
          Method to make accurate measurements of refractive index 
 
                                   Carlos Robledo-Sánchez, Nazario Bautista-Elivar.  
 
Benemérita Universidad Autónoma de Puebla, Facultad de Ciencias Físico-
Matemáticas. Av. Sn. Claudio y Río Verde Col. Sn. Manuel, C.P. 72570 , Puebla, pue., 
México. 
 
                      email: crobledo@fcfm.buap.mx , nelivar@fcfm.buap.mx 
 
We propose in this work the use a diffraction grating to calculate the wavelength inside 
a transparent material of parallel plane faces, with the purpose of measuring the 
magnitude of their refractive index. The errors of this method and the precision are 
discussed . 
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1. Introduction 

 
One of the important parameters used in optics is the refractive index. There are 
different methods to measure the refractive index in the visible region. One of the 
techniques used to carry out these measurements uses the method of minimum deviation 
that suffers a ray of light when crossing a prism(1). Other common methods are based on 
the determination of the critical angle and in the Brewster angle(2). A method of 
determination of the refractive index using prisms was described recently by Hsiu(3). In 
the method of Hsiu, the incident beam is normal to the first surface of the prism the 
refraction is manifested only in the second surface. The relationship obtained under this 
configuration is ( ) αδα sensenn += , where α  the angle of the prism and δ  the deviation 
angle that suffers the beam in the second surface. The method of Hsiu can be used to 
determine refractive index of lens doing some modifications. Most of these methods are 
based on the application of the refraction law. The method that we propose in this paper 
considers the diffraction of the light. 
 
2. Theory 
 
The diffraction grating is normally used for measuring wavelength through the grating 
equation    
 
 
 
                                                        λθ msina m =                                    (1) 



for the case when the incident plane wavefronts of light make an angle of 00  with the 
plane of the grating, m is order of interference. The zero-order principal maximum 
provides no information about the wavelength of the illumination. Information about the 
wavelength of the illuminating light can only be obtained by measuring the angular 
position of the higher-order principal maximum. We will employ this method for 
measuring wavelength inside of a optic glass.  It is known that a wave inside a 
transparent material changes its space period in the form(4) 
 

        n
λλ =′  ,                                            (2) 

 
this result is used to measure n measuring the wavelength λ′  inside the material and 
using λ of a well-known source. Considering the Ec.(1) the separation dy of two 
diffraction orders is                                                              
                                                             

a
sdy λ=  ,                                    (3) 

where s is the distance from the grating to observation screen, a is the separation of slits. 
If the same experiment is realized inside a material with n index, then the wavelength 
change by 

                    
s
ayd ′=′λ  ,                                (4) 

Finally using the Ec. (1) we can obtain n calculating λλ ′ ; where λ  is the wavelength 
in the vacuum of a well-known source, λ′  is the wavelength inside the material.  
Substituting the Ec. (4) and Ec. (5) into the Ec. (2) that λλ ′=n  can be obtained by 
 
                                                                  yddyn ′=                                     (5) 
 
where dy and dy´ are the separation of diffraction orders when the experiment is realized 
in the vacuum and inside a material, respectively. 
 
2. Experimental procedure 
 
The experimental setup consist of a He-Ne laser of 3 mW and 632.8 nm and  optical 
glass cube as material under test. The cube is mounted on a XY positioning stage 
platform. The parameter a of the diffraction grating used is 6.81 microns. The 
measurements of dy and dy´ was carry out with a CCD camera. The measurements was 
doing placing the diffraction grating close to the DA face of the cube see Fig.1, 
measuring the separation dy´  among -1 and +1 diffracted orders in the opposite face CD 
of the cube. Subsequently we measure dy among the same orders but now outside of the 



cube. The pattern of diffraction inside the cube is observed in the CB face and outside in 
the BF face, see Fig. 1.  
 

 
 
 
 
 
Fig. 1. Experimental setup to measuring the refraction index of a optical glass 
cube  using diffraction.  
 
 
To observe the diffraction grating we put a diffuser sheet in the CB face of the cube. To 
observe the diffraction pattern inside and outside of the cube this was translated laterally 
in the Y direction.  The measurements was realize with a CCD camera with a zoom lens. 
The Fig. 2 show the diffraction patterns obtained.   
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(a) Diffraction pattern inside the                           (b) Diffraction pattern in air  
     optical  glass cube             

 
             Fig. 2. Diffraction patterns.  

Results 
Using the images of  Fig. 2 we obtained the value of dy´ and dy of 190.1 and 289 pixels, 
respectively. Giving the magnitude of 1.521 for the refractive index. The value specified 
of n is 1.52504 for the He-Ne laser. Our result obtained has a precision of 0.2 %.  
 
Conclusions 
We used a diffraction experiment to calculate the refractive index  of a glass cube. This 
method is simple and has good precision. This experiment can be use to show in the 
classroom in an elementary optics course the effect of how the wavelength change inside 
the materials. The method gives as an alternative technique of easy implementation in 
ours optics laboratories.   
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