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FH3A1Gehl / Editorial

& v 7 Y TR W T e v a9 €1 g R % s favaformer f&d v it freror-
TfTeT wfRETeT 3R deeie W Hewqul e X W@ T 1 3 ue H WER dectiE Ui draifiht
LM, A, TSR E AR 3R fomm # 7= ‘SIQﬁP:ﬁ' (Recent Trends in Engineering and
Sciences)” % fowa W & amon #H 02-03 WE 2023 FI TH AT YA H1 SRSH fohan T
STRATH 1 g7 3LV g R F o &R Rmifeit & & § el e Al vierhatedt SR Sefehi
I 3T I HE HT YA FA IR o= F1 SMEM-TeH F1 & U U HY IUeTsy HIAT o411 39
st H faftr= & o 9y o= e gu e faere fre weR -

FH AR foea AREIRER & &7 § 3=1a T sMichesar, HFYHA faftrd 3R wenifees,
TR @A, ST &, S TATAIH, AI-FRIH SR T $eihd, HIteeR SSHArT, Fse e,
YR eaeh Td e, T Ud fefved someied, fre wd fey, uier soeeied o uier firen
amfe ferdi o forg wmfda 21

Hitreret ST T gaieryl, oA19eh ®9 ¥ Had U6 s e, Sl Yoo, afshar T,
F T & fesEa ud sy, freet, erewive, wikan stger, sia SSifafln snfe faelil & ferg
FHf=a €| difaes fomm qea ®9 9 Siemfor T 59 ST0EnT, Hiehed i, arsiaes ud S g,
T g, Wf=ateehl, Ferer STIEYH, Wit e, A A, i FRewdl, SHS ST, T,
Hifeaeht, Hifeaeha ek, T foreeiwo, favcen THih, @A T, T Arefol, Hrgeea
Sd TIfehl, ST T, THTehel SIaRol, HeTRol, STURTE-STel ST, Shieli-eh TIAT0], SR, UielHT THEH
o, e &t e, Sideg Wefiehl, 3= Sei Jifdeshl, TSH TEREnd, e, fhea
foreTa, udelt fhed, WIdEifcesd T, S cd hTafcash fagid, TRHTY] Foe’ Td Agarer, AATemifthiorrg,
T ATSshIoe Sca= TSHI, TIHT SERHIEST 3Tfe fomali & fou &=z §1

Hehfrerct wa faferet Seifafar & o Jeifesm, Aohdiead Td AgtharafiT ey, Tdd 3k gia
fomtor, fmior # STRe deh-ies, TS fafmiv, engerd, B-Ude Tudh TR, Ted IR TESePHItS
e, 39 Akl Td G, fwherar fageivon, ga At Td SR, o1 Te SeTHM TR,
TS Fifeh! Te SolaT, SemcHe fesmed Te o JeieF, fmfor W=ifieht e saee,
Fmtor At fEsEa Te SSiEn, el SSaraT, TsHnl T aRae SSiaraT, Iat T g Sei-amdT,
T, SO o STIAS SS-ANTT, Y-Tehriichl Td Jehd SSNATTT, I, STIRTE — Sell W& TafeRo
ST o foru St fafoe Sshfafin § wameed SR gran o1 21

3G SAREYH B T STHNM, TeliF e IR arariies gumemi & SeH-eH o forg shenfe
=1 ST 9T | 370 Y I i T i o [oTC Ueh W URM foha1 T T8 STREN IReh SR
I T S THESH o1 | 9 SARCRH H T WY T H 9 O F9tid e 9 ol e R o
BRI e THie ST 39 ekl o 3k | Weht¥rd foha =1 %@ 2|

- STIUH Pt
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Use of Expired lopinavir drug as Corrosion Inhibitor
R wremr we . o, fase
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-

T

SFARIR AR Tl 2l B8 FeTl-Se Figdl H 2M H SO, forers # goch Thet o Hefrol Flueh s i
i AT ST RIS Teheiehi ohl SUANT Shich bl TS | THYFER Tl o1 SUANT dTaRael Tehavl 3k g&7 &9
Y TIARA/TZH & TN & fIU a1 S o) gTelieh 98 SUER % T SARS-CoVid-19 % TshHv & &g
RISl § ST, SNfUFeR <ar 500 WHUH Figdl T STl Hiead § oo Wi & &R01 hl FHreral ¥ Jshdl T
I <@ T R S i TS S shi HeTROT STeRiE S&TaT 303K AT9HM W 500 TR Higdl W 89.97% off &R
TEE | g & TF T8 HF Tl TE

YA oA TAN H qOHTdE R 1 ST Sies AIfUTe ga sl HaR e qardn SAftehdd Higdl W
85.8% I TTE | ¥Tq h! Tde W a1 & STV o TEER AREINY N oIS Tqe il TGS hich STARUR
AR ST o STV <l Tearor FRIeR Te W ==t ot T2 | SRS it Ufshan TTER STereiyv SHard o
T STTE A B |

Abstract

The corrosion behavior of mild steel in 2M H SO, solution at six different concentrations of
expired lopinavir drug was investigated using thermometric and gravimetric techniques. The
lopinavir drug was used to treat viral infections, primarily HIV/AIDS. Although it came to light
after the invasion of SARS-CoVid-19 for treatment, the lopinavir drug efficiently inhibits the
corrosion of mild steel in an acidic medium at 500 ppm concentration. It was observed that the
corrosion inhibition efficiency of the investigated drug was 89.97% at 500 ppm concentration at
303K temperature and then it decreased with an increase in temperature. The corrosion inhibition
efficiency of the lopinavir drug using the thermometric method in the open vessel experiment was
found to be 85.8% at maximum concentration. The corrosion inhibition phenomena of expired
lopinavir drug molecules on mild steel were discussed by blocking the electrode surface by the
chemisorption of drug molecules onto the metal surface. The process of adsorption follows the
Langmuir adsorption isotherm.
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T ITeE : HET SToH, AUTER Gall, THTHEY STTRrRISor FHard o1k, ATaaTdr forgersor, sTeeh forger o |

Keywords: corrosion inhibition, lopinavir drug, Langmuir adsorption isotherm, thermometric analysis,

gravimetric analysis.
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3irefires & ford &9 & qat IR 19 32h H Heyro
T TgE o 8, Sl Wid gz 3R STl
eIk dTdTeRYT o Hueh H 314 € [1] | ek S0,
FH AN AR It Fifreh o0 & HROT AR
R ffr= St 3R Uil & fmior | SuEm
o T ] 1 T, Tewies T S eTedi
TRV H THeRT TR T Hogeiiadl Tk @
a1 foma €1 gk W & &R0 | 7 hed
it T &Rl SR T qHEE BT §, dfeeh
TReM & o ot Taw e B ¥

a1 § fued & for, faftr Hemor eteries
ferenfra &R s forg g € wwiferd Hermon
STEee § 9 s wHegeshed [2-4] €, 5 faft=
TeReh SAER0N H eI HeTROT STeRIEh 07 JarRid
L U T | AR e, S 3TE SUAT
fore Suge & € TR W ST R Y
fean < €, Forad qateron weuur € § | i,
% AV ¥4 9 HeIR0T 3R & ®9 H ST
foRan T wehan 2, R waferor ygwor i erafdrse
IS 1 HH HLH H TerFdr et wehdt © |

TAGAAR, Tk o1 S &A1 &9 | THeTd)/Ted
% Al o foTu ST <At Sl €, =1l &1 H Shifae
-19 % Racl® 3H G SYIRT <Al S 6l TE
[5,6] | SR <l THRIM® &9 9 [15-[1R*, (R¥),
3R*, 4R*]]-N-[4 [[(2,6Fefhemserth-ird) ufersd]
T3-SR gleRdl-5-ThATsa-1 o &9 § AfHd foan
T 2 | (Rt Yerd| SerEel-sewm-(1-
fhemzaremga)2-siiei-1 (2H)-TrEifEHTiemEe |
THHT SOEIE® A C H N O, ¥, 3R &a
MU YR 628.80 [7] &1 eifeaiR =t faftr=
TR ATIERN | FHITel HelRoT STeREeh 0T Teid
FIA T T | eTedieh, e o H goh
el R 35 HeTROT STaeeh Uil shi el 9 <=

T 1 T ® | 39 oTeAIq W, TR SifUeeR g e
1 BE M- Fisdl § 2M H SO, forear |
Toh WA o HeRU SHagR shi Sfie arqHTde SR
AR Tehieh] o1 STATT Hieh hl T & | AT
THATR Tk 1 ITAN Tooh LA T TR
TSR qal AU o H&RU 3TeRY SeAT hl
oo 3 & fu foren T ® 1 39 eremEa &
reaht Fefad ©9 ¥ U HeIR0T STadiEehi o foehm
T FTEH T Tehd &, 2R STARMR ganedt & ST
Y gafeRor FEuY AR TR IS H HE o
M TR R

TR e

i it fafy

Tooh TS i ¥ 5x5%0.5 HHE A9 & goh ©a
% FUF I FRT T & W18 H HoAl ohl THY AW
q uiferer foRan a1 o™t S % WIS, FUA H
T | e T IR 1 fire & foT wERE |
% foran T, SR R s9ia SR faetmeisa
(SHTTE) T | e T | A H, I T BT ST
Tlch G TN 39 3TEFH | SN fohal T
ST B Heh Teifereiet wigae fafiee § W
98% H SO, i SYd STl % WY T FTh dIR
[ERIKIRIE

VT favarauT

qRTcH fI9eIoor &t qehHieh TR T HeRo
e &1 T Fifa 6 & e age &
St ® [8-10] 1 39 fafyr # T 1 wa fwiifa
Fa (T) & fu Hemer Aregm | ga o o9
3% oo | g ol S S AT I )
TheTor 100 fheficlier SR o1 ST &l foha
T, S A STET-3TeT AYEET 303K, 313K 3R
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5 9eR W& .. e, STaftaR Sifu—eik <o o1 HaRo (S) STaiiEesd o &9 H ST

323K, W FUF 1 2M H SO, & eTefa Hieam o
6 ®& o T T@n T 3fd H WId |9 hl g
T IR THREM H1 STN Hh WE fRa T
STAMIR AR T it Iqreafd R sTareta
T ¥ hTe Il Sl Hdg hl &R0 T 3h! TOMET
RO (1) 1 ST Lk hi T8 |

87.6xW

ol R (FEfi/aE) CR = DAT  ..(1)

Sef w = 9R ¥ &1t (fircfomm #), D = <ia
1 I (/AP H) |, A = LI 61 TS SR
(B H), T = g9 (5 )

GeIROT 3TaY T&Tl (%IE) 3R a8 et
(0) e T (2) AR (3) FT ST FHeh
effea =t 8 -

W, -W

% [E=—1—"2x100
Wooo )
p = Wl'wz
W, ceeeereinneene (3)
Wl W AR W Rl Sfeiue hi
3R erqufedfy ® Hemor ) €1
aruTar fater

TR o hi TETROT SToRIYeh QaTal FHeiia e
% 7T, gosh Wi o 9T H 1XT GH RSl H
el T IR At I % Td W I T
A W 3R THREH & 1Y it e e,
arqTdrg fafd 1 S fRe T S Tew
faf=1 <r@ent g aftfa v T @ [8,11-13]1
9 99 o ol arqAE 30°C o | TR 9 sifad
ATTH qeh T o 1 AIHH § agad (30 fie)
TSt R e TR (4) SR (5) w HE:
stfufshan d& (RN) R deror Ry gara
(%IE) 1 T A o forw FNfSa feman w7

T —T;

RN (°C/ min) =

O/E]I —
RNgq

1 GO B, Tm ' TR i A wEA
& g oA & 3ifqy 3R YR darEE g
EIRN, R RN 9 ey i Sufeafd i
srqufeafa # sififshan g o1 wfafifte e €

T wierur

gl 1 foreeiwor T 3Trehfd fom &l wwe |
HETIYOl FhT T € | Tk el (THTE) TeEre
TR TR HIETH % G&Teh TWTEl ol Hodioh hid
3R AR ga 1ol e 9 Ted iR a1g
T Hag i TR Sd L o T qleqor iy
M| T TR L o I B o ©d H9F I
qiferer foRAT @11 FUA 1 303K W 6 F & g
AR ol SFerereh o fSH1 2M H SO, fererr |
garan 74| R 500 HdiH SfUaR gan fiemet
TR TART SR T | T BT T okl Tag ki S
Y TE 3T 10X ATTE T Teh kel AISshIhIT
T ITANT Tleh qoi T il T |

gfoTy 3R ==

URTeAh fagersoT

2M H SO, o # goh Wiet & forg, e
ERIYE & ®Y W STERUR eAlfuaik gan i
JTAHTREAT sl STE hid o foTd WIRTHeR fergersor
fafer =a1 3R foRan | fafir= wisar < e
foree # sTadieh ot U ST STufeufd & oo
ﬁﬁ(mmpy)ﬁﬂfﬁﬁﬁﬂglqﬁaﬁﬁﬁtﬁ?{
T HeIRU W, Tag Hwads & (A) R e
T&rdl (%IE) fRwiftd forg ) difererr 1 H  fafer=
Higal 2R STeI-STA qIEE W (303K, 313K
3R 323K) W 5X5X0.5 THF Tooh I HIH h
T RIeTen fareersor o JRTeHe: qROm
%17 @ T H S0, # ge Wi % &
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RITER ST 4 off, fSEe 99 7a €9 9§ uig
e W TS ieee fhen =i fean s gehar 21
STaee 1 Sl WigdT o T §eoh Wd o Tl
1 S5 FHH B TN 2M H SO, | alifUek <
fafer= wigar o7k faft= qromEl (303K, 313K 3R
323K) W HEROl &l R (THTAGSTE H) AR T@
el 8 T dfere 1 H gelterg &1 e 1 @R 2
HaIROT STk Q&A1 (%IE) <l fo=TaT J&qd sd
& | (1B%) R showr: = qrommT ® steret
st fafir= diga &1 STEN Hh ook WA

&0 1 T, Hel W@ 303K R (IE%) I, ATA
@t 313K & forg, SR el W@ 323K & fag
TRl X &1 T8 T o o iR gen
i Figdl 9¢- © HeIROT i S H HHl E, Sdich
g FHaS &7 (A) R eIl 7o &t
T (%IE) &g T4

sqfery, gRtome | e Fehren ST Eehar §
o e1emem &t TTE <A eTely We B e &
forere & forT womelt eTediees of | ST STaiee: <t
T dG o WY % IE H ghs g2

AttereRt 1: Tafi= QoA oX 6 =ie o foig Slifu=eit gar st fafy= disar st rureafa
3T Sufeafa
2M H 50, T # gooh et & foTq HermoT et

303 K 313K 323K
IR
T o,
forst #et | s dERm R | AWEE | Heww SR HART <X (%)
=t Higal (CR) zarl (%) (CR) gar (%) (CR) IE
mm
(few) | (mmpy) IE (mmpy) IE (mmpy)
et 137.26 - 258.89 - 723.12 -
100 50.59 63.14 140.98 45.55 531.55 26.49
6T 200 39.06 71.54 111.22 57.04 457.16 36.78
300 28.64 79.13 90.39 65.09 386.85 46.50
400 20.83 84.82 71.42 72.41 322.50 55.40
500 13.76 89.97 57.28 77.87 267.45 63.01
= 303K = 303K
e 313K 800 4 e 313K
90 A 323K A 323K
80 -| = . 7004
gvo- - © 600 -|
gso— - . . . =500 *
utgl %1 - A EM}O A
540 A 4 A
= g O 3004
% 30 A *
= 204 200 4
10 1004 R ‘ . .
0 Y T T T v o " = - - :
0 100 200 300 400 500 0 1(‘)0 260 3(‘)0 4[‘)0 5(‘)0

Concentration of Inhibitor (PPM)

o1 11 2M H SO, =il H SFef-Sfer A9 R SFeieeh
(didiem) % &9 H TafR AfFaR <o i wigd oK gk
I ht HRO STEEEd 3@ (%IE)

Concentration of Inhibitor (PPM)

o 2: 2M H SO, =il H STefil-3ferT AIqaH TR SToiErh
(WheH) *F &9 H AR o T Fisdr SR geh Wi i
Heor & (mmpy)
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5 9eR W& .. e, STaftaR Sifu—eik <o o1 HaRo (S) STaiiEesd o &9 H ST

aruTar fater

AIHTI |19 Teheteh [13] 1 ITART 500 drdied
W AR o sht sufeafd § 2M H SO, H gewh
T o W& o foTu SAffshan s (RN) Feiia
w0 & fau foran o o, s aRomreasy
FAffshan E@A (RN) 1 A 0.538 11 AR

AT i STT-STT Tigal Se W, AR T
(RN) =T 5 0.764 ¥ 0.538 °C/fie &t €1 &
i A B 1| AR FEA (RN) o 7F H
! HERT STeEeh o1 q&ral H gfs 1 M ¢ |
AT ol shT Higal g o WY Aflshan e
(RN) # =i § <ol 1 H SO, # Booh &ied
&0 SRl Jehl Sl &1 T O =l ¢ |

arferent 2: 30°C W 2M H, SO, ferera H goeh Riet o foTg rafem eifumeit gar &t fefim=
Higar <t rfuferam T (R.N.) 3iR FRreres erwar (%IE)

STfYiHar & TERUT TR a7l
. )
SERIF Hl Figar (FHTH) (RN) %1E
et 1 -
100 0.764525994 30.8
200 0.691562932 44.6
300 0.628140704 59.2
400 0.582072177 71.8
500 0.538213132 85.8
—=— Inhibition Efficiency —=— Reaction Number|
90 10
801 ///. 09 -\
A
gm //,1/ . ::-
Seo e é 1 - .
_% //’ 5064 .
uEJ % /1”/ E 0.5 "
§%1 7 S04
2 30 « L 03+
= 204 0.2+
10 0.1+
0 T T T T T 0.0 T T T T T
0 100 200 300 400 500 0 100 200 300 400 500

Concentration of Inhibitor (PPM)

foat 3: oree (Hidien) & &9 H STERHR feeR <ar it
Higal 3 2M H SO, forere # gesh wiet sl (%IE) Heirol
R

Concentration of Inhibitor (PPM)

ot 4: seen (fidiem) & &9 H SEfHR AfteR <o it
Figa SR 2M H SO, WHHM H goeh wiel i wfdifsnan e
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T Fae &1 Wishar i TR %
SR W |HeM S |ehell § [14,15] | 39 31
¥, sTafiR ehfteR St fafte wigar (C) & forg
g oSl (0) el ht Tl TS HeH o €l

foram T o | TR SR ATt Sk 221 i
=5t e W fthe A & foru arn o o, fSeht R?
1AM 1 % Hde AT | AT FHATH o5k THIHIT
B e e # (Wi 6) [16, 17]:

T STANT ek Sl T8 ot | gRom 221 1 mithes log C/0 =10g C-10g K ..oovvveeeeeei, (6)
&Y H fIwersT log C / 6 9FM log C i wite HTh St K Hier sifereior 1o 71
o =& T —= 303K
1 e e —e 313K
L R e — TSosetr Hoosaot —A— 323K
R-Square (COD) 0.99498 0.99296 0.96559
- ‘Ad] R-Square 0.9933 0.99061 0.95412
700
600
"€ 500
o J
£
@ 400 -
S
300 +
200
100 +
0 T T T T T
0 100 200 300 400 500
C (ppm)
o= 5: faft aoT o Tk Wid F9 R ATUFER 1 STl SRR qedrd a5
G H G R AR F )00 pTin(106K,4) %)
TR ST SR St et Sott & Ferifd St R
T -20 kJ/mol AT m F9 FTAG UH Jifaen AG®ads T TiesicId T -24.54 § -26.82 T a1,
SAFrToT =l SfTd hXar §, S Al STuedi e it TreTafF AR B G o 2
AT o1 Fdel & o SoR e STHH
g gt uieruT

RO 11 | T 3R, TEEA STa9iool def eil €
9 SR ST SR O1g i Fde & S = el
T LI BT 8, fordeh qRumEasy U T
e A1 ¥, 3R U 9 21 €, W+ AG HH-40
kJ/mol &1 ¥k BT © [13,18] 1 TR Feil h1
T FHRIT (7 )T ITAN ik T foharl = |

AR foIeeIo0] o 9IS, Scdeh 9 hi Hag foM
! ST oh1 TS 3T 10X AT & 1Y e Siifeesnd
YETREN 1 SYART hieh A foRan 7o | o i
o7 & o § T T, iR 3R Uk W ASH
ek Bfet @ foram T
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= R wd oo, i, STaferan Sifumeit S i HaRor (SiT) STalEe & w9 H STIIEn

Conc./
Temp. Blank 100PPM 200PPM 300PPM 400PPM 500PPM
30 °C
40 °C
50 °C
o 6: 303, 313 3TN 323 K AI9HM W AR hl STe-STem Figdl & &1 2M H SO, # geiig g
Tk W A i siifesha gau ofeal, 10X st | ot T
ey 1 v w0 & foru SUge diea 9 T

=0 ST H wRomi @ H3 firerar € i st mﬁaﬁ;mﬁ%“ﬁiﬁﬁﬁ
AR Terie e ¥ goh Bid W STOIER ST T ST HIferd & & 7 Heqron
ﬁw%wmm%waﬁ STERIhT & fashT@ &1 74 fSun € Wehal ®, WU

ARG THATR T B e P wen O 9 e S SR S ST # wH
FH H off AEF T "okt

I U | e SIS vt Rt wEredeR fé yreaaett

Alphabetically sorted terminology in English JUTHTEAT 31?!3-751?[ IECURIEAC I
Corrosion e
Expired SRR
Gravimetric analysis IR TageTyor
Inhibitor ATAFH
Isotherm E LI IRCED
Reaction number Tffepan g
Thermometric analysis G IPRACERELR
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Study of Anti-synchronization, bifurcation and Poincare
section of different nonlinear chaotic systems

AT THE

Ram Pravesh Prasad
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ram.mbhudu@gmail.com
https://doie.org/10.0729/VP.2024658216

-

AT

TH I U H, TH S oG, UishaX ST, TIYAE iueeh, Hqer fog 3T 1 STAN &ich M &
O AR 1 STEFE WEIfad i ® ¢ | o o Jra Aroeel & arie e s =1 foermor fopam o
B 1 3WrE % Tl qeme el & W UieheR oy Wiw U ¥ | it Ugem fgett w e % fore Seniferm
ffeea & Afyenafoes A (Eigen Value) &1 TUMT SR &3 &1 W&l 38 o forg &1 St 8 | <A
gfraTeehi w1 ST foRam o 1 39 Sl @ awensti § ereewen i wewH il S €| e & i
1 T -7, fE-ererdht SR wHa gwen =Xt ol 6 w9 § GAR e S @ 1 = o e wonet
I TeHafed YRl 1 TeRid #d © | 9fiRa SR Fem o & wemm @ Semer sifgew =m-dll, die-
AT IR forg-=m sterafea yunferl & i ta-Riskrgsivm it S it T T 1 TIgH % fRrar fasid s
oo afom 6t ==t T ) Ak s A wra id-faseesivE & faw it e §, SR wwrea
fafer aR1 Seers ufond | o ==t i T

Abstract

In this paper, we are proposing to study the qualitative behaviour of the systems using bifurcation
diagrams, Poincaré section, Lyapunov exponents, equilibrium points, etc. Bifurcation diagrams
with respect to the known parameters of systems are analysed. Poincaré sections with different
sowing axes of the satellite are drawn. Eigenvalues of Jacobian matrices for the system at different
equilibrium points are calculated to justify the unstable regions. Lyapunov exponents are estimated.
From these studies, chaos is identified in the Systems. Solution of equations of system is drawn in
the form of three-dimensional, two-dimensional and time series phase portraits. Phase portraits
display the chaotic nature of the considered system. The anti-synchronization between the three
dimensional nonlinear Chen-Lee, Lorenz-Stenflo and Liu-Chen chaotic systems via active nonlinear
control method are investigated. The stability results are discussed by stability theory of Lyapunov.
The active control method is more efficient to obtain anti-synchronization, and numerical results
are also discussed by proposed method.

T&A I1eg @ <A-oil f9eed, dis-waden fieed, fog-=a fawem, favse s, diéehar s/gvm Jrfs
Hioh =01, TIgAE @1 R s,

Keywords: Chen-Lee systems, Lorenz-Stenflo systems, Liu-Chen systems, Bifurcation diagram;

Poincaré section map active control, stability theory of Lyapunov
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=

TeRT 3R e [1] 7 el fispresee &
Sraron foaemfaa st iR fafi= oRfves fRufaat
H AR g Fwm w1 AT e, @R
T 2T e Meg ey § uferhyH |
reAaeed AR AfdsTeafea yonferdl & i
e ITAT-3TT TR o shArgwieE U9 fhy g
T S0 srovafea RismessE, ta-Rismsaem
3S | qut RishATESIvM 1 & STeaferd W&y ashi,
x(t) = y(r) & AT & &9 H gReiva fopam =
R | Afeh TA-Rishssis § <1 eTexaferd gonferdt
& T |y 1 FRUy A gHE € R 3
faadia foe At —yp=x(r) ¥ 1 98 Jeashed
T aragen |y wias Y9 ¥ ¥ € erufa
X(t)=uy(t)3§a@wm%|
T-fashreeee TRiYe fRafa Vo & @y
iR & yegash o1 R e €, IR
feufd X, o @y foodia feen 4 gEer a9 ww
Gehdl ©1 <1 A1 < W AR AT Jonfer & <=
Feg fsnE=eF gt g & ey &
TR A1 gEd & &9 § S Sl © 3R g &
Tl A1 Tffshan Jonelt & ®9 H S S 2
g Terafeerd wonferdl =it JHa w3 &
fT &% TAT-3TET Tkl I AHAATgesh AR
Tt feame iR eifgess feswr e | 39 aleni &
Y, AT JUNferdl hi fshTgerer qaensii
TR FE IMerhatsti ZR g H o v foRd e E

e faa=m

gEeR Nfges e =1 1 TR aftenfem feran
TR,

Y =g
gfafsran gomett =l =1 weer ufenfa fean
T E,

Y =) +uxy)

St x,y e & fufd =R € siR g, - R
e 1 RfEe feem § R uiy, ) Faesw €
s e R e=x+yFH 1 H
gfeanfia & e & o= da-fawagesE
T & & for, 31k ws o wx, ) T e
foreh forq wrifren feuf y, o Ty Redi=r feem
% YUk SRR Mo & WY TS w9 9
Toeh T Tehd © Rfves fRufd x, ol fosm =
“lim,, [y +x@)]=0 ", s@i || IfFafea aEe
g
AR =H-olt JoTelt [7-8] 39 R T :-
Xi - x3+a1x1
X =x,x,+b,x,
X, 1

- ngxz + €, X5

Sei "x,x%,,x, € R"" srgTyr wfew € 8w
a.b., T 9r=a 21 e ¥ y=wa 9
4,=5.1,b =—-11,¢,=-3.9 % foTT 3Tafq FRRR |

e o dged fog FefaRaa gt i
yoret X () = 0 1 B FTF U fFT S S
=F-oft onferEt o Haer fag ©
I -11.40175
E,=|0 E =| 7.76355
0 —7.48985
1140175 | 11.40175
E,=|-7.76355|, E,=| 7.76355
| 745999 | 7.48999
11.40175 |
E,=|-7.76355
| —7.48995 |

A ANT-TATAl Jumert [9] i 3|
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YRR i fomam T ®
X =a(x,—x,)
X, =x,(c—x,;)—x,
% =X, x,—dx,
S8l "w,xX,xn eR sgryr gwfew €
3R abcd R y=a 1 @ | y=a 1=
a=1.1,b=14,c=26.1,d =0.70 & faTu sTegafeed
AR 2|

AI-TTeAl e o dqe foig 8—

0 4.1833
E,=|0|, E =|4.1833|
0 25.00
~4.1833
E,=| 4.1833
25.000

sTeaferd fog-=H Jomelt [10] I 9 TR
gRenfya femam o —
X, T ax; —Xx,x;
x, = —bx, +x, x,
Xy =X, Xx,— cx,
ST "x,,%,,X, € R"" SFereey MW ® 3R a,b,c TOR
= © | R H WeE 99 g = 0,40, =12.0,¢ = 5.0

% foTu sTegafe =oRr 2|

foTg-=m wonferdi @ Hqer foig ®
0 [—7.74596

E, = E =| 141421
] | —2.19089
[—7.74596 | 7.74596

E,=|-141421| E,=|141421
| 2.19089 | 2.19089

7

7.74596
E, =|-141421
2.19089
STHARIT -1 U 3T e

AR A-AFAT JUITAAT o sitar Uel-
[ERIESE]

gt aF-oft e 1 AR e & 'Y 7 @R
ANS-TATel &l g fen & 9§ foran =
?, WU € T IUFH e Wie 3R e i
RS e W ot ==t i T T

M= X, X + ax,

*2 :x1x3+ b1x2

X3

(3.1)

1
N g XX + €

yjl :a(yg_y]) +u1
Y2 :yl (ciyj)iyg—i_uz

(3.2)
STt w4 foeimeh § 3R feamea fru s §
THFTESIY Ffe 1 9 ThR TR Y

(3.3)

y3 :nyz_dy3+u3

e=x+y

- (3.) ¥R (3.2) § e ettt &
€ =ay,-y)—ae, Tax,—xx, tu,
€'2=y](c—y5)—ez+x2(]+bl)+x1x2+u2

& =yy,—de, + é X, x,tx,(d+c)+u,(3.4)
i e s & STgaR s ol
RIS L g
u =—a(y, +x)—ax +x,x
u, ==y (c—y,)—x,(1+b)—xx,

1
Uy =—=YY, —g)cl)c2 —x,(d +¢)

qa Ffe Tfaeht

(3.5)
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€= ae,
6'2 =-—e,
€; = —de, (3.6)

-a 0 O
A= 0 -1 0 (3.7)
0 0 -d

A 1 AT T RS €, 39Ty
t > 0,¢, > 0 HTT TIgE [11] & fosia feerar
Y Ffe el ToeiE €9 9 R g S g
TG A7 I8 ® T 1 =F-olt IR ARS-weAwe
reTafeera gonferdl fered-fiseest €1

HEATH ITHITT:

fremm wEf & gorvs & fau g9 T Al
a,=5.1,b,=—11,c,=-3.9 MR g =1.1,b=14,c=26.1,d =0.70
F fo gfma omeex oik wora e | o &
o sreaftyd sgaeRr rar € | yRfiye feufua
x, =(0.20,0.20,0.20) 37 ¥, = (1.0,2.0,3.0) S FA O
T TN Fleh SIE TUMCHAl hl T A o O
7 1. (©), (&), (F) Feem A 992 gaen i@
21 ot 2 P 1 UA-RisseieE IR w2

e ;
-&0

o1 1. eRSTsh =F-<ft Jomedt 1 - =7 o=
(Fre=es & form) |

100 T

-
4

100

sofd

%)
=

im ; ; ; ;
0

10 20 a0 40
LAY
ot 2. RS =F-cft Jomelt o1 fE-stmar = o
(s & form) |
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Lyaouny Expanents of Chen-Lee Sytem Jnincare section of Larenz-Stenflo System sawing axis :
T T T T T T T [T T T T T T T T g
E 1528 7._ . ]
Ar L 6:_ _:
A -HAS
| L 1 1 1 [ ' i
a im i@ nn X0 [ 1
Time 2'_ _'
Lyapunay Exponents of Lorerz-Sterflo System [ . 1
8 T T T T T r
B 1 L ]
. _ R R T NI T T ST S N R SR R
L, b0 0.0 0.5 1.0 1.5 2.0
E . AR 0713 nn
=1 1] 1
d
g
3 b= 106 oo b
m - 4
ki)
E o3 f
4 (a)
-1 1 1 1 1 1 DDE'J2'
] @ @ @ @ @
Time
Poincare section of Chen-Lee Systern sowing axis z ULy
40¢ :
L 1 L e L | t
10 pl 0 40 0
L L1
20_ E A+
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e _
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| ooz -
_40L ]
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015

(c)

ool

0005 -

10 =il 30 40 50

o 5 (), (), () Fem & &=
- fsrrgsiem e e #1

JrFarerd = -oit AR forg-=m e &
ElCR IR EER IS N

g fey R fui=R e &1 39 TR
qRefee e 28—

M= X, X tax,

= :x1x3+ b1x2

: 1

% :ngxj-i-clxj, (4.)
yl =ay, -yt

Y2 = by, vyt

y3 :y1y270y3+u3 (4-2)

Sty u,,u, " TR © SR fesEa fg
S €

TI-THshESIvE AfC &1 39 TR IRHmta
fopan T
e=x+y (4.3)

(4.1) 3R (4.2) A Ff JoTER T THR ©
e =ay, tax,—xx,—yy, tu,
8'2 :yiy3 +x1x3 +x2 (bl +b)_bez+u2
€=y, —ce,t L xx,bx, (et c) +u,(44)
gfsra Frv fasid & 78R s &l
TR id BT

U, =—ay, —ax, + y,V; + X,x; —¢,
U, =—y,¥; —X,(b+b)—xx, (4.5)
1
Uy ==y, —Exlx2 —x,(c+¢)
EERIRNIGE
el == (ej)
€, = — (be,)
& =- ey (4
YA et T =9 39 TRR ©
Vzé(elel +e,e,+ee;) (4'7)

&I V Tk HehRIcs Ffead ®eld V- R” — R
2 3 ST T S STeholsl o T g 9w
B 8—

V=—e’—be’ —ce’ (4.8)

SET“ VR > R " TS AT wer #
T YR TYAE & R s [1] s/ 3R
ol TR €9 9 fRR T gHe a8 ©
& 1 srerafem =m-al iR forg-=m faew 4d-
IEERIESES
HETAE ITTHITT:
=TT Tt ohT AR W FTEd HRR 3R e
oTeht # 9 g AEet @, =5.1.b, =-11,¢,=-3.9
3R a=0.40,b=12.0,c = 5.0 R =01 & for
AR SFIEN Bl €1 x, = (0.20,0.20,0.20)
SRy, =(-0.10,2.40,-3.50) % &9 H Fawr i
TRf fEIfd o 99 MATHEMATICA T ST
ek ST (e bl g | fo 3. (U), (Sh),
(&) Frepma ot TH gfEen TeRia e © | 3R ot
4 Fihma & TA-RishEseF = <iian 21
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USe T a6l | TSHT el § hHUT 1 TH I & I YRA 1 EHEH A1 Feash TR 9 @l
2139 7 foi a9 2022 H 14,895 Hithe fheiiHiex orgd sl Tag 3R TR & | 78,982 MVA &l g5
I Sire, St fUse ad i ger | shuen: 3.4 wfaera SR 7.7 wfaea it siaria gha ot wfersa & o frerifa
2030 T TR-SHETTH S &T9aT & 500 GW o 3Tfereh Hecarehial Sieary Uied @edli o |1, <91 & fagq fire
IR @ i ST (Inter-state) o TNU-T1Y TsA=<rd (Intra-state) EMHTH R W I+ H &
o weEgul o oa ® ® 1 U STaEEl UIsuasd &1 SAAE € R fod 9 2025 d@ Ziaftee @Ea g
T 3,040.50 3& T T GoA o1 2| ufEsT o foeRr B oSt o SR At yomedt Jen § guR %
o g & Hifara warEl o FRRE R e #) E yifea Y T diem Ty TR ved @ uiEsT & e
1 geaferd &3 iR g |fed wdft g ot & g g9 ok o § S o Y sEie B,
8 sReTesey geal i g WA | Heg fientl | IS § aIgerd seiRl & a1, foega fire o siftrer fervarsia,
R 3R IfsdH s & T 7€ ekl B A agrn o e e & forg eifyerd giar =T w1 ' 1 9Ra
T T & H YE H T TS RAfRe @A STaER S UE & e W AC R DC HedR hl AR HI
IRl i T S € AN Tk & g Ak o Wren wdt €, Fre i fovarm e qon garn § guR Y ekt
%139 MY 97 H IRV T b T AR e W Tt w IR arde foea gafee dm o afesy Y
Arerstt SR ST STl TR JehTeT ST € | 8 I O foRya &, Jashi & 37 3 31 o i 39 Hho
% &Y H A gU TR IR e w ar] w9 % I 5 eerdar favey W ot YR S 7, St
qgfaReia aRfEft st Tefad shar €, ST Huifed S SR OHEITT e i | 98 3 9 gEfsre iatee
e el % T SR A7 (case study) 1+ Afvfd s © R ICNIRP 3R CBIP feenfes & @t
3Tk forega & SR ok & aRomy faweisor it gor i THiE i © 1 Ry s © fR e ssfie
T @A feel TR e fRufd & fou saeed @ @R Fieferd SSifarl o1 Tmem WeH 3d €1 59
I T3 R G ITd T 9, fovaeia oIk ey fire o1 €1 grfore HVDC/EHVAC ZiEfie e
1 ITAN ik A FiAS[E h ST AR VR o § Hiford GuR % foru grefere el =i fesied & &
Teh SR B9 & WAy ¥ 791 e THS 1 S Jaed w2
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Abstract

India’s transmission network has been growing steadily in the past few years to support the
transition to renewable energy. The country added 14,895 circuit kms of line length in FY22 and
78,982 MVA of transformer capacity, an increase of 3.4% and 7.7% respectively over the previous
year. With more ambitious climate change targets of 500 GW of non-fossil fuel capacity by 2030 set
for the future, significant investments are underway to upgrade the country’s grid infrastructure
at the inter-state as well as the intra-state transmission levels. The National Infrastructure Pipeline
estimates a cumulative investment of Rs 3,040.50 billion in the transmission segment till FY2025.
Recent policy efforts have been directed to expedite project development and improve transmission
system planning. The newly launched PM Gati Shakti initiative is expected to streamline
project development and reduce time and cost overruns for all infrastructure projects including
transmission, which will help address RoW issues. With rapidly changing markets, ramping up
investments in new technologies to make the grid more reliable, secure and smart is also becoming
an imperative for the transmission domain. Newly introduced Hybrid Transmission Line concept in
India which justifies the feasibility for implementing AC and DC conductors on the same tower or
sharing the same Right of Way can improve grid reliability, efficiency and cost benefits for tower
infrastructure will take advantage of new capabilities to support grid operations. The objective
of this research paper is to discuss the recent trends and developments, and highlight the future
plans and upcoming opportunities in the Indian power transmission sector. The paper will also
highlight feasibility analysis for implementing Hybrid Transmission Line by considering Electric
Field, Magnetic Field and Right of Way as an objective function which affects the environmental
conditions which provides the possible solutions and strategies. This paper also showcases one
case study of Hybrid Transmission Line Model and verified their EMF result analysis comparison
with the ICNIRP and CBIP guidelines. Results show that the proposed hybrid transmission line
model is feasible for Indian Geological conditions and provides solutions to the utility engineers.
The main objectives of this paper is to create efficient, reliable and modern grids, and better
manage their transmission assets with an exemplified framework for designing hybrid lines for
the possible improvements in servitude utilisation and power density by using hybrid HVDC/
EHVAC transmission lines.

T&A VIsg: TEHS ARRM o, fofd gwhe &5 (EMF) STATE, T8 3% d, EHVAC, 3= diees
ERISECIN

Keywords: Hybrid Transmission Line, Electro Magnetic Field (EMF), Right of Way, EHVAC,
High Voltage Direct Current.

1 o=

ferega &t o graferer amet <A1 yfet St TR
BIdl 8, it 3 forgd fire aek e oiR forvaaria
forsrett feraor gfAfeaa st € [1] | foredta o 2022
T, qRA | 14,895 Fithe fhatiex @A @ars iR
78,982 THATT (MVA) HWHHL &HdT sl Siel, S
et o &t gor T B STeT ghs bl <9I © | T
STIETIA SIS o 3TIHM & ITER, o ad
2025 T ZEHYH G § el €99 61 FE9 g1

ol T € [2] | TEIER, TEHTH @A s A
SIR HTAYUTER IcACH & o W-wie R S
R, S IA SMETTF HReh| T THGTd STAT
GRATad a1 ® [1,4] | 9 O 93 I 39T FATH
st o1 ST X T8 wEire e sl
1 faehTa e & foru Arfes™ Tem & §, aifsh
3T TaTaT i SIRRad fohal ST Wen[1] | TR
% 1 279 TH (AC) 3R S (DC) womett
HAISH & | I AR W, BEfEre oiga o1 wfaffee
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T I3k Ta e, feun Had, ard e & gy | erfie it are fesmeA & fovagtear senfa foreera w5

T UFR T “TH & TR (YY-2ER) HI T FH
a1 Gfhe” [16] | TR TN oA w5
AN HH W T iR S A wonferdl % wee
W WS TSl 8, A 3 ST YO Teh-a
% TETe i AT w § 1 99 O uRa | U
BTEfore giafied o & € S T & I W
EHVAC 3R HVDC 8A o Idl 811 9Rd | &g
HVDC foish € S <1 EHVAC <&l & s Jed
g1 € TrEfore giafiem @ed w1 s a5
Sfear guEn €, safey y&arfed feamea €1 8k
et i TEEH IR Sfud weE W Rk e #
T Aeel § Sfed I TR snfter © s S
SR AC 3R DC At o i & $d
T ol T i €, ST SETfad eTsfsre g &
T SHfRITA AT TS o @ ol Gt hich,
A it ferveraaar-emenia o= s genfud
foram ST Tehel €1 39 TN O WX ST O B
3T e, feste, fge™ oIk orfelen fergerom
& ol Ui Teqel i forkga gdiem % @y

BIEfore SiMeM ae IR i Fatay sTfdis
Ao ¥ Helftrd e Yegi w1 Heliferd e @ [1] 1

2 HIfge weleTur

R fire SidieE siw sfean fafiee (PGCIL)
¥ HVDC % e @ diees &R | gha 3R
foreh=tiepa TR-urRufier Brei & fo saeht Sugerm
q WA ¥ AN HVDC UREsHet & @ &%
SATH HVDC TREATSHISTT i ST ol g fehan
7 [5] 1 SferehieT WeRTeM demeRfia “gTEfere el
W AN s Hw 8, e 1 o T heat
Teh G ST 9130 3 €, “eEfore Sier”
% feradia, ST AC 3R DC e fHehe Bidi © 31t
FHTAR T Tk G FeTdt © [7] | 3Hh T,
TTEfIE TEAl W SfehTer Wi HIS[el Hedl-Hihe
TH! ATl i BTEisTS TEHl § qielfcid i W hisd
¥ | g1t Wifee H eTefore Ziaftem ol o e
TR == T2 Rl TE ®, AAfhd SHH 3 U0 9
Heiftrg fereml w ==t Y T ® [2]

atferent 1: fafie erEent s fu= = ot ® faarfia giafaem ogs st

TIEeh L AC ares (hel) DC drees (ehat)
He T o= 2019 380 400
SIS T 3R Hgeet Jesi 2019 400 800
Ty fSrstt &R foamfedT am 2018 1000 800
Fewfaee, oA AR v 2017 380 450
ot iR o 2016 154 80
UfeHl, Tel, TR 2014 400 400
TZHA IR 2011 400 500
fopfoTosh, Wi iR Aifdm 2009 400 500
Ieerig, ¥ IR AR 2003 735 450
JSHE 1993 230 250
T T 3= 1988 220 200
AER & 3T 1981 500 500
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3 TTte giEterg g gyt fomr

[Double Circuit Hybrid Transmission Line Model |
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fort 1 ST BT gt e Fred
LCIisEe] (Ansys) e § A EEfe e
1 T e an] R € SR SHeh aRoml 6
3T foRan €1 e ersfore feet % S1ER

7§ T T-3TeT EHVAC 3R HVDC &R i
A fo=m &l Siiedn § | Yeelt foard uehet |fdhe
dfest HvDC frgel &1 i wwar @ iR guu
fomg g afthe SwrRr fa=ma =1 3| &
?1 S fewl o0 Tl Samd | ergewia e
T SR STEHTATERG (ICNIRP) feemfrde
R USH i T8 STt di1 fEIfd & ST{9R 9Rd
T TTEfoIE MMM age shi SHagTdl sl Siie &
% foru 3ok 9ol =61 geenfud fohan T | R
fire @le & HER 3R ¥ET (CEA) ¥ fRu @
feenfeer o STIER TR & a9 IR Fa™ &
fere frefeifaa Amaeel W foam foran = o S
fop = <t 7 ifereRt 2 H femmEn R

ATfeTeRt 2: 2TeR gyl X S1fitehed Ureiet (Design parameters)

FIE] EHVAC EHVDC feafurst
Sieest (k) 400 500 ST HARM
F () 3.8 3.2 STRTATH oA
el =g (i) 47.33 33.80 (e Tt H)
&fos 8 () 15 22 (e TR H)
oo gl (TH) 18 28 (3 Hie H)

4 zTer fagia == fagawor & fag
TfuTd et

Tg WY 9 ARG HVDC 3R EHVAC TeR
FI aF B W gy, foeet afEsmed R
= i O % T we T feet Tegd e
? [1]1 == TEftem @ 3YH & e =t
3R W % W2 3 I % STIHIT @l hi TOET
e Toha TN o1 | TR TeTferd gsfore ere fa=ard
i G | =3 i TUET A TTE, IR et % TR
3R 3T HRHI ! THEING i gu, faftm= &=
% STHR R 3 for=ma & = & fuifa 3 &

foTe wumrSE fohan = [1,9] 1

4.1 Zratay-arga fHator

fosrent @mret o1 fmi T wfeq ok Sfea &
TSl o ShIAFE o foT Teh THf=a aisr foerfa
F H HIR T A STEvIeRdT et € [1,12] |
e e i 6 fafr e fmio faftei |
=1 St %, <ifeRe semes IR e <t Rufa
% TR T Th T ¥ T T W IREdT |
ot R fopen ST =R [1] 1 forstett afrsHret
Sl el AreT SR TelE STEveh urer fareh i
FHH TR U 3 IR TATE TR 31 qAfarviiy
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T UIes Ta o e Bad, wRdE fire & ded | eufre giaftem oga feomea & faveiaar it foepm =hi.....

NS Gied TAieRuiia et % WY Fel TH kI Ad9IEe % kel o STER YNd H Tfid S %
FY F o foTU eravas & | et 2 faga daem it ofd o giafiem arsl i gfs SR war e [11]1

Growth of Transmission Lines at the end of each Plan (A1l figs in Ckm):

Voltage level 6th Plan TthPlan | 8thPlan | 9thPlan | 10thPlan | 11thPlan | 12thPlan
165kV 0 0 0 971 2184 5250 31240
HVDC Bipole 0 0 1634 3138 5872 9432 15556
400KV 6029 19824 30142 49378 15722 106819 | 157787
220kV 46005 39631 79600 96993 114629 | 135980 | 163268

Total ckm 52034 79455 | 117376 | 150480 | 198407 257481 | 367851

et 2 W ATk Sfd H iR el o e (W etiRe HehuA (ckm) #) (R : fregd Heer St Jerse)

STATT-3TET EHVAC 3R HVDC fersiedt st
Sl TATOAT o oI TRl SHRepl Shl STERaehdT Sidt
? i 37 forell el ot TemaT H dehHiehl,
Ariifeten, HiaHTcHe 3R 1= el Tied e HRh

et g1 € [1] 1 Framer el sR ey e
Tfcraler &5, sfifersh SR qafeRor Heh! & STIHR
3TET-37e <9 B = 21 € [1] 1 o 3 gt
e fesmea vk o1 yerfas feam € [1])

. 1. Feasibility studies, approval and statutory clearances
. 2. Surveying, trail-pit marking, profiling
. 3. Building access roads, clearing, and right of way
. 4. Pit making, excavation, construction of foundations
. 5. Stub setting, tower erection
. 6. Stringing of conductor and earth wire

. 7. Residue work, inspection and commissioning of lines

ot 3 giEfiem oea == oo

4.2 Taea IuuT FEA & Hegifae =9 T S STerT- 7o T S & [1,5] | Seieas
T AR R, fersrell Ao % o HRe § de &Y 9, T Sl I9-acdl Ao fohar s
Tt e B ¥, R ST TR, wfeiee S ¢ o (o (57 4 H e g (]
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Capital costs of the electrical
transmission linc.

L
Line facility
costs

s -
i Supply .
Detailed Total Project owner
_ m SRR LES N mcomﬂ- 2 costs
costs

Transfer = Project
stations & Ge;:]‘:_tz‘f“' . = _ management Other costs
accessories b — Right of way costs
Foundation & Foundation Building fm_mm ““'i"’:
— concrete — design et L a ek
line
Structure
Commectons design Matcrials
management/
procurement,
supply,
notwork Linc layout — warchousing.
marterials
transportation
Insulators Preparing
| material Building
speciflications foundations &
_ for purchase & construction
Right of way installation
Installing
conncctors.
- insulators. &
owers wrenches
Line
commussioning
Total
transmission line
costs —
1)+ (2)+(3)

ot 4 forga o @A % YEd 9 FR |

4.3 ANt Ud SR ST & 1] Sger h hia ees iR e % YN
Tl T TE STRIET TEE skl hiAd ST 2TeR ﬁTW@.WW%Wmmﬁ%
Ffor 35 FafeTe TR & TR # [1] 17 e L1 R R T S TSR B St SR
Fars W off FrR e ® [1] | afereRt 4 F 400 et %WWWWWWW
(EHVAC % fotm) 8 500 et (HVDC & ferw) T Tl e e S W R
o Slieesl o foTe 2rerl sht sTfid < fore anasft == WW‘WW%WWWW%I
S 3R T e T [1] 1 e s e e g STRE 3¥ 1 @ 75 w0 Ui e
EHVAC & fTT 400 et 31X HVDC st gféhe A T

F BT 500 1 ¥ BT TR, TEEF ST o EHVAC:1)400€@HF¢‘TW@@H@W
3R o171 Te-31 (S TRfET, dqeiey, TS arR aE-1_230 fofeft e [Srehl] 2) 400 el
siv TRR) Tfed s w0 R E 1] S Wiche seHms R § P o
el W wE A T et # A W EA_263 forl et [

Pk T & T R S T W A e HVDC: 500 et &t @gA_460 Tt carg
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T I3k Ta e, feun Had, ard e & gy | erfie it are fesmeA & fovagtear senfa foreera w5

ATfeTeRT 3: 2TeR fest ==
o=
3=
I I BHRED
E IR S TR ) . HRTIH .
. Bl TR AT/ | TR | feafort
. E2) BEEDN o EEEaUl
EalcEn]
& S
(fermm)
10172.912 | TieisH 762968.4 317.296 | 2379732 | R - Type
400 1V T2 % | dee, WY
1 EHVAC diee, ¥R, St v,
[GETCOI | s c00s.076 | 1875395.7 772 579000 T;;e T R, R |
3390.97 [ENEE 254322.8 105.76 79324.4 | R-Type
T F WY dee, B
500 kV .
2 HVDC v. e, ¥R, < v,
8335.092 GEIE] 625131.9 257.33 193000 Type TN foi, TR
1,367 | feem 852525 1000kg slacs | Type-A
approx.
400 kV e % WY dee, €I
3 EHVAC T -
[Torrent] 20,248 LRiC) 1518600 2000kg 1slacs | TypeB [* & foi, Sl
approx.
4.4 T =T ¥ 30% I &1 1 fohelt 1 2R Tefyd A A
A T diferet 4 H e T ®

4.4.1 STa¥ &I <q
T TG = W IR W Fod =49 &1 15%
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AMART 4 : 2T TN A T

H T Rl T T TS @0 .
. A T femfurat
e gt (feram) TeRTT [%. / femm]
400 kV 10172.912 IRNES] 12-20 1042986 R - Type
1 EHVAC
[CETCOL | 25005276 | @ 12-20 1687700 | Y - Type
, 500 KV 3390.97 fetem 12-20 347662 R - Type
HVDC
8335.092 GERIC) 12-20 562566 Y - Type
400 kV 11,367 [ESER] 8-10 830000 Type-A
3 EHVAC
[Torrent] 20,248 GEiE) 8-10 1037500 Type-B

4.4.2 A= s2eh waT (Feaey T
=)

e 1 TY 99 STH AR ¥ et ® [1]
feste foeiog o dey § heaet & vfd foreht w &t
TV ShgareT o aoi 3T =418 & ST [1,15,16]

3R 3IH ¥R o SR R FA=faiad 7o & e
1) &€ 1 Fol o5 = 4 x 2,135/- = 8540
feman/fepeit
2) FA I = 225%x8540 = 19,21,500 T/
ferel

B N ﬁﬁ%ﬂﬁ;j@?; 400@*&2;,4(:34%%500
T WIE Ui H 4 Su-=eren W RER e HVDC e fm & fead 2
iRt 5: TR = afta Feaet =

HEFET AN THI Ele] v &./fRd

Thel AR o1 STANT hih Teh e oled o &9 H

el e 3 o e e § s e 9 g | 400 kV EH- 19.21,500/-
TYFIANG ], qR oM, gt SR Sgeie e, a4t VAC
Tueh T HA, Yo SR dER Shy i GRS 2o d
R A9E HAT TE T A § | THH A, STHI, 500 kV 6,40,500/-
gftyer 3R T 1 HiHd it 21 HVDC H
4.5 3T I YRR T, Tl el T S S T 9 §

fafoe rt & @t | aed 3 IR g %
STHIA <t T eHE ® [1,6] | ATfeTeRt 6 Teh TR
RS % @ % H3 TS H1 AU FA T,
e 3o @, fagia FIfeT IR W &1 @,

[1,8] | TifEashi forveioor 37 &= TaeIul o 3T ER
AT 37T e’ & TAM 3R TR & fESeT & T
T T = g aE W ufkedeie 7 [1,7]

28 IS hoR G H STTHIRA I SHel faeT WehToT, ISSN : 1549-523-X, a9 : 21, 3% 3, JeTs - faawr 2023



T I3k Ta e, feun Had, ard e & gy | erfie it are fesmeA & fovagtear senfa foreera w5

AT 6: 3T TWTUAT =T

HIAAR ERT
ELCEERSC) R T
e 2Te T e diRear® | WEmwW | @O | 3| Rs/
hcars ?s}:\q vy WA T [ere] | wud/en m’
|Tge TafeT
Rs/m?
400 KV IENER 341 211 52455 87900 11449
EHVAC
GEIE] 341 154 52455 87900 11205
500 KV IRGER 341 21 52455 87900 11449
HVDC
qa 341 154 52455 87900 11205
5. Hgifcreh TUTT & URoTH TE == o R R TR 1,15
5.7 T st e frfeifaq Areel W SRenl == aided 9
TR fomam T
3 forstett Ioor Tl o R H qehArehl, o
feet 1. dreest afEm

3R 3f¥feh ST b1 ST ik T 7T
% SMER R TeH AR T g/ fofaa g o
A[1] | F& SR Tk EHeH e fae forkfia
FH o A h WY TRfad H T ot S SR
=1 IR g HRHI & 3T dedll Q et € [1] 1
o= diees], Uehal A1 f5a @red, EHVAC ek
e 91 HVDC TeR &3 & foiq Siaftme g
Tt 1 31eE IR faverw T foRar S €1 2R
TR, Tl 3R R e shi Tas o Heel
H %2 forhedl 1 fowerwor foRan o @ [1]1 35996
sreran fafr omed Tl o weator SR feversr

AC - 400 kV (92l dfhe iR faa wfhe)
DC - 500 kV (fage gfhe)

2. I EE Wod § sheded YR 2eR HE 1
TR H S A ©

3. 7 foRa oA Feeem

4. off <t feufa

5. &3 &1

fofir= =i < ToTieRl ATedt &1 W@t 1 T

feel o S 1 SR = femm e € [1,10]
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5.1.1 AGATZT TSI ST
AICART 7: TS AU TMET & o AT
. e MYt o | wTEtEs W v/ | g @ 9@ 9wt
et %./fereit. .ot T & /TR
786765.6 x 3 (tower)
= 2360296.8/-
400 kv +
1 EHVAC | 1850000 | 1921500 (Conductor | 6131796.8/-
[GETCO] Cost/km)
4281796.8/-
500 kv
2 VDC 616666.67 | 1427265.6/- 2043932.26/-
852525 x 3 (tower) =
400 KV 1557575/-
EHVA
3 VAC 1 1850000 | 1921500 (Conductor | 6329075/~
k
[Torrent] SOSt/ m)
4479075/-
ferea womerd iR WiST & A 2@ uedi % 5.1.3 2Ta¥ QAT QT ISTT

foTe =a O 293 T § 1 279 1 foRdt et SiEfee
TS hi oioTs ol =AM § WEd ¢ HH § & 3
AL B SR Tt AOEEl e § T gU i
fortit e heaer Td R femr faman STar ® [16] |

TR TEAT dge W g-URede Ul <ot T
MY, St foR @ifereRT 9 H femmen e @ [1]

ATfAGRT 9 : STAR HIEAT AR TS

r - 400 kV
5.1.2 FEaRN & foq wgraeh qreret i aﬁf S T
TR T & SR W, 98e sheded i aged! VAC ——
¢ &
w@ﬁmww%ﬁwaﬁwaﬁ 1 P 0.9 e
fopw T & Sk fop aifereRt 8 H femmn @ ® [1]) R E
379 THH
ATfCTERT 8 : ThEaReY oh (AT UToet faeRtad - ELE
2 P 1 1 GETCO
AT EEGE
S . S— 400 kV 500 kV e
REEL EHVAC HVDC . . 3
5.1.4 GUF ZTQEIA TG & dAarg °
! ACSR ! ! gRadT & eRTE
5 ACSS Log Log & oft A Y TS sedt |, Ufd fereHier siva
= &H S ? [1]1
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AIfCTRT 10 : THA ZIFHIT TS ciarg |

Tg TEN § | Aot 12 9Ra & faft= &5

far= fers T A ATe TN S ekl ki SwIl
HEL
. 400 kV 500 kV
I e EHVAC | HVDC .
ATeTeRT 12: Y- 0TIk
1 200 freft & 1 1
aferer v wUE | & TER ik
2 70 - 200 & ft 1.2 1.2 1 T 1
2 qHdA 1
3 <0 - 70 e 1.5 15 3 - iy
. 4 | 1.15
5.1.5 g AP wwET g & m——
& I U ZTAH9TT g [HAfor e 2 8% B
AGT 6 S Y 1.25

ZHAfeE oed o &1 foar fosel g
&1 SgH o foTy =g e forenféa hed & =I5
Aol AR @A 1 age € (A, 'Y iR
THCIR 1 STINARIT BreT) | TfeTenT 11 T[T ared
H sl R @t @ g © (1]

ATfeTaRt 11: T foaerTd e e

e et
| 400 kV A s | SR H A Fa
EHVAC | gdeaer | qoft @ &1 55% &
) 500 kV fd et | eaRr it A Fa
HVDC 1% | St A i 55% ©
Sieehl o EERINAT ¥ T fohT 7T A €21

ol % Ty Rebeaex dva @l € o foret o
el TR & oI dreaer &1 AT e &l
T | TEUOUE HhedR HiE T8 &THdl & HHe B
et & fou o= fashey & oifer arediereh
HEEA o fou enft off Fifq 1 2ifow w9 =l
foam T 1

5.1.6 Y-4T7T YUT&H
AT &9 forerfia e Tad 9§ SR a9 &

5.1.7 T 3TF 9 (IR3NET)
T O | Uge-AH-9 ozd o Ao & foru
3MaTas Y T & § IS T Wi ©, A
T el S © [1] | A e 1 gfaerses
M o TN, qeheitehl SIFeT S8 ATd o 18R
Hufty <t =St Yord o & SR o are dufat
I T hiTd AR T feR srevaes § [1,7]
TR el 1 " Y 4R W OSHE %
TH 9 Hattn © | foselt ame o s S et
2, forotett @mea 1 @ 3o & % g 23] 11
feRairie ol grafem @ & fofu, sTRsfesey
e FINER & THI h W Frer 1 WX &Y
F H FaA qfH H ITIRT 2000 FH TR FH
Bl ST, Sefsh el Teh % i =reE 1 Jiel
FY HH F ol T T ST FH & S| 9
TeReIHIeT 2000 & HieX T T 1000 o HieX
Y e e[ 3] | i 1 HoT &= | of o arvisueh
T R 3T w5t B)3,5] 1

5.2 TifoTara fraet

T ST SR SR ST i 3T, WRA |
SN % T faremfira Segiferen fest 3@ wahr @ [1]:
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TLC = [(BTC)x (CC)x (SC)x (ReC)x
(TC)xNumber of kilometres] + [ROWC x
Number of kilometres]

ROWC = (ROW acre / kilometre) x (land
cost/acre)

ST,

TLE = ZiEH9H eH 9

BTE = =% gigfied ==

CC = e Ui
SC = HT=A1 TUish
IEC = fiehgse Turieh
TC = Y-9rT orieh

ROW = g2 3% o [1]

aferent - 13 : fafir et Fewlt & == favemor & fog awier aifersr

T Srft ?g%l;\ég?mc Line 500 kV HVDC Line ?Tof)'l;\l;gg;]]“c Line
g 3./ 6131796.8/- 2043932.2/- 6329075/-
wfeernt
h S
ACSR 1 1
ACSS 1.08 1.08 1.08
A G
SRR SEeR W 1 1
SIERESCIH
200 feredt & erferer e | 1 1
70-200 Tt 1.2 1.2
50-70 fetit 1.5 1.5
A T
- 1 1
e o et 0.55 0.55 0.55
RS &3 Y- 91T
o 1 1
6. fene % SER S § | 39 <@ Sl Gl I & STTER

TRl fu U iR feel % MR W 400 Het
EHVAC 21eR i 500 el HVDC <R & fau
STET-3TE TMOAIST 1 fo=R #d U, TR
TIAMHEH 2R i AN i STeSt O WA b
TE {1 T e gEfe et oed oA
@l EHVAC Aediefid Jhafiee agd & g

TIEfore TMftNE ogq 3R efel HVDC oz &
el § &9 UM & flt HVDC &AaeR @l W
forar &t foran T 1 A= T aifere RdE
e & ST{IR 9! HGEHdl S o HAIA
U 3% =@ favemo |fRd @it JRR F e
i g S 2

32 IS hoR G H STTHIRA I SHel faeT WehToT, ISSN : 1549-523-X, a9 : 21, 3% 3, JeTs - faawr 2023



T I3k Ta e, feun Had, ard e & gy | erfie it are fesmeA & fovagtear senfa foreera w5

AR - 14 : el Hiche EHVAC TSI ehl ol H gISiog gl anl o fargersor

férercor 2Tl & YT YR AN &./femdt feoforat
400 kV EHVAC
400 KV Hedl |fdhe &l 9ier
Line e A 2R 6131796.8/- )
w230 forelt @ [GETCO]
[GETCO]
500 kV HVDC 500 kV dfast wza_460 ft
. SR 2R 2043932.2/- .
Line KEIH
400 kV 400 kV fz= wffhe swugErR
EHVAC Line & dfthe o 6329075/- TR & 9 95/ ared_263 e
[TORRENT] @A [Torrent]
Proposed 400
kV EHVAC 5 .
FIEEERCICHS 6500000/~ TrdisTe grEfere ZEftme 2
and 500 kV
HVDC Line
&1 hl TTE UM SIZeh 317 RS IR 9 3=y 3T

Fae g EHVAC, HVDC iR gEfie
freet & for oneet =19 fowervor T e 2
Yegifaes frest fofa fFofarett =6 giaftem e &
fomtor ofiR ufers it ufesstt &1 @] #9 F
Tl &l G w3 § 7e #3d © | 39 WY
T yeM frw T grafier aREsistt & e
STIHYM iR T 9 TEfre gaftnm s &
IUINT Fleh forstell ol H G GuR & forg
TEfsres gl 1 fEomed w & It S
T % Y SSiERl o fore feenfce daR feRa

TR

TH U I 1 o FAUA o ol arfosh I7d
SR e S YoM i H FaTl o forg shwt
SR vee, JHER SRR, SiEeHiel &l u=as
<A T 1T 3H WM %k SRE FER WY o9 99 &
Il | T o fTT Terel shieist St gSiai
% IR 2. had ST iR dEiEy % TEifie
TIRER ST, Sisfl STHAM o 9fd ot ST9HT SR S2e
AT TR © | BH 2. Y <A, Tersh WhR,
SiiEd, 2. T ued, THIuE MR, THsiyg
% ot ST IR T
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Iy O W Tger SIS Tegt oht wuTTedeR fEdt vreqraeit

Alphabetically sorted terminology in English FUTHTEAT 3‘3?5&“ &t vreaTaeh
Conductor FHEFT
Current Carrying Capacity SRT I8 &
Efficiency el

Electric and Magnetic Field

ferepa T b &

Geological Condition

eta e

Hybrid Transmission Line

BIefore Zrafise o

Ministry of Power

IEEGREINR

Power Transfer Capability

YIfeRT STAXOT &THT

Right of Way

e 3w 9

Transmission Network

TRE Aeas

Tgd

1. R. Verdolin, A.M. Gole, E. Kuffel, N. Diseko
and B. Bisewski,” Induced Over voltages on
AC- DC Hybrid Transmission System”, IEEE
Transactions on Power Delivery, Vol. 10, No.
3, July 1995.
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to an ac/dc hybrid line with regard to audible
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Future - Integrating Super grids and Micro
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Feasibility study for converting 380 Kv ac lines
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electromagnetic interference on dc line from
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Lines in India using Newly Developed
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systems. In Innovation for Secure and
Efficient Transmission Grids - Cigré Belgium
Conference, 2014.
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July 2019 Interaction of a HVDC system with 400 kV
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among multi circuit 220 kV and 500 kV (IPST2009), 2009
transmission lines on same tower,” Power 15. Brajagopal Datta and Dr. Saibal Chatterjee,
System Technology, Vol. 33, No. 6, 45-49, “Transient Analysis for Hybrid Electric Field
2009. in close proximity HVAC-HVDC operation
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Contact faults in hybrid ac/dc power

T3 fareent a1 agier: deavar fahar |
TR TSI TTATEHfaedd il
a1t - "foren, qhvife, fomm, TgfowifeRy, doan oIk wrfeierar, 3 = s
79 ¥, 39% fore = ot emme ="
I FeTe T 18] et Heel TH v |
T TRTHH G I AT HH G Il
31T - o= & WA i 98] T § S g Siad B & En 9o, 9 ¥
3R 1 qU 7 ], W & Ie1 IR HE W Tl T, (S EA Y1 et ©) AR =&
Y Je1 &5 ot g@ & ¢ (Fifh AN TRl §:@ B Tehdl & foheg STTA STTHFAT
H JE=Ta1 9T Bt §)
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T 3T o fT C'.T HeheT=radT sl SUATT Hlch
W(LP, W (w),3)-a1 ok el ok Gi=Tehed (ITTHM) &l Jfe

Error of approximation (estimation) of functions belonging to
W(L*,¥Y(w),p)- class using C’. T-means for hump matrices

Hfer goT, S R sharae
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AT
9 ¥Y 99 H, TH T g o forg, iRk faeafaest ot W(Lr,W(w),B) o Heml shi HRER S0 R CLT- 70

GehoHIIdl 1 STANT i, Hell o H-Tehed shi I W A €| TTH Teldl, T 39 g7 T ¥ §9
ST off I A

Abstract

In this paper, we find the error of approximation of functions belonging to weighted Lipschitz class
W(Lr, P(w),p) by using product summability method C'.T of its Fourier series for hump matrices.

Further, we derive few corollaries from our main theorem.
T&A JTeq: TH 3Tege, Wi=iehed hl 2, W(L»,W(w),B)-a1, B Aoft

Keywords: Hump matrix, Error of approximation, W(L?, ¥(w),p)-class, Fourier series.

gfea

%% 99 wEehdiel [1-6] - Thiawe 4kl (monotonic rows) o §1e fafi= Hehar ol hi qehrlehi
ST ek i foremfaes it § ffed el & ke (S1gaM) &t 3 W At 71 e enfe
[7] 3 Weeh IR I8 WA fRan fo &2 ooy § wwfow ikl W et € S fR, €0 oTep ) v
3egg o Ty, 3= Bt sgusi (trigonometric polynomials) T IYIRT Lk Lip (oc,p)-EP'f £
el T STEM SR €, 3R o(C*) % ®9 § Ffe W i €1 frsm SR fasn [8] 7 ARcI® (Norlund)
3R =1 (Riesz) Heheadl 1 SYART Hich FAM fTdfeest o § Heiftd wel & fag ¥ae e
I 6l § | T 3TegE o forg, sitamea iR g [9], iR siereqa iR <= [10] 7 31 Hehariad
FT ST HW G W(LP, ¥ (w), f)-7 | Faiftd werl & forg o( ( )(c+1)3+1f!’)%1€qﬁ‘@ﬁ
T T | geites, [11-14] éﬁﬁ@aﬁaﬁﬁﬁrﬁmwﬂwﬁw (product summability)
feferdi, S 6 (W, p,) (E.q), (€, 1)(E, @) 3R (N, p,,,q,)(E,q) % Hrezm A faifer= foreafare ot # fifa
el o Wihed i FfE T ht 71 3H I U H, TH el o li-iehed o [oTT UHHE HehatHral
cL.T 1 ST & T
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e 38 T Yoid HUR SHierd, S99 g & 1w C'.T Hehariardl 1 S9N ik W(LP,W (w),B)-T ...

M T T = (h,,) Tk 5 Brysia smege
(lower triangular matrix) € | 38 79 T8 Fel
ST €, e @l C % AT e, = ey(c) e N T 3H
TR AT §

h . <h seo<ec<e,

ce+

h  <h  selo<e<c

T gfd ®AT (periodic function)
g € 17([0,2n]) hl Brrivifhdia RRer goft =01 fr=
TR | R fpen S e

=]
a
g(z) ~ ?0+Z[agmsez + b,sinez),
g=1

e 39 BRER Aot o Wd (¢ + 1) o SRR
AT 1 9 TR TR foman Sran @

5.(g:z) = ?+Zg:1(a6. cosez + b sinez), c €N,

S (g:z} = ﬂ!

2

@i a, q b, BRALIUN (Fourier coefficient)
Tl tlg:z) = = yR @ ofenfia =9 2

t.(g:2) = th’e s,(g;z),ceN,,
r (1)

@i T = (hce) 30 fafedi (non-negative
entries) T T = Bsia emege 8, s
frfeRad ol w1 9 I €

ho1=0,Hyy=Y0 oy IR Hog=1,c€Np.

I ¢ 50 o T t.(g:z) —s %, e g
i HRER SO I T-Heha i wel Sl 8, 3R
ST T- Gehag AN S Bl 8 |

2 0<e<c

TSR THIHT (1) Hhe.e = {m’

0 e=c,

T &, @ SR T ¥ TF & HISIRI S8 (Cesaro
matrix of order one) o gRafda g srar & ik g9
(C, 1) T C ZRT FE(IT 3T ST & 1 T- Fehetia
& G C'- Fherd & JUTHA 9 C.T- Gha i
T Il 81 39 YR {s.(g; 2)} & C.T- bl

# tST(g;z) & ZRT 60T 9 Sl & Sk

57 Y] G GRYINT 97 ST Gehal & :
t€'7(giz) = (c+ D7 hri5i(g2) | € € No.
;(; k5K ) 0

%o g € P(I) & IP-TM% (L -norm) !

FEFaR IR 3 7 &
lgll, = (& 9@IPdz) T A <p<o) g

||g||m: m@ggz;—;lg(z)l'

[1-4, 6-14] ® fr=foRea fafe= fercafaest
ot R fepe T R |

Lipa={g:I-R:|glz+w)— g(2)| = 0(w™)},

Lip(e, p) = {g € LP(D):|g(z + w) — g(2)|, = O(w™)},
Lip(§(w), p) = {g € IP(I):|g(z + w) — g(2)|, = OZW)},
W(LP,5w)) =
(g€ rW:1(atz +w) - g@)sinf ()1, = 0(5w))},
W(L?, ¥(w), p) =
{g € I (D:|(g(z + w) — g(2)) sinf G) [, =0 (l:(;:g)}

Seip21,w>0,B 20, 3R HEH £(w) 3R W(w)
ThRIcHS ©9 9 Eﬁﬁ %I

A B9 ST W(LP, Ww), B) | wiw) = E(w)ws
AT, W w(r, ww), B), w(z, 5w) H IRafd &l
ST | A w(I?, §w) | B=0 @Iﬁ%, @ w(L?, ¢(w))
, Lip(¢(w), p) B aRafdd g1 et €1 3 Lipew), p)
T Ew)=w0=a<1 @?f%\’, ?h-qg Lip(e, p) ﬁflﬁaﬁﬁ
Bl ST € | 9eIved A Lip(a, p) W p— 0 T T,
AT Lip o | ARSI B ST |

Teh C ¥ o BehIvIiHde 9598 % &1, e g
% Gi-iehe shl 2 o1 FT TR W fomanm I e

E(g) = 7% Il g(2) ~ T2 I

Hi=Tehed sl ST fafes =l Brepiorfidia HieR
iR (trigonometric Fourier approximation)
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el SR
plzw) =p(w)=gz+w)+ glz—w)—2g(2)

R

1 (5 e
HEW) == > ) hous

e=0f=0

sin(2e — 2f + 1}%

sin (%)

[t weHl g e WP, W(w), p) & fog, 'H
forenTeten! sTdfeRT (Minkowski inequality) AT
SN Tk ST 9 YA T Hehdl B Toh el
@(z,w) € W(IP, W(w), B) BT & |

Wﬁ-aﬁwaﬂmr— (hey), STET
Moy = (;) (2022)7, 3R o}t 1 — 4046 ¥, (—4045)
A & 1 3T N KT C of S AT 5, = (—4045)°
2198 9ot T~ Gehera &l € 3R C-Heherd
off &l €, Ak o8 Cc.T- THe 1 2 | 39 TN,
BH <@ THhd § % TOHEA GhoHad], Thd
Heha ol (single summability) i ga |
3R wfeRTeTelt 7 |

& o

e Wi o w ¥ for FreffEd i
! SATETIRAT € |
R 1 w € (0.25) % R [H(e,w)| = 0(c + 1),
EEEINE —<s1n[ )3ﬁ1|51n[m)|ﬂicwﬂﬂ3®\mﬂ?{ag
79 frfafed w6 wed &

e w)l = 2m, (r:+ 1)22
N c e
= 2m,(c+ 1)ZZ hee-s
=uf=o0

h,, fﬂn((ZB 2f+1) )|

w
S[ﬂ.( |

(2e —2f + 1)%

sin()

c 3
1
- _
<3eT QZZth(Ze 2f+1)
=0 =0
J— 1 \
_m;H‘gJU(ZeJr 1)

1 c
Tt D ;(28 0

=0(c+1).

TR 20 we (I, m) % fau

=0 ()

IqYf: ;‘ism( ),, (c+ 1)3‘-ﬁ"{ﬁ${h@}

[H(c,w)|

= 0(7) 3ﬁ-{ hc,eo {hc,o, hc,w,..., hc,c} W W W,
7 frferfiad are v Tend ©
] he o fsm(@e 2f +1) )|
It (e, w)] = szo D |

ii hgo rexp (i(Ze —2f + 1)%)|

<o) B2
=o(3) S b perplitc — o)

e=07=0
1
-o(3)
w,

'S huacperntifu
-0t

e=07=0
=0()hee ()
1
:O(W2[5+1)|).
THA: M foh 7= () Teh STO1 Tfoel o @1
T AR © N (c 4 1) - 3579, () = 0(1) B

19 fF wo) TH THRIcHS A Hed € S
Frefeoiad v 1 T

Wiw)

WS T T e 8, (2)

1—exp(ile + 1)w)
1 — exp(iw)

1

sinf(7) o)

(W(w‘,lw_; ) W &1 IReg e (bounded
function) g S fR @t z & faT 9mm w9
(USI#{FORMLY) q @ E, (3)

(B2 ) o ) - ot 0merw ()
©

T WP, w(w), )-a7 ¥ W@ aret el g i
R S0t W CL.T- Geheradl 1 ST hieh,

Tl o Gieiehed sl F FETER & W 2
ERCORE ORI E

T et
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e 38 T Yoid HUR SHierd, S99 g & 1w C'.T Hehariardl 1 S9N ik W(LP,W (w),B)-T ...

& pTt g =1

Suufa: fefa () @ > 1 & fog
7 frefofad forg wehd €
qo[w)sm(Zc + 1)

sin(3)

' (giz) —gla) = C%Z Z b, ¢[s¢(g; 2) — g(2)]

e=0f=0

Se(giz) — Q[Z) W,

_ fﬁ(p[w) (2m(c+1)) "x
o

ZZ 0. rsm(Ze E‘i;- 1)—

e=0f=0 sin 7

= fﬂcp[w) H(c,w)dw
0

f: @(w) H(c,w) dw
ol

= fm@(w) H(c,w) dw+
0

=M, + M,, (Fm o).

()

e ol s s o foTe safeR 1, Bieet

STHHRT (Holder inequality), ¢(w) € W(LE,®(w),B),

hid < sln( ) THRE Sl HTEAq THI (mean value

theorem for integrals), 3R ¥@f (2) 3R (3) &1
ERRIUIESG RS

B
s [ ( (3) ol imce w>|w<w))

w P‘l‘(w) wP sinf (w)
1
- [f u(sm" (w) I<PKW)I) ]p .
o w P‘]—'(w)

-
fcﬂ |H[c w)|. P(w) dw
o wP sinf (w)
( )U RE L ]
(e + 1)P

=0(‘F[c:1

) (c+ 1)'3*%).
()

7 fr=fafad =i fe 0 & fo yafe 2,
RICET STRIMHHT, (w) € w(r,ww),p), = <sin(%)
3R I (4) T ST FXA T

1
T w D y(w)
|MZ|£0{ « WD dw]
o
p 1
1 T w(w) P
=0 (c + 1) J’%(wﬂ-ﬁ-l%\) dw] X
1
n q
f«: w1 dw
1
_ T B 1_1
=0 ‘P(H_—i) (c+1P(c+1)"a

=o(w( :1) (c+ 1P ) 0

g (5), (6) 3R (7) =1 foemax &d
frfafaa o g €1

~ofwr v Ty) .

ferfa (i) (p = 7% )
S SR & THR W, g9 forg dehd ®:

1
t8T(g:z) —g(z) = My + M,

&)

& fefafad &1 s e & foe yate
1, BICST SFHMH], * < sin(%), W40 (2) 3R (3)
SUIT W €

751 sinf () lo(w) | w(ow) [H(c,w)|
Iara) < -{o ( w W (w) w sinf (2) )dw

W) ¥W)|\ (e
<ote 0 s, ([ gy ) [
:O(‘P(c+1) (C+1)ﬁ+1)' (10)
T yR 9 g fFEfafad = s &3 &

fore st 2, Eieet STEfHl, 2 <sin(¥) SR W
(4) T STERT A E :
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<o()

:a(w[czl) (c+1)ﬁ(c+1)1)

o ore() (1)

iRl (9), (10) R (11) I e &6
ffeaRad s g |

[t (g2) - g@)|

W|

fﬂ Fw) dw} sup

x whZ !
m SWET

c+1

:0(&“)8”“’(:1))' (12)
gHiHTo (8) 3R (12) w1 faemwy W
frefafaa et g § |

1€ (g:2) — g(2) 1,= 0 (w () e+ 1)'“%),

39 T T 39 U9 @I g fRa

freAfafaa aiomg gaR v8T 9 ura fRw S
Thd B

SUTHE 1. AR T H wow) = twws o T,
Tl e g e w(ip, Ew) W forg,

|te (g2 - gEZ)Hp -0(5(Z) (c+DP).

SUTHY 2. A T H p=0 3T wiw) — gw) we
éﬁ%, T Hed g € Lip(E§w), p) D m

J¢€'rig2) 560, ~o (£(5))

m&@'ﬂﬁqﬁg=o3ﬁ'{‘l‘(w)=w“§.ﬂ6(0.§)
éﬁé‘, ?‘hw‘geup(a,p),a<%{ aﬁ—{ p=1, é’?m

S R

SUTHY 4. A ST TR H p - o0 A T,
q wed gELipa(0<a<1) 7 fog,

€ (g2) @)= 0 (—ge) T O<a<1,

(c+1)=
3R

7(g) - )| = 0 (L) FEa=1
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AT

Tod fafeRtor sTqeedt WAt & SWEM ¥ wEReMReRd (ACN) Wed ¥ gReiedd qasw (*OH) 3= g1
€1 39% e g (CNS),~ &R Br, @ SRRl & Sed ¥ 2l 8 | AfEi freamse et engeanss
(MME) * @19l *OH Hetehi st <X feRieh 1 ACN #rez| # wfaedell 7ifqehl SR Aran s €1 ACN # H O,
I A ( toluene) % EHIet i SRR fafeRTor & STefiA fohan S € 1R *OH gerehi &t 3cared i gfe &2
% fore werdiuerdt fafr 1 STERT Sk p-hEIe o ST 1 STIHM TN S § | I8 3TedA e foeid &
1Y gTeSiiorael Tetehi sl TIfdfshanel il THeH o foTT Hequl 8 el STmai TR 9 # Horeieral & g ¢ |

Abstract

Hydroxyl radicals ("OH) are generated in acetonitrile (ACN) media by using pulse radiolysis technique. Its formation is
confirmed by production of (CNS),and Br,” radical anions. The rate constant of ‘OH radicals with methionine methyl
ester hydrochloride (MME) is measured by competition kinetics in ACN media. The solution of toluene in the ACN
containing H,0, is subjected to electron irradiation and the formation of p-cresol is estimated using HPLC method to
confirm the production of *OH radicals. This study is important to understand the reactions of hydroxyl radicals with
the organic solutes which normally have low solubility in water.

T vTeg: Tl fafeReor srqeret wfafy; “OH goteh; Tidreered; Taduerdt

Keywords: Pulse radiolysis technique; “OH radical; Acetonitrile; HPLC

ufi== 7Tt Afafer o1 Teee T fohan < gt € I[1-

BTG Terel Wb (*OH) =l wiafehanaii 1 = 31' ST 3ﬁ'{ T-yEt it T e
s weAT § st T R o e &1 SO ACN H YA TRl € SR e Toeert ST
Tel d% foF Ot H FH eeia Feie oo TETH-THTH 1 Tk SUANT Hissel =01 € | 8 =R
& Y 'OHaﬁHﬁW\’:ﬁTﬁGﬁ[%ﬂg@q—c{ Eﬁﬁrﬁ?ﬁ'ﬁ@ﬁmﬁfaﬂw%lmﬁﬁ-ﬁﬁ

21 THIEMEEE (ACN) Hiem # el fafenor T ACN HIeZH | *OH i h1 ScIqT hid
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T S, RREIUIERT T hA FHUehy, THIIMERA HIEaH H Begiierael Hetehi o fafehtor sTaereHt S

o1 v fopan § aifer ot | erefersiiar eTupsti o
T *OH HeTehi ohl Tfifshatati o1 eTeaae foran
M ¥k | *OH ook BlEgioH JUSTeEs o 91y
diceee gerreMl (e~), ACN 3EF 3R ACN
TEW AP Gk Hl Tk ¥ S B 2
fafsamd 39 TR §

ACN-MV\W\->ACN"*e - (1)
ACN +e” — ACN™ (k = 3x10" M s )
ACN +ACN" — (ACN),~ 3)
ACN/( ACN),~ / ¢~ + HO, »H,0,~— OH +
‘OH , (k=1.1x10" M"'s") (4)
ST dfafsransti & for X feriw A dey

[4] ® =M@ T €1 0.9 M TESSH TSTEES
(H0,) @R 17 M ACN % 19, idfshameiieran
3x10° 8 & 1M H O, % 19 S8 HH 1.1X10"
B | Tfafshameiictar 31U O 36.6 §, SHT Gicdes
SoaRI SIRMAA: H O, % H1Y Fifshan htdl & |

Jfdfshal H, *OH +ACN — ST (k=22 x107
M 87) 400 nm ¥ TR HIE &0k STERIE T
@ T ¥ 1 ACN % F19 *OH JoTshl <ht wfafshan
Tl FRAT 480 nm R ok WehTRN TSSOl h
AR ek ufaendt faea & ®9 § e
TEAY etk 3P (CNS) o1 ST ish i
St 7 |

‘OH + CNS— CNS' + OH (k= 1.1x10"* M s") %)
CNS'+ CNS™ — CNS),, ‘OH + S— S +OH
(where S = ACN) (6)

10 mM CNS~ & 919 *OH hl Wfdfshameiierar
1.1X10° § X TEHT HH 17 M ACN & @Y
3.7x10° §, 39T 80% *OH ACN & ¥ 3R
20% ATAEIEAE S |19 Tfifsha Ll & | 98 ACN
T IR I A YRl % Rl ¢ |
TWE & TN AR foed TR TReHaNES
(MME) 3R 3Iggd &1 “OH Haish Thaord % &9

H I e ARG Y T €1 ACN HIeTm
T *OH HoTeh 3cq i TR Togee o T 3ehi
Tffshansti 1 319 i i 39 ¥ 1 S9Am
It | =AqH Fereia qerdf 3R $o tdieiiadies
AT o TeTT fopan ST Heha B

TEtiTeR

|

AR fHemsd Tt TEgEINEe (MME) 3R
2,2 "-TRIfeE (3-T-SI SRS -6-Hewhieh
THe) SEHIE 99 (ABTS) Uegd TERM,
FuET | W T Y &) wediver g e,
IIefE 3R N-gTEeial e sl SUANT foRan |
refirm errEEAe (KSCN) iR 3171 9+t TR
e TNHHeh! hT SYANT fohan =1 o)

ek

H O, #h! Wigdl =l Sived o STfehtish TerIthicl-
Hfghell[5] =1 STAN ek AT T o, [Seeh
foTe Rmey Afed 1601 TUFRIhIRHEET T STAN
Flch JehTRNY STASIYUT Sl STEAA fohan T o)
Ui foraferanerd o eHe HeX i Shiashiad
H forier gfaen &1 ST w3 o fafwwo
aqeret yAN fRu T gieen | 7 Mev e
@& (AS&E, HSED,USA) wfia €, S 10, 20,
50, 100, 200, 400 3TR 3000 ns =S % Tl
o TS T § | TRIRTH Eg=eh Jolell Joeh™
(Luzchem)WmWﬁWTW%lww
AT &7 [6-7] W I T € | SR S1e
10-15 Gy 9fd 99 <hl G HH % Y 50 NS
A o ol Uod Rl SUANT Hish fohar T
off | fafeRor YU o1 480 N R &Ik S=feral
(CNs) "~ <l frt shesh arrarEe SAd
STANT hich AT T o7 ([8]
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RIS STIRITOT i A9 o foTT hidieris
Uit fEdeet | g T S (WATER) (2998)
T ST YA THOTrE T3 sl id & fore
foran T o1 0.5 firett/fire it JaE <X 1 SYAM
T TU ST fRaT 1| hicH FRRR €118
(Al =19 5 "EshiHley, 5.5 Tt x 250 i)
11 ACN 1 TN HieEd =10 & ®9 § fora
ST € | STERSd Scmel bt IR 254 nm W
STt 110 Gy sl GUH W ACN I e
%! fofRfra teh 2qed & WY *OH Hetehi i
gfafsran o1 steEe fohan T @ik Saare d-grEeied
effee (R-shEier) =l |91 T

gfromg 3T <=t

10 mM 9FEIEEE SR 0.9 M oM 1.8 M H O, T
ACN el &l AIedeH § =5 fhan @ e 11
Gy ! G W faferford foam 7am1 480 nm W
ftehTE fohT T (CNS) ™ Hetehl & T&T & o
forer fort 1 9 femme T §1 3, O, %t Higdl 0.9 M
¥ 1.8 M % 9¢H & aIE, *OH i 9! g8 3UH
% RO &1k TSl <kl STERIYY 56 S ¢ |

——10% 1,0
1\ ——20%H,0)
i)

Time(ps)

o= 1 : 480 nm W (CNS) "~ Heih % & e
GUH/TE = 11 Gy.
0.9 M HO 7 ACN FHEH # 10 mM
KBr SIge} 39 W& o TAN fhT 7T | Br- 3TAT

(sfcfshan 7 @R 8) o ¥ “OH HeThi hi Tfcifshan

Y 3T Br,” WSiadl <l & e fo 2 1 fean
RIS

Br- +'OH — Br'+ OH~ (7
‘Br + Br™ — Br,” (®)
0.004

0.003
< 0.002-

0.001+

0.000

0 20 40 60 8 100
Time(ys)
ot 2: 360 nm T (Br), " Wik 1 & <H|
GUH/TEl = 15 Gy

STUL3TT o U2ISATRITS S T STETTA SRR STl
wreEm | wfoeae TIfashl 1 ST Fh ABTS
% WY *OH HoTohi i Hfdfshan sl FRE ek
foan S 2[9] | g1, ACN ® ABTS 1 %4
FTTeleTd o RO A LT ACN HIEFH § &l
fohT ST 9H | ACN Treq § ifirhi & @ -OH
T Wdfsham o1 STEAA hid 9HY, Wohd %
WY H O, =l Hi¥ ftfsha =l HToHT ht ST 6l
Sisilciiy!

foreta o |19 "OH Hetehl sl I TORI® 1
Yo H o 0, Ik % ®9 H AR
1 ITART Tk ACN H MME i <X R &l
e % fora wifoemedt skt faftr w61 s fman
T ol 5 3,5 mM MME & 9191 31R S fom
480 nm T THIT S A femmr € 1 et
Tkt & MME o §19 "OH Haiehi  hi X fRi®
F qAHA 4.4 X 10° dm® M 57 o &9 H T
S €| St Hie § g e[ 10] 1 AH 7.3
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X 10° dm® M 57 ¥1 X R gl § 7 @
e Ul i ga § ACN &t 3= faufudee
% HR T | TR TR & AN T foera veredt o
foru ot R3S wehd B

ACN+18MH,0,

—— 10mM KSCN
—— 10mM KSCN+5 mM MM

0.008{

0.006+4

0.004

0.002

0.000+

o 3: MME &1 STuf®fd (a) iR Sufefi (b) # 480 nm ™
(CNS). "~ % &/ % e | gue/ret = 12Gy.

H.O, 1 3TN %% ACN Heqq H *OH
YTkl & S I gfee & o fol, ACN # 1.8
M H,O, I e H 10 mm 2Iefs freran S €1
=i 1 g 9 Y R T $R 27 Gy
fafertford s & g Tardiuerd! derieh 1 ST
Feh di-shdre (Wfdfshan 9) & 3care shi Fme
i | shERm o 4 # e T §

CHj
|
@ + oH Hydroxy toluene
Toliene {o,m, p Cresols)
©)
e o foru sTaemRor v 6.8 fire & iR @-

O & feTe o8 5.6 e §15.6 3R 5.9 fie W
379 R 371 3R TH-shdld & R0 81 Tehd & |

nnnnn

T ¥ R (—) |
frreme

ToiRe fafeRTor TN % W19 9 fohT T H O,
FH ACN W& # (CNS), ™ @R Br,” Heihi
%1 fmio -OH Jerehi st St st e tar T
gfaeqell Tfaeh! s ST id §T, ACN § MME
% 1 *OH TeTehi shi o ferien Feifa &l 718 off |
e § W-shdld oh1 3cded ACN HIeg9 H *OH

okl o S ht GRS ot T 2

STHIT

e Ued fafRwor stqeredt gfeen wem %A &
T WFeR T.UE. $YR, WA fage faum, qo
fereaferamera w1 &=relle <d € | e 3791 ag e
AMiERA Y8 w4 % fore danfeni - =i, sifem
Y IR T, . e ek, smd fedism,
AT TATY] STIHYM hs (HUSTRED), ¥Rd =l ot
YA o ¢ |

BERSIR)

T B I HESIh, aNfoedeh, a1 TR-CehR
gl H fRdl ot wien Toidl 9 #i faite oeH
T frem & 1

T T feafa s wwanr Sifeenr &t
frufa sweht safeaa wfer @ Tt 2

TR =ftd d © for Rl o safeRmma e
1 IS Tfcreqel e el € S 39 e # giua
foru U 1 1 gfed R Heha €1 |
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I O § wgert SIS vTeqt ot wHreles RS vregaet

Alphabetically sorted terminology in English FUTHTET STehiAa &l Ireararett
Competition Kineties fcreaedt ekt
Organic Solute FES e
Rate Constant R R
Radical PSGED
Radiolytic generation fafertor eTqeredt S

Had

. L. P. Bell, M. A. J. Rodgers and H. D. Burrows,

Kinetic and thermodynamic character of

reducing species produced on pulse radiolysis

of acetonitrile, J. Chem. Soc., Faraday Trans. I,

73, 315-326 (1976).

V. Samant, A. K. Singh, T. Mukherjee and D.
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JIre W

AR Fareae ® 9 1 T T s1e1uorar o fomst gen @ | 9 ot S5 TR o oTad |t alifehes e sTalifoReh
feroail =1 THeEA foRan T R | T a faferar & o ot YR JEfA % mef uet 215 gfR & € ufEae
¥ 1 I8 T g R i U@ 99 T % SgE w9 H uRafad 2 ¢ 1 Ak Hiu-meiiteE 3 o
sfehfer arcHifsn, T og =g ¥ e Sishtr=rd T e s1femerw wied Trqul v argwe # gut stgard
TR A1 Toctad ST 41 © | HeTehidl shiforerd o SH JHIcHeh T & TR &, fSei 319 T-eff # Siem
F U o o e R foran €1 e <l WId e HeAd o Ui ©, R e 3R puramE
(FeTRIA), G SR HIEER (TUEHS ST9dl MiThred) Te SARMRIE I, foehHesia & Areforhiiee
(Fuh) e €1 e FR AT qeadt = e 1 T9H Fd §U WA WERT & -9 S0 TR |
SRl o1 off TS STarRTeT T T €, ST 98 a7 SR qUad o QA T T S Hal & | T Sied
H Gl THEH gH Hifererd H < i fierar 71 R oIk o il Wfa wd auma™ e & 31 & A
SIS SR TG-S o e e Erewd o o Teh1ee fonan & | shifererd o1 wiiged fafr faroredi & mremm @
IMEA 3R AN 1 Sl SR TEId Hdl € | TEqa: HIerd & e H WRdT Teapfa o Toft et S YR
sTtfed €, FTETrR W (Reren) # e S SHies g | TEqd IS UE 39 i Hiieed ¥ T
Hfaq fowi TR fomst e St =T a1 T WY F, Hid H IR TH W TS SR & Ui STfad sk
1 ot Hohd LT B |

Throughout the history of Indian intellectual thought, there have been extensive discussions on the continuity
and coherence of knowledge. This tradition places importance on integrating both worldly (Laukika) and
otherworldly (Alaukika) elements with each other. Despite the different forms (Svaroop) they may take, all
facets of this rich tradition has non-dualism (Advaita), as its underlying thread. This holistic approach is evident
in the multifaceted representations of Indian culture and knowledge tradition. From the ancient Vedic sages
and scholars to revered figures like Valmiki, Veda Vyas, Adi Shankaracharya, and Acharya Abhinavagupta,
the growth of this non-dualistic (Advaitavadi) philosophy has been explored in the vast corpus of Indian
literary heritage. Kalidas, a prominent figure in this tradition, has expounded numerous aspects related to
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humankind in his literary works. His seven major poetic works (Kavyas), including the two Mahakavyas,
viz., the Raghuvamsha, and the Kumarasambhava, two Khanda or Geeti-Kavyas, viz., the Meghduta, and
the Ritusamhara, and three dramas (Rupakas), namely, the Abhigyanshakuntala, the Vikramorvashiya,
and the Malavikagnimitra, ably exemplify his lucid contribution. While respecting the teachings of his
predecessors (Acharyas), Kalidas embraces innovation and modernity, and blends the ancient (Puratan) with
the contemporary (Nutan), seamlessly. His works encompass diverse aspects of life such as culture, history,
geography, society, politics, education, religion, and spirituality. While worshipping Shiva and Shakti in his
benedictions (mangalacharanas and nandi pathas), the poet strives to strike a balance between the spiritual
and the mundane, and thus presents a model poetic code to his successors. His literature serves as a testament
to the harmonious coexistence of the tenets of theory (Shastra) and their practical application (Prayoga).
Essentially, the works of Mahakavi Kalidas encapsulate the essence of Indian culture, in the same way as
this world is embodied in the Absolute (Parasamvit). This research paper aims to delve into the ingenuity
of Kalidas as a poet and highlights his profound dedication to Indian knowledge tradition and culture.

IRa # 99 s e 1 faera sl o
TEpfd, STgHT T 9 1 T4E@ TR @ € | Tel

9 Yl oh HILAH 9 hifclerd THRT & Id

A S G A BTt ST HIeTehR fohan STl ©
1 T § e gEn e S €1 9 o
o I T2 3R o[ T | InEa: Tl e 3
T T U 6 Uk WM AeAfeg 1 Gehd
FH T | WA 1 ey 5 ot w9 fAuifia
fohan ST © 9% A1-39-F1 o HHCRT 1 Tehre
FHA T | TS ST5A/AET T THE AR 7| 3754/
3159 3R VR S & o TS il o Lt
21 T8 3ug i get gfe B, ST ae H S g9
o ST IMEHL 3o NS % &Y § INaAard g
F 1 TE T HelTeReh |iecd § ot wfafafeera g
¥ | arewifes | o1e 9% 9l H €t Tehreqare g
TG ! forerd Bl

FHifere™ I <l 38 g W & w5 )
Sl % foae # Re-vfR & are @ wm
f31a & el 1 &Y Y g1 & | Hifered
IE < e & T & ® 1 ST Te-Rre,
Y-, Ud hiadl i g W0 & 9fd uh
SE1 T G T | AW F TIH W H qHEA H
foma o 9 Fed &-

S7Ye FAATERSTT FIISTHT GEGRA: |

Tl AT GALENT 7 T 1]
(TR, 1/4 )

% S I GA-TIA h TG HEhI T hl e,
TR 3R EEpfd & Gargeh i 1 ore veiid
W E
SHIfeTerd B TR o T TR ST €, | €
YEF T IaF 1l T oTvfod S aiafad
B €1 I8 9d1 o e T9< 1 U= g
AR & ARe B Sel Hhifererd 379
Yelerd hfedl Wi, Hiffieal Te hforgs o ufd gof
MR T €, Tl IdH & Tewd 1 off wfqured
Exchd
FAGH;: FHICTQITE [haraT: &9 sgar: |
RV 7 GY G 7 =Y H1e3 T |
G: IR J8: IG5 11
(TR, 1/3)
g Fifererd i SR 3fee &1 ot e €,
e fa=ae 1 9Ided T SHIiOTeRaT § 1 S 3T
3R A 1 g §, 9 Sifha & Toum W
% 3Rtk TYX Ml § [SIEHH T 95 Heial
H ¢ U TEHR o YOS SHRR el o TH-I"
Yiiad <t | TSV Hidl W1 BU-39 I &Y
e Tk TRERel Sfaer™ a9+ &l §1s &1 @l
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RIS 9791 U SR SN, Hell, GER{T 3R T & TSR hidl Hiererd

B 1 iferer W o7did - adAE - SfiR wferss wew Y
FTH-3T9 ST T Felig Hid g STIH-3TaH
AJftrerT H wfafaieera & 1 wiferera § oxdid, 31 3R
ST IO Tk GER H TG BIohT BTl T =T
i STEUEdl 3R JM % SHRd WA W I Al
% FAME IREEf AR Fd 3T Wes Sd % HgW
el 1 7S B fR@ ail o T wR TR
(3 R et (S < fe e & o
I L B

T TEThISA B A0l (Te8) IR o1ed & e
A= w1 Tl 3R TRHYER o HYR () e
% WY UMM Hh T Tl W TRAE T
3R Teepfa st ST oo 1 hiferer A=
% WY FH H €| STy H WG T qRA
AR 2150 < $o ot 4 &, TS FH H, T
Iq % Iy S gferRT €t |, S e
T, i, T, ST o Wieehd T4
T eI A1 TRl Pl W T T TG § - TS
e faed - T - foem €1 o & e
H FeT T -

“sifr; qary: wrRe{aed
(R, 1/1/2)
SHIfeTrE SHI T <hl T forgdrgeesh 3o
ot Tl o d © | TEe: Shiferer ot gfe o
i Wesl iR w@a: TR e SRon B, frweht
TS TE1 Bl e To 81 Sl § | A i, % e
g I i W & U SR T a2, a9 o
fomferd eTeEeR Tt | HIfIRE Fed © -

OTHEE 989 aganayarsty g |
TUI: HIHFTE AT Jafed: 11
(TR, 1/9)
s1efq H (Sforere) Teeeht Tsedi o o9 i
FEH FHEM, SEfh WY A0 F Tced amed T
3Tk (TMsT) IOl W HE H TR T gfs i
R e )

HITGTT TEs U SR Whfaes el 6 T
el © | STeR! hior T o T T * hfawTe arey;
;| =T g €1 9% § 9@ A WA 6
TERY i S Al © | ICATCHT hiel &, T ©
#R ST iR afesq a1 # = €1 Qi
S off 3E ¥ 1 woar H wfowy wifererE o
T & femd €, @R e % s Ty w1 STl
Hiaar § off TRl & ¥ | AT %
Tt e § F R1a & o118 Ui A I FA F,
oo &8 weh ST eravd fierar © foF e e
7 IR THH TWET HAT T -

FHIIRE Fed © [ 98 I o €9 § JH
g §, o 77 | 1t & &9 H formme §, aqehdi
B o ®9 T A1 &9 ¢ | & R T i i@
FE 9 gF R I F ®9 H 9% g T
AR (I5) T AR & o 7 1 21 fSEd
TIUEH €, THT 98 agEY €, 3R A+t &1 seey
T () S qCATCH |

et H g% SWq 3R ST=IsiTq Gl i
Gror fe@d § A % 3 ' 9 A 9 9l o
T §| ey TR - P
Tt U8 H o THA hl AiFEm-ged Fed & |
& TR § 9 JEredEe ” HEet
fra-wifeRt & TrRE At sifreafR #d ¥ 1S S
1 T T ot TR e A ferard g € - geget
ST o Gl STERd T (Sd-311) TRHa <k
& 7o €, T 9 sftgmegaey § %8 9%
2139 YR Jdiq g € foh §OR &% wfa wfererd
! THNIHS 3R T

T 6 A % e, deHt, She-
o T Al g % 9 el fer 2-
FUREIEH & TUH Yol § Tid e © o, M
IR IR o HHTGeh & o ST 811 3 ed © [
SR [RI¥1 aTcHIeHT ROt A1 TeERT: |
vafRt i fRo: e 59 TeUe:

(e, 1/1)
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317 SR fowm & gferE < AeUe o w9 |
e oo M 1 SoRa%d T 99d © | 35k d
3R ufem & Tyg & | Segay  wifererd 3 et i
FEM o LW | Y I HvERd IR IR
Y IT AT Toh o HIFYA o HF ohl ST Y&l
3R Ty & Wy fafa foran § 1 sy spie T
T & fogm % F/ ot adHE # Teiia e
%1 S T AE & § S iR 7 Hegd |
e foran & | qufii snem (ATRR), STeke v
(TR T, STUR), Y& (FHen) T, <o
(ferfeam), sraf=rmes, SsefdE!, Rrn 7€, i
T, AR geid, FHvadt (Tee) A, sedTe,
FHE, THEe T T 3T &, e, e
Teid Td TR T HAY: UM Tehd hidl ©
for SRIfeTGT sl WIRA o il Te HIYA I oy
I o1 | FHITS THd & Septe e & | i
3R T & gR=d H1 ogyd e Tk wef
Teolf § <T@ S Tkl © | HgEeRy H gl
TSTg T HaT a0 © | ARG ey Tedh o
Tehid 1 AT FHogsTi & &9 H TI< ThRH
o €1 e & oy H Wew g & oA H
HHE-3ed Td @Y o T4t I 1 I
FHIASE HLd © -

GHTIICTATTET: GIeTadr gRINaTard |

Y=g GerdHET eadr: IROmHH: 1|

(SRR Te, 1/3)

Teq g H wWaa Sa H FH & | T
3= 3T €, WIed sl G-l H o391 g3t vad a1eT
TS M1 € | BH BHEIGER &l & A g 7=
3T & | T 1 9 ot GRTaT Sl B

STReTg e o 9qd Ig® H Siae™d
% BN WP AR A H T T A9 Tonf
forn o €, % gpfa 1wt Tt ud AmEE
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TR o Tt AT S T HaeT 39 wIsal
o @ S Tkl € -

U 7 TUH Faeid STt JETTIIay AT

AGT T FIFHSTIG o e a1 Yooty |

3‘773}3: @fj‘-/ﬁlfila\‘i"/q A&l 9'/°IC§,I(‘H°/.‘

T 1T Ipaen e TR Il

(AR, 4/10)

9 Yl H U9 YH=ael o 9&l ¥ qUred
Jail 1 T 0 §U HE W © 1k - S gR
(F&7 =) e for ot =t et oft 1 s &
i SATRYOT B Wl FHeas RN (4l ) T
Tl dred off | TR (J&l ) T8 FuTl AH
a1l TH e foru (ergp=en & forw) ScashTa
BIAT T ST &l SIp=ell 379 Ul o =] S &
2137 Tl 39 o < | Hefd wva 1 el & Wy
TG Hag Ypfd & STeASYE T T St Tehfd
% 1Y TEI-HaE i TARE AR € | Fiferer
STEATH T Aok o Gral TH-ad H Tahfd i YfHeht
1 STI 7o od ¢ | ST <ierd shi FHRT
T EACH o dloh & G § Wi shi fieh
A= IReIfeTd Bl € | adied B wA o Sk,
M Td STRUIRI o T TS g9 o 7H § Tl
ST o 9§, S TAH-TF W U B © | S,
el forguen T §6A=1 1 STSHETREl § hi-58
F & foTT FHgar ], 791 Tol SW A € -

Jgfraa AU TN &1 dehHeTH |
T9: TSHITHEZ] SEaRvF] 8 T: Il
(TR =erd, 2/13)
STefq =9 o 9 S qenedt i R e g,
TR FA 1 IS T B S 2 | oy 3 R
TH 9 1 TS <A | 98 Hed 18 Wl T
ITYeH Tlleh qdIa T q9 ohl HEhid o He
I Tefid T & | e & q9 o 31eT TR ()
o HieEH | g o § SIRuaehi it iRt @
Yo A ¢ | T T & SIS T TSl
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TR - oo & FHeamr & I & e a5 T
3 98 & IR o AR, S R g o w@
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The Supreme (Omkar) is one and he is expressed as (eternal) Truth. He is the creator and is immortal.
He is without fear, and enmity, is beyound time, is unborn and self-illumined.

He can be realised only with the grace of the Guru.
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The Supreme (Omkar) is the only reality. His qualities are described in infinite expressions.
People pray for the fulfillment of their desires to Him, and He fulfils.
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The word of the Guru is divine. It is wisdom of the Vedas.

The Supreme resides in the Guru. The Guru is Shiva, Vishnu, Brahma and Parvati.
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Those who chant the name of the Supreme realise the ultimate bliss. Such is the glory of the
Name of the Supreme (Ombkar).
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