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Radio Waves 
Radio waves are the broad range of electromagnetic waves with the longest wavelengths and lowest frequencies. Wavelengths of radio waves may be longer than a soccer field. With their low frequencies, radio waves have the least energy of electromagnetic waves, but they still are extremely useful. They are used for radio and television broadcasts, microwave ovens, cell phone transmissions, and radar. You can learn more about radio waves, including how they were discovered, at this URL: http://www.youtube.com/watch?v=al7sFP4C2TY (3:58). 

AM and FM Radio 

In radio broadcasts, sounds are encoded in radio waves that are sent out through the atmosphere from a 
radio tower. A receiver detects the radio waves and changes them back to sounds. You’ve probably 
listened to both AM and FM radio stations. How sounds are encoded in radio waves differs between AM 
and FM broadcasts. 
· AM stands for amplitude modulation. In AM broadcasts, sound signals are encoded by changing the 
amplitude of radio waves. AM broadcasts use longer–wavelength radio waves than FM broadcasts. 
Because of their longer wavelengths, AM radio waves reflect off a layer of the upper atmosphere called 
the ionosphere. This allows AM radio waves to reach radio receivers that are very far away from the 
radio tower. 

· FM stands for frequency modulation. In FM broadcasts, sound signals are encoded by changing the 
frequency of radio waves. Frequency modulation allows FM waves to encode more information than 
does amplitude modulation, so FM broadcasts usually sound clearer than AM broadcasts. However, 
because of their shorter wavelength, FM waves do not reflect off the ionosphere. Instead, they pass right 
through it and out into space.   As a result, FM waves cannot reach very distant receivers. 

Television 

Television broadcasts also use radio waves. Sounds are encoded with frequency modulation, and 
pictures are encoded with amplitude modulation. The encoded radio waves are broadcast from a TV 
tower. When the waves are received by television sets, they are decoded 
and changed back to sounds 
and pictures. 

Microwaves 

The shortest wavelength, highest frequency radio waves are called microwaves . Microwaves have 
more energy than other radio waves. That’s why they are useful for heating food in microwave ovens. 
Microwaves have other important uses as well, including cell phone transmissions and radar, which is 
a device for determining the presence and location of an object by measuring the time for the echo of a 
radio wave to return from it and the direction from which it returns.  You can learn more about 
microwaves and their uses in the video at this URL: http://www.youtube.com/watch?v=YgQQb1BVnu8 
(3:23). 
Light 
Mid-wavelength electromagnetic waves are commonly called light. This range of electromagnetic waves has shorter wavelengths and higher frequencies than radio waves, but not as short and high as X rays and gamma rays. Light includes visible light, infrared light, and ultraviolet light. 

Visible Light 

The only light that people can see is called visible light. It refers to a very narrow range of 
wavelengths in the electromagnetic spectrum that falls between infrared light and ultraviolet light. 
Within the visible range, we see light of different wavelengths as different colors of light, from red light, 
which has the longest wavelength, to violet light, which has the shortest wavelength. When all of the 
wavelengths are combined, as they are in sunlight, visible light appears white. You can learn more about 
visible light in the chapter "Visible Light" and at the URL below. http://www.youtube.com/watch
v=PMtC34pzKGc (4:50) 

Infrared Light 

Light with the longest wavelengths is called infrared light. The term infrared means "below red." 
Infrared light is the range of light waves that have longer wavelengths than red light in the visible 
spectrum. You can’t see infrared light waves, but you can feel them as heat on your skin. The sun 
gives off infrared light as do fires and living things. The picture of a cat that opened this chapter was 
made with a camera that detects infrared light waves and changes their energy to colored light in the 
visible range. Night vision goggles, which are used by law enforcement and the military, also detect 
infrared light waves. The goggles convert the invisible waves to visible images. For a deeper 
understanding of infrared light, watch the video at this URL:http://www.youtube.com/watch?v=2--
0q0XlQJ0 (6:46). 

Ultraviolet Light 

Light with wavelengths shorter than visible light is called ultraviolet light. The term 
ultraviolet 
means "above violet." Ultraviolet light is the range of light waves that have shorter wavelengths than 
violet light in the visible spectrum. Humans can’t see ultraviolet light, but it is very useful nonetheless. It 
has higher-frequency waves than visible light, so it has more energy. It can be used to kill bacteria in 
food and to sterilize laboratory equipment. The human skin also makes vitamin D 
when it is exposed to 
ultraviolet light. Vitamin D is needed for strong bones and teeth. You can learn more about ultraviolet 
light and its discovery at this URL: http://www.youtube.com/watch

 HYPERLINK "http://www.youtube.com/watch?v=QW5zeVy8aE0&feature=related"
v=QW5zeVy8aE0&feature=related 
(3:40). 

Too much exposure to ultraviolet light can cause sunburn and skin cancer. You can protect your skin 
from ultraviolet light by wearing clothing that covers your skin and by applying sunscreen to any 
exposed areas. The SPF, or sun-protection factor, of sunscreen gives a rough idea of how long it protects 
the skin from sunburn. A sunscreen with a higher SPF protects the skin longer. You should use sunscreen 
with an SPF of at least 15 even on cloudy days, because ultraviolet light can travel through clouds. 
Sunscreen should be applied liberally and often. You can learn more about the effects of ultraviolet light 
on the skin at this URL: http://www.youtube.com/watch?v=np-

 HYPERLINK "http://www.youtube.com/watch?v=np-BBJyl-go"
BBJyl-go (5:59). 

If your skin normally burns in 10 minutes of sun exposure, using sunscreen with an SPF 
of 30 means 
that, ideally, your skin will burn only after 30 times 10 minutes, or 300 minutes, of sun exposure. 
How long does sunscreen with an SPF of 50 protect skin from sunburn? 
X Rays and Gamma Rays 
The shortest-wavelength, highest-frequency electromagnetic waves are X rays and gamma rays. These rays have so much energy that they can pass through many materials. This makes them potentially very harmful, but it also makes them useful for certain purposes. 

X Rays 

X rays are high-energy electromagnetic waves. They have enough energy to pass through soft tissues 
such as skin but not enough to pass through bones and teeth, which are very dense. The bright areas on 
the X ray film in show where X rays were absorbed by the teeth. X rays are used not only for dental and 
medical purposes but 
also to screen luggage at airports. Too much X ray exposure may cause cancer. If 
you’ve had dental X rays, you may have noticed that a heavy apron was placed over your body to 
protect it from stray X rays. The apron is made of lead, which X rays cannot pass through. You can learn 
about the discovery of X rays as well as other uses of X rays at this URL: 
http://www.guardian.co.uk/science/blog/2010/oct/26/x-ray-
visions-disease-forgeries. 

Gamma Rays 

Gamma rays are the most energetic of all electromagnetic waves. They can pass through most 
materials, including bones and teeth. Nonetheless, even these waves are useful. For example, they can be 
used to treat cancer. A medical device sends gamma rays the site of the cancer, and the rays destroy the 
cancerous cells. If you want to learn more about gamma rays, watch the video at the URL below. 
http://www.youtube.com/watch?v=okyynBaSOtA (2:45) 

Resources:  Light Project, Hunting the Edge of Space videos, Star Spectra Lab, Superhero
