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ABSTRACT

The present article provides a comprehensive analysis of the significant astronomical events that occurred during
January 2026. During this month, rare phenomena such as the “Super Wolf Moon,” the “Quadrantids Meteor
Shower,” and “Jupiter at Opposition” attracted global attention. These events were observed and analyzed by
major space agencies, including NASA, ISRO, and ESA, under various scientific parameters. This paper
systematically compiles the physical impacts of these events, the underlying principles of orbital mechanics, and
the data recorded by global observatories, thereby offering a valuable reference for future astronomical research.
The first month of 2026 marked a renewed awareness in the field of cosmic observation. January proved to be
significant not only from an aesthetic perspective but also in terms of scientific data collection. In astronomy,
planetary conjunctions and opposition positions provide researchers with rare opportunities to study planetary
atmospheres and magnetic fields in greater detail.

Keywords: International events, Astronomical phenomena, Scientific discoveries, Defense and technology,
Climate and environment and Medicine
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ABSTRACT

The year 2025 has marked significant progress in the field of science, with major breakthroughs in artificial
intelligence, medical science, and space exploration. These advancements have not only accelerated technological
and scientific development but have also contributed to shaping modern history. The key scientific discoveries of
2025 hold particular importance for academic and competitive examination purposes, reflecting the rapid
evolution of contemporary science and innovation.
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ABSTRACT

In his lecture, C. V. Raman explained that when monochromatic light passes through a transparent medium, a
portion of the scattered light undergoes a change in wavelength. This change is related to the internal molecular
structure and vibrational states of the substance. The scattering of light depends not only on the nature of light
itself but also on the properties of the material through which it passes. He further described that during the
scattering process, changes in energy-resulting from interactions between photons and atoms-lead to observable
shifts in colour. This discovery played a significant role in the development of modern quantum theories. The
Raman effect provided a powerful technique for studying the structure of matter and proved highly valuable in
physics, chemistry, and materials science. For this groundbreaking discovery, C. V. Raman was awarded the Nobel
Prize in Physics in 1930.

Keywords: Scattering, X-rays, Molecular structure, Compton effect, Polarization, Spectroscopy
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ABSTRACT

The concept of environment has been described thousands of years ago in ancient Indian knowledge traditions
and in texts such as the Vedas, the Ramayana, and the Mahabharata. The word environment is derived from the
Sanskrit components meaning “surrounding on all sides” and “that which covers and protects”; thus, environment
refers to that which envelops and safeguards us completely. In English, the term used is “environment,” which
means that which surrounds us from all directions. The environment forms the basis of this world and exists as
the encompassing system that surrounds the Earth on all sides.

That which spreads all around the Earth, covers it, and exists as the foundational support of the world is called
the environment.

Keywords- Environment, Spirituality, Genetics, Holocene Epoch, Ecosystem
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3 & fie

Epigenetics in a Nutshell . ..

Genetic information is encoded by stretches of DNA inside the
chromosomes of each cell But another layer of information is
encoded in epigenetic marks, which include chemicals such as
methyl that attach to the DN and to the histone groups that the

DNA encircles. When these epigenetic
marRs bind to DNA in our near genes,
they often after the amount of RNA or

protein made from the genes.

Trer2: wfimafesw o1 o feao (‘éﬁ’d: https://www.hvrbase.org/)
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Abstract

This paper examines the importance and applications of solar cells in the agriculture and healthcare sectors. The
growing demand for energy, limited reserves of conventional fuels, and increasing environmental pollution have
made renewable energy sources extremely important. Solar energy is a clean, safe, and sustainable source of power
that converts sunlight into electricity and has proven useful in various fields. In agriculture, solar cells support
irrigation pumps, greenhouse management, solar dryers, cold storage systems, and farm lighting, helping to
increase farmers’ productivity and reduce operational costs. This promotes energy self-reliance in rural areas. In
the healthcare sector, solar energy ensures reliable electricity supply to rural hospitals, safe storage of vaccines,
operation of medical equipment, and continuity of health services during emergencies. Although challenges such
as high initial installation costs and dependence on weather conditions exist, rapid technological advancements
and government initiatives are encouraging wider adoption. Therefore, solar cells are emerging as an important
tool for sustainable development, energy security, and social welfare in both agriculture and healthcare sectors.

Keywords- Semiconductor, Photon, Electric current, Sustainable energy, Greenhouse
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F fIU uh HErEew Wk a9 WA TS 2, S S s
TUETSAT T FHTI @ R (7,8) | o2
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1. O FoT & o aret =g srawen

Tt # AT F W AU Wew il 8l W Fg MEr °
forsteft o st % ST foRe SO @al § gWE W ar A
TEAT UTl Te FoRE ST qOt T SN R ¥, S He
B % Wy g sff Ged 9 o "R I @ =
T G % 99 Iqete € A U9 GR Uaert @ e et
foeieft & o € oft @t a% ot wier § e R
T 9 W T A& BT USar 3R F & & oy e 9
=g = wha & (1,7)

2. AHERE @dl § §R FHSAT T SuANT

FS FEel U At 8, PR Ry ame sfw amareor i
HATIIHAT BNt Bl 36k 1T MHESH 41T S1d &) 37 ey
T e Bl 31 G WAl T Heg @ AT Al SHSET TE
ST Tl B EH AT FH BN @ AR R @ A wEe
I Tohd &1 388 IR Tt off et B(3,8) |

3. UK SRR R wEAT Sl @

TS % A1G F3 aN B, Aosdl AR IS 3F § T g@
TGS &SI §| IOl e § wEe g H g H
g ST 2, el g SR e § JHAW e Hl dwreE
TEdl 81 UR SRR U s 3R 9% oFaeen et 8, foed
FAT & WING HHCAT H GEET ST 2 9 HEA I o
Tt @t ¥ o e 32 o= T W S dahd E (7,8)

4. G FSAT TUTHA hies RSl

% IR foRae T BEE J{d aNR § T a9 9l o FR
WERUT T Flar 7 &, q FEA @S & A€ 8l WL SN
¥ IO A FleS WSl § Fo I Hiosdl w1 d wH
T GURTT T@r S whaT 2 3 fRee we e WS
TS T W AT SUS S Tohd © (1,3)!

5. Wt ¥ QU it forereft <6t R

G ATgel h Heg ¥ war I memt § VI i sraeer i
ST Hehd! 2| 30 Td % GHY off T FEAT SFAEH & ST 8
R AR A1 TR & FEA T G el 2 (1,8)l

6. HATYTh HT ITEwIUT
ATFT FS BIE FY 0 ff G Fol & wa @ &,

I W A I el S arelt 7efie 3ed ferar o e
W it T @ year SR SR @S BT R (6,8)1
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fee FAR v srfiries STt

faferear o= # ¥R 9T T ITINT

e Qe & fou oot 3t & s 8, Riah gand
K Syl forr forelt & 1t Tt STt & WehaT © T T
& Sl IUHTT I Hehd &l T SR URrE &E § Iw
e ST off Tl B ST ? U T W OER S Sied
Terh wiferd & &R (2,9)1

1. TTHIOT STEAATAr 3R FeAeht § Tt

YT AT AT SIS STl ST Ty shal § @Tge, U,
FAX X T WA T S FHA &l FEE S B
JeH 3A firer arar } 3T et oft Ao W Sk F
g g (2,9)1

2. dent AR FATSAT T FUHAT WSHOT

e # ww Tfyd aoE W e Sgd S T 81 TR
forrelt el ST o 3 @O & Tk 8§ St 8 = ad
fpet S THIST 59 e 1 EEEE R 8l 3 S
&l § oft Aehrertor FRishT g%l & 91§ (2,9)]

3. ferfercaT sueRToT A1 HeTEOR

foeteft @ =rerd €1 @ St ot HEg @ A ITHT 3 RN W
ff IR § A ST FHRd &, Sl qr foretelt 8 aged
2,5

4. 3TUST &% GHT FEEAT

G, YT AT M ST AErAT | ol e qee
TE T Bt 81 UE W 7 e 9R frken dieg
IFeTaTe 3R Teq ffall # sgq HewTR wifed g § (2,9)!

5. Iefrufsfrm &t gieren

"R FHl I HEE ¥ FER IR e TR AT TS
YU % 9 SE ¥ TE of Hhd 2| 3HE 3O Wy
T T gHT Y s Bt (2,9)

R FSt &% o

"R Tl 1 H ST AW I8 § foh q@ TeRor I
TEt TgaTd g ga iR ur Wit R B (3,6)1 T W
g § wedt off Wi gt 8, T U IR 9o T
e forsrelt g fierdt € (1,4)) 396 STATET I8 AR A oAt
& A T A S B, WrEeh 39 & | STef feretedt
I glaer #9 § (3,9)l
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Tifera AR vet srfirsen st

ferr2: Y &7 § Hier ¥ 1 3w (78 o gee |t & s T R))

fag ok wra & d@R ot gwar 6 gty
(2020-2025)

% & TE T & R vra § fred 3 awt # "9t
SR # I oW gfg g8 8l s frefafed e
EECRACER!

1.

At @ foreemE- wrg X oS0 % o § faw %
sl <ul # i & @ R
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FST ATHFANET- @ ISl & S¢d S &
i $EAT W fndtar =9 8 @

arfdfer @TH- @ TRESERT @ TSR & S
9% @ & 3N foerelt & @ = @ R

artor foreRra- R Sl amr S e e #
forsTeft Suctey U § Weg o & B
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Tifera AR vet srfirsen st

1800 -
1600 —i— i O faggq St @A
. —®— yRa ¥ W faggq Swi SareA
§ 1400 4
E 1200 —
E 1000 4 f
E 800 -
% 600 - ./-
400 - I
200 4 ‘.
0 - P———————————————TY - FP
‘200 T l T l ] T [ T [ 1
1970 1980 1990 2000 2010 2020
e iR YT F AgYd IS &rHaT B gaT
ot 3: Wi St Seare § 3fyrss v wrdia af o e (I o g W [10] @ foen m R)
HETd R et FY H W a3 wenfora A € ST % @y

IR §R S agd ST 8, WAl goehl F dmd off
g v 9 W gEh YESATd @r 2 W Fe iR
I A H T TR T w9 T AT gSdr (1,4) |

TH T, I8 O a@ g W R et {1 1@ # a1 aed
It Hrew § foreeft w7 st R, afere STt i s gedt
2(4,5) FB TR W AN B FEh TG A G THFR
T adt Sae R d @ Fm T w am 6,8)!

aferer hr G

AW I THT T G qoieh 3T off Tt 3wl 89
safie R Aer 7 ate i Sefat K SEa U foetta
W R T, Fed oot due 6 | 8 ST (3,5,6)|
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firerert @t &1 iR ot sgfre s &t (7,8) | FafeReam &
# Bl SR UIdTed WX YR H &S AR o See
e FETE g el (2,9)1

Frreeret

di Ut Ak gug # K i fafhear <FT &6t % forg
U aEM drferd & W 2| ForemT b ged fie, wienr o
forsteft T gfoen fret @ 2, e 39h wea &1 @@ ot
it wrar R =, Tafeen &3 ° =aw aele Siad W
ﬁaTaﬁ‘oﬁg\uum ATHT d TgA H S W & 2 (1-3,9)1

gt o FAfaar onft off Ao ¥, AfE weR R
AT o TG O gHeRT GaTa ot fopm s wr ¥ 3\
YR, I HET S bl € foh AR St T Faed aqq= A
e 8, afesw o At difeEt % faw o gl e
Issadt wfasr i it +ff 2 (6,12)l




3-Forrm Wi ¢, ik 3, ST Ro%8 fee FAR v srfiries STt

Ha o gt (Bibliography/References)

1.

10.

Ministry of New and Renewable Energy (MNRE) — Solar Research & Off-Grid Info
MNRE Solar Research & Development — https://mnre.gov.in/en/solar-research-development/
MNRE Solar Off-Grid/Decentralised Programme, https://mnre.gov.in/en/solar-off-grid/
MNRE Official Homepage: https://mnre.gov.in/en/

World Health Organization (WHO). Access to Modern Energy Services for Health Facilities in Resource-

Limited Settings, https://iris.who.int/server/api/core/bitstreams/8c6742ae-7a07-4370-a418-
dfcd2ca6ab48/content
IRENA - Solar Pumping for Irrigation (PDF)

IRENA report publication, https://www.irena.org/publications/2016/Jun/Solar-Pumping-for-Irrigation-
Improving-livelihoods-and-sustainability

National Renewable Energy Laboratory (NREL), USA. Solar Energy Basics and Its Applications,
https://docs.nrel.gov/docs/fy240sti/89244.pdf

Kalogirou, S. A. Solar Energy Engineering: Processes and Systems. Academic Press,
https://shop.elsevier.com/books/solar-energy-engineering/kalogirou/978-0-323-99350-0

Kaygusuz K. Renewable Energy: Power for a Sustainable Future. Energy Exploration & Exploitation.
2001;19(6):603-626, doi:10.1260/0144598011492723

FAO - Solar Energy in Irrigated Agriculture, Full FAO report on solar irrigation,
https://www.fao.org/3/cb8459en/cb8459en.pdf

Indian Council of Agricultural Research (ICAR). Renewable Energy Technologies for Sustainable
Agriculture, https://icar.org.in/en

United Nations Children’s Fund (UNICEF). Solar Energy for Health Centers and Vaccine Cold Chains,
https://extranet.who.int/prequal/sites/default/files/document files/Introducing%20solar-
powered%?20vaccine%20refrigerator%20and%20freezer%20systems.pdf

Kumar K, Varshney L, Ambikapathy A, Saket RK, Mekhilef S. Solar tracker transcript—A review. Int
Trans Electr Energ Syst. 2021;31(12):e13250, doi:10.1002/2050-7038.13250

31


https://mnre.gov.in/en/solar-research-development/?utm_source=chatgpt.com
https://mnre.gov.in/en/solar-off-grid/?utm_source=chatgpt.com
https://mnre.gov.in/en/
https://iris.who.int/server/api/core/bitstreams/8c6742ae-7a07-4370-a418-dfcd2ca6ab48/content
https://iris.who.int/server/api/core/bitstreams/8c6742ae-7a07-4370-a418-dfcd2ca6ab48/content
https://www.irena.org/publications/2016/Jun/Solar-Pumping-for-Irrigation-Improving-livelihoods-and-sustainability?utm_source=chatgpt.com
https://www.irena.org/publications/2016/Jun/Solar-Pumping-for-Irrigation-Improving-livelihoods-and-sustainability?utm_source=chatgpt.com
https://docs.nrel.gov/docs/fy24osti/89244.pdf
https://shop.elsevier.com/books/solar-energy-engineering/kalogirou/978-0-323-99350-0
https://doi.org/10.1260/0144598011492723
https://www.fao.org/3/cb8459en/cb8459en.pdf
https://extranet.who.int/prequal/sites/default/files/document_files/Introducing%20solar-powered%20vaccine%20refrigerator%20and%20freezer%20systems.pdf
https://extranet.who.int/prequal/sites/default/files/document_files/Introducing%20solar-powered%20vaccine%20refrigerator%20and%20freezer%20systems.pdf

TE ¢, 3k ¢, STaU—20%E
ERCEIn
TRy fasm afer

Vol. 1, Issue 1, January-2026
e-vigyanam
Monthly Science Journal

HIATY 3ATAE (General Article)

DOI: 10.66346/ev.v1i1.2026.8

AT W GEraTiteeh qaatl ol TWTe

ST SR, AT FAR e
T TorT forvme, weren el o SfY. shietr, TRETR, I 5T, SRd- 273001
G T TS & T S0 - swati211120@gmail.com

ST ITH: 0 ¢ BT 0 R8; JifaH HIMEH: % HLadl 203%; Tiehd: & BEl 2038
o HAeTET YIS 8¢ A6 0%

qrier

aryfrer farfsream Tl § CAameifear BT STTsh ©Y & SUET R ST & 3R 3 Sfiemy wshHvi o S § Hewyut yfteR e 8 AfE e arar
AR srgferd St T feta o1 forvr 21 590 o o SeRe U AT o SRET SURINT & A IR R B ATt relshiicrsh T STeuentfores STt ot SEhTeT
SO 21 3 SR T GETifeeR 3T & wefer A Aods, WE e, Aarie SErRer S Si wreifien vee ot wfier ) freed 7w awiar
Top Uameitfeerer T IRINT Herarqut &, TR SRl S-S ST GHI TR bl o o0 & STTTTer o wehalt 81 Frsiioreiterente, wfstemmsfm i amfomafer
St ST O ST B ATl Gafea 1 1t S T & fag e Siftaw St wa 21 9w o Stud gues & I i A & fag
ST FHRIHH T TEd LT €, S A ol STee Heell Fensil § 3o S wiorey § Ciemiea & ST 1 el & H wereh 8 ¥kl 2

T Weg . Gamifea, STy Esenvr, o e, s, gt i e fratater



TE ¢, 3k ¢, STaU—20%E
ERCEIn
TRy fasm afer

Vol. 1, Issue 1, January-2026
e-vigyanam
Monthly Science Journal

HIATY 3ATAE (General Article)

DOI: 10.66346/ev.v1i1.2026.8

Effect of Antibiotics on Human

Swati Srivastava®, Alok Kumar Srivastava
Department of Chemistry, Mahatma Gandhi P.G. College, Gorakhpur, Uttar Pradesh, India — 273001
Corresponding Author Email*- swati211120@gmail.com

Received on: 08 February 2026; Final Revision: 14 February 2026; Accepted: 16 February 2026
Published Online First on: 18 March 2026

ABSTRACT

In modern medical practises antibiotics are widely used drugs and they play an imp role to cure bacterial
infections. But the again and again and improper use results in major concern. The aim of this article is to focuses
on their long term and short-term effect on human body by the frequent use of antibiotics. In this study scientific
parameters, Major opinions, clinical lab data and experimental studies are also present which is linked to antibiotic
uses. The insights represents that antibiotics use is crucial but their repeated use can affect our body in many ways.
Commonly used antibiotics like ciprofloxacin, azithromycin and amoxicillin are came with high health risk when
overused. This article also shows appropriate dosage use and awareness program for patients which could be
beneficial for people to overcome with health-related problems and give future guarantee of antibiotics.

Keywords: Antibiotics, Bacterial infection, Human health, Ciprofloxacin, Azithromycin, Amoxicillin
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1. ffremt

Ueamnfeas a9 & Hise vared B € ST 3R I
T T U SATILAT o 0T & aTet Hhw0Tl A1 ik A o foTg
TR ST 21 A SaopAt st it Rl w1 T8 e a1 3T
ST EI0T BT Uoheht 3w IS 1 & Tehd 2 9€Rc H Wfeg
AR STraTet weifeT 3 Affafer i e i 3 3o are
fafercan famm & s 7o Aig st fed ey o A o)
TSI USRI T ST T & T A At & Wit
HSRHUTT o6 TS o Toae fopart STt 2 forereh wtomerearey 3 gfan
W Al g g feren frefe ar a8 ) o i
AR T G T SRR S © iioh of Staet i
HATE o TomT 5T dad had &, For® 399 IR 1 e &
FHAT & SR AT g fowrs < wehd 21 98 qee g
wH AAfafera IR Bt & HAifR AT 76 STANT S G &
AN # S TE A € F, wS A wdl A W 8 W
GaTfeR o oid €, Vet Reurfr o 3 dfemaifea s g St
) afoTTEEY, IE AE W H JHEH agand 2l 1,2]

39 O 1 T 363 HIHE STia o U2Tamitesh garait o ToT &t
frfeor 3R Sraciie T €, 3TN 36 TR wreed dat qe W
ST AT B I8 O 36 ST X STRTEehdT UaT il § o ol e
TR Tt el & Ba i I e feeh gad g I o farfirT
ST R S TTfara et ) 7% TR & She | ddemtes
TaTel % Heed &1 off giar 31 GhEEiE qanell | ued &
ST H g7k TehIcHe ST oIl A1 &1 3=l ate | it
Y U G AT 2| s Y Al § T =t @ o dhamrnfes
TATE ST H ST JaT L Tl & ST 36k A T ST T
bt &, e Argshiamier ik W i e o uren 8, foraen
TR TT TToRTereh &7 8 BT STt & 37T HshuvT T T
¢ ST Bl FS g I8 +ff S § o 3k dHemTforn v
tdemrnfeen fotrer (stefq ddemnfeen o qareif W 3R 7 §H)
B wha1 8, S fo T wied (WHO) % 18R U afas
WA Bl [3] AR THIN T gt HEAT IR R AT
femmiiceT srTd € for %8 A=y Sfamy ST % S % g
Gamaeeh S i T STafy, SAHAR W3 ¥ 5 &, waty ok
TS BT 8| B T T WhHUT, Eeoh o HEAH HIRTIaeh-sT i
T, et Sy @ iod 3 e e AR HHd S
Tk St feafemn |, o stafer o iiamnies Suem o e amer
T STAR I I H T AT Theral & 3wt 18 81 FH
ATy % GRS IR & &3 v &, e gar & wfage
TS T S STTRGH, HTHT AT HTSShISTAIT H o sae 3T
Tt wferry forrfd @9 T F dwEAr e R
UETaTITeh o STeafreh AT oiel T o STATT § SATY] STTelTal 7
SRATCH golTd sear 2, fored afedief Susiel &1 3eg grar g, St
e TR Afes et weree it s fowg R

T AN FB Gt I % faftre o B g
TEATd €, S o 773 1 ARl St g SR e frd
ATl @ fof Uamrfeere & werst i wfafseam & et 8, St
TR © I IHICH BT 3 ST B et Sfcsharstt
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T SffaTee e AR FAR Hfarede

T BT Gehdll B T T ook GTRNTERT o SUAIT | ==
Teagl, fererfie it st @it Selentioren Uit ot @awr =g ST 2
BT I8 TS & Ak & T2 36T T ®, Aok Shamaiieas
% IUAIT § T AEATTE FHIS o foTT Teh ATavTeh =dTaqT i
ISR et &1 AR 3Tishel 3 TTHT TTfeed 1L % ATHR
W, IE G HET T ST 2 5 Chamn e e g Teree H
8 STTferd shaclt 8| UAaeiear Ueh Heeaqut wfirer e & sft
TR T 950 wewaqul €, 3TN $ehT ST A St i s@td
T gt fora ST STfe s &1 Selentiore frehil & o1 Thi[4]

2. 9&T AT

2.1 =AW 3fres o & vdtamaitears st sftest - St I
#i fafrear ufskemetl & ofwoimmsfm,  Seedfwmiem,
e it e gate Se (hamifess fored
&1 37 et i ST A AW, A6 Tl SR @ Heift
FHETSY T SaTO] ShH0T o TS o6 o, foherT STTerT 81 $eht carfia
fore @ i st fireran &, @t 5 deamitess qanett & aw-
I AT e I T HUTET ¢ STt 2| gTeAiter, ¥ game T
A BRI SATUET 1 AR & A1 37 dg & Uk 8, foeh
3 AR IR H HINE SR qersia, Rty w9 & o7id § A5
TR STaopet wht +ff T8 R wedt €1 39 STHEH § e
T Teaidl, a% I O wiciiesh sHar § sHt 317 weht 81 o9
% e o T @ R demita STiene Sfamust # |-
T AR ST gewstar s i i et 21 [5]

e R g & deEiis

o 1 aHT Ty W iAEfes garel & gaTe

2.2 TAaTAIeeR ATt & SUANT ¥ Wiasr § g aret
HRaw - Thamnfas garsti o s T qeh SUINT Hl Th
Hﬂ'@wmﬂﬁﬁﬂ (Antibiotic Resistance) &,



3-fommm ©E ¢, @ik §, ST 2038

fm-3 ® Iz gurtar o ? foR dhemnfean % st At
I ST & AE IR H Uetamittess wfatrg fospfaa ot
ST 8l -3 T gRATeHes ®9 € 3 @ HI h SRt
TR, N werkasy ddsmaes gfadr faefed g )
Foraw st 38 e foskfa 81 Sid € S8 3 g ganehi o
IS JHAA TEl BN FHGUY 39 Yialer 1 e HAT
fec 21 ST & 3R TR, 359 g arel gdT hi
STETAHAT B 2| A THT ok A & et R Tt r
THEM, T H SFqa 3T Terslt i Sfafram a6 &
HTEHT ETeft 1 % Aol % TR S 3 Tarfeeh
TSN HT ST AT §7oh Tk | ST I SorTett o forehrer
1 guTfer ST & ST STEHT T HHTEHT I STt 21[6]

2.3 59 Tdamaifead R 39 98 Fikaw

rderfes ufay &1 [

tOEERE & GO & T
] ]

Hagaeher SR #X o &
T

gfeRe dFARET hfaT wa

|}
gfaely SR sea ¢

3R A%Berdar

e 3: T foFes uftmreerey Ghamnfess i a1
qaTe
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T SffaTee e AR FAR Hfarede

THamaies = HeehTieTeh SITRIH SHTTUT
IgIT
REPICIEEE 09 Gl | geg &fqu e 9 9 getd
e gy R wieufsEr i
FAS [7]
TR | R et 1 wdu ofew § T,
=T Geelt SR T | Hetd
T [8]
fhfrafe g1 T | T ) IERIRIIY
@il PESICIECIEIERI A C L
TiE o | qehe [9]
RIEEEI TERAS | Yt whedw, @, T aE,
Tt g A waett [10]
T e 48T G | it a wwmw,  waE
wHE A o e & § aner
11
SEEREE = A éﬁi}aﬁf’ et o o,
T ST ST TR 9T e
12
SrafEmEieT | gem ‘E’T‘cﬁ]%wﬁﬁaﬁ?, Fret o
ST T forTeR s [13]
STeRTATS R Afafem- | FRa el TR ThRieTad
feRreft (Fereft W 3rE)[14]
oAt | 3 A dfe afy, 3o, @ SR
T [15]
ATEAS THEFAT | i, ad @ el et
ST [16]
[ESSEISEE] el T YT TS, I, AFH HIT
e AT o ATSHISTAT T ST
[17]
EEAECI I TR wfeass 6 dfre @ o,
T A gEr 3R 3@ F TR
[18]

ATRCART 9: F USSR ST h HIAE Sa 9T ST q4T
F WHI T I b I A1l GEaries aur 39 I3
HTIor STTEw b TR AT €, Sfeh (o 8, & & HFS
QIT=T Garitesh qametl 3t Tamafies ST yefiia i 8 &)
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RFerFaaaT
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! CH, l/o NH2 N\/\
[ECEL IS Ao
=6
R 4, 5 3R 6: GG SR R ST aTel U eIt gamait
i T T
3. foem s

AT o SFTENT CemteT St i ity fafw w0
ToRET G 8T ST oh B0 ohi Ushd & AT SIHIRET 6 0
T SRR LA | AR GaTaTl o ol T qoh AT ST IRANT
T ST ST 81 1 €, TSTeeh TIuTmarey 39T 7 TwTEt
a1 Fft-sedt SToTeRt 1 STt 21 I8 Wl G o Heed il T §Y
@ gEriar 21[19] fom-8 ¥ =g qwiier mr ® foh et e
TR AT X HATHAT AT & q°T A0 qlg I Sad
ufsrnedt @ arfea Fdt &) fem- § demites qanett gr
Sframopat o frnfater gwfan mm 21 et FaTfe SET i

35

T SffaTee e AR FAR Hfarede

foRTog Trtereni o STgER, USamiesh qamatt st sinT g faret
ey fafercaes grT fratfed e sfi srafer & stgam & ferm s
e TEIeRNTesh U= T BH=iHd a1 B0 &1 | feiia
T R ST =1eW, SRATTeR U= 6T STH ATy 3 Heeaqor
et T e et 2, o s ot SR 7R i, TS
A AT G, Tt ohT Sifredt ferfar ST 3o o6 Wi FaTeh
wfafsren wmfirer 8 sifeet wsrmol, wasi sfowar yomedt arer
it 2 e # foretfora wfafsram 3 e 8, damnfes gansi
N T wE fafredE ®7 @ Sfaq & wwar 31 gEfo,
Geamfee qanatt @ fattr wne-senid Yarte feemfde
ST UeTeR Tafercan fola g ok s =nfew, e stftreraq

fafercetar srarerTieaT gifard & wh i arer €t icsget T,
iRty fasm it ddemifes qanstl & sfd ST & I3
deleRTioTeh TaTEe™ SRGHT sht S fohaT <7 Wahl [20]

TheaRE SFONAT 9T FF gHeT A T

SITAT TS AT £
R e

TENT FLAYOT Y
Ashatl

Ferer 7: Wramiiesh gaa gr samopett o fpafarter
4. SUHER

ST TEere < STEe T oh! T8 & B sfee fodT & i Sedifarer
HRHOT oht STt &1 & Feifore shesh g it 3 it <A a6t i
e feam &1 AfeeT o' <@ 39 10 W eI Shigd Har ® &
TSN TEe ohT S-SR ST Tt SUFT A IR 0 T STetdT
31 3AfIUT 38 et St 1 Felle & a1 & foran ST =iy
SR TIREFTI T UTe AT STERT & AR SEehT ST Wt 7T
SR Hifere T o BT =) 37 UhamEn iR % Tord S9N
A o (70 ST STk 3T Fferea fRream S shrefshat sga
TECEqUl 8| 3T ATl TN T A Fid Gemifedd s T
BT =nfeey. 578 W o STaT S fora S ek afer &
AT H HTe UZISTITead T SUANT Sreifieh forhed 7 21 36d
Utarafeen Tlcller hH B, WIS ghded S foheHT St de st
foram foriy =arfep & forw o6 s ofit safaw Chemnfera
STTe wferer o foT Epeféad T 5 Sier o oh e |t Aeted
3R Ty &, It Chamnies Tk T SR iihaTedt ST €,
Ig UE) o & & S s gwersi § forr S Eeh
G 1 TR ST STevas § difeh HHe ey
FUferd T8 ST CamRiea o ST AT areft difeat 3 forg s
wl

5. ST ATAT

TR 39 TN e o ot weren Tieft ot ft. wierst o e ue
STeleTe I T T T8 T T SRTeTTe gferenati o anfden
RIATE T At & I8 Y 1 3 T fore ue senfiehr
TET TS I T G STTEE INESHT 66T %€ &
ST foraifi 21 oResh aftse gRT We i 8 fodta wemrar
ATieefd ue wEaT o fore ag 2
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ABSTRACT

This research paper presents a comprehensive scientific study of the physics, working principles, classification,
and latest advances in solar cells. It includes a detailed physics explanation of the p-n junction, depletion layer,
and photovoltaic effect. A comparative analysis of which solar cells from first-generation silicon-based to fourth-
generation quantum dot and tandem technologies is presented. Recent research has achieved certified efficiencies
of 27.0% for single-junction perovskite cells and 34.85% for perovskite-silicon tandem cells. The social,
environmental, and economic significance of solar energy is also discussed.

Keywords — Solar cell, Photovoltaic effect, p-n junction, Depletion layer, Perovskite, Tandem solar cell,
Renewable energy


mailto:priyankasonam@gmail.com

3-fosmw @ 8, o ¢, ST 0%

1. TEA AT

FAHH T H G ol SEAAFAHAT 3R Aol STeger o
TS GHTS o Fwet T At St a4t 8 i,
STRARTOT T STTHET Jf 3 FHOT St bt AT H et g &t
@ R Wﬁ?ﬁ? £ RS (International Energy Agency,
IEA) % TGN % TFER forg i wrerfier ST A1 2040 7%
AT 30 ST STgH ol TFITEAT & [ 1]1 TOERPTd SoTl |l Siet
AT, YZIerm T STehforeh 1 o SFeafereh ST o a1y T,
HieTse yuTa quT Afes argfs St TR et gaed
3T B8 2 STTaTeH $HT % T8 § ATaTaeT e S3eae
(CO2), H199 (CH,) e "15ea siwmmss (N20) St fivesa
Gt T wiEd § SIS df g 8, S Soarg aiEdd, g
femauel & fimer qorm Tz T & gfg 1 e o E 7))

T ffefoRt & Tl it |l o1 ok ST STTawrsh
1 T B) A TeRRur Sstt B S S, To Joett, ST foregd, -
QTR Srsft T il Soolt 9@ €1 §79 EI il warffereh e oaf
T HI ¥ — et 1 e W uffed @ 1.74 < 1017 6
w1 ferferor s gt &, St eeqet for o T st a9 @
10,000 AT 315 2 [1]1 €1 Fheit 3 fawm § ueh T, wad v
TATEROT-3TTohet et G o & H IR HIH TS 2

AR IR (Solar Cells) TETH TG W s b
ST & S o TR I BREEICETEE T (Photovoltaic
Effect) % AT § Weael &9 § forggd o1l # qfafaa sl 8| 56
T 3T @IS S 1839 H HEE sifderiog Tenve SFatd
(Edmond Becquerel) = T off, ST I8 JehTST & TG0 ﬁﬁgﬁ
AT foretar 7 foregld aTee 9t 39— Bid o) qeqaTd, 1954 |
S TN (Bell Laboratories) & aSTi-eht =, el q&uT
=% (Chapin, Fuller and Pearson) 3 Y9 sararetiieh fafceteniT
TIX =hif3Tent ot fmtor foma, fSTeeht gatar T 6 Sfasr off [2])
T © TR AT T HIL TR SRR H STVAqd ST 85 ©
3 W%ﬁ%wgﬁ (single junction) ferferent ehifSTeRTSAY Y
T 27 TSI © ik Tt Uliethige -tk Seq wifstenrstt
T Z&TT 34.85 TT=Td qe 9 o6l € [4, 10]1

TR S IWThfEaReiier 391 3 fore € St for &9 & weeaget
2, Fiifer e 1§ fead 300 & Ao 37 s g v

38

[EREAREH

SITH BIT & T AT S W 4-7 kWh/m?/fe € farferor
A BT § [8]| T TR o TS WX {9 (National Solar
Mission) 3 SI=HTd 2030 T 500 TS T TeRoiia Sett emar
=1 e et form o 2, fore g st i s sifirer 2 (8]
30 Tl T ER TRt i wifad, Frt fagra, fafie v
T Tl IFaw ST T T STER 3= ITH T U STTa9arsh
2

TR ST O H E IR o6 genq siifehr gt - fi-ua
i (p-n junction), 3T WA (depletion layer) @l
BIRIAICETSe THTH - T foreqa e St 1 TS 21 Sk | &
fafore=T TR il G RITRTHTAT T JeTcH (or=duor, WIeEhTse
Td dEH HITITRTaTt § TTiora Ffd, qUT € Sl % ST Ue
weferviie wee W foreqa ==t i 75 31 fowdt v § 1 fawwr W
AR SR T 32T fomT ud TNkt st wwrt % saraek o
T s ST 2

2. HIX SHITITERT hT HiTereht

"I RIS ot e stefarers ifoeht & qea fargra ®
ST R 39 THeH 3 fAg f-wd w1 (p-n junction), SFaER
Td (depletion layer) T BIREIEE THI (photovoltaic
effect)aﬁﬁ'@?{‘lﬁﬁﬁﬁﬁﬁw SAEIF T |

2.1 W-uT HEr (p-n Junction)

STeT Uk HI-SeT (p-type) STEIITEIsh QT Ush TH-JsT (n-type)
STdTCeteh bl 9TEqT AT foram STTaT 2, Y 3 ST W T -
Q?FiﬁI(p-njunction)aﬂﬁﬁUT_@ﬁT%(ﬁﬂl)l -9 STEfETeh
T B (holes) TEHEIF AT ATEH BA &, Talfh TH-FHR
Wﬁs@a’{ﬁ (electrons) E@WW@%%I gfer fmtor
o U 94T S OH-&1 ¥ W& ol TR a1 8 i-&1 o
-7 <l 3R foafia (diffuse) B ) 38 foremer afsham & sy
Y % e T STTERI-Ah & ol &, [ STaerd W Fed §
2]
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p-n SR
T Smesmwa
(Vé\” e
000000 ) i 000000
p-eIsq ) & n-21sq
cc6800 | .| eod8oe0
000000 - + 0900000
ey (TS ATEH) FAET (JgEReT aTeeh)
siafififa fAega &= (E)

Toret 1: fi-w wfey it T 3R (TeT) e T-WeR (i) STt &, 19e W (fel SEifhd), B (+) U6 Solag (<) ITE,
AT AT ferea & sl farm awiieft 18 81 (& <fra o)

2.2 AT I (Depletion Layer)

e R - WYy BT Faifire Hecul &5 21 S Sord U
%ﬁﬁ@ﬁﬂgﬂﬁﬁﬁ (recombine) B1d &, @1 I e 31 BT
SITd & — TH-9&T W &HTcHeh gTaT TR T H-9eT 0 RO
T ST A e ST Tk AT ﬁﬁgﬁ & (built-in electric
field, E) Sca=T % 8, ST uH-81 & -8t <l 37 fEfma Srar 2
7 forega &r1 ST forer it Tkt @ TR T e i
AT 2| STALRT T T <1gTS (W) ST AT, ATfHeror Figar v
ST & agais |l w3 e fafaewe d@
HITITeRT H SEhT TSI T 0.1-1 m Bt 21 39 & § ST
vt et safififa fora (built-in potential, Vbi) Fd &, St
frferert di-u @ty o g am=ra: 0.6-0.7 VET [2])

— OTaleT a3 (EL)
51 —— HAST I3 (E))
— = AT TAX (Ef)

o-

2.3 WICIETeessh THTE (Photovoltaic Effect)

HIeIaTceTgeh ST I HIRTeRTS 3 sl 1 9t frgra & (ot
2)| 51T T T JeRTT § HIRTeRT o6l T8 T e &, @t o B
T Sl STeiaTCTR o € AT (Eg) & 317k a1 e g1t © 31eiq

hV = Eg, 9 TIIShT 8 (valence band) & SAFZHT =l =T
g (conduction band) & ST X B 30 IThT & Sl H-B1
T (electron-hole pair) 3T BId &) STEERT & T TN
foreg & 37 IcaT STTAIST ATeehi T Ik AT § — Foided G-
&1 ST ST qT BT -840 shY ST Yannfed & 81 AfS sy uftwer
STIST ST A 3 Tefeh 3T AT foreld €T 3cq & @ [2]1

Nn-"<hIX

o 2: fiouw wiftr o1 Srott o St =1e S (Ee, e, @arsienar sig (Bv, @re), BH &1 (Ef, 80, o€ 19 (Eg), 3faed & (dien
BTATR), T B (hV) SR & gz 21 o IcaTa hi Asham w78 21 (e i)
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Tl T Tae WA SEl SEY Ul BT R (iv) T-TER

2.4 TR HITeRT T ET=ET SR (STUR ULE); 99T (v) 98 TS T Hlfcash Gk
e TR G R IT3TehT 3 o8 Utd 2rdt & (Fo 3): () -Gt (electrodes) ST forpa oI o TIEwT US STy GRTe & HASH o
YT (Anti-Reflection Coating, ARC) ST JohTST o UEd i AT 8| Rl 1 S 1 1,12 eV 2, ST 91 avfsd & wh
ST A E; (i) TH-TER AT (St 0T (i) -0 fereqe T =61 S i 8w & [2]1
. . coRwmAs@madwm) .
odt-Rusa== ST (ARC)

n-UHR JHHSTE: (Si) L=
p-n ST (Sd&d U3d)

™ p-UHR QHlbsaer (Si)

Ab Pi<ac (YT SAGCIS)

e |
| s (R) |

| (Rrga umm)

o 3: IR ifireR i i AT TEdH-UH 9T (ARC), TH-UeRR 3TdITersh, T-ud GRT (3798 W), Ti-9ehR TdeITersh, Tey Hueh,
31 | fire, STer W (R), QT ForeIa R (1) 1 SaTe e it T 31 (-1 $RE)

3. E RITITRTIN o TR

ort 4: wa FoReeE (monocrystalline) T SR (polycrystalline) T AT i T Te 3Tk SATIRT STTANT| Thet foheeeit
AT 22-27% T TG Ut 18-23% T q&adT Ja ahd & [3]1
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fort 5 vt T (thin-film) T Tl € RIRTEST 1 ST Teh1eh! w1 70 CdTe, CIGS T 3G fafeis (a-Si) T 1-2
m T 9 S Bt © [3] |

AT § Tfreh Saferd |1 iRt fafersri stenfia &, i
uee fopeeett o sgfreectta Hifvend e & (o 4)1 Tk
HIITRTE 3 AT o 0T 3TFefh AR T &1 38k 3TTfeh dedt

Ut 1: fafer wenm s Eit sifvrentett T qemTees faspaor

T YR RIS CdTe, CIGS qe ARG ffershiT smenfa
hifRreRTd oft forerfira o1 8 & (et 5) [3] 1 e 1 fafire weem
#I WX FIRTRSA A erar, AvmE, @t T ST

qeTCe, fereor Sreqa fefam T 2

HIX hHITITERT THT TG ST et (% IO T T AT
T (%) T 3]

Tehdd Tl Si ¢-Si (Czochralski) 22-27% 3= ST B, T
ERESSIEIS] me-Si 18-23% e EEEIE e
CdTe Udeft Ta CdTe/CdS 18-22% E=E STRNTAT-Eq 0 T
CIGS wael T Cu(In,Ga)Sez 20-23% HeIm SEIRRECNIY
Y fafern a-Si:H 6-12% = FETFTET, W TohIehToT

TS CH3NH3Pbl3 26-27% At foret (e arTeft dil, dem

UUeEhTge-Si oed UTTeEhTSe/c-Si 33-34.9% e =T Sfd 3= gaTdT YorTedt

FHTI (OPV) RUSEVREHE 15-20% = TEA A, [oT IHHOT

e: TEHA A NREL (2025) ST SRITRTIET SO o€ ST &) ST Aigge S&71 Qrr=a: 3-5% % gl 2l
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4. T RITITRTSN AT UfdeTiren forerrar war digterRtoT

"R FifrRre 1 fomme amites stgeeae, et fome wd
TefEITCTeR SRt Y STfer 3 |Ter ST §oTT 21 TR 3T

4.1 difeat s TeTeHsh Aot
TR T ER HIRTRTSAT 1 = T fifeai 7§ st foram smar

[EREAREH

fererear T dE Teda it Tt gt <eft oY
|t Treectta fuforer CdTe, CIGS, a-Si WIeEhTZe, TN h FIIeH S, SeH
g 15-22% 10-15% >25% >40% (SgTi)
AT I ey = M =0T
Rerar 3cHT (>25 W) ST (20-25 aY) TorerramefiT SR BT
T A Torg qorie, Tl Tefett, eht Il <&TdT, B [0 A 3= qaTaT FEATTrT
T HHATE I3 AN, Wi EREC TeeraT To Sifee fmtor
ARt 2: WR HIPTEHISAT H AR T
[ HiT wrafEEd # AefAT: gesmaas afea ]
FIGeHA T TltlaiaT G G (T BIFH) delgHFIFe / FHiAw FFICH SIeH
n: 15-22% N 10-15% n: >25% n: >40% (Theory)
T sifEe - ST T - ST W - ST St WA 9
FewreaT: e Fewram: arett FeeraT: FamrE FeeraT: SrET AT
c-Si CdTe, CIGS Perovskite QDs, Tandem
1950-TFATT 197075 2000s-TFATT 2010s-Future
GEIAT Y Fer=AT 40%
40%
30% 25%
20% £ 18.5%
E 12.5%
10%
0%
Cyew ) Y aewr )

It 6: R RITRTEHIAT hT AR AT T TeTCHS TPIw0T: T2 FIET (c-Si, 15-22%) & <eft FieT (e Ste/deH, Hgri-aeh >40%) T

fereRTa R0 [4]1
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5. ¥R hifyTehTsTt § grferam Tl

ot 7: SRR T SRISEhTSE HI HITRTeRT 3hi G&H S| WIsEh1se IRl § ABX 3 foeedt #tamT (Sl A = CH3NH3 " /Cs™,
B =Pb2*/Sn?*, X =17/Br /CI1™) T SUINT YehTST SFaTNoeh Ui o &9 3 foRaT STTdT 21 $7ehT a8 79 (1.2-2.3 ¢V) G0N BT & [9]

NiO/ITO
CsyaFA, S8aPb,

@ e rEars / Sist

) oa YHERT T (3.07 Fge fafi-1) 1 i YATET o (3.34 "ge )
fomd .. A = O

£ LA AN AA A A £ "

AT pp R S =l . iy
ﬁ o fasensr= (fafay  so 100 E o faearm= (A1) 550 100

3T FEeT ¥d (PUSK./Cgo) _— ST 9T HE 1HTAHE,/C o/ PCBM

= 8: Weehrge-fafarsr i Sen te uresft G HIfSTRIatt o S=id Higel| e TTeHT H FH TIeEhse Td (~1.7 eV) 354 Sl B
AN el B, ik Frrereft fafeishi= T (~1.1 ¢V) STaeh TehTeT o1 SUFTT i © 5, 10]
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T o TN & | RN § SeereHa Wi 88 31 SeEEe
ST ER RINTHE AT ST G&IdT 3T 7 AT o HET
ToreTer & & 3iTer 7 ohes; ST g% €1 2025 T Tohe HieT HIowhse
"I HITRTERTSAT 3ht THTTOTa G&TaT 27.0% T U5 Jeht €, il <9 o
fogm wa Srenfieht farfamer (USTC) g ww <t 718 qern
NREL gRT 5a1fora 2 [9]1

TS TR HIRTRTAT & & 7 ST off wwremett i g8 81 <
Frt LONGi T 318t 2025 § Wisthrge-fafas Jea &R
SHITITRT % ToTT 34.85% Terar o6t 71 T Hifdar zenfua form,
S NREL ST SHIUE & [10]1 I8 Sy Uehet Wiy faferen
HIRTRIRA T iehet-FeTgat dgifeaesh AT (~33.7%) A IR
Tt B el Setnrse-faforeniT Sea it & +ff 33.6%
A IH R TE R [11]1

STt i fewm o ot weearpt swifd g8 81 7o Rerd Oxford
PV T 24.5% T&IaT ot 80 Sl ST STiTSaeh Scdte TR
W%,WWWQ@HS#G%WWWWW?@H
HITRT T 28.6% T&TT TTRISA T 2 [12] | AISr=nfiehr, AT
At g wrmft srawn, ve i foement & suE & off @
TR T rRiETaT qe Tenfie § SeoreT U & @R |
[6, 13]

6. TTHTRT Ud UAiauiia qeed
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I STt T TR T Faietviia Weed STcwd SAT9eh 81 36
ITANT | e SEHTRATEE et § et 77elt 2, Foredr srefamyg
afiereie 2t e sht oot foper s wrehar 21 o el e &
R 3Tt g fortelt it Suersuar gifea i s wendt 8, Saw
fRre, wameed Ud wAR gforaret § g 2 & [7]) 369 Afiew
HI AT AR G wet rfiler forsera & oft wreree: forg & w@r
2

7. WtereT <kt |FATaETe

ey ¥ W HIRTERTSAT oh1 qead, ReerdT ud ST o ST gaw i
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ABSTRACT

Photonic time crystals represent an emerging area in photonics in which the optical properties of a medium-
particularly the refractive index vary periodically in time rather than in space. This temporal periodicity leads to
unconventional behaviour in light propagation, energy exchange, and band structure, fundamentally distinct from
that observed in conventional spatial photonic crystals. This review article presents a comprehensive discussion
of the fundamental principles and physical interpretations of photonic time crystals, recent research advances,
experimental realization techniques, and their potential applications, with a particular focus on high-sensitivity
sensing.

Keywords- Photonic time crystals; time-modulated media; non-Hermitian photonics; exceptional points; Floquet
band structure; good health and well-being
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Abstract

This paper presents a comprehensive study of the life, works, and long-term impact of the great fifth-century
Indian mathematician and astronomer Aryabhata on modern mathematics and astronomy. Accordingly, through
an examination of his sine table, trigonometry, and finite difference approaches, the presence of concepts related
to modern calculus is clearly evident. Specifically, with regard to computational methods such as approximations
of m, use of the decimal system, solving equations, and astronomical calculations, it is evident how sophisticated
the ancient Indian tradition was with regard to science. Evidently, it must be stated that the various theories and
approaches which Aryabhata had proposed in terms of the Earth's rotation, scientific theories applied to eclipses,
as well as the exact calculation of the year's length, are evident here. However, drawing on how the general
contributions made by Aryabhata can be considered of value in regard to understanding modern math and science
analysis must be clearly gleaned and stated here.

Keywords: Aryabhatiya, sine table, trigonometry, finite difference method, Indian mathematics
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T T | 3Tk T A T haeT WA T TR hr T, fora,
afcer SETHT ST ST 70T 7k it TET T STl I WiHE
Ty SR e, i, Beemfufa it @iet
TS # Hfereh FTET S st 21 STRiwg SR gfgshin
T I fage o, e it st % v W dfdhs
TOTATCHe: TG T bl STOTAT| S=a Fealt ok B0, Tgvit ot IqTi-ieh
ST T Brprorfid st & fose S fawal w Aect
form g fopu) e TR ARTEMT 3 7 et 37O @ Y
FEETSAT ol GHTeTH foraT, afeeh o arelt et & fagmi o fog
ot IR YoM T 3@ o o1 329 Trivg & Sfied, I
TTOTCT T Te Tt ANTRTT QT ST T o forehr T e
TS ST H 3T SR el (e 1)

2. wmfireR St oiie e

HTHWE % FrwTTet ARG o STESTE, 3o TR Sfiad & ai
F A I 2 IH GF e AT T 5o B FW
RfcreTferen feerTet o g @ o SohT T AT F g o, S
TG T o TE foTeT 9T ST 36 T 776 %7 h TTem
off, STeifeR 311 T AT @ foF o 3eT O 81 Tk 9, 1Y o10 farg et
Y TR o foTT ST STl 81 3Areivg 3 7o SIRreRi Satfiren
St AL | foram, St o1 @ s o SI wved: qibg
reiaT ferafermer st o oft o 3foreTesht st AT R fo sl
J Tt SR @S fage | ST e wiw o, S 9l e @
STtk foreRfaa &1 9 ATeiar A gHt YRR % LAY F FIR
iR ATATEIOT o Teh § 3T & 372 shifashr foramt forehferd s
T Heg fieft, e 7 forweit i st 31y srerm 2 rehvg 5 ge
SVTERTIAT Ter “STRIVERT 499 $&T H T g1 o 78 Heapd 0
121 *greht o forvriera = it & s m ?: whifdere - o
TRl ST THT o ATE T e’ AT 2| T — T,
sfemfora sTR reptuifirfa wt shfsa 21 serfsramag — wet it
ST THT AU & TS 81 MeATIE — MATRR SAE 3
Tt Fifreht 3T Wit e 2

HATAERT ohT ST L AT H AT &9 H Foham 7T A ae o
TEATHT TE0T T o SR FHHT S H AT TR T, e
T SRIE & T TR EeTTTe Hefell S 1 ST ARd o
aTet +ft S| I Telt F S AT o WA & 7 I 3R
7 3 forgT +ft e 3w STRivE & Tl o e =t
ERIECES

FA-TATIHT (9 FTaTeet) — FRET M g sTmedg i
STEIROTSAT % HTET TSSO T S forehmer foram|

FreA-fereeit (115 yraTed) — st fge i e wftre
S @i T 1 eera fora ot 3rredvig & warer oht &l
fomam)




3-fosmw @ 8, o ¢, ST 0%

T G — TR o TRhiEd foram) qeiiRer et &
I, ST iR 3T Aefifer & Hied & S17eT )

et 1: 3mdvig (hareass o), Ea: Cpjhal3, Aryabhatta of
Bihar, fafetfifean sm=a, CC BY-SA 4.0.3. [11]

3. feeT wHter

g A Ik T Ue @il AeHT o r-fader 7 3
fergrit g 3Tearg foma TR B WTE o 3R fietehs g
S TR el o ST ol ST Fd §Y IHh T
LTS <Rl T foham) et wom 3 oy &9 @ amrlvg i s
arfersht it Breprorfirdta falrt et fasdwor foran, frew e T
T To 3 qefelioh SATarRTIh TUTSAT o forg steeie ot off 171

ATy SfoTeeRTl S ISR [3], 7 S e [4] qen fift [10]
q IRIVE T SO 1 e T TR e
T 57 el @ FE firg gen T simivg 1 Bt
ugferrt e ftra & o wrarfeaat g foren ferat 8 <h off) Zameft
[5] 7 3Trierg i |Te aTfetehT o TUMTcHe HTET ohT 3w i
T 39 T St farfer w1 e Sereter wm

B % SR § g it fafrl @ smgfes Sagaw H
SIS & ST 7T B S [7] 37T e [8] 3 71 gwitan f
g A TS Tgfat e fsdver & fem § w
Hewot Hed off| 3 YER ITCTed Hifed A8 TE FAT ¢ fF
HTIWE T ATEH Fa UfTRTH Hed I Tel 8, qieeh AT
wiforcftar feie ot STt & oft g & SeT g R

4. AT AR ITHT AT

HATAE T T U ARERT 499 ft eI g1l 78 weha Uy
FA 121 >3 # forvih =) 9T § wfed © wfifsprog, Tifraue,
FATHATIE I TeATIg) Tifcreprog § Tt Tensit 37K aug 91
& farfrrt a1 ol R) iftraue sferivre, sfismftna 3fic Geporfafa
T gl B Serlshade TRt Y i, g ToMET ST T
HEATST 3 ST T HfEd 2, STaIfeh MATIg MATHR GerTe
i Eirelrr Fifeh it feamT e R

54

&lter =I5 ud o g

SAVET T LT WA H AT &9 § foram 7 3T 3%art
Tt T 3 SR SHeHT ST T § SFATE §AT| 36 WeAW &
ITig T TR IA-TAEHT 3T ort-foreft St fergrt
T Tl SR HeeRIel ST Ud TfoTd o forermer & were
EEil

5. o FrTETE

TRIg o O & ARTET fereme St e foreher Rt 6
foreprer o fore wifers om 3 st o s firgrd, shiemfor,
freptorfufer ot sanfufer snfirer o, fe o1 arcft wrarfeaat #
Tt 3 fore 1rem e form 399 5o Had Secie T Ie
30 T T

5.1 FIHAS TATH-HE TUTTAT

T STRIVE = T T U T TR Fa T, T ot
I TAH-e Jomrett o ferehmer & wecaut wifer femd) i
Tl i R e o T Seha ot a6 s f,
“ITRE S TUMTel” ET ST 21 36 SO 3 S9Held S
Tgfer o Ufthr H e foa, o wire & gt fogmt 3 v
T e T AT SR S ST SO hi e
Y T o ST ST aE # s (7 @) g foren
foram = [2)1

5.2 TU (UTS) ST 0T

AEYE T MUK UF HFq AF WM VR M IR
62,832/20,000 = 3.1416 o1 T fa=m, St srreaferss @ 3.14159
o ST I & TR GHT T BT 37 3T wfreess e arett
3t o U7 a1 foreRfed S €1 STTRIE J 7 BT WRFe ST e
Topam 37t e for =18 STafe 31 35 39 foR i1 HreaTens &9
o 5aeh Toram, ST I AR § 1 ol G S SRl Tk ST
T M| 3Rt TG, sdih & —

erqiereh STAHETUT FTafSEaeT TEaTT)
FIAGATTR AT IATOTE: |

FEHRT 312 ¥ — 100 § 4 SIS 30 8 | oM L 3R fohe 3wt
62,000 STE; T 20,000 AT FTeT I hT TR ITH Bt 1 T
T TIOT & 70 3 HiTehet 1 Ieehe IATE 2

5.3 SterTiuTe 2R fEaTa aeteRtor

AR Wash 3T fEma wfiertont o et g T faftt
SEA | 3T YT SR, HTER JoH ST STt S
TG o TIOT o Tt o foTe AT SR fobem) 3 farferelt b1 s
SEATHT TIIOT R STE 7 T sSToRdt T 7 of T 0 6
T ST HhT 2

5.4 Bremrurtafer o |eT arfererTd

e I Brenortiter o wres T ot forshe foram S8 sine
el SIT°, cosine I BISAT qAT versine Bl T F &I H



3-fosmw @ 8, o ¢, ST 0%

gfeafye foram S8 eToft Tmga anforeRt & T smmem g9
3T 3438 T AT, I 3@ I HT TR T 21600 fire
It 2, ST SHI0T AT Y Tt 3 ST 81 3 HRieT % =
a1 7o 98 foram & for fomedt g o afefr it shvor s  wrar s
HHAT 2| et oS 8 gl ot feaft, fime, Sehe smrfe # ama
STt 21 39w H, foret gt i ufifer 360° = (60 x 360) firme =
21600 firre Breft 81 3@ g o s, et wfefr 21600 fie 2,
21600 / 27 o 81 31 31a: 7= 3.1416 % AT T SYANT Flah,
ST STrITE ST T 9, 36 9 Sh FISaT o 3438 fie gt R
IBH 0° & 90° Tk Tcdeh 3°45" o AT I 37e-SaT % AT i
T 3T 37 378 FHTH 21 o &9 § T R —

#Ra wie wha afts vl sie sTa awst wnfer fore vafer
ferer |

TR ToRTl gorT arfeh Tomer &1 3191 9 & § O © ShetT-a7e-
sy ||

T STET-UHE! o AT § ST 374597 o Wi Hohd &9 1 59k
o e B =g ferfer smmegfores whfira siae vl & @ Tt @ sl
Breprortifer o foshre T Hecaul =T AT S 21

afg g B R &, @ —
9T (9197 AX) = AB =R sin O
I (AT AX) = OB =R cos O
U (I AX) =BX =R —Rcos O

0 sinf B

Radius = R =3438

=t 02: 2rivg Y sa1 groft Y o

7 gRTTeT & wreaw § Ivg 7 Benuifidle st @ s
e Ftar weqa o, o ae § seert i g fagr T
ST

ATIOTeRT 01: STTHE ATSH 2Tk Uel ATST HI0T

Yk U g ®HT
Liic] 225 3045
R 449 7030’
s 671 11015’
Ciic] 890 15°
uiig 1105 18°45'

55

9T =% U o147 9
Elic] 1315 22030
sfa 1520 26°15'
(S5 1719 30°
iR 1910 33045
ToreT 2093 37°30'
v 2267 41°15'
e 2431 45°
e 2585 48°45'
form 2728 52930'
T 2860 56°15'
Hfeh 2978 60°
e 3083 63°45"
RSl 3174 67°30"
A 3251 71°15"
EEl 3314 75°
EN) 3363 78°45'
q 3396 82030’
® 3415 86°15'
5.5 3T AHTSRIUN ok foTU emivrg w1 wemfar

SRS 7 ST IR el TN Al &t i o for weh Ty
fafer forerfera 1, o stgfoer wnfecr & «omivg waifar et
stmar 21 7 fafyr friae Rt it qefardt A STt @ ok e §
TR T et TToTastt g seent forerer fomam mram s wgfa =
T Togia 3R Hishr THT il 3=Td deTehT ST Tl
feram)

6. TIASTTE T IRTE

SREiE % TV e ST TikE Gt S €
FHifaRT S I8 Tt SeTst i S e Tea H
ST TR AT=reTeTt & gt TUHTCHS Ud SeuTTereh Tt s
SO [9]]

6.1 qeaft T Ui

HATvg = 71 sfauted ferm for gedt sttt gt o el 2, fomass
ST {1 3T =15k a1 BIaT & TR ARt fife fom et
B 8 e e 37O 6 & g ST o7 ST e F e e
Tefiforan o frgidt & | @ 2

6.2 TEUTT <hT SAAT(eh SATEAT

IR T FI=F T80T i GIITOTeh SATEATSAT b ST Fd T
€ ST feh G TRT A BT & el <EAT G 1 o AT § 3R
=% TR e BT & STel Tt 3hi ST =(ZHT o 9l 81 I8 AT
QAT AT shi IR T 1 ST 3aTeTr 2




3-fosmw @ 8, o ¢, ST 0%

6.3 TRT-TAWTT STIATE 3R el ToHTe

g 3 qoaft i AT Sl srafy U wE o e fi
T TOMT Fl ST T arfererett T e it feufa @
frefeor st aftgrear @ foram, @ a1 % v, st
R e wrreret Bt @ firem

6.4 9 AT waTS

AEg T A e 365258 foT wa, S sy ww
365.2422 Tt % 3T THfiT B T8 IR TUMTCHSE eI 3R
WA FifAeht <t el Tt shl S3iar 2

7. TeAT HAR AT T U THTT

T SR T T FY T el 3T THTH hei i
et fora, foe oft SfY Tiftreier ek, fordly &9 & weferton
g hi o 7 wecyyt e A S 8| ST o AT
I A T o ST O+ STRIVE 3h T T 3TAT T,
o 3fad: =ea TR ATgafst & FrT ah T frsdwor
Torem gl

8. ST AR Urenfireht ug T

g o TIOTCr gt st Swe Sefifafior, et siit shegex
T S &t & fora T 21 SRt TH-e STt S e
T gl 3 smyfies TuHTeRs STt s e feRl
3o Sifafes, SRt Brepviide faftet T wiienms, =ites
ARt o e fogm & forerra & Firer feam (= 03)

9. rdwg Y fermaa

g T foaa # g Rd 3R forg § s w0 A
wrETia R TR 1 1975 T AT T TEel SUUE I SR |

waet Tor wEt (Bibliography/References)

AR T (629 3.) SR a1
SR (628 3.) SRR g

Nousw N~

University Press.

R ELCEIEIRF

“aArivg” T & vt frEm e e Sreforer e, T
TR BRI 3o T8 T T §) STt 311 oft 7fora 3
T T 3 STEe SO SR B T g7 & ST e i
i e TR St EfE i wefid a2

forr 03: vz — R o1 o wee ed gedt
I9TE [6]

10. frers

AR T IR & HEMaH ST fident § § T 9| 6
Tl R @il ARTeHT F T A 9 I A A
RSt 1 e foRa, sfeds syfer o o e fasm
& fowm & fore off smar e form SRt |Te anforeT,
sregfeer fepsdwor o sfireh w1 e e 3 59 TR, kg
T AN 7 Fact UTeToh Hecd 1 8, dfeeh ST I
TRT Y ST T EHE o for off stedd Heeeot 2

Cajori, F. (1919). 4 history of mathematics. Macmillan.

Datta, B., & Singh, A. N. (1935). History of Hindu mathematics. Motilal Banarasi Das.

Hayashi, T. (1995). Aryabhata’s sine table. Historia Mathematica, 22(3), 245-256.

Indian Space Research Organisation. (1975). Aryabhata satellite mission. https://www.isro.gov.in
Joseph, G. G. (2011). The crest of the peacock: Non-European roots of mathematics. Princeton

8. Keller, A. (2006). Expounding the mathematical seed: A translation of Bhaskara I on the

Aryabhatiya. Birkhiuser.

. Neugebauer, O. (1975). 4 history of ancient mathematical astronomy. Springer.
10. Pingree, D. (1973). The Mesopotamian origin of early Indian mathematical astronomy. Journal for

the History of Astronomy, 4, 1-12.

11. Portrait titled “Aryabhatta of Bihar” by Cpjhal3, under a Creative Commons Attribution-Licence


https://www.isro.gov.in/

WT 3, 3E ¢, TFIARI—20%8
ERCEIE]
wiee fasm a3

Vol. 1, Issue 1, January-2026
e-vigyanam
Monthly Science Journal

ATHTIG AT (INVITED ARTICLE)

DOI: 10.66346/ev.v1i1.2026.9

1T TRTIT AL TUT: T ST o (17 T TRTIT T ITATT

Torar . Torey, e 7oA, TSI . TG+
T FrT ST et formm form, we witet A Sireifireh! forafereers), TR, 3T 3evT, WRd-273010
W@ ¥ GaTE % I e - rajeshkr_yadav2003@yahoo.co.in
AT TTH: 0 LA J038; S FeM: 9 A R038; TF: 9ATH 038
WY HATTE THIR: R9 AT 2038

qrier

I ST HITT TRTIeh TEhTRT HI0T & ST e ST §8 TR dobei1eh @, FSaent Sewr 9 Srett ot T 31w Temreh 61 3 aitafdd st
31 T TR, ST R e STRATATTE T ITANT L GU FIH 1T HFT0 SOOI TGS qAT ST el -STUTNG ol ATeeh! T ITe Bt T
ST A €, S SR SEHT OT STTNG et SONTert 7 Tk TTel foehed Y ! 8| I8 AT i JohrsT SN0 3 7ot fagial, Je #eet it
T HETU SIS HI ST ToTTe ST el STgATaRTSS STO= - 36! B Tal 1&Tf0Teh WIST H St Sl 3| | &, waref forgm, Sesier 31 ot
AT § gE T T, TleRoii e AT Hecd doT 39 & U S @ SHifaal o i ==t A TS | gy w9 9§ 97 ST avia ¢ o whm
ERTT W01 HAd Frsll ScaTe i TR H U AT qofefieh § S Fr-ahrely sifersy ot 71 37 € 8 Aeeaqut ik s gkt 81 g6 wroai 4,
BIRISORE - USTEH § TS JOTTe! FHTo ShTT SI00T T U ga of SWTa! farer 2, Tores @2 o SeTeT T SURNT hleh ST TEE AT $6 ST STt 2 56
ST T T T U - ST BIEISORe T fohaT 8, ST YT TRt 5 Wisha TodT | THH Tg-UeTTeraIe Ik TIThi Se TRt STaRies 370 i
et 9 @ EEie A6 & Tl € @SSt T 1 A8 WIRSeRE CO, 1 & wiftie et % FRIet Icared § Werrd 2T 2| g ufon 7 femn &
foh fim-srenfia waref S Srenrer SodEoT § TuTelt BIEISCREh o T H I R Hehd & T &, IT TSt CO, § He TR TR A1 R 6 Y =TT
T Y T 1 T Iehe 3T T ST 4t 2l

TR 915 - SHIH RIS H=3J00T, T e $erT & af@fiid T, CO, T8 & wiftfeh svve



WT 3, 3E ¢, TFIARI—20%8
ERCEIE]
wiee fasm a3

Vol. 1, Issue 1, January-2026
e-vigyanam
Monthly Science Journal

ATHTIG AT (INVITED ARTICLE)

DOI: 10.66346/ev.v1i1.2026.9

Artificial Photosynthesis: Harnessing Sunlight for
Sustainable Energy

Vinay K. Mishra, Kanchan Sharma, Rajesh K. Yadav*
Department of Chemistry and Environmental Science, Madan Mohan Malaviya University of Technology,
Gorakhpur, U.P., India-273010
Corresponding Author Email*- rajeshkr yadav2003@yahoo.co.in

Received on: 10 February 2026; Final Revision: 21 March 2026; Accepted: 21 March 2026
Published Online First on: 21 March 2026

ABSTRACT

Artificial photosynthesis is an emerging scientific approach inspired by natural photosynthesis, aimed at
converting solar energy into clean and sustainable chemical fuels. By utilizing sunlight, water, and carbon dioxide,
artificial photosynthetic systems seek to produce fuels such as hydrogen and carbon-based energy carriers,
offering an alternative to fossil-fuel-dependent energy technologies. This essay presents a comprehensive and
student-friendly overview of artificial photosynthesis, discussing its fundamental principles, key components, and
major applications, including solar water splitting and carbon dioxide reduction. Recent advances in materials
science, catalysis, and system design are highlighted, along with the environmental and societal relevance of this
technology. The chapter also addresses existing challenges related to efficiency, stability, cost, and large-scale
implementation. Overall, the discussion emphasizes the potential of artificial photosynthesis to contribute to
sustainable energy production and to play a significant role in the transition toward a low-carbon future.

Keywords: Artificial light transport, conversion into chemical fuels, formic acid from CO- gas



3-fosmw @ 8, o ¢, ST 0%

[giceatliop)
o A

formrer spam fova waw wive wrereta sienfiveht feraferamer (MMMUT),
TG o e fom ud weteror fomm fosmr o e sl (foest
ThieN) B IR AT eafOreh I ST TS 1S o SHaia TR i,
et e forg forar & ggg T 3 wrer 7ot Areafien (104f) wet
I=d HreAtuen (1240) e qof i sees vera S o ergt fie
qatere foraferanmera, ST & TR FoIT H TTaeh Qe ETdeh L (R1eT
SITH 36T, ST Ieh! BT 3Td ATk ST T S shmer: fospfia
TSl FauE 7 #ft s MMMUT, TRER 8 SHet 16 et
(Ph.D.) F T8 B ITHT 11T e STCAT R &1 I TehTRT HIH0T T
ahisd &, few fomiy &7 & argveea e SE3iEe (CO2)
oA id T TS lafeh o 3 gRafid s o SR oo m
& ITRT ATHI HAd T M, i Jeed qur s el
FHTLT 2T forT H ot freh ST o 37y 2l #ff e 3 39 3wed gu g
& T SeciEH 1 ANTEH farm 2, forr Tt sremget ST vt (RSC),
Wiley T Elsevier S8 STt fafld Yerreri § TehTfTa Sirer o=
o T § AT T g3 2| 37 a9 3o 10 T Foh1e Yeh1Td &t
Toh & qUT 3 T 3 T G2 TSt &, S STk TNy 3 STehTafies Tedrs
TS AR Hew I qid 8 39k ifafes, 3= fafve s
ST T YgE IH TH MG W 2, fomw ww & opeft-fafvee
TR, WWW(FTIR)@M LIHENED
AeeHZT (CV) T Haiferd fersguonenss Ue forlq-tramf-ie qerriehi 4l
O I AR SR 16T F&TaT o Aream ¥ #ff forar Fam firen
Hﬁﬁwﬁaﬁ@aﬁnmﬁ%&w%%ﬂﬁ@mg@ﬁt
TRt STeeRdT o &9 8 T sl T L 1 2

58

T . fer wd o1

W afET
el 9Tt

ot S Tt adae # foge ud Sfiwifeht stEee e -gia
HIEUM (SERB-SURE), foq™ wdf senficht fawmr (DST) g
T FRETSHT o SferTa SR fae %l (JRF) % &9 8 @R
fogm we walerwr fogm fowm, #eq diew AwehE iR
foraferner—r (MMMUT), TTedx # it g1 @ &, a8 gt fonmr &
THER Sf. TSI FAR AR & ANGRE H SrEel 3% e
(o= Z1.) <t siremeff off ¥) SR @R fom § ST (v uEE)
1 fetft MMMUT, TR@T & 9.37 3 3che HISITT 6 T1ef STH T, it
SehT TSl STEATOTe IBH T 3RITAT 21 IFh! Tk (oft.wwret.) e
&M AT SUTEAR TR feraferanmera & quf g3, Stafeh 3ht MTifven
et e el Hiee, FfifeT, afim e & g8 ST Y
TeTeT % S Sl Bleloh (o1 oh &1 T Teh IITET oI 1T Ueh THteT
R =T AT Tgeeh JeheT fohaml it st ot 3iver e i Tenrer
IO SIEAN TR & HAaTq hixa @, e T R s
BT Ih AT, BTESIST SCUTEH, FHTe STEHTHTIES (CO,) SATTIT qT
BIeihfIfesh hreifeh TR H 2 ITRT I Fad W g,
TR ST oI HTe-=Igel STElfTieRal § Heiferd Sfaeh SRt o
HFET B I 39 IV U G & H wecaqt e o &, o
AT T 9T IS Sl § TR ek e 1t o H1eas o
HT=IAT SITH G5 ©, TS ST ahfishet rETsel (ACS), e |rarse
HATH HES (RSC), argelt, I qeorm tedferr snfiet 8| 31 a o8
32 I RIS ohl ATGeRT & AT Sk 1 14 TSI U &1 &, AT 3T
e T STRTGTHR TeTTs ST TR SUNFTAT i gwifd &1 379 e
T o aAften, Goft i i et fafSere Sagreandl, Bier g
NS (FTIR) TR, OTEfoeish aieedl (CV), TE-Thmd
foAferare shAeITh! (HPLC) U 317 fersgorTensh qelt forpq-tremaf-ien
TRt T 31T TR QeTaT STH 81 ST SYeqforeh JTaTH, qeheteht
forTograr Qe waq StEE™ & wfr qwdor % arem & gt e mt
HOH THT TII0T 3R TG S g F & F T I 3N
G SMTerehdl o ®9 H T 3t T o6t T 2
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W@ I
WMo T FAR ATES

ST, AW, %, IS IGHE H Wed Hied wiereE Senfihr frafrmme
(MMMUT), TRET, R o T T Te qarieror forg foramr & siekee
o T8 TR B e ST off were, ST o v, i e it werg fiw
Tataa frafoames, S (39.) & WW Fll 3@ 9 S foeet
forafornera @ widhug fargforme, 7 (3.9.) F g & Wer o g we
SIHER T, T, 1 o e 7 e 2L, 3w e o e 2 oo o
TG, BT, AT6T 3 ST fioeft, AT & ek a9 doh e-Sieeitet thell & &9
T T TR 39 918 Ire i e SIS ikl Attt
(KRICT), Zfeqor i o = out qeh TRe-STee el Sall aeT 3Tl I st
T wifer wrsfere o 9 § Fard &) get otafy § 3% 3R IkT a9
Syafeet o fore sfafid Targs St & st vt for mm <. e
3 3T R fOTeR IR T ST feHat 2017 F MMMUT, TRET % TAT5S
TS forvTT 7 TEIfTe TR o &9 H 3T 7R a1E H e 98 T E=Td gU
IR Y e Acid THIERet §; ST 11 Iasi SHat | 209 &
3R wier weRTer €, S R 3878 & 37freh 3&T (citations) STH BT | 3R
AT 11 ST o2 TS 54 T 32 T €, W1 &Y I8 B [ ST
ot o ) vk Tt se-Amiesie % €9 §, €7, J16d 3 37 a% 07 He= 2,
ST Yelelt ol Aobet ST foham &, Steifep 13 sivermeff adar & 3k Anfesfta
T 2| 36 AT, S8 66 TIEATISh (HTEH) I il 7 FHaer femar
TAAT 11 . CEE. Ier s i o 8| Sk Sfies Sgniees SnTer s wrerar
3 U 3% RIS feraferacr, SRt s YT fore 3 wfif 295 Aqfent
=t 7 2023, 2024 T 2025 H i ST Ml foR T 2]

2. ATed AR I AFEH TASHIS § G ST (PI) T 8-T9H
ST (Co-PI) % & F o T ok & AT I Toh T & 3 STk
TEITH T o ST foram 21 SRt I frsiorar Fad it u et
TSR o T W AT AT, ST 8T ThIRT-Hohd Blelheiere]
forehma & R1 ST I FE Wik iA TR T Sk iciesh Fol-T9He,
TIFEIST U SRS Scate, CO. T N feeriehtor, qem O $u ue Wt
F IO T Higd Bl 3 STt % frehed 3 w9 F Hrelfen goged 3 ST,
RIEIheITIEa ahTelf-Toh TUTCRUT, TT ST§ SATH, TR e T gid

T . fer wd o1

1. foeRT

ST 3 Sfedt Tl % AT wed gax SRyt
TETYE Yo foRY €, ST JehTeT €N SHHT Uk Y
ST 21 TW AR & Wi ¥ 0, e IR Fw
HEHS S T % THRT B AT H I TARE STt o
et st &, o goet o ot v &1 e 2 g
ST UERAT 8 SNG SR AT T H6M SR
TsFwor Y raraon fashfia i 2, e st di et
T ITA ST H TG T TeHH hT TR T SR
FETR

FOM TR WIET F T T T, I SR FE
STEIHTHATEE T ITANT L TGS AT I hle-
AT e Uel Fel{ehoii ST ot Scdte feram STar
31 Sfamen ST W IR IHufER STt deRiehl
T, a1 Wfsha e wad ST TaieRyT- ST o1l 5k
T S =T SR Lt 21 e T, sifoehy, waref
forgm i arfrnifreht S fafir fowat s e B o
RV TE & e ST GEehIvT S T 2

TE STEAT FW THTT W0 T 7o SFTIROTSHAT, Frf
fagid, ST, SHtfoat sfiv wfersr 1 wumeATstt
T TS WIE- i Serforen Qeft & Seqa w31 [1]
T Tt ot wtey TErE e St | aftefda s Fdftei
R TG $EMT T IIEH AT g9 AT H TH
e 3 ST T T o g 21 € St
ST 3hY T8 AT [RET # & U, foren Areaw
Y hTeieh TR IT SEAT BT TFTOT foham ST ket 2,
SO TERTIT HoIHOT B HEH TR HFWOT ok AU 3R
SIEERIOTT o1 STERRI fofat 7T &, TSI @ 5 1 STefeItersh,
AT §FA (transition-metal complexes) TS
eRTRT-ScUeh! ST SUIT foRaT STTaT B

T FeRTIT-ICAT FHT ThreT Hgwor i erdar fag
B et &, T oft ariatess somferit & e wer ¢ wmeand
T g &, S I TR0 T FH T, SeAa b
TR T TehTST-3cITeh shi TeTRiear Tajell T

STt SR 3 o Teft wmaft o forshrer ot oft e ot @ ) i b
TITT AT TRk YT Hoguur Y srnfimfees wmafeht @ S g
ST I W S oh FRIA STANT, S IeaTe, TieRony FEorar qer Je-
ST ehTal Sc@rsi o o1& ol ITH i ol farm & g 21
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el STEIT H T WoFegTap0q7 I T YhRI-
I o &Y | i o o, S8 Jenmer-scie-usen
AT SOt H ST foRT T SeRTeT-Seie - USTee
e ot Hform ehTeT Hsolor oht wardt vt somferat
T ¥ U T S ®, SR S o 3w o fafie
T ST SEAT BT 0T et B [1]

T4 TR T FHOM TR HIN0T THRIT % AR
IPATT % Fe Trerd srt Sl & § U U STeatiren aa
TE-gHE AR Tee @i ', S Refemmse
TERIHTAIRTES (NADH) TS ST # RT3
F T H F1 B N o, T TRTEARAT STET HR-SeT
3 USTTSHIA IeuTa ohi |ishe ol <k it ol gf8 & geaft
T TS A HIT TR HT AT 46% T G &
AT FAA 4% TWEHT (UV) 8 § 2T 8, g
Fredfesh 3R T TR Sl ST & T 7' sted
ST 2 Toh TohTeT-SeoroT fshaT gt Yerrer | shrfefier
g [2]

b T werd fogm, gufta uered sifash ot e
Torgr 3 &1l H U 3WR U YT % F § w5 g
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T3 707 W1 ATl &)

T & T I ST RIS D PI'{EF (Composite)
Jererr Ao e o @) g wmr: Trgefem st
(TiOZ) S o7 SHTFATSE STETT ThI-IGREh 3T ATEH
S S e 8 fohg arhi-eng stterTse steETer 6 3
HIFITSE JeRTIT-SeHb-ST-3 (photocatalyst—biocatalyst)
AT JoMterl & Y 3wk 7@ Bd, ik $oh =T 5%
(conduction band) fR-TRT T ST STt T STUEATRT FH BT
|

oTq HATHTEE & =T oS fhrl AR Afeam @t (thodium
complex) F o= fave (reduction potential) F o= St
T FEA FH B o I, GT] HATHTEE H 0= THRI-IATSIq

T . fer wd o1

TAFET T ATTIT hg o TAMIAWT Hicd & ST 2
fuTTeEREd, NADH o QS i 3&TdT STid 3w & STt 2
39 & § gH Toh T ITE- AT, SY-SeRTST |fsh Yol
IO & wIwr A ol e ¥, e acdivenfieae
yferefid MG (MAQSP) S SHIHIHR T THEMNS & &
gfafda o (CCG) o U1y TEESE (covalent) ST gRT SireT
T 2| $9 U 3T ST FehTe-ScRe-USTEH JRAd somett #
CO, B HTHE STF o FRTCT FHIH ToHTT HoIHUT IedTe o6 forg
forar T 1 3]

ITH G T Al HET TeRTST TFH0T H GHT €9 9 ATEH-
SR daTet o JeRTRI-3CIE o ®9 H IUANT H TH HMH
ST TEA A &, qeah o, ¥ dY W WrRi/ER $6T
TRIATCHE IeATE ol Teh Ieohs Tt 2t +ff rafife e &
(Fr-1)

UTPHad UHTRI TRATOT

-@-©-@

ﬁ\'fﬁ'i UFTE + H:0 + CO: — Carbohydrates (chemical energy) + Os

PEAH UDB TR HIAYUT

& ueTa /

-0 ©0

4 & TS + H:0 + CO: — R U (Hs, CO, HCOOH, CHLOH) + O3

fRr-1: TTHTeh Te H TRTRT ST 3h ASIHTCHe QT

2. & A ST & uiehi F feord sead I § Seil o1 TR BT 8, foredr
s ITHT Fod Tl STAET H HSHHOT BT 21 F6h TRoTHEEy forela
. TSI T G0 BT &, S 36 G SITSRaT o7 31TeIR 81 78 =reor
2.1 SITHeR STeRTIT HHUT & SIuT st e 2, i £ @ S B T SR

TeRfcieh YeRTRT Hoguur qeaft W S T STe T Al e
TEEU -t SR § 6 U 2| 7% viR e w9
&0, Warer SR T SfampRl f s § fem
FACATEE TTHe TRy TS | qro=T Bidll B TehTT §380r &
AT § Y G % T AT Fhell e Sl § aradd
A &, Foreent SuanT 3 o fershre 3t sfa-framet & fau s
B =) gfsra rvca &9 ¥ e She-srd & e s 3t
AT 7 BT Wt 31 SThTRT HoIwoT St WioHAT 1 e =or
o JhTIT ST STANYT 8] IS 1 FAUIhed AT 317 TETIh FAUTehT
S Tohar STTar 2, ST Tehrer oAt ISl sl TEUT Hid | TR

60

T TTervrsh STt STH ETelT 81 STTCT =0T 8 STt STO7Y ohr STTeret
BIT 2, TSIl STeT ol SehTST SATEET (WIS (i) el ST 2 36
TSR H ST ] Zeoht STerts, T 37 gerag A | forrfora
B ST 2| SATHISH T IU-IcUG % &9 | ATIHSA § 7 & St
2, S gealt R Sfie & fore sifemd 81 geft =wor & oot s
I SIS AT Y Tk Sffshamatt & o o & S St
T T § Hfad w0 § gerar w1 8, S 5 ATP 3R
NADPH T[T o F-HI0T H| SohTRT Eogwor 7 Sifa =01 e
Reerfiertor & weiftra 7, 8 Shfoa = % T & ST ST € (-
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2)| S vEet =T H W< THT e 1l 1 ST L ArgHSe
e STHTRATES bl I ST Tk AR # qiafaa o
ST 31 3 TS Qe % A Ht HeR S HEHTHE T %
T H T AT o T T, THTRT 00T G Al o1l 1 WISH 6
T T | o T T ST I ST cieh ST 21 T JehTeT
HoIUT 39 et STehfoen SfsRAT sh1 0t Tohet U 1 A T
AT, Sfeeh 30k TE S ST TN H AHHFL 370 HOW
erelt S oot oh HTER § EedT sh YATH HUdT 2l 39 Fed
Y Y T ST, ST TR0 3T T FTaor e
=TT T M FofarT ST 21 Sfer Stefemeren waTe, arq sifeat
I ST T IRANT ek G oMTTerart forepfra o @ €, sttt

T . fer wd o1

% TSI hT TRIIAT & STet IT hlel STSHATHITES hl ITANT Seri
ST TETHT | et Tah JTehfdeh Sh1eT HoguvT T 3= SaTaT 3T
Teorar & Svom e foreRferd i S T whm yonferat wiosy
o 3R A ol ATTTIHATSAT T Feeaqt i
T Tt B 39 TR, BT o 3 RISt AT T e T
et STi~eh THET T TGIAT 8, ok ol ScITe & U IR
TATeROT-3Tgohet AT +ff Wit 21 [4]

Carbéhydrates
FTaETFse

Torsr 2: e 7 STeRfereR YeRTeT dswor T foram

2.2 S TR APTOT hT AT SHALROMY
FOH THET LW TF AR A -l A7
HALTOT &, ot 9 3e2 G o ohTeT 1 st bl el it
THTAfE STt 8 TRETd BT 8l T8 SR STehicen ST Ho3qor
¥ Uit 2, fohq et e hefet SafT T Tohet AT T, Ao
SHeh! JAYA ATUTONHAT i FHgeR 3¢ 3fersh b, Fare
I AT &7 H AR FAT 2| et AP s AT, sfiames
Sl sh HTHd Suerserr ST TeroT 0T hl JHETsT i sad
T FHOI THI HIHT il Ao hl T 3R Tad Holl qobeieh
F T WA 2
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0 STeRTRT ST i Ot wfsher g i STeEe SR TR
[ TN R ST STelt 8 ohTST T ST, SATCIST YeraahvT
TS HI, T ScIeh-SITToAd TETI ek EHTaR0T $7 =1 <Rl
&I T AT FH-=RT 1 E0T UMt 3 &R oAl et shear
R1[5]

TR ST G 3 YT o T ST 8, g6 forg U warelt
T == Toham STTaT & ST | farfertor 3 eifremam s =t oewr
Toh| gmTd: orferesd et S8 g SEeiieTss,
faferent, Toprgfeeh el rggrse, At farfirmT e sifeer ifirer sf
STERTRT-HaIdT U] $ 3T o [oTq SN fohU STt &) Sfe 3 varel g
3 ThIST T SN L &, a7 ST Suferd gl e St
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ST H I ST SFTEAT A AT BT ST 2| Tt ST SeAere i
ST = TR SAffsRaTe 3 fore St ot &g s 2

TE =TT SRR ATeHI, AU FoEH IR T, F i,
QRO ST T  Hel oI BT 2| STEhTRT STaTor o a1G Sed
FOIAEI-E1eT T T ST O HATSI STOTTeft ot gaaT ohi it &
Y W T THAT 2 FENAT T8 ST SATTLI BIell & foF 3 7w
ATEH T TAET T W A FoRT ITT SR 3% 3w fawm A
yafed TR St 6 2w & o fafie s fesmem,
ST ek ST TR -SeIReh T YT fohalT STTerT 2, fSrerd s
QR S ST TETS ST b

T . fer wd o1

e 3T ifam =T 3aiter, =it Tamfen stfufsraret 8
R 39 =T T oo ol ATl SAFIIAT ohT STANT L STl 3 ST
T TTESISH 30 ThT SITAT & AT s STSSATSTSE ol SUART
ST S HoHT, Hiftlen Titrs o1 o shreifes At § g
fop ST 21 3 ATTRTet i FRIITgEe Henford e o g
I ST T SRR Il 2, Sit AR 1 |fsharor St
T T T Heh ST TATCHRT i g1 Gohl [6]

9 I, ST ShTT EooT § sh et STl ohl o SaHT 311
THTAT  aftafeia S o1 T SATRITSHE H1 ST T 81 e 39
AT I TS T T AFAATA FhTeId 19haT 1T &eh, AT I8
A STt Hhe hl W i H TR BT, ST e Scesi i
TR TRATEROT EEor # +ft et sifirent et (fer-3)

FTafrd FYTGOT (Organic transformations)
2§ YA (dye degradation)
RS 3UIE (Hydrogen production)

HCOOH @it 7
CH,OH g

for-3: P werrer Hegwor i wleT

62
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2.3 SHTH TRIIT HYWT AU o THE b€
FOT JoRTST HIHOT TF A T ST ST Tecqul AT
e 2, et st g % e ot sterr St b ISTEn
TR St § ufafda FET 81 T8 STTHRT Sehfaeh SR
T § UG 2, Tohg 3o el sht Stfeet Wshamstt shi Saehi
FA o S I o FAgTal T HHETR 3 0 ST i
ST # AT feRa ST 21 ot +ft shfre ST Esgwor yomedt
T FRETdT 38 Ty Beeh! & FereT, Tfad 3R feer rf 1
it et ]1 57 Somferait o T Heehi H TeRTRT-STemi uard,
ST QeeRRA0T TS UEe o QT Sefl ®UTeRYT o foT 3eReh
et €, S firerert |Oul TTsRam o1 3&TaT ST SATaeTiehdr i
Frrerifea s 2

TRTRT-STRI TaTe i SThTeT oW JUrredt T SATemre
24 &, e 37 o HTeam & T % TS AT it b TEv R
ST 1 T © gt T T ATl et §I farfeRtor T SfRrenteT
T & W 21T ], 3T TTeft SeRTeT- STk erelt b1 5 36
&35 T STTreher ST ST 3h STTUR O foram SiTem ) Ffe Sehrer
T A< TR0 = &, T 3TRT h1 el Tmrf-ieh Sfshamd &t
21 STt & ST Tt rorredt sht shreterEaT e St 3 56 See
o fou ergefam ergeifammss S u1q siEEmEs, Ml i
%o e ATEeEe S e vyerd, fafie st o
(STS), TUT IEhTEE A8 S~ qeTel AUk § T ST fohT 5T
T2 81 3 el T % RIS T ST X SOILHT bl e st
ST U Fo Sl AT § I B B, ed Seil-dueT
ST ATEh a1 Bid & S A0 B qerEen i
HATTTd Fd 2| 3G STHUM § ThRI-SFawie et 6
HTEHT, SR AT T U bl AHIe R e o foe
&1 oo S T 31 A-wa geret ° adg & stfuek Biar 2,
oTer@r sreTT 3 @rer et forar ot SuiTerT o1 STt € ST Sferzmor
Z&3aT H GUR BT 3 36k i, FER W e i i R
X Y YT &1 H STIRIYUT bl SRt ST SIT HehelT 21 ST,
T EieT SR witer gerdt o fFraior et qefient & A |
ERTRT-STERIOT GHAT o WT-81Y qeredi i feerar siR g
YA T ot ST T ST foRaT ST T&T 21 eTalieh, Shael 3=9
JeRTIT-STNUT ST GITH T Tlcft| JehTaT-3Teiyeh qareif i
efehTiorer TR i STRIT He@Ul BIAT 8 M THRT Hodqor
STOTTTCTaIT SITeT: et JTTaroT 3 27 STefter ATesmt & s et 2, STt
T o e, SffeTeRtoT STR Temfeh STifsRaTsTt & o
UETT T &7 WG | THIIC I a9 Bl § foh JehTal-
AR e ol TH deh STt GTET 3 hrRieTHar ST 1@
1T &, 3 UGTe ohl UTTeT o 3T SI2ehl, S8 STTaIST ITee ATead
ST I, & Tt Trar off Afar 2, arfer STrae r guTet
T SR Tamteh AffrreT &1 gaw duen ghfa
forar < @Rl

eI TR0 o oG ST HEea ol =0T ST FeFho 37
ftar o1 BT 21 STa SehTRT-TarRiTes varel @3 o STt o 780
A T, A1 SO TR BT oh I Ieq~T BT 8 AT T ST ATeh
<11 € O WA 81 S, A i 1t oHT o &9 T 81 St
2 3 orredt Y gerar #§ Wil fiere et 21 gEfee I arcda
ST BT & Toh Soigg i AR BieT ol Twrell &9 & 31 e
ST 3R 376 P AT Tl qoh TE=TT S| 59 363 o
K
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T . fer wd o1

-l gaTert ohT SUHRT ST JUeRROT 37 GfEE T SEat
A 7 TorT & & FETrh {4 3T 81 =41 ST o6 ol A1 = 1-
Tgw 7 STTawT ATeshi o gl 7 R St 2, o 39 O
TS T THEAT B S 81 36 TR, WAGK AT ge-Hir=a
sronTferar, e a1 am w1 firt atefemeren warelt o wfsTa foRam
ST 8, STae % fen-fEh guee § wemEar wd §
HTEATSAT # U T SoiagT T S G Bret 1 AR §
it AT 2, e STaeT gereRtor Y gedT § Seoiaid 3
Bl 31 3ok SAfarfic, sTrareT uftae i 3 sfren g s %
foTC =TTk T, HE-SORehT 3TN $eThE ST i +ff werT
T2 ST 81 SeThu R Sl T o Sferd T g YT
& fop goragi TR Bt foreT foreft a1 ety o S7oeft-aoef femrad
T yaTfed & ol 38 YohT, ST JUFEHRT ST fEe st et
ST HUT H T TeRTIT HoCLNOT JUTTAT o T Yegi § G o
ST Heha 21[7,8]

I TS FSITOT UMt i A 3R i Heeyet Heh
TSl BT o FeAT Sedten B B S T rfufspamaty
T WH0T FoeTl ohl HH FT ST 7T BT STGT & S T Searar
2 STl TTCHRAT & S 8 3 JoTfordt o e i e sht
SATATSFATE Fecaqul Bt &—STet T STadeRtoT, ST a1 et &
TIZSISI T ST, TUT e SESATFETES T Tq=H| F Tt
T T S FEor SEIhi T STTawasha gl 21

SRR ST | 37 STuisRmet % foe wifem, wafem ok
sfifeam Sieft s aTqet T ST SR 1 AT ITIRT
o T, iifeR o = o 3T or=at feercar wafia o &
fohq 37 el i 3= AT TR Hfd SucTsdar & HOT 99
T W R ST § AN HieATRA 30+ Bl &
TICOTTEY, AT STTEET 3T ST Feat T = AT o 3uered,
HH AN ATt ST TATSRT-STH I o ToIahTe Al ST hisd
BT R 3HH I Hed SATTIed, HehiEed, BEhEeH,
ATSLTSSH AT FHTSH- ST I T 2

ICIhT S FHTIEIHAT T haet STehT TTAfTeR TET T fft st
2, afce 3T SR, Tae Ui S STohTeT- ST Tareif o arer
3o |k T oft Fref et 31 3eTT IR STR SRTeT-STaeih
o offer TTe STR RIS SeThd 1 FmToT STeid AT aier 2l
TE-STIhT T ST L AT bt TiTe afvfsran woredt it
T Frefrer foma T ka2, forer Sstt &1 6w 21t 2 37 3cure
fmfor < o et 21

T At SR eRTYT- ST TaTef, STV JerashioT Ue gfiae
T, ST ISRF—hT Tl T Hferd s &t v et
TRRTT HIOT SoTTedt 2t <fier war 21 Afs 3 | foredt Ue wew A
&1 2, A1 WO STt BT SRt STfe & et 21 38Ty
AT ST H 3 HZhI bl S-S [FhTed i o arel-
T I8 TehIohdl SOTTTorat o &9 H fesire e o oft forere are fam
ST T 21[9]

ST, T ST S0 JOTTTerelt 3 SRl et 1 e TR
I HAT G Halct 3 A1 ol Q&I 1 ST H HERIeh TR,
e 38 TRATTRITAT &R & ST SR SR T qeh Tg e
¥ ot HEcul iR T wfers #, S SRt o ATer |
T T ST Setl ohT SURINT L &5 SUT ST I TETEAT 6
& gfelt & e amreRr) firg &
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2.4 OR TA-Ta9T 3R FEg I Seuteq

I THRT IO T U Hea Ul S AT SR
3 TR <hl GRTEAT & STl ol BTESISH T ATeefis o Tqere
1 2, 8 S ferrsi sifsren s S 21 59 ik § o o
FETT FHTl hT IUINT HT THRR el BT drer siar 2, o
TIESISH S8 I Sl TFcdl aTel S o1 IcdTe §wel Biell 2
TISSIST ol WS o1 T SU AT SI1aT 8, FAifeh 36k g AT
ST RITITHTSTT T STANT o S helel STt & SU-ScuTe o &9 o
ITH Bra 8, forerdr femelt off Wb oAt et SewrsiT e g

T T & AT BRIgaFgh it (PEC) Ut 3T Bidish ol
yonfert wgE qeR o w9 § fawfda A oS @ R
BIEISCIFZIhHehe et § TehTST-STa STefaTers Soagrs 9
o SRTRT T TR L STTg -2Ict I Icq L &, I FHwsT:
ST o AT ST AT TeRtor SAffshamel st Tt d
Tl Bleishefafesn yonfat o gehrer-gadt S Stefiar aresm o
T STERTRT o ST § ST bl €T BTggrsi 31 siterdtsi 7 forrfora
ECuR |

T AT bl @ I I TETaT, SEehTTTeh feerar 3 Fm
ATl STt et ST forshTel 81 g1 Al o STt o i Jehra
GIuor R ST forae wiosy i W 3K wad el
HATALIFHATHT T G FA H FEeaqul fHah T whar 21[10]

2.5 TS STSSHTHATSE TUTAUT AR TR 38T
FOT TR IO T STgeAHEES St fiEred A A
ST SUMT SR oAt W § aREtad s i T STt
R T TeRT-STFR AT e AT 2| 6 SihT 1 9T 3eed
IIHEH H IUTEAT CO 3T HTAT I FHH LA o ATY-ATS 4 I
& ST T YT ohL TR olT BT HSTUT AT 21 ITHfieh
TS =05 § UG I8 qoh1eh WIe- [T Jonfer # e o g
IUENT ST HHTEAT ol TR T 2

TSI Hm TR FIWT SRS § SUYw TSRS
TeTef S ST ohl TERIAT & CO- T STT=E fordT STTaT 81 39
A I o Sl ATl SAFRHT BT STANT H e
STSIHTHATEES I hled FHISTHATSE, HeHT, Bifteh 3TreT IT 31
BIESIehTa AMeh § Sl ST Hehell 2| Hl&T IS THAES
TR TI001 3§ T Heca ol el TaTe &, STafeh Herfer i
Hifleh A o3 3o, il aed IR THEE S A
ST R % F & e A 8 [11]

BTCATToR, COZ TR Ueh Sg-3aiag ™ TIshaT 81 o hI0T qehet [T
T H AT 21 36 TIq I=a SRTeeRaT, Farar SR ferar
ATl ST 1 forehT STTarvareh 21 fe 57 o 61 e foam
SIT Teh, dT ShBM TERTeT HJW0T ATeiEd CO, FIRT T haed
SAATY TiE 1 FH A H T B, Sicsh aad et A
BT TETIAT o ScTe T Ueh 14T AT +ft J¥T hd|

2.6 EITAAT TATIT AW AehATehT farehTa

TSR fRT 37 vared fagm § arer o At o g8 ofte e T whm
STERRT FHIN0T JUMfera T FEraT 3R TR # SeeieHa gur
foram 21 A o et ot HEET, ST 31 Hag ot it e
A T AT T TRR-STINNGOT BT TS, ST TAFHT
STt ST ST St &1 Bl SR T Heeaqut e faam R
AT STeieTeTsh, BeU-HEHTE 3T |ifs yard g9 Yehrer
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AT TN 1 BV T &, Forerdr o ot oot T g are
B UTaT 21 [12-14]

e @1 &Y, 3~7a gerd fog I W8 ISRt & fomme @l o) wifa
& ¥ S 3rfireh wEETeReh, e 3R 9 @ o 8 WehTe-
IR, AN THEET ATeTH 3 IR BT T & ThIshd
TUTTeA! | ST i & SThE T B ATelt STl &1 oA Bidl &
3 @y YeRiA § gawr e 2 W wutea yonfort st
TJEATTIIEAT &R & 3T Tgaht TRIeTE 3R 318-STagTieh &R a%
T T ) 39 TR, ATt i et forg # g8 wfa whm
JeRTIT HELHUT hl Ueh SHaE, T I Tad Sl GHTEH & &9
# TrTfir s Y o 7 wrecu e fag A @ R

2.7 FAMAET SR FATHAT et

el R TRTST HoIHOT Teh ST TS TRl ok &9 H
W T 2, R oft 3 AT SRk SN % AT a5
T AT ForerT €1 0 ST ST 2ETT 36 & T T
HUETSH! H § T €, F(1h FAHT JOnfora 3 shl Suersd st 1
e Eifird AT € SNt Terte e f ufatda o 2
TEh AfTh, AT TohTeT ST TEmIe AR % Hoeh
e ¥ g TR T &OT ST SOTedt o6t SeepTiorsh et b
JuTfere SRt B[15]

I AT it Uk HEeaqul STl €, ferivernt del Sfe SgHed angel
T ST ST ST ICTHT oh ST FohaT ST 21 | &,
ST T O A JUTTCAa 2T s FHT T8 A AT ot 1ohT
Sifeeraret, ATt SucrsHar SR Sfra i S e &
FRO FHiod g B 81 37wt Ef & e % g
SEIeToRI, STeIehTIcTeh S NI STTHUT I ST 2,
Forem Srsenfiehl, warel g, e fagm ofit SShifafor &
FUfd AT R B WS ETS STHeT ST & 0 e
HIWOT Shl e AR A Eefd STl FHTL % &9 8 T
T B [16]

2.8 TATARUI I 3T ATHTITeR WEed

T TRTIT TNV T I qad Sl Sedrad i e H uh
ShifaehiT dehrioh o €7 H I T 7, S Samey $eMT W agdt
Afreh T1SIelT shi o8 T 6T &7l T 2| g shi 37er) Sl b
ST L ST S el STFHATHATES ST ST HATEHT & S8 3R
THTIAT 3T ICATE $9 o1 b TTaROT- 3T STl 31 =ifeh 390
Sfshar § T STgSTiETEe T . SuAT foha S 8, @fere 7w
TS T2 et =05 ! Micatted et &, fed ifiverse |
IS U FHHT TS ST Fehell & S Sieranyg) qiare o S b
whfera o ST @han 21[17]

30k STk, S TehreT Sedwor swierss & faehsfigra St Scdre
T ST oAl +ft AIHR T FhdT 2 BIE-ET I, T &9 &
TTTO SoTTforat € o STeRTRT Sl SUCTSET o SATIR W €e $a
T oot AT T SeaTe L Hehell 2, TSRt ST Sl €T 371
sl ATfe sfgeret o i s 7 foy w9 8 gretst 3
forsprarsfier &t o forg wmeRTY &1 wehar 7, SRt aRafe et
ST HfHd 21 39 THR, FHET TR G0 T hdd TS
ST HHHOT 2T T ST, Sfeh STl GaT, STTCHTHIAT ST RIaror
&1 % & i o gge HOM[18,19]
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2.9 Wt T AHTIATE

Tl werelt Y @IS, ST YT Tesirg i grmorehg trefei o
1 T ST ok 7T S TeRTRT T T ok fersy ST SISOl
faamé &ar B T sreleres, F-wta aftry s it gedt W
SR AT H ST IR 36 qohei1oh ohl Q&7 et 3 Ara-
THTTIAT ST ST Seat ST 18 2 J8l, I=Td SYHT FEsiTgd o
TTEH § ThTIT-STTRIYUT, STTST Iare ST TETIfieh STaTor shi
THIhd F FTeft Jonforat fashfaa it S Tt 2, S Sit 71f Bt
o L FHI TSI I STt 8

T8 1Y &, TRt Hiefert s &ifaen TomTd waret o om,
Afufsrm do T Serhe Tferametl i TeUE ¥ gnEe § uerh
forg 21 1 ) S EnTICReh ST hi 31freh afird S e
ferm firereft 21 forer iR g fererer STqeeT SRt o wftomeEy
FO TR Foguor wiosy § Tt Set gonfert s U
TECEUT S I Heeh o Fehdl 2, SiT TeS et IcdTe, et
Tee SR ST geaT S Atk et I w # fotas
CIGEARER I

3. IUEER

3 TRTST IO ST Frott Hohe SR wRAtarofier SRferlt
FHTET i fowm § vl & Wi i1 U STl wTE S gt
TRITH R SeRfceh FehTeT Eo3wor, R qest W Sfie @ Hva
AT, 3T & RO TR T8 Tk 1ok G o6 STehIRT SEft 3187 St
T TEE e ST § aREfdd s o1 e WEdt 31 39 ik &
T § ST TR e SESHTaATES S8 ST ST Eed SeTe
UGN X BISSISH, HEHTCA, BifHeh STFe AT 317 ST T
T SeaTeH fFT ST Tk 2, S Toes 31 Gdd St Jfersy ol ffa
T Ghd B

TS o1 Ak o1l Here JEedq: Siamed 3691 o fit &, fees
T FHTe SETHATAETES o, STy TR TR it
&0 ST T TS 3e0T 81 T o) U TiNGRd H HOM e
HEINT Toh AohfeTeh 3T TATeT-3The AT SR T 2
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T &I HT1 ol YA HT TERAeh Sl ohl HSHT T hared Tl
IS Sl TS ST 2, Ffeeh Hlad-Age AT FHIe-THHIHE
ST =156 i AT TGTET o 3| ToRIY &9 & e SHTRTES % I
SYART FRT IE Tohr1eh Hered |l Sl THe & g ¥ o
TG < Wehel R

BTCATTR, SAHT H SR TehTST HoJW0T BT SATARTRER SUFRT 3neft
foreprarfier STaeT § 21 W Fell ST &TAT, T TaT A
refehTicr &, 39 AN SR oS TN W FREET § T
qohe1oh! STTEAATE $Heh ST SUANT § ST Icd=T Shid 2| 36
ATESTE, AT, TaTef forT, SeeT STR Sorehiy wiefi §
B @ i wfa 7 R o efieefit o w1 T
TefeTe TaTd, JeEft W SRR AT § IUed 3 3R I
ST TEsTe 30 qerieh i 3Tfae Fwrer, feor it fepwmmrct
A T fawT 7 et ifteR T @ €l

ey o TRCIET H, ST TehTRT Hogwo forehaiehd it Scare i
ST ST i TR T TR 2| T TR O T Jurerat
e T SRR & S AT Sl aTeen! B SedTeH R Wk 8, fed
RS SR FHeA-a e &l § ot T S5 & TR 38 T
A Foll G et afch sfier Si wmTforn ok i ot
st formm)

TTod:, 0 TRTRT TN A TF A1 AT v
TE, afcsh i 1 s, wdd ST gL il Jorelt i T
TSR WA 21 AR, dieferferss 3 Hediiensh STqeee &
T § € deh 1oh A ofTel @0 | Feflertofia Seit gonferat o6
T TRV {1 Hehell & 3T HIE HHTST bl R ferer-wgford
St ferer i 3T S ST H fortereh syfirenr forvm weheft 21

4. AT [TAA

TG 39 1T 1Y o o He Hie Aot i Srenfih foraferener
TG ZRT YT T T HEARTA oIt STt g &g aifden
SIS JIUT L & T TG o foTg Farq 2
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ABSTRACT

This short article is a science fiction story based solely on scientific principles. This fiction is about a future
mission in which NASA and many world-leading countries protect the entire world from meteorological bodies
showering on the Earth. Simultaneously, scientific efforts are underway so that, when a situation like supermassive
devastation (Mahapralay) on Earth occurs, the human race can be protected and remain inhabitable on other
planets. This fantasy story portrays the 2217 event, which states that humans have established small colonies on
the Moon and Mars, and that their campaigns will establish a human colony on planet Venus.

Keywords: Solar system, Meteors, Supernova explosion, Extra-planetary life
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I 3R FERR ASI-WAT R UEH| A geaSEe J@H
et SR 3 Tt T I ST, @ A UEt e w@w a2
A HES g A O qE T R 32 @ oterT &
THR F S AT @ R W FA F g ol w3 F A
FW W, dAfrT o o BT W fom = oo @ R,
1 SAFET T B [ W g § RS e A wder §
R Fgt % agAved fil dEfll 99 W@ 2 IR 7 e @
- “HE T WERfEE T ¥ YRR e, & @
S S AT F T AR SFAREF-TH [ T F FT
AR H AT IHh! T 80-100 foreft Zow warwr forarm
B @ fiem @1 9w 2 fiew wate, e aad o s
et & e wwdtr At ot 92 ¥ ) feer 40 ot @
Toh-5h Soohl TUUSl T ST STRer qedlt W B W R SuR A
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firamset & 92 Ol Tt B g ¢ ® | wEE & O

14 T
"‘-(~Mars)

\\ -~
\

e 35(

~ _Uupnor,

He T T
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STt Trat W et T AT AT § T ATl 3ee fUel |
sfiee &M Al IR St J FT A, g off Fo Ae I w2
TR ERaTsd qiEiSET 1 URA H 9gd A ISR T |
g et W AE iR Em, A e o o fehe ST I
TE W] G T Y, A€ AN A & AW ww em F
T R dEEE o § foiie wdae wAe U ¥
frere gamm om = 23 5, 2-3 WEN o S =R I U
T Ted 9§ AR 36 AW & Ted off 9gd ¥ AW S I
e Rl @34 A& o6 a2 & g=R )
3 figm & U @ fomiwar 82 SR arer Sft, 99 A T
TaT 27 HER 4 e ¥ FeN | S A wee- I fiwe
31 i ofafer At I TR F SO AR § 9fGRE
T file 3R Teew &I Tewdr § I0d THEE qehl
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o 1: TR 9N Hea # wel At Rufem v 2006 § ARG Tl @ R U H A A F ATAR Rl H A TR F R g
&z U A avft § v foar w1 78 ufean & ergen s @iy s S (%) 9 A9 SR e 6 R, (@) 9 @R % e 9 g
FeR fie o & g wife somm wEar @ fed 98 Somdfad Sqem (FmT M) SR T # o €, 3R () ST e % STed

% & F W F IH €, & T Fal o wohar 2l [1, 2]

Y& WY I8 W 2 HIE ok I6h IATAET AR
R ot Fepree agt fer Wi T e @ wfos § 3
TE W WM 80-100 Rt I amgHved # et audt g%
HIAHT ST M 38 Ted e § qra T off S v
e | ardt Sl vt AmnfrR T ofafer § Tehe SeeR AT
FAA Ih I AT H G fasgor fo, g I
T W a4 T ufRr iR 3T aEl W we-me
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o -2 6 U8 W WS M AW & g fraifa o g fo

anft q& r Ier fave fi €, 388 geeft W 50-60
R @ & W E AfRT wew wfR I aga Ser See
fovg gealt W fR STQ A @ g, S & S SREER g
FRT on? i qest W WeR ST oM At g9 19 SR ary
% WEA T FF AN qF oF N, AR fEET S S
gedl | A WG gIdr & wuiE & STl e S ! oarer St
TE W g TS T IR S oft e & e oA g

et SR TR & M) arer St 3 et wiw o o wE-ad

et w9 & feadt B, AfR o9 @ U fiemser a9
TH § fF a2 & a3 So fEl & qa # sea M S@r
S @ Sl 3T S Fw T FE R © | W Ee ifah
SIHE SR § R W S gewdt & st fud aggme 9
(Asteroid Belt) # FD IYA-JAA & @ 2 e At
soft woer A& ww ¥ @mer St Y &, 30 9¥ @ gt W
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off, o forelt gueran foredre & et g ot off | enft @
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a8 @ga & off, a9 +ff 10 - 15 R 9 wsfmt o s
Sfta gid @ q W | E-sT 98 @Rl Aieeres see ot
S W WA FC SOWE & M A kSl FewewHi 3R
SRR Gehgy § 9 & 0 E-I % & § weA a%
aul Bt W, Fife ame sAate § et goeEr e @
3 Vifh-oa % Ufafed FEMTR % WA ¥ T ° F
arE T IET qid W H osed T oon, S odidi d@eha
TR TEHI T SRSl ST ROl SN UTHihe WERR
TR 1000 o Tt w1 &= wifera et em e ar € fR
36 THR Y Al WA 99 % SO FAT TaT g% offl e
A R UH A gest W g @il 100-200 Hiw Feft el
33t off | 3T St T ARG A TEH W J BT, A gIAT
e St ? T A, WO SR i S ke # S
U T H Il TS, S I HeElde  WielaTesd el § o
TH HOFEE AN W oIEE 10 af gl Hfooff, v &
T W IH-vEEN g5 offl J€ 95 & awr-ater AR et
O o1, 3R I A ufeT & 04 s A F A F AT AW
TR T T, R FE gaw e W 9w gy fied
HONER ST 989 T o, AR AU ge @nfaert ool T
IR TS T WepT, iR Uk Uit T TR Ik TEl 9l
Igd ST ACH AT, WUE H q1 SR ARG war &
TE o1, TheH AW -WRART % S AfafiEt % @ % fo
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Hewe fil T @ @, I fi ¥ Sl s off Jmfe
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