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CONVECTION

OVERVIEW
The students will describe and discuss a convection current.  They will set up an experiment that

illustrates convection currents and observe the movement of water over a heat source by putting drops of
food coloring in an “ocean” pan.

CONCEPTS
• The fluid nature of water allows it to transport heat globally.
• The transmission of heat via the vertical flow of a liquid (or gas) in a liquid (or gaseous) medium

is called convection.
• Convection is an extremely important mechanism in the oceans and the atmosphere.

MATERIALS
• 9-inch x 13-inch Pyrex pan
• 3 Styrofoam cups
• Tap water
• Hot water
• Ice or chemical cold pack
• Food coloring
• Droppers
• Paper and pencil for logging observations

PREPARATION
This activity can be rather wet.  You

might wish to set it up outside or use a
pan or drop cloth underneath to catch
spills.  While this activity works much
better as a small group activity, it is
possible to complete it as a class.  We
recommend using an overhead projec-
tor to diagram the hypothesis and to
chart the movement of the food color
drops.

Gather the materials together and
set up one equipment tray for each
group of four students.  Each tray
should include a pan, three cups, food
coloring and a dropper.  The students
need to have access to tap water and to
hot water.  For better results, use hot-
ter water.  Tap water will work, but the
results are not as dramatic.

Figure 1. Diagram showing the lab setup.

Standards & Benchmarks
Science Standard  1,  Grades 3-5
  Knows that the Sun provides the light and heat necessary to maintain the temperature of Earth

Science Standard  1,  Grades 6-8
  Knows the composition and structure of Earth's atmosphere (e.g., temperature and pressure in different layers of the atmosphere, circulation of air masses) 

Science Standard  1,  Grades 6-8
  Knows the properties that make water an essential component of Earth system (e.g., its ability to act as a solvent, its ability to remain a liquid at most Earth temperatures)

Science Standard  1,  Grades 6-8
  Knows that the Sun is the principle energy source for phenomena on Earth's surface (e.g., winds, ocean currents, the water cycle, plant growth) 

Science Standard  1,  Grades 9-12
  Knows that weather and climate involve the transfer of energy in and out of the  atmosphere

Science Standard  1,  Grades 9-12
  Knows how winds and ocean currents are produced on Earth's surface (e.g., effects of unequal heating of Earth's land masses, oceans, and air by the Sun; effects of gravitational forces acting on layers of different temperatures and densities in the oceans and air; effects of the rotation of Earth)

Science Standard  11,  Grades K-2
  Knows that the Sun supplies heat and light to Earth

Science Standard  11,  Grades 6-8
  Knows that heat can be transferred through conduction, convection, and radiation; heat flows from warmer objects to cooler ones until both objects reach the same temperature

Science Standard  15,  Grades K-2
  Knows that learning can come from careful observations and simple experiments 

Science Standard  15,  Grades K-2
  Knows that tools (e.g., thermometers, magnifiers, rulers, balances) can be used to gather information and extend the senses

Science Standard  15,  Grades 3-5
  Plans and conducts simple investigations (e.g., makes systematic observations, conducts simple experiments to answer questions)

Science Standard  15,  Grades 3-5
  Uses simple equipment and tools to gather scientific data and extend the senses (e.g., rulers, thermometers, magnifiers, microscopes, calculators) 

Science Standard  15,  Grades 6-8
  Designs and conducts a scientific investigation (e.g., formulates questions, designs and executes investigations, interprets data, synthesizes evidence into explanations, proposes alternative explanations for observations, critiques explanations and procedures)

Science Standard  15,  Grades 6-8
  Uses appropriate tools (including computer hardware and software) and techniques to gather, analyze, and interpret scientific data

Science Standard  15,  Grades 6-8
  Establishes relationships based on evidence and logical argument (e.g., provides causes for effects)

Science Standard  15,  Grades 9-12
  Understands the use of hypotheses in science (e.g., selecting and narrowing the focus of data, determining additional data to be gathered; guiding the interpretation of data)

Science Standard  15,  Grades 9-12
  Designs and conducts scientific investigations by formulating testable hypotheses, identifying and clarifying the method, controls, and variables; organizing and displaying data; revising methods and explanations; presenting the results; and receiving critical response from others

Science Standard  15,  Grades 9-12
  Uses technology (e.g., hand tools, measuring instruments, calculators, computers) and mathematics (e.g., measurement, formulas, charts, graphs) to perform accurate scientific investigations and communications

Science Standard  16,  Grades K-2
  Knows that in science it is helpful to work with a team and share findings with others

Geography Standard  7,  Grades 3-5
  Knows the physical components of Earth's atmosphere (e.g., weather and climate), lithosphere (e.g., landforms such as mountains, hills, plateaus, plains), hydrosphere (e.g., oceans, lakes, rivers), and biosphere (e.g., vegetation and biomes)

Geography Standard  7,  Grades 9-12
  Understands the effects of different physical cycles (e.g., world atmospheric circulation, ocean circulation) on the physical environment of Earth  

Geography Standard  7,  Grades 9-12
  Understands how physical systems are dynamic and interactive (e.g., the relationships between changes in landforms and the effects of climate such as the erosion of hill slopes by precipitation, deposition of sediments by floods, and shaping of land surfaces by wind)
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Draw a picture on the board of the side view of the pan with the cups of water under it.  It should look
like the set up of the experiment shown in Figure 1.

PROCEDURE
Engagement

Heat transfer is the process by which heat is exchanged between objects or parts of objects.  Heat is
generally transferred by convection, radiation, or conduction.  For example, heat is transferred by conduc-
tion through the brick wall of a house and Earth receives heat from the Sun by radiation.  In this activity,
you will explore convection, heat exchange through movement of water, and currents that are caused as a
result of heat flow.

Activity
1. Draw the picture that is on the board on a data collection sheet.  Form a hypothesis about the way

water will move in the pan.
2. Gather your equipment tray and set up your experiment.  Fill the Pyrex pan 2/3 full with water.

Turn two of the cups upside down (to use as a bridge) and set the pan of water on top of the two
cups. Fill the third cup with hot water and place it under the center of the pan of water. Leave the
pan for several minutes until the water has stopped moving.  Put one drop of food coloring on the
bottom of the pan in the center (directly over the heat source), and put one drop on the bottom
halfway to the edge.

3. Observe what happens to the drops in your pan.  Draw a diagram of what you observed.  Which
way does the water move over the heat source?  What happens to the water when it reaches the
surface?  What happens to the water when it reaches the edge?  Which way does the water move
along the bottom of the pan?

4. Take the temperature of the water directly over the heat source and off to the side of the pan.  Is
there a difference in temperature?  How does this affect the drops of food coloring?  Summarize
the results again, but this time in the context of the temperature changes.

5. Set up the experiment again.  This time put hot water on the edges instead of the center of the
pan.  What happens if you use ice and make the water colder?  How does cold water affect the
currents?

Explanation
The kind of movement observed takes place whenever liquids or gases are heated unevenly.  The heat

source under the center of the pan heats the water directly above it.  This hot water rises to the surface, and
spreads out toward the edges of the pan.  As it moves farther from the heat source, the water cools and sinks
back toward the bottom of the pan.  As the cooler water moves toward the heat source, it becomes warmer
and rises to the surface again.  The motion of water in this pan is called a convection current [Fig. 2].  An
explanation of why convection currents occur can be found in the activity Temperature and Deep Ocean
Currents.

EXTENSION
Oceans lose heat off Greenland and in the Weddell Sea.  As they lose heat, the surface waters become

more dense, and they may become so dense during winter that the water sinks to the bottom.  This convec-
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tion sets up vertical circulation in the
ocean which also drives horizontal
circulation, similar to that set up in
the lab activity.  For Earth, the net
result is a transfer of heat from the
equatorial regions to the polar re-
gions.  This mechanism, known as
the global conveyor belt,  is very
important to regulating climate on
Earth (see Climate - Scale and Struc-
ture and Climate - Systems and In-
teractions and the activities listed
below for more information).

Convection is also an extremely
important mechanism in the atmo-
sphere, constantly affecting weather
and climate through the redistribu-
tion of energy.  One of the most com-
mon examples of atmospheric con-
vection occurs when the Sun heats

Earth’s surface, which in turn heats the atmosphere above it.  As the lower atmosphere heats up, it moves
heat upwards by convection.  This process can produce winds on a local or even global scale.  In the
tropics, hot moist air rises over the ocean and drives vigorous atmospheric circulation.  Can the students
postulate what types of atmospheric disturbances might result from such convection?  Have any of the
students seen satellite images of cloud cover in the tropical Pacific?  Is this area usually cloudy or cloud-
free?  Would they expect to encounter thunderstorms during a vacation to the tropics?  Why or why not?

LINKS TO RELATED  CD ACTIVITIES , IMAGES, AND MOVIES

Animation of Convection, conduction and radiation

Activity Temperature and Deep Ocean Circulation

Activity Coastal verses Inland Temperatures

Activity Ocean Currents and Coastal Temperatures

VOCABULARY

conduction convection convection current

global conveyor belt heat transfer hypothesis

radiation

SOURCE
Adapted from Orange County Marine Institute Curriculum Series.

Figure 2.  Direction of water flow during the activity.


