Waves

Putting “Waves” in Recognizable terms:  A wave is a disturbance that travels (propagates) through time and space and transfers energy.  They take on many forms that are recognizable to the naked eye like tidal waves, ripples in a pond, or the ear like sound waves.  These types of waves are called mechanical waves and they travel through a medium (solid, liquid, or gas). Visible light such as the color red is an electromagnetic wave that is recognizable as well, but many of the electromagnetic waves are not visible.  These invisible waves such as radio waves, microwaves, infrared, ultraviolet, x-rays, and gamma rays do not require a mechanical medium and can travel through a vacuum such as the space between stars.
Putting “Waves” in Conceptual terms:  Waves are a vibration that travels in a direction away from the wave source.  If the vibrations form repetitive patterns they are known as periodic, but if not they are known as non-periodic waves. Two types of periodic waves are transverse and longitudinal (compression).  Transverse waves have particle displacement (vibration) perpendicular to the direction of wave travel (so the wave vibrates the particles up and down vertically, while it moves forward or horizontally) and for some transverse vibrations can produce a sine shaped wave. Longitudinal (compression) waves have particle displacement (vibration) parallel to the direction of travel (so the particles vibrate horizontally along with the wave as it travels forward, such as in a sound wave. 

Putting “Waves” in Mathematical terms: Periodic waves have several characteristics that can be measured including: amplitude, wavelength, period, and frequency.  The amplitude and wavelength are measured at different locations for a transverse or longitudinal wave (See diagram). The amplitude measures the distance the medium particles move from the rest position and is an indication of the amount of energy a wave carries. On a transverse wave, amplitude is measured from either the crest to rest position or trough to rest position, but on a longitudinal wave, the length of the compression is measured. The wavelength “λ” (lambda) measures the distance between two equivalent wave points with similar motions such as from one crest to another crest.  The period “T” of a wave is the time required for one full wavelength to pass a certain point or the time for one complete oscillation of a single point.  The frequency “f” of a wave is the reciprocal of the period (f = 1/T) and represents the number of wavelengths (oscillations) that pass in one unit of time or cycles per one second (# of waves/1 second). The unit of frequency is 1 hertz (Hz) = 1 cycle / second. If one wavelength of a wave passes by in 0.25 seconds or ¼ of a second then 4 waves can pass by in one second. The speed of a wave can be calculated using the formulas Speed = frequency * wavelength (s=f*λ) or using the reciprocal of frequency Speed = wavelength/period (s = λ/T).

Putting “Waves” in Process terms:  All waves can exhibit reflection, refraction, and interference. Standing waves are a prime example of reflection and destructive interference. Unlike traveling waves, a standing wave is confined such as on a guitar string. If vibrated at the right frequency the wave will reflect back upon itself creating points in the wave that appear to stand still due to destructive interference. (see diagram).  Transverse waves can exhibit polarization as well.  They are able to move in two-dimensions such as if a string was anchored on one end and you moved a string side to side (one-direction), then moved the string up and down (another direction), now move the string counter clock wise forming a left-handed helix (two-dimensions).  Electromagnetic waves or light are capable of moving in two-dimensions or having polarization.  

Putting “Waves” in Applicable terms:  Waves are all around us in the world.  They give us light, sound, produce mechanical energy (tidal waves), heat our foods (microwaves), and numerous other applications.   An entire branch of physics is devoted to the study of waves and their applications and uses.
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