
1

A laboratory experiment from the
Little Shop of  Physics at

Colorado State University
CMMAP

Reach for the sky.

How does the 
atmosphere 

keep the earth 
warmer?

Overview
The earth cools by radiation. That’s the only 
way that the earth can exchange energy with 
space. But the atmosphere is not transparent to 
the far infrared that the earth emits, and so the 
earth is warmer than it would otherwise be.

Theory
We can simulate the energy exchange of  the 
earth and the atmosphere with space by using a 
stack of  glass plates for this simple reason: 
Glass is transparent to the visible light and the 
near infrared emitted by the sun (and the 
lamp!), but opaque to the far infrared, the 
thermal radiation, emitted by the earth. So en-
ergy gets in but can’t get out—at least not so 
easily.

Doing the Experiment
We’ll start with a simple experiment that shows how the atmosphere keeps the earth warmer. This can be 
done as a demo, but is more effective when small cooperative groups work to collect data and then com-
pare with others. Once you set the experiment up, you’ll need to let the lamp shine on the stack of  plates 
for 20 minutes. 

SAFETY NOTE I: The desk lamp with the incandescent or halogen bulb can get very hot. 
Be sure students are careful when working around the lamp

SAFETY NOTE II: The glass plates have sharp edges, so students need to be especially 
careful when moving and lifting the plates. You may want to keep the picture frames on 
each glass plate and put the rubber feet on the frames instead.

• Have your students make a stack with the 4 glass plates. They should put the black painted glass 
plate at the bottom of  the stack. Place the desk lamp over the stack of  glass plates and discuss how 
close you want the light bulb to be to the top of  the stack.Turn the desk lamp on and let it shine on 
the stack of  plates for approximately 20 minutes.

• While you are waiting for the experiment to be ready, model for your class, what they will be doing 
once they begin. Explain to your students that they are setting up a model of  layers of  the atmos-
phere. Show them how they will have to work as a group to conduct this experiment. There will be 
four jobs per group. One student will turn off  the desk lamp and turn it away so that it doesn’t keep 

Necessary materials:

• Four identical pieces of  glass (You can use glass 
from the same size picture frames.)

• We use 4 clear rubber feet on the bottom of  each 
piece of  glass as spacers. 

• Spray one side of  one glass plate with flat black 
paint. 

• Infrared thermometer
• Desk lamp with an incandescent or halogen bulb

IR thermometers can be found at 
www.harborfreight.com under “non-contact pocket 
thermometer”.

We purchased our frames at a dollar store, which 
made them quite reasonable!
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warming the plates with infrared radiation. The second student uses an infrared thermometer im-
mediately to measure the temperature of  the top plate, while the third student records that tempera-
ture, while the fourth student pulls the top plate off. The process is repeated by students 2, 3, and 4 
until they have measured the temperature of  all the plates in the stack. We recommend that you 
have a group of  students practice this, so they all realize how quickly they have to do this. The plates  
start cooling immediately, so the quicker they are, the better.

• While you are still waiting for the experiment to be ready, have students predict what they think will 
happen with the temperatures. Which plate do they think will be the warmest? The coolest? etc.

• Conduct the experiment and have students report and compare their data. Discuss what they think 
is happening. They will probably find that the bottom plate is the warmest, the one above a little 
cooler, and the one above that cooler yet. How about the very top plate? This will depend on the 
light source. Why might this be?

• This will be a great place to explain how the glass plates are like layers of  the atmosphere. The visi-
ble and near infrared radiation from the lamp (sun) can pass through the layers, but once this en-
ergy is absorbed by the earth (the black plate) the radiation emitted is thermal radiation and is a 
longer wavelength. It cannot pass through the layers as easily, so the earth gets warmer.

Activity Variation 1
• Put two glass plates painted black on a table. Put a desk lamp over them.
• Turn on the desk lamp and leave it on for at least 5 minutes.
• As soon as you turn off  the desk lamp, use the infrared thermometer to take a temperature of  both 

black plates and record.
• Immediately place a clear glass plate over one of  the black plates. 
• Wait one minute, remove the extra frame, and then take the temperature of  both black plates again 

and record.
• Quickly put the extra frame back on the black felt frame and repeat the procedure again.

Activity Variation 2
• Have one student hold up his/her hand and take the temperature of  the hand and record.
• Have another student hold a glass plate in front of  the student’s hand. Use the infrared thermome-

ter to take the temperature again and record. The temperature reading of  the hand with the glass 
plate in front should be much cooler. 

• Discuss what they think is happening. 

Summing Up
This is a good simulation that can show how the layers of  the atmosphere keep the earth warmer than it 
would otherwise be.

For More Information
CMMAP, the Center for Multi-Scale Modeling of  Atmospheric Processes: http://cmmap.colostate.edu

Little Shop of  Physics: http://littleshop.physics.colostate.edu


