Physics for grade 9  unit 8
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UNIT 8
WAVE MOTION AND SOUND
8.1 wave propagations

What is waves?

Waves can be thought of as a series of vibrations that travel through a medium           (a medium is another way of describing the material through which the wave is travelling)

All waves transfer energy from one place to another

Wave Pulses and continuous waves

Poke a stick in to some water and you can see water waves (ripples) travelling away from the stick. The stick acts as a source for the waves

If you just poke the stick once in to the water a single ripple travels outwards. This is referred to as a wave pulse

If instead of just poking the stick in to the water once you were to move it in and out you would create a series of ripples. New ripples would be created every time the stick went in to and out of the water. This is referred to as a continuous wave 

Longitudinal and Transverse waves

There are two main types of wave. These types are classified by the direction of vibrations in relation to the direction of wave movement
Traverse

In a transverse wave the vibrations are at right angles to the direction of wave movement (or energy transfer). This might be up and down or side to side

A transverse wave is defined as a wave where the vibrations are perpendicular (at right angles) to the direction of wave motion



        Vibrations                                                                
                                                                 Wave motion (direction)
Examples of transverse waves include

All electromagnetic waves like light, microwaves, radio waves, x-rays, etc…

S-waves in earthquakes

Waves on string

Waves on the surface of deep water

All transverse waves comprise a series of crest (or peaks) and troughs 

Longitudinal

A longitudinal wave is defined as a wave where the vibrations are parallel to (in the same direction of) the direction of motion



                                                 Wave motion (direction
 Examples of longitudinal waves include:

Sound waves

Pressure waves

Waves forwards and backwards through a spring

P-waves in earthquakes

Regions where the particles are pushed together are called compressions. Regions where the particles are more speed out are called rarefactions. Compressions can be thought of as the longitudinal version of a crest and a rarefaction is the equivalent of a trough.

8.2 Mechanical Waves

Waves Characteristics
Wave Speed (v)

Wave speed is defined as: the distance the wave travels in one second

This is the same as the distance one peak or one compression travels in one second. It’s given the symbol V (or c for electromagnetic waves) and like all speeds it is measured in meter per second (m/s)

Amplitude (a)

Amplitude is defined as: the maximum displacement from the equilibrium position

Notice that it is from the equilibrium position (mid-point), it is note the distance from the top to bottom 

Amplitude is given the symbol ‘a’ (or occasionally xo). As amplitude is a displacement it is measured in meter (m)

Wave length (λ)

Wave length is defined as: the maximum distance between identical points on adjacent waves. For example it is the distance from one peak to another, or from one compression to another. Wave length is given the symbol λ (lambda). 

As wavelength is a distance it is measured in meter (m). 
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Frequency (f)

Frequency is defined as: the number of complete waves passing a given point per second

This can be determined by the number of crests or compressions that pass a given point per second. The higher the frequency, the greater the number of waves per second

Frequency is given the symbol f and is measured in hertz (Hz). A frequency of 10Hz would mean 10 waves per second

Time period (T)
Time period is defined as: the time taken for one complete wave to pass a given point. This is the time taken for one complete particle vibration or oscillation. It is given the symbol T. as time period is just a measure of duration it is measured in seconds (s)

The time period is the reciprocal of the frequency 
· Frequency = 1 / time period

· f = 1 / T

· T = 1 / f
Mechanical vs. Electromagnetic Waves
We call waves that travel through a material as vibrations of the material mechanical waves. It is these vibrations that form the wave. All mechanical waves require a medium to travel through
Electromagnetic waves such as light, radio and x-rays, do not require a medium to travel through. They are comprised of vibrating electric and magnetic fields

Examples of mechanical waves

Water Waves

Waves that travel on the surface of water can be through of as transverse waves

If you throw a stone in to a pond you can see ripple as crests and troughs travelling out from the splash. If you poke a stick up and down in the water you can create continuous wave travelling out from the source

The speed of water wave depends on the depth of water. As the depth of the water increases, so does the wave speed? In deep water, water wave can travel very fast (in hundreds of km/h) 

As water waves enter shallower water their speed reduces, so the waves bunch up, the wave length gets shorter but the amplitude increases

An easy way to remember this is to use SSSS water waves, Shallower, Shorter, Steeper and Slower

Seismic Waves

Seismic waves are produced by earthquakes. They travel out from the focus in all directions throughout the earth. It is these waves that usually cause the damage to buildings when they reach the surface
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There are three types of seismic waves: L-waves, P-waves, and S-waves.

L-waves: are complex types of rolling wave, which travel along the surface of the earth and cause the most damage to buildings

P-waves and S-waves: travel through the earth. It is the different properties of these two waves that enable us to not only determine the exact location of the earthquake but also the structure of interior of the earth.

The P in P-waves stands for primary, or pressure. P-waves are an example of longitudinal waves and travel very fast (around 7000m/s, depending on the medium). They often arrive first (hence primary waves) as they are faster than S- waves

P-waves are able to travel through both the solid and liquid part of the earth’s interior

The S in S-waves stands for secondary, or shear. S-waves are an example of transverse waves and still travel fast (around 4000m/s, depending on the medium), just not as fast as P-waves

S-waves are only able to travel through the solid parts of the Earth’s interior

The difference between P-waves and S-waves are S-waves are only able to travel through solid, whereas P-waves can travel through solids, and liquids.

8.3 Properties of Waves

The wave equation

Wave speed = frequency x wavelength         V = f λ 

Example: 1. A water wave travels as a speed of 100m/s with a wavelength of 20m. Calculate the time period of the wave

2. A drummer plays a note with a frequency of 85Hz. What is the wavelength of this sound wave in air? (Use v=340m/s)

Wave behavior

Reflection 

Reflection occurs when a wave reaches a fixed surface. The wave cannot pass through the surface instead, it refers off it, so that its direction changes

 





Figure (b) shows how ripples are affected by a convex reflector: in this case the straight ripples are reflected so that they becomes curved. They take the form of circular ripples spreading out as though they were coming from a point on the other side of the barrier

Figure (a) also tells us how circular ripples will be affected by a concave reflector. If they start from the focus of the reflector, they will be reflected so that they become straight ripples

Refraction 

The word refraction means breaking. Refraction is a property of all waves (light, sound, etc.) It happens when wave’s changes speed as they move from one material to another.

Refraction can be shown using a ripple tank. Ripple travel more slowly in shallower water than in deeper water, because they drag on the bottom
Diffraction

Diffraction occurs when a wave passes the edge of an obstacle, or through a gap. It can be investigated using a ripple tank

Interference
Constructive and destructive interference
To observe interference, we need two sets of waves. The fallowing figure shows the two kinds of interference

If the two waves are in phase (in step) with each other, they combine to make a bigger wave, with twice the amplitude. This is called constructive interference

If the two waves are out of phase with each other, they cancel each other, so that there is no wave. This is called destructive interference




A,



B,
Note that the two sets of waves must have exactly the same wavelength (and frequency) if they are to interfere like this. Also their amplitude should be the same if they are going to cancel exactly

8.4 Sound Wave 

Sound wave are longitudinal mechanical waves. Sound waves are produced whenever an object vibrates.

As sound waves are mechanical waves they require a medium to travel through. Sound obviously travels through air but it also travel through other gases, as well as solids and liquids. Importantly, sound cannot travel through a vacuum

Hearing 

When these vibrations reach our ears they travel down our ear canal and make our ear drums vibrate. These vibrations are transmitted to special cells inside your skull, which send a signal to your brain that we interpret as sound. When we are young we can detect a range of frequencies from around 20Hz to 20,000Hz. This is referred to as our audible range. This varies from person to person and factors such as age and expose to loud music dramatically changes this range

The speed of sound

The speed of sound through air is around 340m/s, this is around 900,000times shower than light, but still pretty fast

Speed of sound in different materials

	Medium 
	Speed of sound (m/s)

	Dry air at 00C
	331

	Dry air at 300C
	349

	Moist tropical air
	351

	Water at 200C
	1484

	Sea water at 150C
	1510

	Wood 
	3850

	Iron, steel
	5000

	Glass 
	5000


In general, the denser the material, the faster the speed of sound. This is because the particles in the medium are closer together and so the vibrations pass from particle to particle much quicker.

As air gets warmer the speed of sound through it increases. The speed of sound through any gas may be calculated using the equation below
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γ – The adiabatic index of the gas (a constant for the gas)

R* - another constant for the gas. It equals the molar gas constant / the molar mass (R/M). For air this is 286m2/s2k 

T – The temperature in K

V = √(kT) 

Where k = γ x R* = 1.4 x 286m2/s2k = 400m2/s2k

V = √(400 x T) 

V = √(400 x 298k)  = 354m/

Loudness

The loudness of a sound depends on the amplitude of the sound wave. The greater the amplitude, the louder the sound

In louder sound the particles move farther from their equilibrium position

Pitch

The pitch of sound depends on the frequency of the sound wave. The higher the frequency of the sound wave the higher their pitch

In higher pitch sounds the particles vibrate more often past their equilibrium position per second

Timber (quality)

The same note played on different instruments sounds distinctly different. This difference is referred to the timbre (or quality) of the sound. Quality does not mean good or bad, it just refers to the difference in the sound

Echoes

Sound like all waves, is able to reflect off surfaces. A reflection of sound is called an echo.

If the sound produced is in an enclosed space it may produce is in an enclosed space it may produce a number of echoes. Its sound like the sound is building up then slowly decaying away. This is called reverberation 

The intensity of sound waves

The intensity of any wave is defined as the energy received by each square meter per second. A higher intensity would mean more energy per second falling on each square meter

Intensity is equal to the energy incident on each square meter of a surface per second. This gives us units of intensity as W/m2 

 Sphere area                   intensity at surface of sphere
    4πr2                                                             
        P                                         I
Source power
                                                 r
                                                                   2r                    
                                                                                            3r
Intensity at surface of sphere I = P/4r2 

This kind of a relationship is called an inverse square relationship 

Example 1. A speaker has a power output of 200W. Determine the intensity of sound 2m from the speaker

2. The intensity of sound wave is measured to be 0.7W/m2. When 2.0m from the source. Calculate the power of the source

Uses of sound waves

Sound waves have many uses in addition to the obvious uses in communication and music. Sound waves with a high frequency, above human hearing, above 20KHz

One example of the use of sound is SONAR. This stands for Sound Navigation And Ranging, which is the sound wave equivalent of radar. It is most often used by ships to determine the depth of the sea bed, the location of a shoal of fish, or even the position of an enemy submarine

Sound is transmitted by the ship and it travels through the water. It reflects off the sea bed and travels back up where it is detected by special underwater microphones called hydrophones  [image: image4.png]




