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Abstract  

 

Solar energy is a essential fundamental energy for life existence in the earth. Sun energy is a clean 

and an inexhaustible source which needs to be utilized effectively and its usage and application are 

ever growing demand that exists always.  This  paper discuss about the design and realization of an 

internal lighting system using solar energy. The proposed system presented is designed to reduce 

the power consumption for internal lighting of homes and office spaces at day hours. The presented 

system is realized at a moderate cost and tested in home premises for lighting. It is used here the 

full spectrum  of solar light can using a solar concentrator and transported to the desired spots. It is 

proved here that the proposed system has advantages of causing reduced eye strain and increase in 

efficiency. 
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1.   INTRODUCTION 

 

Achromatic retarders find extensive applications in both engineering and scientific fields. It is one of the 

important components in light industry. There are different methods available to construct these retarders 

in literature. Pancharatnam proposed one of the most successful combinations of three plates fabricated 

from the same material, showing a reasonably good achromatism over a range of wavelengths [1]. 

However, in such a system the orientation of the principal axis varies with the wavelength. Achromatic 

retarders for the visible spectrum using two plates of different birefringent materials having appropriate 

thickness ratio was suggested by Hariharan [2]. Nicolas Passily et al [3] studied achromatic phase 

retardation based on subwavelength dielectric diffraction grating in both the visible and near-infrared 

regions. 

Retarders based on total internal reflections were investigated by Korte et al [4]. Several studies have 

been done on thin-film retarders [5] and liquid crystal retarders [6]. A combination of five retarders was 

suggested to design super-achromatic zero-order wave plates by Samoylov et al [7]. Recently an 

achromatic quarter wave plate has been designed by Masson et al for the terahertz range which consists of 

six wave plates of varying thicknesses [8].    

In the present study, we have proposed the design an achromatic zero-order quarter-wave retarder using 

plates of crystalline quartz and KDP. These retarder materials have been selected so as to have high 

optical transmittance in the intended wavelength spectrum. The achromatic system is designed to work in 

the visible spectrum of 450 nm to 700 nm. The same design can be scaled to obtain a retardation of a half-

wave.  
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2.   SYSTEM DETAILS 
The layout of the developed system is presented in figure (1). The system mainly consists of five 

components that include a solar concentrator, IR filter or water column, Light lead, sunlight tracker. 

 

Fig1.  Layout of the system proposed.  

The solar concentrator is basically an arrangement used for collecting the sunlight and focusing it at a 

point. A parabolic reflector is required for the purpose. The parabolic surface can be approximated using 

an array of flat surfaces (small plane mirrors) on a parabolic dish provided that the size of each reflector is 

kept small so that the focussing errors can be neglected. The size of individual mirror needs to be smaller 

than the target. The main parameters associated with the parabolic reflector are the light gathering 

capacity of the reflector, the reflectivity of material and its focal length.  The light gathering capacity of 

the reflector depends on the surface area of the reflector on which light is incident. The area of the 

paraboloid designed for a radius a with height h is given by  

 

The focal length of the parabolic reflector depends on the diameter and the depth of the parabolic dish. If 

‗D‘ is the diameter of the parabolic surface and ‗c‘ is its depth then the focal length of the parabolic 

surface is given by   

 

In the present case, it has been noted that the ‗f‘ value is to be in the range   of 25cm to 40cm so that   we   

can effectively   collect the   light from the focal point. Thus the value  of ‗D‘ and ‗c‘ are fixed 

accordingly. The initial experiments were done by pasting reflective sheets on a parabolic aluminium 

vessel but the performance was not as per our expectations. Then we tried to achieve better result by 

pasting mirror pieces on a toy umbrella. The toy umbrella set up is shown in figure (2). Here the light got 

scattered in different directions instead of converging at a point.  Then the experiment was repeated with 

small embroidery mirror pieces. These small mirrors were pasted on the parabolic aluminium vessel. The 

photograph the parabolic aluminium vessel is shown in figure 3. The parabolic aluminium vessel pasted 

with small mirrors gave satisfactory results since all light are focussed at a required particular point. But 
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as the focal length of the aluminium vessel used was very small, light was getting focused inside the 

vessel. This was expected due to the larger depth of the vessel as per equation (2). 

 

                                           Fig.2. Toy umbrella pasted upon with mirrors 

 

 
                    Fig.3.  Parabolic aluminium vessel pasted upon with smaller mirrors 

 

Thus in order to increase the focal length of the solar concentrator, the experiment was repeated with a 

parabolic dish having small depth and maximum diameter. The parabolic dish used in this setup was the 

dish used for providing satellite television in India. This set up with 2000 mirror pieces on the parabolic 

dish produced good results with a large focal length which is important in order to collect light effectively 

from the focus. The set up is shown in the figure (4). Square shaped mirror pieces of average area 

of the order of 1cm2 were used. 

                                                              

Characterization of the solar concentrator 

 

 

                          Fig.4. The arrangements for characterization of solar concentrator  
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A set up shown in the figure (4) was used to find the temperature at the focus. The aim was to confirm the 

need to use an IR filter and find the suitable IR filter. Then the temperature rise for the required volume of 

water kept at the focus was also found.     To check the feasibility of use of reflective pipes for light lead 

the efficiency of such light leads were calculated. A series of mirrors were used to reflect light through a 

distance of around 4m to calculate the efficiency. The setup did not produce satisfactory result. The light 

was then guided through polymer fibres of 0.5mm drawn in our laboratory and we achieved a very high 

efficiency of light transmission. 

3.    RESULTS AND DISCUSSIONS 
The focal length of the parabolic dish thus designed was found to be 35cm. The temperature at the focus 

was found to be raised to 130°C in a time span of 1 minute and 40 seconds. This high temperature implied 

that a proper IR filtering would be needed for the process before the light is concentrated on to the light 

lead. The temperature rise of water kept at the focus was found to increase to about 60°C over a period of 

half an hour during the peak hours of the day (11 am -2:00PM).This also led us to draw the inference 

that a water column could be used as the IR filter before focussing the light into the bundle of optical 

fibres.The efficiency of light coming from the receiving end of the polymer fibres was found to be nearly 

100% which was only 85% in the case of reflecting mirrors. This was the reason behind the use of 

polymer fibres in the present setup.  

4.   CONCLUSIONS 
A solar internal lighting system has been designed using easily available material of reasonably lower 

cost. The solar concentrator designed with about 2000 numbers of  (1cmx1cm) dimension mirrors gave 

rise to considerably large losses due to reflection and scattering occurring at the edges of such huge 

number of mirrors. Thus a solar concentrator with a larger diameter and less number of mirrors without 

compromising the parabolic shape of the concentrator would give a better concentration of light intensity 

at the focus. A secondary focussing mechanism can also be used for efficient focussing and coupling of 

the light focussed by the parabolic concentrator into the fibre bundle. The polymer optic fibre bundle used 

in the system also contributes to losses due to its limited core diameter in addition to the inherent losses. 
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