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Experimental Physics II (PHY 462)

Speed of Light Experiment

(Foucault Method)
Introduction and Past Measurements of the Speed of Light:
The velocity of light is an important and intriguing constant of nature.  As Einstein’s Special Theory of Relativity tells us it is a constant regardless of what its source is and regardless of the velocity of the observer.  Furthermore, it establishes an upper limit to the velocity that may be imparted to any object and objects at or near the speed of light follow a set of physical laws drastically different from Newton’s laws.

Galileo was one of the few ancients to speculate that the speed of light may be a constant.  Being an experimentalist, he suggested a method for measuring the method by having two people A and B stand on the tops of two hills separated by a distance of about a mile with lanterns.  First A uncovers the lantern, and then when B sees the light she uncovers the lantern.  By measuring the time for light to go back and forth they then calculate the speed of light.  Of course, Galileo discovered his measurement was inadequate and the distance needed to be far greater.

It was Roemer in 1675 that made the first successful measurement of the speed of light based upon his observations of the eclipses of Io, a moon of Jupiter.  Roemer observed that the duration of these eclipses was shorter when Earth was moving toward Jupiter than when the Earth was moving away.  He interpreted this phenomenon to be due to the finite speed of light and calculated it to be 2.1 x 108.  The error in the accuracy of the value resulted from the inaccurate knowledge of the distances involved at that time.

Next, in 1849, Fizeau developed an ingenious method for measuring the speed of light over terrestrial distances by using a rapidly revolving cogwheel in front of a light source to deliver the light to a distance mirror in discrete pulses.  The mirror reflected these pulses back to the cogwheel, and depending on the cogwheel’s positions either the pulse got to an observer or got blocked.  By a measurement of the speed of rotation of the cogwheel and distances between cogwheel and mirror Fizeau was able to calculate the speed of light to be 3.15 x 108 m/sec.

Finally, Foucault improved upon Fizeau’s method using a rotating mirror instead of a cogwheel.  This improved the accuracy of measurement of the speed of light giving a measurement of up to 2.99774 x 108 m/sec which is very good in comparison with the presently accepted value of 2.99792458 x 108 m/sec.
The Foucault Method Setup and Measurement: 
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Shown above is the general setup for the Foucault method from the Pasco Manual.  Shown below is the equipment setup and alignment.
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The method I used for measuring the speed of light in this experiment was the Foucault method.  I setup and aligned the equipment using the Pasco manual.  

I began by measuring the focal lengths of my two lenses.  Before placing the lenses and microscope in their proper locations, I used the alignment jigs to align the laser and the rotating mirror by setting the rotating mirror so that the incident laser beam gets reflected back through the jigs.  I then placed everything as shown in the above diagram.  In my case, I also had an extra mirror after the fixed mirror.  The extra mirror was adjustable and used so I don’t have to run back and forth between the rotating mirror and the distant fixed mirror.  When everything was properly setup, the beam observed with the microscope appeared as a broad spot in a field illuminated by scattered laser light from the first lens. I made sure that this spot disappears when the light between the rotating mirror and the fixed mirror is blocked.

When the rotating mirror was turned on, a faint stripe was observed which moves when the rotation rate is changed. The faint stripe was focused into a spot by moving L2 and it disappeared when the beam between the fixed and rotating mirrors is blocked.  This was my spot.  It moved depending upon the rotation speed and could be measured with the micrometer.
Measurement 

Speed of Light measurement is made by rotating the mirror at high speeds and using the microscope and micrometer to measure the corresponding deflection of the image point.  By rotating the mirror first in one direction and then in the other, the total beam deflection is doubled, therefore, doubling the accuracy of the measurement.  During measurement, the rotating mirror should never be run at maximum speed for more than a minute to prevent over heating, and one should never look into the microscope without either the polarizers in place or the rotating mirror turning.
Data and Calculation:
F1 (focal length 1) = 60 ± 5 mm
F2 (focal length 2) = 250 ± 50 mm

Laser position = 3.5 ± 0.2 cm
L1 position = 10.0 ± 0.2 cm

Microscope and Beamsplitter position = 23.0 ± 0.2 cm

L2 position = 49.5 ± 0.2 cm

MR (rotating mirror) position = 86.5 ± 0.2 cm

MA (adjustable mirror) to MF (fixed mirror) distance = 620.5 ± 1.0 cm

MF to MR distance = 728.5 ± 1.0 cm
When MR is stationary and aligned, the image point s = 5.310 ± 0.01 mm according to the micrometer knob.
	Rev/Sec of MR
	Micrometer Knob position in mm

	0 (stationary)
	5.310 ± 0.01 mm

	1005 ± 10 CW
	5.900 ± 0.01 mm

	1022 ± 10 CCW
	5.105 ± 0.01 mm


From this we calculate the speed of light according to the formula derived in the lab notebook:

c = 8 * pi * A * D2 (Rev/secCW + Rev/secCCW ) / ((D+B)(s’CW – s’CCW)

where A is the distance between L1 and L2 minus the focal length of L1, B is the distance from L2 to MR, D is the distance the beam travels from the rotating mirror to the adjustable mirror, and s’ are the reading on the micrometer knobs.

Plugging in the values I calculated the value of c to be 2.82 x 108 m/sec with a fractional uncertainty of 0.012 corresponding to an absolute uncertainty of ± 3.38 x 106 m/s.
Error: 


The calculated value corresponds to a 5.7% error from the accepted value of 2.99 x 108 m/s.

The major error source is in determining when the image spot is in the center of the microscope and reading the micrometer knob at that location.  Small changes in this reading dramatically affect the calculated value of the speed of light.
Other sources of error can include the measurement of the long distances between the mirrors.
