Electromagnetic Waves and Light
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3. DotheMath Aslighttravels through a mediurn, it interacts with the particles
of the medium and slows down. Use the graph to determine the ratios of the.
speeds of light in different media to the speed of ight in a vacuum.

Speed of Light in Different Media

Diamond
Glass
Water

Vacuum

Speed (10° mv/s)

“The ratio of the speed of light through diamond to the speed of light through a
vacuumis 2:5 / :4 / 5:2. The ratio of the speed of light through glass to the
speed of light through a vacuum is 2: / 3:4 / :2. The ratio of the speed of light
through water to the speed of light through a vacuumis 2:3 / 3:4 / 4:3.
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The Atmosphere Blocks Some EM Radiation

The sun gives off some rac in every part of the EM spectrum. However, the atmosphere
blocks most of the higher-energy radiation, suich as x rays and gamma waves, so they don't reach
ground level. Radio waves, visible light, and some UV waves do reach the ground.

| mm

500 km

100 km

10km

sea level

5. Language SmArts Waves with longer wavelengths are absorbed more
slowly by media than waves with shorter wavelengths. What advantages do radio
telescopes on Earth have over visible light telescopes on Earth? Support your
claim with evidence, and explain your reasoning.
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7. Engineer It When designing devices, engineers need to understand what
makes some EM waves safe and others potentially dangerous. Engineers know that
the safety of EM waves has to do with their frequency and the energy they carry.
Ahigher/lower frequency means more energy. More energy means
more/less danger to human cells. Radio waves are safe / not safe for
humans. They are an example of high-frequency / low-frequency
radiation. Ultraviolet light, though, hasa higher / lower frequency, and itis
not at all / possibly dangerous to human cells.




image8.png
9. Where have you seen rainbows? How do those rainbows compare to the image
above? What do rainbows have to do with visible light?
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10. DotheMath Asyou just observed, you can change the frequency,
wavelength, and amplitude of a wave. As the wavelength changes, so does
the color/brightiness. Asthe wavelength increases, frequency
increases / decreases. This means that wavelength and frequency are
directly / inversely proportional. Changing either of these properties
changed / did not change theamplitude.
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ight Traveling Through a Prism

Direction of light wave — e—————)

11. Based on your observations of the prism, select the true statements.
A
. Humans see the different wavelengths of visible light as different colors.

When light travels through a prism, the light is separated by wavelength.

. The prism is being used to combine different colors of light
. The light bends when it enters the prism and again when it leaves the prism.
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Light Waves and the Perception of Color

Coloris everywhere in nature. The arrows in the image below model the wavelengths of
visible light. Compare how the incoming colors of ight behave when they encounter the
kitten's black fur,its white fur, the green grass, and the yellow dandelion.

What happens tolight when it hits an object? Some of the colors of light can reflect off
the object, while others can be absorbed by the object. Reflection is the bouncing of
light off a surface. Absorption is when light enters matter and does not leave it. Grass, for
example, reflects green light while absorbing other colors of light. When you look at the
grass, that green light enters your eyes, so the grass appears green.

12. Draw Inthe space below, draw a model to illustrate why an apple looks red and a

nearby banana looks yellow.
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ble Light and the Perception of Color

The campfire s bright, and
you can see the colors of the.
people’s clothing very well

Thisareais partiallyit, so the
grass may appear aduller green
than it actuallyi.

The structures in the human
eye thatallow usto see indim
light do not detect color; so this
dimly it area appears colorless
tothe human eye.

14. Ifvisible light includes a range of colors, what determines our perception of the
color of an object?
A. The colors the object reflects and absorbs
B. The size and shape of the object
€. Thelight that isavailable in the area
D. The texture of the object
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Brightness Versus Distance

Notice how light from a light source spreads as it moves farther from the source.

Ml b e B

16. Draw The graph shows how the brightness of car headlights changes as the light
moves farther from the source. On this graph, sketch curves to show the brightness

of candlelight and floodlights.

Brightness

Distance

17. Discuss Together with a partner, analyze the photos and the graphs. Develop an
explanation for why the relationship between brightness and distance is not linear.
Relate the brightness of the light to the eneray of the light waves.
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Answer the following questions to check your understanding of the lesson.
3. Which of the following are reasons that light appears dimmer at increasing
distances from alight source?
A. Lightwaves slow down as they travel through a medium.
B. The energy of alight wave s absorbed by the medium as the light
travels through a medium.
C. Lightwaves spread over more area as a wave travels away from the
light source.
D. The wavelength of a light wave increases as the wave travels away
from the light source.

AP RsRE R

4. Study the diagram. Which statements are true?
Chooseall that apply.
A. Light travels at the same speed in water, glass,
and diamond.
B. Lighttravels the fastest in a vacuum compared
to the other mediums.

C. Light can'ttravel through any mediums atall.

D. Light travels slower in mediums than it does ina
vacuum.

E. Lightcan travel with or without a medium.
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Use the photos to answer Question 5.

5. Observe the photos. The main difference
between the photos is the
ofthelight being
shown, which s related to the
ofthe light. The amplitude
ofthe brighter light is
the amplitude of the dimmer light.
Whatabout the energy of the lights? The energy
ofthe brighter light is
the amplitude of the dimmer light.

6. The color with the shortest wavelength is violet. Violet has the
frequencies. The various wavelengths of light
canbe to produce white light. Ultraviolet, or UV,
light has slightly wavelengths than violet light.
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Matter Can Transmit Light

Lookat the wrapped sandwiches. How do they differ? Why can't you see all three
sandwiches beneath the wrappers equally well? The reason is how light interacts with
matter. Different amounts of light pass through the different wrappers.

Lightand other electromagnetic waves travel from a source in all directions, and
they can travel through empty space or through matter. The passing of ight waves
through matter is called transmission. The medium through which light passes can
transmit all, some, or none of the light. As you can see in the photos, the clear plastic
wrap transmits al of the light, so we can clearly see the sandwich inside. When light
travels through the waxed paper, only some of the light s transmitted. That sandwich is
visible, but it looks fuzzy. The brown paper transmits none of the light, and the resultis
that we can't see the sandwich within tatall

These sandwiches are wrapped in clear plastic wrap, waxed paper, or brown paper.
How do the different wrappers affect what we see?
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Transmission and Absorption of Light

The clear plastic wrap around the first sandwich is an example of a transparent material.
Light transmits through transparent materials, and objects can be seen clearly through
them. Clean air and clean water are also transparent. Translucent materials transmit light
butthe light s scattered into many different directions. An object appears distorted or
fuzzy through a translucent material. Frosted glass, tissue paper, and the waxed paper
around the second sandwich are all examples of translucent materials.

Opaque materials do not letany light pass through them. Instead, they reflect
light, absorb light, or both. When light enters a material but does not leave it the light
isabsorbed. Absorption is the transfer of light energy to matter. Many materials,
including wood, brick, and the brown paper around the third sandwich, are opaque.

3. Fillin the blanks to make the statements true.

A. The sandwich wrapped in is easy to see
because the medium allows. ofthelightto pass
through.

B. The sandwich wrapped in is obscured because
the medium allows of the light to pass through.

€. The sandwich is completely blocked by the. 5
That means the medium allows ofthe light to

passthrough.
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Matter Can Reflect Light

You can see an object only when light from that object e T T ey
enters your eyes. Some objects, such as a flame, give path thatlight can take. Tha ray here changes
off, oremit, their own light. However, most objects do direction because it hita mirror.

notemit light. We can see those objects because light
from another source bounces offof them.

Asyou know, light waves travel from their source
inall directions. f you could trace the path of one light
wave, you would find that it travels in  straight line
untilit hits a surface. When a light wave hitsan object,
the light wave may change direction.

Mirrors

‘The bouncing of light off of a surface, such as a mirror, % /

is called reflection. A mirror has a very smooth surface

that reflects light. You might have used amirror to get

ready this morning. Because mirrors are very smooth, they reflect light in a uniform way
that results in an image when the reflected light enters your eyes. Light can reflect from
surface to surface before it enters your eyes. Light from a lamp, for example, might have
reflected offyour skin, then reflected off the mirror, and then entered your eyes. When
youlookat the mirror, you see yourself!
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what your eye sees

protective tube

three mirrors
small colorful objects

eyepiece

endcap /

transparent disc

5. Inakaleidoscope, light / matterentersthe transparent / opaque
part of the end cap. The end cap also houses the small colorful objects, which can
be transparent, translucent, or opaque. Light interacts with these objects and is
absorbed / reflected / refracted repeatedly by the mirrors. The result
isa colorful honeycomb effect, which you can see through the eyepiece as light
is absorbed by / is veflected off of /is refracted by the mirrors
toyour eye. Give the end cap a twist or shake, and the objects change position,
producing yet a different pattern. The number of designs is infinite!
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Matter Can Refract Light

Recall that light can travel through a vacuum o through a medium. When light of any
wavelength travels through a vacuum, it always travels at the same speed. However,
light travels slower in a medium. In fact, light of different wavelengths travel at different
speeds ina medium. Shorter wavelengths are slowed more than longer wavelengths.
‘Think about how a prism separates light into a spectrum. Ina prism, the speed of
shorter-wavelength violet light is less than the speed of longer-wavelength red light.

This colorful circle.
may looklike a
rainbow, butitis
actuallya halo,

Halos form when
sunlight s refracted
byice crystals in the
atmosphere. Blue
light's refracted more
thanred light, so the.
edge of the halo that
is farthest away from
the sunis blue.

7. Act With a small group, act out what can happen when light encounters a new
medium. Record your idea below.
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Because light travels at different speeds through different media, the light waves bend
when they hit the boundary between media at an angle. This bending, or change in
direction, of alight wave as it passes from one medium into another is called refraction.
The amount and direction of the refraction depends on several factors, including the
angle at which the light hits the boundary and the relative speed of ight in the two
media. Because different wavelengths of light travel at different speeds in a medium,
each wavelength refracts ata different angle when white light hits a boundary between
two media atan angle.

8. When light enters the medium of a glass prism from air, the light s lows dowin /
speeds up. The speed of each wavelength changes by a different amount. These
differences of speed cause different wavelengths of light to refract / reflect
by differentamounts when the light hits a surface at an angle, and that's why we see
separate colors of light. The greater the change in speed between two media, the
greater / lesser the refraction of a light wave. So light moving from air to glass
will refract more / |55 than light moving from water to glass.
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Optical lllusions Caused by Refraction

Your mind can play tricks on you because of refraction. The straw in the.
picture and the coin in the activity are two examples of optical ilusions
caused by refraction. When you look at an object that is underwater,
the light reflecting off the object does not travel in a straight line.
Because our brainsalways interpret light as traveling in a straight line,
the images that we perceive don't match reality. For example, the light
reflected by the upper part of the straw does, indeed, travel in the air in
a straight line to your eye. But the light from the lower part of the straw
is refracted as it passes from the water to the air. The refracted light
then travels in a straight line to your eye. Your brain interprets these
light rays as coming from different sources. This causes the illusion that
the part of the straw in the water is disconnected from the part out of
the water.

1

g - —5

Refraction explains why the straw
appears broken.
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Refraction and Medi

How mucha light wave refractsat the boundary between two media depends on the
media, the angle at which the light hits the boundary, and the wavelength.

ray 1
N /’
1]
’ﬁV water
N -
air air

glass

‘The top ray hits the initial boundary, and all other boundaries, ata 90° angle, it does not refract. The
bottom ray is refracted at a ifferent angle at each boundary.

9. DotheMath The ratio of the speed of light in air to the speed of light in glass

isabout 1.5. The ratio of the speed of light in water to the speed of light in glass s
about 1.14. Do you expect the light to refract more when moving from air to glass
orwater to glass? Explain
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10. Think about a young bird learning to catch fish.
Why might refraction make it difficult for the
bird to be successful?

Birds, such as seaqulls, fly above the water and swoop down
tograb fish with their beaks.

Prisms

The shape, material, and size of a prism affect how separated light waves passing through
the prism will be. Look at the diagram to see how a prism can also be used to recombine
separated light waves.

Using Prisms to Separate and Combine Light Waves
A B second prism ©
white light
white light
B first prism c A

11. Notice how the light waves separate and diverge when they hit the first surface of
the first prism. How does the shape and size of the prism affect how separated the

light waves are when they exit the prism?
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Matter Can Filter Light Light Color Affects Our Perception of O

Afiiterisamediym that transmits certain Explore how filtered light that strikes an object
wavelengths but absorbs others. For example, ared et the prceivect color of the object

filter would transmit the wavelengths corresponding
to the red color but block other visible light
wavelengths. Look at the strawberry and the broccoli
floret in the top image. In white light, the strawberry
appears mostly red and the broccoli appears mostly
green. Ifyou put a red filter over the light source,

the strawberry would still appear mostly red, but

the broccoli would appear mostly black. Thisis
because you filtered out all colors except red. The.
broccoli normally reflects the green wavelengths
andabsorbs the red. There is no green to reflect, so
the broccoli appears black, as shown in the second
image. If you replace the red flter with a green filter,
your perception will change again. The strawberry
now appears mostly black while the broccoli appears
mostly green, as shown in the third image.

The Primary Colors of Light

You might think that you must combineall of the
colors of light to get white light, but that is not the
only way. You canalso get light that appears white
byadding together just three colors of ight—red,
blue, and green. Red, blue, and green are referred
toas the primary colors of ight. Because a primary
color filter will absorb the other two primary colors,
two different primary color filters in sequence will
absorball light. However, these three colors of light
can be combined in different ratios to produce many
different colors.

13. Draw Inwhite light, an orange appears
orange because it reflects both red and green
wavelengths. Would itstill appear orange if
you observed it through a blue filter? Create:
adiagram to show the effect of a blue filter on
your perception of the color of an orange.
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Color Addition

When colors of light combine, you see different
colors. Combining colors of light s called

color addition. When two primary colors of light are
added together, you see a secondary color of ight.
The secondary colors of light are cyan, magenta, and
yellow. The diagram shows how the primary colors
combine to form the secondary colors and white.
The colors on most television, smartphone, and
monitor screens are produced using color addition.
The illuminated screen is made up of groups of

tiny red, green, and blue dots. Different colors are
produced by activating different ratios of each of the
primary color dotsin a particular area.

15. What color of light is produced when red light is
added to green light?
A. white
B. cyan
C. yellow
D. blue

Primary colors of light combine to produce white light
Secondary colors of light are the result of two primary
colors added together.
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Use the photo to answer Questions 3 and 4.
3. What behavior of light is being shown by the
sphere?
A. refraction
B. absorption
C. transmission
D. reflection

4. Llighttravelsina ‘»}VM\J;L\‘ line / curved
line. The image on the sphere appears
curved. Why? The sphereisa lens / wiirror, soaslight hitsits curved surface,
light bounces off of / bends around itatdifferent angles, causing the
image to appear distorted.

Use the photo to answer Question 5.

5. Becauseof absorption / refraction / reflection, the veinsof the
leafare magnified where the droplets of water are. Light, which travelsata certain
speedinair, travels through the water droplets ata different speed. Light
bends / bounces asitmoves from one medium to another.
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6. Itcan beachallenge to find a golf ballin the rough. Some golfers use a blue filter
to help see where their ball is in the tall grass. The white golf ball will appear
white / black / blue when viewed through the blue fiter. Green grass around
the ball will appear mostly white / black / blue / red when viewed through
the blue filter. This makes it easier to see the golf ball.
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CAN YOU EXPLAIN IT?

What characteristics of light allow for the colorful display of a sunrise or sunset?

it from the sun illuminates Earth.

1. How did that sunlight reach us all the way here on Earth? Light from the sun
travels through space to Earth as transverse waves. These light waves do not
need a medium in which to travel. Think about the path that light from the sun
takes to shine through your window. What does it travel through?
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Alight bulb, aburning log, a candle—these are all sources of light. - isatype of
energy that travels as waves. Even living things—such as fireflies and some fish that live
in the ocean—produce light. The most important source of light for life on Earth is the
sun. Light is different from other kinds of waves. Other kinds of waves, like sound waves
and water waves, must travel through matter. Light does not require matter through
which to travel. Light is an electromagnetic wave.

Mechanical Wave

Explore

ONLINE!

Observe the two waves.
Both are examples
oftransverse waves.
Remember that awave
isadisturbance that
transfers energy from
one place to another.

magnetic field electric field

2. Discuss Together witha partner, compare the two waves. What patterns do you
observe? How are the two waves similar? How are they different?
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Radio waves have frequenciesless  Microwaves have frequencies of Millimeter waves have frequencies of
thanabout 3 x 10'" Hz. about 1.6 10°-3x 10" Hz. about 3 x 101017 Hz.

LY |

Ultraviolet waves have frequencies of
about 10"*-10" Hz.

Infrared waves have frequencies of Visible light waves have frequencies
about 10%-10" Hz. ofabout 4x10'4-8x 10" Hz.

Xrays have frequencies of about Gamma rays have frequencies of Cosmic rays have frequencies greater
10"-107Hz, about 10™-107' Hz. than 107 Hz





