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UV Light and Clothing

UV Light and Clothing
Clothes can protect you from the harmful effects of ultraviolet radiation based on the type of fabric, the tightness of the weave, and the color. While sunscreens are rated with an SPF or sun protection factor, clothes are rated with a UPF or ultraviolet protection factor. A UPF factor indicates the amount of UV light that is absorbed by your clothes. For example, a shirt with a UPF factor of 50 will allow only 1/50th or 2% of the surrounding UV light to penetrate to your skin. Lightweight, light-colored, or loosely woven clothes have much lower UPF ratings than dark, tightly-woven clothes. While they might be uncomfortable on the beach, brand new jeans provide much better protection from the sun than a white t-shirt.
Figure 1 shows the location of UV light in the electromagnetic spectrum. Notice that the ultraviolet band is broken into three types referred to as UVA, UVB, and UVC. The most harmful of these three, UVC light, is absorbed by the atmosphere and does not reach the Earth’s surface. UVB light is responsible for many skin problems, such as sunburns and several forms of skin cancer. UVA light is deep-penetrating and causes tanning, wrinkles, and some forms of skin cancer.
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Figure 1

In this experiment, you will investigate the ability of your clothes to protect your skin from ultraviolet radiation. You will measure the levels of UVB light that can pass through fabrics, and you will compare fabric types and colors. In the second part of the experiment, you will get the fabrics wet, and again measure the amount of UVB light passing through. 

OBJECTIVES

In this experiment, you will

· Use a UVB Sensor to measure UVB light.

· Determine the amount of UVB light allowed through various fabrics.

· Determine whether the UVB-blocking abilities of fabrics change when wet.

MATERIALS

	computer
	two 4 ( 6 index cards

	LEGO NXT Intelligent Brick
	coin (approximately 2 cm in diameter)

	MINDSTORMS Edu NXT v2.0 software 
	scissors

	Vernier NXT Sensor Adapter
	tape

	Vernier UVB Sensor
	ring stand and utility clamp

	NXT cable
	stopwatch (optional)

	6 squares of fabric
	water


PRE-lab proCEDURE

1.
Obtain the six squares of fabric assigned by your teacher. There will be two types of fabric, three colors of each, for a total of six. Make sure that the people who handle the fabrics do not have any sunscreen or lotion on their hands.

2.
In Table 1, fill in the color and fabric type for each sample. Samples 1–3 should be one type of fabric and 4–6, the other.

3. 
Prepare your test cards.

a. Obtain two 4 ( 6 inch index cards.

b. Using the coin as your guide, draw three circles on each test card in the locations shown in Figure 2. The dashed lines indicate where the squares of fabric will be taped.

c. Number the circles 1–6.

d. Use scissors to cut out the circles. 

e. Tape the squares of fabric over their assigned circles as shown in Figure 2. Make sure the tape is only on the edges and not covering any part of the circle.
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Figure 2

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. 
Whichever method you use, you are going to take eight 15-second intervals, changing the conditions each time. The pattern use for data collection should be:

	Table 1: Sampling procedures

	Time 
(seconds)
	Sample being measured

	0 – 15
	full sun

	15 – 30
	1

	30 – 45
	2

	45 – 60
	3

	60 – 75
	4

	75 – 90
	5

	90 – 105
	6

	105 – 120
	full sun


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 120 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 3.

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 3

6.
Practice holding one of your sample circles over the tip of the UVB Sensor. It is okay if the fabric lightly touches the tip of the sensor.

7.
When everything is ready, click the Download and Run button to begin data collection. Have the timer start the stopwatch when data collection begins. For the first 15 seconds there should be nothing in front of the sensor.
8.
Every 15 seconds, move the next sample over the tip of the UVB Sensor. After you have used all six samples, leave the sensor uncovered for the last 15 seconds. Data collection will stop automatically after 120 seconds.

9.
Analyze the dataset.

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

b. Study your graph and identify the eight 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 under the “Dry fabric” column.

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.


10.
Wet the fabric samples by gently pouring a small amount of water on each. Some fabrics may repel the water and will need repeated applications before becoming saturated. The card will get wet, too. This is fine.


11.
Once all six samples are saturated with water, gently shake the cards to remove any extra drops of water that could drip on the UVB Sensor. It is all right if the damp fabric touches the end of the sensor, but make sure no water gets in the sensor.


12.
Repeat Steps 7–9 with the wet fabric, recording the UVB values (in mW/m2) in the “Wet fabric” column of the data table.

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 15 UV Cloth.rbt.
2.
Examine the program you will be using. 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 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 3.

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.
6.
Practice holding one of your sample circles over the tip of the UVB Sensor. It is okay if the fabric lightly touches the tip of the sensor.

7.
When everything is ready, press the Enter (square) button on the NXT to run the “15 UV Cloth” program. The NXT will beep and data collection will begin. For the first 15 seconds, nothing should be in front of the sensor.

8.
Every 15 seconds you will hear a beep. Move a new sample over the tip of the UVB Sensor. After you have used all six samples, there should be 15 seconds of data collection with full sun. Data collection will stop automatically after 120 seconds.


9.
Wet the fabric samples by gently pouring a small amount of water on each. Some fabrics may repel the water and will need repeated applications before becoming saturated. The card will get wet, too. This is fine.


10.
Once all six samples are saturated with water, gently shake the cards to remove any extra drops of water that could drip on the UVB Sensor. It is all right if the damp fabric touches the end of the sensor, but make sure no water gets in the sensor.


11.
Rerun the “15 UV Cloth” program on the NXT. To do this, press the Enter button again. Change the fabric sample after every beep. (Note: You will not lose your first dataset. The NXT is capable of storing multiple datasets.)

12.
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. Select 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 “15 UV Cloth.log.” A graph will appear in the Log Preview window. This should be the first data you took, with the dry cloth.
f. Click the Open button. 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.

13.
Analyze the first dataset (for dry fabric).
a. Under the Analysis Tools Button, select Section Analysis.

b. Study your graph and identify the eight 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 under the “Dry fabric” column.

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 period.


14.
Upload the second UVB dataset (for wet fabric).

a. Select Open from the File menu.

b. Make sure your NXT is selected in the Browse Devices window.

c. Highlight the Log File named “15 UV Cloth_1.log.” A graph will appear in the Log Preview window.

d. 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. 
e. Analyze the data as you did in Step 13, recording the mean UVB values (in mW/m2) in your data table under the “Wet fabric” column. 
DATA AND OBSERVATIONS
	Table I

	Sample
	Sampling Time (sec)
	Color
	Fabric Type
	Dry fabric 
UVB (mW/m2)
	Dry fabric UVB 
(%)
	Wet fabric
UVB (mW/m2)
	Wet fabric
UVB 
(%)

	Full Sun
	0 – 15 
	N/A
	N/A
	
	100
	
	100

	1
	15 – 30 
	
	
	
	
	
	

	2
	30 – 45 
	
	
	
	
	
	

	3
	45 – 60 
	
	
	
	
	
	

	4
	60 – 75 
	
	
	
	
	
	

	5
	75 – 90 
	
	
	
	
	
	

	6
	90 – 105 
	
	
	
	
	
	

	Full Sun
	105 – 120 
	N/A
	N/A
	
	
	
	


PROCESSING THE DATA

1.
Calculate the percent UVB light allowed through by each fabric sample and record your data in the appropriate space in the data table.
% UVB light =

( 100%
2.
Did the type of fabric make any difference in the amount of UVB light allowed through? Use your data to explain your answer.
3.
Did the color of the fabric make any difference in the amount of UVB light allowed through? Use your data to explain your answer.
4.
Did any of the fabrics let through more or less UVB light when wet? Use your data to explain your answer. 

5.
Special UV-blocking clothing is now being sold. Based on your results, do think it is worth the extra money for this specialty fabric? Explain. 

EXTENSIONS

1.
Are there additives to put in your wash to make your clothes more efficient at blocking UV light?
2.
Obtain and test clothes from sportswear manufacturers that claim to block UV light.

3.
Since UVA light has a larger wavelength than UVB, more UVA light is able to penetrate the Earth’s atmosphere. If your school has a Vernier UVA Sensor, test the same fabrics for their degree of UVA protection.
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