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From: Lawrence Berkeley Lab website
Introduction:

As shown in the electromagnetic spectrum above, the types of electromagnetic radiation can be described by their frequency, wavelength or energy.

A wave is a traveling disturbance that carries energy from one place to another.  Energy is the ability to do work or cause a change. Waves can be measured using wavelength and frequency.  The highest points of waves are called crests.  The lowest points of waves are called troughs.  The distance from one crest to the next is called a wavelength (λ).  

The number of complete wavelengths in a given unit of time is called frequency (f).  As a wavelength increases in size, its frequency and energy (E) decrease.  
f = c / λ     and     λ = c / f     and    E = h•f  (or E = h•c/ λ)

(where h = Planck’s constant = 6.626068 × 10-34 m2 kg / s and c = the speed of light 3.0 x 108 m/s) 
From these equations you may realize that as the frequency increases, the wavelength gets shorter.  As the frequency decreases, the wavelength gets longer.  

There are two basic types of waves: mechanical and electromagnetic.  Mechanical waves (sound, ocean, seismic, or earthquake) must travel through a medium: a solid, liquid, or gas. Electromagnetic waves can travel through a medium or a vacuum.  Mechanical and electromagnetic waves with long wavelengths contain less energy than waves with short wavelengths.
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Frequency, Energy and Wavelength Activity:
Purpose: 

To illustrate that short wavelength, high frequency waves carry more energy than long wavelength, low frequency waves.
Perform the rope demonstration below before giving students their own ropes to investigate frequency, energy and wavelength.

Demonstration:

Select two students to demonstrate this activity.

1. Give each student one end of the rope and have them hold it taut as shown in the diagram below.
[image: image3.jpg]




[image: image4.jpg]



2. One student should hold the rope still, while the other student shakes their end of the rope up and down at a moderate but steady rate to create a wave pattern.
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3. The class should observe the movement of the rope.  Point out wave crests.  Ask the students to estimate the wavelength and frequency of waves reaching the other student.  (Recall:  the wavelength is the distance from wave crest to wave crest, while the frequency is the number of waves reaching the far end of the rope each second).
4.    Ask the class to describe their observations. What causes the wave to travel down the rope?

5. Tell the student who is shaking the rope to shake the rope faster.  Then tell the student to shake the rope slower.  Again, point out the wave crests to the class.  Have them estimate the wavelength and the frequency.  What happens to the wavelength of rope waves when the rope was shaken faster?
6.    Write the following terms on the board:

· Wavelength

· Frequency

· Energy


Ask the class to describe how each term relates to the demonstration. 
8.    Ask the student who shook the rope if it took more energy to produce long wavelength waves (low frequency) or short wavelength waves (high frequency).

Student Activity:

Divide the class into student pairs.  Give each pair a 2-meter piece of rope.  Let the students conduct experiments by shaking the rope at different speeds to note how the movement affects the frequency and wavelength.

How does increasing energy affect the frequency and wavelength of the rope waves?  

Materials: 

2-meter rope for each group of two.
Procedure:

1.
The student and partner each take one end of the rope.
2.
Hold the rope taut as shown.
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3.
One student should move the rope up and down to create a wave pattern along the rope as shown below.
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4.
Move the rope up and down the same distance for 30 seconds. Now double the distance and note the changes in the appearance of the rope.  After 30 seconds, increase the distance again and note a pattern of change.

Have students write a summary paragraph with a response to the following question:

1.
How does increasing energy affect the frequency and wavelength of the rope waves?
Use the information in the Electromagnetic Spectrum Table to compare and contrast the spectrum of waves and the amount of energy associated with each type of radiation.

Electromagnetic Spectrum 
	Waves
	Frequency
	Wavelength
	Uses

	Radio waves


	Lowest

Frequency (s-1)
	Longest 

Wavelength (nm)
	Radio, television, medicine (MRI), astronomy (radio telescopes)

	Microwaves


	
	
	Cooking, communications

(cellular phones, radar)

	Infrared Rays


	
	
	Heat detection cameras for night vision pictures, security systems, military operations, heating materials

	Visible Light


	
	
	Essential for photosynthesis

Visible light is the only part of the spectrum that can be seen with the unaided eye.

	Ultraviolet Rays
	
	
	Used to kill germs in hospitals

Used in food processing to destroy bacteria

High exposure can be harmful to plants and animals.

	X-rays

	
	
	Medical diagnosis

Lifetime exposure can cause defects in cells.

	Gamma Rays

	Highest

Frequency
	Shortest

Wavelength
	Medical diagnosis

Radioactive material may cause severe damage to living things.


Which type of wave has the least amount of energy?  Explain.
Which type of wave has the most amount of energy? Explain.
Connection of this activity to the Electromagnetic Spectrum:

Light travels in waves. You can investigate how it moves with a rope.  If a rope is held taut between two people and if one person gives it a quick up and down flick, you should see a wave pass along the rope.  What happened when you moved the rope faster?  Could you find a relationship between the frequency of the waves (the number of waves in a given time interval) and their wavelength (the distance between corresponding parts of one wave and the next)?
You should have found that the as the frequency increases, the wavelength decreases. 
The same relationship exists with different coloured light waves.  You should notice the same connection between the frequency and the wavelength.  Check the data below to confirm this relationship.
	Light colour
	Frequency
(in Hertz)
	Wavelength
(in nanometres, 1nm = 10-9m)

	Violet
	7.69 x 1014
	390

	Blue
	6.12 x 1014
	490

	Green
	5.17 x 1014
	580

	Yellow
	4.84 x 1014
	620

	Orange
	4.17 x 1014
	720

	Red
	3.90 x 1014
	770


You should notice that by looking at the data for the different colored light waves that a high frequency corresponds to a shorter wavelength and vice-versa.

Light is the visible part of the electromagnetic spectrum. The table below gives data on the wavelength and frequency of other parts of the electromagnetic spectrum.  Use this data to check that the frequencies and wavelengths obey the same rule that visible light does.

	Type of radiation
	Frequency
(in Hertz)
	Wavelength
(in cm)

	Radio
	< 3 x 109
	> 10

	Microwave
	3 x 109 - 3 x 1012
	10 - 0.01

	Infrared
	3 x 1012 - 4.3 x 1014
	0.01 - 7 x 10-5

	Visible
	4.3 x 1014 - 7.5 x 1014
	7 x 10-5 - 4 x 10-5

	Ultraviolet
	7.5 x 1014 - 3 x 1017
	4 x 10-5 - 10-7

	X-rays
	3 x 1017 - 3 x 1019
	10-7 - 10-9

	Gamma rays
	> 3 x 1019
	< 10-9


Again, you should notice that a high frequency corresponds to a shorter wavelength and vice-versa.
Summary:

This activity provides a graphic demonstration of the relationship between energy and wavelength.  High-frequency waves (short wavelength waves) represent more energy than low-frequency (long wavelength waves).















Internet Resources:





Tutorial on waves:


� HYPERLINK http://www.glenbrook.K12.il.us/gbssci/phys/class/waves/wavestoc.html ��http://www.glenbrook.K12.il.us/gbssci/phys/class/waves/wavestoc.html�


Background information on waves:


� HYPERLINK http://id.mind.net/~zona/mstm/physics/waves/waves.html ��http://id.mind.net/~zona/mstm/physics/waves/waves.html�


























The Electromagnetic Spectrum:


Frequency, Energy and Wavelength
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