
Wiesen Physical Science 
21.1: Electromagnetic Waves 
 
Introduction 
 
Both infrared light and visible light are examples of electromagnetic radiation. Electromagnetic radiation is the transfer 
of energy by waves traveling through matter or across empty space. The waves that transfer this energy are called 
electromagnetic waves. In this lesson, you’ll learn how electromagnetic waves differ from mechanical waves such as 
ocean waves and sound waves.  
 
What Are Electromagnetic Waves? 
An electromagnetic wave is a wave that consists of vibrating electric and magnetic fields. A familiar example will help 
you understand the fields that make up an electromagnetic wave. Think about a common bar magnet. It exerts magnetic 
force in an area surrounding it, called the magnetic field. You can see the magnetic field of a bar magnet in Figure below. 
Because of this force field, a magnet can exert force on objects without touching them. They just have to be in its 
magnetic field. An electric field is similar to a magnetic field (see Figure below). An electric field is an area of electrical 
force surrounding a charged particle. Like a magnetic field, an electric field can exert force on objects over a distance 
without actually touching them. 

 
 
Magnetic and electric fields are invisible areas of force surrounding magnets and charged 
particles. The field lines in the diagrams represent the direction and location of the force. 

 
 
 
 
 

How Electromagnetic Waves Begin 
An electromagnetic wave begins when an electrically charged 
particle vibrates. This is illustrated in Figure below. When a charged 
particle vibrates, it causes the electric field surrounding it to vibrate 
as well. A vibrating electric field, in turn, creates a vibrating 
magnetic field (you can learn how this happens in the chapter 
"Electromagnetism"). The two types of vibrating fields combine to 
create an electromagnetic wave. 
 

An electromagnetic wave starts with a vibrating charged particle. 

 
How Electromagnetic Waves Travel 
As you can see in Figure above, the electric and magnetic fields that make up an electromagnetic wave occur are at right 
angles to each other. Both fields are also at right angles to the direction that the wave travels. Therefore, an 
electromagnetic wave is a transverse wave. 
 
No Medium Required 
Unlike a mechanical transverse wave, which requires a medium, an electromagnetic transverse wave can travel through 
space without a medium. Waves traveling through a medium lose some energy to the medium. However, when an 
electromagnetic wave travels through space, no energy is lost, so the wave doesn’t get weaker as it travels. However, 
the energy is "diluted" as it spreads out over an ever-larger area as it travels away from the source. This is similar to the 
way a sound wave spreads out and becomes less intense farther from the sound source. 
 
Wave Interactions 
Electromagnetic waves can travel through matter as well as across space. When they strike matter, they interact with it 
in the same ways that mechanical waves interact with matter. They may reflect (bounce back), refract (bend when 
traveling through different materials), or diffract (bend around objects). They may also be converted to other forms of 



energy. Microwaves are a familiar example. They are a type of electromagnetic wave that you can read about later on in 
this chapter, in the lesson "The Electromagnetic Spectrum." When microwaves strike food in a microwave oven, they are 
converted to thermal energy, which heats the food. 
 
Wave or Particle? 
Electromagnetic radiation behaves like waves of energy most of the time, but sometimes it behaves like particles. As 
evidence accumulated for this dual nature of electromagnetic radiation, the famous physicist Albert Einstein developed 
a new theory about electromagnetic radiation, called the wave-particle theory. This theory explains how 
electromagnetic radiation can behave as both a wave and a particle. In brief, when an electron returns to a lower energy 
level, it is thought to give off a tiny "packet" of energy called a photon (see Figure below). The amount of energy in a 
photon may vary. It depends on the frequency of electromagnetic radiation. The higher the frequency is, the more 
energy a photon has. 

 
A photon of light energy is given off when an electron returns to a lower energy level. 

 
Sources of Electromagnetic Radiation 
The most important source of electromagnetic radiation on Earth is the sun. 
Electromagnetic waves travel from the sun to Earth across space and provide 
virtually all the energy that supports life on our planet. Many other sources of 
electromagnetic waves that people use depend on technology. Radio waves, 
microwaves, and X rays are examples. We use these electromagnetic waves for 
communications, cooking, medicine, and many other purposes. You’ll learn about 

all these types of electromagnetic waves in this chapter’s lesson on "The Electromagnetic Spectrum." 
 
21.2: Properties of Electromagnetic Waves 
 
Introduction 
Some electromagnetic waves are harmless. The light we use to see is a good example. Other electromagnetic waves are 
very harmful. They can penetrate virtually anything and destroy living cells. Why do electromagnetic waves vary in these 
ways? It depends on their properties. Like other waves, electromagnetic waves have properties of speed, wavelength, 
and frequency. 
 
Speed of Electromagnetic Waves 
All electromagnetic waves travel at the same speed through empty space. That speed, called the speed of light, is 300 
million meters per second (3.0 × 108 m/s). Nothing else in the universe is known to travel this fast. If you could move 
that fast, you would be able to travel around Earth 7.5 times in just 1 second! The sun is about 150 million kilometers 
(93 million miles) from Earth, but it takes electromagnetic radiation only 8 minutes to reach Earth from the sun. 
Electromagnetic waves travel more slowly through a medium, and their speed may vary from one medium to another. 
For example, light travels more slowly through water than it does through air (see Figure below).  

 
 
 
Light slows down when it enters water from the air. This causes the wave to refract, or bend.  

 
 
 
 

Wavelength and Frequency of Electromagnetic Waves 
Although all electromagnetic waves travel at the same speed, they may differ in their wavelength and frequency. 
 
 
Defining Wavelength and Frequency 
Wavelength and frequency are defined in the same way for electromagnetic waves as they are for mechanical waves. 
Both properties are illustrated in Figure below. 



 

• Wavelength is the distance between corresponding points of adjacent waves. Wavelengths of electromagnetic 
waves range from many kilometers to a tiny fraction of a millimeter. 

• Frequency is the number of waves that pass a fixed point in a given amount of time. Frequencies of 
electromagnetic waves range from thousands to trillions of waves per second. Higher frequency waves have 
greater energy. 

 
Wavelength and frequency of electromagnetic waves. 

 
Speed, Wavelength, and Frequency 
The speed of a wave is a product of its wavelength and frequency. Because all electromagnetic waves travel at the same 
speed through space, a wave with a shorter wavelength must have a higher frequency, and vice versa. This relationship 
is represented by the equation: 
 
 
The equation for wave speed can be rewritten as: 

 
 
21.3: Electromagnetic Spectrum 
 
Introduction 
Imagine playing beach volleyball, like the young men in Figure below. They may not realize it, but they are being 
bombarded by electromagnetic radiation as play in the sunlight. The 
only kinds of radiation they can detect are visible light, which allows 
them to see, and infrared light, which they feel as warmth on their skin. 
What other kinds of electromagnetic radiation are they being exposed 
to in sunlight? In this lesson, you’ll find out. 
 
 
Electromagnetic radiation from the sun reaches Earth across space. It strikes everything on 
Earth’s surface, including these volleyball players. 

 
 
What Is The Electromagnetic Spectrum? 
Electromagnetic radiation occurs in waves of different wavelengths and frequencies. Infrared light and visible light make 
up just a small part of the full range of electromagnetic radiation, which is called the electromagnetic spectrum. The 
electromagnetic spectrum is summarized in the diagram in Figure below. 
 

• On the far left of the diagram are radio waves, which include microwaves. They have the longest wavelengths 
and lowest frequencies of all electromagnetic waves. They also have the least amount of energy. 

• On the far right are X rays and gamma rays. The have the shortest wavelengths and highest frequencies of all 
electromagnetic waves. They also have the greatest amount of energy. 

• Between these two extremes, wavelength, frequency, and energy change continuously from one side of the 
spectrum to the other. Waves in this middle section of the electromagnetic spectrum are commonly called light. 
 



As you will read below, the properties of electromagnetic waves influence how the different waves behave and how 
they can be used. 

How do the wavelength and frequency of waves change across the electromagnetic spectrum? 

 
Radio Waves 
Radio waves are the broad range of electromagnetic waves with the longest wavelengths and lowest frequencies. In 
Figure above, you can see that the wavelength 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.  
 
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. You can see 
how this happens in Figure below. 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 
(see Figure below). As a result, FM waves cannot reach 
very distant receivers. 

 
AM radio waves reflect off the ionosphere and travel back to Earth. Radio waves 
used for FM radio and television pass through the ionosphere and do not reflect 
back. 

 
 
 
 
 
 



 
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 like the one in Figure 
below. When the waves are received by television sets, 
they are decoded and changed back to sounds and 
pictures. 
 
 
 
This television tower broadcasts signals using radio waves. 

 
Microwaves 
The shortest wavelength, highest frequency radio waves are called microwaves (see Figure above). 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. These uses are described in Figure below.  
 
 

Microwaves are used for cell phones and radar. 
 

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. If you look back at Figure above, you can see where these 
different types of light waves fall in the electromagnetic spectrum. 
 
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. You can see the spectrum of colors of visible light in Figure below. When all of the 
wavelengths are combined, as they are in sunlight, visible light appears white.  

 
Red light (right) has the longest wavelength, and violet light (left) has the shortest wavelength. 

 



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.  
 
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 (see Figure below). The 
human skin also makes vitamin D when it is exposed to ultraviolet light. Vitamin D is needed for strong bones and teeth.  

 
This sterilizer for laboratory equipment uses ultraviolet light to kill bacteria.  

 
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 (see Figure 
below). 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.  
 

 
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 Figure 
below 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 (see Figure below). 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. 



Dangers of X-Rays 
Because X-rays are so energetic, they can penetrate many substances, including living cells. Therefore, too much X-ray 
exposure can be dangerous. It may damage cells and 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. Protective aprons like this are made of 
lead, which X-rays can’t pass through. 
 
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. 
 
Dangers and Uses of Gamma Rays 
The extremely high energy of gamma rays allows them to penetrate just about anything. They can even pass through 
bones and teeth. This makes gamma rays very dangerous. They can destroy living cells, produce gene mutations, and 
cause cancer. Ironically, the deadly effects of gamma rays can be used to treat cancer. In this type of treatment, a 
medical device sends out focused gamma rays that target cancerous cells. The gamma rays kill the cells and destroy the 
cancer. 
 
Energy and the Dangers of Waves 
 
The amount of energy a wave carries 
determines how dangerous it is.  The picture 
shows how energy, wavelength, and 
frequency increase across the spectrum.  
Radio waves have the lowest energy and 
Gamma rays have the highest energy.  
Because of this, Radio waves are pretty 
harmless, whereas Gamma rays are 
dangerous. 
 
When completing your project there is a part 
where you explain any dangers.  Not all waves 
are dangerous so for those use this 
information about energy to explain why they 
aren’t dangerous.  If they are dangerous, 
explain what the dangers are. 
 

 

 
I am intentionally leaving the last page blank for those of you doing a 
pamphlet, that way you will already have a sheet of paper to use.  
You may fold the paper like this or your own way.  You may also use 
more than 1 sheet of paper.  This type of fold will give you 6 sides to 
work with.  You could put your introduction information on the front 
side and split the 7 waves between the other 5 folds.   
 
I suggest creating a layout on a separate sheet of paper before 
completing your final paper. 
 
 

 
 
 



Outline & Checklist for EM Spectrum Project 
Create a catalog or slides presentation to sell each of the following waves.  To sell any product you must show people 
why they want it.  To do that you must explain how useful it is, but also, explain any dangers so the consumer can make 
an informed decision.  Lastly, it’s difficult to sell a product without a visual so include pictures.  Use the checklist to make 
sure you are including all required information. (45 Points total ) 

• If you are creating a Slides Presentation: Make 1 slide per section and include all information and pictures on 
that slide. 

• If you are creating a Pamphlet: Follow the directions on the previous page for folding.  Write the required 
information on the pages.  Include a drawing or a cut out for your pictures.  Don’t worry if you’re not great at 
drawing (neither am I). 

 
______ Introduction (3 points):  An introduction into waves. 
 ______What are electromagnetic waves? 
 ______The speed of electromagnetic waves 

______Define Wavelength and Frequency (include pictures of these so they can be visualized) 
  
______ Radio waves:  6 Points Total (2 per required part) 

______Description of how this type of wave is used by humans. 
______Possible dangers of this wave (if any). 
______Pictures related to this wave (use pictures related to the uses or dangers of the wave) 

 
______ Microwaves: 6 Points Total (2 per required part) 

______Description of how this type of wave is used by humans. 
______Possible dangers of this wave (if any) 
______Pictures related to this wave (use pictures related to the uses or dangers of the wave) 

 
______ Infrared rays: 6 Points Total (2 per required part) 

______Description of how this type of wave is used by humans. 
______Possible dangers of this wave (if any) 
______Pictures related to this wave (use pictures related to the uses or dangers of the wave) 

 
______ Visible light: 6 Points Total (2 per required part) 

______Description of how this type of wave is used by humans. 
______Possible dangers of this wave (if any) 
______Pictures related to this wave (use pictures related to the uses or dangers of the wave) 

 
______ Ultraviolet rays: 6 Points Total (2 per required part) 

______Description of how this type of wave is used by humans. 
______Possible dangers of this wave (if any) 
______Pictures related to this wave (use pictures related to the uses or dangers of the wave) 

 
______ X-rays: 6 Points Total (2 per required part) 

______Description of how this type of wave is used by humans. 
______Possible dangers of this wave (if any) 
______Pictures related to this wave (use pictures related to the uses or dangers of the wave) 

 
______ Gamma rays: 6 Points Total (2 per required part) 

______Description of how this type of wave is used by humans. 
______Possible dangers of this wave (if any) 
______Pictures related to this wave (use pictures related to the uses or dangers of the wave) 

 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


