The Nature of Waves

OBJECTIVES:

1. Recognize that waves carry energy, not matter, through a medium.

2. Identify mechanical waves and explain why they require a medium.

3. Sketch transverse and compressional waves and identify their characteristics.

4. Discuss the relationship between frequency, wavelength, period, and velocity.

5. Calculate wave speed.

6. Recognize that wave speed depends on the medium.
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A wave is a repeating disturbance or movement that transfers energy through matter or space. Examples of waves are ocean waves, energy sent out during an earthquake in the form of a wave, and both sound and light travel in waves. 

All waves will carry energy without transporting matter from place to place.  A water wave does not carry water, only energy.  If you are in a boat and you are hit by waves, you won’t move very much in the direction of the wave.  Very little of the energy from the wave will be transferred to the boat to move it.


Falling pebbles transfer their kinetic energy to the particles of water in a pond, forming waves. 
A wave will only travel as long as it has energy to carry.  All waves are produced by something that vibrates.  This is where they get their energy.

Mechanical waves must travel through a medium.  A medium is any type of matter.  Ocean waves travel through water, sound waves travel through the air.  Water and air are the mediums for those waves.  Light and radio waves do not need a medium to travel through, so they are not mechanical waves.  The two types of mechanical waves are transverse waves and compressional waves.  In transverse waves, matter in the medium moves back and forth at right angles to the direction that the wave travels (the waves will move side to side or up and down).  An example is a water wave.  

[image: image1.jpg]



A water wave travels horizontally as the water moves vertically up and down.
In compressional waves, matter in the medium moves back and forth in the same direction that the wave travels (like the waves created when you squeeze together part of a spring and then let it go).  An example is a sound wave.  
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In a compressional wave in a coiled spring toy, the wave travels horizontally along the toy, and the coils in the toy move back and forth horizontally. 
Wave Properties

Waves can differ in how much energy they carry and in how fast they travel.  They also have individual characteristics that can be used to describe the wave.  Transverse waves have crests, the highest point of a wave, and troughs, the lowest point of a wave.  Compressional waves don’t have crests and troughs, but they differ in their densities.  When a compressional wave passes through a medium, it creates a region where the medium becomes crowded together and more dense.  This region is called the compression.  In a spring, this is where the coils are close together.  The region that the coils are further apart or less dense is called a rarefaction.  A wavelength is the distance between one point on a wave and the nearest point just like it.  It is represented by λ and is measured in meters.  The frequency of a wave is the number of wavelengths that pass a fixed point each second.  It is represented by f and is measured in hertz (Hz).  A frequency of 1Hz means that one wavelength passes by in 1s.  The period of a wave is the amount of time it takes one wavelength to pass a point.  As the frequency of a wave increases, the period decreases.  Period has a unit of seconds.  
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The speed of a wave will depend on the properties of the medium it is traveling through.  Sound waves will travel faster in materials that have the molecules packed closer together.  So sound will travel best through solids, then liquids, and not so well through gasses.  Light travels faster when fewer molecules are present in the medium.  So light travels best through gasses, and worse through solids.  The temperature of the medium will also affect the speed at which sound waves will travel.  The higher the temperature, the quicker sound will travel.  

· wave velocity = wavelength x frequency

·  v (m/s) = λ (m) x f (1/s)   

Waves will also vary in how much energy they carry.  Amplitude is related to the energy carried by a wave.  The amplitude of a compressional wave is related to how tightly the medium is pushed together at the compression.  The denser the medium is at compression, the larger its amplitude is and the more energy the wave carries.  The amplitude of a transverse wave is the distance from the crest or trough of the wave to the rest position of the medium.  

Example Problem 

A wave is traveling at a speed of 12 m/s and its wavelength is 3 m. Calculate the wave frequency. 

Waves Overview

Mechanical waves: require a material medium (water, sound, spring, rope waves).

Electromagnetic waves: no medium required.  Travel through space at the speed of light.

Transverses waves: particles of the medium vibrate perpendicularly to the direction of the motion of the wave.  Up and down displacement at 90° angle motion of the wave.

Compressional waves: displacement of spring in same direction as motion of wave.  Up and down displacement parallel to the motion of the wave  (fluids).

Frequency (f): number of complete vibrations per second measured at a fixed location.   f = 1/T

Period: amount of time it takes one wavelength to pass a point.  

Wavelength (λ): shortest distance between points where the wave pattern repeats itself

Crest (c): high point of wave motion.

Trough (T): low point of wave motion.

Amplitude: maximum displacement from the rest or equilibrium position.

V = λ/T  
  V = λf
