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Abstract

The speed of light is determined from a time of flight measurement of a short
pulse of light. The pulse of light is generated by a dye laser and sent over both a
long and a short path and detected by a photomultiplier tube. The velocity of light
is then determined from measurements of the light path lengths and the time delay
between signals. For the second part, the florescence spectrum of three dyes is
measured as a function of wavelength using a photodiode detector.
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METHOD

This experiment consists of two parts.

1. The short pulse of light emitted from a dye laser is split into two beams. One beam is
sent directly to the input of a photomultiplier tube, while the other beam propagates
along a much longer path consisting of several mirrors located at the end of the room
before being detected by the photomultiplier tube. The speed of light is measured
from the time delay between two pulses of light.

3 The florescence spectra of three dyes used in the dye lasers are measured using a
photodiode and the grating monochrometer built into the dye laser.

The measurement details are described in the following text. There are three Appendices
containing apparatus details. A: Dye Lasers, B: Photomultiplier Tubes, and C: Photodiode
Detectors.

EQUIPMENT

1. Nitrogen pumped Dye laser with 3 dyes.
2. Photomultiplier tube with power supply.
3. Digital Oscilloscope (300 MHz).
4. Assorted plates of glass.
5. 3 adjustable mirrors.
6. Photodiode and power supply.

MANUALS

1. VSL-337 Nitrogen Laser and Dye laser Modules, Laser Science, Inc.
2. Photodiode detector manual.
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Part 1: Speed of light

To measure the speed of light, the time required for a pulse of light to travel a distance will be
measured. To produce a high intensity and sufficiently short pulse of light for this measurement
a nitrogen pumped dye laser is used. Before starting, you should look up the speed of light and
the index of refraction for air, and read the operation manual for the laser.

Step 1. Familiarize yourself with the operating principles of a nitrogen-pumped dye laser. The
wavelength that is a best match to the photocathode of the photomultiplier tube is in the blue so
insert the quartz cuvette containing the dye that lases at 460 nm (TD4MC) being careful not to
touch the surface of the cuvette, and adjust the monochrometer setting to 460 nm. Observe the
light pulse on a note card or other surface. Tune the wavelength for a maximum output noting
that the light quality observed when
lasing is different from the fluorescence,
which is seen even when the
monochrometer is not set to the laser
wavelength.

Step 2. Familiarize yourself the
operating principles of a photomultiplier
tube. Turn on the PM tube high voltage
(start at 400 volts) and measure the
detected current on an oscilloscope with
the room lights both on and off.

Step 3. Using a fast digital oscilloscope,
measure the light pulse from the dye
laser by reflecting a small part of the
laser light into the PM tube. This is
accomplished using one of the plates of
glass provided. To trigger the
oscilloscope, use both the internal trigger
on the signal itself and the external
trigger by triggering both the laser and
the oscilloscope with a function
generator. The noise generated by the
switching of the high voltage onto the
nitrogen lasers provides a sufficient
signal from the PM tube for triggering.
How wide is the laser pulse?

Step 4. Set up the long path length by
using reflections from the three mirrors
(down-back-down-back). Direct the final

Figure 1. Layout for speed of light measurement
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beam onto the PM tube so that both the initial pulse and the second pulse are seen
simultaneously on the oscilloscope. If using a digital oscilloscope with pulse averaging, the
signal quantity can be greatly improved by summing over multiple pulses. Measure the time
separation between the two pulses. How accurate is this measurement? What is the major
source of uncertainty in your measurement of the time separation?

Step 5. Carefully measure the optical path lengths in the experiment using a plumb bob and a
tape measure. Determine the difference in pathlengths for the two laser pulses. What are the
major sources of uncertainty in the pathlength measurements? Is this uncertainty more or less
important that the time difference uncertainty in step 4?

Step 6. Calculate the speed of light in air. Estimate the uncertainty estimate of your
measurement. How does it compare with the predicted value?
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Part 2: Florescence of Dyes

The dyes used in the dye laser have the interesting quality that once excited they floresce (emit
light over a broadband continuum (typically ~10 Angstroms). A nitrogen laser is used to pump
the dyes into excited states. By choosing a dye that floresces at a chosen color, lasing can be
achieved by placing the excited dye in a resonant cavity. This makes it possible to create a laser
at virtually any frequency by choosing an appropriate dye. Here monitoring the laser power
with a photodiode and scanning the resonant wavelength of the cavity measures the gain curves
of three dyes.

Step 1. Read the manual on the photodiode detector. Note that the sensitivity of the photodiode
varies with wavelength (the calibration curve is given in the photodiode appendix to this
writeup). The calibration curve will be used to correct the measurements and estimate the actual
gain in the following steps.

Step 2. Turn on the laser with your first dye. Use the plate glass to partially reflect the laser
beam into the photodiode detector, and observe the signal directly on the oscilloscope. Be
careful not to saturate the photodiode with light (as seen by a “clipped” signal). What
determines the pulse-width of the detected signal?

Step 3. Vary the monochrometer setting and record the signal level from the photodiode using
the oscilloscope. Correct your data for the sensitivity of the photodiode and plot the signal level
vs. wavelength.

Step 4. Repeat Step 3 for the other two dyes. Plot all three curves on one graph.










