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Speed of Light: II 

1. Purpose
This lab is easy and fun.  You will enjoy it after the hard work involved in the first speed of light experiment.  Note that you are not measuring the speed of light in vacuum here, but instead inside an optical fiber.

In this experiment, the speed of light will be measured in a transparent medium.  This is achieved by timing a short light pulse along a 20 m length of a polymer optical fiber, as used in fiber optics communications.  A high frequency oscillator produces sharp pulses at a frequency of about 1 MHz.  These "OUTPUT PULSES" are led to one of the input channels of an oscilloscope as well as to the driving circuitry of a light emitting diode (LED).  The LED is optically coupled to one end of the optical fiber.  At the other end is a light sensitive photodiode.  The arriving light pulses are converted to voltage "RECEIVED PULSES" and these are fed to the other input channel on the oscilloscope.  By noting the difference in time of arrival of the OUTPUT and RECEIVED pulses at the oscilloscope, the speed of the pulses in the optical fiber can be calculated.

2. Procedure

Switch on the oscilloscope and set the time-base to the middle of its range and the trig level to AUTO.  Shift the two traces to the middle of the upper and lower halves of the screen respectively.  Set the Y-gain controls at 0.2 V per division and the Y-inputs to ac.
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Connect the 9 V battery to the circuit board as shown in Fig. 1.  The TRANSMITTER housing should now be glowing red.  Connect the OUTPUT PULSE socket to Channel 1 of the oscilloscope inputs using the coaxial cable.  Adjust the oscilloscope time-base and Y-gain until a well-defined pulse is visible on the screen.  Connect the 15 cm length of optical fiber between the TRANSMITTER and RECEIVER housings by firmly pushing in the end plugs until they click into position.  Use the second coaxial cable to connect the RECEIVED PULSE socket to Channel 2 of the oscilloscope.  Adjust the Y-gain until the RECEIVED PULSE is clearly displayed.  Observe the time delay between the OUTPUT and RECEIVED PULSES, which is due to the finite response time of the system.  Making sure the oscilloscope is triggered by the OUTPUT PULSES (Channel 1), center the peak of the RECEIVED PULSE on the Y-axis of the screen.  Carefully disconnect the 15 cm length of optical fiber BY PULLING FIRMLY ON THE PLUGS, and replace it with the 20 m length.  The position of the OUTPUT PULSE should not be affected but the RECEIVED PULSE should be further to the right.  Measure the new X coordinate of this pulse and, from the time-base setting, determine the time for the pulse to travel through the increased length of optical fiber.  Note that this method eliminates the response time of the system from your calculations.
3. calculations

Calculate the speed of light in the optical fiber and the refractive index of the fiber material, together with the uncertainties in these quantities.
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