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ABSTRACT

The present article provides a comprehensive and analytical study of the significant scientific events that occurred
during February 2026. During this month, astronomical phenomena such as the various phases of the Moon,
potential meteor showers, and fluctuations in solar activity attracted considerable attention from the scientific
community. These events were observed by major space agencies such as NASA, ISRO, and ESA using various
scientific standards. This article presents an integrated analysis of the physical impacts of these events, the
underlying orbital mechanics, and their effects on Earth's magnetic field and ionosphere. It also provides a
systematic compilation of data collected by global observatories, which serves as an important reference for future
scientific research. The month of February 2026 represents continuity and progress in the field of cosmic
observation. It was significant not only from the perspective of observing astronomical events but also proved
highly useful in understanding space weather and in the advancement of satellite communication and navigation
systems.

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

Zinc oxide (ZnO) nanoparticles have gained considerable attention owing to their unique optical, electrical, and
antimicrobial properties. In this study, ZnO nanoparticles were synthesized using the sol—gel method, a simple,
cost-effective, and efficient technique that enables controlled particle size and morphology. Zinc acetate dihydrate
was used as the precursor, and sodium hydroxide served as the stabilizing and precipitating agent. The prepared
sol was aged, and dried to obtain crystalline ZnO nanoparticles. The synthesized nanoparticles were characterized
using various analytical techniques. X-ray diffraction (XRD) confirmed their crystalline nature and hexagonal
wurtzite structure, and the crystallite size was calculated using the Scherrer equation. Scanning Electron
Microscopy (SEM) was used to reveal the surface morphology. FTIR analysis confirmed the functional groups
and ZnO formation. These nanoparticles have promising applications in antibacterial activity, gas sensing,
photocatalysis, UV protection, and environmental remediation.

Keywords — Nanoparticles, Scattering, Semiconductor, Lithography, X-ray Diffraction, Detector
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AIRUT T TR

ATRUTT ohT SR SATHAR 9T 1 & 100 THe o Biem &, S A
T < =TSTS | ST 1000 THT BT Il 8 SATHR T HEcarqot
T & ST ATHOT o 0T S ITER T T LT 2| STl ol
T SATHR AREhel T T B ST &, a1 S *ifdsh, Tamies
R TR T et €Y & et R ol WHT:, A
T IR T & IY-ATY ITH TH &6 3T ST 1
ST ST &, et Tt s it e o wfaframeferar
TG ST 21 BIE FHUN h AT Ioo WA S0 Ioo

TR Sl % BT B 2, ST S SO IR 3T TEEAfh
TN o fAq srrest st 81 I % SRt or, S
SFerRINT, T S wehivi, ot g6t wenr 3reh i ot et anea 2
T HATTTh, AR T ST 3ok Sifereh TUIT i Hi TwTTera
a8, S8 Tor Sifereh et sl U R A1 hifRTeheAl & |y
T TSR R <l STRT &TET| BIE SR el | S Teg
T YOI W &, ST q@ forawor SR o for aiete &
FHAT B BT, TSRO & F$ Hfera Sfawi o raeioes
Toram T Ul 2, i SR BleT ST S fererehat 371
aferuftar swTe oht +ft seT Fehdr 2
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1 millimeter
1 nanometer
TR 2: ST T TR (1-100 nm) 3T TEHTH TREds
Eﬁ'd—Nanoparticle - Wikipedia
ArRUTH T FAaToT T BraT 22 ook AT <Rt fras, forefamdhy i TarrTeft o wrea & B i

HiferR 3R e fofie afea fafi=r amiiat & forar s asrar )
gkt fomtor &7 fafer & & forelt wek o1 SwRiT ek fRam Strar
2. i wsgwor 7 oo wegwer | wi-ier wsguor fafer o,

Fragments

Bulk

Top-Down Synthesis

Nanoparticle

% AT ST 2 3 foria, e wsgwor fafer o wemopedt @
SUST S& BIE Fmtor @St & rewont et fmfor feam s 2, vt
(1) TETafTer G, (2) T-EASE AT (3) St St
eheTeRl T SR fefRarT STTerT 2

Clusters Atoms

Bottom-Up Synthesis

Tort 3: SFvERvi 1 Fmfor: ¥E-E-A= (Top-Down) 3R F=1-8-3T (Bottom-Up) Hsdwor forferit ST siesh waTed & wwemopedt ook hi Tisrar

=t femom

Hd-Nanoparticle - Wikipedia

JATRUT  HT  AI(TRTOT (Classification

Nanoparticles)

STERUT S STERLOT 3ok T, TR T, Ieqfel qoIT 0T o
HATIR T TR ST 81 W S AR S i o
Terenforer fermerm Strar &1 v, enfearer A-eRoT, o T (Au), =i
(Ag) @nfe i B €, ¥ gead: ST 3= =Terskar 3T
TR e Uit 3 for ST STt 8 gE, g AfeETss A,
I8 7k ATRITES (ZnO) 3R g fem SE3iiaaTss (TiO,), S

of

Yrffeheeret Uit 3T Tt STy % fore Teel a8
STt FTe[elt ST forega o7t o Forw sifreg, ) <iter, difers st
RO, S S FeReaT &7 § 3T foror o o SwmT foh St
&) 39 TR, AHT T ST I O S ITAT o IFIER
fopam e 2, i farfre A i afenfiven & & 3o =
ST ST 2


https://en.wikipedia.org/wiki/Nanoparticle
https://www.sciencedirect.com/science/article/pii/S1878535217300990
https://en.wikipedia.org/wiki/Nanoparticle
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Tewiett aree wd wex ure féig

T2 4: 3veRor o iRt

JTHERI o YT & 10 379=TT o
ELGAGED

AT o HoduoT o e qed: &1 S adieh ST fore ST
g
219-813 (Top-Down) ST SR SieH-31T (Bottom-Up) 3Tl

2TU-ST3 9=l (Top-Down Approaches)
-1 3T | T () T bl BIe-BIS AT # oo
FTh AT gaTe S S &) 39 faftr o g qeten °
TSI T 8

Heh{Aeher fafelT

ek fermhTerel STt TTelt deneieh 8, foreeh g sTesh waTelt & AR
F &1 qar frw Sa @) 7w Tl % 3 frsor s qen
RIS SR i Hereh 2l 71 s fife & frgia ®
st g oty sfease o F@ise ¥ gge ogfatam
frareng, foramar-2eft sniferg qom wegfirfem, fore, Bfiftrm o
I ARG ARy S § S 21 S we
AT FT WSROT, ol ST S I TaLor e & ot
wEeaot SffirenT T €

oI

T BT 2SI Aot 19 o, FoTeshT SR Jd: A IBTgart st
3 foru fopa it 81 3aw arr: difers a1 Ui et 31 hiufeae
ST S e 1ok o1 3T ©9 &, 1o a1 wrg-37efir Shivert
ST ST ohleh -3l HTEHT ATed AIhTEa S foht STl ) a8
fafr a2t W AfGuae e e i diferm,
ITTal ek 3T BT3fore waret 3 frmfor & steia gmeh R)

fetenmmdy

fereameht AreETett % fmior % fog ok e qte 2,
TS SoRTRT AT Soiarg i ol ohisa FoRtoT AT S9N fofa SiTaT 21 36
TEAd: B W H forTior fopam ST @ Arers foremmmhT Si
TRkt forenumd| arere ferenumdl o foriy urees a1 Sroeie <t
TERAT 9 &7 W A0 sHIT ST &, S wieifereimmeY,
Fiefisie iR d@ive forenumdl| Sfer arenerd feretumdr & fomm
TTEh o W Se ST ST &, S Th{T Tie, Hishes 3T
i S Setarg T s fereimmn
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HivTggoT

HiUTEToT Uk TfsRar € form Ssa-aett il (S WA A g
) W 3 g W AN L @ R e S 8 a8
Tehr 1k yaeht aia (R fhem) s o el 21 36w S11a T
Y AT HAE H THTY] STET et 81 T8 Foha S < & 2t
¥ T e AR, Wea-sheadt qur DC srite e smfier )
I8 FFH HAYfEAT SR FH AT o HROT ST A ST 2

ATk fewms fafer

1Tk TSt fafer fafimT g, farsiae el smmenfia eref
S B, T I, TR SR I s % e wecrot
B EH &1 Ip1ge TS 1 e e s =it # @ S @, St
3Teh TSt § el AT BIhT 1T S & HATaredts T
Tft f guffa pota & fmfor F Tt B STE-sTer
uftfRefeat o fafir dweamd st €, 9 otem i arderor §
ST SATHN & AHIeH 10 B &l

T TAFHIUATN

ST JFRT | Io ol oI SH A& Taref W ST 3Y
arfisha foram ST 2, SR SR s 81 9% e 19 deie
ATt St 2 FifeR 3EE Tt oY STTeaveh T il 3Ee o,
TS, e ST e SHTret SHTC ST Hehd 2, T ot
T STTHR TSR hT ot TR qaraed F forifra foram S aerar 21

Tewiett aree wd wex ure féig

STeH-3TT 3T (Bottom-Up Approaches)

hiteReT IR IELUENC (CVD)
T faftr o oo sewen & fewet i wamf srfifrar g
ToHLE TR Il T T8 ATl 2| So A9HM 97 o foere &
e T e 8, ST et FHETEHT ST 8| SaRe
STHf & IeaTe ShT HET ST o b St 2, e se
TUTeT ST T A E

wegemer  wd dednter ff
3 fafRrat & sie ums & Stefter 3 srstefta grem & S ar S e
R ARMTRAT T SR SHT ST 8 98 e i SR
AW R, W, i i FEhE s § Sw )
HTSShioe Tl § IE TTshaT STIT ST T 37fereh Twrell 8 ST 2

Tmee fafey @i w EE)
7o farfir & dive 2racie S8 wihade a1 ifeTR qurT =T Traete S
fafererT am e =T ST AT SAT {1 ARl Y WA ®
AR HIRE Tt IR Bt /1 370 7 Tie g 3w
e aTe Y STt ?, o fafier sfeer demd s @
AT &

fad e farfer
T qohieh § UHI-3T-STd W8 ST ST &, [’ i
Afraeet it ot el et 7 san stfufeRa i T W R
R, Torerd shutt sh1 SATeRTT A ferereor e fora wean 21 ot sivathade
o ITTATA T TEATHL AT o SR 1 ST & FRF foram
ST el 2l

(u= @ A =1 gfemior
o Aefae 2 - —
Tegadl B UT C)Ooo%%o - itz f&feET
=) E
(= & U =1 gfewor | b o . gg—ng
N P —— o8 ew Teggdl S OT
a TeES -7 E -2 ALY s o
iR g4 fﬁ,.;::
- oo qux ..1."-.:;,:55{:.' A1fHes 3R YIB! gfex
- JASR UrERIfRIRNE pnges
- Hiar-s1ar ufssar L P
: fﬁfﬁfﬂ' o l|::':||'l",':i::: 'In'

forr 5: 71 ot STu-21e 371 siieH-31 gfeshivi o Hream & A e o oo shi g1idT 2|
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are-sie fafer

STSTohTT HTSRUIT o T o oAU o qefei Tkt ShT SURINT fofalT STTT
21 BT ST Tt deieh St W # e fEed e
Tehdt €, Al Aie-Siet derieh ST § 3tfeeh =aaeh &9 &
IYNT it STt & 3R ATk AR 21 37t feri fersarett
T, T qehrATen ST JHTH T qHH SATHR ST AT
SH-TOTET ATt ATV BT TG L TRl 31 T8 ST & A
a1 ¥ Sl aTq (A1 91 AHES) S i AR sty *
ToretTeRt weh TTer a1 AT &1 | At =T TR 3 AR ST S
o firg gt o1 fmfor o wehdt }1 3ok Sl dia-o

e + e

=

g ¥
¥
il # dlemssel S9! §é
AT :
AT

z
X

Tewiett aree wd wex ure féig

SITSRAT BRT 99.99% STEAT aTet S7eei Ty fife waref oft g
ST @R B 39 ffr & o9 91 9w JeeRr aee B
ST Tl 8, S 70°C & 320°C  AGHA €T F o7g
HI e s 1 3eae T Al glrers e &
ST 21 T2 T © foh T 1 ariaies faftei @ Sean 31 ;| ww
STEH-3TT G0 dehrten 21 3ifam Icdte s o fore g9 ufsmr &
F3 N TR g it St 8 39 ik §
wifre g =T ot 6 & e T E)

|

A

/_

fort 6: wrer-ret wfsraT 3 ot S =R i T R

AT ST 3] (HIeT) 37 ARl & Tord 8 3 S0l
ST 1 BT SHTRTES AT (MONPs) 31 ST &9 § 3ffteshet
ST 21 311 witfaren 7R TraTafes Rt i qor 8 3= o
AT g STerATsE AR % fmior & forg S-St ue agd &
Tt TR B T8 Teheieh AHIhUIl sl T el 3R 3eh
TR T Sehy FRIAT e SRt B1 ZnO NDS % o3wr 3
o ST Y ST et Hia-siet faftr e o (6] 9 ewie o ate
ST =TT BT YT e SHSTTAT ST el 2

TRUT 1: ST ST ST STET TTshaT H Tooh oSS ol STRIHT
TS o ®Y H AT S 21 36 I I T AT SFeehreet H
fUreTTeRt eTq SATeFATEE ST SHIC ST & a1 Sierrss o ffor
o foTe sfferaTse sTarwreh © 3T Ig Tt 21 foredt helfen foretroreh

10

(S IThTeeT) FRT ST TohaT SITAT 2| ST STet ol SURIT Hiet-iet
ferfer o arfefora mmeam % w0 # foran ST @, A1 38 Sl Ad-
Siet Tafr et AT 81 S Heieh AT H1 ST S-S
farfer ot erfrfora amearm o w0 O fora stran 2, 3w wfskam et -
Sttt dier-siet fafer sher ST 81 STt SToEeT e, S I
T &I, I ST 3Teehiaet o AT firetent 38 fsham H G-mdT id
B STt e kA 8 T ieh Affsranet s g9 yenr forar
STT Gkl &:

M-OR+H,0M-OH + OR (Zgeifeafe®@) (1)

T8I M 4Tq R Teeh1sel 98 (CHN)

Tt ShT AT S shi TTRierar 0 Hecqul ST STerd gl Seeht
Ul & HeR o SO SRS anedt SeeaTet o fAmtor grar
2, Torees aftomeesey idsfierar sie S 21
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WZ:W:WW&,WJ@WWWW
FEEATE ST 8| 5 HAEAT H, A I Igh S HIagsd
HTATHT T oIl @, et o1 SATaTse oY ad § 3R Teehed
T ST o ] STEX et STt &1 EE Sfsha o6 SR STieer Sfi
ST SfsRaTd Bt € ST 98 ik @ ok g &
T AT (ST SIS ) ST o6 <fff e amsgiforret
(-OH) Hq & 2| "HTeRIcter" a8 TiohaT & fSresh g 3 org
TS (3T, - AT aq ste) o sffe Tk AT () ¥
AT Bl HOR TRAT | B et TEmte srffsranstt B 3|
e S TeRaT ST @kl &:

M-OH+XO-MM-0O-M + XOH (H&F) (2)
F- M H1q &, X = H a7 Uesh1sd &8 (CH)

ToreTe | hIcTESd ol o STT9 H JS U T Feosgeh 7a §eat
T 2 ST SieT hed 2| foreTmres sht Tt sie W Haq: Hee
T TEHER BT 81 T8 AT foretrares st et i pH W i
Eauind

TIXUT 3: IY SGAT: I TG hl ATHAT SIeT shT HTHT TR IO |
Tt afierda 3 forg frviem 21 #hfira foerm % viiae doem 2
3T ST T A STaET B 2, foren aftomeEEy gt §
At ST FieTgSe HUI  ocd § Ihg Bt 2

TROT 4: F@ 1 AT G ol Sfha sga STfee et @ aiten
G H ST ST 8| G oht iR 5 T o Bt 2

(T) aTgHS /AT gE
(@) FAfershifen gam
(&) hret-grT

YU ST T ST 2ok bl BT T S-S THE TS 2l
I ATOHT W, TSk SIc ohl 1T i AW | TS QI foFaT STt
2, Torerd feog | 21 STl & AR SRISie ST 2reft 21

TROT 5 FHIAI TIHAT: T & STafTE S S0 b g o
fere sifere =reor 7 eefier Shefierer wfske st ST fopa e 21
ST Sfsra arealt o feog SRR S orfedt i i e o
T HEea Ul HRIHIEE 21 SheEAe 200°C & 500°C 3 3=df A
TR fopar sma &1’
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fewisft area vd T et fiiw

HFESATV deheleh

T \CEGES (XRD - X-Ray Diffraction)

T forad (XRD-X-Ray Diffraction) T Hecaqul deheiish &
orarert 3w foReeams uarel, foeiyeRt AeRur i w@=AT
ST A o FoTe foraT ST 21 368 St war-X foreot foreft foreeet
TS S €, A o Bhed % Siet HisE Wit WA 9
(crystal planes) T TR fafireT foamedt o foafda g st 8 ==
ElEz Bragg's Law £ AT kil %, ISEED AT niA =

2dsin Q=T St ¥ 37 T el &, A Fhegfoed sehid
FHROT XRD U2 1 e e (peaks) fe@Ts 2 8 XRD 3 8 wad-
TEIq G fere areft forot duer T eTedt STt & o7 ferafda forort
&I feeaex gr frenie foram Stmam 2, e intensity s 20
T YTH T 31 39 U o farsdwor & werel ohY fopeeer weemT, e,
TAT FN % ATHR % a7 H Feea ol SIHHRT ITH AT S 2
EEIcaull (Nanoparticles) % IR I AT & T Scherrer
Formula T¢ ST adie 8| 5o &4 X-Ray Diffraction
(XRD)ﬁﬁEITF[W%,Fﬁ‘J&Iﬁﬁ@ﬁW "peaks" I <reTs g
T & ATHR (Crystallite size) % AN | ST B SERT AT
&Y (Mathematical form) 38 JhX 2

KA

D= 3)

_,86056

T&T eI FefTeh (Symbol) T 31k it e i &:

e D: forieamse IR (Crystallite size) - T8 31T &
ST ST T FITAT 2

e  K: 3R & (Shape factor) - T€ STHAR T AT
0.9 oo STTaT 2 (U1 3 TR & TR WIE 0.6 T
2.0 % & HehalT )

e  lambda: TH FT T & (X-ray wavelength) -
AR W Cu-K\alpha fafeor & fog 7= 1.5406 A
et 2

e beta: 5 forg¥ g BT% AFRHH (FWHM) - 7€ XRD
i it a8 ST T S SHHT Myehad SHaTS o
feed ot wrdt STl 1 3% =wem WeET (Radians) §
foram ST 21

e theta: ST WA (Bragg angle) - I3 ik it fearfa
(Position) =T SATET T 21T & |
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TFHIRST (XRD) T STATIT Thich ddall-TohEcdIse &l ITHIT

kA
"~ B cosB
D fehEcdrse &1 TSR &,
k T RIS & (= 0.9),
A THFH-YHTAET ST & (= 1.54 A9),
B YfEe 3 qut =itsrs amedr

I¥Faa g, 3k

0 FITHoTE
rRERar: 9. Hella g (KISIT, |1+T)

D

= 7: v faada &1 deey

d sin@

nA = 2d sin@
ST &1 |

Bragg's Law
forr 8: Y foard o1 eeT

12
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T T &t e
38 93T §, T ZnO 10T shl Hiei—sie farfer gr o femam )
greifer 78 forsr XRD farsdwor it gwifar 8, Stifer g0 gy o

600

500

400

300

Intensity [a.u.]

10 20 30

40 50 60 70 8

206 [a egi

Tewiett aree wd wex ure féig

fRT T ZnO ATeR0T Y wael ST Rl gHFH o fTT SEM g
1 off ST forar T R

ZnO Nanop articl es]

o

o 9: 77 fot S 3HTomTEe (ZnO) AT 1 XRD (THE-X et St qmifar 7, o fafir foareder e S (110), (112), (103) 3R
(201) fow@s 3 T8 ) 3 e ZnO i orteeiia STemT i 9 9 § ST ST @ o Hofia e 1<) e § forears <

FRER ZHA®H 3IRNE TaEIEhid! (FTIR)

FieR gl FRie WERd (FTIR) T S8
forsdwumerss Tt 8, e s forelt were § sufterq
T ST T HaTet JoH ol 8= i o o1, Foharm Srar
1 39 T H 3RS FoRtOl uet T eTelt St 2, e @ 5
forere e} duet % ST gT0 STy R fo ST 8 um
fomret 1 Sehiiet SR weTfera farm ST @ SR dee it

Wﬁm/—\/'zz

TERIAT § G I o HTEAH & T (U1%) 6 fopam S
2, forad Zrafirde a1 ussiteig S SaHeT (cm ™Y ST ST R
39 TFZH | T 01 o TR T i $aemel I S -OH,
—NH, —CO 371fe it ug= =l STt 21 FTIR 3T ST foray &9
Y ATHOT AT TTE T IR STUSAT, FoeT T TEAT qAT IEhT
TR GTEHT o AL o To1T fomam ST 2, gafey ¥
ST Ao o & H ST SuET ke R

ENEHIRCANEG
— ] :
== == 2 Re2aex
Rrago 11 I fep=or fAvrse AT
| | faxdes

et 10: Bfer Zaw ™ 35S Ty

|- d0i:10.3390/ijms20112671
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7 fort (11) i ATeemge =0T (ZnO NPs) % FTIR (B
ZTEHTH 3RS T RHIUT) For=doT o6l 21T 21 I8 T e &9
@ fafiaa st i saReaT ST 2 TEmIfe st Sl Ie=: I8
@H—?}? :ﬂ:lj E:) ﬁaﬁ fafi= Fricas Hﬂgﬁ (functional groups)
ST TR e <l I hiaT 81 U1 0 A Y ST ST ot
TR (peaks) ST Af¥Te oiT ST (wavenumbers) =l g1l
& STeT vared ¥ SIRRE TS Y ARG fora 21 e it
Ik 379:3390 cm/{-1}: I =T TG SIHAR W O-H R
ST GIITAT &, ST A-TRUTT ohl T T8 Wi 71¢ ar=t 27 it <ht Sufeerta

35cm? 1008.91 cmt

100
1

i 1645cm”
98 Ba

96 841 cm'l

= -1
04 536.01cm

Transmittance [%o]

88

1375 em™

86

84 142040 cm™®

500

1000 1500 2000

H 1738.89 cm™

1

2500

fewisft aree wd @ et fiie

T Hohel T 212885 cm™{-1}: T C-H seii sht Sufkef it gt
Thell 811420 $om -1} 3 1645 cm (-1} 3 RET SR W
C=0 T 3= FHTE (T TN 3 0T § GTod BN & ST GoJwor
(synthesis) 3 ST ST ThT 71T THTEHT & T& ST 21435 cm -
1} 3536 cm (-1} : 3 He¥l TEeaqUl T 8| FH i e aret
& 7 F R Zn-0 e 3 R (stretching vibration) T EI"%
e &, ol = firg g @ fon fSies siigarge % fmior & mn
%liﬁ

2885 cm”

1

3390 cm’!

3000 3500 4000 4500

Wavenumber [cm'1]

o 11: 7 o RSk siferse 301 (ZnO NPs) % FTIR (BRER ZiEwH $5pRe Sergreanidt) fsgwor shr awiar 21

TR SoTare (= UTSEhIThIUT (SEM)

T Sﬁﬁfﬂ TTSShIEh T (SEM - Scanning Electron
Microscopy) Uk S~Td dehr1eh & TorerehT Su=T fereft uare i e
(surface morphology) 3R &R T T sgd AftrR efmael
(magnification) X 3@ o fore femam srrar 21 g9 e (light)
EIRSUES sﬁa';r—r s (electron beam) T SYRT feRaT ST g,
TS STHieR Tt e ot STeRT ST <Y ST HehelT 2

SEM & % Tgia #, U seiag ™ T ¥ 35a Sl ATl sedg i
T FoRToT Ieq=T Sh STt 2, TST SR o T T Hoe ht |ag T
LAET RIS NI WWWW@W“@FT (scan)
FA 2 S I oAz dUet o T & T B, @t fafie
JHR % el W secondary electrons 3T backscattered
electrons 3¢ BId 81 3 ferredi sl feearet gy wmfee fomam strar
& SR LT hl HETIdT H §72 Uk TS ¥ wiaifeid foher STt &1 7%

14

3 Huat il Hag I SHEE, HATHR, T GTEAT T Y T Y
FIITA 21
SEM ¥ BH 1T 3T 3T (particle size), T8 s @T=T (surface

morphology), A gt Y s (texture) F T W‘{\Uf
SR et 8, safee a7 qobie e % TR | a5
STt A St ' TEM (Transmission Electron
Microscopy) ﬁaéa’{r:raﬁwﬁw% W—WW%I 3o fae
TAT (Sample) ST TAAT ($<$ 100 nm) BT =T T TohA1eh
T W T ST ST, hed afew 3R Seft (Lattice)
o T forsdwor 3 fore sieadi 2, o 3= Rsfiege arelt 2D
AT 9TH 2IelT R

34 fawid, SEM (Scanning Electron Microscopy) S/
ot 1 duet 1 T W TR FAT 8| I T&T ®T § G H
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sHTae (Topography) TR O o HTHT T 3D FEATH HI 38 UTEreRT , 6 ZnO TR0 bl Siet—ieT farfer g dom feram
ATt FHST AT 21 &l SEM H 1S Wi FAT 1 I fo S 2 3 Teqd SEM g 31 w3 IRt B EeT U wae
TR 2, T TEM Tt T 3iit gem samrers mes F o s e e

e 2w St 21

BRI
9id

forr 12: S sae wTESRIERIdT (SEM) T 310G

RRATE] (13) I8 SEM (Scanning Electron Microscope) ﬁ@ré%@%, Elgcier ﬁﬂwgﬁ (Clusters) CEIRES %,
3OS Zinc Oxide (ZnO) EEicau) (Nanoparticles) &1 o gnferes s & 'Agglomeration' gl SITdT Rk
ST AT 3T 3 ST (Morphology and T BT TIT § 3T ST ST THAHH (Uniform)
Aggregation) I Taf¥fa X &I 81 38 & et ieeor o il 2l 2, Sﬁmwmﬁgw (Synthesis) 3T
faQ TTT ST 3 HTTER, $9 50,000 TAT (50,000 x) SERIT ZRITC 81 39 JhT h1 G ST ZnO % I He-ait
foram T & 3T 3EH 2 pm (WGW)WWW%&T (Surface Area)ﬂﬁéﬁlﬁﬁ%ﬁﬁsﬁqﬁﬁm
T R, TSree g 9w 2 © T safmra SeeRvT st 1w (Photocatalysis), TR B8R 3T R AT (Solar Cells)
ST 100 & 300 Tt o o< 21 0l b1 STHR T ST TSR o foTg seg sTeft STl 3

&Y Y FSTRR (Oval) IT =TT o I (Grain-like) ST

15
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pressure

TLD 15.00kv | 4.0 | 5.1 mm | 1.02e-2 Pa

vac moZe

High vacuum

fewisft aree wd @ et fiie

mag [
50 Q00 x

Teret 13: =1 fort fSiem TS (ZnO) AFTHUT BT SEM (Sh{HT Soierg i HTSshIEshIdT) SHST qoITaT 2l

ITHEER

3G STEIA T IHIT (Nanoparticles) é;gw, frmtor faferqem s+
STTSRINTT 3hT AhTaTgaIsh AU Rl T 1 10T 1100 ST
ST 3 F&H 0T &1 €, S 3=ar v & 3 farfire ofifer oot
TR 07 9T S &, foredr & farfiret &t 7 ateia Swant g
B 3| I § R % wegE o oI dret-siet ¥ (Sol-Gel
Method) T U feham 7 g wfshan & siereit (S fieh weiee)
T forcTmeres T SlieTeh St AR FoRaT T, ST 31T <ot T ek
TSRS ST Siet  afeafcd & TRl STH STet 3l g@a (drying
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SFE N o O fafie & & Swntt o T 8 e e
HITR Tt T TRATaoT G0 M 8l 31a: Feshe &9 7 w1
ST wehaT & o6 wiet-Siet fafer gy et g wfskam stoameRt ot
Tl ®G F IR AR R ST HeRd 81 7% faftr e, et
ST ST R, AT ST ITH S reRvT iy F Asien wd S
&t o wecarut syfireRt forT Tt 2
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ABSTRACT

Black carbon (BC) is a specific light-absorbing aerosol that has a significant impact on the region's air quality,
human health, and climate. In this study, the contribution to the time shift and source of BC in Varanasi, a densely
populated urban centre in the Indo-Gangetic Plain (IGP) of central India, was examined. Continuous
measurements were made from December 2020 to November 2021 using a seven-wavelength aethalometer (AE-
33), timed to one minute. The ethylometer model was used to measure the contribution from fossil fuel burning
(BCFF) and biofuel burning (BCBB). The results reveal clear seasonal and diurnal variations in BC
concentrations. The highest concentrations were observed in winter (~ 11 pg / m3 in January) due to higher
emissions and poor weather, while the lowest levels were observed during monsoon (~ 1-1.5 pg / m3) due to
rainfall and good atmospheric mixing. In the post-monsoon period, the BC concentration again increased (~ 6-7
ng / m3), largely due to agricultural residue burning in the area. A clear bimodal diurnal pattern was observed,
with peaks in the morning (07:00-09: 00) and evening (19:00-22: 00), associated with traffic emissions and
household fuel burning. Because of the low boundary layer height, night-time concentrations were consistently
higher than daytime values. Source sharing shows that BC emissions from burning of fossil fuels are the highest,
accounting for 60-85% of the total BC, while biofuel burning accounts for 15-40%, with a higher impact in winter
and post-monsoon season. These results suggest that urban fossil fuel emissions play an important role in
controlling BC levels in the central IGP, and emphasise the need for targeted mitigation strategies to improve air
quality and reduce weather impacts in the region.

Keywords: Black carbon, fossil fuels, biofuels, Indo-Gangetic Plain
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TR AR =leH T 3=

BRCEA T
TSI FHR ST

WA sh R feg et (sfiusry o e 3w gu argvee a9t
A e T wiverehal €1 ST ST AR TiHTe 3T 36 ey 0
TS A T9E W 2, e WEie-Seary a5, s e i
afrdefierar, Weefee Wit siw g far i gar A qorer e
2 St g v T afira 7T Sererg % wf weiie & H 6w 2
et FTiH H WMl T ¥ Teet, I8 Sil 3l 9 J9et $EIegE 16
TR THaHe § ISiee Sl o A1 90 shTH T3, STat Srai Soe-atat
femTerlt & § THe oy o T gel grT ford wifta v 3 Frer
feram 32 wereH e ieaer fe, ffome de gt 31 g ond, 3fi
Shfeered 5 Teeae st afea ST st afieRet & % o
TiETT ThR ford 81 98 T 3R SRR FHie, TTEeRt F TR
A Hihe (fcis) H SR eRtor o ST ST GHar o arer off
TR & & IS 1@ €, A1 & ThEe 719 ST SIeaTy WIS e THE W)
@y Sfrerer FrEiw off Ry 8 et Hees e st iR e
FARTT (AIR-118) O aTcF SR1id, AT Q0T SR Serary afads i
e T T ST S o fore fderg €1 et dieiehifors gfy, st
iy AR fee gedrT o S wad waterer Aifd S sea aryg o J
EREEESIN]

. 31w HR R

I MR IR HIER & I T e FAR i T Rrewor
AR STEIH F & § Seaid INEM foIT 81 9 St W
S aHed % W dety Al dems SR R fHy.
T AT F IR wREE A el & oA § e %
weeal S SeFg AMEHT o AU S S §) 9 wEd s
A ¥ I T ST R Ry afew & § I ol
Tl & ufaeT & I3 TEl 1 gas #§ ahd W ou S st
e # "= W T gwe een 8l BATAL stfemt &
U AT & HTEAH YU URETE SMEART CREE [Seds W
# wafta TR A vl fmir ot afteeT w g T s
R 7 3 fil FE TGS FRwarstt H ISR fR 2
T Tewr W foFu T Sk steme e fasdwer veeft aR oTe
.S wel 7 TR mm § €@ fafer o wde wodNE
S § Teeaqel HHiY dew weeft aee § nfoefier afede
R Ty & AgHSe T e aN g SRS § 3ea
SN ST T ST 39k HEAT HT e JEAhiQ FHtearsl
R 3y i § A F @ fRT T 21 SR gagwhE 39
AR 110-g=wi 109 8, T 37 04 T H FA ¥€99 TV
35 frm w21 W fifE T 300 ¥ W Wy W v
forr €, 9¢ dieardt BET @1 Avies fomar ®, R ¥ S T
I AN AT 9§ FFHU TRASHISAT FI FherargEs 0 o
B IR IR & 'TeHteHie fEd qd' (e stqEu
TS, T T Y R $E S AT W 21 S
e & It forafoeme™ § w9 % ' SIS Bal 6
& U i fe| S e F S o oA < R e Hretetsy
FeeliT TleTu &Y SYHT feror HIRETg qem e & =
AT, UTEeT 3R ST Wt § S U I9Eeedt
SR gfEeRTT SR ShITETT. o=l TUTaT a3 et
i fafire Sefore ammand 2

1. a1 Faw g
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1. T&EAEAT

A TS (SITET) ATHSTT T o Tl SRl STehTRT STerRToa
A AT e H W TH © SN I T & § FH1all11h 367 o 4L
ST & ST 31 A S Hiq § miedt S sfenfies nfafafe &
SIS SE o1 STeT, SR H el $U ol ST, 1T ST, 31
STt Y AT ST Beft 3 < g A S8 T Gt H AT A &
[1, 2] ToF STt SrotsRear 2ot 6 forfertor sht Starsiitie s ot a1t
TSI T oh SHTXOT, ST qoaft o foIfoRtoT et R ShThT 3o STerat
2 3R 3 FTe STSHATHATES & FIS T S STCTHIAR ST
A T § Toh HHT ST @ [3]1 3T STtar] T 376 o A, st
ATgHES TGO 7 ot HIhT AR T & AR gk e 0 i
srmarqg%r% ﬁﬂﬁwaﬁxwaﬁmﬁwﬁwﬁaﬁmﬁm
T & [4]) S 07 SATETAL HEH TTieere Hex (F, ;) ¥ IS B
§ 3 T TR T AgHee SlTemehid &3 fol € oot a9
TR T T ¢, ol I et o AR W W o gl 9%
afafed B ek & [1]1 Scesi o oiTe, et o1 Gom ST ST St
STshaT o ST Hethed, AT30ed ST Stfereh Tt S 311 arwect ™
[aehT o @1 Tdfsham 2 Tk 21 3 ufei wfskamd siewt fafira sHont
T FHROT ST & S QLTS o F&H- 41T 37 STehT Ty 70T ah SrfTfer
et 8, o farfemtor ot srerniirg s 3 forae &t Seht erma
T 3Tk STl G ATkt fafafes ot ot srex agar 2 [5,
6]\ el T E farfereor 36 StareiieT & argHee aTed & e §,
etk |1 &1 q2aft ol e ook Tga aTet | o feror 8 skl 317 Hehell
2, food amgrectter feran, aee fmfor o el st forgm =3k T
FE TS 2] CIESinic]
et Scersi o ATeh Srewdie § | Teh AT ST 8, Fi(sh T8t STeet
1 ECd STRT €, 0T st § B T €, ST 36 ohl @ud 9gd
SUTET 7, 3 e $6 ST ohl T e sIgd STt ardt & [7]1 7
TSI F WS et hE, S A, ST miedt | 8 A
ST STAH T aroTe & ofelt shT TR oI ST ] 36 AT, Wew
1 fearfa S for eftar awa it v =g, T2 gard, iR wféa § Qo
o ST, AT T ST 37 G AR F0Il o ST & gt
&d &, forerd gam d 7 sgwor €t ® [8,9]1 37:, 39 &t H Sftell A
AR TERTeraT ST R ! SHgHT, 91 TOTeRT Jaee § gar
HIT 36 STy AT T ATHA L 8 SIIF 2l
et 3BT B STTele, T IS HIdl hl Taa i 3T
et 1S WA § 3o ATAfareh ANTET AT & S7ew syfie frar
21 Tt ST STERER Jeat forior THfa S 3R amgEeefe
Higet H TIHI G o fSEuor sht Sgat ST 3 fofe STet 21 sfieft &
T % foTu g oo foranfra fere e €, fomat simues diget, Scasiq
T s, e () A, ot wEie sEeie i
T freiar w st ettt fafrat s & (10, 1171
37 faftrt 4, uderdiet diea =
SIS § Y STANT fomaT T2 B it 3em fofr= e it & s
M A F (AT WETA ThTeT I il FuishHi ffwar s
YT T Y ST B T Higel Ussii WGTH THRAUHE (TUS) ohl
RIS LT ], ST TG STy shi e fFsftar st srarar 21
STTaTes $E 3 STe & foere STt sl @1 X ot Uk o e Teg
fogmar 2, Sefer A S8 o A fepet aTelt ScisH AW 9 |
Aifiren B 8, 2 3 A W S e [10, 12] el ST 21 36
forgia =1 R] ek, TR Hise Fo st i 31 e fewdt §
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ST AT ©: SETIH $6 % STel ¥ fehe are st (sfidt,) ok
T 3 STo T e arer st (i, 38 deie T ST
Tl 3R &ft urdte W Sfit | o wme iR Hiew % feae 9 e
T TS Y ST hA o FoTT o T o fopam T R

A, TUHTA-SeAaTy A: |mq|a|'ﬁ%mﬁmaﬁﬂg‘é
wﬁﬁtmwawmﬁwﬁ%ﬁwm
ﬁmﬁamﬁ%%@ﬁﬁﬁﬁwﬁﬁxmwaﬁmﬁm
ST eyt 2, ferareart sgsiit S sredd wgfva &t 4l

2. Tet fararuT o Hraw weeft Rufaat

T S IR feg FFafiet (sfeery), amomd (25.27° N, 82.98°
E; 9% T ¥ THTWT 80 HIeX S0) o ifceht formr # ot 715 of)
roret, Te TSt § i 7 3 form wrar ® ofiv e 112 o
forciriet & &rhet & Thetl 81 98 Afiieh &Y 8 Toh Hecaqul 31 &t
ST 1T el g 7, ForehT ATeIet 7 o1 W Bt STorT
(2011) 3 STFET T 2399 AT Ffer 7 feheiiefie &1 et hd B
I e T o SN ¢ forly g1 &, ST L HTet qorTereh &9 4 SaTaT
T S AT H AeH R 8 [13]1
59 & T a1y ST # e A

ATl H e o g § a1 B aTe qTfesheie e, B H W e,
TR SR A fafafr & e are Seae R g # e
STATT A ) ST H T 1T Scersi i Tk Tew fHert
2, Rfifeh arToTet & tfiepa Mt Y e T 7,77,000 & SATET 2,
TS Sftamew S =1 ST ARSI SET 2T Ush STST A S STl
2[14]1 ey ST H B R
IoTE ), AU =R 3TT-3TenT Hied 81 & 3 (REe- SHa-
HLE), W (ATE-3TA-1S), T -] (SH-SeTTs - 3FT-foder), 37
-3 o 1 (S| L 0T AT HIew ForgTT Fersamr
I STESIT % Y6 STERAT o6 TR 8 [13, 17]1 3 Hem! seerat
T I8 § IEs B S Hsper Hrew i Rufert § staw & Fwor
T Sl HTAT H o TR AT ST & [9]1 I8TeX0T o6 foa, 3w =6
, TS sh AT H ST SATE-9T9 o 9 3 3737 & & el
Tk T 7T 5 =0T AT €M € [ 13]1 §h 39, Wiedi H AR
T feor argrieet feafoRrt St & STt oA e a9 # weE i 3
e argreelta geaar &9 2 St 8| avi-hg & T, TR §
TTATT ST BT ST 71% T 8rar 8, S o718 A1 ke
ST T shl |igdT U ShTohT STE ST 81 3ok STeTTe, 56 Hiew
H 3 &1 § TS T S STEL W 8wt § [15,16]1

AT T ATTHH (Temp), ATAfaTeh SMTEdT (RH), 37 gam sht
T (WS) S8 HIGH o A19e, sheld Sguor R s (el o
wm@mw%ﬁmmﬁn e & (e ) R
Hieefieft e (et st 3 ofter 1 gt e 5 Tt 2, St o
Y Tedl & ATATE0T H ST 8 STHT S T ST o el H,
AT, HTIeT AT S g 31 e S 51¢ (Faiftesh-wher) Hiaw
wafeft Seretet 3 gt o Hecayul &9 9 = TE1 2 81 36 A,
HTeftell TT ek Hshighd TR Tora-Fef et Seas w5
Terem 8, <Tet ger =t Fafirg &9 & Hforsic o wenfia feram s 2
et T, S st stemt T off 38 & % for e et
SyErT R R [9, 13]1

o 1 e F W % R 9Nfdek ST (RH),
AT, ST EET T T (WS) S Hew 3 T 719 & 80 7e g
TS TEATS ohT FEETaT B WIAHT STET ATIHH ST 27.09 £ 6.14
cQfeTEE o St § T 1 SfHd aTque R 15 cufewT|
TeerTE fopam e, foret =18 TTe T T 3T AT 51 T 3 Se,
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e g TE T HI a9E ° A (~34 “Wiowawd) § T AT
ATTH @ T Tt TR, STet & ST e T # -t
I g3, FSEeh a1e 3T & FeeR T 3 HHT TS| WA S
ATfereh ST (RH) AT 66 + 12% off, STt 3181 & 0 & 67 39%
 Fercart  STeT & ST 76% o off| T AT ga oAt fer 7 oft et
e T Hert SAaT galT Y T (~1.8 Hiey/ashs) 7S | &t i
TS, STaIfer Ta A g4 I A (~0.6 Hevdhe) T & g8, o
TAT 8T gaT <1 7Ifer 1.03 + 0.35 Wevdshe W

—a— RH

IR T

WS

Dec-20 Jan-21 Feb-21 Mar-21 Apr-21 May-21 Jun-21 Jul-21 Aug-21 Sep-21 Oct-21 Mow21 -
Months

Torsr 1: srega st o SO T # (@) |Te AT (%), () aaEE
(cufeaem), iR (@) gar i it (fiev/dehe) i Aftes e giEdl

3. Scieh ShTa ATAT 3TR &I TS

Ao shlel (sTE) SeaHT |isar o 2 efiet gfd fime it yareg et w
T drd-qareed wdeiier (TE-33, it wsfefteen) s SwRmT
ek | THIE o TH STatret o |Te SR HIAT TIT| 318 SYhU0T o 2-
Avere g o SR 9T s T @ AN 36 Sredl T dehrieh
wnfiret ® arfer AT 3 SR et Afem 3 3TER U 19 Ik
fopaT ST Wbl 18 SuaRUoT Hifcehl formt o werr St #ierer R Hisg
T AL H TRTIET T 91| FAT SeRTRT 3l 9ol ol S | AT 3
e SR TE@T 7T o, S G ST § T 10 Hiet I 8, e
IUHOT ITTH-UTH Sl &l T AUt of Heohl

T3-33 TSI @Ta qr <& (370, 470, 520, 590, 660,
880, 31T 950 ITHIZT) T ftheret 30 UL ST K0T % HIEAH & THh1IT o
&f U T TTIAT 2, ST e 8 e iR -3Tateh JuishHi & aeh
T BT 8| g T AT ¥ QU STaRISUT hi quishe e i
T AT =IeTT & I SHaTed S8 o STe STt St S STei § ferer
T SitEf) 3 G ol sieaiT i | Heg firerdl € [18]) S $uH Ster
Y fehete 1ol TG ST I8 TSTHT &5 T S3TeT STy feend
8, Steifer STTETeH $4 o STei | Tehe oot sfhe fere-srates & H,
GTEHT 880 IHIHIET W, SATET a0y fewet € [19]1 retiter Sehrar
effor s aeft Fre i 2t o HTaT STt R, sfiet SeE wigdT AR
T 880 AATHIST X ST & UTH BT ®, &t 3T WEI Thi o
TEIET A BT 2 WS g R o W Bt o 3e
(Serz o <fiet 3T 9T 0T 31fRrek dfteran & Starfya 21 8, Afe
frene-STarTeh &1t H SRt STSTRTINOT ShTeht &f10T 81 SITelT 81 36 TR, 880
Ffefet o rareieor g w9 & oftelt hr wwfia ¥, S 3@ gaeh wisdr
AT o T U SIeh e s 2

HTY TSSO TUT(e shi SeHT sl § Seer o oy,
T IUYH SoAHT STARIINUT S-SRI (THUHT) 3T SN FohaT ST
2 [20]1 36 ST H IHRINT fof T FaAferT- 17T wHue 7 shwer:
370, 470, 520, 590, 660, 880, 37T 950 AT T & W 18.47,
14.54, 13.14, 11.58, 10.35, 7.77, 30 7.19 Hiee® gfq um & [21,

21

TR AR = e T 3

22| TUET ST T (D g ) SR ST S5/ Azt o st=r
Tele 36 YRR

baps(1) = BC(A) x MAC(A)

et o @ IS Hal i T8 F o [, Sared 69 g8
(&ftelty) 3T St S < (sfeft,,) | AR 1 A T o ferg
T HiSe o1 IUANT TR TR 3 Wi & HAFAR, T iz
e T FHA W AR $7 31 Hidl o STERI07 ANTEH
AMTEETR [23]:

baps(4) = baps(4, ff) + baps(4, bb)

St&t baps (A, ff) 3 bgps (A, bb) shwet: Sfared $e 38 37
S $E ST © S SR 0Tk T S ieres i 2

T % Wifte Frm o e, e $e
3T ST o ST a1t Bl o foTe e starRieT S otk
Frefear A 59 SRR ek TR ST Eeha &

baps(A1, 1) _ (ﬁ)_“”
baps(A2, ff)  \2
<%) bb

baps(Aa, bb) _
baps(42,bb)
ST O 3T QL STSTIIOT TS STl ek & ST ShST: STaTed Se 3T
e S ST ol Eiell BT Tferifred s 8
T el T ST ek, el St WiEdT § Sfared 6
T (SfiEfly) SR ST $u ge (SfE,,) o | AMEE T ST
ST

BC = BCyf + BC,

39 TR H, Foret o % foTe e o, 3R, T ST 132 8
ST S TET ST T T 3 fTe ST fepa ST e et
TS O, T % I Taesiier 8 31K gafae geeh o e o
i grg W i et 21 adae afigyd #, Wl 9 8 U 5
“fimitfereh & H Shefl gaTT 2, ST 1o shy dek Uge & ed wiEet
a5 sfere fieT 3i oS & o 2, |, o, 1 e 719 2
Tt form T 21 SATESIT & o e STemei § Ui Hrdish o
T AT o1 SUFNT fohaT TR [24, 25])

4. iuTH 3R feeemT

ot 2 T feis® 2020 & Fea 2021 T AU T scieh Hra (Tl
T HiEAT | ATTeeh UREd T AR wite @ T 8| e e
+TRT HTa ST o = ST St o ST bt ISR e &, Forerd) ot
= & T sifersnier S foig wren 3 e A forarer % wfiaw =t
THDI BIT 2| e I AT I qwiiar 2, St A i ket yaf
a1 WaRTq T 21 SR 3R A= Feft el Heft @ et Eet
ot gt €, S el @ Sud i 9o Y I A e T
Sra@ o1 w1g o o Heg firerd! @ for QU wei wigar # foramT an-
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ABSTRACT

Quantum computing is a revolutionary paradigm of computation based on the fundamental principles of quantum
mechanics such as superposition, entanglement, and measurement. Unlike classical computers that process
information using binary bits, quantum computers utilize quantum bits or qubits, which enable certain
computations to be performed significantly faster than traditional computational methods. This paper first
introduces the concept of quantum mechanics and explains how quantum computation is performed. It then
presents a brief chronological overview of the development of quantum computing, along with a discussion of its
current applications and potential future advancements. Particular emphasis is placed on the relationship between
quantum physics and cryptography. The paper highlights the potential threats posed by quantum algorithms to
classical cryptographic systems, as well as the promising opportunities offered by quantum cryptography for
secure communication. Standard references are included throughout the article, and illustrative figures with
appropriate headings are incorporated to enhance conceptual understanding.

Keywords: superposition; entanglement; measurement; cryptography
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(Linear Operators) <7 iRk 3T (Probability
Amplitudes)—aTed T T i w1 Fmior s {1 e
(BETENT) R THTTHE (STATH) STE SEATAT T SR STANT
foram ST @ R wet TomTee et 1 e foR S Ees e
Fieqet aofi i =Eew R ST W sEe aRoTEEET UE
TUTTCHR &FATS SITH &1t & St Jrfeh Hvegfen & wvier et 8 [
5]

5 FeTten Hefem S freermmdy
5.1. TR fier fereimmdht & foro @

*% urafeh SRt faftrt i gear nfordr et A&
UM, HiSTS TR TR BIell 21 SETEITEare:

e RSA 3R ECC (Elliptic Curve Cryptography)
fowhle dfiEr qur quiiss oree St Sifea
gt o feft et 2

o IauM Yfeerer-ht fercaifireerd & foTg st st wermifar
T R GaU Td wT 8, @i T ®9 9
IR Faien P W I §7 THETsil 1 g
T Y T L Thall 2

5.2 iew fereemmdhy

TH SN, Faien Wiifsh! FUard e & o 73 dwreTe
FHEETG K-S

o FJien Fuil fo0T (Quantum Key Distribution —
QKD) yenfera, 5% BB84, HT9T | Sca—T faeiiy aeim
F-FATT THT (No-Cloning Theorem) T ST
mﬁmmﬁw (Unconditional Security) {Iﬁl‘f\%l?f
T

o fordt oft yehR Y \_rI'I'EI;H'T (Eavesdropping) kT S8
AT H AT I LT &, Toee AT & o= S
gepa 2, s gefara it farfmer glifia dar
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TR &1
3RTHY et
2048-fare goft - > |
| 5 i ' Algorithm !503H@x isésa.

3T 3: RSA FRERTR W ¥R % Teiited &1 99d - I8
ATepTer famelt @ foh 8 2 ot Farfen Termiier RSA St urafiss
el BREmThT I drg Thar 21 FeH He a
WIS T UGS FRET & e wedr 2, SEd RSA #i

TR FASI I A 2

Faied FET & fia fowm & FHor gRufe wes-Fet
fEreerTeh SIomferart S RSA ST ECC Wiy 7 STgrfard g1 wahdt
%, Fifoh IAITAT Faed %‘ZIC\E'( Shor’s Algorithm & qeEq 9
EH q\wfa?r £ ‘;WH'@@"—T (factorization) @erm fafers NRUMED
(discrete logarithm) Yt ToTeier TremaTy =t ?:ﬁ&TITﬁI %Y qHI
T T WA o TH HWTTT T T S §U RMeahatel + qree-
Farien fsmeermmhr (Post-Quantum Cryptography) et Teremrar ey
foram 21 =1 Uelt BRnftheh deriehl &1 g & S 3 it
EES! W AT Bt & o 7 e T st afew
Farten R F FoT ff T AT SR S W ST 2

e aten B! % g o § Afew-smui e
(Lattice-Based Cryptography), hg-Teniid fereemmdr (Code-
Based Cryptography), 2er-3menid fRedmmhY (Hash-Based
Cryptography) T Ae2lafue sgue FREmTr (Multivariate
Polynomial Cryptography) wmfiret 8 wfeg-smentia frammdt
I AR A9 T § R folgatt A sanfidta @Rt W
ITenfed Bt R, STeT Shortest Vector Problem (SVP) dur
Learning With Errors (LWE) ST THeTd STeid hisT At
STt 21 56t Teh hie-mentid fsheemmhr aﬁ-ﬁ‘ﬂ'l’( B (error-
correcting codes) WX TG BT B, SR RYT-SATeTi
fopeeiumehy geferet foreeiomfeh 2T Wherert ohT SURINT ook fefoieet
T (digital signatures) & el 2

BT o N1 H o SIS HThIH0T HEATd, eIy &9 & NIST
(National Institute of Standards and Technology), TRe-aeicd
TR & AR T R & & 81 NIST SR Stierd o
TEeEqU UENHE ¥ CRYSTALS-Kyber, CRYSTALS-
Dilithium, Falcon, 3R SPHINCS+ ! wfarsr st gufarq d=m
sronTferedt o for wTfere wreR 3 &9 H T T 81 $7 Ui
Ieva I gAfE we € vfasr § o fefea d@um, <o
T ST AT GRa 1 FEien Hel & Gifad Tal §
e T S Eh|
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HATHNT 4: FATEH AT H eI FITH HRATT qAT FITEH
Trmmhr il iiferhl-smeTi gee somett

6.t TorhT-SITerTia Feer ot TRE:-

e ToReThT oh1 FUaT SHAq: /19 % S JaTieH Somferdt o
ik SRR g GRTET Bidt 21 S g ATHAEHRT Fien
T AT T @ AT AT ST SR T 2, A1 Ao oy g e
Faien el i qitafda o It 2, fores aftomreaey aren
Feft 7 Tw FfeAt 3o Bt 81 §7 A q A FERET e A
STATTERAT T F9 & A ST T G I T W © 3R
U 6T TS BT bl AT T 2l

6 Yo, FEieH foReeiuTehy shi Get SroTeneh HHTsT & Heiferd
HIIATST T T, e STehfren wifeeh foremi v smmenfed g 2,
forerr =g wiforsy Y qertehl wTfer o SIfer el Aok siferreft o
STt 21

AforT o1 DeroT (AWh) ST () FTERAET &Y T RefuT (et
++ B LB o gx-ge
+ X B . .gxo

(o[1][ofA]..]  wafew e [1[1]o]1]1...]
| QT T groit

(ool ..[1].]

@Tﬂ%ﬁ 5: BB&4 Wgﬁﬁﬁﬁtw (Quantum Key Distribution)
ISRl - I8 3TTh{d BB84 TIEhiat ol au1idt 8, frad Jwen
(uferer) ST STt (SiTeT) BISHT o Faied STETATST T ITNT
e T WIS 0 Shofl T e 8| Fopeft +ff sTferepa swaary
(Rg) 3 feerfer 3 oAt Soam et €, Fores STt o ot =it
STTAT 21

7.0Te-FaeH heeumfy # saien wifadht <y
witrenT

o

STET FlieH ToheaITThT FerieH dehmieh Rl SU-NT ST 8, el dIee-
Farien ferermdhy Ul wrafier (Fenfierar) faftat forenfim et &
ST FErteH gHa o Wfd SfoRreht Bt €1 R off, 3 st & of siiferhr
TR wHE H 7eg ! 8, forrvert frmfafiad weqet 4:
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e  TUMTCH HMTT (Computational limitations)
o IR i (Noise and decoherence)

o  IERET FieH FU H il SAERTH
(Physical feasibility of large-scale quantum

computers)

7 ¥iifcreh el 1 TR I8 feffa F § ger 2 e 6
Farien-sfcrreft somfert et sTelt it ST & Sny e A
&

[6]

8.3 Uree-Faien fohenmdy ot g/t i
BTy

Farten SO 8 offet STfer 3 it nelstep-shet foremht S
RSA 3 ECC 1 dieiehiicrsh guafm o it ey 3eq1 ot U &,
RIieh TR % T S FieH T o quiteht o U@t
I TgUE W H e H § wew 3 36t wel § dree-amie
[EasapiEn) (Post-Quantum Cryptography — PQC) T fEEaE)
T 2, Frerehn Sevar U foree s oot forshfir s & it et
T FACH AT SR h ST o foreeg, Garerd &l 3Tgfe PQC
TE: I O TSt T i 8 S derten sheget g
+ff FIAATYEF B AT HIST WHT STl 2| 70 Afew-aenfia,
@ E

Afew-smentca fsheetmd {9y €4 & Learning With Errors
(LWE) 9w W Tenfid 2, 518 ey w2 fomam <t 2

Aste=b(modq)

T&T A TF 1 A 2, s W a9, e T BT e A9 AT g
HSITT 21 30 THHTOT § sss T JTA HAT TUHTCHE &9 § 3T
IS HHT SIAT 8, ALT qoh 1o F1eH et o ToTw +ff| et oy
LWE @ Ring-LWE TR 1SS FH T H Helifersh iehise
8| Fre-amaTia fFmrd Ffe-gur wet A weT fewifen
THT X TN 7, STaifeh JuT-Tenied fefoeer exdnea e
391 et ol TRt -gfeiershar o fft et &, o o= s @
TH YR Sk TehaT 1T HehelT 2:

H(m1||m2)

STet H @ﬂ'{f\ﬁdﬁ%ﬂ BT § AN || G (concatenation) ED)
TR 2| TG TEIE-SATeTING JonTforat #ifHd & (finite field)
T iy 3 ague Tt A B F A HSAE W
e Bt 2

TS & Al H UE-EieH T % AR i fowm §
TeeaqUt Sf gE 2, fomiweRt NIST 10 wenfora === ik &
e &, e Afeq-sarid Fi-wshegern i -sAaia
TEATER AISHIAT T T TeRdT &1 718 21 SHH STTEE 1 JeT
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z foig it SATRR T o AT, TUHTCH S&TT T@HT, HIFS-
ST ST § AT TS AT TAT 3T T 1 TLS,
VPN 3 FA13E HaR STEETEHT H THiwd T 21§69 TR,
e arten fore el oh wferser o quid: Jfe-wfew) weien hegedi
¥ 37 Tl FRentteer @adl o foreg T ST il
fehe-feres quTerr o w9 § S@T S @ R

9.3 ST eh-teht ATt

TR FieH et SR e et yonfeat o
A HeeaqUt sfifsh ATt ar S, S

o wigwhy Fafrel ¥ wnu  SwieE

(Decoherence)

o TaieH IR SR A FIR (Quantum Noise and Error

Correction)
o el E:\Df T 3AAT (Entanglement) T ST T

F o €Y aied STEeTat T AR 8 Sea Bl § 37
32 UR AT Fied TR & foepme it gt <t areneii 4 9
ke

| i
=== L

EHER] <

HTHRT 6: NISQ I T FalieH TV TTEHT:- I IR NISQ
(Noisy Intermediate-Scale Quantum) I I FafeH HRT
TTEHT i SR | $9H FeieH SHET, JfE Gur aF 37 aidfe
Terisror orredt smftrer 21 e waien yonfert Wk R e
§ srrfera reft €, foredr qof Ffexfed TomT o1vft weh el st gs
2

38 fordia, Ffe-Tfew] Faried HUMT (Fault-Tolerant Quantum
Computing) FaieH Ffe-TER qehr{1eh T AT It 8, Forreht
HERAl § I ik Hfoed w1 w9 T drfes
(Logical) Fifere ffi foram St 21 Stet NISQ FT i sromferat
TRL (Hybrid) Teiit qem IrRfies gegit & forg syt &, o
RSA St urdfeer fpeimithes qomferii =T 31T o Temie grr
e S S FAT 3 Toree e stshmii 3 forg qufer: Ffe-afemy
TTEHT SATETIF Bl I- SR IAT FIIH STEIR HT sfarsg i
foreqa, ATaRT (Scalable) SoMTeTa o sffer foreram qeRdTeht Sfat
I W8 &Y & 1idr 3

FATTH O H TR T RfoIe sh1 T ST shi IOy &9

T yER s RSt e [B)=al0)+B[1)
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STt o 3R B Sfea (complex) TRk W (probability
amplitudes) E & |ot|2+]|B[2=1

I FHT=IRWT (Normalization) 1 ST g=ITaT 21

e gl B g 1 s it defi e 3 ferg i
for2 (qubit) =1 3T fera STTaT 2, S AR foe i qer §
ISR S GETerE S Feied it o shieer 1t wftmedt
T 21 Fdae # fafaew ® wEifad 0 F g w3 e
TeF-ATRT T ITANT TohAT ST TaT €, R S &9 8 Fuehs (e
aféhe (Superconducting Circuits), ?"@I AT (Trapped lons)
ST RIS e e (Photonic Quantum Systems) it
) I AT o 37 forfime wmw, Tfmd 7R ST & 3

(Josephson Junction) W SATHTHG B0 & 3R 3% ored e
AT (SR firefihfea) w deferd faram smar 21 s g
T T & fop Farien Tiew ot aga ot 1T & SEfora foram ST weRar
2, forass For %3 g Faien Heet, S9 6 1BM 3R
Google%wm,sﬁﬁmaﬂmﬂmﬁlaﬁw
&ve 3T foafored & ST 1 foRIa-Seehi & o HTe § U
g et T FeR T ST 21 36 T 1o b1 Har ST AT 36T
I I TH (coherence time) 3T ST Tl FaieH T
HTer €, e 7e 3= T ATl FEien oS! 3 foTg 3
ATt STl 21

Tk ik i Faien feen § gerT A SR Uit
(photons) e %H%F{UT (polarization) IT U o AT ¥ TR
foparT STTerT 21 30 eetien ot Tardy st o e & 3 et el gl
o farm e1ftres aafar 3 I o Hena €, Fore 9 sien g 3R
Quantum Key Distribution (QKD) % foTT 3t swamht forg
FE A e e e E o e g
Thcifeferdt, Tfe-gar 3R feran safa adam i &1 9eT
2T UHT FIieH TTSATR ToheTeh Torehierd AT & ST 37foreh fEem,
Ffe-ufcrieft 3R g T T et &, ATl st § et
I SRRt Faies et ST ST Hehl

10.97freer St HWTEATd

FaieH FA % fiet o & Treumdr i gfdr w=m A
gfe 3 sitfores aftad a1 A wifersramoft i s @ 3 S8
FEG-ER FATH ST ek AT fereh &1 11 & &, EUHTH
SHISTAT 0 ST TR Ufsher R et @l 1 AT
1| SET SHTLOT, Ak T T AT leH-Guiard el firehl shi 371 w3
e €1 3 gieshivT Faien eraa o1 Sufeef o dreferorss gt
i3 e 3 forg forskfa fomg e 2

foriy &7 @, Faten ey, 3 favve Faien it foawr
(QKD), siforer & Ham Eearetl § wewqur it e
T eIk Rren o =1t T 2T g, ¥ S Srepretd St
AT EHTSAT T IR T T 8T Tt 8| T TH, TrEtien



S-fom EE 3, 3ok ¢, B R03% wr fo

Farien ifaeht & wifa, S o o Siete goar 3T 3TfRres -0t AT, H{SAT X AT 21 Fe, Faien siifersht grear war
FerieH TTHTS, FTeH UM i Tfh ST Fien-Guiard Temhia F % foT Faried ufsrmr & &9 1 sifeenedt g of v
T TTEEiieTaT 1 I8 T ST FAT 7, S O Stfeetar & e ITehfaen fogidt W smenf
oo _ . - . H Wiﬁﬁﬁﬁ'{w (Quantum Key Distribution — QKD) S
;{{:;ﬁ’ e m:ﬁﬁﬁx :;ng% Ik I8 g9iid & foh STEAMIUT (superposition), ATI-IRd
;‘I?JR'IT S XS, a%cﬁ B ﬁﬁﬂ;ﬂ'lﬁﬁ T - SN (measurement disturbance), 3 AT-FAHT I (no-
i W-wﬁmm#mﬁ@ﬁmmaﬁ cloningtheorem)éﬁ‘ﬁﬁmmﬁwwmlﬂf&dﬁw
ot N T foma T EeRa R

11.freeeed HATER A el 1 3T U Sead il Hohd aaT 3] S-S
e e G e e T e el 2, < Pt TeiRen 1 saTewfn e SR et
Fartem el 3 Rrgidl a0 S 31 goH SE T IR T H T | S, Ferte e e
e sonferdt 3 o e ST e T 2, R R 8, 7 ok ST T 8, e A e g

61 afeero a1 o Fretfed s R
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ABSTRACT

The biggest puzzle in the field of modern astrophysics is understanding the 95% of the universe that remains
invisible. According to scientific calculations, this invisible portion consists of approximately 27% Dark Matter
and 68% Dark Energy. In this article, we will conduct a comparative study of the theoretical necessity of Dark
Matter and alternative theories such as Modified Newtonian Dynamics (MOND). From the direct observations of
the 'Bullet Cluster' to the mathematical precision of the 'Radial Acceleration Relation' (RAR), this text explores
the boundaries of physics where the current Standard Model is facing new challenges.

Keywords: Dark Matter, Bullet Cluster, Dragonfly 44, Gravitational lensing, MOND, RAR
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AR-EAT

Yfe @it sfifaeht % & § T 9t ueelt e ¥ 3 /Yy
sfeTer e 2T T & ST 31g% 21 AT MM % STTER,
T TG 9T H ST U TfiwTa e Het (31g% uare) it & ¢
ST Teh TASHT (3759 Sretl) WIEATAd 21 36 T § 89 Sh
A i i sevawar ot wefa =gefEa i
(MOND) S& Jefoush fgidl sl qomiens ST Tl 39
AT T T g Aot (1w vard) it Sgiferr sTrarvEeRdr 3t
weif =EfRe afad (MOND) S Jsfeus fasgidt &
TATCH STERI | 'qele TR shi Teded AT § T
T TR feRH' (RAR) 3T T &1 a9, 98 o
oftfereft <l 37 T T TITUT HLAT & ST&T ITAHH TS Hised
1 7 AT 3BT HTHAT AT 9 T 2

R (x 8000 Y.4d.)

I ¢ SATeRTIET AT E[\Uh‘ ek (Rotation Curve) - Ufera
AT Sgiferenl

STSRTIRTT o e qri sht fer fort ¢, 21 gl & R
STEt AR ot I & oSh & G § S T o o T ATl ai T8
of Tk firetar & fob fom ereh fet o 37 ari oAt effw & st =)
I fermfer g sl & Tof SATeRTImT o =R 7R Ush feremet stgvar
FE T SR HISE 21[2]

Afergrites Tz orgva Feau Y UEelt arTEe

SRS 1 ged WS § W FW B T TedT Hohd
2R33 ¥ fam wriereedt fiest feasht 3 faam om T Fereet
ST HLd THT S=i T o TR gt dsit & T
T 2 o 38 Fereet % e T % fore e 39 arel s &
TR AT e i ST of| IR T S A
(Dunkle Materie) 3TITd '3FS0T WaTef' T '37gY9 AW T ATH
feam sreifer, g0 fa=m =AY =ames AraT 2o o Ewren § fire,
el ST T 3 e I 7 STHREATISAT 3 H0M a5 (Rotation
Curves) T fsgwuT 3R 3781 ST Toh STTRIIIIT & ohg & BRI
ehTeT oY g ke o <hT =i off o6 o U STt o ok ST € el
YT & SR T AW % SFAR, Al A A AT FH B
=iew of 37 formfa 3 7re wow o fear for stmepremimet & @i
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forae firsm wdt fr g

AR T foTer S1g9d =l (Halo) HISE € Sit 37ffieh Tecarshsor
Y& T 2[R]

STeh HeX & THTOT: TN 3R T&r0T
1. I FAE (The Bullet Cluster - 1E 0657-
558):

TE TR TN 1 Hedl Hewaqu |1ed 21 S &t forema
HTHRTIT T8 ST9E H T &, Al 346 Hiiax 1 7 4 (S0
| vRT ) forgd-rhi sl o HRT ATE H TS Wit §
R efteft 21 SiTeft 21 g forrdia, Sveh fex for fopeft wrefor 3 wh-
THL o AT e STt 21 DTt AfHT oh 7ress | Sf et
FEH T A0 foRa T, t T T fof eamm ot 6 |
6 3 T STEd ST oT| IE ST et & foh S1eh fiet Uk amedfaren
+Jifcreh 3T &, 7 Toh STt TTecaTehsoT i 1 A2 3]

ICERS gﬁz AL (Bullet Cluster) W STeh #2T 317 1 &7
Trawon

RIC FAEL 1 Bel STk HeX o S b T 31
srTor 21 ot 3 [ 36 el &1 i e (gvr gerel) o awitar @
ST TR o =TS st 3 %k 118 81 T, <fieT fewe @ T R gwmiiar
R STET e Set (Mass) Her 3Treh 21 3 ST T 3Tl 8T
IS TIY AT © o STeh Het |THT= ey o ST §Iur Tei hiaT 3T
SHE 3T STFER T 2

2. ?‘W‘Jﬁﬁ' ¥¥ (Dragonfly 44) IR Hecl-
TS frerat:

STTRIIM ST ¥ T ATeht bt =iierr fear
iR SHH A 6T T TART Forehl-af T qoT 7 2% & +ft
&, IR SHHT i TTecA TR0 ST THeshl-of o STt 3| S8eht
379 78 o SO STTeRTIWITT ST R].] % SEIH ST Hel & &9 H
B Ut TR 7% g et & fo STk fiet 37K g9 wared &t
I SRS H T S Th @AM Tl ara, St o7 fifeht &
iEeRIT & STIA HEearo 21[4]
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ot 3: §THORTS ¥y STeRTIRTT, Rre A ant 6t gerr
T 22.3% STeh HET & T SITAH 2

ot 3 "STUATE ' SATHTIT BT 59 B [&] I8 T
T T GHRT STIT STTSRTSTT o SRIGR 21 AR o STTHR, 36
Tl T ]R.RY% T Faet 1 HeX o1 7, S I S30aT ]
o6 sTaTie W v aTel o forT +ff formiet SeemTd HiSe & ged! 2

3. AfRYAE AT (STh #eX &I dle &l
=)

2T X Wl oIl ®Y © IEAT ST § i I8
RIS okl GUEfAd el ohldll Wik AT & =T ATierar
f4SIT (General Relativity) 3 STTHT, SEH SHATE & HI H
HIg <aT 21 S gy feurd fopell STrepreniT 6T e ST Het %
TorRITeT T &SIt o 2, T 9 THRT 7S ST 81[\0]

B e 1 e
(Af2erTe o) 8

o ¥: STk fieX 3 AR IS % HROT WS | ST ATt
FTHTIRIISAT o THTIT T TSI

forae firsm wdt fr g

2T Hex Siafeet # U fremet o i ave i T 2
et ot feerd forelt STTeRTRITT & eRTRT SATAT 2, At St # HiSE
g@ﬁawmwwaﬁﬁgéﬂ%@emed image)|
T T2 5 RS ST TR 0T ek &9 3 UaTe T We oo 6TY
Tehd © T &9 9 e wehd | ot % [¢]

4. YT THeATHYUT (MOND): Teh ShitaeRRT
e

g1k Het o I (S WIMPs) il Joaet @i 7 firer
@ foweraratt 3 e =gefem il (MOND) &t &t fear
Bl L¢3 U Hiders e g et 78 Rrgia ear @ 6
TRCATEHYUT T I TeRoT o U 3 & (1.2x107° m/s?)
i w3t ST 21 Eeife, MOND fgia STermimait & =i
5k Sh! TS SATEAT 1 AT €, T ‘ST Sl o &R T
FE qUId: T el Sl e o Wiew Tecd RN At forga
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foret . YfeTet Teieie el (RAR) ST IT% i MOND
Y ARl

feaa wiEr f@wE (RAR) 1 71 fo & ek
AT ShT STEURON 1 I <1 81 [22] e fowmar & o awi
RN (Acceleration) 3o G¥F FoIHM o T T cdd TN
T Teer WA 21 TE I 'MOND Regime' T TR 39T
AT 2, STl TTecaTehevT 3 foe =12 3 forgial & STer St T
¢ feram 3 shr shta fems < 2

rafaaR feETta (Pioneer Anomaly):
1o Het 1 veelt sharet g Reerq streprentmeAT 7o &
it 7t 2, afcer SR 310 TR Hed % B W ff @ s
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Tk Tt 81 2R\ o 231k § TEET Lo 3T 88 it wfa # S
TET SEATS 3 T A, I el HHY Tk T Tt W T ST g
TR feRtTier st A fo T ereiter, smgfes Ser faswor
(R0%R) ¥ 7% g 21 a1 © fop 7@ foreifr Tecararsior 3 foreft o
frem & s e, fess i fafemor st & wor oft| I &
offeR g forsrett Swereont it feaiemsaiei amtsaifags et
(RTG) @ T areft et uen fafdre fewm & gemar e o @ off,
o 3t Tl 3 gaw T TS

AR 3 T fom 3 I 3ot o B s Rafa @
olTeT dies T T8 91, S foh IS AT o1t 3¢ 9 o1 S el @
. 30 & IR ferer et ST R1[2 3]

TR (RTG) k]

LIRE

o & urafrer stafter ar ofi soehy nife & 3wt v wew
et [2%] [2u]

fo & URfRR fafter I S qeRiht @t
Tom@m T R1[% 3] 37 AW T A H S GEH S_AT (Anomaly)
@ T, F IR ok AT T vRedt 59 T A 36 I WA W
wore fora fof o g TTecaTaRsior % fore | wiet ot wimredt
o aret off I & T R S AT I IS FET N S 2

5. STk UgTH ek Toh SR Sf2reh S@mT

FEITS o 36 @ I A o f1¢ goalt ot iR stafter &
WS et T fRu TR §:

2Teh BT 3 VT Rl e Tahe o fore gedt it mewrs § o fedaex
1 2 o 7 o {1 5 o F O T ST gEeh Iratts Wit
T T (Schematic) 8, TS & T et AT o1 ST fopam
ST 21 2 ST g 3 At A 3 i 5 fewn
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forerer o wel Fae gl

foret o: FeRI-SUfer (LUX-ZEPLIN): SR o gafor gehier §
e e Ted W % ot Reud I= T8 © o atet FH H
IYGIT AT 2

2 FTo® 5w 39 31w et o TeeawRt Tl Al UET o Tkl 3
T w0 % TeF IFGaRl § WIMPs % 3@l 31
ferRT= (Axions) IR =i ?Jf;tﬁ‘ (Sterile Neutrinos) EQ)
off sfiret fora T 21 & o forga-eehta o @ w8 R
T, TS 378 T Ueh TSt ARk I 81 [2%,84]
a. FHI-SU  (LUX-ZEPLIN): 3G & gfeqor
ohIeT H Tk Hie el e & it o 7/g Tt ©
T T T ohT ST HEelT Bl SEHT 39 STk BT
6 3 ST A FOT bl TehgeAT & ST gealt o fomr et
ST 3 TSR ST 2
b. TSI 2S M HIATZE (LHC): T T Ik S5 Sl W
SIS St ZaRt & g S faidl o e ™
TSI ol ST shi T ST oL T &, ST Sreh At
Iefiea & Hehd &
c. siafeer fiem: S a9 g orehT (JWST) 3R
T Sfafier ToiEt 1 IfFTe (Euclid) i <k
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Hex 3 foreor w1 Br-e7remt (3D) T AR W R
T 30k e o T | Aee fireniti[2E]

6. Trenet

sTarie 1 /Yy, wlaera fewar oret oft enrl aum A W R,
forad ek At o e S TRl S ger R Sl U S
WIMPs, T (Axions) I TT5e =IgAT ¥ oIl T @IS
Teh 2T 3 Aftea 1 firg & § @i 2, €t MOND (Modified

forae firsm wdt fr g

Newtonian Dynamics) S frgra ﬁg‘ocdleh‘ful a'?l-lmm‘ﬂt\d et
T A= R o6 oI S L g

31, T HEY ket al fagiar o oft e, afosh STare
T T I S AT FART ST s el 81 31 aret ' |
LUX-ZEPLIN S¥ Hagsfiel S0 3 SFd 3 (JWST) S
SThETTelt SefeahI ST 218 T T TG o6 29 U 3757 are
1 g 18 TR € AT & TRcaTEnoT o ST J I aaer
SATIHAT 2
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ABSTRACT

Global Navigation Satellite Systems (GNSS)—originally designed for Positioning, Navigation, and Timing
(PNT)—have now evolved into powerful tools for studying Earth's atmosphere. This study clearly demonstrates
how GNSS can be utilized to investigate atmospheric processes, with a particular focus on the ionosphere and the
troposphere. As GNSS signals traverse the atmosphere, they experience delays caused by variations in electron
density and the refractive index. These delays are not merely errors; rather, they can be employed to estimate
critical atmospheric parameters, such as Total Electron Content (TEC) and atmospheric water vapor. The study
further highlights how TEC data derived from GNSS can be utilized to investigate various atmospheric and
ionospheric phenomena, including geomagnetic storms, solar flares, solar eclipses, earthquakes, thunderstorms,
and tropical cyclones. These phenomena significantly influence the distribution of electrons within the ionosphere
and can be effectively monitored using GNSS observations. Overall, this study demonstrates that GNSS-based
measurements provide invaluable insights into the coupling between the lithosphere, the atmosphere, and the
ionosphere, as well as into space weather processes. Consequently, as a reliable, cost-effective, and continuous
observational tool, GNSS remote sensing holds immense potential for enhancing weather forecasting, climate
studies, and disaster monitoring.

Keywords: GNSS, PNT, PNT TEC, TEC, Remote Sensing
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I TITER TR FHHER o S, S, 379731 FAT e = freor ot st
o &1 T e TG T5aT 21 3 T STeTITT o o ATgHe o T 9
(3Tafeet Hem) steme i R SR % S wEe i famarst
% & T 370 S HeUl ST 3IeHT AMTEHT % A S W 8 F wee
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ToRa TIT R ST A= 38 R i10-FEHF 109 B, TAT 3T 09
T T FA 4891 I Igd oA TRIT B W, T T 300 F A s o=
IR R &, 19 dieeret st o1 wwieni foRe 2, Sf 4 g T A
TG ATl 16 STTEH TRASHIST 1 AherdTees T fFr 21 32
TR "TEHIEH e el S (ARHST T STE T SRTRITaT) shi et
1, T8 SO ST 91T T 21 3214 Tt o sHeT foraforner o uah o
qoh ' SASIHEE thedl' & &9 § % foram| W, g 3 &g 39 o1 i fomam,
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1. TEATaT

A Jfee ST wonforat (SfeTeeee) I9 w9 @ frmedt
i ST afed fufa fafon, Afaem st wm fator
(T BaTd S e 3 For fgsireet ahi 118 off| wreferor i fertem
% & 1 Sfroquaey feedt adt % wod Teeul Faremt § 9w 2
AT, STTTETH %3 R hi FaTd Ja Fdt 8, o feafa
Trerfror, s frertoor, Sferem, wmfemor, wwdste g e st
STifoTeR GEeToT, TH ATk, WHTE0T ST Hiew it €| 311t
TR el TS H, SUTTHTE ete 3TN HisTge §=R & AT-are Uh
HECTUT T o 113 8 SHTUATHTH i I HEH GaigaH, Srepfsh
HATTRTSAY, SIAST, TATRT (1-4) 3R AT 3R ATIFHS F T8
TaET (5-9) H oft R ST R

SRR BT 7 YEAT TIRR SUIE foreniad
o, o1& 1989 § wie=r ferarm T 3R 2491 3UME 1994 H wiee fopa
T, e aTe S7e 1995 § gaeht qot aftarer e =ifva i )
3T, 8000 ¥ TFeh IuwE HATee § 41 311 o6 &, S Sfeeaed &
fomtor e & o T 3fi foie dft o o1 segat & fore s
TRt STt ot &, = ot i sfroeae s ar et o
STIE JUNTTIT (STRUATETH) HISE &) 77 § & Heeaqol iR 3=
SfieTeaTE & e 57 TR S et N e (shdfew)
IR w6 " fil e Jfaree deese faeen (Sheamen| S
ORIt 5 24 3T | ST ok ITE Jeaft i Tetg & T 20,200
Tepet ot S o i aefir et # oA Sed €, Stefsh sfreme
T 19,100 Foreft o 21 2 17 SfereaTs g w6t i 3w
Aferrer sorreft (Aefifer) i =i i s Ao smre e )

ST T I, W Sl FrereT SUre yorredt
(SMESARTuHTE, @ iferek oft et STt ) 3R St Sy are-Sifer
ST WO (FISTSUATH), ©TY & F3 &= Hasd gonterar |
3T 2| SATEARTATHLE 1 T & ¥ g A & sream §
STETSI o e H FeTed o foTu weieh feurf gt aar e i
foru FesTTeet forarm TaiT 21 SIS TREATHTE 3 IUE Yfker Hefl 7 34,
83 37K 132 Teaft qoff auricR ot 37K 4 3w sqeaHITaTs: HE § 29
feaft o greprar we ferd €, fomept amrfat 55 3 111 feuft gt sretar
T T AL I T 2

2. SHUE hi FATUROG:

U BUHRH H THTIAT EET STE T SR, o e tart shi St et
S ww A 81 g fren s feardiie sitw fethw 1 8 st ash
T ST 8| 36 T &9 § ST FleAgt geawTer o Forg s
oT| QAfoh 3T S8 SATRTAL <2l § 37| TN oh1 g (el g aTE
AT 3 |1 S T R SEqnTed foham i 21 Sfidfree shr i feeat
H ifer ST Hehar 2 (e 1):

(i) e g
(i) e AT
(ifi) TR STTATT
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o 2: Sfrfiew SRt &1 &

() atafter sTgwmT: Siee Iu T IR i B JATHR FaT
20,200 Tereft st S=img o R, forad o @ o6 24 SumE €, S grer
H 30 AT 31 ST T ST T & (R 2)1 & ST AT A= T
2000 TTSE 2 3R T 17 i =ier 2, frem Hit dew &1 sgr T g,
ST ST 7.5 FTe St Afrehfedd shed § e Saer Tod 8 ®%
eIl sMioreh forer T & 55° I Foh §U & 3 60° 1 g 0
31 SumEt o el a7afy 11 9 3i 58 fire ], St et Strar e
Terarer 2, forerenr wrarerer @ fon e fomr Sumre e ot ot avef fearel e
2 Sfidfieg 3 & aree ST Gt L1 = 1575.42 Faest
(T et = 19.04 Tl 3R L2 = 1227.60 AR (A 26 = 24.44
)| Fareer Sidfied & TR % fosh % qed 2006 ¥ TH gEU
Taferforar i wemd L2 Rafaret (L2C) 3 o T eml LS = st
e T AT Hebd, Sfie uitere hi Grem 37 e STy 61
Il WaRTH ol a1l HT o feTT 1176.45 HTTGesT 3h aTeeh ST 37
20.46 BTTREST ST Fefrgy F ary feam mr R

(i) WO FTATT: SIHTE F HA WTHS THF HE
3TN TS WHT B 21 HIEeX f2mvr 35 STafieht & el U §
HTEEL AT BT I O 2| SR ol =1 S feerfer bt 3 fmarett ot
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3ok L 1 36k fore Frmrit 3 @ gehgt e TTe aTer =t s&qmTed foan
STTAT & Tfeh &% SUIET o hell 3T T 3 Hag s ST T <71
Fh| 3T W Ol o R € T SRS (el ),
F FAE, Feer, feum mifer (Re memmm), g e
FATSITAT (ST Tt HREmr )| 3nsfl, Jeah ¥ 16 Rem 8, od @
6 TITWIE 3 3 10 T SERRe-g oy gt 3 3 fordt
<t @ sl Reurfd #, &1 SehaTT W ST I ¥, U wHiad,
Shferepifa 3R guw derferet, Hicts H| Shgiet HTTHE T | I ToHT
FT & T Tg A Wfifbehera 3 et S T T § iR st
SEQ B, TSSRIHE AT 2] sholel Qe 3T Siidfiug dderse =m
USS ©IME UHT H ¥ Teh § S-sI€ qufcieh 3 ST sra=iie shid gl

(i) ~ SUWIT SFTHET: ITHIHT ST F ufe Higqet 2 2,
ST S FoRiAOT et 3o, 37K ue forsteft it smfd) i st
3T TR & B T T TEIHTA Tk AT Tohelt T 1 Fawmish
T 3 ot fopa stra 21 7 foreft e 3 fdanien am 3 forg Fafeaea
TR B AT 8| vt Toeltar & fow At 3w o e dend
AT & S T T FefTer ok Tge § T aTel e i AT 8 R
7t B o B Sl 31 el o 3 for s e S e
et TS AR AR i i S Bt 2

3. SiuATHTH/sdTE 719§ gieat:

Shidteg = & €9 areft Ffeat, S st 5-15 et a At §
AT forcts, S Ffeat i frefter 1 Ffeat i v 4 2t 3
T ATl # ST Heee S &y sl sd, 3w A afet,
THafe Ffeat, frmer sg-aer e, feefiam st o we swre
st wfie )

(i) CACETH/SHTH T § ArEAESe T qie:

M Hed H, SuTuaey et % areeh 2T i wiean
W FHIH SR ISaT 3| SeTeEed frmer d #ie fods sue 31k
Teftart [2] o st safirdtr gt sht qetim 5 we1 |iaT A9 =61 g1
AT & S foreter sht qiCToT et 7ot o |1 eSS | HIsE Fdt
Torag wrelt (e % W enuifaes St 81 A i s 4
Tefier 7ok SeeRg T TeTeet oh GHTeheT o &9 8§ GRTiNe feram e &
A Feal | TH | HIT STIIEY FHIE & o Uk SR & H 6
SR ot T 3 Y T it fopam mam R)

el # wreeTTe o % ciehet @, T o fet (@A
SEATE), AT & HEH/HEH, G sk & Tl 1 Th B 8 3N
Fafor Ssfidfrew femer § stramecta 32 «ff 3 defied & aner seerd
d 8 3 ar Stuegua/sidien fme 3 smmdse 7fe
et SSE oY IO R o fora fRe ST R

(ii) SoATETH /HdTes e § agHee 1t

W, @l &4 (0,, N,), Tl ot i, iR gadt T
ATIHSH o HEIF o A T ST ST o &1 HSeA H O, RN, T
e & S SITuE et Ot STe STerd & A1 3T SFare ol gt 1|
I S ST AT 3R] Tl ST ok I T ST ST | g H



£ R EE 3, 37 9, HEH 038

STt AT 7 U Tt fegefier efor i @ S gaioe I s
e v Gawieh H He U 9 & T FHAT 8] W
fearfer & figrar sreefier & & forafea 2 8, Afsr afrviea § o ®
Yfet o % bt & % SaTe # fgga v i wr g )
TRCOTHREET TS T geehtoT 1T & S arvweeT el sTraden
FEhi § ANTGH T ) STIeIeh Ferehish =TT 3 HROT <ROT 3T
T T H FFEi oh AT shet =T ST Ter T e # T
T 2 FormerT IR e § S SoT aTsT 1 ST I
fore femam ST 2 [ 1071

4. SHoquETasiditg &7 USSR
FTIATHSA T TSATIH T ITeTTT:

@) I-Teehia T hl TTATsHAT T ST

w1 o % wafer it qom § gedlt % <SehiT & & U
ferereepTy aftard ol -<ehia QM & §9 § TE=HT ST 3 -
T THM Tl I[E B & el W TaT ST 74T Gt & Jarehier
& ¥ Tk T 21 EI T BT STGT G aTel Gt o <{ershia & i
TETT & ST 36 FHROT A6 & § TG SATET ol b T
Bt 1 F-FThT THMAT BT T ok (TT ST [ T GThih
(ST ST ST R R QB H A e o §
ferrfora foram s 2 (1) e =T (2) e = SR (3) gt
ETT| - I o T o forega &t ecaqut & iife o e Het
T TR 3 Hel qoh oh STTHT-3TTT FH ST R ATSHT ohl Tareierd
I EAC TooT il HTh 83 qeh I L & [11]. S-Feh TH
o T A § SR 10 - 35 S ok afwTeT i Bt 21 37 i
T, -SRI T o R SR e F et 7 sreradt o st fereg
&, TCE TT 3T ATkt forgl T o o ST aidlt 8 S-Fferhra
TEMT o SR STRAHSTT STt foreer § 9ga o1 sreer 2rd
& SRS B H 3 oS, STE Saeld SHIA ST Safe §
feafar frrarfeor st sfidfroa sowre & Afemem & fo Jeremere & 8

HIR SaTeAT hi Ofafshar 1 sreaa:

(i)

I ST e & TiAel # | wlrenT 371 yehreiy ferferor
T foreresh forTer 21 T2 % ool % UTH Seeh & ST T 2,
T-GH i 1T § ST & ST 8 A HI Sarett Ta1 e 81 6
ST T ARSI Sfdfshar ot o1t o6t TiiEn & @ &1 2
T, I 3751 A T TATE % 9 §U SAHTT T 2| G0, T8
Tt ST ¥ ST gu et & 2, Tret wafera forega st nfafom of
ST 21 e 9IS | SaTelT oh S0 g a1t w2 & T &5 o6 g
6T G T TRIT 2| T ATSd T e, ATTHSa ST o forg, |
SATET 3 FHROT TG SATET TeEY Hedl ST AT § Saelra g 2l
TR 3 0T 7 R ST W ATIHSe Tifsha W) Uk o78n
TS BIAT B HTUE TRA-L S - &1 T ST1H0T hl shaled LT 8, Selfh
Sogeft ~150 ot & ST STTTeRToT Bl Shgiet e & [12]) gEfere, €7
STAT ol TIehT SIS T AT -TRMHSe 919 o1 seel 3 2
HTTHESH T U ST bt 36 forvy W Sarend, i gorm 7 fseh
g G SaraTd & forg sareT arEm T R [13])
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(iii) T TrEUT T SifersRaT Bt SreEE:

T TR e Bl & STl =T, § A gt oh sfter 9 s
% ST <izm T B e AT S B9 9 o o 2§ 76
o R fafereor &vm &1 Sirar € e s 6w 8 S 2
FATTY, T80T o o wTe T 3h BT+ &Y, 3caTe &0 R grell 2t ol I
T % SN STRHE SIS Tohel ST SWITeRAT o 1T
Sfifeg Rerfer fFrrafor # Ffeat e o edT & [14]) Siviee & 7
T TET F SN AAHESH hi FaE F T 3R e F fewra @
B aTeT SeTaT T TSR FRAT ST TekdT 21 A8 <@ T § TR 24
FFZA, 1995 9 A, 1997 T TRTATS AT H 3TAT-STEHT ST
T 5 A TR HATE o A ISet A B T off [15]1 et hy wet
TR 7 SIS S T3 3 I Tevr shy ot o e 0-30 fime i
& T 18 31 TERA @ war e @ f S 7w g 2N % A
YEeht o B STt 81 et stRrshan Sreqwdt % wHg & ~ 30 e &
2 ¥ S1E JYAAH HIH T T ST 31 A€ A 3T H Feprer Temfn
SIS ST CATSHT TTaehT o Forcl-Set ST T aste § il 1 3Ter
T udT et @ foF w1 o A wee o fom e o et o1E R
et feremifer o e o s Rerfort o6 wmver el § @t 40-50
% © e s W R [16]| o 3 ¥ f@men wn R wia ofiwa
SIS T T o TS 5 T, 37 7ict ST Siset i gorm
F et 7 wicrera afted forean s qof o3 wewr i sty
I AT 14 3 AT ~ 51% 3 PImET 31 % g ~ 41% 2
[17]1 T T ST TR SAIRIOTEY (SiTiferen 37fier 25°16' N, =T
82°59" E) 3 T (Mifcres S7aTiRT 26.28° N S =T 80.2°
E) 21 fieTes 14 317 31 37 94 g Sfidies 3wt i awid &, s
3TTeheT 37 I TLIHT TR 39eTeY | FTRUA 14 % deigr - FAerselt 7
T fUeh SeaTTd SAfeTT B "ol &, FifeR deetse fme =t ant
IR 31 3 T H STETEAT &7 & STfersh gl 7% SR TR 8
[17]1

VTEC (TECu)

DVTEC (%)

(b)

VTEC (TECu)

o

DVTEC (%)
N
o o

-2

=4

-40
—605

10 15 6 "

7 8 9 ] 8 9
LT (Hour) LT (Hour)

o 3: wiia sftea e A gorm & A F firmran, o wia
e TS ot o o deTgHT o ST Titae fSeeRt ST qof
T 7T 1 Srafer 3 SR TR 14 37 31 3 ST & TR,
T & (a) AR, (b) FAR [17]]
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T TR o fomt et o TecareRuoT i ok e oy ot frard o g
2 [18]) 78 ST & fof TecaTaReuT Qi o Hia e § TN
et S SfisR 1 T ER1 YE e €, qHan deet el

BUSITT & [31]) o fferferet & Seae TecarareoT adit S o fam
T Sherd) & 3R ArHee § S SIHidd widt 8; 36 St &l
HATATHSTA o 2T | @ ST 6l 2l e HTe! |, o fafaerRt

SIS TR T 2t & [19], 3 &1 Hed W&l el I LR
AT S o e Breft 2 [20]1 39 e, G 0T o6 S St
T Aael 15-30 e ot S0 & o8 IR ST 8] T80T ared fo dget
T TECATERNOT T o HiSEt et STt @, foreR ' 20-50 #
50-90 fore a2

(iv) IehUT ST ST TsRaT T sTeaam:

o T o Fe SUET SR formrehn et § &
T 2, 37 3Hh TG ok T +ft g AT Bt ) 3fere §, SRt o
% AN ol ST it @ 3R S warll ! qers s fem 81 fset 100
Tl o S, B ETS SEaT T 18 9 kT (derT 7.0-7.9)
31T 2 (hitp://earthquake.usgs.gov)| ‘ﬂfﬁ‘? ST afersgaroly 1 3T
S HTerd §9 & WAt SATeh! bl T | Tt =TT 7 8, dTleh
TN ST ST 3T T o JohHT bl 3 T Wbl 5 ST T 3 45T
T ugd forerelt & & | B arel} Teafsat @ ik foram mm 2 [21-

STHEH T TATSHT Jereel 3 A2 ere ¥t Sed= L Tl & 28]
AR § gagH Hed forqwor | STiefl-qwi o HROT 8 AT
foretrog ot SR BTet B 5 o6 SiTershel o1l RIS © [32-36]1 Siset
22 F sTIHed Hereft ferafy, forsteft i 3 g & @mT ~500 km
A 3ae off Sfersh g 7o @ T R

(vi) TIShATAl o TfATShAT AT STETT:

frarct argreet & - et FOT & 8 aTeft E HeATd
AT | 21 aret foreder sy off wferd o wehdt €, 3 T I
& MY HT Tk 0T B 37 TARA T T Wk Haed,
eAryrE Sie oI ieet € 3 ot afivdee § tem-deret s &
S B AlTed %9 Toreqi™l €, 3f1 370 Aeet H foreqist a1 €
i TTET 31 e Heieft e it SRl faeitl § 9, Swrhfeser
THATA T I(RRICA o &ial § & TF &, S argrsa-

23] S Sl T8 % U T ITEHSH H faieflt 3 &1 1 316
T Y Y L hT THET HT H1E THTT FHTE ft qe T fre
) e witereTe € U 9% € o qeet ot aueh o 3 @ e
ATt LS T, ST o6 o1 shi SIHeelt T 6T STrITeRor ot et
1 7 wfsran ared i HiT W i AT ATershal F Fed ot €,
R 38 TE A forggd aiwer # Seeta ardt 8 [24]1

AETHSA JHA & HTAH H HAETHSA HI UM Hd gl
UKL =ThaTd BT o Ush THE HI H-Iae g % TR AR
H <t Sfsha 2, faeht Seafer eftved o ety & (+5° 3
+20° STTRT o sffer) & WHE F HU BT ©; I TR A St e
Tufey, ST UL & T BRI THIE TSaT 81 SWIeh s =shard
HAITHSH i A1 § SFTAT-HAHT el ¥ T L Fhel & ST

AT, ARTHSA H 3 S T S o ai-Fehal ol
Siier R FrRI AT o ST 2@ €, il 3 qe-Hohd 9gd W S 6

JTed! aTel ATATeRT <l 518 I W Feater dagd iy 2, e
AT T Y S{aT 3T TR BT 3t T ST T 2iaT 31 3

e B 81 SRS Y S - 3 U 9Tdl & oed | 8 o sieeTal
il g1 o foru stefe-saenfia it Sumr-stenfia |t & 9w 27 1
IYATT fopaT T ;SR AT & TR, R o g o S T
HcE | gfeg A1 et &Y kel & [25]1 BT % STEAT § UaT ol & foR
QETHY Heohd STRIHEE T SR |t Bt i R € 5
et | it grar 81 stef-strenfia sfiteg |t & sy det ger
T I L G, T & o o veet S ane & el 7 & aet
foremigt ot STeRrt farfirer siewslt [26] & <) 7S 21 wfomst & war
=T Toh el % FROT B AT ATATHSHT foeisT, s o s &
Faete foig 1 g T, ST Ao € kT % 5 o WE SRt
foig ot femmr o oft foef e 81 S At S o off forefr
T g & 21 §9 T, RS SR AgHSH SIS | V-
Sa e, Teea-aTgHea- e I ST 1 gl
AT [26]1

(v) T o STATshaT T STEqa:

HATeft-qE forsteft Fa1 3 aet St 1 W@ B 8, S
AP forgga wfehe [27] H SO AT SR G YaTfed Fid € 3T Fo
T fopet Trdftere o o SRR ST 3eaT id 8| T o ST
RT SR 9T AT foregf &1 § x i TATSHT Tg i TwTierd ah weha
2, R smoved § wisH o w1 [ g § iR
IR SR e | et der Bt & [28-30]1 et
3178 & 6w B Qe & 2t forega nfafafer of -ae = mfera
FT T, FTE8 S T &1 ST € 3T S8k e Soldei o

ST, TecaTeRYUT AT 6T Toh Saee +ft 3eqT BrefT 2, i arefraor-
FRIAHEA forgd |fehe i AU AT &; 3T T SN FcTa dohel
ToraTrTe o6 &St SRR H Uk sTed forgld T 3ca=1 a1 & [37]1 81T
o 9T H, SRS TshaTd % hIUT STEAHEA H B aTe foedis
ot Hisat e % for seie-smrenfea sfftoe- el wmdt s 3T
foram T R [38-39]1 SWEHiesN <IehaTd & G S4B et
TRCATRYUT T SATved § Sifafiaarstt & 3= 2 & fog v
ST =T T o Tkl 8, e 3T =roreR tean fifecer =1 aerar
; GATSRT ok I & TSR ATt SWTeh (a1 wIshaT Sfia o wrwet 7
Tt fravd | 2TE 2 [39]1

5. Fen:

SfTaTH /s Ao o i uh sTmeet gl &, ST agrsa
oo stadee off b 8, SwemmeRal it fefa o wdies v @
i@ 0 o wo o< arer 21 AT o @G S ekl 6
AYHSH/ATITHST H HT 6 SR 3o hell 3N HHE foreiel o6 &7
T 30T BId 81 39 YohtY, T farciell shl STHepi) & STEHuSH o1 dset
FR ATIHEST H HISIE SICTaTsT T HTAT T Tl TR ST HeFT & ST
ST STE-TH, AT, S, T T80T, A, ST, Seresh
HEH qEgAE AT ¥ IS [ agHee i AT
SIS o 3Te 3 fore fohar stmar 21
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ABSTRACT

This research article presents a comprehensive study of emerging Artificial Intelligence (Al) technologies—
specifically Machine Learning (ML), Deep Learning (DL), and rapidly evolving Agentic Al—with a particular
focus on their fundamental principles, development, and real-world applications. The study demonstrates how
these technologies are driving revolutionary transformations across diverse sectors—such as healthcare, banking,
education, transportation, e-commerce, and cybersecurity—by facilitating intelligent decision-making,
automation, and enhanced efficiency. Furthermore, the article analyzes the role of Generative Al and its integration
with modern tools and frameworks. Through a detailed case study within the healthcare sector, it is demonstrated
how effective Al-based clinical documentation and decision-support systems are in enhancing accuracy, reducing
workload, and improving patient outcomes. Additionally, the study discusses the key benefits, challenges, and
ethical considerations associated with the use of Al—including data privacy, bias, and security risks. Ultimately,
this study outlines the future prospects of Al-based systems and underscores the necessity of responsible and
ethical Al development to foster the creation of smart, autonomous, and efficient digital ecosystems.

Keywords — Artificial Intelligence (Al), Machine Learning (ML), Deep Learning (DL), Generative Al, Agentic
Al, Intelligent Systems, Neural Networks, Natural Language Processing (NLP), Computer Vision, Automation,
Decision Support Systems, Al Applications
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ABSTRACT

In the present investigation, fennel seed powder was employed as a sustainable natural precursor for the synthesis
of zero-dimensional carbon quantum dots. Carbon quantum dots were synthesized via a facile and
environmentally benign one-step hydrothermal approach. Comprehensive structural and morphological
characterizations were performed using High-Resolution X-Ray Diffraction (HRXRD) and High Resolution
Transmission Electron Microscopy (HRTEM). The HRXRD results revealed an amorphous graphitic nature, while
HRTEM images confirmed the formation of quasi-spherical carbon quantum dots with non-uniform morphology
and particle sizes below 10 nm. UV—Visible absorption spectra displayed characteristic n—n* and n—n* electronic
transitions, attributed to C=C and C=O functional groups, respectively. Photoluminescence (PL) analysis
demonstrated excitation-dependent emission behaviour in the visible region, arising from the quantum
confinement effect. Notably, among various tested heavy metal ions, Ag" ions induced pronounced
photoluminescence quenching of the carbon quantum dots, achieving a detection limit of 10 uM. These findings
highlight the promising potential of the synthesized carbon quantum dots as an efficient and sensitive fluorescent
probe for Ag® ion detection.

Keywords: Carbon quantum dots, HRXRD, FESEM, Photoluminescence
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ABSTRACT

Chandrasekhar Venkata Raman was a scientist in the true sense. He was a follower of that great Indian tradition
which believes in simple living and high thinking. In colonial India, when there was a complete lack of scientific
instruments and facilities, this great thinker of science carried out such remarkable research that the entire world
was astonished. That discovery, which later became famous as the Raman Effect, was so significant and useful
that even nine decades after its discovery, research on it continues in various countries of the world—perhaps
more than on any other discovery.

Prof. Raman possessed a sharp intellect that enabled him to probe deeply into any subject, examine it thoroughly,
and organize it skillfully with a synthetic approach. He was among the first scientists to accept and demonstrate
the fact of partial transformation of energy within matter. His main areas of research were acoustics and optics.
What was it that inspired Raman to dedicate his entire life to scientific research? The circumstances and
motivations behind this are presented here.

Keywords: diffraction band, Fabry—Perot, interference fringes, overtones, harmonics, polarization
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Sir CV Raman won the Physics

departmental honours award at the

University of Madras when

he was just | 6 years old
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