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Many species of butterflies are known to produce beautiful iridescent colors when exposed to
light from different angles. These affects can be attributed to a few different optical phenomena
combined, the most prominent being reflective diffraction. Using common household items and
with a budget of 50 dollars, we attempt to confirm the theory that the collection of ridges on the
individual scales on the wing act as transmission gratings, as well as reflective. These results are
quantified by the calculation of the ridge separation and comparing this distance to those observed
by a scanning electron microscope photo.

I. INTRODUCTION

In studying the optical property of iridescence, three
distinct mechanisms must be discussed. Thin film inter-
ference, structured coloring, and reflective diffraction all
contribute to the iridescent qualities of a surface. Thin
film interference occurs when light strikes a film, some
of it enters the film, and the rest is reflected off. The
light transmitted through reflects off the bottom of the
film and exits the film to interfere with the light that
originally reflected off the surface of the film. This inter-
ference pattern causes a spectrum of color to be visible
from white light. Examples of thin film interference in-
clude oil slicks and soap bubbles. Structural coloring oc-
curs when the structure of the object itself (with various
reflective surfaces) produces an interference resulting in
vibrant colors. Examples of structural coloring include
the Marble berry and peacock feathers. Finally, irides-
cence can be caused by diffraction gratings. When light is
incident on a diffraction grating, it is reflected and trans-
mitted into the spectrum. Diffractive iridescence is gen-
erally due to the reflective effects. When using a strong
enough laser, however, it is easier and more practical to
treat the diffraction as transmission. The diffractive grat-
ing spacing is the same in either case so for the purposes
of this experiment the gratings will serve as transmissive
diffraction gratings.

Diffractive iridescence can be observed in various mol-
lusk shells as well as butterfly wings. This experiment
will set out to prove that the iridescent effects of certain
species of butterfly wings are due to diffractive irides-
cence and that the scales on the butterfly wings them-
selves act as diffraction gratings. Figures 1 and 2 below
show the scales of butterfly wings under a microscope.
Figure 1 shows many scales under an optical microscope
while Figure 2 shows just two scales under a scanning
electron microscope. In the SEM image parts (d) and (e),
the ridges in the scales are clearly seen. We hypothesize
that these ridges and gaps act as a diffraction grating,
so light shining through the butterfly wing should fol-
low the same relationship as when it is shining through
diffraction grating.

FIG. 1: Up-Close View of Scales from an Optical Microscope

FIG. 2: Picture of Scales Taken Under a Scanning Electron
Microscope

II. INSTRUMENT DESIGN

Figure 3 shows the setup of our ”Diffraction in a box”
experiment. A laser is secured in an opening on one side
of the box and shines through a make-shift wing ”slide”
where a pattern appears on a screen perpendicular to the
optical axis. Directly behind the screen on the other end
of the box is an aperture for the purpose of placing a
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FIG. 3: ”Diffraction in a Box” Setup

smartphone in order to gather pictures of the pattern on
the screen. The box is closed during the process to allow
as little light pollution as possible.

III. CALIBRATION

A. Dollar Store Laser

The wavelength of the laser is calibrated using a
diffraction grating of known slit distance. The laser
is shined through a diffraction grating onto a screen a
known distance away. The grating is made perpendicu-
lar to the laser’s path by making sure the back reflection
lines up with the source location. A pattern appears on
the screen, and the distance between the central and first
maximum is ascertained. The wavelength, λ, is then cal-
culated by equation 1:

λ =
d sin θ

n
(1)

where d is the slit separation, θ is the angle between the
central maximum and the first maximum on the screen,
and n is the integer value assigned to each maximum,

which in our case was 1. θ = arctan
(
y
Z

)
, where y is

the distance from the central maximum to the first max-
imum, and Z is the distance from the grating to the
screen.

The grating used has a slit separation of approximately
10−3mm. The calibrated wavelength came out to be
632.80 ± .02nm, where the error was simply propagated
from the limitations of the measuring tape. The laser is
made to be perpendicular to the plane of the screen by
measuring the height of the beam at the source end and
then drawing a dot at the same height on the screen so
that each time the experiment is performed, the laser is
lined up with that dot.

B. Screen Distance

In most diffraction experiments a CCD camera is used
so the light pattern is incident on the camera itself. For
the purposes of this experiment (using a smartphone
camera) it was necessary to have the light incident on
a screen and have the camera capture the image of the
bleed through. This presented two challenges: First, the
material of the screen greatly influenced the success or
failure of the experiment. A screen that is too thick
would not let enough light through to the camera. A
screen that is too thin will propagate too much light in
the plane of the screen and cause an over-saturation in
the photo. Notebook paper, copy paper and even a nap-
kin were used before the proper substance was found:
the butterflies shipped in a unique paper that was per-
fect for the screen’s needs. Secondly, since the camera is
taking an image of the screen, the relationship between
pixels on the camera and spacing on the screen needs to
be known. By marking sections of the screen in regular 1
cm intervals and capturing an image of these markings,
the number of pixels per cm was found to be 337.

IV. METHODS AND TROUBLESHOOTING

After the diffraction in a box system has been assem-
bled, one member of the team must insert the laser beam
into the socket adaptor and actuate the button. At this
point the beam should enter and be transmitted through
the butterfly wing, and there should be a pattern on the
screen. Be sure to align the central maximum of the
diffracted beam with the calibration dot on the screen.
Remember this ensures that the laser beam is running
parallel to the bottom of the box. The other member
needs to insert the camera or smartphone into the hol-
ster and turn on the camera function. At this point,
close the lid on the box (or turn off the lights in the
room if you have that luxury) and capture an image of
the diffraction pattern. Once a suitable image has been
captured it is necessary to process the image for satura-
tion, exposure and possibly rotation. This can often be
done in the image gallery application; if the camera or
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smartphone used does not have this capability, there are
numerous image processing programs for personal com-
puters (GIMP, photoshop etc). Once the image has been
suitably processed, it is necessary to produce a histogram
of this data in python and find the coordinates of the cen-
tral maximum and the n=1 maxima.

Intensity of the laser was unsuitable for the
Blue Morpho Helenor. The pattern can be observed
with the naked eye, but the camera was unable to capture
it. In addition, the laser chosen for this experiment did
not have a toggle switch and as such had to be manually
actuated and held until the desired image was captured.
One method of correcting this issue was to permanently
depress the actuation button with tape and simply un-
screw the battery compartment in order to turn the laser
off. This method had potential, but screwing the battery
compartment back on resulted in a movement of the laser
and the loss of many batteries. In order to reduce move-
ment of the beam and find a better solution to the entire
problem, a socket adaptor was inserted into the side of
the box to hold the laser steady through the experiment.

V. RESULTS AND ANALYSIS

Figure 4 shows the post processed image of the diffrac-
tion pattern on the screen caused by a laser beam trans-
mitted through a Blue Morpho Menelaus wing. The
image on the screen was 68500 microns from the wing, an
important number (Z) used in equation 1 for the calcu-
lation of the slit spacing. Figure 5 shows the histogram
of figure 4 as processed by Python. The distance from
the center peak to the left most peak was found to be
21815 microns while the distance from the right most
peak to the center was 21925 microns. This returns
an average distance of 21870 microns for the distance.
Plugging these numbers into equation 2, which is just a
rearrangement of equation 1, along with the calculated
value of the wavelength of the laser returns a value of
2.080± .003 microns of the spacing between the ridges of
the Menelaus scales.

d =
nλ

sin θ
(2)

VI. CONCLUSION

The foregoing experiment gave us a qualitative confir-
mation of our hypothesis by returning a value of the slit

spacing on the order of the direct measurement taken by
the scanning electron microscope photo in Figure 2. The
error in this experiment, while plainly visible(reference
the difference in maxima distances) is due to the lack of
perfect orthogonality in the setup. All other error can
be attributed to the uncertainties in the tools used for
measuring(i.e. ruler, tape measure). If the experiment

FIG. 4: Photo of Diffraction Pattern Post Processing

FIG. 5: Histogram of Intensity vs. Distance Corresponding to
Processed Photo

were to be replicated, experimenters should take head of
the troubleshooting as mentioned above and take special
care in arranging the setup by possibly using a protractor
or other means.


