Waves and Wave Characteristics

OBJECTIVES:

1. Describe a wave pulse and a continuous travelling wave.

2. State that waves transfer energy.

3. Describe and give examples of transverse and longitudinal waves.

4. Describe waves in two dimensions, including the concepts of wave fronts and rays.

5. Define displacement, amplitude, period, frequency, wavelength and wave speed.

6. Describe the terms crest, trough, compression and rarefaction.

7. Draw and explain displacement-time and displacement-position graphs for transverse and longitudinal waves.

8. Derive and apply the relationship between wave speed, wavelength and frequency.
Waves transfer energy by moving it from one particle to the next, not by moving the particles along with the wave. A mechanical wave is a disturbance in a medium which moves through the medium thus transferring energy from one place to another. The substance through which the wave moves is the medium. The particles making up the medium are those which are moved (or rather displaced) as the wave moves through it.
Examples of mechanical waves are: 

· waves on the surface of a liquid 

· sound waves 

· waves on stretched wires/strings/springs. 
Mechanical waves can be either longitudinal or transversal.  In longitudinal (compression) waves, particles will ‘bump’ into each other, so one particle will set the other in motion, which in turn moves the next, and so on. Transverse waves work similarly, except that the particles up and down motion causes the next particle to begin moving, and so the energy is transferred. 
Sound waves are an example of longitudinal (compression) waves, as are the waves created by stretching a slinky spring, then releasing some coils (causing compression and rarefactions). Waves traveling in water are examples of transverse waves, as are waves traveling in strings. 
Discrete Pulses and Continuous Waves
A single shake of a slinky will send a discrete pulse down it.  Shake the slinky up and down and a continuous travelling wave travels down it.  This applies to longitudinal waves too.
Transverse Waves 
	


The medium through which the wave is moving is the spring. The direction of motion of the wave (direction of propagation) is at 90° to the direction of the disturbance (or displacement) of the medium (i.e. the particles move up and down while the wave moves left to right).
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Longitudinal Waves
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In these waves, the direction of the disturbance of the medium is parallel to the direction of propagation. Sound waves are longitudinal waves.
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Displacement: In the context of waves, this refers to the movement of particles above and below (or whatever) the mean position. Over a period of time, the average position of a particle in the medium will be the same as if there were no wave traveling through it. 
Amplitude: The difference between the maximum displacement and the mean position, i.e. how ‘big’ the waves are. 
Period: The amount of time for one complete cycle (i.e. from one peak to the next, or one compression to the next). Note – this is not the same thing as to the next point where a particle is in the same position. The symbol for period is T. 
Frequency: The number of complete cycles passing a given point in 1 second (measured in Hertz, Hz). Frequency = 1/period 
Wavelength: The distance covered in by complete wave cycle (i.e. from one crest to the next). Wavelength = wave speed/frequency. Represented by .
Wave speed: The speed at which a given point on the wave is traveling through the medium (i.e. how far a particular crest travels in a second). The velocity of propagation of a wave depends on the properties of the medium through which it moves.
Crest: Relevant only for transverse waves, this is the point of highest positive displacement (i.e. upwards) from the mean position. 
Trough: The point of largest negative displacement (i.e. downwards) from the mean position (in a transverse wave). 
Compression: If a compression (longitudinal) wave is drawn like this || | | | | || | | | | || | | | | || , the compressions are where the bars are close together. Specifically, it is where the particles are most compressed in the wave. 
Rarefaction: The opposite of a compression, i.e. where the bars (or particles) are most spread out. 
Graph of Displacement of the Medium against Distance along a Typical Wave
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The maximum displacement of the medium from the equilibrium position is called the amplitude of the wave.
The wave speed can not be calculated directly from this graph, but can be found by combining the information from this and the displacement vs. time graph.
Graph of Displacement of a Particular Point in the Medium against Time for a Typical Wave
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This graph allows us to find both frequency (which will be the number of crests in 1 sec) and period (which will be the time between crests), but tells us nothing about the wave speed or wavelength.
T, is the time for one cycle of the wave. This is called the time period.
The frequency, f, of the wave is the number of cycles per second. This is determined by the source of the waves.
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Relation Between f, , and Velocity of Propagation, v
In general, 
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So, in this case, we have
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Therefore, 

v = f
Electromagnetic waves (light, x-rays, radio waves, etc.) behave, in many situations, like mechanical waves.  However, they differ from mechanical waves in that they can travel through empty space. They don’t need a medium.
There are a number of sections of the spectrum which are commonly given the following names (in order of decreasing frequency). 

· gamma-rays 

· X-rays 

· ultraviolet rays 

· visible light 

· infrared rays 

· microwaves 

· radio waves 

Going up that list, frequency decreases and wavelength increases (because c, the speed of light, is constant). The amount of 'energy' in the waves decreases up the list, which is why X-rays are dangerous, and radio waves aren't. 
Visible light is split into colours from violet to red, violet having the highest frequency and red having the lowest. Visible light ranges from 400nm (1 nano meter is 1 x 10-9 meters) for violet to 700nm for red.
