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I. ABSTRACT

II. INTRODUCTION

The speed of light, ¢, which comes from the Latin word celer, meaning fast, is in the modern day a well known
and used constant, so much so that the meter was redefined in 1983 at the 17" Conférence Générale des Poides et
Mesures such that the speed of light in a vacuum was set to exactly ¢ = 2.99792458 x 108%. Throughout history the
topic of light and its speed has been widely debated, and many of its properties are still only being understood.

Some of the first accurate measurements were carried out by Fizeau in 1849 using a rotating toothed wheel and a
distant mirror, and from the rotational speed of the wheel and the observed returning pules, or obstruction the speed
of light could be calculated and Fizeau arrived at the value of 3.15300 x 108% for the speed of light. This experiment
was improved by Foucault and then Michelson in the 1920s by using rotating and fixed mirrors. We will be using a
similar set-up in the first part of this lab.

In this experiment, by reflecting a laser beam off the rotating mirror, then back onto itself though a total optical
distance of about 40m into a travelling microscope from which we measured the relative displacement of the beam
image S”. Due to the difference in angular position of the rotating mirror from first reflection and the returning
reflection, the image location S” differs by some amount according to the rotational speed of the spinning mirror. By
varying the speed of the rotating mirror we measured various displacements and using the equations derived in the
succeeding section we were able to calculate a value for the speed of light in air, cg;

For the second part of this lab we used another, more direct method of directly measuring the time difference
between two, different, known optical path lengths of light from a pulsed laser measuring the two pulses on a digital
storage oscilloscope. We took measurements for several optical path lengths between 40-60m using a system of mirrors,
lenses, and a retro-reflector.



III. THEORETICAL BACKGROUND

IV. EXPERIMENTAL DESIGN AND PROCEDURE
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FIG. 1: Sketch of the Michelson-Foucault variation experiment to measure the speed of light, a laser which passes through
lenses L; with focal length f; = 17cm and Lo with fo = 5m, flat rotating mirror My, flat fixed mirrors My and Mg, and
half-silvered mirror My and a travelling microscope TM to measure the position of image S” for several different rotational
speeds for M;. Counter will capture the pulses as M; rotates and blocks the light from the laser giving a frequency of twice
the actual rotational frequency of Mj.

We set up our equipment as seen in Fig.1. We set up the laser and L; such that image S is produced on My, and
set up Lo (with a focal length, fa = 5m), such that the distance from S to M; to Lo is 2fs = 10m. This means the
image S’ will also be created a length of 2f; away from Ly due to the Thin lens formula % + % = % M; was kept
stationary and rotated manually to a fixed point such that it lined up the reflected beam with with Lo; M; stayed in
this position until the other mirrors are set up.

Similarly the distance travelled by the light from Lo to mirrors My and M3 also needed to be 2f; so the light beam
is reflected back upon itself after producing a sharp image, S’, on M3 so that the reflected beam would travel back
though Lo and be focussed onto My.

The lengths between My and My, M; and Ls, Lo and Ms, and lastly My and M3 were measured using a long plastic
tape measure, using 2 people, one of each end. We made sure to pull the tape taught as it would sag in the middle
over the long distances(/ 5m) we were taking measurements for. We estimate that we placed the mirrors and lenses
within +1cm of uncertainty for the 4 measurements we took due to the bending of the tape measure.

Next the counter photocell was placed behind M; such that when M; was spinning, light would pass by when M;
was parallel to the light beam and be collected in the counter. The counter analyses the period of light intensity and
displays a frequency in Hz, which is 2 times the actual rotational frequency of M;. With the mirror M; rotating,
an image S” is reflected off of My into the travelling microscope which can be translated horizontally to measure the
displacement of S” as the rotational speed of M; changes. Two images are seen though the travelling microscope, one
next to the other, as the beam reflects off of the front and internal surfaces of My. One image was chosen and that
one was used to measure the relative displacement between trials for the rest of the experiment.

10 positions for S” were measured and recorded along with the displayed rotational frequency, between 100Hz
and 1000Hz in evenly spaced intervals of 100Hz. The counter fluctuated +1Hz during operation so we assumed a
2Hz uncertainty in this measurement. Care was taken to avoid gear slipping with the translation apparatus on the
travelling microscope so that readings on the attached calliper were accurate. Care was also taken to monitor the
counter while the increasing the voltage to M;, because near 700Hz the displayed frequency inexplicably dropped,
the photocell needed to be readjusted so that it accurately read the incoming intensity and the counter displayed the
correct frequency.

After we completed the 10 trials, we repeated another 10 trials, this time ranging from 150Hz to 1050Hz, also
in evenly spaced intervals of 100Hz, recording the measured rotational frequency from the counter and the S” spot
displacement for each.
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FIG. 2: Pulse generator pulses the laser which follows the optical path outlined, one split up into the detector while the other
continues and is reflected back on itself with the corner cube where it is also collected by the detector after some time t. The
path differences of the split pulses are measured for several different path length by varying the distance of the corner cube in
the optical path.

We set up our equipment as shown in Fig.2. The laser which is focussed about 30cm in front of the laser, is a red
light emitting semiconductor laser can have its power modulated by an applied voltage, directs a beam down towards
a half silver mirror My. The beam is split, reflecting to wards M; and then into the fast photo-diode and is measured
by the oscilloscope; the distance from M, to M; was measured using a ruler and recorded. The other beam continues
to Ly with f; = bm. We placed Ly 5m away from M, such that the unfocussed beam becomes collimated as it travels
to My, M3, and lastly the corner cube which reflects the beam back exactly on its previous trajectory. Lengths My to
Lo, Lo to My, and My to M3 were measured using the tape measure and recorded. Care was taken to keep the tape
measure from sagging to get an accurate measurement. We estimate that we placed the mirrors and lenses within
+1cm of uncertainty for the measurements we took due to the bending of the tape measure.

As the beam travels back off of M3 and My and then through Lo, it focuses back onto My and bounces into the
the fast photo-diode and is measured by the oscilloscope. Using the oscilloscope we measured the times between the
incoming and the reflected beam and recorded the time as well as the distance to the corner cube, allowing us to
measure the path difference and thus, able to measure the speed of light directly. We did these measurements for 3
different distances by varying the position of the corner cube in the optical path, measuring and recording the distance
from M3 to the corner cube as well as the time difference of the two beams by reading the data on the oscilloscope.
We made sure to make consistent measurements using the cursors on the oscilloscope, measuring the distance from
peak to peak on the displayed waveform, where each peak corresponds to the two detected beams, the split beam and
the reflected.

V. ANALYSIS

VI. CONCLUSIONS
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