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Abstract - The performance and behavior of the Polycrystalline solar cell (at different wavelength ) is 

influenced by the spectral solar distribution. The solar cell  responds differently in terms of voltage in an open 

circuit .The Silicon solar cell spectral response can be used as a tool to sensitize the solar spectral 

variations.[2]This paper shows how a solar cell responding  differently to different wavelengths of light by 

utilizing various coloured light bandpass filters of fixed wavelengths band ranges ;which are placed in direct 

contact with the solar cell placed right on the top of the solar cell surface during total solar eclipse and study 

the effect of the eclipse on the generation of voltage and help in proposing a way to develop a more efficient 

method of using light for generation solar energy for efficient solar energy harvesting and various solar cell 

applications.[1] 

 
 

   

 

 

INTRODUCTION: 

The various types of solar eclipse are recursive phenomena and this event provides an opportunity to various aspect 

of earth‘s atmosphere,the solar energy. 

During the solar eclipse it is observed the rate of sunlight diminishes at a particular/fixed  rate and towards the 

totality  the Umbra of the moon sweeps across the top of the atmosphere over the location under the totality path due 

to which the limb darkening effect takes place and it affects the global irradiance (GI) , direct irradiance (DI) and 

actinic flux (AF) This effect leads to wavelength dependent changes in the measured solar spectra showing a much 

more pronounced decrease in the radiation at the lower wavelengths. It has been observed that there is a faster 

decrease of GI at lower wavelengths than the higher ones[3][20]. In the past research have been conducted to study 

how the ozone layer changes  and study the physical processes that take place in the atmosphere during the time of 

the totality due to absence of the sunlight. It has been observed that most of the effects take place that affect the 

environment  at a very small micro level and they affect at very small rate which can be hardly measured. For 

example in Case of flora the changes takes places chemically as the intensity of light decreases due to which there is 

decrease in the intake of CO2 absorption.[2] 
 

Eclipses are connected with the rapid and short- 

time, impulse-like decrease of solar energy flux reaching the area of its visibility, which can be exactly predicted 

before the occurrence of the phenomenon. Therefore, they cause noticeable changes in the atmosphere, whose main 

energy source is solar radiation.[2] 
 

Due to quick and short lived impulse, the decrease of solar energy flux it causes noticeable changes in the earths 

atmosphere[2] . There is a observed  decrease in Ozone during the solar eclipse[4] and also there is a decrease in the 

diffused light with respect to the direct solar radiation increasing more that the shorter wavelength side of the UV 

spectrum[4].It is observed that the UV radiations contribute to the ionization process of the earths atmosphere which 

can disrupt the satellite communications especially GPS signals to some extent. Significant changes in the signal 

have been verified during the time of the eclipse which induce errors in the signal[5][6]. There are also chemical and 

physical changes occurring in the ozone at the time of the eclipse due to radiation[16].Solar UV radiation contributes 

to ionization process of the ionosphere and the boundary layer which is in direct contact with the ground thus 
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absorbing short wave radiations. Especially, the impact on atmospheric Temperature,Pressure and Humidity is 

important, as the stability and convective processes intensity process changes. The spectral distribution of light 

during the eclipse is of importance from research point of view. Ideally, Thermocouple-based sensors should record 

such spectral intensity, as their spectral response is linear for the whole spectrum. Thus spectral intensity of the 

incident radiation may be recorded easily. Considered as photo devices, solar cells may also help recording such 

spectral variation.[2] Solar cells are also considered to be more sensitive to measure the changes in the Ozone and it 

is seen that the response is highly sensitive to frequencies of shorter wavelengths in the visible spectrum i.e. between 

0.4 micrometers  to 0.5 micrometers[13]. 

Present research works include mainly studying the effect of the variation of solar radiation during the total  solar 

eclipse on the behavior of solar cell parameters and effect  

different wavelengths of different coloured lights  with help of various coloured light filters. 
 

limb darkening effect (LD) which mainly depends on the geometry of the eclipse becomes relevant and needs to be 

taken into account. Measurements of radiative quantities below table describes the element of the total solar eclipse 

on 22nd July 2009[3][7][20] 
 

 

 

EXPERIMENT: 
 

Step up: 

Date:22 july 2009 

Location:China,Zhejiang Province,Hangzhou,North Peak Lingyin temple 
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Latitude, Longitude: 30.00266559780204, 120.13910293579102 

surface elevation being ∼  150 m above sea level 

Type:Total Solar Eclipse 

4 solar cell( Polycrystalline type, 2.5 x 2.5 inches ,4Volts,100 mA current) connected to multimeter with 3 optical 

bandpass filters[15] of different wavelengths from the visible light spectrum each placed on the top of the surface of 

the solar cell . Each cell was supported by a retort stand so that one can adjust the surface angle and incline it with 

respect to the Sun in order to get the maximum exposure to the sun during the time of the total solar  eclipse. The 

generalized specification of the optical bandpass filters is as follows( Blue(S2) : { 450 ~ 495 nm, Frequency 670 

~610 THz },Yellow (S3): {  570 ~ 589 nm , Frequency 525 ~505 THz } , Red (S4) : {  Wavelength  ~620–740  , 

Frequency ~480 – 400 THz})placed each on the solar cell ;where S2,S3,S4 are the alias or names given to the 

bandpass filters. 

Pressure and humidity measuring  device 

The measurements were carried out every minute to during the phases 

of the eclipse. The paper is interested by studying the effect of variation in radiation 

(spectrally and quantity) during the total solar  eclipse on the output short circuit current 

(ISC) and open circuit voltage (VOC) of the Polycrystalline solar cells. 
 

Modeling Based On Important Assumptions and Solar Cell Characteristics Equations [8] 
 

Considering Solar cell as a battery with light energy as the external power source resulting in an electrical voltage 

generated by charge separation driven by light rather than chemical reaction and hence considering the equations of 

electromotive forces (EMF) we have[9][10][14] 
 

Vout = Iout*( r +R) 
 

where Vout is maximum the output voltage , Iout is the maximum output current 
 

R = 0 ohms in the case of the experiment 

r is the internal resistance 
 

so Vout= Iout *(r) ------- (1) [14] 
 

V is a function of I where ‗r‘ is constant value in derived equation i.e. 1  for our model 
 

so equating using ratio proportion the values of Vmax , Imax and V (measured) we get the values of I and  we get 

below graphs [17][18][19] 

 

 
 

Fig No.1 
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Results and Discussion 
 

From below figure from Fig No.1 - Fig No.4  represents the voltage v/s current projection for solar cells with and 

without filters. The current has been equated using our model equations in Equation (1) 
 

 

 

 

 

 

 

 
Fig No.2 

 

 

 
Fig No.3 
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Fig No.4 

 
Fig No.5 

 

Voltage readings were taken from the period before the first and the last contact and the period after the eclipse and 

they are mentioned in the figures mentioned above charts. 
 

The graph of the voltage(Fig No.5) during the time of the totality and a few seconds after the totality detailed 

readings were taken and from the graph one can  see that the solar cell responded faster to the yellow light i.e. from 

the filter S3(yellow). For S3(yellow) one can notice that  from the period of 09:38 am Hangzhou Time ;the voltage 

increased steadily along with the S1 (without filter)voltage than compared to the voltages produced by S2(blue filter) 

and S4(red filter) and kept increasing steadily than compared to of S1 , S2 and S4 from period of 9:40 am to 9:41 

am. When  the totality approaches the voltage drop delays in case of the S3 (Yellow)and S1(Plain) it is observed in 

the readings from 9:34 am to 9:36 am. 

The below graph Fig.6.  verifies the trend of the behavior of the shorter wavelengths of the visible spectrum i.e. blue 

filter  just before the solar eclipse starts and during the totality i.e the maximum phase. we can see that when the max 

phase is about to get over. We see there is a sudden drop in the blue current and there is a rise in the current by the 

red whereas one can  see that the current remains steady i.e. middle order frequency of the visible spectrum i.e for 

yellow filter. The trend of the shorter wavelengths corresponds with the past studies i.e. gradual decrease in total 

ozone, followed by a symmetric increase after totality  ,decrease in the ozone flux as a result of photochemical 

reaction [2] we can also see Larger deviations for longer wavelengths Red and an acceleration of the rate of this 

decrease is observed in the last minutes before totality[2] 
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Fig No.6 

 

APPLICATIONS 

1)  Can be used to measure the intensity of coronal mass ejection by further improvisation of the setup. At higher the 

intensity there can be a possibility of a disturbance or a kind of non linear trend to be observed in the  violet and blue 

region (shorter wavelengths)of the visible spectrum due to the UV and high temperature of the coronal ejection. 

Coronal Mass Ejection Alerting system can be modeled on the basis of above setup it can show us the surge / spike 

in the voltage and we take the necessary steps before it can reach the earth. Also it is been observer that there is an 

increase in the X-Ray flux during this phenomenon a system can be modeled to detect and measure X-Rays and 

Gamma Rays using Silicon Solar Cells [24][25][26] 
 

2) Can be used to measure the thickness of the ozone layer at various places with the help of monitoring the voltage 

in the blue and violet (shorter wavelength) region of the visible light spectrum at various locations. If there is a hole 

in the ozone due to pollution or other reasons then there has to be increase in the UV rays . so UV rays have to 

increase due to pollution as it affect the ozone layer and also ionized charged particles in the atmosphere 
 

3) Various electronic circuits operate at various current and voltage. So we can choose to regulate the voltages and 

currents as desired with the help of the filters.  
 

4) One can boost the efficiency of the solar cell by cutting down the light frequencies that has extra energies 

especially ones in the UV and  violet region which goes waste in form of heat thus adding to the increase in 

temperature of the solar cell and decrease in the throughput. Photochemical up-conversion of the frequency 600–750 

nm is converted to 550–600 nm can also lead to increase in throughput[21][22][23] 
 

 

 

CONCLUSION 

From the above experiment we can show that the solar cell responds differently to different frequency of lights when 

its passed through a bandpass filter in order to pass particular color wavelength of light in our case ( Red , Blue and 

Yellow) during the eclipse. The solar cell responds well to the yellow light frequencies . There is a need to carry 

further research for studying the coronal mass ejection and various other forms of electromagnetic waves and their 

behavior using UV filters . Inferring to the above we can conclude that we can use the solar cell as a photo detector 
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which can be used to study the activities of the sun and the UV radiation patterns from various regions and it can 

help in creation of a distributed model for detection of the electromagnetic radiation without using any costly 

equipment or radio frequency array using a simple circuitry comprising of UV filter . 

 

ACKNOWLEDGMENT 

      
 

  

 

      

 

  

 

 

 

      

   

 

      

   

 

   

 

    

 

      

 

  

 

    

 

      

 

   

 

AND OTHER RESPECTED SUPPORTERS

 

 

 

References
 

 

1) Park, Hui Joon, Ting Xu, Jae Yong Lee, Abram Ledbetter, and L. Jay Guo. "Photonic color filters integrated with organic solar cells for energy

 

harvesting."ACS nano 5, no. 9 (2011): 7055

-

7060.

 

 

 

 

3) Kazadzis, S., et al. "Effects of total solar eclipse of 29 March 2006 on surface radiation." Atmos. Chem. Phys 7.22 (2007): 5775-5783. 

 

4) Zerefos, C. S., et al. "Changes in surface solar UV irradiances and total ozone during the solar eclipse of August 11, 1999." Journal of 

Geophysical Research: Atmospheres (1984–2012) 105.D21 (2000): 26463-26473. 

 

 

 

951

International Journal of Engineering Research & Technology (IJERT)

Vol. 2 Issue 7, July - 2013

ISSN: 2278-0181

www.ijert.orgIJERTV2IS70637

2) Ghitas, Ahmed E., and M. Sabry. "Spectral Behaviour Of Silicon Solar Cells Under Total Solar Eclipse Of 29 March 2006."

5) Jia-Chun, A. N., et al. "Ionospheric Behavior During The Solar Eclipse Of 22 July 2009 And Its Effect On Positioning." Chinese Journal Of 

Geophysics 53.5 (2010): 731-739.

DR.,PROF. A.M. NARSALE  AND DR. R.D.TEWARI, WESTERN REGION INSTRUMENTATION CENTER (W.R.I.C) 
                      
MR. EKNATH THAKUR CHAIRMAN SARASWAT BANK 
 
MR. Y. S. KANODIA  - DATAMATICS FINANCIAL LTD. 
 
NAVAJBAI RATAN TATA TRUST , MUMBAI 
 
ASHIRVAD BOTANICA PVT LTD 
 
MR. MUKUT SAH - PRESIDENT , INDIAN SOCIETY FOR CULTURAL RELATIONS & FRIENDSHIP, (ISCUF) PREVIOUSLY INDO SOVIET 

CULTURAL SOCIETY ( ISCUS ) 
 
MR. PRAVIN D. PATEL - GENERAL SECRETARY ,INDIAN SOCIETY FOR CULTURAL RELATIONS & FRIENDSHIP, (ISCUF) PREVIOUSLY 

INDO SOVIET CULTURAL SOCIETY ( ISCUS ) 
 
MR. SUBBA POTHAPRAGADA AGM STATE BANK OF INDIA 
 
MR. SHARAT MISHRA , STATE BANK OF INDIA , SHANGHAI BRANCH 
 
DR. ROHINESH PHATAK - MS  SOOCHOW UNIVERSITY , CHINA 
 
MRS. SHAILA PRAVIN PATEL 
 
MRS. RADHA SRINIVASAN , UNIVERSITY OF MUMBAI , DEPT OF PHYSICS 
 
MR. MALCOLM R PRINTER - CONSULTANT, GODREJ & BOYCE INDUSTRIES LTD 
 
DR. MAYANK VAHIA - TATA INSTITUTE OF FUNDAMENTAL RESEARCH 
 
MR. CHINTAMANI PAI , RESEARCH SCHOLAR, DEPT OF PHYSICS UNIVERSITY OF MUMBAI 



6) Guo, L., et al. "Ionospheric Response to the Total Solar Eclipse of 22 July 2009 as Deduced from VLBI and GPS Data." (2010). 

 

7)NASA/TP—2008–214169 ,Total Solar Eclipse of 2009 July 22 byF. Espenak and J. Anderson 

 

8) W. Scheider, ―Models in Physics and Engineering: A Student Lab Examining the EMF- 

Internal Resistance Model of a Solar Cell,‖ Phys. Teach., 24, 488-491 (November 1986) 

 

 

 

   

 

  

 
12) Mukherjee, Anita, and Anita Mukherjee. "UV-B flux increase during Coronal Mass Ejection."

 

 13)Ozone Correction for AMO Calibrated Solar Cells for the Aircraft Method, David Snyder, NASA GRC, Scheiman and Phillip David 

Jenkins,OAI

 

 

 

 

 

 

16) Chudzynski S., Czyzewski A., Ernst K., Pietruczuk A., Skubiszak W., Stacewicz T., Stelmaszczyk K.,Szymanski A., Sowka I., Zwozdziak 

A., Zwozdziak J. Observation of ozone concentration during the solar eclipse. Atmospheric Research, 2001, Vol. 57, p. 43-49.

 

ELSEVIER. ISSN 0169-8095.

 

 

17) Mathematical Modelling : Case Studies and Projects eBook ISBN:1-4020-1993-9 ,Print ISBN:1-4020-1991-2

 

 

18) Ratio and Proportion In Mathematical Modelling -

 

By B. M. Saler   ISBN 978-0-9864915-0-4

 

 

 

 

20) Spectral variation of the solar radiation during an eclipse

 

P Eter Koepke , J Oachim R Euder and Jan S Chween Universit¨ t Munchen, Germany (Manuscript received May 31, 2000; in 

revised form November 3, 2000; accepted November 3, 2000)

 

 

21) Temperature and Irradiance Dependence of the I-V Curves of Various Kinds of Solar Cells Yuki Tsuno1, 2, Yoshihiro Hishikawa1 and 

Kosuke Kurokawa2

 

 

 
 

23) Improving the light-harvesting of amorphous silicon solar cells with photochemical upconversion

 
  

   

 

 

 

24)Photovoltaic Effect produced by Silicon Solar Cell by X-Rays & Gamma Rays , Karl Scharf 25th 

 

January 1960

 
 

25) Coronal Mass Ejections: Observations" by David F. Webb and Timothy A. Howard 

 

 

 

26) On the responses to solar X-ray flare and coronal mass ejection

 

in the ionospheres of Mars and Earth S. A. Haider,1,2 M. A. Abdu,1 I. S. Batista,1 J. H. Sobral,1 Esa Kallio,3 W. C. Maguire,4 and M. I. 

Verigin5

 

 

 

 

 

952

International Journal of Engineering Research & Technology (IJERT)

Vol. 2 Issue 7, July - 2013

ISSN: 2278-0181

www.ijert.orgIJERTV2IS70637

9) Electro Motive Force (EMF) http://en.wikipedia.org/wiki/Electromotive_force

10)  Jenny Nelson (2003). The Physics of Solar Cells. Imperial College Press. p. 6. ISBN 1-86094-349-7

11) Mukherjee, S., and A. Mukherjee. "Coronal Mass Ejections may increase ozone hole."

14) http://physics.tutorvista.com/electricity-and-magnetism/electromotive-force.html

15) Optical Band Pass Filterhttp://en.wikipedia.org/wiki/Optical_band-pass_filter#Bandpass

19) http://math.tutorvista.com/number-system/ratios-and-proportions.html

22) http://www.eere.energy.gov/basics/renewable_energy/pv_cell_conversion_efficiency.html

http://solarphysics.livingreviews.org/open?pubNo=lrsp-2012-3&amp;page=articlesu8.html

Yuen Yap Cheng,a   Burkhard Fückel,a   Rowan W. MacQueen,a  Tony Khoury,a   Raphaël G. C. R. Clady,a   Tim F. Schulze,a  N. J. Ekins-Daukes,b

Maxwell J. Crossley,a   Bernd Stannowski,c  Klaus Lipsd and   Timothy W. Schmidta

http://solarphysics.livingreviews.org/open?pubNo=lrsp-2012-3&amp;page=articlesu8.html


