Faraday Rotation as a Lecture Demonstration
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Faraday rotation experiments, plane-polarized light through a sample being rotated by some angle when a magnetic field is applied, have long been a staple of most advanced physics laboratory curriculums but have been plagued by high costs, size, fragility, or operating difficulties of the components used.   Technological advances in the areas of diode laser pointers, high strength permanent magnets, and readily available metal doped glass samples, combined with dramatic price decreases for these components now make this experiment easy and suitable for not only any advanced laboratory but also as a lecture demonstration.  


Our Faraday rotation apparatus is shown in Fig. 1 and is similar to standard apparatus for measuring optical rotation as described previously by Colicchia1 but with the addition of permanent magnets that can be slid over the sample material.  The unit was made from an old homemade polarimeter apparatus that was modified2 to use large diameter 360 degree protractor scales for easy classroom viewing.  A large dial pointer was added so that angular rotation of the analyzer could also be quickly pinpointed.  The sample of terbium doped glass rod3 is approximately 4 mm dia. X 10 mm long and is held in a 10 cm. length of impact resistant polycarbonate tube4 mounted between the polarizer and the analyzer with the sample located approximately 4 cm. from one end of the tube.  The neodymium ring magnets5 then slide onto the polycarbonate tube so that they may be positioned away from or over the sample when doing the demonstration.
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Fig. 1.  The basic apparatus with the magnets 

positioned over the sample.


To date we have demonstrated 3 separate effects in class with this apparatus and are working on a 4th.  The three effects we will report here are the dependence of wavelength on rotation angle, the effect of temperature on rotation angle, and time reversal. 
The Dependence of Wavelength on Rotation Angle

We have six laser pointers6 of different wavelengths mounted in an array that we use for this demonstration which is shown in Fig. 2.  The array allows us to start with all the lasers at the correct height.  We then just slide the apparatus from one laser to another during class which allows us to show the full range of the effect with a minimum of wasted time.   The wavelengths and colors of our pointers are 650 nm red, 632.8 nm red, 593.5 nm yellow, 532 nm green, 473 nm blue, and a 405 nm purple.  Our procedure is to shine the desired laser through the sample without the magnetic field being applied, set the analyzer to zero degrees, and rotate the polarizer until minimum light transmission or extinction is achieved on the screen.  The magnetic field is then applied by moving the ring magnets over the sample at which point a bright spot of light will appear on the screen.  Rotating the analyzer until that bright spot is again at a minimum or extinguished will give you the rotation angle for that wavelength.  As seen in Table 1, our samples rotation angle is less than ten degrees at 650 nm but increases to 30 degrees at the 405 nm wavelength.  
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Fig. 2.  

There is one important consequence of using laser pointers that needs to be noted here, that is almost all laser pointers are polarized to some degree.   When used for this demonstration they need to be aligned so that you can rotate the analyzer at least 80 degrees or more in the needed rotation direction without the laser beam going through a minimum intensity or being extinguished, which would interfere with the collection of data.  
Table 1.   Rotation Angle Data 
	Wavelength (nm) 
	Rotation Angle  in degrees
	Rotation Angle ( Liq. N2) in degrees 
	Time Reversal Rotation Angle in degrees

	
	
	
	

	650
	7 to 8
	13 to 14
	8 to 9 

	632.8
	9 to 10
	21 to 22
	11 to 12

	593.5
	10 to 11
	30 to 31
	12 to 13

	532
	13 to 14
	41 to 42
	15 to 16

	473
	17 to 18
	52 to 53
	19 to 20

	405
	29 to 30
	76 to 77
	31 to 32


The Effect of Temperature on Rotation Angle

The terbium doped sample we have is rugged enough to be cooled to liquid nitrogen temperatures but needs to be held in a plastic tube that will also survive the plunge.  This is the reason for the impact resistant polycarbonate tubing mentioned above.  We drip liquid nitrogen over the area of the tube containing the sample using an ordinary 60 cc plastic syringe with a large bore blunt needle as pictured in Fig. 3.  The cooling of the sample in this fashion only takes 20 to 30 seconds of class time with the actual measurement taking another 5 to 10 seconds.   We do not cool the magnets as it would take about 2 minutes of class time to bring them down to temperature although this would be the better alternative if we were taking more exacting data.  The rotation angle of each wavelength of light when the sample was cooled to liquid nitrogen temperatures is also shown in Table 1.  Note that the rotation angle at liquid nitrogen temperature is 2 to 2 ½ times the rotation angle at room temperature.  
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Fig. 3.  
Time Reversal

Consider a single wave front that moves from the laser, through the polarizer, sample and analyzer, and onto the screen.  At each point in that path you could plot the polarization direction and rotation angle if desired.   What you have really done with that exercise is to look at what happens to the wave front as it travels through time on its path from laser to screen.  In many ways the desirable way to describe or think of this experiment is as a polarized wave front that travels through time.  Time reversal then would be nothing more than switching the position of the lasers and the screen in Fig. 2 so that the laser light enters the sample from the opposite end.  Theoretically you should get the same rotation angles no matter which end of the sample the laser light enters.   In reality this is rarely the case due to how the metal atoms self organize themselves within the sample.   As shown in Table 1, there is several degrees difference in rotation angle of our sample when the laser light was directed through it from the opposite end.      
Conclusion
The apparatus as shown and described is optimized for a lecture demonstration setting where time management is of the essence.  It is done using full lighting in the lecture room with the instructor’s eyes as detectors, hence the rather imprecise measurements reported in Table 1. The only aid we use is that of a camera looking onto the back side of our tracing paper screen when the demonstration is used in our large classrooms so that the laser light coming through the sample is visible to all.  Obvious improvements would be the addition of an oscilloscope and photocell to replace the eye as a detector, and more precise positioning of the magnets over the sample, but then this reverts back to the realm of an advanced lab experiment and not a simple lecture demonstration.    
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