Ch 12 – Waves

Wave motion

· For the first time we consider the motion of something that is not matter, but energy propagated through matter.  A wave is a traveling disturbance that transfers energy from one place to another, and even though matter may be disturbed as a wave travels through a medium, there is no net movement of matter since the matter will return to its initial position after the wave passes.  Mechanical waves (water, sound, waves on a rope, etc.) require a material medium but electromagnetic waves (light, radio waves, X-rays, etc.) do not require a known medium and travel at the speed of light (c=3.00 X 108 m/s in a vacuum).  The diagram below illustrates a transverse wave.
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Two types of waves

· There a two basic types of waves classified by the motion of the particles.
1. Transverse waves cause particles in the medium to vibrate perpendicularly to the motion of the wave (direction of energy transfer) as shown in diagram (a) below.

2. Longitudinal waves (also called compression, pressure, or density waves) cause particles in the medium to move parallel to the direction of the wave as shown in diagram (b) below.
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· Note that some waves are neither truly transverse nor longitudinal.  For example, waves in water produce circular motion of water particles because there is both a transverse and longitudinal component. 

Calculating speed of a wave (v=(x/t=(/T=(f)
· Speed of a wave depends only on the properties of the medium.  The speed of a wave is constant for any given medium.  For example, the speed of sound is typically faster in liquids than in gases, and typically the fastest in solids.  But in a given medium, all sound waves travel at the same speed.  This is easily verified by listening to the sound produced at a concert.  Sound waves from different instruments reach your ears at the same moment, even when the frequencies of the sound waves are different.  If speed remains constant and frequency changes, wavelength must change accordingly (( is inversely proportional to frequency).  Speed only changes when a wave travels from one medium to a medium with different properties.
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Wave interference

· Interference occurs whenever two waves meet at the same point in space.  The superposition principle states that the displacement of the medium caused by two or more waves is the algebraic sum of the displacements caused by the individual waves.  

1. Constructive interference occurs when wave displacements are in the same direction; amplitude of resultant wave is larger.
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2. Destructive interference occurs when amplitudes are in opposite directions; amplitude of resultant wave is smaller.
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· Note that after the pulses move past the point of interference each pulse returns to its original shape.
Reflection of waves 

· Whenever a wave reaches a boundary it can be reflected.  If the boundary is fixed the reflected wave will be inverted, but if the boundary is free to move the reflected wave will not be inverted.

1. A wave reflected at fixed boundary will be inverted relative to the original wave. 
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2. A wave reflected at a free boundary will be on the same side as the original wave.
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Standing waves

· When you pluck a guitar string, you create waves on the string.  Since the string is held between two fixed ends, as the one shown below, the waves will continuously reflect back and forth between the ends undergoing interference at all points in between.  Waves that are “trapped” between two boundaries like those on a guitar string are called standing waves.  As shown in the diagram below, a standing wave is a wave pattern that results when waves of exactly the right frequency interfere producing a resultant wave that appears to “stand in place” as it oscillates.  This is because the same type of interference occurs at the same points along the string as it vibrates.  Destructive interference occurs at the nodes and complete constructive interference occurs at the antinodes.  The relative position of the nodes and antinodes on the string do not change.
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· Only certain frequencies of vibrations produce standing wave patterns as we will see in more detail next chapter.
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Tuning Fork





Example:  To demonstrate standing waves, one end of a string is attached to a tuning fork with frequency 120 Hz.  The other end of the string passes over a pulley and is connected to a suspended mass M as shown in the figure above.  The value of M is such that the standing wave pattern has four "loops."  The length of the string from the tuning fork to the point where the string touches the top of the pulley is 1.20 m.  The linear density of the string is 1.0 x 10‑4 kg/m, and remains constant throughout the experiment.

a.   
Determine the wavelength of the standing wave.

b.   
Determine the speed of transverse waves along the string.

c.   
The speed of waves along the string increases with increasing tension in the string. Indicate whether the value of M should be increased or decreased in order to double the number of loops in the standing wave pattern. Justify your answer.

d.   
If a point on the string at an antinode moves a total vertical distance of 4 cm during one complete cycle, what is the amplitude of the standing wave?

v=(f


The speed of a wave is determined by the medium.   


The frequency of a wave is determined by the source.


The wavelength is dependent on the combination of the above two factors.
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