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The purpose of this project is to design, construct, calibrate, and test a monochromator using
easily acquired materials. We found that a monochromator of our specifications is clearly not as
precise as research instruments, but is sufficient for use where the general color is the most important
output, not specific wavelength.

I. INTRODUCTION

A. Monochromators

Often times it is advantageous in optical experiments
to be able to select a narrow range of wavelengths from
incident light. This is the precise function of monochro-
mators. Monochromators help to investigate properties
of materials that are dependent on the wavelength of in-
cident lights, so using these instruments, we can choose a
very small range of wavelengths and scan through a larger
range to show how the property changes with wavelength.
There exist two main varieties of monochromators, those
that utilize prisms to separate the the light into its con-
stituent spectra, and those that use diffraction gratings.
Diffractive mnonochromators are usually comprised of a
collimating mirror, a reflective diffraction grating, and a
mirror to direct the light out of an exit slit into some
sort of detector. One popular diffractive monochromator
is known as the Czemy-Turner monochromator, whose
optical path looks like:

These types of monochromators operate by way of the
grating equation, which can be derived by similar analy-
sis to a multislit interference pattern.

Which gives us:

mλ = d(sinα+ dsinβ) (1)

Where m is some integer. This integer gives rise to
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diffraction orders, for monochromation purposes, one
usually uses the first order maximum as the beam to
be sent through the exit slit.
By inverting the equation, we receive the result that the
angle at which light reflects off the grating is dependent
upon the wavelength.

β(λ) = sin−1

(
mλ

d
− sinα

)
(2)

Which is the reason that this diffraction grating is able
to split up the incident light into its constituent spectra,
as desired.
Prismatic Monochromators use a different mechanism
entirely in separating the light into its spectrum. That
mechanism is refraction, which is quantitatively de-
scribed by Snell’s law:

n1sin(θ1) = n2sin(θ2) (3)

However the index of refraction in a medium is wave-
length dependent by the relation:

n =
c

fλ
(4)

Where f is the frequency of the light and λ is of course
the wavelength. Because of the wavelength dependence,



2

these prisms are are able to separate the light into its
spectrum . Acrylic glass is usually the prism material of
choice, which has index of refraction ≈= 1.4. A typical
setup for such an apparatus is:
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Regardless of the apparatus that is used to separate
the light into the spectrum, they will both be mounted
on some rotating platform, such that rotating the
prism or grating will direct different portions of the
spectrum to the exit slit. It is important to realize
that the wavelengths of a particular light source may
in fact be very close together, and nanometer precision
is imperative when designing and building one of these
devices. Thus the rotating platform is usually attached
to some sort of rotation reduction mechanism, so that
one can very finely turn the platform. One popular way
of achieving such precision is by way of a worm screw:
Such that a knob or motor can be attached to the
wormshaft to precisely turn the wormwheel, and thus
the grating or prism.

Problems

As useful and powerful as monochromators are, they
have many practical issues. One of which is price, and the
other is bulk. To build a successful diffractive monochro-
mator, one needs to heavily rely on the quality of the
diffraction grating, as well as the quality of the collimat-
ing and exit lenses. These components can cost several
thousands of dollars each. Additionally, the detectors
that are most used on these instruments are also very
expensive. Bulk of the apparatus, is also an issue. These
instruments are often several cubic feet in volume and
usually VERY heavy from the quality of construction.
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All of these so called issues are to ensure the accuracy
and precision of the instrument, which is vital in scientific
research. But for applications that do not require 0.1 nm
precision, all these components are simply unnecessary.

II. CONSTRUCTION & MATERIALS

To reduce costs of an in-house built monochromator,
all of the components (except the prism/grating) can be
3-D printed easily. We printed the most vital mecha-
nisms, namely a rotating platform, a worm screw, and a
knob by which to turn the worm screw to in turn rotate
the platform. An image of the CAD file used for printing
these mechanisms is shown below:
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To further reduce on cost, we use a simple prism bought
at a hobby store and an iPhone 5 CCD as a detector,
as effective reflecting gratings and detectors will be too
expensive for our budget and application. The housing
for all these parts could again be easily be 3-D printed,
but we will use a material we have at hand, Legos R©.
The final construction is shown below:

III. PROCEDURES

The goal of this process is to create a monochromator
that can work within reasonable error. For our purposes,
reasonable error comes down to being able to turn the
knob to a particular reading, and the image from the
CCD matches that reading to a visual inspection. As
in, if the reading on the instrument reads 632 nm, we
should be able to see red light from a white light source.
Thus the main goal of project is to effectively construct
and calibrate our monochromator.
Our calibration procedure is as follows:

We shine 632 and 405 nm lasers, and a 589 nm sodium
lamp into the monochromator, and rotate the prism
until the laser light is incident on the CCD. We then
use an image processing on the image captured by the
CCD to determine the RGB value of the incident laser
light. And using these values, we can compare them to
the known RGB values of the respective wavelengths
of lasers. Thus we will have successfully ensured that
the reading on the knob agrees with the reading from
the image, and thus we will have created an effective
monochromator for our purposes.

Potential issues with this kind of calibration will be
the lack of quality of the materials used. There may be
a significant amount of light leakage into the interior
of the instrument, which can disturb the RGB value
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registered on the CCD.

After calibration with the lasers, we take white light,
produce a spectrum on the CCD, and we take several
measurements of the RGB values of the image in com-
parison to the known RGB values for the reading on the
dial. We then produce percent error between the RGB
values for the dial reading, and the RGB of the image on
the CCD.

IV. FIGURES AND ERROR ANALYSIS

We took nine measurements over the full range of the
visible spectrum. For each measurement we cropped a
segment of the image and took the average RGB value
over every pixel. Then we compared these averages to the
known RGB value for the particular wavelengths and cal-
culated the relative error.1

Clearly our error is elevated, this can be attributed
to be systematic. The lego housing was not perfect,
and so we had unavoidable light pollution that inter-
fered with the intensity of the image, and thus chang-
ing the RGB value. But interestingly, even with over
25% error, the the colors we get are very similar:

Thus we can conclude that even though our error was
elevated, this is a decent model of a handheld monochro-
mator.

V. CONCLUSIONS AND POTENTIAL
IMPROVEMENTS

Discussion of Results

Using our bare bones setup for a monochromator, we
were successful in being able to pick out pick out wave-
lengths of light that roughly correspond to the readings
on the dial. We had elevated error due to the average
RGB value of the images to be disturbed because of the
washout from light pollution. The intensity of the images
will change their RGB reading and give us an elevated
error, even if the colors between the measured value and
the true value are very similar. This can be seen in our
results, where we had elevated error, however visually,
the colors that were recreated look very similar to the
true color of the specific wavelength. Thus we conclude
that this is a good model for applications where the ap-
proximate color needs to be matched, not the exact wave-
length.

Improvements

Potential improvements of this monochromator appli-
cation could be: blacking out the interior, and making
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a worm screw that reduces the rotation of the platform
even more, so that small changes in wavelengths corre-
spond to greater degrees of rotation, and thus, ease of
use. Another potential improvement would be to add

slits with variable widths on the entrance and exit of the
instrument, so we can get a more uniform reading on the
CCD.
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