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SUMMARY
11.1 

Standing (stationary) waves (2h) 



Standing waves are the vibrations on the spot formed by waves moving through each other from 

opposite directions, with the same frequency and similar amplitude.



Displacement nodes are the places which always have zero displacement. 



Displacement antinodes have displacements that fluctuate between maximum positive and 


negative values.



The displacement nodes in a standing wave pattern are separated by half the wavelength of the 


waves moving through each other.



A displacement node exists at a fixed end and an antinode exists at a free end.



In an air column, a displacement antinode is at an open end and a node is at a closed end.



In an air column, the air has zero displacement at displacement nodes.



In an air column, the displacement of the air fluctuates between two extremes at the 



displacement antinodes.



In an air column, air pressure fluctuates between two extremes at displacement nodes. There is 


normal pressure at displacement antinodes.


In an air column, the sound would be loud at pressure antinodes (displacement nodes).


Resonance occurs when a string/air column is stimulated by a vibration with the same frequency 

as one of its standing wave modes of vibration.



When resonance occurs, the amplitude of the standing wave is very large.
11.2

Doppler effect (2h)


For a moving source, the wavelength in front of the source is smaller than the wavelength 


behind it.



An observer detects a higher frequency as the source approaches and a lower frequency after the 

source has passed. This is the Doppler effect.



Doppler effect also occurs when the source of the waves is stationary and the observer is 



moving.



Light from stars contains the emission spectra of elements. The wavelengths of the spectral lines 

are slightly larger values than those obtained in the laboratory. This is called the Redshift.



Edwin Hubble discovered the Redshift in the 1920's. His discovery led to him formulating the 


Big Bang Theory of the Universe's origin.



For a moving source the frequency ahead of the source equals the frequency divided by 1 minus 

the speed of the source divided by the speed of the waves.



For a moving source the frequency behind of the source equals the frequency divided by 1 plus 


the speed of the source divided by the speed of the waves.



For a stationary source when moving away from it, the apparent frequency equals the frequency 

times 
1 minus the speed of the observer divided by the speed of the waves.



For a stationary source when moving towards it, the apparent frequency equals the frequency 


times 1plus the speed of the observer divided by the speed of the waves.


For electromagnetic waves the change in frequency is approximately given byf = vf/c.



Doppler effect can measure blood-flow and vehicle speeds.
11.3

Diffraction (1h)


Diffraction is the change in direction of light as it moves past an edge, through a small hole or a 



narrow slit or around a small object.









2.



Strong diffraction occurs when the wavelength of the waves is greater than or equal to the size 


of the opening or the width of the object.



Huygens Principle states that every point on a wavefront can be considered a secondary source 


of circular waves. 



The straight wavefront that arrives at a slit can be replaced with a large number of sources 


across the gap of the slit sending out circular waves in phase.



For a single slit, nodes are formed on the screen in positions when sin  =  /w, 2/w, 3 /w 


etc where  is the angle from the centre.



The nodes in the diffraction pattern formed on a screen at a distance L by a single slit with 


width w are a distance nL/w from the center.

11.4

Resolution (4h)


Rayleigh's criterion for the point at which two sources are just resolved states the central 



antinode of one diffraction pattern lies on top of the first node of the other diffraction pattern.



A single slit can just resolve two sources if they subtend an angle of /w at the slit where w is 


the width of the slit.



A circular hole can just resolve two sources if they subtend an angle at the hole of 1.22/d 


where d is its diameter.



Radio waves have a very long wavelength compared to light. This limits the ability of a radio 


telescope from resolving sources of radio waves that are close together in the sky.


The wavelength of electrons ~ 0.0028 nm used in an electron microscope is many times smaller 


than the wavelength of light ~ 500 nm. 


Diffraction of the electrons is much smaller than the diffraction of the light so resolution of the 


electron microscope is much better than a light microscope.
11.5

Polarization (3h)


A transverse wave is polarized when the medium vibrates in one plane only as the waves travel 


through it.


Light and other electromagnetic waves consist of oscillating electric and magnetic fields.



The electric field and magnetic fields oscillate at right angles to each other and to the direction 


of travel of the wave. 


When discussing polarization, it is usual to discuss the plane of oscillation of the electric field. 


An electromagnetic wave is polarized when the electric field oscillates in one plane only.


EM waves can be polarized by using a polaroid filter which contains a molecular structure that 


only allows through the waves which have the electric field oscillating in one particular plane to 

pass through.


When light reaches a boundary between two media (non-metallic), partial reflection and 



transmission occurs. 


If the surface is horizontal, the parts of the wave with an electric field oscillating in a horizontal 


plane have a greater likelihood to reflect and the parts with the electric field oscillating in the 


vertical plane have a greater likelihood of passing into the next medium. 


The reflected light is partially polarized in the horizontal plane and the transmitted light is 


partially polarized in the vertical plane as shown in the diagram.


When the reflected and refracted light paths are at 90o to each other, the reflected beam is about 


15% of the incident light and is totally polarized in the horizontal plane.


Brewster's angle is the angle of incidence when the reflected light is totally horizontally 



polarized and is given by tan  = n, the refractive index of the material.









3.



When light passes through two polaroid filters, the first one is the polarizer and the second is the 

analyser.



Malus' Law says the intensity of the light passing through the analyser is proportional to the 


square of the cosine of the anagle of rotation of the analyser relative to the polarizer.

An optically active substance can rotate the plane of polarization when polarized light passes through it. e.g. a solution of sucrose (table sugar).


From a graph of rotation angle versus concentration, a sucrose concentration can be 



determined by determining how much rotation has occurred.


Polaroid filters are used to perform stress analysis tests on transparent plastics. As light passes 


through a plastic under stress, each color of the spectrum is polarized in a different plane. 


When viewed through a polaroid filter, a colorful pattern is seen. The greater the concentration 


of colored bands, the greater the stress. This is usually where structural failure occurs.  


A Liquid crystal has properties of solids and liquids. Its molecules are aligned regularly like a 


solid but are free to move around like a liquid.  It can be made to rotate or not to rotate the plane 

of polarized light.

The ends of the container have very fine grooves – vertical at one end and horizontal at the other. The molecules of liquid crystal line up with the grooves at each end and the ones in between are at slightly different angles.

The changing direction of the molecules rotates the axis of polarization as polarized light passes through the crystal.

If an electric field is applied to the liquid crystal, it overrides the effect of the grooves and forces all the liquid crystal molecules to be parallel as shown to the right.

No rotation of the axis occurs when polarized light passes through the liquid crystal.

The liquid crystal in a container with the grooved surfaces is put between two crossed polaroid filters. With no electric field, the liquid crystal rotates the plane of polarization so the light can get through the polaroid filters, reflect from the mirror and repeat the process on the way out. The display is bright.

When the top and bottom surfaces are given a charge, the electric field aligns the liquid crystals in the same direction and no rotation of the plane of polarization occurs. The light does not pass back out and the display appears black.
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