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Forms of Energy
Introduction to Energy:  Wave Energy:  Sound and Light
What is a wave?

1. A wave is the periodic motion that carries energy through matter and space.

2. Waves lack mass and volume.

3. Waves always spread away from the source of vibration.

4. Energy is carried along with the wave as the wave moves outward.

5. The energy carried by a water wave is what causes floating objects to move up and down, or bob, as the wave passes by.  

6. However, the wave will not carry the objects along with it.  Why?  Objects do not travel with a wave because the water does not move outward with the energy.

How do waves travel?

1. Many waves travel as vibrations through matter.  This matter is referred to as the medium.

a. The medium can be liquid, solid, or gas.
b. Example:  water is the medium for waves in ponds, lakes, or oceans; air is the medium for the sound waves you hear at a concert
2. Not all waves travel through a medium.  They are called electromagnetic waves.
a. Light waves travel from the sun to Earth through the emptiness of space.
i. A rainbow is formed by light waves from the sun
ii. Light waves are rapid vibrations of magnetic and electric fields
iii. Light is also called electromagnetic radiation or electromagnetic waves (EM waves).
b. Radio waves are another kind of EM wave that comes from the sun.

c. Other examples of EM waves:  microwaves, infrared waves, and ultraviolet waves.
What are the parts of a wave?

1. A crest is the highest point of a wave.

2. A trough is the lowest point of a wave.

What are transverse waves?
1. Crests and troughs of a wave form when the particles of the medium vibrate perpendicularly to the direction that the wave is traveling.  Perpendicular means “at right angles.”
2. Waves in which the particles move perpendicularly are called transverse waves.
3. Examples:  water waves and waves on a violin string
4. All electromagnetic waves are considered to be transverse waves.

5. The crests and troughs of a wave form when the particles of the medium vibrate perpendicularly to the direction that the wave is traveling.  Perpendicular means “at right angles.”

What are longitudinal waves?

1. Waves in which particles move back and forth are called longitudinal waves.

2. In a sound wave, air particles move back and forth in the same direction that the wave moves. 

3. Longitudinal waves consist of particles that are squeezed together and then spread apart.

a. Areas where particles are squeezed together are called compressions.

b. Areas where particles are spread apart are called rarefactions.

c. In sound waves, air particles are compressed and spread apart hundreds or thousands of times each second.

How are waves and particles related?

1. Even though many waves consist of vibrating particles, waves and particles have different properties.

2. Particles, such as atoms and molecules, are made of matter and have mass and volume.

3. Waves do not have mass or volume.

4. Waves, such as water waves, may look like they have mass and volume, but the particles of the medium through which the wave is traveling have mass and volume—not the wave itself.

5. Some areas of advanced science describe light as an EM wave, while other areas of advanced science describe light as consisting of particles called photons.

What are properties of waves?


A wave’s energy depends on the properties of the wave, such as its amplitude, wavelength, frequency, and speed.

1. Amplitude is the greatest distance that particles of a wave’s medium vibrate from their rest position.

a. Example: For a water wave, the amplitude is how high the wave rises above the surface of the water.  The amplitude is also how low the wave dips below the surface of the water.

b. A wave that has a large amplitude carries more energy than a wave that has a small amplitude carries.

c. The amplitude of sound waves is related to the loudness of the sound.

d. Loudness is often measured in units called decibels.

2. Wavelength is the distance from any point on a wave to an identical point on the next wave.

a. The graphic above shows how wavelength may be measured on a longitudinal wave and a transverse wave.

b. Wavelength can be measured from different points on a wave.  But, the wavelength of the wave is always the same.

c. A wave that has a shorter wavelength carries more energy than a wave that has a longer wavelength does.

d. Electromagnetic waves have a very wide range.

i. EM waves that have the longest wavelengths are radio waves.

ii. EM waves that have the shortest wavelengths are gamma rays.  More than 100 million gamma-ray waves can fit in 1 cm.

iii. Visible light waves have wavelengths between those of radio waves and gamma waves.

1. The different wavelengths of visible light are seen as different colors.  Red light has the longest wavelength, and violet light has the shortest wavelength.

2. The range of colors that humans can see is called the visible spectrum. (ROYGBV)

3. Frequency is the number of waves produced in a given amount of time.

a. Frequency is often expressed in hertz (Hz).

b. For waves, one hertz equals one wave per second (1 Hz = 1/s).

c. Frequency is related to the amount of energy carried by a wave.

d. High-frequency waves carry more energy than low-frequency waves do.

e. Lower frequencies are heard as low pitches, and higher frequencies too high for humans to hear,

f. Ultrasound means “beyond sound” or “beyond hearing.”

4. Wave speed is the speed waves travel.

a. The fastest speed of any wave is the speed of light:  300,000,000 m/s.

b. All EM waves travel at this speed through the vacuum of space.

c. The average speed of light is slightly slower in a medium, such as in air, water, or glass.

d. Sound waves traveling in air move at about 350 m/s.

e. The difference between the speed of light and the speed of sound causes you to hear thunder several seconds after you see light through the air.

f. Sound travels faster through liquids and solids than through air.









