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UV Light and Sunglasses

UV Light and Sunglasses

Sunglasses have lenses that are darkened or colored to reduce the brightness of light entering the eye. Some people wear sunglasses because bright sunlight is uncomfortable. Other people wear sunglasses as a fashion accessory. Healthcare professionals recommend all people wear sunglasses to reduce the adverse effects of ultraviolet radiation on the eyes.
Figure 1 shows the location of ultraviolet light in the electromagnetic spectrum. Notice that the UV band is broken into three types referred to as UVA (with wavelengths of 320 to 400 nm), UVB (280 to 320 nm), and UVC (200 to 280 nm). The most harmful of these three, UVC light, is absorbed by oxygen and ozone in the atmosphere and does not reach the Earth’s surface. The ozone layer absorbs much, but not all, incoming UVB light. Some UVB light reaches the surface of Earth. UVA light is not affected by the ozone layer, and most reaches the surface of Earth. UVB light is commonly associated with sunburns, cataracts, and skin cancer. UVA light, while responsible for suntans, is also a cause of premature aging of the skin and some types of skin cancer.
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Figure 1

Sunglass lenses come in many styles and colors. Yellow lenses provide good contrast and depth perception, while red lenses work well in low light. Gray or brown lenses make the best sunglasses for driving, because they do not distort the color of surrounding objects. Some sunglass lenses are made from a special polarizing plastic sheet to reduce glare, while photochromatic lenses get progressively darker as the incoming light gets brighter. Some sunglasses have a mirrored coating applied to the lens to reflect some of the incoming light.

In this experiment, you will conduct a study on the various types of sunglasses, and the levels of UVB light that pass through their lenses. 

OBJECTIVES

In this experiment, you will

· Use a UVB Sensor to measure UVB light.

· Determine the amount of UVB light allowed through an assortment of sunglasses.

· Determine whether the UVB-blocking abilities of sunglasses change with lens tint.

MATERIALS

	computer
	Vernier UVB Sensor

	LEGO NXT Intelligent Brick
	NXT cable

	MINDSTORMS Edu NXT v2.0 software 
	3 different sunglasses

	Vernier NXT Sensor Adapter
	ring stand and utility clamp

	stopwatch (optional)
	


Choosing a Data-Collection Method

· Method 1 requires that the NXT be connected to the computer while collecting data. This method should be used if you have a computer that can be taken outside, or a large open window in full sun.

· Method 2 allows you to disconnect the NXT from the computer for data collection. This method has the advantage of leaving your computer in the classroom while taking your NXT outdoors. 

PROCEDURE

Method 1: NXT Remains Attached to a Computer

1.
Prepare the NXT for data collection.

a. Connect the UVB Sensor to the Vernier NXT Sensor Adapter.

b. Connect the Adapter to Port 1 on the NXT using a LEGO NXT cable. 
c. Make sure the NXT is connected to the computer (USB or Bluetooth) and turned on.
2.
Launch NXT 2.0 Data Logging.

3.
Click the Go button next to Start New Experiment.
4.
Set up the Experiment.
a. In the Experiment Configuration Window, select Vernier UVB by clicking on the pull-down list to the left of Port 1. (Notice the indicator box changes from gray to green.)

b. Adjust the Duration to 105 seconds.

c. Click the OK button.

5.
Use the shadow of the UVB Sensor to aim it correctly without looking directly at the sun.

a. Hold the sensor with your thumb and first finger, pointing the sensor in the general direction of the sun.

b. Find the sensor’s shadow and observe how it changes shape as you move the sensor around. 

c. Move the sensor around until the shadow becomes a small round circle. This indicates that the sensor is now pointing directly at the sun.

d. Keeping this sensor orientation in mind, clamp the UVB Sensor onto the ring stand as shown in Figure 2.

e. Once the sensor is securely on the ring stand, use the shadow again to make final adjustments to assure that the sensor is pointing directly at the sun.
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Figure 2

6.
Familiarize yourself with the sampling procedure.

a. Data collection will last for 105 seconds. Over this 105-second run, you will alternate between 15 seconds of monitoring the sun directly and 15 seconds of monitoring the sun through each of your three pairs of glasses (see Table 1).

b. Designate one person to be the timer who will call out the 15-second intervals.

c. Practice holding a pair of sunglasses over the tip of the UVB Sensor. It is okay if the lens lightly touches the tip of the sensor.

7.
In Table 1, enter the color and lens type for each pair of sunglasses. 

8.
When everything is ready, click the Download and Run button. Have the timer start the stopwatch when data collection begins. 

9.
Take your readings, using Table 1 as your guide. Data collection will stop automatically after 105 seconds.


10.
Analyze the dataset.

a. Under the Analysis Tools Button, select Section Analysis.

b. Study your graph and identify the seven 15-second sections.

c. Drag the left and right edges of the gray strip until it covers the flattest part of the first 15-second section.

d. Record the mean UVB value (in mW/m2) in your data table.

e. Drag the left and right edges of the gray strip for the other 15 second sections of the graph, recording the mean UVB value for each.

Method 2: Using the NXT Remotely

1.
Prepare the NXT for data collection.

a. Connect the UVB Sensor to the Vernier NXT Sensor Adapter.

b. Connect the Adapter to Port 1 on the NXT using a LEGO NXT cable. 
c. Make sure the NXT is connected to the computer (USB or Bluetooth) and turned on.

d. Launch NXT 2.0 Programming.
e. Open the file 16 UV Glasses.rbt.
2.
Examine the program you will be using to familiarize yourself with the sampling procedure. 

a. Data collection will last for 105 seconds. Over this 105-second run, you will alternate between 15 seconds of monitoring the sun directly and 15 seconds of monitoring the sun through each of your three pairs of glasses (see Table 1).

b. The program will log data while it displays the UV sensor reading on the NXT screen. It will make a beep sound every 15 seconds during data collection.

3.
Click the Download button (bottom-left corner of the NXT Controller). Note that this does not run the experiment, but stores the program in the memory of the NXT.

4.
After the download is complete, disconnect the NXT from the computer.

5.
Once outdoors, use the shadow of the UVB Sensor to aim it correctly without looking directly at the sun.
a. Hold the sensor with your thumb and first finger, pointing the sensor in the general direction of the sun.

b. Find the sensor’s shadow, and observe how it changes shape as you move the sensor around. 

c. Move the sensor around until the shadow becomes a small round circle. This indicates that the sensor is now pointing directly at the sun.

d. Keeping this sensor orientation in mind, clamp the UVB Sensor onto the ring stand, as shown in Figure 2.

e. Once the sensor is securely on the ring stand, use the shadow again to make final adjustments to assure that the sensor is pointing directly at the sun.
f. Practice holding a pair of sunglasses over the tip of the UVB Sensor. It is okay if the lens lightly touches the tip of the sensor.

6.
Enter the color and lens type for each pair of sunglasses in Table 1.

7.
When everything is ready, press the Enter (square) button on the NXT to run the “16 UV Glasses” program. The NXT will beep and data collection will begin.

8.
Every 15 seconds you will hear a beep. Take your readings, using Table 1 as your guide. Data collection will stop automatically after 105 seconds.

9.
Back in the classroom, upload the UVB data to the computer. 
a. Reconnect the NXT to the computer (USB or Bluetooth). Make sure the NXT is turned on.

b. If it is not already running, launch NXT 2.0 Data Logging.

c. Choose Open from the File menu. 

d. Highlight your NXT in the Browse Devices window. Be patient. It may take a few seconds for your NXT to appear.

e. Highlight the Log File named “16 UV Glasse.log” A graph will appear in the Log Preview window. (If you have taken more than one run on the NXT, you will see other files with similar names with numbers after them.)

f. Click the Open button. (Click OK if you get an Overwrite request.) Notice your dataset is stored in the table under the name of the sensor used to collect the data. The extension “_p1_1” is automatically added. 


10.
Analyze the dataset.
a. Under the Analysis Tools Button, select Section Analysis.

b. Study your graph and identify the seven 15-second sections.

c. Drag the left and right edges of the gray strip until it covers the flattest part of the first 15‑second section.

d. Record the mean UVB value (in mW/m2) in your data table.

e. Drag the left and right edges of the gray strip for the other 15‑second sections of the graph, recording the mean UVB value for each.

DATA AND OBSERVATIONS

	Table 1

	Sample
	Sampling Time (sec)
	Lens Color
	Lens Type
	UVB (mW/m2)
	UVB 
(%)

	Full Sun
	0 – 15 
	N/A
	N/A
	
	100

	1
	15 – 30 
	
	
	
	

	Full Sun
	30 – 45 
	N/A
	N/A
	
	100

	2
	45 – 60 
	
	
	
	

	Full Sun
	60 – 75 
	N/A
	N/A
	
	100

	3
	75 – 90
	
	
	
	

	Full Sun
	90 – 105
	N/A
	N/A
	
	100


PROCESSING THE DATA

1.
Calculate the percent UVB light allowed through by each lens and record in the appropriate space in the data table.

% UVB light =
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2.
Did the type of lens make any difference in the amount of UVB light allowed through? Use your data to explain your answer.

3.
Did the color of the lens make any difference in the amount of UVB light allowed through? Use your data to explain your answer.

4.
Colored lenses are often more expensive than gray or brown lenses. Based on your results, do think it is worth the extra money for a pair of “designer” sunglasses? Explain. 

EXTENSIONS

1.
Test a wider variety of sunglasses to confirm or deny your conclusions above.

2.
Hardware stores sell a reflective film that can be placed on the windows of your home to protect furniture and rugs from fading, due to UV light. Obtain a piece of this film and measure its UVB value.

3.
UVA light is not only responsible for tanning your skin, but for wrinkles, cataracts and some types of skin cancer as well. If your school has a Vernier UVA Sensor, test the same sunglasses for their degree of UVA protection.
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