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Polarization
Electromagnet waves have a number of directions associated with them.  As shown in the above figure, the electric field points along one direction (y in this case); the magnetic field points in another direction (z in this case); and the wave moves in another direction (x in this case).  The direction that the electric field points in is said to be the light’s polarization. 

Incandescent light is electromagnetic radiation given off a body because that body has a temperature.  Because this radiation is due to a thermal process, it tends to be randomized.  Thus, there is a spread of frequencies (hence white light) and also no preferred direction for the electric and magnetic fields – that is, the light is unpolarized. We think of incandescent light as being the superposition (the adding together) of a lot of light waves.  The individual waves have polarizations but they are in random directions, so the combination has no preferred direction.  

If a material has a preferred direction (imagine elongated molecules all lined up), then the material will react differently with light of different polarizations.  Such a material can be used to filter light – eliminate all of the waves except those that have a particular polarization.  This is the concept behind polarized sunglasses. They cut out a lot of the light because they transmit light of only one polarization. 

If you were to look at light that is already polarized through a polarizing filter, you may see nothing at all – if the light’s polarization and the filter’s polarization are orthogonal, i.e. at right angles. For example, if the light having vertical polarization were viewed through a horizontal polarizer, then the light would not reach the observer.  

1. Place a Light Source on the Optics bench.

2. Place a polarizing filter in the Accessory Holder. 

3. Note that the polarizer has angles marked around its outer edge and that the Accessory Holder has a vertical indicator “at six o’clock.”  Starting with the zero angle at six o’clock, rotate the polarizer around to see if you observe any change in the light’s intensity (brightness) as seen through the polarizer.

	Observation of white light with one polarizer:

 


4. Return the polarizer’s zero angle to six o’clock.  Add a second polarizer.  Keep the first polarizer fixed and rotate the second polarizer.  Observing the light through both polarizing filters.  Indicate the angles of greatest and least intensity.  

	Two polarizers:

Angle(s) of highest intensity:

Angle(s) of least intensity:




5. Place the two polarizing filters (with a few centimeters between them) in the arrangement resulting in the least intensity above (it should be zero intensity – darkness) with the first polarizer’s zero angle at six o’clock.  This scenario is known as “crossed polarizers.”

6. Add a third polarizer between them.  Determine what angles of the third polarizer yield the highest and least intensities.

	Intermediate polarizer between crossed polarizers:

Angle(s) of highest intensity:

Angle(s) of least intensity:




Interference and Diffraction of light

We will send laser light through a pattern of slits. According to Huygens' Principle, the light that passes through these slits can be thought of as a new source. (We use laser light for this part because we are looking at interference which involves phases and wavelengths; lasers are monochromatic and coherent, meaning what?)  The waves from these sources will interfere, sometimes constructively, sometimes destructively, yielding bright and dark spots respectively. The centers of the bright spots should be at places of constructive interference, i.e. where the path difference is an integral multiple of the wavelength. 

· Attach a multi-slit set (which is comprised of two parts shown below) 
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and a diode laser to an optics bench as shown below.
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· Plug in the laser, turn it on, and adjust the horizontal and vertical settings so that the beam goes through the slit(s) in the center of the multi-slit set and ends on the screen (piece of paper taped to a cabinet or wall across the room). 

· Note the wavelength of light (if it's not stamped on the laser, look up the wavelength of red light). 
	λ (   )        
	      


· Choose the a=0.04 mm, d=0.125 mm,  n=2 setting from the “multiple slit settings, where a is slit the thickness, d is the distance between slit centers. Describe, possibly photograph the pattern.  
· Look at the patterns from the 3-, 4- and 5-slit settings. You should draw them or describe them in your report. They should be distinct from the 2-slit patterns considered above. 
· In the patterns, what is different from the two-slit case? What is the same?

· Account for the change in the pattern by making a plot from 0 to 4π in Excel of the following functions   

	slit
	Function

	2. 
	1 + cos (φ) 

	3. 
	1 + cos (φ) + cos (2 φ)

	4. 
	1 + cos (φ) + cos (2 φ) + cos (3 φ)

	5. 
	1 + cos (φ) + cos (2 φ) + cos (3 φ)+ cos (4 φ)


where φ correspond to the phase difference between two adjacent slits.  In the plot of 1+cos(φ) we can think of 1 as the wave from the first slit and cos(φ) as the wave from the second.  When φ is equal to 0, 2π, 4π, etc. then the waves are “in phase”, interfere constructively and form bright spots.  When φ is equal to π, 3π, etc, then the waves are “out of phase”, interfere destructively and lead to dark regions.  What happens as we move to three, four, and five slits in the above functions? And how does that compare to what you observed using the laser?
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I Electromagnetic Wave

This animation shows an electromagnetic wave, namely a plane polarized wave, which propagates in
positive x direction. The vectors of the electric field (ed) are parallel to the y axis, the vectors of the
magnetic field (blue) are parallel to the z axis.

@ W. Fendt 1999

1 ek vl sarted

NI







