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OSCILLATIONS AND WAVES


SUMMARY
4.1 

Kinematics of Simple Harmonic Motion (SHM) (2h) 

An oscillation is a small side to side movement of an object about its normal position.
Displacement is the position of the object relative to its normal position.

The amplitude is the greatest distance the object moves from its normal position.

Frequency is the number of oscillations that occur in 1 sec.

Period is the time to complete one oscillation.

Phase is the fraction of a cycle one object is behind another when they both oscillate at the same frequency but not in time.

The angular frequency of an oscillation is equal to 2 divided by its period.
When an oscillating object’s acceleration is in the opposite direction to its displacement and proportional to the size of its displacement, the object is performing Simple Harmonic Motion.

For an SHM with angular frequency , amplitude r, maximum velocity vo:


 if displacement is -r when t = 0:
x = -r cos t   
vo = r   

v = vo sin t
 

 
 if displacement = 0 when t = 0:
x =  r sin t
vo = r

v = vo cos t

For any initial conditions, v = ( ( r2 - x2
4.2

Energy changes during simple harmonic motion (SHM) (1h) 

As an object performing SHM moves away from its mean position, the stored PE increases and the KE decreases.
For amplitude r, when displacement is x the kinetic energy Ek = ½ m2(r2 – x2),  the total energy is 
ET = ½ m2r2 and the potential energy is EP = ½ m2x2.
4.3

Forced oscillations and resonance (3h) 

Damping occurs when there is considerable opposition to an oscillation from an outside source.

Damping transfers energy away from the object that is oscillating.
Critical damping occurs when an object returns to its mean position but does not overshoot.
Natural frequency is the frequency that an object will oscillate at when no other force acts other than the restoring force.
A forced oscillation occurs when an object is made to oscillate by another force other than the normal restoring force.

When the natural frequency is close to the frequency of the outside force, the amplitude becomes very large.

The amount of increase in amplitude depends on the degree of damping.
Resonance occurs when an object capable of oscillating, has a force applied to it with a frequency equal to its natural frequency of oscillation. A very large amplitude results.

Resonance is useful when pushing a child on a spring and harmful if resonance creates a large vibration in a machine.
4.4

Wave characteristics (2h) 
A medium is a material through which a wave passes.

When a wave passes, it forces the medium to oscillate.
Waves transfer energy from one place to another without any material moving between the places.
A wave pulse causes the medium to have one oscillation. A continuous travelling wave causes the medium to keep oscillating.  
Waves transfer energy without transporting matter because each part of the medium oscillates on the spot.






    2.

A transverse pulse causes the spring to move at right angles to the direction of motion of the pulse.

A longitudinal pulse causes the spring to move parallel to the direction of motion of the pulse.

The direction of propagation is at right angles to the wavefront.

The displacement at a point is how much the medium has been displaced from its normal position. Displacements are given + or - signs depending on the direction of the displacement. 

Amplitude is the largest distance from the normal position that the medium is displaced.

The wavelength  of a wave is the distance from one point to the next point moving in phase.
The period T of a wave is the time in seconds that it takes one wavelength to pass by. In this time the medium will complete one oscillation. 

The frequency f of the wave is the number of wavelengths that pass each second.
Frequency and period are reciprocals. T = 1/f.

The speed of a wave is equal to its frequency times its wavelength.

A displacement/position graph shows the displacement of the different sections of a medium.

A displacement/time graph shows the displacement of one point of a medium as time elapses.

The speed of the particles of a medium is a maximum when their displacement is zero.

The speed of the particles of a medium is zero where the medium has maximum displacement.

For a longitudinal wave, the medium has a high pressure called a compression where particles are closer than normal.

For a longitudinal wave, the medium has a low pressure called a rarefaction where particles are further apart than normal.

The particles around a compression move in the same direction as the wave.

The particles around a rarefaction move in the opposite direction to the wave.

The particles near a compression and rarefaction have small displacements.

The particles where the pressure is normal, have large displacements.
All electromagnetic waves travel at the same speed in free space. 

4.5

Wave properties (2h) 

For a transverse wave, the phase of a wave is the side of the normal position that the displacement occurs.

The speed of a pulse depends on the tension in the spring and the mass of the spring per metre.

The greater the tension the faster the pulse.

The greater the mass per metre the slower the pulse.

Transmitted pulses always have the same phase as the incident pulse.

Transverse pulses reverse their phase when reflecting from a fixed end.

Transverse pulses keep the same phase when reflecting from a free end.

When a transverse pulse moves towards a heavier spring the partial reflection has the reverse phase.

When a transverse pulse moves towards a lighter spring, the partial reflection has the same phase.

When a wave meets a boundary the angle of incidence is the angle between the direction of propagation and the normal.

When a wave reflects off a barrier the angle of incidence is equal to the angle of reflection.

When a wave travels from deep water into shallow water, it slows down and refracts towards the normal. This is refraction.

When refraction occurs, the speed and wavelength change but the frequency remains constant.

When a wave travels from deep water into shallow water, sine of the angle of incidence divided by the sine of the angle of refraction is equal to the speed in the deep water divided by the speed in the shallow water. This is Snell's law.

Diffraction is the change in the direction of a wave when it passes near an edge or through a gap.

The greater the ratio of wavelength to obstacle or gap size, the greater the diffraction.

Superposition : When two pulses over lap the total displacement equals the sum of the individual displacements.

Constructive interference forms and anitinode when two crests and two troughs overlap.

Destructive interference forms a node when a crest overlaps a trough. 
In a two source interference pattern when on a node, the path difference equals a half multiple of the wavelength.

In a two source interference pattern when on a antinode, the path difference equals a whole multiple of the wavelength.

Phase is the time delay divided by the period.

Path difference equals (n- ½ + p)on a node and (m- ½ + p)on an antinode.
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