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California Science Standards for Convection:
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Students know uneven heating of Earth causes air movements (convection currents).

6 th Grade
Heat moves in a predictable flow from warmer objects to cooler objects until all the objects are at the same temperature.

Students know energy can be carried from one place to another by heat flow or … moving objects.

Students know heat flows in … fluids by convection (which involves flow of matter).

Key concepts related to this lesson:

•
Warm matter is less dense than cooler matter of the same type.

•
Convection is driven by density differences.

• Moving matter (gas, liquid, or sold) can transfer heat from one place to another.

•
Warm matter will rise and cooler matter will sink relative to each other.

• In a convection cell, cooler matter moves in to replace rising warm matter (the “return flow”).

• Wind is the return flow in an atmospheric convection cell.

•
Rising warm moist air cools down and condenses to form clouds.

Background Knowledge:
Convection is the transfer of heat by the movement of matter and is driven by density differences caused by uneven heating.  As matter is warmed it becomes less dense and rises upward bringing its heat with it.  As it rises and moves away from the heat source, it gives its heat to its surroundings.  As the heat is released, the matter cools down becoming denser.  Eventually the cooler denser matter sinks back down and returns toward the heat source to replace the rising matter.  This circulation of matter (and its heat) is called a convection cell.  Students often will state that “heat rises,” however, it is actually the less dense warmed matter (usually air or water) that rises and brings the heat with it.  Convection and convection cells are easily introduced to students with a lava lamp.

Convection is very important to atmospheric movement and weather phenomena.    Large scale uneven heating of the Earth causes the atmosphere to move in convection cells.  Warmer less dense air in the tropics rises and circulates toward the cooler poles.  As the air circulates, it loses its heat. cools, sinks and returns toward the tropics.  This atmospheric convection moderates the climate by redistributing heat poleward.  The return flow produces the wind that blows across the Earth’s surface.  If the Earth was small and did not rotate, then the air would circulate all the way to the poles, before sinking down, and blowing back to the tropics (see below, left).  However, the large size of the Earth actually produces three convection cells in each hemisphere.  The return flows in each convection cell produce our prevailing winds (see below, right).  The direction of the winds is “bent” due to the Coriolis Effect (caused by the Earth’s rotation).


Convection also is important in lakes in temperate climates where surface water is cooled during the winter, sinks, and is replaced by relatively warmer water from below.  In the ocean, density differences are further enhanced by salinity differences and drive deepwater circulation in the oceans as cold salty polar waters sink to the ocean depths.  This deep ocean circulation moderates the Earth’s climate by taking some of the coldness out of the poles and drawing warmer surface water toward the poles to replace the sinking polar water.

Although the California Standards refer to convection only in fluids, under the right conditions solids also may undergo convection.  Tremendous pressure deep in the Earth allows hot but solid rock to behave in a ductile manner.  Heat from the core warms the mantle rocks which then flow slowly upward giving their heat to the upper levels of the Earth before sinking back down.  Convection of solid rock in the Earth’s mantle is thought to drive plate tectonic motions.

Troubleshooting:

Convection

In order to create a heat source in the convection activity, very hot water needs to be used.  You may want to distribute the hot water yourself.  Make sure that the students set up their plastic pans with the water in it before getting the hot water – the convection works best when the water is as hot as possible.  Be practical in filling up the plastic pans – the water may be spilled as they walk back to their stations with the pan.  You may want to have them fill it partially, then finish filling by adding water with large cups.  Be sure that your students understand how to put food coloring in their pans.  The best results come from using a small amount of food coloring with very little motion in placing the color in the pan.  Be aware that the water in the pan may have some residual motion left over from being sloshed around as it is set up.  This may cause a spiral effect when the food coloring is placed in the pan.  Be sure to go over steps 12 and 15 to bring closure to the activity.  Students will say that the food coloring is “drawn toward” the heat in these steps.  Make sure that they understand that when the warm water rises, cool water from the sides moves in to replace it and that is why it appears to move “toward the heat” - this is simply the return flow of the convection cell.  In air circulation, this return flow is perceived as wind.

The teacher demonstration is fairly straightforward; the only tricky part is making sure that the students stay away from the hot plate as it preheats.  Place the hot plate on a stool or table in front of a screen and place the slide projector about 1.5 meters away from the hot plate.  Turn out the room lights and turn on the projector so that projectors light beam shines through the air over the hot plate.  Students should see the shadow of wavy air currents as the air moves upward from the hot plate.  They also can see that convection is much more chaotic in nature than the simple convection cell drawings that they are taught.  Lead a discussion about how the air is moving.  If you could put food coloring into the air in the room, what would you see?  Air rises over the hot plate, spreads out at the ceiling and sinks as it moves away from the heat source; cooler air from below moves in to replace the rising hot air to complete the convection cell.

Convection Worksheets
To save time you can assign one worksheet to each group to complete.  Give them an overhead of their worksheet and have them present their convection cells to the class.

Resources:
This activity is adapted from the GEMS curriculum guide, Convection: A Current Event.  This guide and others are available from the Lawrence Hall of Science; www. lhs.berkeley.edu.

Plastic pans need to be transparent so that the students can observe the rising and falling drops.  Liners for potted plants work well and are available in gardening stores.  They may be bought in bulk from C.O.D. wholesale (8” wide x 3 1/2” deep): codwholesale.com.

An Educator’s Guide to Convection is available at:

www.solarviews.com/eng/edu/convect.htm

Convection Instructions

You will unevenly heat a pan of water and use eyedroppers to introduce drops of food coloring so that you can observe convection.  You will get the best results if you (1) use only a tiny bit of undiluted food coloring, (2) move very slowly in putting the eyedropper in and out of the water, and (3)  squeeze the eyedropper as gently as possible when introducing the food coloring to the water.  If you disturb the water too much (by jamming in the eyedropper or squirting out the food coloring), the effects of the uneven heating will not be as easy to see.  Keep your movements slow and deliberate, practice serenity.

Procedure:

1.
Place a piece of white paper on the tabletop.

2.
Arrange 3 upside down styrofoam cups as if they were


at the corners of a triangle as shown to the right; be


sure to leave room between the cups.  These cups


will support your plastic pan.

3.
Fill your plastic pan 2/3 full of tap water and place it on top of your upside down styrofoam cup tripod.

4.
Put a small amount of a different food coloring into each of the small paper cups (DO NOT dilute with water).

5.
Fill a styrofoam cup with steaming hot water as full as you can without spilling it and slide it under the center of your pan.

6.
Predict what will happen if you put a drop of food coloring in the middle of the bottom of your pan above your heat source (DO N0T put the drop in yet!)

7.
Place a piece of white paper behind your pan so that you can see the movement of the food coloring better.  Use your eyedropper to get a drop of food coloring.  Carefully place the tip of the eyedropper at the bottom of the middle of the pan.  Once the eyedropper tip is at the bottom, gently squeeze out the food coloring; slowly and very carefully remove the eyedropper.  Observe and record what happens to the drop of food coloring:
8.
Use arrows to show the general path taken by the drop of food coloring in the sketch below:


9.
Dump out your water and get a pan of clean tap water.  Half of the groups will do steps 10, 11 and 12 and the other half will do steps 13, 14, and 15.

10.
Set your pan up with fresh steaming hot water under the center of the pan.  Predict what will happen if you place a drop of food coloring in the bottom center and place another drop of a different color at the bottom near to the edge of the pan as shown below (DO NOT put the drops in yet):


11. Ever so gently and carefully place a drop of one food coloring in the bottom of the center of your pan and a drop of the other food coloring at the bottom near to the edge of the pan. Observe and record what happens to the drops of food coloring:
12.
Use arrows to show the general path taken by the drops of food coloring in the sketch below:


13.
Set your pan up with fresh steaming hot water at one end of the pan and a styrofoam cup completely filled with ice under the opposite end of the pan. [Alternatively, you can fill a cloth tea bag with ice and place it in the water on one side.]  Predict what will happen if you place a drop of food coloring in the center of the pan and another drop of a different color just above the ice as shown below (DON’T put the drops in yet):


14. Ever so gently and carefully place a drop of one food coloring in the bottom of the center of your pan and a drop of the other food coloring just above the ice. Observe and record what happens to the drops of food coloring:
15.
Use arrows to show the general path taken by the drops of food coloring in the sketch below:


16.
If you did steps 10, 11, 12 then find a group that did steps 13, 14, 15 and share your results with each other.  If you did steps 13, 14, 15 then find a group that did steps 10, 11, 12 and share your results with each other.

17.
Watch the class demonstration of convection in air.  Answer the following questions:

a. Where is air rising?

b. Why is it rising?

c. Where is air sinking?

d.
Why does it sink?

18. Complete the convection cells on the attached Convection Worksheets as directed by your instructor. 





























































cup





cup





(Polar Easterlies not shown)





Westerlies





Westerlies





Trade Winds





Trade Winds





Large, Rotating Earth





Materials


General use


Lava lamp (optional)


Tap water


Hot water (heated with a hot plate or a microwave)


Ice


Slide projector


Hot plate





For each group


Plastic pan


5 identical styrofoam cups


Permanent marker


2 small cups


2 different food colors


2 eyedroppers


White paper


Convection worksheets





Getting Ready 


Turn the lava lamp on at least an hour or more ahead of time.  Heat the water and set out the ice.  Package materials into group sets.
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