on ocean cur-
rents. See: http://oceanmotion.org/
index.htm

Additional educational resources in 
oceanography are available on web-
site of COSEE (Centers for Ocean 
Sciences Education Excellence). 
See: www.cosee.net/resources/
educators

These two books are accessible 
introductions to oceanography:

	 Denny MW (1993) Air and Water: 
The Biology and Physics of Life’s Me-
dia. Princeton, NJ, USA: Princeton 
University Press

	 Denny M (2007) How the Ocean 
Works: An Introduction to Oceanogra-
phy. Princeton, NJ, USA: Princeton 
University Press

If you found this article useful, why 
not browse the other teaching 
activities in Science in School?  
www.scienceinschool.org/teaching
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To learn how to use 
this code, see page 65.
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Planktonic organisms are incapable 
of swimming against a current.
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