5

Wave Properties

OBJECTIVES:

9. Describe the reflection and transmission of one-dimensional waves at a boundary between two media.
10. Describe examples of diffraction.
11. State the principle of superposition and explain what is meant by constructive and destructive interference.
12. Apply the principle of superposition to find the resultant of two waves.
13. Describe the Doppler effect.

Reflection of Waves

Reflection occurs when any type of wave strikes an object and bounces off of it. Light will bounce off an object and into your eye. This is how you see. When you make a noise, and the sound waves bounces off an object and back at you, you hear an echo.  

All waves can be reflected. A wave is reflected at the boundary of the medium through which it is travelling or at any point where there is a change in the wave velocity. Reflection of waves can be studied by observing waves on springs.
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	Reflection at a fixed end
a phase change occurs
	 
	Reflection at a free end
no phase change occurs


Reflection at a Point where the Wave Velocity Changes
When there is a change of medium, the speed of the wave changes (for example, when a wave travels from a spring of a certain elastic constant to a spring having a different elastic constant, as shown below). When this happens, some of the energy of the incident wave is reflected and some is transmitted.
	v2 > v1
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	Transmitted wave, no phase change.
Reflected wave, phase change.

	 

	v2< v1
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	Transmitted wave, no phase change.
Reflected wave, no phase change.


The beam of light striking the surface of an object is called the incident beam.  The beam that bounces off the object is called the reflected beam.  The imaginary line that is perpendicular (at 90o) to the object is called the normal.  The angle formed by the incidence beam and the normal is the angle of incidence, i, and the angle formed by the reflected beam and the normal is the angle of reflection, r.  
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A flashlight beam is made of light waves. When any wave is reflected, the angle of incidence, i, equals the angle of reflection, r.

The law of reflection states that angle of incidence is equal to the angle of reflection.  This law applies to all reflected waves and some objects that will bounce from a surface.
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Refraction is the bending of a wave caused by a change in its speed as it moves from one medium to another.  Remember that a wave’s speed depends on the medium it is moving through.  As the wave moves from one medium to another, its speed changes and so does its angle.  The greater the change in speed, the more the wave bends.
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The pencil looks like it is broken at the surface of the water because of refraction. Does light travel faster in water or air?
Diffraction

The phenomena observed when waves are obstructed by obstacles or pass through apertures are called diffraction effects. Diffraction occurs when an object causes a wave to change direction and bend around it as it passes the object. All (two or three dimensional) waves exhibit diffraction effects but the magnitude of these effects depends on the wavelength of the waves. Diffraction effects are most obvious when the object or aperture causing the diffraction is similar in size to the wavelength of the waves.
	i) Diffraction by a "large" object
	 
	ii) Diffraction at a "large" aperture
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	iii) Diffraction by a "small" object
	 
	iv) Diffraction by a "narrow" aperture
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Interference

Consider a transverse wave moving through a medium. For example, a wave moving through a stretched spring. Each point in the medium is oscillating in a direction perpendicular to the direction of propagation of the wave.  The points are all oscillating but different points reach their maximum displacement at different times. To describe this situation we say that a wave consists of many oscillations which are out of phase with each other. The actual phase difference between two oscillations depends on the distance between them (measured along the direction of propagation of the wave). In many situations, we need to consider two sets of waves of the same frequency travelling through the same medium.

The combined effect of the two waves at a given point in the medium will depend on the phase difference between their oscillations at the point considered.

The two waves are said to interfere constructively or destructively as illustrated by the diagrams below.

Two waves arriving at a point in phase with each other: constructive interference.
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The resultant of these two oscillations will be an oscillation of amplitude equal to sum of the amplitudes of the two original oscillations. 
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Two waves arriving at a point in anti-phase with each other: destructive interference.
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In this case the algebraic sum of the oscillations results in an oscillation of smaller amplitude. If the amplitudes of the two oscillations are equal the result is no oscillation.

The fact that the resultant amplitude can be found by adding together the individual amplitudes is sometimes referred to as the principle of superposition of waves.

Interference Patterns
Interference can be observed in all types of waves. The diagrams below represent the interference pattern due to two sets of water waves of identical frequency, produced by point sources which are oscillating in phase with each other.

	Waves from source 1 
	 
	Waves from source 2
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Interference pattern produced by the two sets of waves.
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Interference pattern resulting from oscillations of higher frequency. 
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The Doppler Effect
The change in pitch you hear when a car speeds by happens because the sounds we hear are waves like the ripples in a pond. As the source of these waves moves by, it catches up with the waves it's already sent out, causing them to "bunch-up" on the leading side of the car and "spread-out" on the trailing side. This is known as the Doppler effect.


The closer together the waves, the greater their frequency -- that is, the more often they hit our ears. It's the frequency of a sound that allows us to distinguish between different tones -- it's what causes a C to sound different from an F. We hear the higher frequency as a higher pitch. 


The faster a source moves, the more exaggerated the effect. A sound coming from a faster moving car will have a higher pitch than the same sound coming from a slower moving car.

Determining Speed
If we ask a trumpeter in a car to play a middle C, we can tell if the car is moving to or away from us and how fast it's going by measuring the frequency. If the car is approaching, the note will sound higher than a C. How much higher tells us how fast the car's moving. If it's moving away, the note will sound lower than a C. Again, how much lower tells us how fast.


Light, too, is a wave, and so is influenced by the Doppler effect. However, instead of pitch we perceive differences in light's frequency as color. The higher the frequency of light, the closer its color is to the blue end of the spectrum. Cars' headlights don't appear blue on approach because they move too slowly to "catch up" enough with the light they produce. However, not everything moves as slowly as a car. Also, we have instruments far more sensitive than our eyes.


The diagram below represents waves emitted by a source of sound, S, which is stationary relative to the air. 

The velocity of the sound waves relative to the air is v.
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The next diagram represents waves emitted by a source which is moving (with velocity vs) relative to the air.
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Motion of the source produces a change in the wavelength, shorter wavelength in front of source, longer wavelength behind.
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Motion of the observer produces a change in the apparent frequency of the waves. 
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