Lesson 2: Properties of Waves 

· A longitudinal wave can be created in a slinky if the slinky is stretched out horizontally and the end coil is vibrated back-and-forth in a horizontal direction. If a snapshot of such a longitudinal wave could be taken so as to freeze the shape of the slinky in time, then it would look like the following diagram.

· Because the coils of the slinky are vibrating longitudinally, there are regions where they become pressed together and other regions where they are spread apart. 

Lesson 2: Properties of Waves

· A region where the coils are pressed together in a small amount of space is known as a compression. A compression is a point on a medium through which a longitudinal wave is traveling which has the maximum density. 

· A region where the coils are spread apart, thus maximizing the distance between coils, is known as a rarefaction. A rarefaction is a point on a medium through which a longitudinal wave is traveling which has the minimum density. Points A, C and E on the diagram above represent compressions and points B, D, and F represent rarefactions. 

Waves
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Lesson 2: Properties of Waves

· A plot of pressure versus time would appear as a sine curve. The peak points of the sine curve correspond to compressions; the low points correspond to rarefactions; and the "zero points" correspond to the pressure which the air would have if there were no disturbance moving through it. 

Lesson 2: Properties of Waves

· Points A, E and H on the diagram represent the crests of this wave. The crest of a wave is the point on the medium which exhibits the maximum amount of positive or upwards displacement from the rest position. Points C and J on the diagram represent the troughs of this wave. The trough of a wave is the point on the medium which exhibits the maximum amount of negative or downwards displacement from the rest position.
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Lesson 2: Properties of Waves

· The wave shown above can be described by a variety of properties. 

· One such property is amplitude. The amplitude of a wave refers to the maximum amount of displacement of a particle on the medium from its rest position. In a sense, the amplitude is the distance from rest to crest. Similarly, the amplitude can be measured from the rest position to the trough position. 

· The amount of energy carried by a wave is related to the amplitude of the wave. A high energy wave is characterized by a high amplitude; a low energy wave is characterized by a low amplitude. 

Lesson 2: Properties of Waves

· The greater the amplitude of vibrations of the particles of the medium, the greater the rate at which energy is transported through it, and the greater the intensity that the sound wave has. 
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Amplitude and Loudness
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Lesson 2: Properties of Waves

· The wavelength is another property of a wave. The wavelength of a wave is simply the length of one complete wave cycle. 

· If you were to trace your finger across the wave in the diagram above, you would notice that your finger repeats its path. A wave is a repeating pattern. It repeats itself in a periodic and regular fashion over both time and space. And the length of one such spatial repetition (known as a wave cycle) is the wavelength. 
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Lesson 2: Properties of Waves

· The wavelength can be measured as the distance from crest to crest or from trough to trough. In fact, the wavelength of a wave can be measured as the distance from a point on a wave to the corresponding point on the next cycle of the wave. 

· In the diagram below, the wavelength is the horizontal distance from A to E, or the horizontal distance from B to F, or the horizontal distance from D to G, or the horizontal distance from E to H. Any one of these distance measurements would suffice in determining the wavelength of this wave.
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Lesson 2: Properties of Waves

· The frequency of a wave is defined as the number of cycles per unit time. 

· The unit for frequency is the Hertz (abbreviated Hz) where 1 Hz is equivalent to 1 cycle/second. 

· If a coil of slinky makes 2 vibrational cycles in one second, then the frequency is 2 Hz. If a coil of slinky makes 3 vibrational cycles in one second, then the frequency is 3 Hz. And if a coil makes 8 vibrational cycles in 4 seconds, then the frequency is 2 Hz (8 cycles/4 s = 2 cycles/s).

Lesson 2: Properties of Waves

· The quantity frequency is often confused with the quantity period. Period refers to the time which it takes to do something. 

· When an event occurs repeatedly, then we say that the event is periodic and refer to the time for the event to repeat itself as the period. 

· The period of a wave is the time for a particle on a medium to make one complete vibrational cycle

Lesson 2: Properties of Waves

· Frequency and period are distinctly different, yet related, quantities. Frequency refers to how often something happens. Period refers to the time it takes something to happen. Frequency is a rate quantity. Period is a time quantity. Frequency is the cycles/second. Period is the seconds/cycle. 

· As an example consider a woodpecker that drums upon a tree at a periodic rate. If the woodpecker drums upon a tree 2 times in one second, then the frequency is 2 Hz. Each drum must endure for one-half a second, so the period is 0.5 s.

·  If the woodpecker drums upon a tree 4 times in one second, then the frequency is 4 Hz; each drum must endure for one-fourth a second, so the period is 0.25 s. If the woodpecker drums upon a tree 5 times in one second, then the frequency is 5 Hz; each drum must endure for one-fifth a second, so the period is 0.2 s. 

Lesson 2: Properties of Waves

· The frequency is simply the reciprocal of the period. For this reason, a sound wave with a high frequency would correspond to a pressure time plot with a small period - that is, a plot corresponding to a small amount of time between successive high pressure points. 

· Conversely, a sound wave with a low frequency would correspond to a pressure time plot with a large period - that is, a plot corresponding to a large amount of time between successive high pressure points. 

Lesson 2: Properties of Waves

· The diagram below shows two pressure-time plots, one corresponding to a high frequency and the other to a low frequency.
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Lesson 2: Properties of Waves

· Mathematically, the period is the reciprocal of the frequency and vice versa. In equation form, this is expressed as follows.
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· Since the symbol f is used for frequency and the symbol T is used for period, these equations are also expressed as:

[image: image11.png]-




Example

· f = 1000 Hz,   

· 1/1000= .001 second is the period

· Since 1 second= 1000 ms

· The period is .001x1000= 1ms

· T= 5ms, T= 5/1000= .005sec

· f = 1/.005 = 200 Hz 
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