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Objective:  To measure the speed of light.

Theory Introduction:  The speed of light in a vacuum is one of the most useful and unique constants in all of science.  It is useful in that there are many laws that make use of its exact value.  It is unique in that it truly a constant as shown in Special Relativity.

Early attempts were made to qualify the speed of light.  These were philosophical attempts, which is unsurprising given the history of scientific development.  The topic was not so much an exact value for the speed but whether it was finite or infinite.  Empedocles conjectured that light had to have a finite speed given that it was in motion and all things take time to move.  Aristotle also though that light had a finite speed but stated that it was so great that the “strain upon our powers of belief is too great.”  

Others, such as Heron thought that the speed of light was infitine.  The common belief was that light was emitted by the eyes, reflected off of an object, and then received back by the eyes.  Heron argued that with this being the case if light had a finite speed, distant objects such as stars would take time to apprear when you open you eyes to look at them.  Since they appear instantly he believed that light had an infinite speed.

This philosphical approach was used for many years and applied by many people.  In the 17th century experiments started to be proposed to test for the speed of light.  Isaac Beekman, a friend of Renee Descartes, proposed using a mirror and a cannon to find the speed of the light fromt eh flash of the cannon.  Galileo devised an experiment wherein covered lanterns were used, but this only succeeded in finding the reaction time of the experimenters.  

Olaf Romer was the first person to devise an experiment to actually measure the speed of light.  Using the orbit of Io around Jupiter as observed from different times in Earths rotation around the Sun Romer was able to find a numeric value for the speed of light.  Another use of astronomy to find the speed of light was done by Bradley in 1728.  He used the phenominon of abberation when looking at stars to estimate the speed of light to be 298,000 km/s, very close to the correct value.

Fizeau was the first person to successfully measure the speed of light terrestrially using an experiment very similar to Galileo.  Light would shine on a mirror at a distance of thousands of meters passing through a rotating cog-wheel along the way.  If one knew the distance from the light source to the mirror, the number of teeth on the wheel, and the rate of the wheel’s rotation, then the speed of light could be calculated. Fizeau found it to be 313,000 km/s.  The method was improved by Foucault by replacing the cog-wheel with a rotating mirror. Foucault found the spped of light to be 298,000 km/s.  Michelson improved the method yet again finding a speed of 299,796 km/s.

With the advent of advanced electronic systems, including sensitive diagnostic machines like the oscilloscope, and fiber optics we are now able to make more or less direct measurements of the speed of light.

Description of Experiment:  The apparatus required for this experiment include a speed of light device, an oscilloscope, a 15 cm optical fiber, a 20 m optical fiber, a 9-volt battery, 2 scope-probes, and two wires with alligator clips.

Start by connecting the 9-volt battery to the speed of light unit ensuring that the polarity is correct.  Plug the 15 cm optical fiber cable into the transmitter and receiver.  Connect the scope probe from the output post to Channel 1 on the oscilloscope and from the received pulse post to Channel 2.  Establish a common ground for the scope probes and the speed of light unit.  
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Figure 1
Set the time scale on the oscilloscope to the 0.1 μs per division, with the "trig" set for automatic and view dual channels. Set the voltage gain to 0.2 volts per division for Channel 1 and to 0.5 volts for Channel 2 and ensure that the input signal is set to AC.  You should see two pulses, one from the oscillator output and one from the photo-detector. Adjust the vertical gain, signal position and time scale, and measure the time separation of the two pulses. This is the response time of the system and will be subtracted from the time value for the longer of the two cables.  Record this value.  Also record the amplitude for each pulse.
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Figure 2
Now, switch out the 20 m cable for the 15 cm one.  Adjust the gain if needed in order to get a readable result.  Record the time separation between the pulses and the amplitude of each.
Original Data:

With the 15 cm optical cable:


Δt15 = 0.22 μs = 2.2 x 10-7 s


Amplitude of Channel 1 = 0.60 volts


Amplitude of Channel 2 = 1.00 volts

With the 20 m optical cable:


Δt20 = 0.30 μs = 3.0 x 10-7 s


Amplitude of Channel 1 = 0.60 volts


Amplitude of Channel 2 = 0.75 volts

Precision of instruments used {= 1/2 of least count}:  oscilloscope, time measurement, 1.0 x 10-8 s; oscilloscope, voltage measurement Ch 1, 0.02 V; oscilloscope, voltage measurement Ch 1, 0.05 V; 15 cm optical cable, 0.0015 m; 20 m optical cable, 0.2 m.

Results:  Calculations/Graphs/Tables/Analysis of Uncertainty:  Only one measurement was made of each value in this experiment so we will use the precision of the instruments as to calculate the uncertainty.

First we will calculate how long it actually takes the light to travel through the 20 m cable.  To do this we simply need to subtract the response time of the speed of light device, Δt15, from the time measurement Δt20.
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The uncertainty in this value is simply the precision of the instrument, 1.0 x 10-8 s.

With this corrected time value we can calculate the speed of light through the 20 m optical cable.  
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The relative uncertainty in this result is found to be
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Meaning that the velocity of the light as it travels through the optical cable is 2.5 x 108 ± 8.9 x 106 [m/s].

Using the known speed of light, 2.99796 x 108 [m/s], we can find the index of refraction or the optical cable.
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Since the value for vc is a known constant there is no variance associated with it and therefore the uncertainty in the index of refraction is based solely on the uncertainty in the value for the speed of light in the cable.  The complete value for the index of refraction is then 1.2 ± 0.043.

To find the critical angle of the optical cable we will use air as the incident medium and the following equation
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We can find the uncertainty by using propagation of error.
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Thus the critical angle is 56º ± 3.1º.
To find the energy lost in the longer cable we need only to subtract the amplitude value for Channel 2 with the 20 m cable from the value with the 15cm cable.
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The uncertainty of this result is the precision of the instrument, 0.02 V.

Discussion of Results:  Given that the light observed in this experiment is traveling through a medium with an unknown index of refraction there is little to be said about the accuracy of our measurement of its speed.  We can however study the result based on its precision.  We find that the value is precise to within 3.54%, well within our 10% margin.  

Similarly for the index of refraction of the optical fiber we can only really examine our precision.  We again find our precision to be 3.54%, within our margin of 10%.  We can further analyze this result by comparing it to known indices of refraction for other materials to see if our result is even believable.  This will not say whether it is correct, however.  Such an analysis will only tell us if we are close.  Most glass has an index of refraction of around 1.5.  Plastics have a range of around 1.3 through 1.4.  I was unable to find any material with an index of 1.2 but if the cable were a plastic with an index of 1.3 our result of 1.2 would only be off by 8.33%.

The result for the critical angle has a precision of 5.53%, which is within our margin of 10%.  I could find no outside data to say whether our result was reasonable or not, though there seems to be no reason to doubt it.

The lost energy’s precision is 8%. 

Conclusion:  The objective of this experiment was to measure the speed of light.  That was successfully done.  In order to ensure that our result was any good we had to study the index of refraction of the optical cable used, the result of which was precise enough and of a believable value.
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