WAVES

Content Domain IV: Physics—Waves,
*Investigate the properties of waves
Waves are phenomena that occur, seen and unseen, all around us. Suppose that a student

drops a stone in a pond. The surface of the water becomes disturbed. Some of the kinetic

energy of the stone, as it falls in the water, is transferred to surrounding water molecules.

This causes the surface of the water to be disturbed as water molecules move up and

down while transferring energy through the water. This energy transfer can be seen

moving in all directions through waves moving outward in concentric circles. Particles of

matter do not move along with the waves. Only the energy that creates the waves moves

with them. Waves by definition are disturbances that repeat the same cycle of motion and transfer energy in the same direction as the wave through matter or empty space.

In a transverse wave, the medium oscillates at right angles to the direction of the

wave. The highest point the wave reaches above the line of origin is called the crest, while the trough is the lowest point the wave reaches below the line. Vibrating guitar string waves are transverse waves.

In a longitudinal wave, the medium oscillates in the same direction as the direction of the wave. If you compressed a section on the coiled spring and released it, the

compression would move through the spring generating a longitudinal wave. The area

between compressions is called rarefaction. Sound waves are longitudinal waves.
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Mechanical waves require an elastic medium through which to propagate. 

 (such as the water waves described below and sound) and

electromagnetic waves (do NOT require a medium, such as light and radio waves) -

these two waves share some basic properties.
[image: image2.emf]
Although there are two kinds of waves, both waves share some basic properties.

__ Amplitude is the distance from the equilibrium point, or line of origin to a crest

or trough. Amplitude is proportional to the amount of energy in the wave.

__ Frequency is the number of complete waves, or cycles of oscillation, in a given

period of time. The unit for frequency is hertz (Hz), which is equal to one wave,

or cycle, per second. The time it takes to complete one full cycle is called the

period, which is measured in seconds.

__ Speed is how fast the wave is moving. The speed of a wave depends on the

medium it travels through, but the speed is constant in a given medium. Speed is directly
proportional to the frequency and wavelength of the wave. ( = f x (  or speed = frequency x wavelength
__ Wavelength is the distance between two consecutive crests or troughs of a wave.

The symbol lambda λis used to represent wavelength.

___The energy transmitted by a mechanical wave is directly proportional to the square

of the amplitude of the wave. For electromagnetic waves, the energy is carried by

photons (tiny packets of energy). These photons also act like waves. The energy of

photons is directly proportional to the frequency of the wave or is inversely

proportional to the wavelength of the wave emitted. In other words, if the frequency

of a wave is doubled (or the wavelength decreased by one-half), the energy of the

wave is doubled, resulting in a different electromagnetic wave.
Mechanical waves (such as sound waves) are similar to electromagnetic waves (such as

light waves) in that both types of waves transmit energy over a distance. However, there

are some major differences.

Sound waves require a medium for propagation. Light waves may travel either

through a transparent medium or through empty space.

Sound travels through all substances, but light is absorbed by opaque materials.

A sound wave travels slowly through air at a speed of about 340 meters per second at

15°C. Electromagnetic waves, on the other hand, travel through air or the vacuum of

space at extremely high speeds of about 300,000 kilometers per second (3.0 x 108m/s).
Sound waves travel by vibrating from particle to particle. Because of this, the nature of a medium has a significant effect on the speed of sound. Sound travels faster through solids and liquids than it does through gases because particles are closer together in solids or liquids than in gases. Sound also travels fastest through elastic materials. For example, sound travels at about 1500 meters per second in water, while in aluminum, which is more elastic, the speed of sound is at about 5000 meters per second.
 In materials of the same phase, the speed of sound tends to decrease as the density increases. The more massive molecules of a denser substance have greater inertia and do not move as quickly as lighter molecules. 
The table below shows the speed of sound in various substances. [image: image3.emf]
Sounds come to you from all directions. Some travel through the air, some travel through glass, and some even travel through brick walls. Sound can travel through all materials, but since there are no particles in a vacuum, sound cannot travel through a vacuum. 

Loudness refers to the intensity, or the amount of energy, of the wave. The greater the intensity of a wave is, the louder it sounds. Loudness is measured in decibels.

Pitch refers to the frequency of the wave. The greater the frequency of a wave, the higher the pitch sounds. When a sound source moves toward a listener, the pitch or apparent frequency of the sound increases. This is because the sound waves are compressed closer together and reach the listener with a higher pitch. As the sound source passes by the listener and moves away from the listener, the same sound waves are stretched farther apart. This results in a decrease in the pitch or apparent frequency. This phenomenon is known as the Doppler Effect. It can be heard at a train crossing every time a train approaches, passes, and leaves a crossing while blowing its whistle.
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When a sound wave hits another object, three things are possible. The sound wave could be absorbed by the object, transmitted through the object, or reflected, which is also known as an echo. Some animals use echolocation to find food, communicate, and

navigate. Some applications of sound can be found in sonar devices and ultrasonic

imaging.

Because waves involve the transfer of energy, the properties of a wave will change when a wave interacts with another wave or an object. There are four basic wave interactions.

__ 
Reflection occurs when a wave hits another wave or object that it cannot pass

      through and bounces back. The law of reflection states that an incident ray will 

      bounce off a surface and be reflected at the same angle.
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__
 Refraction occurs when a wave passes from one medium to another at an angle and bends (changes direction) due to a change in speed. When light travels from one medium to another, the speed changes, as does the wavelength. Although the speed changes and wavelength changes, the frequency of the light will be constant. Remember, the frequency, wavelength, and speed are related by: [image: image6.png]
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__
Diffraction occurs when a wave passes through an opening and spreads out. Diffraction results when a wave passes through a hole or moves past a barrier and spreads out in the region behind the hole or barrier.
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__ Interference occurs when two or more waves hit the same point and combine to

      produce a single wave.
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 Because light waves produce both electric and magnetic fields, they are called

electromagnetic waves. In addition to traveling as waves, light can also be described as traveling as a stream of particles.

VISIBLE LIGHT SPECTRUM: Red  Orange  Ye l l o w  Green  Blue  I n d i g o  Vi o l e t

All electromagnetic waves travel at the same speed in a vacuum. Different kinds of light have different wavelengths and frequencies. The full range of frequencies and

wavelengths is called the electromagnetic spectrum

ELECTROMAGNETIC SPECTRUM
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Light is a form of energy. The amount of energy is related to the frequency of

the wave. In other words, if the energy of a wave is doubled, the frequency of the wave is doubled, resulting in a different electromagnetic wave. Light vibrates in many directions but filters can be used to transmit light vibrating in one direction, called polarized light. A common use of polarizing filters is in sunglasses.

Light can be reflected, absorbed, or transmitted. For example, a banana is yellow because it reflects the yellow wavelength of light and absorbs all other wavelength (colors) of visible light. Objects do not emit color on their own. Objects have color because they reflect specific wavelengths and absorb other wavelengths of light.

Language (Unit 4- Waves) – Amplitude, compressional wave, constructive interference, destructive interference, diffraction, Doppler effect, elasticity, electromagnetic spectrum, electromagnetic wave, frequency, gamma ray, Hertz, infrared, longitudinal wave, mechanical wave, medium, microwave, normal, period, photon, pitch, propagation, radio wave, rarefaction, reflection, refraction, transverse wave, ultraviolet, velocity, visible light, wave, wavelength, X-ray

