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Introduction: 

Being a fishing enthusiast, I chose to do a project about how “invisible” certain fishing 

line appears in water.  Before doing this I needed to familiarize myself with the concept of 

refractive index in addition to measuring the index of refraction of liquids.  I used the laser based 

technique of determining the “minimum deviation angles” in this study.  I measured the index of 

refraction of water and sucrose solutions.  A major focus of my study was to quantitatively 

determine how accurately and precisely I could make these measurements. 

 

Procedure: 

I directed a 0.5 mW Helium Neon (HeNe) laser (red light at 632.8 nm) into a 100ml 

beaker.  The beaker contained 80 mL of either pure water or various sucrose solutions.  The laser 

was directed into the beaker in a particular fashion shown in Figure 1 below.   

 
 

Figure 1 

 According to previous reports (1, 2) the condition of minimum or “least deviation” was 

determined as follows.  I directed the laser, shown in Figure 1, into the beaker. The HeNe laser 
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was adjusted to be parallel to the table.  The beam was directed so that it entered, reflected twice, 

and exited the beaker.  I placed a note card 25 cm from the beaker for the light to hit so I could 

view the beam’s position and shape.  I made small adjustments on the horizontal direction of the 

HeNe laser using an adjustable mount.  I watched the beam on the card move side to side and 

change shape.  This process is shown in Figure 1 by the blue arrows.  When directing the laser 

from left to right, for instance, I observed the spot to also move uniformly until a particular point 

where it reversed direction. At this unique configuration I also observed the beam spot shape 

became very tight and focused.  This is the configuration of minimum deviation. 

 According to previously published analysis, the angle theta shown in Figure 1 above can 

be related to the index of refraction of the liquid according to the equation 

  

n2 = 4/(1+3sin2(Ø/2)) 

 

The angle theta made by the laser was measured by taking digital photographs from 

above the beaker.  A Sony NEX-6 with a macro lens was used.  The photographs were exported 

onto a computer and analyzed with ImageJ.  A typical photograph is shown in Figure 2 below.   

 

  

 
Figure 2 

 



 

 

In the photographs the angle theta is defined by three scattering points evident in the photo. 

Using the “angle tool” in ImageJ the value of theta was determined. 

 The analysis above assumes a perfect cylinder of liquid without the container (1, 2).  The 

effect of the glass complicates the analysis of the problem to the extent where a simple analytical 

expression relating n and theta does not exist (3).  I observed the effect of the glass was to offset 

the refractive index. The literature value of pure water at 20o C is 1.3330 while my experimental 

value was 1.308, this offset of + 0.025 was roughly 2.0% of the literature value.  

Nevertheless, the objective of this study was to establish the precision of the technique in 

determining relative refractive index between different samples.  In this context the two most 

likely sources of error and uncertainty are the reproducibility of measuring the angle from a 

single photograph and the repeatability of aligning the laser to the exact point of minimum 

deviation. 

 In order to quantify the error associated with determining the angle from a single photo I 

made ten individual angle determinations from a single photo.  Using the line tool, I manually 

connected the three points defining the angle.  The result of the ten repetitions of this procedure 

yielded a value of refractive index of water to be 1.308 ± 0.001.  However, when comparing the 

index of refractions from one individual experiment to another where each time the laser was re-

optimized to find the minimum deviation condition the error was more significant.  Specifically, 

after performing five individual experiments I determined the standard deviation in index to be 

three times larger at 0.003. 

 

Results: 

As a test to the sensitivity of the apparatus at measuring small changes in refractive index 

I prepared two aqueous sucrose solutions: 3% and 5%.  From literature (4) values I expected the 

refractive index to increase by 0.0044 and 0.0073 respectively.  The results of these 

measurements are shown in Figure 2 below.  



 
Figure 3 

  

 The above graph shows my three experimental points (blue diamonds) for the three 

samples: 0%, 3% and 5% sucrose solutions.  Note that the effect of sucrose is to raise the index 

of refraction.  Also plotted for comparison are the theoretical points based upon the index of 

refraction increment obtained from the literature (3).  The error bars represent the total 

experimental error contributed by both the reproducibility of aligning the laser to find the 

condition of least deviation and the error of photographically measuring the internal angle using 

ImageJ software.   

 

Conclusion: 

 My work differs from previous work in two ways.  First I used a photographic technique 

to measure the minimum deviation angle of individual samples. Second, I focused on the 

reproducibility of the technique from sample to sample.  This corresponds more to a “real life” 

situations of multiple samples and setups.  The final outcome of this study indicates a total 

relative uncertainty in refractive index of ± 0.003 could be achieved.   
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