Waves Lesson 1
Waves are everywhere. 

· Sound waves, 

· visible light waves, 

· radio waves, 

· microwaves, 

· water waves, 

· sine waves, 

· cosine waves, 

· stadium waves, 

· earthquake waves, 

· waves on a string, 

· and slinky waves and are just a few of the examples of our daily encounters with waves. 
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For many people, the first thought concerning waves conjures up a picture of a wave moving across the surface of water.

The water wave has a crest and a trough and travels from one location to another. 

One crest is often followed by a second crest which is often followed by a third crest. Every crest is separated by a trough to create an alternating pattern of crests and troughs. 

A duck or gull at rest on the surface of the water is observed to bob up-and-down at rather regular time intervals as the wave passes by. 

The waves may appear to be plane waves which travel together as a front in a straight-line direction, perhaps towards a sandy shore. 

Or the waves may be circular waves which originate from the point where the disturbances occur; such circular waves travel across the surface of the water in all directions. 

What is a Wave?
What makes a wave a wave? What characteristics, properties, or behaviors are shared by all waves?

 A wave can be described as a disturbance that travels through a medium from one location to another location. 

EXAMPLE:  When the slinky is stretched from end to end and is held at rest, it assumes a natural position known as the equilibrium or rest position. 

The act of moving the first coil of the slinky in a given direction and then returning it to its equilibrium position creates a disturbance in the slinky. 

We can then observe this disturbance moving through the slinky from one end to the other. 

The repeating and periodic disturbance which moves through a medium from one location to another is referred to as a wave.

 

What is a Medium?
But what is meant by the word medium? A medium is a substance or material which carries the wave from its source to other locations. 

In the case of our slinky wave, the medium through which the wave travels is the slinky coils. 

In the case of a water wave in the ocean, the medium through which the wave travels is the ocean water. 

In the case of a sound wave moving from the church choir to the pews, the medium through which the sound wave travels is the air in the room. 

And in the case of the stadium wave, the medium through which the stadium wave travels is the fans who are in the stadium.

 Particle-to-Particle Interaction
The interactions of one particle of the medium with the next adjacent particle allows the disturbance to travel through the medium. 

EXAMPLE- Wave in a slinky. The first coil becomes disturbed and begins to push or pull on the second coil; this push or pull on the second coil will displace the second coil from its equilibrium position. As the second coil becomes displaced, it begins to push or pull on the third coil; the push or pull on the third coil displaces it from its equilibrium position. 

This process continues in consecutive fashion, with each individual particle acting to displace the adjacent particle. Subsequently, the disturbance travels through the medium. 

 ANIMATION - Longitudinal Wave @http://www.physicsclassroom.com/mmedia/

A Wave Transports Energy and Not Matter
When a wave is present in a medium, the individual particles of the medium are only temporarily displaced from their rest position. 

There is always a force acting upon the particles which restores them to their original position. 

Waves are said to be an energy transport phenomenon. As a disturbance moves through a medium from one particle to its adjacent particle, energy is being transported from one end of the medium to the other. 

In a slinky wave, a person imparts energy to the first coil by doing work upon it. The first coil receives a large amount of energy which it subsequently transfers to the second coil. When the first coil returns to its original position, it possesses the same amount of energy as it had before it was displaced. The first coil transferred its energy to the second coil. The second coil then has a large amount of energy which it subsequently transfers to the third coil. 

In this manner, energy is transported from one end of the slinky to the other, from its source to another location.

Waves are seen to move through an ocean or lake; yet the water always returns to its rest position. Energy is transported through the medium, yet the water molecules are not transported. 

Proof of this is the fact that:

There is still water in the middle of the ocean. 

If we were to observe a gull or duck at rest on the water, it would merely bob up-and-down in a somewhat circular fashion as the disturbance moves through the water. The gull or duck always returns to its original position. The gull or duck is not transported to the shore because the water on which it rests is not transported to the shore.

In conclusion, a wave can be described as a disturbance which travels through a medium, transporting energy from one location (its source) to another location without transporting matter. Each individual particle of the medium is temporarily displaced and then returns to its original equilibrium positioned.

 

Categories of Waves

Waves come in many shapes and forms.  

Longitudinal versus Transverse Waves versus Surface Waves
One way to categorize waves is on the basis of the direction of movement of the individual particles of the medium relative to the direction which the waves travel. 

A transverse wave is a wave in which particles of the medium move in a direction perpendicular to the direction which the wave moves. 

EXAMPLE: A slinky is stretched out in a horizontal direction across the classroom and that a pulse is introduced into the slinky on the left end by vibrating the first coil up and down. As the energy is transported from left to right, the individual coils of the medium will be displaced upwards and downwards. 

In this case, the particles of the medium move perpendicular to the direction which the pulse moves. 

This type of wave is a transverse wave. Transverse waves are always characterized by particle motion being perpendicular to wave motion.


A longitudinal wave is a wave in which particles of the medium move in a direction parallel to the direction which the wave moves. 

EXAMPLE:  A slinky is stretched out in a horizontal direction across the classroom and that a pulse is introduced into the slinky on the left end by vibrating the first coil left and right. As the energy is transported from left to right, the individual coils of the medium will be displaced leftwards and rightwards. 

In this case, the particles of the medium move parallel to the direction which the pulse moves. 

This type of wave is a longitudinal wave. Longitudinal waves are always characterized by particle motion being parallel to wave motion.
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EXAMPLE:  SOUND WAVE- As a sound wave moves from the lips of a speaker to the ear of a listener, particles of air vibrate back and forth in the same direction and the opposite direction of energy transport. Each individual particle pushes on its neighboring particle so as to push it forward. The collision of particle #1 with its neighbor serves to restore particle #1 to its original position and displace particle #2 in a forwards direction. 

This back and forth motion of particles in the direction of energy transport creates regions within the medium where the particles are pressed together and other regions where the particles are spread apart. 

Longitudinal waves can always be quickly identified by the presence of such regions. This process continues along the chain of particles until the sound wave reaches the ear of the listener. 
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Waves traveling through a solid medium can be either transverse waves or longitudinal waves. 

Yet waves traveling through the bulk of a fluid (such as a liquid or a gas) are always longitudinal waves. Transverse waves require a relatively rigid medium in order to transmit their energy. 

As one particle begins to move it must be able to exert a pull on its nearest neighbor. If the medium is not rigid as is the case with fluids, the particles will slide past each other. This sliding action which is characteristic of liquids and gases prevents one particle from displacing its neighbor in a direction perpendicular to the energy transport. 

It is for this reason that only longitudinal waves are observed moving through the bulk of liquids such as our oceans. Earthquakes are capable of producing both transverse and longitudinal waves which travel through the solid structures of the Earth. 

When seismologists began to study earthquake waves they noticed that only longitudinal waves were capable of traveling through the core of the Earth. For this reason, geologists believe that the Earth's core consists of a liquid - most likely molten iron.

While waves which travel within the depths of the ocean are longitudinal waves, the waves which travel along the surface of the oceans are referred to as surface waves. A surface wave is a wave in which particles of the medium undergo a circular motion. Surface waves are neither longitudinal nor transverse

In a surface wave, it is only the particles at the surface of the medium which undergo the circular motion. The motion of particles tend to decrease as one proceeds further from the surface.
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Electromagnetic versus Mechanical Waves
Another way to categorize waves is on the basis of their ability or inability to transmit energy through a vacuum (i.e., empty space). Categorizing waves on this basis leads to two notable categories: electromagnetic waves and mechanical waves.

An electromagnetic wave is a wave which is capable of transmitting its energy through a vacuum (i.e., empty space, outer space). Electromagnetic waves are produced by the vibration of charged particles. 

EXAMPL: Electromagnetic waves which are produced on the sun subsequently travel to Earth through the vacuum of outer space. Were it not for the ability of electromagnetic waves to travel to through a vacuum, there would undoubtedly be no life on Earth. 

All light waves are examples of electromagnetic waves. While the basic properties and behaviors of light will be discussed, the detailed nature of an electromagnetic wave is quite complicated and beyond the scope of this course.

ANIMATION - Propagation of an Electromagnetic Wave 

A mechanical wave is a wave which is not capable of transmitting its energy through a vacuum. Mechanical waves require a medium in order to transport their energy from one location to another. A sound wave is an example of a mechanical wave. Sound waves are incapable of traveling through a vacuum. Slinky waves, water waves, stadium waves, and jump rope waves are other examples of mechanical waves; each requires some medium in order to exist. 

A slinky wave requires the coils of the slinky; a water wave requires water; a stadium wave requires fans in a stadium; and a jump rope wave requires a jump rope.

 

 
 
 
WAVE LESSON 1 HOMEWORK
1. TRUE or FALSE: 
In order for John to hear Jill, air molecules must move from the lips of Jill to the ears of John.
2. Curly and Moe are conducting a wave experiment using a slinky. Curly introduces a disturbance into the slinky by giving it a quick back and forth jerk. Moe places his cheek (facial) at the opposite end of the slinky. Using the terminology of this unit, describe what Moe experiences as the pulse reaches the other end of the slinky.
 3. Mac and Tosh are experimenting with pulses on a rope. They vibrate an end up and down to create the pulse and observe it moving from end to end. How does the position of a point on the rope, before the pulse comes, compare to the position after the pulse has passed?
4. Minute after minute, hour after hour, day after day, ocean waves continue to splash onto the shore. Explain why the beach is not completely submerged and why the middle of the ocean has not yet been depleted of its water supply.
 5. A medium is able to transport a wave from one location to another because the particles of the medium are ____.
a. frictionless 

b. isolated from one another
c. able to interact
d. very light
Explain?

6. A transverse wave is transporting energy from east to west. The particles of the medium will move_____.

a. east to west only 

b. both eastward and westward

c. north to south only

d. both northward and southward

Explain?

7. A wave is transporting energy from left to right. The particles of the medium are moving back and forth in a leftward and rightward direction. This type of wave is known as a ____.

	a. mechanical
	b. electromagnetic

	c. transverse
	d. longitudinal


Explain? 

8. Describe how the fans in a stadium must move in order to produce a longitudinal stadium wave.

 9. A sound wave is a mechanical wave; not an electromagnetic wave. This means that

a. particles of the medium move perpendicular to the direction of energy transport. 

b. a sound wave transports its energy through a vacuum.

c. particles of the medium regularly and repeatedly oscillate about their rest position.

d. a medium is required in order for sound waves to transport energy.

 Explain?

10. A science fiction film depicts inhabitants of one spaceship (in outer space) hearing the sound of a nearby spaceship as it zooms past at high speeds. Critique the physics of this film.

 11. If you strike a horizontal rod vertically from above, what can be said about the waves created in the rod?

a. The particles vibrate horizontally along the direction of the rod. 

b. The particles vibrate vertically, perpendicular to the direction of the rod.

c. The particles vibrate in circles, perpendicular to the direction of the rod.

d. The particles travel along the rod from the point of impact to its end.

12. Which of the following is not a characteristic of mechanical waves?

a. They consist of disturbances or oscillations of a medium. 

b. They transport energy.

c. They travel in a direction which is at right angles to the direction of the particles of the medium.

d. They are created by a vibrating source.

 13. The sonar device on a fishing boat uses underwater sound to locate fish. Would you expect sonar to be a longitudinal or a transverse wave?

 

WAVE LESSON 1 HOMEWORK
1. TRUE or FALSE: 
In order for John to hear Jill, air molecules must move from the lips of Jill to the ears of John.
Answer:  False.
A sound wave involves the movement of energy from one location to another, not the movement of material. The air molecules are the particles of the medium, and they are only temporarily displaced, always returning to their original position.

2. Curly and Moe are conducting a wave experiment using a slinky. Curly introduces a disturbance into the slinky by giving it a quick back and forth jerk. Moe places his cheek (facial) at the opposite end of the slinky. Using the terminology of this unit, describe what Moe experiences as the pulse reaches the other end of the slinky.
Answer:  When the slinky reaches the end of the slinky and hits Moe in the cheek, Moe expereinces a pulse of energy. The energy originated on Curly's end and is transported through the medium to Moe's end. The last particle on Moe's end transports that energy to Moe's cheek.

 3. Mac and Tosh are experimenting with pulses on a rope. They vibrate an end up and down to create the pulse and observe it moving from end to end. How does the position of a point on the rope, before the pulse comes, compare to the position after the pulse has passed?
Answer:  The point returns to its original position. Waves (and pulses) do not permanently displace particles from their rest position.

4. Minute after minute, hour after hour, day after day, ocean waves continue to splash onto the shore. Explain why the beach is not completely submerged and why the middle of the ocean has not yet been depleted of its water supply.
Answer:  Ocean waves do not transport water. An ocean wave could not bring a single drop of water from the middle of the ocean to shore. Ocean waves can only bring energy to the shore; the particles of the medium (water) simply oscillate about their fixed position. As such, water does not pile up on the beach.

 5. A medium is able to transport a wave from one location to another because the particles of the medium are ____.
a. frictionless 

b. isolated from one another
c. able to interact
d. very light
Explain?

Answer: C
For a wave to be transmitted through a medium, the individual particles of the medium must be able to interact so that they can exert a push and/or pull on each other; this is the mechanism by which disturbances are transmitted through a medium.

6. A transverse wave is transporting energy from east to west. The particles of the medium will move_____.

a. east to west only 

b. both eastward and westward

c. north to south only

d. both northward and southward

Explain?

Answer:  D
The particles would be moving back and forth in a direction perpendicular to energy transport. The waves are moving westward, so the particles move northward and southward.

7. A wave is transporting energy from left to right. The particles of the medium are moving back and forth in a leftward and rightward direction. This type of wave is known as a ____.

	a. mechanical
	b. electromagnetic

	c. transverse
	d. longitudinal


Explain? 

Answer: D
The particles are moving parallel to the direction that the wave is moving. This must be a longitudinal wave.

8. Describe how the fans in a stadium must move in order to produce a longitudinal stadium wave.

 Answer: 

The fans will need to sway side to side. Thus, as the wave travels around the stadium they would be moving parallel to its direction of motion. If they rise up and sit down, then they would be creating a transverse wave.

 9. A sound wave is a mechanical wave; not an electromagnetic wave. This means that

a. particles of the medium move perpendicular to the direction of energy transport. 

b. a sound wave transports its energy through a vacuum.

c. particles of the medium regularly and repeatedly oscillate about their rest position.

d. a medium is required in order for sound waves to transport energy.

 Explain?

Answer: D
Mechanical waves require a medium in order to transport energy. Sound, like any mechanical wave, cannot travel through a vacuum.

10. A science fiction film depicts inhabitants of one spaceship (in outer space) hearing the sound of a nearby spaceship as it zooms past at high speeds. Critique the physics of this film.

 Answer: 

This is an example of faulty physics in film. Sound is a mechanical wave and could never be transmitted through the vacuum of outer space.

 

11. If you strike a horizontal rod vertically from above, what can be said about the waves created in the rod?

a. The particles vibrate horizontally along the direction of the rod. 

b. The particles vibrate vertically, perpendicular to the direction of the rod.

c. The particles vibrate in circles, perpendicular to the direction of the rod.

d. The particles travel along the rod from the point of impact to its end.

Answer: B
The particles vibrate in the direction of the source which creates the initial disturbance. Since the hammer was moving vertically, the particles will also vibrate vertically.

12. Which of the following is not a characteristic of mechanical waves?

a. They consist of disturbances or oscillations of a medium. 

b. They transport energy.

c. They travel in a direction which is at right angles to the direction of the particles of the medium.

d. They are created by a vibrating source.

 Answer: C
The characteristic described in statement c is a property of all transverse waves, but not necessarily of all mechanical waves. A mechanical wave can also be longitudinal.

 13. The sonar device on a fishing boat uses underwater sound to locate fish. Would you expect sonar to be a longitudinal or a transverse wave?

 Answer: Longitudinal
Only longitudinal waves are capable of traveling through fluids such as water. When a transverse wave tries to propagate through water, the particles of the medium slip past each other and so prevent the movement of the wave. 

 

