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UV OR NOT UV?

"THAT IS A QUESTION
FOR YOUR SUNGLASSES

\

H[]W MANY PAI RS of sunglasses do you own? How

do you decide which type to purchase? Choices range
from dollar-store basics to high-end designer shades
costing hundreds of dollars. Some people buy sun-
glasses for special purposes—for example, skiing,
boating, or other outdoor recreational activities. Others
own many pairs of inexpensive sunglasses to have some
on hand at all times. You might also purchase prescrip-
tion sunglasses. In addition, more and more people
consider the health benefits of sunglasses, namely, how
well they filter damaging ultraviolet (UV) light.
According to the U.S. Environmental Protection
Agency (2010, p. 1), “Long-term exposure to UV
radiation can lead to cataracts, skin cancer around the
eyelids, and other eye disorders.”

In this 5E learning-cycle lesson, students use UV-
sensitive beads to test different sunglasses’ lenses to
determine their ability to filter UV light. UV-sensitive
beads are white but change color when exposed to UV
light and return to white when the source of UV light
1s removed. In the Next Generation Science Standards,
students should recognize that “[w]hen light shines
on an object, it is reflected, absorbed, or transmitted
through the object, depending on the object’s material
and the frequency (color) of the light” (MS-PS4-2;
NGSS Lead States 2013). This is essentially what
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sunglasses, like virtually all filters, do. Some of the
light (including the UV portion) that strikes the lenses
of sunglasses is reflected, some is absorbed (most of
the UV portion), and the rest is transmitted through
to the wearer’s eyes. Sunglasses that are effective in
protecting the eyes from UV light do so mostly by
absorbing these harmful rays. UV radiation is that
portion of the spectrum with wavelengths shorter
than visible light. The longest wavelength of visible
light (red) is 700 nanometers (nm), and the shortest
1s violet at 400 nm. Most of the UV radiation that
reaches the Earth has wavelengths between 290 and
400 nm. This range includes what is referred to as
UVA (320-400 nm) and UVB (290-320 nm) radia-
tion. Most of the shorter wavelengths are filtered by
the atmosphere and do not reach the Earth’s surface
(Skin Cancer Foundation 2016).

As students test different lenses, they will
“|e]valuate competing design solutions using a sys-
tematic process to determine how well they meet the
criteria and constraints of the problem” (MS-ETS1-2;
NGSS Lead States 2013). In the United States, there are
voluntary standards for sunglasses administrated by the
American National Standards Institute (ANSI; ANSI
2015). The criteria in the ANSI standards require that
sunglasses filter essentially 99% of the UV light below
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wavelengths of 400 nm, allow colors to be perceived
accurately, and be impact resistant.

Historical Information

As early as the 1200s, the Inuit of North America cut thin
slits into walrus ivory to make a type of snow goggle to
reduce the Sun’s glare off of the snow and ice (Canadian
Museum of History, n.d.). One of the earliest refer-
ences to sunglasses appears in 1750, when Englishman
James Ayscough noted that when glasses were “a little
ting’d with Blue, it takes off the glaring Light from the
Paper, and renders every Object so easy and pleasant”
(Ayscough 1750, p. 13). Not until the 1920s, however,
did sunglasses become popular with the general public.
In 1929, Sam Foster sold inexpensive sunglasses on the
boardwalk in Atlantic City, a popular tourist destination
(Foster Grant 2013), and they quickly became a national
fad (Life 1938). In the 1930s, Edwin Land (the same
person who developed instant film cameras) invented
sheets for polarizing light, an invention that was then
used in sunglasses to reduce reflective glare (Rowland
Institute at Harvard, n.d.). UV-protective sunglasses
are a spin-off of NASA research at the Jet Propulsion
Laboratory from the 1980s, where scientists studying
birds of prey discovered that the birds produced an oil
that protected their eyes from UV light. This research
was firstapplied to the design of equipment for shielding
welders’ eyes and, ultimately, sunglasses (NASA 2011).

Investigating Sunglasses (Teacher
Background Information)

Materials

Throughout this lesson, you will use UV beads—small
plastic beads that have been treated so that they change
color when exposed to UV light. In the absence of UV
light, they are white in color but are available in numer-
ous colors in the presence of UV light. We have used
beads that change from white to purple. Similar beads
are available at science supply companies for about $9

for 1,400 beads. After numerous cycles, they no longer
completely return to white but remain milky gray. Be
aware that there are also beads that glow different colors
when exposed to UV light. For this activity, you want
to be sure to obtain UV beads, not UV glow beads.
Students will need to keep the beads away from UV
light until they are ready for testing.

In the Engage phase, each student will need one
bead, which will be sufficient for all of the other parts
of the lesson. You may wish to start each class with fresh
beads. In the Explore phase, each group of four students
will need three different sunglass lenses. These can be
obtained by taking apart old sunglasses or by purchasing
them ata dollar store. One lens must not meet the ANSI
standards noted earlier. You should be able to find these
at dollar or party stores labeled as “fashion” or “novelty”
glasses. The lenses can be reused from one class to the
next. For students’ lens tests, you will need to cut apart
egg cartons. Each student group will need four individual
egg holders; therefore, you will need one egg carton for
every three groups of students—if you have five classes
with six groups in each, you would need a total of 10 egg
cartons. To tape the lenses to the egg holder, each group
will need approximately 50 cm of duct tape. In addition
to at least one pair of sunglasses, the same materials will
be reused in the Extend phase of the lesson. Several small
plastic bottles are needed for the Evaluate phase of the
lesson. These can include prescription bottles, over-
the-counter medication bottles, and small plastic vials.

Ideally, you need a bright window to test the various
lenses. Most windows do not filter all of the Sun’s UV
light. Alternatively, you can take students outside. The
activity will work on a cloudy day, but more time will
be required for the beads to change color.

Engage

Begin this lesson by initiating a discussion of different
ways people protect themselves from the Sun. We can
classify damaging aspects of the Sun’s radiation into
three different categories: (1) People must protect
themselves from the warmth of the infrared portion

National Science Teachers Association
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UV OR NOT UV? THAT IS A QUESTION FOR YOUR SUNGLASSES

of the Sun’s spectrum so as to not become dehydrated
or suffer heat stroke. (2) The visible part of sunlight
is very bright and can damage the eyes if looked at
directly. (3) Perhaps the most widespread concern for
people is the UV radiation found in sunlight, which
can lead to serious skin and eye damage.

Students will likely suggest wearing hats, sun-
screen, and sunglasses, and, perhaps, limiting the
amount of time spent in direct sunlight or keeping
skin covered with long sleeves and long pants. This
discussion may also reveal some common misconcep-
tions students have, such as that getting a good tan can
protect you from the Sun or that people of color cannot
get skin cancer (Skin Cancer Foundation 2013).

To understand that the UV bead is an indicator of
UV radiation, students should begin by placing their
bead in a windowsill (see Figure 7.1), which emphasizes
that the bead will cycle from white to colored and back
to white in the presence or absence of UV light.

At this point in the lesson, students should be aware
that sunlight contains UV radiation that is potentially
harmful to humans. This lesson focuses specifically on
learning how to test sunglasses to see if they are able to
protect the eyes from this type of radiation.

Bead taped to inside of
egg holder

FIGURE 7.2

.................................

UV beads change color on
a sunny windowsill

FIGURE 7.1

Explore

Working in groups of four, students will test several
different sunglass lenses. You may wish to have them
design their own testing procedure or use the one pro-
vided in the student Activity Worksheet. While stu-
dents are preparing their egg-carton testing apparatus
(see Figures 7.2 and 7.3), they should keep the beads
away from UV light, including classroom fluorescent

Bead in egg holder with
sunglass lens

FIGURE 7.3
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lighting, which may also cause a nominal tinting of
the beads. The easiest way to do this may be to simply
cover the beads with a sheet of paper or, once the bead
is attached to the egg holder, turn it upside down on
the table.

With a piece of folded tape, students will attach
a bead to the bottom of one egg holder (as shown in
Figure 7.2, p. 49) to prevent it from rolling into a corner
where it may be in a shadow. A second bead is secured
in the same manner in another egg holder and then the
opening is covered with a lens from a pair of sunglasses.
Students should seal around the lens with tape so that
no light enters the second egg holder except through the
lens (Figure 7.3, p. 49). Students will then point both egg
holders directly toward the sunlight through a classroom
window. On a bright, sunny day, students should see
the uncovered bead change color in less than a minute.
They should also deduce from this that the other bead
has had enough time to change. If it has not, the lens must
be filtering most of the UV light. Students will repeat
this process for each lens. You should be able to conduct
this testing on a cloudy day, although it will take longer
for the beads to change color. Again, students can use
the uncovered bead as a testing time indicator. Safety
note: Warn students never to look directly at the Sun.

Explain

Students will find that most recently manufactured
sunglasses work equally well at filtering UV light, as
required by ANSI standards. Any glasses that do not
meet these standards will allow some UV light to pass
through the lens, resulting in the bead’s color change.
For a given amount of time, bead color variation to a
darker shade indicates that more UV light has passed
through the lens. Thus, the best lenses will allow virtu-
ally no change in the color of the bead and therefore
provide the most eye protection.

Students may ask if polarized sunglasses protect the
eyes from UV light. Polarized lenses are designed to cut
glare that reflects off of horizontal surfaces rather than
to filter UV light. However, many polarized sunglasses

FIGURE 7.4

Child wearing wraparound !
sunglasses

are also treated for the filtration of UV rays (EyeCare
America 2007).

Extend

Discuss with students how sunlight might enter their
eyes even if they are wearing sunglasses, because, unlike
in their testing, sunglasses are not taped to their faces.
Students can demonstrate this design flaw by using
a bead, egg holder, and lens that has not been sealed
with tape. Students will observe that this bead changes
color, indicating the presence of UV light.

The engineering challenge is to design a pair of
sunglasses that will address these weaknesses and thus
decrease the amount of UV light that enters the wearer’s
eyes (see Figures 7.4 and 7.5). All engineering designs
have criteria to be addressed and constraints to be
mitigated, which might lead to multiple solutions to a
design challenge. For example, the child in Figure 7.4
is wearing a pair of wraparound sunglasses that block
light from entering her eyes from the side. However,
this design significantly limits her peripheral vision.
Note how this constraint has been addressed by the

National Science Teachers Association
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.................................

Assorted wraparound
sunglasses

design that includes a side lens in the adult glasses

pictured in Figure 7.5.

Have students make sketches of their ideas, present
their designs to the class, and explain how their designs
provide additional protection.

Evaluate

As a performance assessment, students plan and con-
duct a test to determine if plastic medicine bottles
filter UV light. If you gather used bottles (which
come in a variety of colors), they should be thoroughly
washed. You may also purchase this type of bottle from
nearly any pharmacy. Students should now be able to
design and conduct a similar test to the one previously
described for sunglass lenses. Nearly all prescription
bottles will filter UV light, so include additional small
plastic vials as well (see Figure 7.6).

Conclusion

While there is much pressure for middle-level students
to focus on fashion and design, ideally this engineer-
ing lesson will open their eyes to the importance of
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FIGURE 7.6

PPy

additional criteria when choosing sunglasses, including

the filtration of UV light.
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ACTIVITY WORKSHEET 7.1

UV OR NOT UV? THAT IS A QUESTION FOR YOUR SUNGLASSES

Engage

What are some different ways that people protect
themselves from the Sun? Share these ideas with
your classmates.

Your teacher will provide you with a white plastic
bead that is sensitive to certain types of light.
Place your bead in a sunny window for about a
minute, less if you notice a change in the bead’s
color. Record your observations.

Remove the bead from the window and hold it in
your hand so that it is no longer exposed to any
light for about two minutes. What happens to the
bead after it has been removed from the sunlight
near the window? Record your observations.
These beads are sensitive to the ultraviolet (UV)
light that is a part of sunlight. UV light, however,
is invisible to your eyes. Therefore, the change
in color of the beads indicates the presence of
UV light.

UV light is harmful to your eyes. This is one of
the reasons why people wear sunglasses. Are all
sunglasses equally effective in protecting your
eyes from this type of light? In this exploration,
you will use the UV beads to test the lenses from

different types of sunglasses.

Explore

1.

You need to construct a testing apparatus so that
the only light that reaches the UV bead must pass
through the lens. You also need to make sure that
the beads do not get exposed to UV light until
you are ready to conduct a test. One method is to
place a UV bead in one of the single egg holders
from an egg carton. Fold over a piece of tape to
secure the bead to the center of the egg holder.

Cover the opening with the lens from one of the

Investigating Sunglasses

sunglasses you wish to test and then use duct
tape to seal around the lens.

Tape a second UV bead into an egg holder without
a lens attached and then hold each in a sunny
window with both pointing directly at the Sun for
one to two minutes. Do not look at the Sun directly
while doing this part of the activity.

Return to your work area away from the bright
window and quickly unseal the egg holder and
compare the color of the two beads. Record your
observations in a table like the one shown below
and repeat for the other lenses. Be sure to start
each test with a fresh white UV bead.

UV Bead Color Observations

Egg holder Egg holder
Lens with no lens with lens
Lens #1
Lens # 2
Lens # 3
Explain

1

Which lens resulted in the darkest color change
of the bead? The least?

Share your results with your classmates.

3. What does the amount of color change mean?
Would a darker or lighter bead indicate a bet-
ter lens to protect your eyes from UV light?
Explain.

4. How do the lenses compare? Explain.

Extend

1.

You know that UV light is harmful to your eyes

and that some sunglasses are able to filter most

@venvmv
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of the UV light that passes through them. How
might UV light enter your eyes even if you are
wearing sunglasses? Record your ideas.

Test a lens in the same way as above but without
sealing it to the egg holder with tape. You will
need to hold the lens in place while pointing it at
the Sun. After one or two minutes, return to your
work area and observe the UV bead and record
your observations.

Compare these results with the testing done in the
Explore stage, when you sealed the lens to the egg
holder. Which test better represents how people
actually wear sunglasses?

Your engineering challenge is to design a pair of
sunglasses that will decrease the amount of UV

light entering the wearer’s eyes.

5. Examine the glasses your teacher provided to
determine their design weaknesses that allow UV
light to enter the wearer’s eyes. Brainstorm ways
the sunglasses could be modified to address these
design weaknesses. Make a sketch of your improved
sunglasses, labeling your changes. Explain how
your design better protects the eyes from UV light.

Present your design to your classmates.

Evaluate

There are many other things besides your eyes that can
be damaged by exposure to UV light. One example is
medication that is often sold in small plastic bottles.
Design a procedure to test if different types of small
bottles filter UV light. After your teacher has approved
your plan, carry out your testing. Record your results

and explain your findings.
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noted that we hoped we inspired you to look at
your garlic press in a different way than you had
before. We still have that wish. Be curious about
the things you come across daily—a stapler, a
doorknob, or a pepper mill. How do they work?
How were they made? How could you improve
on their designs? We also hope More Everyday
Engineering helps you pass this innovative spirit
along to your students so they recognize and
appreciate that engineering is truly everyday.”
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This book is an ideal resource for sparking
students’ interest in the marvels of engineer-
ing behind seemingly simple items and events.
Like Everyday Engineering, this new volume is
based on the popular “Everyday Engineering”
column in NSTA's award-winning middle school
journal, Science Scope. Thirteen activities focus
on three aspects of engineering: designing

and building, reverse engineering to learn how

Grades 6-8

oress

National Science Teachers Association

something works, and constructing and testing
models. Students can perform hands-on investi-
gations of objects and phenomena they see all

the time, asking questions such as these:

e What makes a windup toy get up and go?
e How does an earbud operate?

e Why does the line you're waiting in

always seem the slowest?

Each activity includes a clear explanation of the
science and history behind the object’s or phe-
nomenon's development, plus a materials list,
student data sheets, and safety suggestions.
The collection is useful for classroom teachers,
as well as engineers leading outreach activities,
leaders.of —after-school -and summer enrich-
ment programs, and parents. More Everyday
Engineering will have your students taking
a number of things apart while they develop a

lifelong interest in engineering.
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