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Reflection and Absorption
of Light

Would you feel cooler wearing alight or dark-colored shirt on a hot, sunny day? The color and
texture of an object influences how much radiant energy from the sun it will absorb or reflect.
Every color reflects a certain amount of light while absorbing the rest as heat energy. The amount
of reflected light is called the color’ s light reflectance value. Dark colors with low light
reflectance values tend to reflect little light while absorbing lots of heat energy, whereas light
colors with high reflectance values reflect alot of light and absorb little energy. People in warm,
sunny climates are more likely to purchase light-colored cars since they don’t heat up as quickly
as dark-colored ones. Many house paints come with a predetermined light reflectance value to
guide consumers when making color choices for their homes. Since the Earth’ s surface is made
of many colors and textures, it is heated unevenly. Snow, ice, and clouds reflect alot of energy
back into space while green forests and vegetated |ands absorb energy.

In this experiment, you will investigate the relationship between the percent reflectivity of
various colors and the temperature change due to energy absorption. You will measure the
amount of light reflected from paper of various colors using a Light Sensor and cal cul ate percent
reflectivity. You will a'so measure the temperature change of the air under the paper due to
energy absorption by the paper using a Temperature Probe.

OBJECTIVES

In this experiment, you will

+ Usealight Sensor to measure the amount of reflected light.

« Calculate percent reflectivity of various colored paper.

+ Use a Temperature Probe to measure the energy absorbed from light.

MATERIALS
LabPro interface white paper
Palm handheld black paper
Data Pro program 2 other pieces of colored paper
Light Sensor ring stand
Temperature Probe 2 utility clamps
4 cm piece of drinking straw tape
lamp and 150 W clear bulb ruler
auminum foil
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PROCEDURE

1.

Prepare the sensors for data collection.

a. Tape the straw to the table surface as
shown in Figure 1.

b. Insert a Temperature Probe into the
straw asfar asit will go. Check to make
sure the end of the Temperature Probeis
not touching the tabletop.

c. Place the piece of white paper over the
Temperature Probe.

d. Useautility clamp and ring stand to
fasten a Light Sensor 5 cm above a piece
of colored paper as shown in Figure 2.
The Light Sensor should be set on the
0-6000 lux position if it has a switch. /—/_
e. Usethe other utility clamp to fasten the
lamp and bulb to the ring stand 10 cm Figure 2
above the paper.

f. The classroom lights should be on.

Plug the Light Sensor into Channel 1 and the Temperature Probe into Channel 2 of the
LabPro interface. Connect the handheld to the LabPro using the interface cable. Firmly press
in the cable ends.

Press the power button on the handheld to turn it on. To start Data Pro, tap the Data Pro icon
on the Applications screen. Choose New from the Data Pro menu or tap to reset the
program.

Set up the handheld and interface for a Light Sensor in CH 1 and a Temperature Probe
inCH 2.
a. On the Main screen, tap [Setup .

b. If the handheld displays LIGHT or LIGHT(LX) in CH1 and TEMP(C) in CH2, proceed
directly to Step 5. If it does not, continue with this step to set up your sensors manually.

On the Setup screen, tap[__CHT: .

Press the Scroll buttons on the handheld to scroll through the list of sensors.
Choose LIGHT 6000(LX) from list of sensors.

Tap[_cHz |

Press the Scroll buttons on the handheld to scroll through the list of sensors.
Choose the correct Temperature Probe (in °C) from list of sensors.

Set up the handheld and interface for data collection.

a. While still on the Setup screen, tap [_Settings: .

b. Enter “10” asthe time between samples in seconds, using the onscreen keyboard (tap
“123") or using the Graffiti writing area.

c. Enter “60” asthe number of samples. (Data collection will last 10 minutes.)
d. Tap twice to return to the Main screen.

Switch on the light bulb. Tap to begin data collection.
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7. When data collection is complete, determine and record the mean light reflection value and
the minimum and maximum temperature readings.

a. After data collection stops, tap [ &nalyze |.
b. On the Analyze screen, tap [ Stats |. Statistics for the light reflection data will bein the first

row and statistics for the temperature datawill be in the second row.

c. Record the Mean light reflection value in your Data Table (to the nearest whole lux). The
lux isthe Sl unit for light illumination.

d. Record the Min (minimum) and Max (maximum) temperature readings (round to the

nearest 0.1°C).

e. Tap twice to return to the Graph screen.

8. Repeat Steps 6-7 for black paper and aluminum foil. If time allows, make and record readings
for two additional colors of paper.

DATA

Color

White

Black

Aluminum

Starting Temperature (°C)

Final Temperature (°C)

Change in Temperature (°C)

Reflection value (lux)

Percent reflectivity

%

%

100 %

%

%
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PROCESSING THE DATA
1. Subtract to find the change in temperature for each color paper.

2. Which color paper had the largest temperature increase?
3. Which color paper had the smallest temperature increase?
4

. Solar collectors can be used to absorb the sun's radiation and change it to heat. What color
would work best for solar collectors? Explain.

5. Cadculate the percent reflectivity of each color paper using the relationship:

reflection value for paper
reflection value for aluminum

% Reflectivity = x 100

Show your work in the data table above.
6. Which color paper has the highest reflectivity?
7. Which color paper has the lowest reflectivity?

8. What relationship do you see between percent reflectivity and temperature change?

9. What types of surfaces might give a planet a high reflectivity? Explain.

10. Doesthe planet Earth have high reflectivity? Why or why not?

EXTENSION

1. Design an experiment to test the reflectivity of sand, soil, water, and other materials. Perform
the experiment you designed.

2. Design an experiment to test the effect of texture on reflectivity. Perform the experiment you
designed.
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x 20 cm pieces work well.

3. Remind your students not to touch a hot bulb.

SAMPLE RESULTS

Color White Black | Aluminum
Starting Temperature (°C) XXXX XXXX XXXX
Final Temperature (°C) XXXX XXXX XXXX
Change in Temperature (°C) XXXX XXXX XXXX
Reflection value (lux) XXXX XXXX XXXX
Percent reflectivity XXXX XXXX XXXX % %
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ANSWERS TO QUESTIONS

Answers have been removed from the online versions of Vernier
curriculum material in order to prevent inappropriate student use.
Graphs and data tables have also been obscured. Full answers and
sample data are available in the print versions of these labs.

ACKNOWLEDGEMENT

We wish to thank Don Volz and Sandy Sapatka for their help in developing and testing this
experiment.

23-2T

Earth Science with Vernier



