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The purpose of this lab is to design and use a spectrometer whose parts can be manufactured by a 3-D                    
printer and, once assembled, is easily attached to and used with a smartphone’s built in camera. The phone                  
for which the spectrometer will be designed is an iPhone 6, and the spectrometer will be used in order to                    
differentiate between various sources of light, based on the spectra that are produced when viewed through                
the spectrometer. 

 
 
 

I. INTRODUCTION 
During any process in which the electrons of an 

atom or molecule become excited, such as passing a 
current through a gas, the electrons will soon de-excite, 
releasing energy as light. The exact makeup of the light, 
the certain frequencies or colors that are emitted, is 
characteristic of and specific to whatever material 
emitted the light, and represents the amount of energy 
that was released in the process. Using a spectrometer 
to split these frequencies, it is possible for one to view 
the spectral lines of specific light frequencies that are 
emitted, the collection of which is the spectrum that is 
associated with that material. It is possible for one to 
obtain an image of this spectrum for a certain source of 
light and identify the radiating material, as will be 
demonstrated.  
 

II. PHYSICS BACKGROUND1, 2, 3 
When atoms or molecules receive energy from their        

surroundings, this extra energy is often stored in the         
orbital cloud of the electrons; roughly, the more energy         
that is stored in the system, the farther from the nucleus           
the electrons’ orbits reside. These higher energy states        
are unstable, however, and can only sustain themselves        
for a short duration. The electron soon after returns to          
its unexcited ground state, releasing the energy that it         
had absorbed in the form of a photon. A photon can be            
conceptualized as a little “packet” of electromagnetic       
radiation energy (light) that has momentum but no        
mass.. 

The amount of energy contained in this photon is         
determined by the structure of the system releasing the         
energy as well as the differences in potential energy         
between the excited and unexcited or ground orbital        
levels of the electron. Unlike projectiles, we are unable         
to determine the amount of energy released in the         
photon by observing its velocity, as this value remains a          
constant for all energies of light. We instead use the          
frequency of oscillation of its electromagnetic radiation.       
The relationship between the frequency and      
corresponding wavelength of light can be modelled       
mathematically as  

 
                           (Eq. 1) 

 
or alternatively  
 

                       (Eq. 1.1) 
 
where c, is the speed of light (3x108 m/s), is the         λ    
wavelength, and f is the frequency. Because our        
experiment uses the wavelength of the light more than         
the frequency, (Eq. 1.1) is more favorable than (Eq. 1).          
In order to relate the wavelength of light to the          
corresponding energy, one makes use of  
 

                       (Eq. 1.2) 
 
where E is the energy measured in Joules, and h is           
Planck’s constant (6.626x10-34 Js). Substituting the      
right hand side of (Eq. 1.1) for frequency yields an          
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equation relating the energy of light to its        
corresponding wavelength: 
 

                                     (Eq. 2) 
 
It is the wavelength that separates the different kinds of          
electromagnetic radiation from each other, ranging      
from radio waves to gamma waves. In the case of the           
visible light spectrum (~400nm-750nm in wavelength),      
the change in wavelength determines the different       
colors across the rainbow. 

Any molecule excited with energy will consequently       
release that energy in photons of one or more specific          
wavelengths, depending on the excited electron orbitals       
of the molecule, which are characteristic of that kind of          
molecule. When the energy is released, a portion of the          
spectrum is emitted from the molecule, which can be         
interpreted as a signature from this compound. The        
ability to distinguish the exact form of this emitted         
spectrum is all that is necessary in order for one to           
identify what material is acting as the light source. 

Spectroscopy is a method in optical physics in which         
one is able to take an input of various wavelengths of           
light, known as white light, and separate these different         
wavelengths along different optical paths so that they        
can be distinguished from each other and identified.        
This is done primarily by taking advantage of the         
diffractive properties of waves as they pass through        
openings of width the same order of magnitude as the          
wavelength of the wave. In the case of the double slit,           
two small openings that are finely spaced, the        
relationship between d , the distance between slits, θ, the         
angle at which the light is redirected after having         
passed through the slits, m , the integer number        
representing the order of the fringe, and , the       λ   
wavelength of the light can be modelled by:  

 
                     (Eq. 3)sin(θ) λ  d = m  

 
The angle at which the ray will propagate after         

passing through the opening depends on the exact        
wavelength of the wave; therefore waves of different        
wavelength (and, in the case of light, frequency) will         
bend in different directions. This produces the spectrum        
observed, and the differences in wavelength produce an        
even gradient of color. 

Passing pure white light through a film filled with         
openings of appropriate width and observing the light        
downstream along the light’s new path will allow one         
to observe a rainbow, with the full spectrum of color          
visible. Passing light from a molecule through this same         

apparatus, known as a spectrometer, will allow one to         
observe the specific frequencies of light that are being         
emitted, providing the means to identify the compound. 

 

III. PROCEDURE 
A) Instrument Design: The fundamental design of 

a spectrometer is rather straightforward: simply pass 
light through a diffraction grating and observe the 
diffraction pattern which is transmitted on the other 
side. However, one of the main concerns with accurate 
spectroscopy is ensuring that the light that is being 
observed is actually the desired light from the intended 
source, and that there is not so much of this light that 
any pattern produced cannot be discerned due to the 
excess of light. Therefore, the light entering the 
spectrometer will be limited by a thin horizontal slit, 
which will only allow a small amount of light to pass, 
as well as recessing this slit inside of a hood, which will 
further block ambient light from being detected by the 
lens of the spectrometer. 

Once the light sample has been reduced to 
appropriately manageable levels, it will then be passed 
through the diffraction grating to be split into its 
constituent wavelengths. In order to ensure that the full 
diffraction pattern falls onto the lens of the camera, the 
grating will be placed directly in front of the camera, 
with the axis of the spectrometer at a 45 degree angle, 
causing the light to diffract along the horizontal and 
then into the lens for detection. 

 
 
 

 
 
FIG. 1: (from left to right) The spectrometer from an 
angle showing the mount piece; the spectrometer from 
an angle showing the light receiving end; the case used 
to attach the spectrometer to the phone (courtesy of user 
hadleeshea on TinkerCad) 
https://tinkercad.com/things/iLboer3JLbO 
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FIG. 2: The bottom (left) and top (right) pieces of the 
spectrometer chamber with dimensions below. 

 
The basic design for our spectrometer is shown in 

FIG. 1, and is divided up into three parts for easier 
printing and installation, shown in FIG. 2 and 3. The 
apparatus is slanted upward at a 45 degree angle, with a 
chamber 125 mm in length along the top end, 150 mm 
along the bottom, and a 30 mm x 25 mm rectangular 
face at the end. This chamber, split into a top piece and 
a bottom piece along the thin (1 mm) slit which allows 
light to enter, is attached to a mounting piece. Using 
super glue, the top and bottom pieces were connected, 
and any gap between the two was covered with black 
tape, so as to minimize light leakage into the device. 
The open end of this chamber is then attached to the 
mounting piece, with the diffraction grating wedged in 
between the two to split the light into spectral lines. The 
mounting piece sits flush with the case of the 
smartphone, positioned such that the lens is horizontally 
centered within the 24 mm x 20 mm opening in order to 
view the spectra. Pieces of black tape are placed on the 
case over the opening for the lens in order to produce a 
thin slit and reduce the total amount of light that will be 
received to avoid oversaturation.  

 

      
 
FIG. 3: The mount piece along with dimensions. 

 
B) Experimental Design: After printing and 

assembling the spectrometer, the next step of the 
process is using it to obtain data from different sources 
of light. Our observed light sources included both 
combustion sources and sustained electrical current 
sources. The combustion sources include: 

 
● match heads (potassium chlorate) 
● match sticks 
● a wax candle (paraffin wax) 
● printer paper  

 
and the sustained electrical current sources include: 
 

● a fluorescent light bulb 
● a computer monitor (RGB) 

 
In order to observe the combustion sources, we 

placed the reactants in a ceramic ashtray in a room with 
no windows, ignited the reactants, turned off the lights, 
and captured an image of the spectrum. The dark room 
helped reduce any stray light entering the spectrometer, 
and the ceramic ashtray provided a safe place for the 
combustion reaction to take place.  
 

 
 
FIG. 4: Our combustion sources in the ashtray. After 
being ignited, spectral images of the flame were 
captured with the spectrometer.  
 

Due to their relatively fixed position and limited 
mobility, the fluorescent bulb and the computer monitor 
were made to be the only active sources of light during 
the night time in order to ensure the light detected by 
the spectrometer is truly from the source, and the 
monitor was made to produce only white light at the 
brightest setting available.  

IV. RESULTS AND ANALYSIS 
Our produced spectra are displayed in FIG. 5. After 

obtaining the images of our spectra and saving the files, 
we uploaded the pictures to spectralworkbench.org and 
used their available software for calibration and  
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FIG. 5: The spectra collected by our spectrometer. 
From top left, going right then down: match heads, 
matchsticks, printer paper, candle, fluorescent bulb, 
monitor.  
 

analysis of spectral images. The calibration allows 
one to convert the pixels of the image produced by the 
spectrometer to the actual wavelengths of light being 
received, and this calibration can be applied to any 
image from the spectrometer. The analysis converts the 
color image of the spectrum into a graph of red, green, 
blue, and overall average light with values to represent 
the relative intensity of the light. From this information, 
one is able to observe the wavelengths which are 
providing the most intensity to the image and 
consequently the location of the spectral lines. 
 

Light Source Peak Emission 
 (nm)λ  

Color 

Match Heads 585. 82 yellow orange 

Match Sticks 607.92 orange  

Paper 601.56 orange  

Candle 612.27 orange 

Fluorescent 
Bulb 

435.86, 491.09,  
546.66, 607.25 

violet, blue, 
green, orange 

Computer 
Monitor 

489.42, 545.99, 
608.25 

blue, green, red 

 
FIG. 6: The wavelength values (in nm) of spectral 
peaks observed by the spectrometer by light source.  

Our calibration equation for converting the pixel 
value of the image, , to a wavelength in nm, , is:p λ   

 
 

                        (Eq. 4) 
 
 

where  is the wavelength per pixel and is ther p0  
wavelength of pixel 0, with values .33474 and 120.2. 
FIG. 6 displays a table with peak emission wavelengths 
converted into nm. Most emissions had a single peak, 
but those with multiple have the main peaks listed.  
  

 
FIG. 7: Our obtained spectra along side the graphs 
produced by SpectralWorkbench. 
(https://www.spectralworkbench.org)  
 

Although the spectrometer does produce a very nice 
image of the spectrum, it appears that a large amount of 
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incandescent white light was picked up from the flame, 
and as a result the images produced in these trials were 
primarily the full rainbows that are produced when 
white light is diffracted. There is consequently not 
much visible difference in the spectra emitted by our  
different combustion light sources, but our analysis 
does allow us to detect differences in the spectral peaks, 
listed in FIG. 7. 

We were able to achieve a better differentiation of 
spectral lines in the sustained current light sources. The 
fluorescent bulb produces a quite distinct set of peaks, 
and the image is easily matched to the expected spectral 
lines from a fluorescent light, as provided by the app 
SpectraSnapp. The spectrum for the computer monitor 
clearly only emits red, blue, and green light, with dark 
spots in between these colors, which is to be expected, 
as a computer monitor only uses red, blue, and green 
light to display its plethora of colors. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

V. DISCUSSION AND CONCLUSION 
Although there was some difficulty in producing 

distinct spectral lines for our sources of combustion, 
our goal of producing a smartphone attachable 
spectrometer which is capable of producing sharp 
enough spectral lines to identify sources of light was 
achieved in observation of the fluorescent light bulb 
and the computer screen.  

If the experiment were to be continued or 
performed again, we would recommend that a higher 
resolution be used while 3-D printing, in order to 
produce finer slits through which light can propagate in 
the spectrometer. A more resolute print would allow an 
extremely thin slit to be accurately printed, as opposed 
to the slits created by placing tape over the optical 
openings. Although the tape does successfully limit 
light and allow for spectral imaging, a more precise slit 
would allow for less saturation of light and a sharper 
spectral image.  
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