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Speed of Light: I 

1. Purpose
You will be using a method basically the same as that developed by Foucault (1862) to measure the speed of light.  The apparatus is shown in Fig. 1.
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The method is most easily understood if we consider the continuous laser beam as made up of a series of very short pulses.  One such pulse leaves the laser and is focused by lens L1 to give a point image at s.  This acts as the object for lens L2.  If mirror Rm is at rest, L2 forms a point image on the fixed mirror, Fm, this image then acting as an object for L2 for the return path.  Corresponding images are formed by L2 at s and, due to the beam-splitter, at s'.  If, however, Rm is rotating, the returning pulse from Fm will find this mirror at a slightly different angle and consequently the image will be slightly displaced.  It is by measuring this displacement that we determine the speed of light.

To simplify the situation, it is convenient to remove the confusion of the rotating mirror, Rm, and the beam-splitter and consider virtual images instead.  Thus in Fig. 2 we see, for the returning pulse, two objects, O1 and O2, corresponding to two positions, 1 and 2, of Rm.  These in turn give rise to two images, I1 and I2.  The distance  s' between I1 and I2 is related to the distance  s between O1 and O2 by the ratio of image to object distance:
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                   S' =  A  .    ........................(1)

                   S  = D+B

Also                S = 2D    ........................(2)

where   is the angle through which the mirror is rotated.  (Remember that a reflected ray is rotated through twice this angle.)  Finally,  is the angle through which the mirror rotates in the time,  t, taken for light to travel from it to the fixed mirror, Fm, and back again:

                      =   =  2D/c   ...................(3)

where w  is the angular velocity of the mirror.  From equations 1,2, and 3 we obtain the speed of light:

                    c = 4AD2 /(D+B)( S').    ..............(4)

2. Procedure

PLEASE DO NOT TOUCH ANY OPTICAL SURFACES.  Mount the rotating mirror assembly on the optical bench, flush against the "fence" and with the front edge of the base aligned with the 17 cm mark.  Similarly mount the beam-splitter with its center approximately at the 73 cm mark.  Switch on the laser (NEVER LOOK DIRECTLY INTO THE LASER BEAM.  EYE DAMAGE COULD RESULT.)  Adjust the leveling screws if necessary until the laser beam strikes the center of the rotating mirror.  Place a component holder on the bench at the 93 cm mark and then mount the 48 mm focal length lens (L1) on the side of the component holder facing the rotating mirror.  Without moving the holder, slide L1 until the expanded laser beam again strikes the center of the rotating mirror.  Repeat these steps for the 252 mm focal length lens at the 62.2 cm mark.  Place the fixed mirror Fm on a distant lab table (~ 10 m) with the angle betwen the axis of the optical bench and the line from Rm to Fm set at about 12o.  Rotate Rm until the laser beam is reflected towards Fm and then adjust the position of Fm until the beam strikes it approximately at its center.  (A piece of white paper held in the beam will assist you in this.)  Using the adjusting screws on Fm, direct the reflected beam back until it is centered on Rm.  Slide lens L2 back and forth along the optical bench until the image formed on Fm is as small as possible.

Place the measuring microscope perpendicular to the optical bench with the objective centered on the reflected laser beam and approximately 18 cm from the center of the beam-splitter.  Before looking through the microscope, place the crossed-polarizers in front of the objective, otherwise the intensity will be too high.  Look through the microscope and adjust the focus until you obtain a small bright spot of light.  If the spot moves as you adjust the focus, the microscope is not aligned with the incoming beam and you will need to make some adjustments.

Center the spot on the vertical cross-wire and read the vernier at least to the nearest 0.001 cm.  (This reading is not needed and is only for practice.)  Remove the crossed-polarizers.  Set the direction switch on the power supply for the rotating mirror to CW.  Before turning on, be sure the lock screw for the rotating mirror is completely loosened so the mirror rotates freely by hand.  Now turn on the motor and let it warm up at about 600 revs/sec for at least 3 minutes.  Slowly increase the speed and note how the laser beam deflection gradually increases.  You do not need the crossed-polarizers for this.  When the ADJUST knob is at its maximum setting, press the MAX REV/SEC button and hold it down.  (1 MINUTE MAXIMUM.)  When the speed stabilizes, align the vertical cross-wire on the beam image and note the rotational speed.  Release the button and reduce the speed to zero.  Read the microscope position on the vernier scale.  Repeat with the direction switch set at CCW.

3. calculations

Measure the distances A, B, and D (See Fig. 1).  A is the distance between L1 and L2 minus the focal length of L1.  From equation 4, 

c = 8AD2(Rev/seccw + Rev/secccw)/{(D+B)(scw' - sccw')}

Determine c from this equation together with the maximum error.  [Hint:  the error should come from taking the derivative of the above equation with respect to the actual measured numbers, A,B, D, and the angular frequencies.]
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