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Abstract 
An experiment to measure the speed of light was designed and executed based on research of 
past experiments measuring the speed of light. Pulses of light were sent from a laser to receivers 
at different distances. Using an oscilloscope, the speed of light was determined by noticing the 
time offset between the two pulses. The speed of light was determined to be approximately

, with an error of about 12%..64 m/s2 * 108  
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I. Introduction 
A. Motivation 

In science classes in the past, I have learned about various historical speed of light 
experiments, the scientists who conducted them, and how well they worked. These experiments 
provided a base estimate for the speed of light, allowing scientists to make important hypotheses 
about the world around them. I decided to execute a modern experiment to measure a value of 
the speed of light, using historical experiments as a guide. It is exciting to see the scientific 
concepts I have learned in my physics classes come into play in real life. 

My goal for this experiment was to further my understanding of light and modern physics 
as well as historical science experiments, different types of motors, Arduino, lasers, and more. 

Measuring the speed of light is a cyclical task, since a meter is now defined by the time it 
takes light to travel in a certain amount of time. However, through my experiment, I hope to 
provide an approximation for the speed of light that is relatively close to the true value and to 
learn more about light and how it works. 

 
B. History 

Since Ancient Greece, scientists have been puzzling over exactly how fast light travels. 
The earliest record of the debate over this concept was Aristotle musing that light must travel 
instantaneously and disagreeing with Empedocle’s theory that it has a finite speed. Other 
scientists in ancient societies have had other theories, such as light originating from the eye [1]. 

The speed of light is a universal constant that serves as a foundation for the world around 
us. It is an ultimate speed limit for objects with mass in the universe. Einstein states that an 
object with mass would need infinite energy in order to move at the speed of light, and thus it is 
impossible for objects to move that fast [2]. It is also now accepted, thanks to Quantum 
Mechanics, that light is simultaneously a massless particle and a wave. 

Light is a unique wave in that it does not travel through any substance. Until the 
Michelson-Morley experiment in 1887 (the same Michelson whose speed of light experiment my 
project models), scientists thought that there was a substance called ether that filled empty space. 
Thus, they assumed light needed ether to propagate. However, this 1887 experiment used an 
interferometer to demonstrate that the Earth was not moving relative to the ether, suggesting that 
the ether does not exist [3]. Scientists had previously speculated that as the Earth moved rapidly 
around the sun, there would be a detectable interference, called the “ether wind” as the ether 
moves across the surface of the Earth. Thus, the speed of a beam of light from Earth would 
depend upon the direction and magnitude of the ether wind through which it was travelling. 
Their experiment set out to measure the speed of light sent out in different directions, thus 
demonstrating the existence of the ether [4]. 

Michelson’s interferometer invention sent light out through a beam splitter, which split 
the light into two beams travelling perpendicularly to each other. These beams were reflected 
back to the center of the emitter via mirrors at either end of the light’s path. The beams 
recombined when they returned to the source, creating an interference pattern. If there was even 
a slight change in the speed of light in either direction, the pattern would be altered. Michelson 
performed a preliminary version of this experiment then collaborated with Morley. They built a 
new, similar apparatus floating in mercury, allowing it to rotate slowly [4]. According to the 
ether theory, as the apparatus rotated, the interference pattern would change, proving the 
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existence of ether. However, there was no change in the pattern, and thus Michelson and Morley 
showed that there is no ether. 

Later, in the 1200s, Bacon and Witelo got closer to the current accepted theory. They 
theorized that light moved infinitely fast in a vacuum, but slowed down as it travelled through 
other, denser substances [1]. In the fifteenth century, Snell and Huygens expanded on this theory, 
discovering Snell’s law, which mathematically defines light’s slowing as it moves from one 
substance to another one of a different density [5]. 

After several failed experiments, the next big breakthrough in the theory of light was 
Galileo’s conclusion that light is at least ten times faster than sound. He is considered the first 
scientist to try to measure the speed of light. He and an assistant stood a known, long distance 
apart. They covered and uncovered lanterns, using a water clock to measure the time difference 
between when the lantern was uncovered and when they saw the light. The only conclusion 
Galileo was able to come to was that light travels very fast and at least ten times faster than the 
speed of sound [6]. 

Another important experiment in the speed of light was in 1675 when Danish astronomer 
Old Roemer approximated the speed of light by studying Jupiter’s moon Io. He measured it to be 
approximately 200,000 km/s (the current accepted value is 300,000 km/s) [6] by studying the 
delay in the expected time for eclipses over the course of several months. He determined that 
Jupiter and Earth must be on separate orbits, and thus, when the two planets are farthest apart, it 
will take longest for the eclipse to be visible because the light must travel farther. He correctly 
anticipated a ten minute delay for an eclipse in November of that year and was able to use that 
time difference to approximate the speed of light. He thus concluded that it takes light 
approximately 22 minutes to travel from the sun to the Earth, which we recognize now is an 
overestimate but is in the ballpark [1]. 

Many other experiments occurred after Old Roemer’s using similar methods of mapping 
eclipses and planets. These experiments refined his estimate of the speed of light over the next 
century. In the 1670s, scientists used telescopes to observe Mars’ movement in comparison to 
background stars, called Mars’ parallax, which allowed them to accurately scale the solar system 
[7]. Thus, astronomers now had a more accurate estimate of the distance from the sun to the 
Earth. Newton used this information, later writing in his journals that it likely took about seven 
to eight minutes for light to travel from the sun to the Earth [1]. Considering that we now know it 
takes eight minutes and twenty seconds, Newton’s estimate was excellent. 

As time went on, astronomers’ estimates for the speed of light became more precise. 
However, it was not until 1850 that French scientists were able to measure the speed of light 
using an experiment that did not require observations of planets and moons. Fizeau built a 
toothed wheel and a mirror that were approximately eight kilometers apart. As shown in Figure 
1, he sent a beam of light through the rapidly spinning toothed wheel. The light shone between 
the teeth, bounced off the mirror and returned. If the wheel was rotating slow enough, the light 
would shine back within the same tooth, and there is a certain speed at which the wheel can turn 
such that the light will bounce back and shine through the next tooth. Using the known speed of 
the wheel and number of teeth, he was able to measure the speed of light within 5% of the 
accepted value [4]. 
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Figure 1. Fizeau’s experimental setup to measure the speed of light [8]. 

 
Foucault used Fizeau’s idea to build a better experiment with a rotating mirror instead of 

a toothed wheel as shown in Figure 2. Light was reflected to the observer only at certain angles 
of the mirror. He used the known measurements of the experiment to determine the difference 
between the angles at which light entered and exited the apparatus. This allowed him to 
determine a value of the speed of light that is within 1% of the current accepted value [9]. This 
experiment is now called the Fizeau-Foucault apparatus. 

 
Figure 2. Foucault’s experimental setup to measure the speed of light [8]. 

 
Michelson used a similar method to Foucault’s. As shown in Figure 3, rather than using a 

regular two-sided rotating mirror though, he replaced it with an eight-sided one, and he shone 
light much farther than Foucault did. This way, the mirror only had to complete one eighth of a 
rotation in the time it took light to travel 610 meters. He too was able to estimate the speed of 
light with less than 1% error, and a value even more accurate than Foucault’s. 
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Figure 3. Michelson’s experimental setup to measure the speed of light [10]. 

 
Experiments about light have continued to be important throughout the twentieth and 

twenty-first centuries. We now define the meter in terms of the speed of light, so scientists do not 
measure the speed of light anymore, just the accuracy of their tools. However, important 
experiments such as the double slit experiment, the photoelectric effect, and many more have 
continued to reveal unknown aspects about the nature of light and will hopefully continue to do 
so in the future. 
 
III. Theory 

A. Lasers 
My experiment will make use of lasers. “Laser” stands for “light amplification by 

stimulated emission of radiation.” When electrical current runs through atoms of a material such 
as glass, crystal, or gases, the electrons gain energy from this current, becoming excited. If they 
gain sufficient energy, they will jump to a higher energy orbital. However, higher energy orbitals 
are more unstable than lower energy ones. Thus, the electron will fall back down to the initial 
energy state soon after jumping up an orbital. When they return back to their ground state, they 
go down an energy level. Since energy is conserved, the energy from the higher energy state 
turns into photons, which are emitted by the electron. As demonstrated in Figure 4, because these 
photons are all from the same element and orbital transition, they all have the same energy and 
wavelength. Unlike regular visible light, which contains a variety of wavelengths, a laser emits 
light all with a synchronized wavelength. The laser’s light is only one color because the 
wavelength is coherent, or all the same [11]. 
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Figure 4. Diagram of electrons transitioning between energy levels in an atom. In a laser, 

electrons emit energy as pictured, emitting photons [12]. 
 

Additionally, laser beams do not diffuse as quickly as light from a regular light. This is 
because the light is collimated, or parallel. The inside of the laser has front and back mirrors that 
are very similar, constraining the light to a very small path, perpendicular to those mirrors, as 
shown in Figure 5. The back mirror completely reflects the light, whereas the front mirror only 
reflects about 99% of it. The 1% that it does not reflect is the laser beam you see with your eye, 
and it is also the 1% that is perpendicular to the two mirrors [13]. Thus, all the light in the laser 
beam is almost exactly parallel, causing the beam to stay collimated over very large distances. 

 
Figure 5. Diagram of a laser cavity [14]. 

 
B. Photoresistors 

A photoresistor is a variable resistor controlled by the amount of light entering it. The 
higher the light intensity, the lower the resistance across the photoresistor. It is made of a 
semiconductor material with high resistance. 
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There are two types of photoresistors: intrinsic and extrinsic. Intrinsic photoresistors are 
often made from undoped silicon or germanium. When light hits the photoresistor, the 
photoelectric effect occurs. The semiconductor is made of two bands called a conduction band 
and a valence band, and the space between the two is called the bandgap. As shown in Figure 6, 
photons that hit the valence band with enough energy excite the electrons in that band enough to 
jump across the bandgap to the conducting band. When photons hit the photoresistor with 
enough energy, the electron flow across the bandgap creates current. Thus, the more light on the 
photoresistor, the more current, and thus, the less resistance. 

  
Figure 6. Diagram of electron flow in an intrinsic semiconductor [15]. 

 
Extrinsic photoresistors are usually made with doped silicon. There are two types of 

doped silicon: p-type and n-type. P-type semiconductors are often doped with Boron, which has 
only three valence electrons instead of four, like Silicon. Since atoms want an octet, Silicon 
atoms fit perfectly together into a lattice, bonding such that each atom has eight valence 
electrons. However, when boron is thrown into the mix, there is a missing electron, leading to an 
electron hole as shown in Figure 7. When p-type Silicon is placed next to regular Silicon, if 
photons hit the regular Silicon, it will be easier to excite the electrons to gain enough energy to 
cross the bandgap. Rather than electrons needing to fit into the silicon lattice after jumping the 
bandgap, they are attracted to the electron holes created by the Boron mixed in with the Silicon. 
This creates a much more efficient semiconductor [15]. 

The opposite effect occurs with n-type semiconductors, which are Silicon doped with 
Phosphorus or Antimony, both of which have five valence electrons. As demonstrated in Figure 
7, when added to the Silicon lattice, these molecules add an extra, unbounded electron. This 
Phosphorus-doped Silicon can be placed next to regular silicon. When photons hit the n-type 
semiconductor, the free electrons caused by the Phosphorus or Antimony will be easier to excite 
than ones bound in an octet. Like with the p-type semiconductor, the doping causes the 
semiconductor to require less photon energy in order to excite the electrons enough to cross the 
bandgap [16]. 



Hilderbrand 8 

 
Figure 7. Molecular diagram of n-type and p-type semiconductors [16]. 

 
The energy in the photons is inversely proportional to the wavelength of the light. Thus, 

blue light, with lower wavelength, has more energy to excite electrons than red light. This means 
that more current is created, so the voltage change between an unlit photoresistor and a 
photoresistor in blue light is larger than the voltage change between an unlit photoresistor and 
one in red light. This meaning blue light works better for photoresistors than red, because the 
voltage change is greater. Additionally, light intensity matters. The more intense the light, the 
more electrons will be kicked off the semiconductor, and the higher the change in resistance, and 
thus, voltage, which is being measured. Since lasers are so concentrated, they have a high 
intensity, so they will cause a large change in resistance [17]. 

Another relevant aspect of photoresistors is the time latency between light hitting the 
photoresistor and the change in resistance across it. After light hits the photoresistor, it takes 
about 10 ms for the resistance to decrease (and the voltage across it to decrease). Even more 
significantly, when light stops hitting the photoresistor, it takes up to a full second for the 
resistance to increase again (and the voltage to increase). Thus, photoresistors are not accurate 
when used to determine the frequency of rapid pulses of light [17]. 

However, in the experiment performed, two identical photoresistors were compared. 
Thus, the time latency should be the same for both photoresistors, so the effect will likely cancel 
out, and the results should not be affected. 
 

C. Beam Splitters 
Beams splitters are partially reflecting mirrors. When light shines through it, some of the 

light travels through it as if it is glass, and the rest of the light bounces back in the other 
direction, like it is a mirror. There are different types of beam splitters, including plate beam 
splitters and cube beam splitters. These types of beam splitters are shown in Figure 8. 
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Figure 8. Different types of beamsplitters [18]. 

 
A plate beamsplitter was used for this experiment. The first surface of the plate is coated 

with partially reflecting material (usually reflecting about half the incoming light), often made of 
aluminum. Thus, about half of the light reflects at an angle equal to the angle of incidence. The 
second surface of the plate is coated with anti-reflecting material to reduce the Fresnel reflection 
[18]. 

Fresnel reflections occur when light travels between substances of two different 
refractive indices, leading some of the light to reflect back. Anti-reflection coating has an index 
of refraction between that of glass and air. When travelling from glass to the coating, a small 
amount of light is reflected. When travelling from the coating to the air, another small amount of 
light is reflected, except the light wave is shifted such that the two reflected beams destructively 
interfere with each other. Thus, there is little reflection from the light travelling through the glass 
and back into the air, as demonstrated in Figure 9 [19]. 

The antireflection coating ensures that there are only two beams coming out of the beam 
splitter: the beam that reflects off the first surface of the plate and the beam that travels through 
the plate and continues forward. Therefore, the beam splitter works as intended and does not 
have an extra beam reflecting off of the second surface of the plate [20]. 
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Figure 9. Diagram of antireflection coating [21]. 

 
D. Frequency Generators 

A frequency generator is a device that can produce specified patterns of voltages to create 
waves. Most have options for different types of modulation, producing square waves, sine 
waves, triangle waves, sawtooth waves, and more. Frequency generators are controlled with 
voltage-controlled oscillators [22]. Voltage-controlled oscillators (VCOs) take in an input 
voltage and put out an oscillating voltage with a frequency proportional to the input voltage. The 
frequency of the output wave depends on the capacitance of the capacitor inside the VCO. This 
is controlled with a varactor diode, which changes capacitance based on the applied voltage [23]. 
The capacitor’s charging and discharging determines the shape of the wave. A basic circuit 
diagram of the voltage controlled oscillator is depicted in Figure 10. The input voltage creates a 
current, which causes the capacitor to start to charge. A comparator is used to compare the 
voltage across the capacitor with the input voltage, and it outputs a digital signal telling which is 
higher. When the capacitor reaches the input voltage, the comparator outputs a signal that 
triggers the transistor to connect the capacitor to the ground, discharging it. The process then 
repeats, outputting a wave signal with the frequency determined by the input voltage [24]. 
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Figure 10. Basic diagram of a voltage controlled oscillator creating a wave [22]. 

 
IV. Design 

A. Experimental Setup 
The experiment performed was one that used a pulsing light with receivers at two 

different distances. By measuring the time offset between when the nearby receiver is hit with 
light and when the farther away receiver is hit with light, it is possible to determine a value for 
the speed of light (assuming the distance between the receivers is known). The setup of the 
experiment is pictured in Figure 11. The laser was attached to a frequency generator, which 
generated a square wave. The frequency was arbitrary, since only one wavelength was used. This 
pulsing light travelled through a beam splitter as pictured in Figure 12. Half the light reflected 
back to a receiver, which was hooked up to an oscilloscope. Half the light travelled to a mirror 
29 meters away, bounced back, and hit a different receiver that was hooked up to the same 
oscilloscope, as shown in Figure 13. 

 
Figure 11. Diagram of experimental setup. 
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Figure 12. Light from the laser (on the left) travelled through a beam splitter (on the right). 

 

 
Figure 13. The two receivers (in the red circles) are attached to the same oscilloscope (in the 

blue circle). 
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The oscilloscope is able to create a highly precise graph of voltage versus time. Thus, it 
displays the precise time at which the voltage across the receiver drops, which indicates when the 
laser beam hit the receiver. By graphing voltage versus time for both receivers on the same 
graph, the oscilloscope will display two waves, one from each receiver (because the laser is 
pulsing on and off with the frequency generator). As diagrammed in Figure 14, the oscilloscope 
measures voltage changes in precise enough time periods to zoom in and see the time change 
between when the laser hit the near receiver and when the laser hit the far receiver. 

 
Figure 14. Diagram of ideal waves generated on oscilloscope from two different receivers. 

 
Before the experiment was performed, the approximate expected offset between the 

waves on the oscilloscope was calculated. To do this, the time it takes light to travel sixty meters 
was calculated as follows. 

v
d = t  

60m
3 10 m/s* 8 = t  

00nst = 2  

The difference in path length from the laser to the two receivers was sixty meters. Thus, it was 
calculated that the measurement hoped for was in the range of hundreds of nanoseconds, because 
that is how long it takes light to travel sixty meters. Therefore, the time offset between the peaks 
of the waves should be in this range. This informed the scale to which the oscilloscope was set. 
By setting it to time units of 200ns (and being able to zoom in or out from there), it was possible 
to easily see the time offset between the two waves. 

Because photoresistors are light-sensitive variable resistors, the bigger the difference in 
light, the easier it was to see the voltage change. Thus, the experiment was performed at night 
such that there was little to no light hitting the photoresistors until the laser beam shone on them, 
maximizing the change in voltage. 
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B. Circuitry 
In the experiment, the two receivers were photoresistors. In order to see the voltage drop 

across them, the photoresistors were hooked up to the simple circuit shown in Figure 15. The 
voltmeter pictured in the circuit diagram was an oscilloscope. Thus, the oscilloscope was able to 
create a graph of voltage versus time, allowing the time offset between the waves from the two 
receivers to be measured and the speed of light to be calculated. 

 
Figure 15. Circuit diagram for the photoresistor (where the voltmeter is an oscilloscope). 

 
VI. Results 

A. Data 
After setting up and aligning the experiment, ten trials were performed. After each trial, 

the oscilloscope’s scale was adjusted such that it was possible to see the time offset between the 
waves. Then, a photo was taken of the oscilloscope for each trial. See Figure 16 for a sample 
photo and see Appendix B for photos results from all ten trials. 
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Figure 16. Sample results from trial eight of the experiment. 

 
For each photo (trial), the time offset was approximated and recorded in a data table 

(Table 1). The time offset was determined by choosing one of the clear peaks or troughs in the 
photo and measuring the time offset between the green peak and the yellow peak. The green 
wave was the nearby receiver and the yellow wave was the far away receiver. 
 

Trial 
Number 

1 2 3 4 5 6 7 8 9 10 

Time 
Offset 
(ns) 

120 390 250 210 170 110 410 210 130 200 

Table 1. Measured time offset between waves for each trial. 
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Figure 17. Boxplot for measured time offsets from each trial. 

 
B. Discussion 

The average time offset from the trials pictured was 220 ns. The distance travelled in this 
time was 58m (the distance between the two receivers), so the speed of light measured was the 
distance divided by the time, which was ..64 m/s2 * 108  

The difference in voltage for the green wave (the closer receiver) was much higher than 
that of the yellow wave (the farther receiver) because the laser had to travel much farther to get 
to the farther receiver and did not stay collimated, so the signal was weaker. Thus, in order to 
overlay the two waves, the scale for the green wave had to be set to twenty volts whereas the 
scale for the yellow wave was only two volts. 

Additionally, the two waves did not always have the same time offset throughout the 
laser pulses. In some graphs, the yellow and green waves were closer together at one time and 
farther apart a few hundred nanoseconds later. To gather data for these instances, the most clear 
offset in peaks or troughs was measured. 

As seen in Figure 28, there was a wide range of data, specifically with a maximum value 
that was much higher than the other measurements. The standard deviation was 105 ns, which is 
quite large, indicating the lack of precision in the results of the experiment. 

The result was quite accurate, with an error of 11.7%. For an experiment measuring such 
a precise value, this error is relatively small. 
 

C. Error Analysis 
One large issue was that by the time the laser travelled to the mirror and back to the 

receiver, it was approximately fifteen centimeters in radius. This caused a much weaker signal on 
the farther away photoresistor and a smaller change in voltage. To address this issue, a focusing 
lens could have been used. In this experiment it was not used because of difficulty aligning, but 
in a future experiment, one would be helpful. 

As mentioned in the photoresistor theory section, photoresistors have a time latency 
before their voltage changes. Since there were two photoresistors used and their voltages were 
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compared, it is likely that the error because of the time latency cancelled out between the two 
photoresistors. However, if the time latency was different between the two photoresistors, that 
could have affected the results. The effect of the latency is unknown, because it is unclear 
whether the latency is the same or which of the two photoresistors would have a greater time 
latency if they were different. 

Additionally, the waves created by the laser (attached to the frequency generator) were 
not perfect square waves. They were curved and the amplitude and frequency were not perfectly 
constant throughout each trial. In all of the trials, the green wave from the nearby receiver was 
relatively constant with steady amplitude and frequency (although they did appear to be more 
sinusoidal than square). However, the yellow wave from the farther away receiver was not nearly 
as constant. This was likely because it was hard to pick up a signal from a beam that had 
widened so much by the time it reached the receiver and because the distance the light travelled 
was great enough that it created noise in the graphs. 
 
VII. Conclusion 

Using this pulsing light experiment, the measured speed of light was ,.64 m/s2 * 108  
which has an error of 11.7% compared to the true value. The goal of measuring a value for the 
speed of light relatively close to the true value was reached. The error in this experiment was 
quite small considering how incredibly fast light travels. 

While the value was quite accurate, the precision of the experiment was lacking. With a 
standard deviation of 105 ns, the experiment needs to be modified in order to get results that are 
both precise and accurate. The first few improvements to be made would include a focusing lens, 
preventing the beam from being so wide by the time it reaches the far receiver. This would 
ensure that the voltage difference is great enough to be precisely measured. Another change 
would be making the distance longer, and thus making it easier to precisely measure the time 
offset because it would be greater. The other potentially problematic part of the experiment was 
the photoresistors because of the latency involved in their measurement. It could be productive to 
find an alternative receiver. 

It is true that measuring the speed of light is a cyclical task, since the true value is a 
fundamental constant, determining the length of a meter. However, the speed of light is so 
dauntingly fast that it is very difficult to visualize or fully understand, so experiments like this 
one can verify that value, helping comprehend light and its speed. 

This experiment also shows how impressive the accomplishments of eighteenth and 
nineteenth century physicists are, as they were able to measure the speed of light in many 
creative ways without using modern equipment such as oscilloscopes. To align candle light 
coming from a pinhole with a mirror thirty miles away like Michelson did is an incredible feat 
and coming up with these various experiments required great creativity. Initially, this project was 
intended to replicate one of the former experiments done to measure the speed of light. However, 
it was quickly realized how much time and effort would be required to align the mirrors and 
lasers necessary over such a great distance, and doing so was not feasible in one semester. 

Dr. Dann’s suggested experiment, the one detailed in this report, was a clever and simpler 
alternative to modifying an older experiment. The experiment was not nearly as difficult to align 
or set up as the initial experiment planned would have been. Additionally, it did not require 
nearly as much distance as the other experiments. This made it much easier to find a flat location 
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in which to complete the project. It was completed in a backyard as opposed to needing to find a 
mile-long flat field. 

Overall, this project has been a success. The measured value for the speed of light was 
well within the goal of being within an order of magnitude from the true value. While there are a 
few modifications that could make this experiment even better, it was, overall, a well thought-out 
process with good results. 
 
V. The Next Step 

The experiment was quite successful, but completing it made it clear that a few simple 
alterations could make it even better and more accurate. The next step for the pulse experiment 
would be to go from a further distance, perhaps resulting in a more accurate measurement. 
Adding more mirrors and reflecting the light back and forth between the mirrors would 
accomplish this. Additionally, adding a beam focuser could have been helpful. Aligning it was 
very difficult, so one was not used for this experiment. However, spending more time working 
on aligning a focusing lens and using it would create a stronger signal in the photoresistor. This 
would decrease the beam’s width by the time it reaches the farther away receiver. Doing this 
may require multiple beam focusers, because by the time the beam was close to the receiver, it 
was much larger than the glass in the focusing lens. Adding multiple could ensure that the beam 
stays relatively collimated throughout the path. Because the beam was so spread out by the time 
it reached the farther away receiver, the signal was very weak and the voltage change was not 
very large. Focusing the beam would create a stronger signal.  

Another addition that could make the experiment more successful would be determining 
a different receiver with a much smaller latency and using this type of receiver instead of the 
photoresistor. This would ensure that the time delay being measured is truly because of the light 
and is not related to latency in the receiver. It would also get rid of the unknown factor of 
whether or not the latencies of the two receivers are equal. 
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X. Appendices 
 
Appendix A: Parts List 

Part description What needed for Where bought/obtained 

Laser Pulsing light Whitaker Lab 

Frequency generator To pulse the light in square 
waves 

Whitaker Lab 

Beam splitter Splitting pulsing light to two 
receivers 

Whitaker Lab 

Adjustable mirror Precisely reflecting light 30 
meters 

Whitaker Lab 

Photoresistors and circuits To receive the incoming 
pulses of light 

Whitaker Lab 

Oscilloscope To determine the time offset 
between the two receivers 

Whitaker Lab 

Table 2. Items used, their purpose, and purchase location or where they were from. 
 
 
Appendix B: Photo Results from All Trials 
Pictured in Figures 18 to 27 are the photo results from all ten trials of the experiment. 

 
Figure 18. Photo results from the oscilloscope for trial one. 
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Figure 19. Photo results from the oscilloscope for trial two. 

 
Figure 20. Photo results from the oscilloscope for trial three. 
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Figure 21. Photo results from the oscilloscope for trial four. 

 

 
Figure 22. Photo results from the oscilloscope for trial five. 
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Figure 23. Photo results from the oscilloscope for trial six. 

 

 
Figure 24. Photo results from the oscilloscope for trial seven. 
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Figure 25. Photo results from the oscilloscope for trial eight. 

 

 
Figure 26. Photo results from the oscilloscope for trial nine. 
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Figure 27. Photo results from the oscilloscope for trial ten. 

 
Appendix C: Rotating Wheel Experiment 

I initially chose a different experiment, modeling my project off of a historical 
experiment. I hoped to replicate Michelson’s spinning octagonal mirror. However, after doing 
the calculations, I determined that with an eight-sided mirror and two kilometers between the 
octagonal mirror and the other mirror, the octagonal mirror would need to rotate at over 
1,000,000 RPM. This is because the angle that the mirror had to rotate was too large given how 
fast light travels. Thus, I tried to determine a way to minimize the angle that the mirror rotates. 
After reading about other light experiments, I determined that Fizeau’s experiment, involving a 
toothed wheel, would be more feasible. 

The plan was to shine a laser beam through a rotating wheel with holes around the 
perimeter, bounce off a mirror two kilometers away, and shine back through the wheel. One 
would adjust the motor’s RPM such that in the time it takes the light to go from the wheel to the 
mirror and back through the wheel (and into the oscilloscope), the wheel would have rotated one 
small fraction of a rotation. Thus, the laser beam would shine through one hole, and by the time 
it returned, it would shine back through the next hole. One would be able to calculate the speed 
of light by comparing the distance it traveled to the time it takes the wheel to turn that small 
fraction of a rotation (the RPM of the motor would be known from the oscilloscope). 

I did the calculations for the dimensions of the wheel assuming a maximum motor speed 
of 10,000 RPM. The calculations are detailed below: 
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I determined that with a distance of about two kilometers between the wheel and the mirror, the 
wheel could have 1,000 holes. Thus, with a wheel radius of .5m, the holes would be spaced 
approximately one millimeter apart. 

I decided that it would be easier to design the wheel with only two holes rather than all 
1,000. Therefore, the light would be able to shine through the first hole, bounce of the mirror, 
and shine back through the second hole. This way, for each rotation of the wheel, there would be 
only one pulse of light, allowing one to accurately measure the wheel’s rotational speed. With 
1,000 holes, pulses would be more frequent and it would be more difficult to tell whether the 
light was travelling through one hole and back through the next hole. With only two holes, it will 
be more clear because it is impossible for the light to skip a hole. 

Additionally, the laser beam would widen over such a long distance. In order to address 
this, I must have a beam focuser between the wheel and the mirror. The holes in the wheel must 
be very small, so the focusing lens should probably be rather close to the wheel so that the beam 
can be collimated when it travels back through the hole. If the beam is not focused, its 
cross-sectional area would be large enough to cover both holes, making it impossible to 
determine whether the wheel has rotated a thousandth of a rotation or not. 

The setup would also need a way for the beam to reach the oscilloscope. It is impossible 
to put the oscilloscope in the same line as the laser, as it would block the beam. Thus, I must add 
a beam splitter between the laser and the wheel. This way, I can put an oscilloscope at the section 
of the beam that has been split. 

Using the laser cutter, I made several prototypes of the wheel using eighth inch wood. 
The first main takeaway was that the holes had to be much smaller than I expected. In order to 
shine the laser exactly through them, I would need to have my setup perfectly aligned, which 
would be very difficult and take a lot of time to put together. Additionally, because the wheel is 
so large, it is heavier than expected. Thus, I prototyped versions of the wheel was a circular rim 
(where the two holes were) with spokes attaching the rim to the motor rather than being 
completely filled out with unused and unneeded material. This was difficult because if the rim 
was too thin, the wheel was flimsy and would break when spinning quickly. I eventually created 
a version of the wheel that was strong enough not to break but also light enough to spin quickly. 

Nonetheless, this initial experiment plan did not work because it was too difficult to 
align. It required a great distance and precise alignment. Three times, I tried setting up a test in 
my backyard to see if I could get the setup working. However, I had a lot of trouble aligning the 
laser with the wheel, beam splitter, beam focuser, mirror, and receiver, even at a distance of only 
25 meters. I was unable to get the laser to reflect exactly back to the hole because the hole was so 
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small. Thus, without significantly more time to perfect the experiment and my aligning 
technique, it was not possible for me to move this experiment to a space with a full 1000 meters 
for the laser to travel. After trying this experimental setup in my backyard several times, I 
decided to move on to the light pulsing experiment. 

Next time, it would be helpful to try getting a device such as a corner cube reflector that 
would allow the laser to reflect exactly back in the direction it came from. That would make a 
very far distance between the laser and the wheel feasible. In re-trying this experiment, it could 
also be helpful to build a better platform to attach the laser and beam splitter such that the wheel 
can spin off the edge of the table and the platform is high enough for the laser to shine through 
the holes at the top end of the wheel. The initial apparatus was unstable, leading to part of the 
reason the wheel experiment did not work. 


