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The wavelength of a microwave transmitter was determined by using a method of interferometry
called Lloyd’s Mirror. This method consists of a transmitter, reflector, and a receiver. By relating
the total path a wave travels, to the distance of a reflector away from the wave, the wavelength of
said microwave can be calculated using a linear regression. Two sets of data taken are consistent in
showing distance does not change wavelength despite the imprecision of the results when compared
to the recorded wavelength of the microwave transmitter. Outside influences creating additional
reflection are likely the cause of this imprecision.

I. INTRODUCTION

Interferometry is a term used to describe the process
in which the interference of waves are measured in or-
der to determine various forms of data. This process
has been used for many years to detect different vari-
ables and physical interactions. A popular example is
from American Physicist Albert A. Michelson who cre-
ated the Michelson Interferometer to measure the effects
of Earth’s movement on the speed of light. This exper-
iment, fueled by curiosity, ended up showing the lack of
existence of what Michelson thought was a medium sur-
rounding the Earth, known as the aether [1]. The Michel-
son interferometer is not the only use of this technology;
it is also used in something called Lloyd’s Mirror. This
technique was made by Irish physicist Humphery Lloyd
to learn more about the wave nature of light. However,
unlike the original experiment, the specific set up for
this experiment uses electromagnetic waves, EM waves,
rather than light [2]. Despite the difference in the type
of waves, this method works by measuring the interfer-
ence of waves in order to determine constants, such as
the wavelength of the wave being used.

Today, some other more common uses of interferom-
etry and, more specifically, Lloyd’s mirror are optical
measurement, radio astronomy, and underwater acous-
tics. All of these applications put into use the different
aspects of Lloyd’s mirror, like understanding reflection
and refraction of waves, being able to apply transfor-
mations to waves, and understanding constructive and
destructive interference.

II. THE EXPERIMENT

Now that the some general information on interferom-
etry has been laid out, it’s time to understand Lloyd’s
Mirror more in depth. As stated above, it works by mea-
suring the interference of waves. There are different inter-

actions that happen between the waves to create interfer-
ence. The first kind being constructive interference. This
is when two waves align in the same phase to combine
and become amplified. The second type is destructive in-
terference where the two waves become out of phase and
begin to cancel each other out. If two waves are 180◦

out of phase, it is possible for them to completely cancel
each other out. For the purposes of this lab, the waves
were measured when they were in a state of construc-
tive interference, or at the peak of their wavelength. The
purpose for measuring these waves is to determine the
wavelength based on the intensity of said waves which
is determined by how their constructive and destructive
interference changes.

The set up of this experiment consists of the PASCO
Microwave Transmitter WA-9801 and Microwave Re-
ceiver WA-9800, and other elements of the PASCO Mi-
crowave Optics System (WA-9314C) including compo-
nent holders, metal reflectors, the fixed arm assembly,
and the goiniometer. The receiver is equipped with a
current sensor with a multiplier and sensitivity dial to be
able to read the intensity of the waves it receives. For this
experiment this display was simply used as a reference to
be able to note the constructive and destructive inter-
ference of the waves. Both the transmitter and receiver
are positioned along a meter stick with the goniometer
in the center to allow for ease in adjustment of the an-
gles of the transmitter and receiver. Additionally, the
fixed arm assembly is placed onto the degree plate to be
able to position the metal reflector plate. When all the
equipment is set up, the transmitter and receiver should
be directly across from each other with the openings fac-
ing each other and the reflector plate should be slightly
offset, facing inward, while positioned at an equidistant
point between the two, as seen in Figure 1.

The values being measured are the distance from the
transmitter to the center of the goniometer d, and the
distance of the reflector from the center point of the go-
niometer to the metal reflector h as its distance changes
with respect to the changing intensity of the waves. The
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FIG. 1. A schematic of the experimental setup containing an
EM wave transmitter and receiver set up at distance d apart,
and a reflector plate at distance h from the equidistant point
between the two devices. The total path traveled by the wave
is noted by l.

values of eight different maxima of the wave intensity was
measured at two different distances d. The equation to
determine the wavelength from these values is

2l − d = nλ, (1)

where 2l is the total path traveled by the wave, n is
the number of waves or ”fringes” that have been mea-
sured out from the first maximum point, and λ is the
wavelength. To be able to solve the equation, the value
2l must be found first. This can be done by using the
Pythagorean theorem,

a2 + b2 = c2, c =
√
a2 + b2. (2)

After obtaining the value of 2l a linear regression can
be performed on the data to plot the number of fringes
vs. the total length traveled where the slope is the wave-
length. This fit along with error bars is seen in figure 2.
The estimated uncertainty of the distance of the reflec-
tor from the goniometer h is ±0.5 cm. When adjusting
that distance, the dial displaying the current was not in-
credibly sensitive, so slight adjustments of the reflector
often made little to no difference in the maximum inten-
sity being displayed. This caused a lot of back and forth
movement of the reflector to get a best estimate for the
peak of the intensity and that back and forth movement
often varied by about 0.5 cm.

As mentioned above, there were two sets of data taken,
one where the distance between the transmitter and re-
ceiver was d1 = 100 cm, and the other where d2 = 80
cm. The goal with taking two sets of data was to see
how distance affects the wavelength, while knowing that
it should not. After plotting both data sets, the mea-
sured wavelengths for d1 and d2 are λ1 = 2.68 cm and
λ2 = 2.52 cm. Taking into account the estimated un-
certainty ±0.5 cm, which is the same for both data sets,
and performing an error analysis, the final uncertainty
of the wavelengths is, δ = ±0.08 cm, making the final
values λ1 = 2.68±0.08 cm and λ2 = 2.52±0.08 cm. The
recorded wavelength of the microwaves emitted from the
PASCO transmitter is λ = 2.85 cm [3].

Although these data are consistent within the data sets
and despite the difference in distances between the trans-
mitter and the receiver, figure 2 still shows a linear rela-
tionship between the two data sets, the precision of the

FIG. 2. Number of fringes vs. total path length the wave
traveled. The slope of the fit line represents the wavelength
of the microwaves emmited by the transmitter.

data compared to the recorded value of PASCO is signif-
icantly different. This is likely due to external interfer-
ence and reflection from objects other than the receiver.
If the person recording the data and moving the reflec-
tor recorded the maxima while positioned near or behind
the reflector, that person would also act as a reflector. If
the experiment was set up on an inconsistent surface, the
adjustment of the reflector could have been inaccurate.
This leads to the belief that the significant difference in
the recorded vs. measured values has to do with some
external factor since the results are consistent.

III. CONCLUSION

This experiment was both successful and unsuccessful.
The data gathered was consistent in displaying the linear
relationship between distance the wave traveled and the
number of fringes passed, and the results of the slope for
both data sets accurately displayed the data, but the data
was still imprecise to the recorded values of the trans-
mitter. As mentioned above, this was likely caused by
the person recording the data creating additional reflec-
tions or the condition of whatever surface the experiment
was performed on. When performing data analysis, this
potential error was not taken into consideration as the
conditions in which all of the data was taken was consis-
tent, meaning the data would be accurate within the sets
taken and the amount of additional reflection would be
the same for both data sets.

In the future if this experiment were to be replicated,
an important recommendation would be to find a smooth
surface, along with finding a way to reduce any addi-
tional reflection. This could mean moving the reflector
very slightly and backing away from the experimental
set up to observe and record the status of the intensity,
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rather than remaining directly next to the equipment.
This process may be more tedious as it will take many
more iterations of adjustment, but the results would be
more precise. Again, despite being imprecise, the data
is still accurate and it correctly displays the relationship
between distance and wavelength.
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