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BIP WP He

behalf from President Droupadi Murmu at the Rashtrapati Bhavan in New Delhi on Monday P REPORT ON PAGE )

BJP MP Hema Malini receives the Padma Vibhushan,
conferred posthumously to her late husband and
legendary actor Dharmendra, on his on behalf of
President Droupadi Murmu at the Rashtrapati Bhavan in
New Delhi on Monday.

President confers Padma awards; Dharmendra, N. Rajam honoured
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NEW DELHI

President Droupadi Mur-
mu on Monday presented
Padma Vibhushan, Padma
Bhushan, and Padma Shri
awards for 2026 at the Civil

B o T

ery year on Republic Day.
On Monday, the President
presented two Padma Vib-
hushan, six Padma Bhush-
an, and 58 Padma Shri
awards.

She conferred the Pad-
ma Vibhushan on legen-

held at the Rashtrapati
Bhavan here.

Among the dignitaries
present on the occasion
were Vice-President C. P.
Radhakrishnan, Prime Mi-
nister Narendra Modi, and
Union Home Minister Amit
Shah.

For this year, the Presi-
dent has approved 131 Pad-
ma awards, including five
Padma Vibhushan, 13 Pad-
ma Bhushan, and 113 Pad-
‘ma Shri.

They are announced ev-

dary ly actor
Dharmendra posthumous-
ly, received by his wife and
MP Hema Malini; and vio-
lin virtuoso N. Rajam, for
exceptional contribution
to their respective fields.

“Singing violin®

Ms. Rajam pioneered a re-
volutionary approach to
classical music by intro-
ducing “Gayaki Ang” — a
technique that enables vio-
lin to emulate human vo-
cals — earning her global
renown as the “Singing

High honour: President Droupadi Murmu conferring the Padma Vibhushan on violinist N. Rajam, the Padma Bhushan on Kotak Mahindra
Bank founder Uday Suresh Kumar Kotak, and the Padma Shri on cricket player Harmanpreet Kaur Bhullar in New Delhi on Monday. PTI

Violin”. The Padma Bhush-
an was presented to form-
er Uttarakhand Chief Mi-
nister ~ Bhagat  Singh
Koshyari; Shatavadhani R.

Ganesh, who revived the
classical art form of “Avad-
hana”; Uday Suresh Kumar
Kotak, founder of Kotak
Mahindra Bank; and emi-

nent  gastroenterologist
Kallipatti Ramasamy Pala-
niswamy.

The award was con-
ferred posthumously on

former MP Vijay Kumar
Malhotra and “ad guru” Pi-
yush Pandey.

The remaining Padma
awardees will be felicitated

in the second round of the
ceremony to be held later.
Among the Padma Shri
recipients were Prosenjit
Chatterjee, one of the most
influential figures of Indian
cinema; Harmanpreet
Kaur Bhullar, an inspira-
tional figure in Indian wo-
men’s cricket; para athlete
Praveen Kumar; former
Central Reserve Police
Force (CRPF) Director-
General K. Vijay Kumar;
folk musician Mir Haji Ka-
sam; Tamil devotional
music artist N.

originating from Tamil Na-
du, hockey coach Baldev
Singh was felicitated for
distinguished service to In-
dian hockey for over four
decades.

“Kantha” embroidery
artist Tripti Mukherjee, so-
cial worker Janardan Bapu-
rao Bothe, and husband-
wife duo of Dr. Ramchan-
dra Godbole and Suneeta
Godbole, who provided
healthcare and social sup-
port to tribal communities,
also received the Padma
Shri.

an; and traditional folk
music artist Taga Ram
Bheel.

Other awardees

While Silambam master K.
Pajanivel was awarded for
promoting the ancient art

Devaki Amma G. and Hally
War; bibliophile Ankegow-
da M.; Sanskrit scholar
Vempaty Kutumba Shas-
try; and botanist Gambir
Singh Yonzone were the
others who received the
Padma Shri.

26M. President confers Padma awards; Dharmendra, N. Rajam honoured

WEafA F TeH [EHR 9T b, eafe 3R var. I weanfaa

Among the dignitaries present on the occasion were Vice-President C. P. Radhakrishnan,

Prime Minister Narendra Modi, and Union Home Minister Amit Shah.

S8 AR I 3UTRAT VA g iearal 7 Fuxrsgafar @Y. ff. wermgpsorer, gerersis=t g A, 31

Fi 7pg #Et AT ag enfAe
For this year, the President has approved 131 Padma awards, including five Padma
Vibhushan, 13 Padma Bhushan, and 113 Padma Shri.

58 ¥ Usgafd o 131 YA YIERRT T Fdieptcl & &, Toreret aier uea fasqyor, 13 wga sqyor, 3K

113 9&H At AT &
They are announced every year on Republic Day.
SoTch! TTYUTT g Y IT0rd+ feaw ux &7 ST B

She conferred the Padma Vibhushan on legendary Bollywood actor Dharmendra

posthumously, received by his wife and MP Hema Malini; and violin virtuoso N. Rajam, for

exceptional contribution to their respective ¢ elds.
3ogiel 7ETeT arengs rferar ey T FRONRIA weg Rysgyor vere o, foy sevehr oot 3
G §AT ATt o TFUT v, TUT JTafoleT aTeeh ot ST 1 IeTah-319eT &A1 H IFATUROT

eTCTeT & ToIw GFATTAT foRa|

‘Singing violin’

Ms. Rajam pioneered a revolutionary approach to classical music by introducing “Gayaki
Ang” — a technique that enables violin to emulate human vocals — earning her global
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renown as the “Singing Violin”.
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The Padma Bhushan was presented to former Uttarakhand Chief Minister Bhagat Singh
Koshyari; Shatavadhani R. Ganesh, who revived the classical art form of “Avadhana”;

Uday Suresh Kumar Kotak, founder of Kotak Mahindra Bank; and eminent
gastroenterologist Kallipatti Ramasamy Palaniswamy.

USH $NOT U 3TRTES HEIHA $19Tdt g FIRARY, “Iraeited” w1 AT holl &9 T eioiiided
Fel ATl AATAUTAT AR, 0N, Feah AfGaT da & TEATTH 36T FIU FAR HICH, 34‘1?91%3‘21
IFITRNATToRT Hicadee! TATHT TaTiRar#HT Sl UeTeT fomaT |

The award was conferred posthumously on former MP Vijay Kumar Malhotra and “ad guru”
Piyush Pandey.

g WEHR 94 TS fIsrT FAR AT 3R U3 7% dRW 973 T AXUNRIc Felel fhar rm|
The remaining Padma awardees will be felicitated in the second round of the ceremony to be
held later.

Y GEH [EHR FASIAT3T T ae; 3 3TN FHARIE o G =0T H FeAlec foham S|
Among the Padma Shri recipients were Prosenjit Chatterjee, one of the most influential
figures of Indian cinema; Harmanpreet Kaur Bhullar, an inspirational figure in Indian
women'’s cricket; para athlete Praveen Kumar; former Central Reserve Police Force
(CRPF) Director-General K. Vijay Kumar; folk musician Mir Haji Kasam; Tamil devotional
music artist N. Swaminathan; and traditional folk music artist Taga Ram Bheel.

TeH A TTCaRdT3iT 7 ARAT AT T FHIGRMeT gieadl 7 ¥ T N gesit; AR
AT fohehe T IO FHAHIT FR feo; T TYele T FAR; 99 F47 Rord gfow o
(CRPF) HgTieereh &. faer FAR; iieh TicTehr #HR graft F1weT; cIffer s1ferd Hafiey ol
. FAHEATYST; 3R IRIRE ot Tofid ok a9 I 8fter enfFer &

Other awardees
g TR fAeiar

While Silambam master K. Pajanivel was awarded for promoting the ancient art originating
from Tamil Nadu, hockey coach Baldev Singh was felicitated for distinguished service to
Indian hockey for over four decades.

STe1 Rciast I% &, gonfade &1 AHAATS & Ireliet el & TeIR-THR & fow geanfad far arr,
JEI glehT ST Te1ed A P IRAT gThr & IR g2leh! I 3’ AT ao fafrse Far & fow
FFATTA foraT 12|

“Kantha” embroidery artist Tripti Mukherjee, social worker Janardan Bapurao Bothe, and
husband-wife duo of Dr. Ramchandra Godbole and Suneeta Godbole, who provided
healthcare and social support to tribal communities, also received the Padma Shri.

‘YT TS HollehR JTod FESAT, FATSIIAT AT TYTE &, TUT STeTITci 1T FHETT T
T JaT 3R WA S HgANT TeTel ¥el aTel Gufcl 3. ITeg AMsarer IR Feltar asater i o
aeH A vere fehar |

Environmentalists Devaki Amma G. and Hally War; bibliophile Ankegowda M.; Sanskrit
scholar Vempaty Kutumba Shastry; and botanist Gambir Singh Yonzone were the others
who received the Padma Shri.

TR UTide dgeht FAT SAY. 3R gelt aR; TEceh YT ST TH.; FEp TaedeT 3F9e Fgoa
AT, FUT Fereafa e iR Rig aianeT o aee sit ured ¥e arell 7 enfier
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From black to grey

India needs to prepare for a future with
an ageing population

f India wanted proof of its shifting demo-

graphic status, then the latest SRS bulletin,

2024 has provided just that. The figures
from the Sample Registration System - Statistical
Report, 2024, offer incontrovertible proof - fall-
ing fertility rate, low crude birth rate — to show
that India’s pace of population growth is consid-
erably slowing down. While the pundits predict
at least three decades of population growth for
the country, the plunging fertility rate certainly
commands pause for contemplation and forward
planning, for India to crest a crisis that several na-
tions are struggling to manage. India’s Total Fer-
tility Rate has dropped to 1.9, lower than the re-
placement level of 2.1, aided, in large, by a falling
birth rate. As per the latest SRS data, India’s birth
rate fell from 21 in 2014 to 18.3 in 2024; while
death rate marginally went down from 6.7 to 6.4.
The country is well on its way from population
‘explosion’ to one of ageing population and
shrinking workforce expansion. India might still
reap its demographic dividend — the median age
in India is 29.2 years, in stark contrast to China
(median age of 40.2), and several other European
nations. In 2026, India has approximately 370 to
380 million youth, aged 15-29 years, representing
roughly 27 % of the country’s population. Esti-
mates also put India’s below 35 years population
at over 65% of the total, making it one of the
world’s youngest cohorts.

In demographic terms, falling birth rate re-
flects a decline in fertility, linked to factors such
as urbanisation, better education, access to con-
traception, and the desire for smaller families. In-
dia’s high life expectancy at birth (72 years) and
dipping death rate offer the other side of the tran-
sition paradigm, implying better access to health
care. India needs to reassess the path ahead and
pivot to prepare for the needs of a future greying
nation, when the demographic dividend disap-
pears. The SRS data, however, flags a more im-
mediate concern too — one of vast regional and
rural/urban disparities. Overall, performance in
rural areas is not on a par with the urban centres,
and the southern States continue to stay ahead of
the northern States. Overall, child survival im-
provements are real (the Infant Mortality Rate
has fallen to 24) but high-burden States in the
north are still at a much higher IMR. States and
areas that lag will need targeted interventions,
whether it is access to health care, awareness or
education facilities to effect a national conver-
gence.

26M. From black to grey
I F g dH

e India might still reap its demographic dividend — the median
age in India is 29.2 years, in stark contrast to China (median age of
40.2), and several other European nations.

ST 3730 3T 379 STTHITRIRIT ATHIRN T AT 36T Hehell & — AR T
HEY Y 29.2 7% §, S T (HEF 31 40.2 ) 7T 37ateh JUN 22t T
AT 7 3T FA &

e In 2026, India has approximately 370 to 380 million youth,
aged 15-29 years, representing roughly 27% of the country’s
population.

2026 # $TRC H w7877 370 § 380 fATAT ga, fSaieht 3y 15-29 a¥ &,
e T &, ST 2T 3T el STAHEAT T STHT 27% FlATATted e £

e Estimates also put India’s below 35 years population at over
65% of the total, making it one of the world’s youngest cohorts.

3T AT o ITAR, SR T 35 T { o HY AT STAHEAT Fel ST
65% & 378 §, ToTad Ig Taed o Ha& JaT Gegl & & Teh SeAcll ¢

e In demographic terms, falling birth rate reflects a decline in
fertility, linked to factors such as urbanisation, better education,
access to contraception, and the desire for smaller families.

STTHITEAh gfSe W, Tedl STeH &l Foiolel 7 fARTEae &I &l &, S
AENHI0T, ] e, arsifaRies @) i Iusstar aur a1 IRart f
FoT S PR A 72 g B

e India’s high life expectancy at birth (72 years) and dipping

death rate offer the other side of the transition paradigm, implying better
access to health care.

R BT 3T SeHBIeNe Sitdel AR (72 T) FUT Tl FHog & TshaoT
ST & G T&T T ST PRl &, ST T AT b gl TG T
Tohd &t B

e Overall, child survival improvements are real (the Infant

Mortality Rate has fallen to 24) but high-burden States in the north are still at a much higher

IMR.

HI T W, STl ST & FUR areciaeh ¢ () Feg & geaht 24 81 718 ), fohor] 37X & 3T-
R Tl AT 7 IMR 319 3 by 3119 B
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Incentives for having more children will

keep poorer women out of workforce

eparting from decades of family-plan-
]) ning policies in India, the Andhra Pra-
desh government has proposed new in-
centives for families in the State to have three or
more children. The State’s total fertility rate has
dropped from around 3 in the 1990s to 1.5 today,
well below the replacement rate of 2.1 as well as
the national average. According to some projec-
tions, nearly a quarter of the State population will
be elderly by the mid-century, resulting in a
smaller workforce relative to the old-age depen-
dency burden. But while South India is ageing
faster than the North, the evidence for cash in-
centives leading to larger families and doing so
without significant socio-economic trade-offs is
weak. At present, Andhra Pradesh has proposed
330,000 for a third child and ¥40,000 for a
fourth; ¥1,000 monthly for five years; free educa-
tion until the age of 18; provisions for mothers to
work from home; enhanced funding for the
‘Thalliki Vandanam’ scheme, which currently
pays 15,000 per child for school attendance;
longer maternity leave; and other Anganwadi
and childcare support. While one-time payments
may encourage some families to have children
earlier than planned, evidence from India and
around the world indicates that they rarely pro-
duce large or sustained increases in fertility.
People in the State are having fewer children
likely because housing and private education
have become more expensive, stable employ-
ment is accessible later rather than sooner, and
aspirations around children’s quality of life have
expanded. The proposed incentives are unlikely
to offset the 18-year cost of raising one additional
child even under optimistic assumptions about
public provisions. The State government has also
said that it wants to double women’s labour force
participation, which is antithetical to having
more children with the existing social infrastruc-
ture. Indeed, France and the Nordic states were
able to maintain this two-pronged success only
by investing heavily in universal childcare, flexi-
ble working arrangements, paid parental leave,
high-quality public schooling, and legal protec-
tions against career penalties that mothers are at
risk of. Otherwise, as is already prevalent in In-
dia, mothers end up absorbing more unpaid care
work and cannot enter the workforce. Crucially,
the economics of the proposed incentives are
more likely to influence poorer households seek-
ing immediate cash, leading to an uncomfortable
possibility: the State modestly increasing the size
of economically vulnerable families without gua-
ranteeing adequate long-term support for child
development. Finally, ecological concerns such
as water scarcity, urban congestion, waste man-
agement, and recycling will also be tested in the
long term. While the southern States are anxious
about population-based delimitation, asking fa-
milies to alter personal decisions about having
children to address a problem of constitutional
design would be a profound mismatch between
instrument and objective.
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e The State’s total fertility rate has dropped from around 3 in the
1990s to 1.5 today, well below the replacement rate of 2.1 as well as the
national average.

ST T Fel Tttt & 1990 o S2reh 3 oa1379T 3 { e 3TST 1.5 T IS 8, S
FfaeATIe X 2.1 JUT USSR 3 et & F1hr o g

e At present, Andhra Pradesh has proposed ¥30,000 for a third child
and 340,000 for a fourth; 31,000 monthly for five years; free education until
the age of 18; provisions for mothers to work from home; enhanced funding
for the ‘Thalliki Vandanam’ scheme, which currently pays 215,000 per
child for school attendance; longer maternity leave; and other Anganwadi
and childcare support.

TIAT F, 37 g o IR 7= F fow 230,000 3R =i s=a & faw
%40,000; 9t gt cieh GiTATE 31,000; 18 A T 3T o7eh fol:3oeh fR1eT;
AT & T R & R el il cFaE YT, TAAT H fdegrory 3uredfd 8
9 e 315,000 FeTeT e ATel ‘afeereht dgster Arstetl 3 T sg1 g3m
TareTaYSoT; 31f8ren 31aTer o1 AlJed Taehier; TAUT 3w HTATS! Ud STel-CE3Tel
HETAAT S¥difad &l g

¢ Indeed, France and the Nordic states were able to maintain this
two-pronged success only by investing heavily in universal childcare,
flexible working arrangements, paid parental leave, high-quality public
schooling, and legal protections against career penalties that mothers are
at risk of.

arEad H, i AR Alfdw 20 o T STeT-C@aTd, ool HhI-caaeaT,
dcTeT Higel AR ITaehel, ST-I[UTaT aTell HTesTioteh RIET TUT A3
& HRIT T IS dlel Tfctehel FTTaT A G ot dTel Flefell TTETAT & HRY
fAder w3as &1 39 Qe FhedT &l F 1T @

¢  Finally, ecological concerns such as water scarcity, urban
congestion, waste management, and recycling will also be tested in the
long term.

Jeld:, STeT-Hhe, AL HISITS, IUTRISE YeereT T YeTeishoT SHel TR IEd T
FRiam3it v of Sreferrer 1 get gl
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Pak. Shia Muslims deported from UAE
return to lost jobs and frozen savings

Since the Iran war began, the UAE has reportedly deported thousands of Shia Muslims from Pakistan, home to the biggest Shia population after Iran;

even as Islamabad has not openly taken up the issue for ‘diplomatic reasons, Human Rights Watch, probing the reports, says the cases are ‘alarming’

: |

Reuters
CHAKWAL

n a cluster of villages
l in Pakistan’s largely

rural Chakwal district,
more than 100 Shia Mus-
lims have returned from
the United Arab Emirates
without jobs, luggage or
access to the savings they
spent years building
abroad.

They are among poten-
tially thousands of Shias
deported from the UAE to
Pakistan during the Iran
war, raising alarm in Pakis-
tan’s Shia community and
prompting Human Rights
Watch to investigate.

Reuters reviewed immi-
gration documents, visa-
status  screenshots and
flight details for 103 Pakis-
tanis who said they were
deported Shias, interview-
ing 24 of them. Each inter-
viewee said they were un-
able to retrieve luggage or
savings  before  being
placed on flights alongside
dozens of other Shia
deportees.

7,500 deportees’

A database compiled by
the Pakistani Shia political
organisation Majlis Wah-
dat-e-Muslimeen, seen by
Reuters, lists 7,500 Pakista-
ni Shias deported from the
Gulf Arab state since Fe-
bruary 28, when the U.S.

and Israel launched strikes
on Iran.
Group  spokesperson

Mohsin Abidi said the ac-
tual number was likely far
higher.

Leaders of Pakistan’s
Shia community say the

Sent back home: A 24-year-old airport customer service officer and a 26-year-old building security
officer, both Shias who were working in the UAE, pose after being deported in Chakwal, Pakistan. REUTERS

deportations have acceler-
ated during the war, which
has heightened tensions
across the Gulf, particular-
ly as Iran responded by
launching missile and
drone strikes on the UAE.

Reuters could not deter-
mine the criteria the UAE
authorities used to select
the Pakistanis for
deportation.

The UAE Ministry of Fo-
reign Affairs declined to
comment on a list of ques-
tions from Reuters about
the deportations.

Pakistan’s Interior Mi-
nistry said in a statement

the UAE had not deported
anyone based on sect, say-
ing any deportations were
for violating UAE regula-
tions. Pakistan’s Foreign
Ministry said “deportation
figures remain steady” this
year, without providing
details.

But a senior Pakistani
government official, who
asked not to be identified
due to the sensitivity of the
matter, said Islamabad was
“reviewing the situation af-
ter receiving thousands of
Pakistanis deported from
UAE”, most of them Shias.

He said the Pakistani go-

vernment had not openly
taken up the case for “di-
plomatic reasons”, with-
out offering details.

Human Rights Watch’s
deputy West Asia and
North Africa director, Mi-
chael Page, said that “re-
ports of UAE deportations
of Pakistani Shia residents
are deeply alarming” and
the group was “investigat-
ing these serious
allegations”.

About 1.8 million Pakis-
tanis live and work in the
UAE, according to the As-
sociation of Overseas Pa-
kistanis, accounting for

26M. Pak. Shia Muslims deported from UAE return to
savings

gus & faifa uriseare Riam swesa @g AR sik 59 gu aad ua Fag @k

more than $6 billion a year
in remittances to Pakistan,
which has also been work-
ing as a mediator to de-es-
calate the Iran conflict.
After Iran, Pakistan has
the world’s biggest Shia
population, at around 40
million, or 17% of Pakis-

tan’s total.

The UAE and other Gulf
Arab states are
Sunni-ruled.

‘Back to zero’

“The crackdown on Shia
Muslims in the UAE is not
new,” said Falah Sayed, hu-
man rights officer at MENA
Rights Group. The Geneva-
based NGO has “docu-
mented cases of arbitrary
detention and enforced
disappearance targeting
foreign nationals of Shia
origin for years”, but re-
cent reports indicate “an
escalation in this crack-
down”, she said.

Ali Ahmed Naqvi and
his wife, Quratul Ain, both
Shias, moved to Dubai in
2024 to work in technolo-

Mr. Naqvi said his wife
was deported on April 18
after being detained when
she applied to change her
employment visa with the
immigration authorities as
she switched jobs.

Mr. Naqvi said he was
detained when trying to
board a flight to return to
Pakistan and taken to a
UAE facility where he said
he met other Shias facing
deportation. He said he
was put on a flight with 93
other detainees, all of
them Shias.

“No one told us why we

were being deported,” he
said.

In Pakistan’s Kurram
district, a predominantly
Shia area in the northwest
that has endured decades
of sectarian violence, com-
munity leader Musarat
Hussain  Bangash  said
1,500 people from the re-
gion had been sent back
from the UAE since the war
began, most of whom were
supporting extended
families.

One is Laiq Hussain,
who worked in Dubai for
20 years and managed to
buy a cargo van and set up
abusiness.

“In just one day, or rath-
er in minutes, everything
was over,” Mr. Hussain
said.
In Chakwal in the cen-
tral province of Punjab, a
38-year-old former Dubai
Metro manager, who said
he was deported after 16
years in the emirate, sat
with a  handful of
neighbours.

One who worked in con-
struction said UAE officials
asked him about salary and
remittances.

“Then they asked
whether I fund Iran,” said
the 41-year-old, who asked
not to be named because
he hoped to pursue work
in another Gulf state.

The metro manager said
police took his phones,
handcuffed him and, after
detaining him for nine
days, loaded him onto a
darkened, overcrowded
bus to the airport.

“I was back to zero in
the blink of an eye,” he
said.

lost jobs and frozen

Since the Iran war began, the UAE has reportedly deported thousands of Shia Muslims from
Pakistan, home to the biggest Shia population after Iran; even as Islamabad has not openly
taken up the issue for ‘diplomatic reasons’, Human Rights Watch, probing the reports, says
the cases are ‘alarming’.

$ e YE gl o 91c; F, U A HAT &9 | Ifhedre F gkl RAT FHATAL Y a1
T 8, STe1 ST o aTe Al 981 RIAT IS WEll §; STk SFAHIG o ‘Fresiiicieh HRON § 36
e, T GAd Ag1 SOIT &, TET 3o RUTeT hY ST o g EIHA UFTH Al a1 gl HHAT 1
‘RIS ST gl

After Iran, Pakistan has the world’s biggest Shia population, at around 40 million, or 17% of
Pakistan’s total.

0T o S TTehecllet & gfardT hT Ferdl a1 FRAAT JTAET &, ST STIT$HIT 4 FRUF AT ATTehcllol T el

3TTETET T 17% &
The UAE and other Gulf Arab states are Sunni-ruled.
T 3R I WISY IR S Forall ATHT ATl &
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e  “The crackdown on Shia Muslims in the UAE is not new,” said Falah Sayed, human rights
o+ cer at MENA Rights Group.

“Ju$ # AT AHAATAT TR HRETS 778 78T §,” MENA Rights Group T ATaeIR 3oy
wolTg 39E o FaTl
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26M | Finance Commission transfers and equity issue
e 3mer aravor i AT T goe

Finance Commission transfers and equity issue

he Finance Commission (FC),

constituted under the Constitution,

determines the distribution of the

Union’s gross tax revenues between
Centre and States and among the States
themselves to address vertical and horizontal
fiscal imbalances. Following earlier commissions,
the 16th FC has retained the vertical devolution
share of 41% for the States and continued to
emphasise equity as the guiding principle in
determining horizontal transfers.

During consultations with the FC, States raised
several concerns regarding the structure of fiscal
transfers. Since cesses and surcharges exceeded
15% of gross tax revenues, they should either be
included in the divisible pool or capped at
around 8%-10%. In addition, the Centre receives
substantial non-tax revenues from natural
Tesource extraction, asset monetisation and
surplus transfers from the Reserve Bank of India.

States and pressures

States also face mounting fiscal pressures. The
COVID-19 pandemic, structural changes
introduced by the Goods and Services Tax (and
recent rate rationalisation from four rates to two
principal rates), and mounting public debt
further constrained their fiscal space. Moreover,
the growing dominance of Centrally Sponsored
Schemes has narrowed their fiscal autonomy (the
restructuring of the National Rural Employment
Guarantee programme requires States to bear
40% of programme costs), while buoyancy of
central taxes has slowed. These factors could
reduce the actual transfers to States, leading
several States to demand a 50% vertical share.

Another concern is frequent changes in
devolution criteria and their assigned weights
across successive FCs in order to transfer more
resources to fiscally weaker States, making it
difficult for States to predict their future shares.
Many States called for a reduced weight for the
income-distance criterion and suggested
adjusting it for purchasing-power differences to
better reflect variations in the cost of living.

Over time, the shares of better-performing
States have steadily declined compared with
those of major beneficiary States. The combined
shares of four major beneficiary States — Bihar
(including Jharkhand), Madhya Pradesh
(including Chhattisgarh), Uttar Pradesh (including
Uttarakhand) and West Bengal - increased from
42.5% during the Sixth FC period to 51% under
the 15th FC. In contrast, the combined share of
the four southern States — Andhra Pradesh
(including Telangana), Karnataka, Kerala and
Tamil Nadu - declined from 24.8% to 15.8%,
widening the gap to 35.2%. Continued reliance on
unconditional equalisation transfers may weaken
incentives for revenue mobilisation and fiscal
discipline in weaker States. Moreover, rising

26M. Finance Commission transfers and equity issue

N

K.R. Shanmugam
Former Director,
Madras School of
Economics, and
Consultant to the
Government

of Tamil Nadu

Under the 16th
Finance
Commission,
arbitrary
weights affect
better-
performing
States

transfers to poorer States have not eliminated
disparities in public expenditure even on basic
services. In 202223, Bihar spent ¥937 per person
on health, against Arunachal Pradesh’s 710,148
(10.8 times lower), while Bihar's per-student
spending on elementary education in 2023-24
was ¥20,282 compared with Sikkim’s Z1,30,498.
These gaps show that fiscal transfers alone have
not ensured convergence in public service
delivery.

R lations of Finance C issi
The 16th FC accepted the Centre’s argument that
cesses and surcharges cannot be shared because
they often finance welfare and infrastructure
programmes that indirectly benefit States and
retained 41% vertical share. It also abolished
revenue-deficit grants as well as sector-specific
and State-specific grants and recommended that
States discontinue off-budget borrowings, bring
all liabilities onto their budgets and maintain
fiscal deficits below 3%. These measures could
increase short-term fiscal stress for States.

The FC made only modest adjustments to the
criteria used by the 15th FC. Income distance
received a weight of 42.5%; population 17.5%; area
10%; forest cover 10%; and the demographic
criterion — modified by replacing the inverse
fertility rate with population growth — 10%. It also
introduced States’ contribution to national GDP,
replacing tax effort, with a 10% weight. However,
instead of using actual GSDP shares, the FC
applied a square-root transformation to State
GSDP shares, with a weight of just 10%, far below
the expected 25%. This significantly reduced the
advantage of economically stronger States and
altered the rankings. Maharashtra’s actual GSDP
share of 14.23% fell to 8.31% after the
transformation, while Tamil Nadu’s declined from
9.09% to 6.67% and Karnataka’s from 8.95% to
6.59%. At the same time, the shares of many
smaller States increased.

Consequently, overall devolution shares of 14
States rose marginally compared with the 15th
FC. Karnataka gained the most (0.484 percentage
point increase), followed by Kerala (0.457) and
Gujarat (0.277). Tamil Nadu saw only a negligible
rise, from 4.079% to 4.097%. Meanwhile, the
shares of 14 States declined, with Madhya Pradesh
experiencing the largest reduction (0.503
percentage points), followed by Arunachal
Pradesh (0.403) and Uttar Pradesh (0.32).

From a longer-term perspective, however,
disparities remain substantial. Under the 16th FC,
the southern States’ share has risen slightly to
about 17%, while the share of the largest
beneficiary States has fallen to just under 50% — a
shift of only about 1.2% in favour of the southern
States. The balance between equity and efficiency
has changed only marginally. Under the 15th FC,
efficiency-related criteria accounted for 25% of

faer 3maeT 3raRor i FHAAAT T 9T

o Following earlier commissions, the 16th FC has retained the vertical devolution share of 41%
for the States and continued to emphasise equity as the guiding principle in determining

horizontal transfers.

the weight and equity criteria for 75%; under the
16th FC, this has shifted to 30% and 70%,
respectively — an adjustment too small to
significantly alter outcomes. Poorer States such as
Uttar Pradesh (17.62%), Bihar (9.95%), Madhya
Pradesh (7.35%) and West Bengal (7.22%) continue
to receive larger shares than fiscally stronger and
better-performing States.

Devolutions with alternative schemes
Alternative weighting schemes suggest that the
outcomes could have been different. If the FC had
assigned a 25% weight to the square root of GDP
contribution while reducing the weight of income
distance to 27.5%, Karnataka’s share would have
increased from 4.131% to 4.928%, Maharashtra’s
from 6.441% to 7.218%, and Tamil Nadu’s from
4.097% to 4.867%. Under an equal-weight
scheme across the six criteria, their shares would
have risen further to 5.544%, 7.845%, and 5.246%,
respectively.

Had the FC used actual GSDP share (instead of
square root formula) with 10% weight, the
devolution shares of Maharashtra, Karnataka and
Tamil Nadu would have increased to 7.033%,
4.367% and 4.342% respectively. With 25% weight
(and 27.5% weight to income distance), they
would have increased to 8.698%, 5.517% and
5.478%. With equal weighting scheme, their
respective shares might have increased to 8.833%,
5.937% and 5.653%. That is, their respective
shares increased by 2.392%, 1.806% and 1.556%.

Given that the 16th FC estimates total vertical
transfers of 104 lakh crore over the award
period, these differences are significant. A 2.392%
increase in Maharashtra’s share would translate
into an additional ¥2.49 lakh crore, or about
349,744 crore annually. Karnataka’s additional
1.806% share would yield about ¥1.88 lakh crore,
or roughly ¥37,565 crore annually. Tamil Nadu’s
1.556% increase would amount to approximately
%1.62 lakh crore, or 32,365 crore annually.

In India, unlike other large federations such as
Australia and China, States with greater political
influence in terms of parliamentary
representation are not necessarily the
economically stronger ones. Consequently, these
States tend to receive higher fiscal transfers. The
issue is likely to intensify after delimitation, as
governments may have stronger incentives to
favour politically influential States. Since the FC’s
primary objective is to address both vertical and
horizontal fiscal imbalances, future FCs should
place greater emphasis on fiscal capacity and
fiscal outcome indicators rather than relying
predominantly on non-fiscal indicators.
Additionally, they should adopt more data-driven
approaches for assigning weights, such as the
principal component analysis method.

The views expressed are personal
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QA 3TN S LRI T HTEROT Y T, 169 Faet AT o T2t & forw Feafert gaicwor 3
41% TEEIERT FT FaATT IWT § 7T ST gEaieR 0T fdeiiRd aXat 3 AT T ANPGRS Rgud
& T H Agcd ooll oIRT @ & |

During consultations with the FC, States raised several concerns regarding the structure of
fiscal transfers.

T 3T & AT GHST & SR U] o TAR T FEATATONT T HITT T ol 3aieh =Iare
ZEGEN

Since cesses and surcharges exceeded 15% of gross tax revenues, they should either be
included in the divisible pool or capped at around 8%-10%.

ik 3uET 3R AR Fehol T ToTed & 15% & 31T 81 o 8, gafaw 3¢ ar a fasnrsa qur
# enfAer fonaT ST TR 3rUaT FTT8T 8%-10% deh WA fohdT SATeAT AT |

In addition, the Centre receives substantial non-tax revenues from natural resource
extraction, asset monetisation and surplus transfers from the Reserve Bank of India.

g8 3TN, she; T ATehicieh TETEET & alge, WWH&TWW%@
TN 37RO & ATCIH ¥ qTe A-FT TerET 9T gier B

States and pressures
Ry 3ﬁTm

Moreover, the growing dominance of Centrally Sponsored Schemes has narrowed their
fiscal autonomy (the restructuring of the National Rural Employment Guarantee
programme requires States to bear 40% of programme costs), while buoyancy of central
taxes has slowed.

gaeh 3ifaRerd, g IR Fetansit & ded Y8ged o TS T TSI T &t WAT FT
fear & (Terr ATHIOT AR RS FTIFHH & GofoTSa] oh 3cTaTcl AT bl HTisha T 40% AT
qEeT el TSl 8), Ao HAT H A Jefar X e gr s B

Many States called for a reduced weight for the income-distance criterion and suggested
adjusting it for purchasing-power differences to better reflect variations in the cost of living.

&S T o -G ATAES & $R T o il hY AT T TAT 57 FI-ATFT & I & HTAR
AT et T FoArd T, AT SaeT-ATdeT T oArTe H fAeeTar3it s 9ga &1 F ST ST
|

The combined shares of four major beneficiary States — Bihar (including Jharkhand),
Madhya Pradesh (including Chhattisgarh), Uttar Pradesh (including Uttarakhand) and West
Bengal — increased from 42.5% during the Sixth FC period to 51% under the 15th FC.

IR 97 ATt Tt — R (5IRws wfed), #7eT i (s<iieere |fed), 36 93w (3oirEs
Tige) 3R afREa qarrer — T GYFT RTHeRT & et JTAeT T 3rafer 7 42.5% & T 159
T 31T & 39T 51% 8T TS|

Continued reliance on unconditional equalisation transfers may weaken incentives for
revenue mobilisation and fiscal discipline in weaker States.

foTT 21t wHATeTaT e gEaravoit W AR [T FAR Tl 7 Tored §IgoT 3R
ST 3T AT & NG T FHSIR T Hehell

Recommendations of Finance Commission

e 3T i fRAwRer

The 16th FC accepted the Centre’s argument that cesses and surcharges cannot be shared
because they often finance welfare and infrastructure programmes that indirectly benefit
States and retained 41% vertical share.

169 fad 3R & Fg F 37 do B TR fhar s 3gaT 3k 3rfersR arsm 787 e s g,

Address : 3rd Floor, KV Tower, Padleyganj Road, Gorakhpur
Email Id : info@patrioticias.in

Contact Number : 9971932488
Website : patrioticias.in

Page8



Q)
TELEGRAM CHANNEL: https://t.me/patrioticlAS
YOUTUBE CHARNEL: https://www.youtube.com/@PatrioticlAS
CONTACT: 9971932488

FAITH I UTA: FoITUTRRT UF HTHITAT HIRIHAT Sl AT Fd &, [Td 96T &I H Tt
I oreT fAerar &, 3R 38 41% Fearer REdert & 91T @)

e |t also abolished revenue-deficit grants as well as sector-specific and State-specific grants
and recommended that States discontinue off-budget borrowings, bring all liabilities onto
their budgets and maintain fiscal deficits below 3%.

S TSIET-HTET ST 3 TIY-A1Y &13-fafse 3R Tog-faflrse sieerat s off s ¢ fear
TUT ST T TE-ATEY IURT FHI &6 A, T SAGTRAT I 3797 Fofe H AT e 3R
TR €1 FF 3% F A TATT W Hr FAwIfer H

e It alsointroduced States’ contribution to national GDP, replacing tax effort, with a 10% weight.
S -TATH & TATT W IASET GDP F U1 & JTETeT i 2MfAer fFam 3 38 10% 3R ver
e

e However, instead of using actual GSDP shares, the FC applied a square-root transformation
to State GSDP shares, with a weight of just 10%, far below the expected 25%.

gTellteh, arEdTash GSDP fREAEHY &1 39391 e & S9119, {3 3T & Tt hr GSDP
TREAERY IR geTaer TRacial o] T, Toraent $TR shael 10% TET 91T, ST 38T 25% & bt
FH 7|

e This significantly reduced the advantage of economically stronger States and altered the
rankings.

SEH 3T & A AT T2l & ollsT & Sea@ena Fal g AT Iefehr Ieher 3 aRacit g3

e Consequently, overall devolution shares of 14 States rose marginally compared with the 15th
FC.

TROTATIEY, 158 e 3T B JeiofT 3 14 Tl Y et §EATROT EEHeRT 7 ARLe I 6%
e Under the 16th FC, the southern States’ share has risen slightly to about 17%, while the

share of the largest beneficiary States has fallen to just under 50% — a shift of only about
1.2% in favour of the southern States.

163 et TART & 3TN gfaol AT Hr RITVGRT 1S Tgas SIITHIT 17% 8l 15 §, STalfeh Tad
3 Tl Tt T REAERYT Tt 50% F A 5 T§ 315 § — ITg TRTd eyl It & geT
H hgel TITHIT 1.2% HI g

e The balance between equity and efficiency has changed only marginally.
HHTACT IR E&TAT o el TJelel 3 Shayel AN TR g3 &

e Under the 15th FC, efficiency-related criteria accounted for 25% of the weight and equity
criteria for 75%; under the 16th FC, this has shifted to 30% and 70%, respectively — an
adjustment too small to significantly alter outcomes.

153 faer AT & 37T eTaT-Hatll HIIEST T R 25% T THTATT-Geel ATeleal & IR 75%
oT; STafh 169 T 3T 3 I8 shaver: 30% 31K 70% &) 137 § — Ig YRade aRomA! &
mmmé?ﬁmagaaﬁa%l

Devolutions with alternative schemes

o o3t F Ty F-RAaor

e Ifthe FC had assigned a 25% weight to the square root of GDP contribution while
reducing the weight of income distance to 27.5%, Karnataka’s share would have increased
from 4.131% to 4.928%, Maharashtra’s from 6.441% to 7.218%, and Tamil Nadu’s from
4.097% to 4.867%.

g7 Faer 3TN (FC) o GDP ANTETeT & Feqer i 25% R AT Bl T 3m gt o HR !
HETHT 27.5% T T @1aT, aY Shatleeh T [eEar 4.131% & dGhT 4.928%, FGRISE T 6.441% &

TGHT 7.218%, TUT ATHIATS T 4.097% & qGhT 4.867% &1 S|

o  With 25% weight (and 27.5% weight to income distance), they would have increased to
8.698%, 5.517% and 5.478%.
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25% AR (3R 3T g T 27.5% HR) &l TR, SoTehl TGEHGRT dGeh shaAM: 8.698%, 5.517% 3N
5.478% gl ST

¢ In India, unlike other large federations such as Australia and China, States with greater
political influence in terms of parliamentary representation are not necessarily the
economically stronger ones.

R #, Jireefodr AR @ 1 37 93 FE &2 & Taadia, Fag gfafafca & dgef 7 31fas
TN TG T@ aTe) Ao 3Tk 7 T 7116 &7 I 3170 gerard 781 a1 |

e Consequently, these States tend to receive higher fiscal transfers.
ARUTAEERY, W T T 3112 T gEaiawor STed gl &1 99 el g

e Since the FC’s primary objective is to address both vertical and horizontal fiscal
imbalances, future FCs should place greater emphasis on fiscal capacity and ¢ scal
outcome indicators rather than relying predominantly on non-fiscal indicators.

ek faer AT 7 T Secey FeatR qur st TSI IFAaT I g AT &, ST
HiasT & faa It bt HETd: ISR Hehcehl T AR TgeT o oI ST &THT T
TSR IROTH Fhds! 9T 378 T a1 AfRv|

e Additionally, they should adopt more data-driven approaches for assigning weights, such as
the principal component analysis method.

38 faferd, AR FUTRE & & fov 3o¢ 31fte 3er-3menfa gfewio @1 srvarer =gy, s&
o Riftue Fulsic vafaf@e weufa |
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26M | SC blames NTA for leak of 2026 NEET paper
A HIE A 2026 NEET 90X offsh & faw NTA #Y sgtrn FFaeRr

26M | Minister calls for report from CBSE as Class 12 exam results trigger concerns

FeT 12 et IRomAT ) a9 & i #5 F CBSE ¥ RAE Aph

SC blames NTA for leak of 2026 NEET paper

Bench issues notice to Ministry of Education, and
NTA, on plea to ‘replace or restructure’ the body

Plea said the NTA did not answer to Parliament,
which shielded it from direct audits by the govt

NTA to file an affidavit on measures to implement
recommendations of the monitoring committee

ibility-cum-Entrance Test-
Undergraduate ~ (NEET-
UG), 2026, paper leak, say-
ing the exam body sadly
had not learnt its lesson
even two years after the
previous security breach in
2024,

The hard work of 23
lakh students came to
nothing with the cancella-
tion of the examination af-
ter it was learnt that the
question paper had been
leaked.

A Central Bureau of In-
vestigation (CBI) probe is
under way into the issue
and a retest is scheduled
on June 21.

“It is so sad, really, that

Kns!!a!as !la]ggng!l the NTA has not learnt its.

mendations, we believe,
were accepted... a moni-
toring/high-powered com-
mittee was appointed,” Jus-
tice PS. Narasimha,
heading a  two-judge
Bench, observed on Mon-
day while hearing a peti-
tion filed by the Federation
of All India Medical Asso-
ciation to “replace or fun-
damentally restructure”
the NTA.

Affidavit sought

The Bench directed the
NTA to file an affidavit in
the next three days on
measures taken by it im-
plement the recommenda-
tions of the monitoring/

high-powered committee
and listed the case for
hearing on an urgent basis
later this week.

The top court also is-
sued notices to the Union
of India, the Union Minis-
try of Education, and other
respondents arraigned by
the petitioners.

A second petition by the
United Doctors Front was
also heard, which sought
the transition of the NTA

give recommendations.. Those
recommendations, we believe,
were 'dL'CE[)[Ed

JUSTICE P.S. NARASIMHA
Supreme Court judge

from a registered society to
a statutory body esta-
blished by an Act of Parlia-
ment to ensure constitu-
tional and parliamentary
accountability.

For the Supreme Court,
the NEET-UG 2026 paper
leak was a repetition from
2024 , when over 20 lakh
students were affected by a
paper leak.

The court had, at the
time, taken cognisance of

sought a detailed report on the
glitches in the CBSE portal
after multiple complaints
about the new On Screen
Marking system. » PAGE 6

the fiasco and heard peti-
tioners over many days. It
had finally not cancelled
the 2024 exam, reasoning
that the leak had been
localised.

However, the apex court
had acknowledged the
need to reform the exam
process. It had directed the
constitution of a commit-
tee headed by former In-
dian Space Research Or-
ganisation Chairman K.

wered committee included
the shift to a computer-
based test (CBT) mechan-
ism. Mr. Radhakrishnan
has also been asked to file a
separate affidavit within
the same time period as
the NTA on what steps
were taken to ensure that
the committee’s recom-
mendations had been
followed.

The petitions have
sought sweeping direc-
tions to the government to
mandate “digital locking”
of question papers, and
transition to the CBT mo-
del to eliminate the physi-
cal chain-of-custody risks.

The doctors’ body

¢ Pradhan seeks Radhakrishnan_to recom- pointed_ out lh;_u, unli_ke

NEW DELHI lesson. We had with such It is so sad, really, that the NTA has rt CBSE mend changes in the way  the Union Public Service
difficulty heard the peti- not learnt its lesson. We had reporton the NTA conducted the Commission or the Staff

he Supreme Court  tions in 2024 and passed with such difficulty heard the mar](u]g gh'tcl]es crucial annual exam for  Selection Commission, the
T on Monday square-  orders... We had directed o E[i;i ons in 2024 and passed medical admissions across NTA was not directly an-
ly blamed the Na-  the constitution of a com- I e e el =J *’l e NEW DELHI the country. swerable to Parliament. It

tional Testing Agency mittee to give recommen- T, ‘j“(' ack IFLLIL_( the Union Minister for Education The recommendations operated under the Minis-
(NTA) for the National Elig-  dations... Those recom- ,constitution of a committee to Dharmendra Pradhan has of the monitoring/high-po-  try of Education, shielding

it from direct audits by the
Comptroller and Auditor
General, and mandatory
probes by Parliamentary
Committees.

“The recurrence proves
that cosmetic administra-
tive tweaks and expert
committees like the K. Rad-
hakrishnan Committee are
inadequate without a fun-
damental legislative over-
haul,” the petition has
contended.

The doctors’ front
sought the dissolution of
the NTA in its current form
and the enactment of a
parliamentary Act to
create a new testing
authority.
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26M. SC blames NTA for leak of 2026 NEET paper
Al FIE F 2026 NEET 99X oftsh & faw NTA Y sgtran faFaer

The Supreme Court on Monday squarely blamed the National Testing Agency (NTA) for
the National Eligibility-cum-Entrance Test-Undergraduate (NEET-UG), 2026, paper leak,
saying the exam body sadly had not learnt its lesson even two years after the previous
security breach in 2024.

FNH FIE 7 THATR DT TSI TAETT THHT (NTA) T ASERT ITHAT HE T4 GTO&TT-FATT
(NEET-UG), 2026 & Y9X olieh & forw T8} THeReR 3833 3R et foh adieT Team & 2024 :ﬁ'rgé
Toroell gaT e & al ¥ 1e; ot 1S Fash w1eT |

It had directed the constitution of a committee headed by former Indian Space Research

Organisation (ISRO) Chairman K. Radhakrishnan to recommend changes in the way the
NTA conducted the crucial annual exam for medical admissions across the country.

3TETeI o Y HRCAT HARET HTHUTT S (ISRO) IEUET &, THTFEOT I eTe AT & HiATT
TS h¥et b1 Torder feam T, arfeh Serer 7 AfSshor yaer & fov oI HgeaqoT aTfies wdiet &
HraTelel & GUR GSIT ST Heh |

The recommendations of the monitoring/high-powered committee included the shift to a
computer-based test (CBT) mechanism.

AR/ Sree FATC S FAhIiReiT 7 Fegel Jremiea gl (CBT) Jotel T 3R
SeelTa AR AT

The doctors’ body pointed out that, unlike the Union Public Service Commission (UPSC) or
the State Selection Commission (SSC), the NTA was not directly answerable to Parliament.

ST & TS o IATAT {6 T Ak JaT HTAWT (UPSC) T FHAARY TI 3TART (SSC) &
AT, NTA e T & 9fd STaTedg el 2

It operated under the Ministry of Education, shielding it from direct audits by the
Comptroller and Auditor General (CAG), and mandatory probes by Parliamentary
Committees.

Tg T8I AFTET & 3T FF Al &, fFTaH T8 ARG & Ag9s va Agraar 1diaTs (CAG) ganrT
gcgeT Aifse 3R gada afafaar & faart s & sarEar gl

“The recurrence proves that cosmetic administrative tweaks and expert committees like the K.
Radhakrishnan Committee are inadequate without a fundamental legislative overhaul,” the
petition has contended.

“Tg YeIIg el THGH el & Toh &. TeTHsorer AT St faevrer afAfaar 3k aagr s
S, HereTel Tl GerR o 191 3roiea €, anfrenr 7 shet A gl
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Minister calls for report from CBSE as
Class 12 exam results trigger concerns

Dharmendra Pradhan deputes [IT Madras and IIT Kanpur experts to assist the board; the expert team will examine the overall IT infrastructure

robustness; complaints have been raised over the new On-Screen Marking system, or OSM, while the re-verification process has run into delays

Maitri Porech:
NEW DELHI

fter multiple stu-
Adents complained
about the new On-

Screen Marking (OSM) sys-
tem, which was introduced
by the Central Board of Se-
condary Education (CBSE)
for evaluating Class 12
answer papers this year,
Union Minister for Educa-
tion Dharmendra Pradhan
stated that he had asked
the CBSE for a detailed re-
port on the glitches.

The CBSE has been in
the eye of the storm recent-
ly with Class 12 students
and parents complaining
about the OSM system and
the struggles they have
faced in the re-evaluation
process after the comple-
tion of the board examina-
tion. “The IIT [Indian Insti-
tute of  Technology]
Madras and IIT Kanpur will
look into the technical
glitch faced by the CBSE
portal. Those who applied
for revaluation will get a
scanned copy. I've taken it
seriously. The government
is looking into it in detail,”
Mr. Pradhan stated.

“The expert team will
examine the overall IT in-
frastructure  robustness
and assist in taking correc-
tive measures to ensure

that login authentication,
user access systems and
payment gateways are ac-
curate and in order,” an of-
ficial from the Ministry of
Education explained.

On Monday, Congress
general secretary (commu-
nications) Jairam Ramesh
criticised the government
for introducing the OSM
system for Class 12 board
examinations, which he
said had thrown into chaos
the academic futures of
lakhs of children.

“He’s portraying himself
as some saviour by bring-
ing in IIT-Kanpur to help
address these technical is-
sues. The question really is
why these issues were not
anticipated? Why did it
take the minister so long to
respond?” Mr. Ramesh
said. “The Mantri Pradhan
owes the country his resig-
nation, and the Pradhan
Mantri owes us answers to
why this Minister — who is
openly disrupting the fu-
ture of India’s students
with his ineptitude — has
been allowed to continue
for so long”

OSM system

In the OSM system, instead
of traditionally checking
physical copies, the eval-
uators  checked the
scanned answer sheets on-

The CBSE had rolled out the On-Screen Marking system for Class 12
evaluation this year. SHIV KUMAR PUSHPAKAR

screen. Officials in the Edu-
cation Ministry confirmed
that 98 lakh answer books
were scanned and evaluat-
ed digitally. Experts said
that each answer book had
an average of 20 sheets,
which means that nearly
1.96 crore pages were
scanned in a compressed
timeline, at centres with
varying infrastructure and
partially trained staff.
Several students who
had applied for re-evalua-
tion for their marks said
they received wrong answ-
er sheets. On Monday, a
Delhi student was brutally
trolled for taking to X to
complain about the unex-
pectedly low marks he re-
ceived in Physics. He al-
leged it may not merely be
a “rechecking” issue but a

serious answer-sheet mis-
match. “We applied for
photocopies of my answer
sheets. And I am shattered
because the Physics answ-
er sheet uploaded by the
CBSE is not mine,” a stu-
dent said. CBSE officials
told The Hindu that there
was indeed a mix-up with
regard to the student’s
Physics answer sheet and
his original answer book
was handed over to him.

Teachers’ i

The CBSE had been
warned by teachers as ear-
ly as February 2026 that
evaluators had not re-
ceived structured training
in the OSM system. While
the CBSE had promised
that the OSM method of
evaluation would lead to

greater transparency,
speed, and accuracy, ac-
cording to its own data, ov-
er 68,000 answer books
had to be rescanned due to
poor image quality, and ov-
er 13,500 were pulled for

manual rechecking.
In the results an-
nounced earlier this

month, Class 12 pass per-
centage dropped by three
percentage points from
last year to 85.20%. Having
received lower than ex-
pected marks, students be-
gan applying in large num-
bers for re-evaluation on
the portal, which opened
on May 19 and almost im-
mediately crashed due to
the heavy traffic.

After encountering the
glitch, students were
stranded mid-process as
the CBSE pulled out the ap-
plication link from its web-
site entirely. The portal
then reopened on May 20.

Students who had paid
fees on May 20 reported
that payment was deduct-
ed but no confirmation
was received. “Students
were in dark even after 24
hours. Some were able to
apply later, others still
complained of the process
not working. Login fai-
lures, application submis-
sion errors, download fai-
lures continued to be

reported,” a parent told
The Hindu. On May 21, the
portal again slipped into
maintenance mode. The
CBSE extended the dea-
dline for application twice
to remedy the situation.

Students who managed
to access their scanned
answer sheets shared
screenshots on social me-
dia of copies that appeared
blurred, unreadable or
having rotated pages.
“Some scans showed over-
lapping elements — brows-
er bars, timestamps — ob-
scuring the actual written
content. Students posed an
obvious question - if we
cannot read these copies,
how did examiners eval-
uate them? Students iden-
tified answers that match
official marking scheme,
yet marks were deducted.
Evaluators have com-
plained of screen fatigue,
poor scan resolution and
missed answers during the
OSM process,” pointed out
educationist and RTI acti-
vist Keshav Agarwal.

Many students received
main answer booklets but
supplementary sheets
were absent. The CBSE has
not commented on how
evaluation quality was

maintained when OSM sys-
tem was allegedly
defective.

26M. Minister calls for report from CBSE as Class 12 exam results trigger

concerns

FeTT 12 qder IRomAT 9T Rar & = 70 & CBSE @ Rl Al

e After multiple students complained about the new On-Screen Marking (OSM) system, which
was introduced by the Central Board of Secondary Education (CBSE) for evaluating Class
12 answer papers this year, Union Minister for Education Dharmendra Pradhan stated
that he had asked the CBSE for a detailed report on the glitches.

58 Y FeTl 12 T 3R GRS & Hedishe g Hara Areafas Ruam a1 (CBSE) anT &

IS S AHTA-FRIT AR (OSM) TUTTRN T AT S BT T RISIAT & o1, Ferr e #7: aig

T o gl Toh 3ogiel CBSE & Teheilehl ITsaisal W faeqgd RUIE AR &1

e The CBSE has been in the eye of the storm recently with Class 12 students and parents
complaining about the OSM system and the struggles they have faced in the re-evaluation
process after the completion of the board examination.

&TeT & f&alT & CBSE faarel & g & T &, STaT e 12 & o 3R 31fHsras OSM otely T
STS q0ETT FHATC glel o dle; GeTdediehat Tishal 3 37TS HiSe1gar 1 fAIhrIT X 1@ &

o “The expert team will examine the overall IT infrastructure robustness and assist in taking
corrective measures to ensure that login authentication, user access systems and payment

gateways are accurate and in order,”

an oe cial from the Ministry of Education explained.

TR¥&T FATE & ve RSN o T, AT S A T HTEAT hT FSTLA b oA et
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3R T GIATRET It 8 GURTcHD el 7 TERIT M o wlifele] FATONRIOT, SUIThcll
qET FOTl AR ST Aed Tl v s7afedd gl

OSM system
OSM yorTelt

In the OSM system, instead of traditionally checking physical copies, the evaluators checked
the scanned answer sheets onscreen.

OSM YoTrell 7 URURe: &7 & Hifcreh STl Sireret o i, TeTehi o Thef 3T 1S 30 JREAhI3i
T TohleT I SR HedTeha fhaT|

Oe cials in the Education Ministry cone rmed that 98 lakh answer books were scanned and
evaluated digitally.

TRY&TT HATET & JTRRIRT o TS o foh 98 TG 3o GREARISIT T Tohet Y f3ToTeel T 4
Heifehd fomar aram|
Experts said that each answer book had an average of 20 sheets, which means that nearly

1.96 crore pages were scanned in a compressed timeline, at centres with varying
infrastructure and partially trained stae .

TR o T o Fedeh IR Rectent 7 3HIcieT 20 Jo6 &, Forweht 319 & o Srameter 1.96 #5
USS i HHI F Y shal T Fohel [T 31T STGT ITEETTAT TeTT-37eleT T 2l AT 3R =iy s
37T gfRreTor e ar)

Several students who had applied for re-evaluation for their marks said they received wrong
answer sheets.

&S BT, foegiel Yets{eaisha & forw 3rdesT fomar ar, ﬁwﬁ:ﬁwmﬁﬁwﬁl
He alleged it may not merely be a “rechecking” issue but a serious answer-sheet mismatch.
38 3TRIT ST o I8 eharel “Qelfehar” ohT HIHIT wET Sioeh 3t Jecehl & 313 el Jfe a1
HIHT & Tl ¢

CBSE o- cials told The Hindu that there was indeed a mix-up with regard to the student’s
Physics answer sheet and his original answer book was handed over to him.

CBSE et ¥ & féfg b ara o o1 i sifaehr 3a3 qfeceht 1 oiehY areda # 15 g5
oY 3R 3T T TR YREThr 38 AT & 1S |

Teachers’ warning

fRraret it Taraei

The CBSE had been warned by teachers as early as February 2026 that evaluators had not
received structured training in the OSM system.

CBSE &I %a{l 2026 # g f1aTeh! garT ddraet &1 arg &Y i odietehi s OSM wotrelt

gafEd gfAeTor 78T AT gl

While the CBSE had promised that the OSM method of evaluation would lead to greater
transparency, speed, and accuracy, according to its own data, over 68,000 answer books had
to be rescanned due to poor image quality, and over 13,500 were pulled for manual
rechecking.

glellfeh CBSE o @l fonam T foh OSM Heiehet el 31feres arefRidr, a1 31 wétenar o,

SAfhel 3Eeh 3701 3TehsT & HTER, TR B JOTET & HROT 68,000 & 3Heeh I GREThIT T
CISTRT That =TT I3T R 13,500 & 370 T Hefarer Yat: ST & ToIT feprerr Irm|

In the results announced earlier this month, Class 12 pass percentage dropped by three
percentage points from last year to 85.20%.
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S HEIA T BT H YT IROTAT & Fafr 12$r3?ﬁ0?9ﬁ%mﬁ3*?raéraﬁraoﬂmﬁsﬁﬂ

gfaerd 37e TR 85.20% g I13AT|

e Having received lower than expected marks, students began applying in large numbers for re-
evaluation on the portal, which opened on May 19 and almost immediately crashed due to the
heavy traffic.

3TUETT & e 37 Ao & oe BTl A 981 HEIT F YeTelodichad oh [T G T e e Y&
T, Sit 19 #HE 1 Gerr 3R AT Lok & HROT 218797 LT $hel 81 T

e After encountering the glitch, students were stranded mid-process as the CBSE pulled out the
application link from its website entirely.

TheiThl ITSEST 37T o HIG, ST UThdT & oI T H Hy ITT FAifeh CBSE o 37911 d9HSE I 3TdesT
foleh g e ger el

e Students who had paid fees on May 20 reported that payment was deducted but no
confirmation was received.

20ﬂ%ﬁ%ﬁmmaﬁmﬁm%wwwmaﬁégﬁwaﬁ§él

e Login failures, application submission errors, download failures continued to be reported,” a
parent told The Hindu.

JTfareT TAeldT, 3desT STHT i) #gﬁfﬁmﬁgﬁwﬁmm 3T W, Th
31fSremTaeh =1 g g T s

e Students who managed to access their scanned answer sheets shared screenshots on social
media of copies that appeared blurred, unreadable or having rotated pages.

TS1eT BT oY 37T Thet Y TS 3o GREThTU T, Seglel HRrel #F3AT I erel, 3rqaeiar a1
ATV 37T goa arelt Gl & Thiereiic A fhu|

e “Some scans showed overlapping elements — browser bars, timestamps — obscuring the
actual written content.

‘T Thel 7 HNAATIIT ded — BN IR, TSHAEFT — @ e, forwwr areafas faf@d
I T TS|

e Evaluators have complained of screen fatigue, poor scan resolution and missed answers
during the OSM process,” pointed out educationist and RTI activist Keshav Agarwal.

aQefel o OSM HTshaT & GNTeT Eshiet UehTel, WIS Ehet Riog2ret X 3o) et i fRishrard
¢, frenfag 3R RTI FRdwat 2 rrare o 9dr|

e Many students received main answer booklets but supplementary sheets were absent.

g AT T HEY o) ItV (el olfehet Ik ehed 3reqafeyd of|
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India-U.S. ties, Iran crisis in focus as
Quad Foreign Ministers meet today

NEWS ANALYSIS

Suhasini Haidar
NEW DELHI

Foreign Ministers of the
Quad will meet for the first
time in nearly a year, as Ex-
ternal Affairs Minister S.
Jaishankar hosts U.S. Se-
cretary of State Marco Ru-
bio, Australian Foreign Mi-
nister Penny Wong, and
Japanese Foreign Minister
Toshimitsu Motegi in Delhi
on Tuesday at Delhi’s Hyd-
erabad House. The Foreign
Ministers will also call on
Prime Minister Narendra
Modi, an External Affairs
Ministry advisory said.

The Ministers last met
on July 1, 2025, when they
updated the goals for the
quadrilateral  grouping,
simplifying them to four
areas: maritime and tran-
snational security, eco-
nomic prosperity and se-
curity, humanitarian
assistance and emergency
responses, and the launch

of the Quad Critical Miner-
als Initiative.

However, rapid develop-
ments, including the U.S.-
Israel strikes on Iran and
other actions by the Do-
nald Trump administra-
tion, have posed questions
over the viability of the
grouping, and the Minis-
ters will have their task cut
out as they seek to renew
their mandate.

In addition, they will
discuss whether it is possi-
ble to hold the Quad Sum-
mit in India later this year,
or take a decision to down-
grade the grouping by
meeting regularly only at
the Foreign Minister level,
as was the case prior to
2021, given India’s difficul-
ties in scheduling the sum-
mit in 2024 and 2025.

Trade tensions

In particular, tensions bet-
ween India and the U.S. in
the past year have led to a
slowdown in ties, amid dif-
ferences over the India-Pa-
kistan conflict, strained

trade talks after the U.S.
imposed a whopping 50%
tariff on Indian goods, Mr.
Trump’s comments on In-
dia being a “dead econo-
my”, and immigration res-
trictions by the U.S. During
his four-day visit to India,
Mr. Rubio has faced some
embarrassment and persis-
tent questions from jour-
nalists over the U.S. Presi-
dent reposting an
anti-immigrant rant de-
scribing India as a
“hellhole”.

“The President is a big
fan of India, a big fan of
Prime Minister Modi. I
wouldn’t be here if the Pre-
sident didn’t want me to be
here. He wouldn't have
sent someone like Sergio
[Gor] to be our Ambassa-
dor, someone who’s very
close to the President,” Mr.
Rubio told journalists on
Monday.

“I mean, people say stu-
pid stuff all the time on so-
cial media and in every
country in the world, un-
fortunately,” he added, in-

dicating “general” com-
ments online.

Invitation to PM
Although Mr. Rubio con-
veyed an invitation to Mr.
Modi to visit Washington in
the next few months, it is
Mr. Trump’s turn to visit
India, and Mr. Modi is in
any case expected to travel
to the US. for the G20
Summit in December.
Prior to that, his travel
schedule has already filled
up.

Prioritising the Quad
may be more difficult given
other engagements. In
September, Chinese Presi-
dent Xi Jinping is expected
to be in the U.S. to return
Mr. Trump’s visit to China,
which will take prece-
dence. Indications that
Washington is seeking a
more accommodating po-
sition with Beijing could
cause concerns for the
long-term future of the In-
do-Pacific grouping that
was set up to counter Chi-
nese actions in the region.

26M. India-U.S.
ties, Iran crisis in
focus as Quad
Foreign Ministers
meet today

Fars fager ARt A
TS do&F, HR-
AR ey 3R
T e g A

e The Ministers

last met on July 1, 2025,
when they updated the
goals for the
quadrilateral grouping,
simplifying them to four
areas: maritime and
transnational security,
economic prosperity and
security, humanitarian
assistance and
emergency responses,
and the launch of the

Quad Critical Minerals
Initiative.

faeer AT & el Soh 1 Sfels 2025 a#rg{:zﬁ, SIS 37glel TJShIUNT HHE o el
eI I U 3¢ TR &A1 e ATA o 2T el 3R ITArsErar e, 3 wapefer Ak
&, ATANT TG U JTATcTohTel=l T fohaT, T2 Fars fhfeshe fAetew g 1 Yeimet|
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s a comprehensive India-Australia Free Trade

Agreement (FTA) in the offing? With the

Australian Foreign Minister Penny Wong in
India for the Quad Foreign Ministers’ meeting,
there is anticipation that a Comprehensive
Economic Cooperation Agreement (CECA) may
be inked. This would expand the 2022 Economic
Cooperation and Trade Agreement (ECTA) that
had opened 100% of the Australian market to
India while India reciprocated with roughly 70%
market access covering nearly 91% of trade value.
Canberra has since been pushing for parity, both
privately and publicly. Meanwhile the West Asia
crisis has forced upon India - in the words of the
Chief Economic Adviser — a “balance of payments
crisis stress test”, making trade expansion and
courting investments an urgent necessity for the
country.

India has been in a hurry over the past year to
conclude trade agreements; geopolitical fragility
and the unpredictability of tariff politics have
pushed India to sign agreements with the EU, the
U.S., New Zealand and the U.K. CECA fits neatly
into this larger recalibration.

The problems with Australia

But with Australia, the trade situation is
complicated. Since ECTA, bilateral merchandise
trade doubled from $12.2 billion in FY 2020-21 to
$24.1 billion in FY 2024-25. These gains, however,
have not been evenly shared. Australian exports
to India account for nearly two-thirds of the
bilateral trade.

Even in services, where bilateral trade has
crossed $10 billion, Australia’s higher education
sector alone accounts for close to 60%. In
contrast, investment tells the opposite story: as of
2024, Indian investment in Australia had touched
nearly $32 billion against Australia’s cumulative
FDI into India of about $18 billion.

The bilateral relationship is thus beset by
interconnected problems. Australia wants parity
in market access. But the question for India is not
whether India should simply concede more
market access; it is whether India can trade some
market access for a more balanced overall

India and Australia - bridging the trade and trust barrier

¢

=
Vaibhav Jain

Incoming delegate of
the Australia-India
Youth Dialogue

)
Raja Karthikeya
Former delegate of

the Australia-India
Youth Dialogue

An
India-Australia
trade deal must
prioritise
balance

over parity

relationship. Australia’s 2025 Economic
Engagement Roadmap for India identified four
bilateral ‘superhighways’: clean energy,
education, tourism, and agribusiness. On the first
three, there appears to be broad alignment but
not on the fourth. Agriculture is where this
bargain becomes most difficult. India has
restricted access to its agricultural market in
nearly all its major trade agreements. Despite
being compelled to keep India’s most vulnerable
sectors (dairy, wheat, rice, sugar and chickpeas)
outside ECTA, Australian farm exports to India
have risen by nearly 90%, while Indian
agricultural exports to Australia have grown more
modestly by 35%.

This asymmetry reflects two very different
agricultural realities. The average Indian farm is
about 0.73 hectares; the average Australian farm
exceeds 1,400 hectares. Agriculture contributes

around 16% to India’s GDP and 2.5% to Australia’s.

For Australia, agriculture is an export industry.
For India, it is a livelihood that supports more
than half of its population and remains the
bedrock of its food security.

The notion of a “level playing field” between
these two systems is hence a misframing of the
problem. Indian farmers, even with subsidised
inputs, remain structurally exposed to monsoon
variability, fragmented landholdings and thin
margins. Protecting the Indian market from
cheap Australian imports, particularly wheat, is
not a negotiating position; it is a political
necessity. Yet, given the industrial scale of
Australia’s farming, Canberra will understandably
push India to open up its market fully.

Using agriculture as an opportunity
Nonetheless, agricultural trade talks between the
two countries need not become a zero-sum
game. Agriculture can become the sector through
which India converts Australia’s demand for
market access into a broader opportunity for
institutional cooperation and investment. Two
low-hanging fruits stand out.

First, the future of India-Australia agricultural
trade must depend less on tariff concessions and

more on mutual recognition of biosecurity and
phytosanitary standards. Building on the 2025
organic products arrangement, both countries
can expand cooperation in digital certification,
quarantine protocols and regulatory alignment.
This would give Indian farmers a fairer shot at the
Australian market even as India considers
reciprocal access for Australian farmers.

Second, Australia’s strategic opportunity in
India may lie beyond agricultural commodities
and in exporting the systems that make modern
agriculture possible: precision farming
technologies, cold-chain infrastructure, water
management expertise and climate adaptation
practices. India loses anywhere from 15% to 35%
of its agricultural output to pests, disease and
post-harvest inefficiencies every year. Australia’s
extensive experience in dealing with drought
cycles, heat extremes and water scarcity is
knowledge that would interest India.

However, this experience sharing must go
hand-in-hand with real investments. Australian
capital, technology and know-how must register a
deeper presence inside India’s agricultural sector
— in storage facilities, logistics networks,
farm-level tools and agri-technology partnerships
between firms, universities and local
governments. The recently launched
India-Australia Smart Farm Network Initiative
points in the right direction.

Need for complementarity
Agriculture is too politically important in India to
be treated as just another line item in a trade
schedule; equally, it is too economically
important to be left outside the bilateral
partnership altogether. Rather than making the
new FTA one of absolute symmetry in market
access alone, India and Australia should make it
an agreement based on complementarity across
trade and investment.

Should the diplomats succeed, the day when
Chyawanprash and Vegemite sit on the same
breakfast table in the two countries is not far.

The views expressed are personal

26M. India and Australia — bridging the trade and trust barrier

R 3 e o — samR 3k fAeara $ir aren Fi qrean

Is a comprehensive India-Australia Free Trade Agreement (FTA) in the oe ng?

FIT U A9 -7 forT HFaT SATIR FAFANAT (FTA) gl Y Horraratt g2

e With the Australian Foreign Minister Penny Wong in India for the Quad Foreign
Ministers’ meeting, there is anticipation that a Comprehensive Economic Cooperation

Agreement (CECA) may be inked.

Fars A AR Y 355 F v 3R 32 e faard Rager #: 9=t aier Fr suieufa 7 ag 3men

g I 37 WY & 5 v g 3nfdie ggater gasiar (CECA) X g&dmeR & Ihd 2

e This would expand the 2022 Economic Cooperation and Trade Agreement (ECTA) that
had opened 100% of the Australian market to India while India reciprocated with roughly
70% market access covering nearly 91% of trade value.

g 2022 & 3w wgaher 3 samR gHEEld (ECTA) #7 fawdR g, 5@ s1Ra & fow
SHTELTATTE FATAR FT 100% Ter AT AT, STk HR ¥ ST 70% AR g et 1 2, St
ST 91% SATIR Hed T had il A |

e Meanwhile the West Asia crisis has forced upon India — in the words of the Chief
Economic Adviser — a “balance of payments crisis stress test”, making trade expansion
and courting investments an urgent necessity for the country.

58 & fves TR e A $RAT TR — A& A+ FeeHR & sal H — “HIATT Fele
Hehe qdator A9 e g, Foaw R faear 3R fAaer 3T & &er & fav 3rcamasas s«

TRl
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e India has been in a hurry over the past year to conclude trade agreements; geopolitical
fragility and the unpredictability of tarie politics have pushed India to sign agreements with
the EU, the U.S., New Zealand and the U.K.

mwﬁﬁmwmﬁamﬁmwaﬁﬁm?ﬂ& H-TSTet e
31T 3R R Terehifa i sfAfREaar @ srd 1 i ww, 3afe, Fgehs 3 gamses
fharsH & 1T gAY e & fow 9 fFar g

The problems with Australia

e & AT gAEATE

e Since ECTA, bilateral merchandise trade doubled from $12.2 billion in FY 2020-21 to $24.1
billion in FY 2024-25.

ECTA & §T¢ efqueld a¥q s faa a§ 2020-21 & 12.2 37 STeR & doa fad a¥ 2024-25

# 24.1 3R STeR &1 34T
e Australian exports to India account for nearly two-thirds of the bilateral trade.
HRA T IS TorT T f3Td gfausaia SR &7 arersreT g)-faers fewar &1

e Evenin services, where bilateral trade has crossed $10 billion, Australia’s higher
education sector alone accounts for close to 60%.

Igl e o AaT & # o, 5781 efauafg SATIR 10 3R STeR & 3HTeeh g1 YT &, e foram &1 3o
RX&TT &1 375h el SIITHIT 60% TFEHSRY IW@dT &

e In contrast, investment tells the opposite story: as of 2024, Indian investment in Australia had
touched nearly $32 billion against Australia’s cumulative FDI into India of about $18 billion.

g% fTAuId, faaer $r A 31erer FEE aardt §: 2024 dh 3o 3 TR faer oamster
3zmﬁma$q§’€rwm, Safeh HRA # 3freeforar o1 Tt gegat fageft fader (FDI) sersrer

18 3T STe} 27|

e Australia’s 2025 Economic Engagement Roadmap for India identified four bilateral
‘superhighways’: clean energy, education, tourism, and agribusiness.

3iteeferar & 2025 s weanfarar VAT 7 R faueiy geRa’ ffced v §: Fa=s e,
e, wies, 3R FR-caaam|
o Despite being compelled to keep India’s most vulnerable sectors (dairy, wheat, rice, sugar

and chickpeas) outside ECTA, Australian farm exports to India have risen by nearly 90%,
while Indian agricultural exports to Australia have grown more modestly by 35%.

HR & TH Hdeareiier 813t (370, g, arae, Aelt 3R =) HT ECTA § 916 3G o S1asfg,
AR 1 3T forars i foaTe aererT 909 7 T §, Safe sitecforar # aReh $TY ol
&aol 35% FaT &

e The average Indian farm is about 0.73 hectares; the average Australian farm exceeds 1,400
hectares.

AR H 3 ET TV & ST 0.73 FFTAT 8, STieh e ToraT 7 et Hiy o7f# 1,400 A A
IfRF g

e Agriculture contributes around 16% to India’s GDP and 2.5% to Australia’s.
S R & GDP 3 STeTHT 16% AT IEL AT & GDP F ST 2.5% ARG ol 5

e For Australia, agriculture is an export industry.
SRR 3 T FY veh forater e ¥

e ForIndia, it is a livelihood that supports more than half of its population and remains the
bedrock of its food security.

IR & TIIT T U N1 F1 @reret &, S 39 3 F 3170 a1 7 GHAT aar g a2m
3G WIed GU&T T TR §aAT g3 &

e Indian farmers, even with subsidised inputs, remain structurally exposed to monsoon
variability, fragmented landholdings and thin margins.
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Protecting the Indian market from cheap Australian imports, particularly wheat, is not a
negotiating position; it is a political necessity.

HES JEETOraTS AT, FARIwehT 31, I ST STSTR 1 T&TT AT Shalel Ueh el icHeh ATl T8l
¢ UE Teh TlallTaieh HTEeThdT 8

Agriculture can become the sector through which India converts Australia’s demand for
market access into a broader opportunity for institutional cooperation and investment.

%ﬁa@ﬂqaﬂm%mmm@m,ﬁ@ﬁm@rmﬁa@rﬁmaﬁm
HEATITT G 3R fAder & 3198 & gRafda s a1

Two low-hanging fruits stand out.
al 9HE T HTAT TISC T F FHA 3T &

First, the future of India-Australia agricultural trade must depend less on tariffse
concessions and more on mutual recognition of biosecurity and phytosanitary standards.

TUH, HR-3iT foram F AR o1 srfasar LR Raraalt ox o 77 Sta-gra 3R 9req Fareey
AT T TRETRF Aol T 3118 iR glar e

Building on the 2025 organic products arrangement, both countries can expand
cooperation in digital certification, quarantine protocols and regulatory alignment.

2025 A3 IcUTE SqaET & ITUR W, alt &7 F3fore yamofisor, Herier fiesier, J2ar
ATHPT FATaT & TgA9T &1 [9EdIR X Tohd

Second, Australia’s strategic opportunity in India may lie beyond agricultural commodities and
in exporting the systems that make modern agriculture possible: precision farming
technologies, cold-chain infrastructure, water management expertise and climate
adaptation practices.

eiaei, 8T 3 JECTeraT T UTHceh 3TaER Shael Y TEIIT A 3179 Tgehd 3o JOTTET o
ToTer 31 fAfET 81 FehcT & ST 3T Te¥eh T T Herd FaATcll €, ST — T FTY AHellh, Fles-AT
AT, ST G AN, TUT ST I eleT yH |

India loses anywhere from 15% to 35% of its agricultural output to pests, disease and post-
harvest inefficiencies every year.

HR T Y 3790 HY 3UST bl ST 15% § 35% Team e, Varl, T Fers-veand
HETAATHT & HRUT @Y ST B

Australia’s extensive experience in dealing with drought cycles, heat extremes and water
scarcity is knowledge that would interest India.

@ T, eI TaF T, U7 ST Wahe § deay 7 Heeforam 1 saraeh 317s1a a1 & S
ARA & fow 3uef Ry & awdar gl

However, this experience sharing must go hand-in-hand with real investments.

gTeAlTeh, 3 3TeleTd-HIHATHIVT o T AREATaeh fAder st Tl &9 & 32T ¢ |

Australian capital, technology and know-how must register a deeper presence inside
India’s agricultural sector — in storage facilities, logistics networks, farm-level tools and
agri-technology partnerships between firms, universities and local governments.

freeforars ft, wleaifary, 3k frehwrsrar & 1R & Sy &7 7 31ftres a1gs & Uiy gher
AT — SIA sisRor Yhawmsd, affaFera Acas, FR-Fada sgwol, qaur wufet,
faeafaearert 3 T avaRrt & @ FR-siefah amtahat 7

Rather than making the new FTA one of absolute symmetry in market access alone, India

and Australia should make it an agreement based on complementarity across trade and
investment.

T FTA &1 3ae TR g 3 07 FAwTar d WA Ta@e & oy, 7Ra 3R sitesfor a1 53
SR 3R AT 7 9TER qIFHdT R MR FASAT o111 TR
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2: N'g_me the British polifician and writer known for coining phrases

like ‘the pen is mightiet"than the sword’ and ‘It was a dark and
stormy night’ born on this date. Ans: Edward Bulwer-Lytton

3: May 25 is observed Bs ‘Africa Day’ to commemorate the
foundation of the Organization of African Unity on that date in
1963. It was founded in this National capital. Ans: Addis Ababa

(Ethiopia)

26M. QUIZ: Africa Day

Africa Day is observed every year on
May 25 to mark the establishment of the
Organization of African Unity in 1963 at
Addis Ababa, Ethiopia.

The organisation aimed to promote

African unity, end colonialism, and strengthen cooperation among African nations. In 2002, it
evolved into the African Union.

-Cambodia’s conscription law
takes effect amid Thai tensions

Associated Press
PHNOM PENH

Cambodia’s new conscrip-
tion law, which establishes
penalties of up to five years
in prison for those who
evade military service, has
come into effect, Prime Mi-
nister Hun Manet said on
Monday.

The law was signed on
Saturday by Senate presi-
dent Hun Sen in his capac-
ity as acting head of state
while King Norodom Siha-
moni undergoes medical
treatment for prostate can-
cer in China.

The initiative for a new
conscription law followed
significant border fighting
with Thailand that flared
twice last year, resulting in
approximately 100 deaths
and the displacement of
hundreds of thousands of
people.

Cambodian men aged
18 to 25 to serve two
vears in the military,
while women may
serve voluntarily

The new law replaces a
2006 statute that was nev-
er implemented and was
considered outdated.

It now requires Cambo-
dian men aged 18 to 25 to
serve two years in the mili-
tary, while women may
serve voluntarily. Indivi-
duals summoned for ser-
vice must appear within 30
days of receiving notice or
be considered as evading
duty, unless a valid excuse
is provided.

Penalties for evasion va-
ry according to whether
Cambodia is at peace or at
war.

During peacetime, an

individual may face six
months to two years in pri-
son and a fine of $250 to
$1,000. During war or a fo-
reign attack, the penalties
increase to between two
and five years in prison
and a fine ranging from
$1,000 to $2,500.

Exemptions
Exemptions to serving are
granted to monks, priests,
persons with disabilities
and those with specialised
skills in science and tech-
nology. After completing
their required service, indi-
viduals become part of re-
serve forces until age 45.
The Prime Minister de-
scribed the law as a foun-
dation for cultivating the
minds of Cambodian youth
to love their nation, foster
patriotism and develop a
willingness to serve in the

military.

26M. Cambodia’s
conscription law takes
es ect amid Thai tensions

1€ IoiTa & e Haf3ar &1
Frfaard A+ Qa1 Fefet AT

e Cambodia’s new
conscription law, which
establishes penalties of up to five
years in prison for those who
evade military service, has come
into e* ect, Prime Minister Hun
Manet said on Monday.

g &1 737 rfaar A= Aar

Fe1e, Forad d Aar @ Fe arell
& fore aig av de& i e Fr
T &, AL 81 AT, U
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In Sudan’s war economy, gold keeps flowing as miners risk mercury and collapse
jesiir 4

Associated Press
DAGALO MAHAS

The men carried metal de-
tectors as they scanned a
mountainous  area  in
northern Sudan in search
of gold. One man knelt to
examine the ground with a
digging tool for the pre-
cious metal in an environ-
ment that lacks even the
most basic safety
measures.
They are

of the devastating war that
has at times pushed parts
of the country into famine.

Gold has become a ma-
jor source of funding for
Sudan’s treasury after the
country lost over two-
thirds of its oil revenues
with the secession of South
Sudan in 2011. The pre-
cious metal accounted for
70% of national revenues
in the years that followed
South Sudan’s departure,

have been smuggled out of
the country to finance pa-
ramilitaries, who control
gold-producing areas in
Darfur and Kordofan, ac-
cording to United Nations-
commissioned experts.
The conflict has killed at
least 59,000 people, ac-
cording to the Armed Con-
flict Location & Event Data
Project, a U.S.-based war
tracking group that says its
toll is almost certainly an

miners working in a small-
scale private gold mine in
the northern town of Dalgo
Mahas. The mine is one of
thousands of small-scale
and artisanal mines scat-
tered across Sudan, part of
asector thatis at the centre

ing the go-
vernmen( with  much-
needed foreign currency.
Most recently, gold has
been at the centre of the
ongoing war between the
military and the paramili-
tary Rapid Support Forces.
Large quantities of gold

given the
difficulties in reporting.
The war also created the
world’s largest humanitar-
ian disaster, forcing over 10
million people to flee their
homes. Many displaced pe-
ople joined the mining in-
dustry in order to make

Miner Atta al-Khazin shows a gold nugget produced after processing
ore at a mining site in Dalago Mahas, Sudan’s Northern State. A

ends meet for their
families.

“Gold mining is the only
thing I can rely on,” said At-
ta al-Khazin, a 28-year-old
miner who abandoned his
previous profession as a

farmer. “Due to the high oil
prices, agriculture no lon-
ger covered expenses.”
Zahir Adam, a 35-year-
old father from the Darfur
city of el-Fasher who
worked in gold mining for

more than a decade, said
the sector has drawn many
people since the war broke
out over three years ago.

They had “no other op-
tion,” he said.

Low safety standards
Sudan produced 70 tonne
of gold last year, up from
64 tonne in 2024, accord-
ing to official figures, mak-
ing it one of Africa’s top
producers. Gold generated
about $1.8 billion in reve-
nues in 2025, figures from
the staterun Sudanese
Mineral Resources Compa-
ny showed.

Artisanal and  small-
scale gold mining accounts
for the majority of gold ex-
tracted in the sprawling

country, where safety stan-
dards are largely ignored.

Artisanal miners like the
men in Dalgo Nahas usual-
ly extract the gold, then
crush the ore before apply-
ing toxic mercury to create
the amalgam. The amal-
gam is then heated, usually
onastove, to evaporate the
mercury and recover the
gold. The process, which
includes using hazardous
chemicals, is also risky for
people living near the
mines.

The UN panel of experts
said in their 2024 report
that more than 50% of the
gold mined in Sudan was
not traded through formal
channels but was smug-
gled out of the country.

Deadly mine collapses
are not uncommon in Su-
dan, where safety stan-
dards are not widely ap-
plied. Last month, at least
seven miners were killed in
a mine collapse in the Red
Sea province. Thirteen oth-
ers were killed in another
collapse in South Kordofan
province in January.

A civilian transitional
government that ruled the
country for over a year af-
ter the military overthrow
of longtime dictator Omar
al-Bashir in April 2019 at-
tempted to regulate the
crucial industry.

However, its efforts
were aborted by a military
coup in October 2021, and
the war that began in 2023.

26M. In Sudan’s war economy, gold keeps * owing as miners risk mercury and

collapse

BT Y Je o FdeaeyT H IRT AR W 40 F @ F T WY T Ja18 STy

e Gold has become a major source of funding for Sudan’s treasury after the country lost over
two-thirds of its oil revenues with the secession of South Sudan in 2011.

2011 31 Ef&YOT YT & 3ol glel & TG, ol ToT¥d ol al-felgTs ToeHT Wiel TR AT HToT & Tollad
o fore faeaivoT &1 Jo7@ e &= 91T

e The precious metal accounted for 70% of national revenues in the years that followed South
Sudan’s departure, providing the Sudanese government with much-needed foreign currency.

SIETOT HSTeT & 3HeTaT E1et o T, & ST o S8 SEHed YT = AL Io1ed T 70% T et

foha, TSIad Gl SRR Y 3cdc AT ﬁﬁ%ﬁﬂa el

e Most recently, gold has been at the centre of the ongoing war between the military and the

paramilitary Rapid Support Forces (RSF).
BTeT & FHI 7 WAl Fa1 3R Ao s e wRfsr (RSF) & drer TR gl o g A @I

e Large quantities of gold have been smuggled out of the country to « nance paramilitaries, who
control gold-producing areas in Darfur and Kordofan, according to United Nations-
commissioned experts.

YFA TS AR g ercl TARISAT o AR, S AT F AT S § TERY T 16T AT AT
e 3rETfeien it T faaai ST foram 1T ek, St ERER 3R FISTHI & Her Scareh ¥ o

IGRENECCERS
e Zahir Adam, a 35-year-old father from the Darfur city of el-Fasher who worked in gold mining

for more than a decade, said the sector has drawn many people since the war broke out over
three years ago.

TA-B1IRN e & 35 gyt far fex 3meH, gl e g2 & 318 gF g g @1 H @aa &7

1A TR, o gl Toh ofiel I Tt Jetr Y glet o oTe; SH 819 o 3feleh S9N T TR R &

e Sudan produced 70 tonne of gold last year, up from 64 tonne in 2024, according to official
figures, making it one of Africa’s top producers.

3NTRRIRE 3Hiehst & ITAR, FEIT o [T a¥ 70 Tof Aol T ScdTest 7T, St 2024 & 64 1 T,

Saw I8 3nh1eT & MY 3careent 7 enfder gY arm|

e Artisanal and small-scale gold mining accounts for the majority of gold extracted in the

sprawling country, where safety standards are largely ignored.

5 fareimer er 3 folehTel aTU JTRIeRTer Aol 3T Wil TRARH 3R BIE T T Gelel &, ST6l Gt

ATt T AT FT F 37T¢WT ST ST §

Address : 3rd Floor, KV Tower, Padleyganj Road, Gorakhpur
Email Id : info@patrioticias.in

Contact Number : 9971932488
Website : patrioticias.in ==

Pagezo




Q)
TELEGRAM CHANNEL: https://t.me/patrioticlAS
YOUTUBE CHARNEL: https://www.youtube.com/@PatrioticlAS
CONTACT: 9971932488

GS Paper I11: Economy 26 May 2026

TOPICS COVERED

26M | Why is the Indian rupee falling?
IR U1 F4T 7T 38T 82
26M | Indian mobile market hit as global semicon industry faces ‘severe cremation’
ARgF AiFsaet 3gANT A “MHR AATFALUT & FRUT HRAT AGTS e TR THTRAT
26M | W. Asia crisis may push FY27 fertiliser subsidy over ¥3 lakh crore
ufRas vRiar §@e & FY27 # 387 afeqs €3 a@ HUs F sy aad &
26M | Huawei’s ‘chip queen’ in China’s tech folklore

T Y TFATRT AFHUTHT A Huawei F ‘RT FT

Address : 3rd Floor, KV Tower, Padleyganj Road, Gorakhpur
Email Id : info@patrioticias.in

Contact Number : 9971932488
Website : patrioticias.in _ el

Pagez 1



)

TELEGRAM CHANNEL: https://t.me/patrioticlAS
YOUTUBE CHARNEL: https://www.youtube.com/@PatrioticlAS
CONTACT: 9971932488

Why is the Indian rupee falling?

How does a falling rupee affect India’s economy? How does a currency’s exchange rate shape its balance of payments? To what extent does Foreign

Portfolio Investment influence demand for the rupee? What strategic role does the Reserve Bank of India play in preventing the rupees depreciation?

EXPLAINER

Jayan Jose Thomas

he graph of the Indian rupee

has been snaking sharply

downward. The rupee-to-dollar

exchange rate, or the rupees
needed to purchase a U.S. dollar, crossed
96 in May this year. That rate was around
85 a year ago, indicating the rupee’s
decline in value since then.

Exchange rate is the price that a
currency, such as the rupee, commands
in the market, relative to the dollar or
other currencies. Just as the market price
of onions is determined by demand and
supply, so is the price of a currency.

What is the impact of trade deficits
on the rupee’s value?

The demand for the rupee rises with
India’s exports and falls with imports.
When firms in Ludhiana export garments,
the dollars or euros they receive from
foreign buyers are exchanged for rupees
to pay workers and suppliers, thereby
increasing demand for the rupee. On the
other hand, Indian companies import oil
by exchanging rupees for dollars, thereby
reducing the demand for the rupee.
Rupee demand also declines when we
travel abroad and exchange rupees at the
airport for the currency of our destination
country.

Overall, if India’s imports exceed
exports, the foreign currency payments it
must make to the rest of the world exceed
the foreign currency payments it receives.
That implies more rupees are exchanged
for dollars than dollars are exchanged for
rupees, leading to declines in the demand
for, and the value of the rupee (requiring
more rupees to purchase one dollar).

Thus, a currency’s exchange rate is
closely tied to the country’s balance of
(foreign currency) payments (to and from
the rest of the world). India has
consistently run a merchandise trade
deficit, with imports of goods (especially
oil) exceeding exports. The deficit in its
merchandise trade account is partially
offset by a surplus in India’s invisibles.
That is mainly thanks to foreign currency
inflows from the export of services,
particularly software, and to the large
remittance inflows from migrant workers,
especially in West Asian countries.
Overall, India’s current account, which is
the sum of merchandise trade and the
invisibles accounts, has been in deficit
(Table D).

The gap in the current account,
between the foreign currency payments
India owes to the rest of the world and the
foreign currency payments it receives, has
been bridged by inflows through the
capital account, mainly foreign
investment and loans. If the current
account deficit is more than offset by a
surplus in the capital account, the excess
foreign currency received is added to the
country's foreign exchange (or forex)
reserves (Table 1).

How do capital outflows weaken the
rupee?

A country’s forex reserves are as valuable
as a family’s treasure trove. The reserves
are tapped to pay for critical imports
during periods of insufficient foreign
currency inflows, and to defend the
currency’s value when capital outflows
are too large (discussed below).

Foreign direct investment (FDI) is
mostly in new or existing factories and
businesses and, as a result, has some ties
binding it to the host country. In
comparison, foreign portfolio investment

Mar. Jul. Nov. Mar.
2011 2012 2013 2015
40

Mounting
strain

Amid ongoing geopolitical tensions, the rupee

has weakened sharply against the dollar.
Global uncertainty, volatile capital flows and
rising import costs have intensified pressure on
India’s balance of payments and forex reserves

Table 1 India’s balance of payments, in billion U.S. dollars

A. Current account

AL. Merchandise trade

| c. Forex reserves (increase -/decrease+)

The Table shows
the et values of
the respective
items. The
merchandise trade
balance is exports
minus imports of
goods; similarly,
inflows minus
outflows of foreign
investment and
other items.

Source: Database on Indian Economy (DBIE), The Reserve Bank of India.
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Chart 2: India’s forex reserves and net
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(FPI), which involves purchases of stocks
or bonds, is highly volatile and driven by
speculation. Portfolio investors enter a
country seeking quick financial returns
and exit at the first sign of risk or when
higher returns are offered elsewhere.
When FPI surges in, the stock markets are
onaroll; when it flows out, it leaves a trail
of destruction. Capital outflows imply that
investors withdraw their investments in
rupee assets and exchange them for
dollar assets, leading to a tumble in
demand for the rupee and in its exchange
rate.

The periods of rapid depreciation of
the Indian rupee have each been
characterised by worsening of the trade
account, FPI outflows, or both. These
include April to September 2013 (when
the rupee-to-dollar rate fell from 54.4 to
63.8); January to October 2018 (from 63.6
to 73.6); February to April 2020 (from 71.5
to 76.2); January to October 2022 (from
74.4 to 82.3); September 2024 to February
2025 (from 83.3 to 87.1); and the latest
phase that began in May 2025 (from 85.2
to 96) (Chart 1). The recent losses in the

rupee have mainly been due to foreign
investors withdrawing from India as they
retreat to the safety of their home bases
amid growing geopolitical tensions and
higher U.S. interest rates.

The depreciation of the rupee imposes
a high cost on the Indian economy. To
purchase a barrel of oil at $100, Indian
companies now must pay 39,600,
compared to 38,500 had the exchange
rate remained at €85 per dollar. However,
a depressed rupee can help boost
exports: a shirt costing 31,200 can be sold
in the U.S. market at $12.5 now; if the
exchange rate were 380 per dollar, the
price would have been $15. But rupee
depreciation alone may not help much,
given the range of supply and demand
constraints weighing on Indian
manufacturing.

‘What is the role of the RBI?

The Reserve Bank of India (RBI)
intervenes to prevent the exchange rate
from falling to very low levels. When
foreign investors rush out by selling their
rupee assets for dollars, the RBI props up

the rupee by selling some of the dollars
(or treasury bonds) from its reserves. This
raises the demand for rupee and slows its
decline (as it did during October
2024-January 2025 and August-December
2025) (Chart 2). India’s forex reserves
remain sufficiently large: they stood at
around USD 69111 billion at the end of
March 2026, enough to cover 10.8
months’ worth of the country’s imports
(as of the end of December 2025). That is
a mighty armoury the RBI can deploy to
shield the rupee against impending
speculative tides.

The ongoing geopolitical tensions and
the threat of further oil price increases
pose severe challenges. India could be at
risk of paying more dollars per barrel of
oil and more rupees per dollar. The
country must take steps to regulate
speculative capital outflows and reduce its
dependence on oil imports.

(Jayan Jose Thomas is a Professor of
Economics at the Indian Institute of
Technology, Delhi, and a visiting researcher
at the South Asia Institute of the University
of Heidelberg.)

THE GIST

v

The rupee-to-dollar exchange
rate crossed 96 in May this
year. A currency’s exchange
rate reflects the price it
commands in the market
relative to the dollar and other
currencies.

v

Exchange rate is closely tied to
a country’s balance of
payments. India has
consistently run a merchandise
trade deficit, with imports —
especially oil — exceeding
exports.

-

The depreciation of the rupee
imposes significant costs on
the Indian economy. Therefore,
the country must regulate
speculative capital outflows
and reduce ts dependence on
oil imports.

26M. Why is the Indian rupee falling?
AT $9aT F41 AT w1 2

e Thus, a currency’s exchange rate is closely tied to the country’s balance of payments (to
and from the rest of the world).

37cT: Tt oo ot Rafarsrar ax Sor & perater WqeleT (Ted o 37 & T 3R 378 gred 3grciretn) &
gieTss § & 31 gl &1
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India has consistently run a merchandise trade dee cit, with imports of goods (especially oil)
exceeding exports.

HRT SR I SATIR U T HHAT AT I8T &, ST61 a&cI 311 b1 AT (Faiwene ded) fazid &
3w W@

The deficit in its merchandise trade account is partially offset by a surplus in India’s
invisibles.

S8 I SR QI 7 ©1E 1 3711k el R & 37ged 7T & 77T gary giell &1
That is mainly thanks to foreign currency inflows from the export of services, particularly

software, and to the large remittance inflows from migrant workers, especially in West
Asian countries.

Ig AT AaT3it, [aRIvery Wi, & o & red faeel Her o garel et garT s
1S 98 AT 3 el dwor TR, fyLvey afaw s dut & ured 4RI, & HROT HeTa gt
gl

Overall, India’s current account, which is the sum of merchandise trade and the invisibles
accounts, has been in dee cit (Table 1).

AT T H, 7R T o] WA, ST IE] SATIR N 371g27 @it &7 AT 8, °1e 7 W@ 8

The gap in the current account, between the foreign currency payments India owes to the
rest of the world and the foreign currency payments it receives, has been bridged by inflows
through the capital account, mainly foreign investment and loans.

AT WA A dg 3R, ST 7R SaRT faed 1 v STra aret faerel w7 sgareirait 3R et faeiel agem
$ITCTTaAT oh STl BIclT §, T Gfct §olt @I & HETH A glet dlel TaTg, Heda: fagelr faer ik %o,
ZaRT T ST B

If the current account deficit is more than offset by a surplus in the capital account, the

excess foreign currency received is added to the country's foreign exchange (forex)
reserves (Table 1).

e, =Te] @I T °1eT, Goit @I o ITAY SR 3118 AET 7 T ford 81 ST &, dr gred ifaRerd
Tl #er ot ot o el e 83R (PRFw Rerd) # Sis e s g

How do capital oute ows weaken the rupee?

Yoh aftrare 393 &1 $3 FaeR Fa §2

Foreign direct investment (FDI) is mostly in new or existing factories and businesses and,
as a result, has some ties binding it to the host country.

yeget faeel fader (FDI) Fead: 71$ sryar wisper hiFedt 3R sgaarat # & sirar &, S
FHROT SHH AT G § Fo TATIT Faer gietm g1

In comparison, foreign portfolio investment (FPI), which involves purchases of stocks or
bonds, is highly volatile and driven by speculation.

s Aol fadel DERfaT frder (FPI), forest Rt 3rar siest & @l anfde g
3cafae 3ER TuT decars ¥ IRd gar gl

Portfolio investors enter a country seeking quick financial returns and exit at the first sign of
risk or when higher returns are offered elsewhere.

qIEmferaY e caa fahr omar iy @ier & frdy 227 & yaer a8 3R Sf@H & guHq T
37YaT 3T 3T ore Aol TR i a1ex folehed STt €1

Capital outflows imply that investors withdraw their investments in rupee assets and
exchange them for dollar assets, leading to a tumble in demand for the rupee and in its
exchange rate.

Yoh afgdare & 31 § for fraeres sa smenfte aR@afat & e fder e 36 ster
e aREafEY & gRafda s ea &, forad v v &y 31k 35 ifasaT 3 & fiae sndr
gl
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e The periods of rapid depreciation of the Indian rupee have each been characterised by
worsening of the trade account, FPI outflows, or both.

HRAT 39 & T Iraeedol & Tcdeh TROT T FARINAT SA1IR @Mt 7 fererscl feufd, FPI
afedare, 3rerar gt WE |

What is the role of the RBI?
sl Rard I (RBI) #r am i 82

e When foreign investors rush out by selling their rupee assets for dollars, the RBI props up the
rupee by selling some of the dollars (or treasury bonds) from its reserves.

mﬁ@ﬁﬁﬁ%ﬁmmmmﬁﬁﬁmﬁmmgmﬁﬁmﬁﬁaﬁ
RBI 379+l $15R & 5 SToR (37UaT ¢l dies) Seehy T ! HERT T &

e This raises the demand for rupee and slows its decline (as it did during October 2024-January
2025 and August-December 2025) (Chart 2).

SEY T T AT ool & 3R 3Heh HaHede T Mict el gl &, SHT o 3reFear 2024-STeTaly

2025 T HITE-fEsR 2025 & GRIT g3
e India’s forex reserves remain sufficiently large: they stood at around USD 691.11 billion at

the end of March 2026, enough to cover 10.8 months’ worth of the country’s imports (as of the
end of December 2025).

R o Farerel 7z sisR 318 oY g2fied §9 & 93 &1 A 2026 & 37 Th I T 691.11 IR
AR STeR B, ST FEHET 2025 & 37T ofoh 2T o 10.8 HEIAT & AT hT IR et oh foIT gATeeT
gl

e Thatis a mighty armoury the RBI can deploy to shield the rupee against impending
speculative tides.

Ig U AfFaemmel 3nfle eRanR &, [Saer 3931 RBI 93 &l GHTTAd ACclcHS garal § Sdlel
8 X FeheTT &
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Indian mobile market hit as
global semicon industry
faces ‘severe memflation’

India sees shortage of sub 310,000-315000 phones as leading chips manufacturers divert

capacities to meet humongous demand for high-bandwidth memory required to support Al infra

Mini Tejaswi
BENGALURU

he semiconductor
T industry globally is

experiencing a sev-
ere structural ‘memflation’
(inflation caused by memo-
ry chips shortage), with
skyrocketing prices lead-
ing to huge disruptions in
price sensitive consumer
electronics and mobile
phone markets in India,
said industry experts.

The key reason is that
global wafer and advanced
packaging capacities are
increasingly being allocat-
ed toward high bandwidth
memory (HBM) and Al in-
frastructure due to signifi-
cantly higher demand and
margins. A typical HBM
takes 2-3x wafer capacity
compared with a conven-
tional DRAM.

This is making availabili-
ty of conventional DRAM
and NAND used in main-
stream electronics tighter,
according to India Elec-
tronics & Semiconductor
Association (IESA).

Dynamic Random-Ac-
cess Memory, or DRAM, is
a type of computer memo-
ry used in PCs, laptops,
and smartphones to tem-
porarily store data that the
processor needs to actively
use. While NAND is a type
of memory storage used in
smartphones that retains
data even without power.

Industry experts also
confirmed that there is a
shortage of sub 10,000 to

Off reach: The entry-level smartphone segment is under severe

)

pressure due to rising memory chip costs. 8. JOTHI RAMALINGAM

15,000 phones across the
country as leading semi-
conductor (memory chips)
manufacturers are divert-
ing all their energies and
production capacities
away from standard con-
sumer chips to meet the
humongous demand for
high-bandwidth memory
required to support Al in-
frastructure.

India very vulnerable
B.V. Naidu, a foundational
architect in India’s semi-
conductor and Electronics
System Design and Manu-
facturing (ESDM) ecosys-
tem and a former presi-
dent of IESA, India is
extremely vulnerable to
memory chip shortage due
to its heavy reliance on
electronic component im-
ports and a consumer base
driven by price elasticity.
“It seems global chip
makers are prioritising
premium brands such as

Apple and Samsung for
standard memory alloca-
tion, leaving budget
brands in India and in oth-
er geographies to starve of
chip/component supply.
This has resulted in a short
supply of economy smart-
phones in India. Also, I was
told prices of several
brands of cellphones have
gone up by at least 15-
20%,” Mr. Naidu said.

As per IESA, higher
DRAM and NAND prices,
combined with the shift to
Al-enabled  applications
and larger storage needs,
are making the sub
10,000 to 15,000 catego-
ry increasingly difficult to
sustain profitably.

“The market is witness-
ing a structural recalibra-
tion toward higher-value
devices. That means,
phone makers are priori-
tising premium phone pro-
duction over entry level
phones,” explained Ashok

Chandak, president, IESA.

Confirming the trend,
Rajeev Rajput, Senior Prin-
cipal Analyst at Gartner, in
a recent report said,
“Memflation will destroy,
or at least delay, non-Al de-
mand into 2028, to varying
degrees depending on the
application. Technology
suppliers should prepare
for higher prices during
the first half of 2026, fol-
lowed by persistent but
moderating price increases
throughout the rest of the
year.” CIOs and IT leaders
should be cautious about
signing supply agreements
with unfavourable pricing
terms that extend beyond
2027, he warned.

Echoing a similar senti-
ment, Mr. Chandak said
while capacity expansion
announcements were un-
derway globally, meaning-
ful and substantial relief
may take up to another
two years because semi-
conductor capacity crea-
tion was highly capital-in-
tensive and
time-consuming.

“We expect the market
to remain tight through
20262027, with gradual
normalisation thereafter,”

he added.
On bill of materials
(BOM) pressure and smart-

phone profitability, Mr.
Chandak observed, memo-
ry pricing has become one
of the biggest cost pres-
sures in smartphone and
entry level laptop
manufacturing.

26M. Indian mobile market hit as global semicon industry faces ‘severe
mem¢[] ation’

dRgF st 3gAT # ITHR AAFAAT F FROT HARAT AGS SR THIRAT

e India sees shortage of sub ¥10,000-%15,000 phones as leading chips manufacturers divert
capacities to meet humongous demand for high-bandwidth memory required to support Al
infra.

am?rsfmo,ooo-%w,ooo@mmmmﬁmmmw%mqﬁ@ﬁqﬁﬁmm
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e The semiconductor industry globally is experiencing a severe structural “memflation”
(inflation caused by memory chips shortage), with skyrocketing prices leading to huge
disruptions in price sensitive consumer electronics and mobile phone markets in India, said
industry experts.

AR TR W AHtEsFeT 36T 73R TLTAlcHS “AAFAR” (FAN &7 i et § 3ot
FHEITTS) T HIHAT Y TET &, FoTEh HIROT HIACT H $ Jef& g5 & 3N AR & FHeF-Hagasier
SUHIFAT SFCIIFd U AT BleT STTRT 7 I3 STTHTA YeT §31 &, VT ST faRiwat o

el

o The key reason is that global wafer and advanced packaging capacities are increasingly
being allocated toward high bandwidth memory (HBM) and Al infrastructure due to
significantly higher demand and margins.

WW%%%WWWWWWﬁMg@WﬁTW%HﬁH
F FRUT gT5-d3fasy FAY (HBM) 3R Al 3TTERT=T T 3R 318 3mafed frar i wr gl

e Dynamic Random-Access Memory (DRAM) is a type of computer memory used in PCs,
laptops, and smartphones to temporarily store data that the processor needs to actively use.

W. Asia crisis may push
FY27 fertiliser subsidy
over X3 lakh crore

Prabhudatta Mishra
NEW DELHI

India’s fertiliser subsidy
bill could exceed ¥3 lakh
crore in FY27, nearly dou-
ble the Budget Estimate of
.71 lakh crore, as the
West Asia crisis drives up
global prices of urea, LNG
and other key inputs, offi-
cial sources have told
businessline.

The sharp escalation in
subsidy requirements
comes amid concerns over
disruptions in the Strait of
Hormuz and rising depen-
dence on costly imports.
Officials said the subsidy
burden, earlier estimated
at below %2 lakh crore be-
fore the geopolitical flare-
up, has ballooned after the
surge in global fertiliser
and energy prices.

“If the current situation
persists through the Kharif
season, the subsidy could
cross ¥3 lakh crore. If ele-
vated prices and supply
disruptions continue into
the Rabi season, it may
even touch 3.5 lakh
crore,” a senior official
said. In the FY27 Budget,
Finance Minister Nirmala
Sitharaman had provided
¥1.7 lakh crore of fertiliser
subsidy that includes 31.16
lakh crore for urea sector
(both domestic and im-
ported) and ¥54,000 crore
for phosphorus and potash
sector. In 202526, the fer-
tiliser subsidy was pegged
at ¥ 1.86 lakh crore (Re-
vised Estimate)

Speaking at a SIDBL
event in Mumbai on Mon-
day, Ms. Sitharaman said
that there has been an “un-
imaginable jump” in the
global fertiliser prices after
the West Asia crisis. Echo-
ing Prime Minister Naren-
dra Modi’s austerity call,
she asked people to focus

Recent Indian urea import
tender found prices further
jumping to $935-959 a tonne.

on ‘3Fs’ — fuel, fertiliser
and forex — in the current
scenario. Within a span of
roughly 40 days during the
recent crisis, global urea
prices reportedly surged
by nearly 65%, rising from
around $482 per tonne in
late February 2026 to near-
ly $795 per tonne in early
April. Recent Indian urea
import tender (floated by
IPL) found prices further
jumping to $935-959 per
tonne. In the case of LNG,
the principal feedstock for
urea production, prices
have risen from nearly
$10.4/MMBtu in late Febru-
ary to around $17.4/MMBtu
by early-May, 2026 after
peaking nearly $25.4/
MMBtu  during  early-
March. Releasing a paper
titled “Ensuring India’s
Fertiliser Security Amid
Rising Geopolitical Risks”,
authored by ICRIER’s Ash-
ok Gulati and others on
Monday, NITI Aayog Mem-
ber K.V. Raju urged the
thinktank to suggest an im-
plementable actions plan.

“Do not come back in 10
to 12 months saying the go-
vernment did not do this
or that. Kharif sowing is
about to start, and recom-
mendations must address
this year, this current sea-
son,” Mr. Raju told ICRIER.

(The writer is with The
Hindu businessline)

SRS {5H-Udw AR (DRAM) Teh YehR T sheged AART § Torgenr
YT PCs, oI9eT 3R TAEHT 7 39 3T ol 3R &9 F JATRd et
& TorT fonar STaT & foraehr TReR i @i &9 & MG Thdr gidr g

e While NAND is a type of memory storage used in smartphones
that retains data even without power.

& NAND Teh YohR T HARY TSRS & fordent 3UTTeT TACHIY 3 fohar
ST & 3R Ig forstell o o) ov 8ff SeT oht FRiav Tl &

India very vulnerable

T 3cdd HacaTefler

e B.V. Naidu, a foundational architect in India’s semiconductor and
Electronics System Design and Manufacturing (ESDM) ecosystem
and a former president of IESA, said India is extremely vulnerable to
memory chip shortage due to its heavy reliance on electronic component
imports and a consumer base driven by price elasticity.

HRT o Yefchsere 3N gaFeiiard veH B vz Avghaaar
(ESDM) ITRTEYTIHT AT o YW TRdHR TAUT IESA & qd rezeT L.
ATIE o Fgl o FeleFelfeleh Tceht & 7T 9N Y AR 3R 7o
Haca12Nel 3THNFAT IMUR & HROT ARG AART [T Hr FAr & gfa 3cTd
REEONICES

26M. W. Asia crisis may push FY27 fertiliser subsidy over
Z3 lakh crore

9fad TfT §Hhe A FY27 & 347 Ao 33 @ FAT A
3HTOF &Y FFhall §

e India’s fertiliser subsidy bill could exceed %3 lakh crore in FY27,
nearly double the Budget Estimate of ¥1.71 lakh crore, as the West Asia
crisis drives up global prices of urea, LNG and other key inputs.

TR Gt o e aerss t aar fa o ol d@e & Fror
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IRAT, LNG 3R 317 Y@ geTqc T 3Raeh HiaAdl 3 Jefer glel & 1R 1 3deh afewsy foer

FY27 # T3 A1 F13 3110 g1 FehelT &, ST So1C ITeTHIS 1.71 AT FUF T o179 Q1A 8 |

e |[f elevated prices and supply disruptions continue into the Rabi season, it may even touch
¥3.5 lakh crore,”.

At St BT AR MYt cTaeTet T HRFH T ST Tt &, o Tg T3.5 W1 F b g
Hehcll §,” Toh IS TSR o1 el

e Inthe FY27 Budget, Finance Minister Nirmala Sitharaman had provided 1.7 lakh crore of
fertiliser subsidy that includes ¥1.16 lakh crore for urea sector (both domestic and imported)
and ¥54,000 crore for phosphorus and potash sector.

FY27 sste # e #:t fosten Har#vr o 363 afewst & v 1.7 dar@ #05 7 JrauT har
o1, Toras IR &9 (Bl 3R 3mafad alet) & T €1.16 A FU3 3R GREhRE o dierr &
& fIT 254,000 FA3 2nfAcT I
e |n 2025-26, the fertiliser subsidy was pegged at ¥1.86 lakh crore (Revised Estimate).
2025-26 #H 3T HleH=T T HAMTET ITHTT T1.86 AT FNF T I1AT 7|

e In the case of LNG, the principal feedstock for urea production, prices have risen from nearly
$10.4/MMBLtu in late February to around $17.4/MMBtu by early-May, 2026 after peaking
nearly $25.4/MMBtu during early-March.

AT 3cdTe & T BISEIHh LNG & HATHe 7 HIHT Bl o 37cl # o877 $10.4/MMBtu &
TG FZ 2026 T Y3 ek o2T873T $17.4/MMBtuU &Y 3T, STelfeh HIT T BT H Tg TTITe7IT
$25.4/MMBtu amqg%r?éaﬁl

Huawei’s ‘chip queen’ in China’s tech folklore

Reuters
SHANGHAI/BEIJING

When He Tingbo was put
in charge of Huawei’s chip
development in 2003, the
young engineer was hand-
ed an annual budget of
$400 million and a man-
date that would eventually
put her at the centre of Chi-
na’s most consequential
technology effort.

More than two decades
later, He, often described
in Chinese technology cir-
cles as Huawei’s “chip
queen”, has become one of
the company’s most im-
portant executives and a
symbol of China’s determi-
nation to survive U.S. sanc-
tions and build a self-re-
liant semiconductor
business.

He is president of Hua-
wei’s semiconductor busi-
ness and director of its

i &2 HUAWEI

Top talent: Huawei logo is seen at the Porte de Versailles exhibition

centre in Paris, France. REUTERS

Scientist Committee. She is
also one of only two wo-
men on Huawei’s 17-mem-
ber board, alongside Meng
Wanzhou, thedaughter of
founder Ren Zhengfei and
Huawei’s rotating
chairwoman.

Her latest public appea-
rance on Monday, a key-
note address titled “New

Semiconductor Path in
Practice” at the IEEE Inter-
national Symposium on
Circuits and Systems in
Shanghai, places her at the
centre of a global debate
over what comes after
Moore’s Law.

For decades, chip pro-
gress was driven by shrink-
ing transistors and packing

more of them onto a single
chip, making computers
faster, cheaper and more
energy efficient, a pattern
known as Moore’s Law. But
as semiconductor scaling
approaches lithographic
and atomic limits, Moore’s
Law has become less effec-
tive, forcing the industry to
find new ways to boost
performance.

Huge challenge
For Huawei, that challenge
arrived earlier and more
brutally than for many riv-
als. U.S. sanctions begin-
ning in 2019 cut the com-
pany off key foreign chip
technologies and leading-
edge manufacturing,
threatening its businesses
from smartphones to tele-
communications
equipment.

New U.S. curbs subse-
quently put many of Hua-

wei’'s domestic partners
and competitors in a simi-
lar predicament, increas-
ing the importance of post-
Moore’s Law semiconduc-
tor technologies.

He introduced on Mon-
day what Huawei calls the
Tau Scaling Law, a princi-
ple the Chinese technology
company says can guide
chip development as
Moore’s Law weakens.

Mass production

Huawei said her team has
spent the past six years ap-
plying it and has mass-pro-
duced 381 chips based on
the approach.

The principle argues
that the semiconductor in-
dustry should shiftits focus
from shrinking transistors
to speeding up transmis-
sion speeds across devices,
circuits, chips and comput-
ing systems.

26M. Huawei’s ‘chip queen’ in China’s tech folklore

T Y AT ANFHHATHT H Huawei A “RT F

He’s career has largely
tracked Huawei’s global
rise, its years of struggle
following U.S. sanctions,
and then a rebirth as the
core driver of China’s mis-
sion to become a high-tech
juggernaut.

Born in 1969 in Chang-
sha in the southern pro-
vince of Hunan, she joined
Huawei in 1996 as an engi-
neer after earning a dual
bachelor’s degree in semi-
conductor physics and
communication engineer-
ing and also a master’s de-
gree from Beijing Universi-
ty of  Posts and
Telecommunications.

In 2004, the company
formally established Hi Sil-
icon, its chip design unit,
which He helped build
from a small internal de-
partment into one of the
world’s broadest semicon-
ductor operations.

e [For decades, chip progress was driven by shrinking transistors and packing more of them

onto a single chip, making computers faster, cheaper and more energy effcient, a pattern
known as Moore’s Law.

GRART doh [T gaTiet giforeext & BIe giet 3R teh g g W 31f%e @war & o sty & danford
gl T8, TS hegeX s, T 3 3110 FoiT-herel o1ot; 50 Tl hl 7T H1 fzer gl i &
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But as semiconductor scaling approaches lithographic and atomic limits, Moore’s Law has
become less effective, forcing the industry to find new ways to boost performance.

aﬁméﬂd@@m@sﬁmmaﬂ?WMﬁ%mqﬁa@RQW
a3 THTdT ST 17 @7 &, T 36T Y UG e §e1e & AT dlieh Giefel ISR & |

Huge challenge

farermer =l

For Huawei, that challenge arrived earlier and more brutally than for many rivals.
Huawei & T I8 gl S Ufdiedefaat T Jorell & yger 3R 3118 HoRk &9 7 S|
U.S. sanctions beginning in 2019 cut the company off key foreign chip technologies and

leading-edge manufacturing, threatening its businesses from smartphones to
telecommunications equipment.

2019 I E g AR afdaet =¥ Huei 1 g77w g2l 7 qehefet 3R sreamefaies faor
&TAT3T & 3 Y e, e FAHI & QAT AR IHR0T TFoh 38H cHaard FeIfad gul

New U.S. curbs subsequently put many of Huawei’'s domestic partners and competitors in a
similar predicament, increasing the importance of post-Moore’s Law semiconductor

technologies.

58 d1G AT HARHT wfciaeil 3 Huawei & S B[ AISIERT 3R FTaeafeial I o GaATT Hisrs
# g7o7 e, for e Uiee-HT Af AethsereX deheiiehl T Hgcd 96 1T

He introduced on Monday what Huawei calls the “Tau Scaling Law”, a principle the Chinese
technology company says can guide chip development as Moore’s Law weakens.

HIHAAR #T egiel Huawei GFRT 9&d “Tau Scaling Law” T 9er fohar, for =ielr diezifarehr
AT 1 T AT ST St 7T & st & HHGIR Isel & Ay &9 [ &1 Aefed= T
HehelT 1

Mass production
3 47 I ITEST

Huawei said her team has spent the past six years applying it and has mass-produced 381
chips based on the approach.

Huawei 1 &gl o 3oTehl &3 o TUeel ©F ai & 58 TAeeid &I o] fohar & 3R 38 3R W
381 frew &1 93 YA W 3cure fhar g1

The principle argues that the semiconductor industry should shift its focus from shrinking
transistors to speeding up transmission speeds across devices, circuits, chips and computing
systems.

I ey FedT ¢ o AFhsaey 36197 i CITIECIT HT BICT el & Folld SUHIVI, HicheT,
e 3R s far yonfort 7 graffers 1fa aere o¥ earet Hfd e w@fgul

Born in 1969 in Changsha in the southern province of Hunan, she joined Huawei in 1996 as
an engineer after earning a dual bachelor’s degree in semiconductor physics and

communication engineering and also a master’s degree from Beijing University of Posts
and Telecommunications.

G &yl 9T goTiet & =T9R 3 1969 H STl § o Alchsered ifarehr HR Far gehfraRer # gledr
Tk f3aft e ifSir afaafid sitw divcw Us telwrgfasee & A 39l ured otet & a1
1996 #H Huawei #H $SNeaR & &9 & HRF Y& T

In 2004, the company formally established HiSilicon, its chip design unit, which He helped
build from a small internal department into one of the world’s broadest semiconductor
operations.

2004 H &usiT o 3oaries §7 F 3191 T 3378 318 HiSilicon T TUT9=T $I, A & o T
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Physicists are finding new ways to make electrons act strangely

sifas RAE sl F FATHT T F STTER Fo & AT alld @i @ 8

26M

Tech needed to create matter from light in place

YHRT & TET 3cdee Hlel & [T 3TaRTe Wi 3ra 3ueretr §1

26M

The physics of thermometers, temperatures and cold atoms

JRTHICT, ATaATeT 3R et axaATopsit r sty fasmmer
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Physicists are finding new ways
to make electrons act strangely

Science advances when scientists recreate what they find in nature in new conditions: that is how we got air travel, lasers, nuclear power, antibiotics,

and semiconductors; something similar maybe happening with quantum materials — materials whose properties arise from quantum physics effects

Vasudevan Mukunth

or most of the last two centuries,
we have not had to think much
about electricity. At the start of

this period, we were just
beginning to understand what it was. And
towards the end, climate change and
renewable energy have rendered it a
constant thought in our minds. But for
many decades in between, we could take
it for granted.

Electricity, most of the time, was just
something behind a switch. If you flipped
the switch, electrons would move through
a wire. If you raised the voltage, more
current would flow.

But today, there is another way in
which some people are thinking about
electrons — a way that could, someday,
change the future.

Scientists have found that inside some
materials, in extreme conditions,
electricity behaves in highly unusual
ways. The electrons stop being
independent particles and begin moving
together. They flow around edges with
uncanny precision. Most of all, the
particles seem split up into pieces, each
apparently carrying a fraction of an
electron’s charge.

From ramp to staircase

Physics has made many weird discoveries
— butareal contender for its weirdest find
is the fractional quantum Hall effect
(FQHE), which is where electrons behave
in those strange ways.

Recently, physicists were able to make
it even stranger by recreating it without
one of the conditions they believed to be
indispensable for it.

In 1879, the U.S. physicist Edwin Hall
found something odd. If electricity flows
through a metal plate when a magnetic
field is pointing perpendicular to the
plate, the current experiences a sideways
push. (One reason this was odd was that
J.J. Thompson would not discover the
electron 18 years later.) Scientists later
explained why: the magnetic field pushes
moving charges sideways, causing electric
charge to pile up on the plate’s edges,
creating a voltage across the metal. This
came to be called the Hall effect. The
compass in your smartphone uses it to
point north.

As usual, the rise of quantum
mechanics complicated the picture. In the
early 1980s, physicists were studying very
clean materials at temperatures just a
fraction above absolute zero, using
magnetic fields.

When they increased the strength of
the field beyond a point, the resistance
the current was experiencing — called the
Hall resistance — stopped changing
smoothly.

Instead, it took discrete values. For
example, when before it could change
from 1to 1.1 to 1.2 to 1.3 and so on, now it
could change only to 1 or 2 or 3 or so on,
like climbing stairs rather than being able
to use the ramp. In other words,
physicists found the resistance became
quantised. And they called it the integer
quantum Hall effect.

Once again, they soon found an
explanation. Normally, the electrons in a
material can have a range of energies. But
when there is a strong magnetic field
acting on them, the range becomes a set
of levels, called Landau levels. And the
electrons can occupy only these levels.
This is like when before a bunch of people
in a room could lie down where they
wanted — on one of the four beds or on
the floor in between — now they could
only occupy the beds. In this condition,
the material becomes an insulator on the
inside and a very good conductor on its
boundaries.

Ocean of electrons

‘Then, in 1982, physicists found the
strangest thing of them all. Sometimes,
the Hall resistance occurred only in
whole-number steps (1, 2, 3, ...) but
sometimes it could occur as fractions: 1/3,
2/5, 3/7, etc. This was FQHE.

(The fraction here refers to the
multiple of the material’s natural Hall
resistance. For example, if the natural
resistance is 50 Q, a fractional Hall
resistance of 2/5 implies a measured
resistance of 20 Q.)

At first glance, this should be
impossible: electrons are indivisible
particles — you cannot break them up into
smaller pieces — and each electron carries
a fixed amount of electric charge. Yet the
Hall resistance seemed to be changing in
fractions, as though the current were
being carried by objects with only a
fraction of an electron’s charge. What
then was 1/3?

The answer came from quantum

Usually, electrons in a material can zip past each other without also pushing each other apart. But in pentalayer graphene (depicted here), the electrons have
such low kinetic energy that the particles’ mutual repulsion becomes the dominant interaction between them. IMAGE CREATED WITH CHATGPT 5.2

mechanics. When many electrons come
together to interact strongly, they form a
collective quantum state — a sort of liquid
state in which it is impossible to
distinguish individual electrons. This is
like an ocean: you cannot isolate the
single water droplet you dropped in it.
And much like waves in the ocean —
where no single droplet travels to the
shore but the water as a whole has a
moving pattern — a part of the collective
quantum state can behave as if it
possesses only a fraction of an electron’s
charge.

Physicists generally call these parts
quasiparticles.

In this particular case, the
quasiparticles were very unusual. They
were of a type called anyons. Which
meant they would also have a very
unusual property: they would be much
‘more robust than other particles (or
quasiparticles) at storing information.

‘Faking’ a field

However, there is a big practical problem.
The FQHE gives rise to anyonic
quasiparticles.

But to create the effect, physicists need
to apply a very strong magnetic field to
the material — sometimes even stronger
than the one in a hospital MRI scanner.
And the material had to be very clean (i.e.
almost entirely free of impurities) and
held at close to absolute zero.

Try as they might for no less than four
decades, physicists found that this was
the only way to create the FQHE.
Obviously this is not practical.

FQHE - but especially the anyons it
gives rise to — could help quantum
computers of the future protect
information from noise, which is one of
the enterprise’s hardest unsolved
problems today.

In 2025, Microsoft said it had built a
qquantum computing chip that created
anyons using a different technique, and
used them to store and manipulate
information.

(However, many scientists doubt the
company’s claims: among other
concerns, questions linger about whether
the chip really contains anyons and the
means by which that can be verified.)

A sandwich for electrons

One breakthrough came in 2024. It was
based on doing something really clever, if
also very sophisticated: if a strong
magnetic field organises a material’s
electrons in unusual patterns, could the
field’s role be ‘faked’ from within the

Scientists have found that inside
some materials, in extreme
conditions, electricity behaves in
highly unusual ways. The
electrons stop being independent
particles and begin moving
together like a fluid

‘material itself?

‘Turns out the answer is ‘yes’ if the
material is graphene. Graphene is a sheet
of carbon atoms arranged in a
honeycomb pattern. Since the 2000s,
physicists have found that if you stack one
layer of graphene on another and turn it
by a small angle - i.e. twisted bilayer
graphene — the electrons in the stack
behave oddly.

The grid of atoms in this structure
forms what is called a moiré superlattice,
which essentially significantly slows the
electrons down. When the electrons
slowed down, they formed a (strongly)
collective quantum state — the kind of
state that gave rise to the FQHE earlier.
But this time there was no magnetic field;
the moiré superlattice had recreated the
field’s requisite effects.

Twisted bilayer graphene has many
odd electronic properties. However, it
does not slow electrons down enough to
create a sufficiently robust collective
quantum state.

Usually, electrons in a material are
zipping around with enough kinetic
energy for them to ignore their mutual
repulsion. This does not mean they
clump together — more like they can zip
past each other without also pushing each
other apart.

On the other hand, the FQHE demands
that the electrons’ mutual repulsion must
be the stronger force. For that, the
electrons need to slow down beyond a
specific point, and twisted bilayer
graphene was not really creating the
conditions for that.

Enter pentalayer graphene. After many
experiments, physicists found that when
they added more graphene layers to the
stack, the electrons slowed down more.

With five layers — with each layer
turned by a small angle relative to the one
below — placed atop a substrate of
hexagonal boron nitride, the electrons’
kinetic energy dropped enough for
electron-electron interactions to become
dominant.

(Aside: If the electrons are repelling
each other in this state, how come they

form a collective quantum state instead of
flying apart? When electrons are repelling
each other but are also confined, they do
not have the luxury of flying apart.
Instead, they organise themselves better,
leading to the collective quantum state —
sort of like a negotiated settlement where
they agree to not antagonise each other.)

Quantum materials
In 2024, a team lead by Long Ju at the
Massachusetts Institute of Technology
reported that it had detected FQHE in
pentalayer graphene. They called it the
FQAHE - the ‘A’ stood for anomalous,
meaning it had been achieved without
using a magnetic field.

The team reported observing Hall
resistance like 2/3 and 3/5.

They concluded that the moiré
superlattice created by five layers of
graphene had produced the requisite
structural features mimicking the effects
of a magnetic field.

The experimental observation of
FQAHE does not mean the underlying
science is ready for real-world use.

With or without magnetic fields,
physicists still need the material to be
ultra-clean and work with it at very low
temperature.

They also need to get the angles at
which the graphene layers are turned
relative to the substrate very close.

Even a small deviation can destroy the
ideal moiré superlattice properties
required to slow and confine the
electrons.

Finally, the FQAHE also appears only
when the material contains the ‘right’
number of electrons, which physicists can
control by applying the right amount of
voltage.

Since then, by fine-tuning these
controls, physicists have found ways to
create more robust FQAHE states.

Many of them keep going because of
the value the anyonic quasiparticles hold
for more advanced quantum computers —
and indeed a whole world of physics that
was previously locked behind powerful
yet expensive magnets.

But more than that, science also
advances when scientists recreate what
they find in nature in new conditions.
That is how we got air travel, lasers,
nuclear power, antibiotics, and
semiconductors.

Something similar may be happening
now with quantum materials — materials
whose properties arise from quantum
physics effects.

mukunth.v@thehindu.co.in

26M. Physicists are
finding new ways to
make electrons act

strangely
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e Science advances
when scientists recreate
what they find in nature in
new conditions; that is how
we got air travel, lasers,
nuclear power,
antibiotics, and
semiconductors;
something similar maybe
happening with quantum
materials — materials
whose properties arise
from quantum physics
effects.
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e Scientists have
found that inside some
materials, in extreme
conditions, electricity

behaves in highly unusual
ways.
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e The electrons stop
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being independent particles and begin moving together.

FAFEIT TS HUN & T 7 H AT 86 W 3o o 3R Teh Ay a1fed &t 97 &
From ramp to staircase

edreT @ difeat aw

¢ Physics has made many weird discoveries — but a real contender for its weirdest find is the
fractional quantum Hall effect (FQHE), which is where electrons behave in those strange
ways.
sifhr & sreren fafer @isl &1 § — fove] 3@eh @@ fafe @isll # veh arediaen araeR herereer
FITCH giel THIT (FQHE) ¥, Tores Solerelel 3o7 AT ddiehl ¥ a8 a4 &1

o |[f electricity flows through a metal plate when a magnetic field is pointing perpendicular to the
plate, the current experiences a sideways push.

e, ol T Y Tole & faeg e Jarfee &F T 81 3R 36 0 Ueh Yaehi &7 olead feem H sammar
ST, T RT T e # ersFehr 3eT87d il ¢

e (One reason this was odd was that J.J. Thompson would not discover the electron 18 years
later.)

(T Tt safev o a7 F3ife . 3. YTFIH & Solaeld Sl WieT 0% 18 IV d1G &1 A7)

e Scientists later explained why: the magnetic field pushes moving charges sideways, causing
electric charge to pile up on the plate’s edges, creating a voltage across the metal.

SATTaThi & STe; 3 SHeRT HRUT TISC ThaT: Jahry &1 aTfceiier 3Tael i ared feem & ereherar €,
TS faeg e 31MaRr Tole & fohatRT 9X T 8Y SilelT & 31K 4T & 3TR-UR dlees! 3cdea gl 8|
e This came to be called the Hall effect.
Y giel T gl STl o141 |
e The compass in your smartphone uses it to point north.
HTIh TATCHIS T HUT 30X 1621 Tellel o forw 38T gy 1 3931 aXdT g
e As usual, the rise of guantum mechanics complicated the picture.
TATTT: FT AT, FIEH AT & AH o 38 TAvT &1 31 371TF FAfear g7 e

o In the early 1980s, physicists were studying very clean materials at temperatures just a
fraction above absolute zero, using magnetic fields.

1980 o YR TFereh st &, siifcieride 3cdc Taes Tardl T eI I Y+ F ANgT 3R
ATIHATT TR Y1 811 T FEIAT & X I A

e When they increased the strength of the field beyond a point, the resistance the current was
experiencing — called the Hall resistance — stopped changing smoothly.

SIS 3eglel Yeehrd &1 S cfierclT sht Teh HIAT & 31Teeh TG, oY &RT SaRT 37787 TohaT SiT TgT
SfeRTer — oI gier IfaRer &gl ST & — Fare &9 § S ol ac g1 1T

e |nstead, it took discrete values.
$H% FUTT W, 38 GUF AT TE0T Aot RFH R G|

e For example, when before it could change from 1to 1.1 to 1.2 to 1.3 and so on, now it could
change only to 1 or 2 or 3 or so on, like climbing stairs rather than being able to use the ramp.

38T & ToIU, S8l 9gel I8 1/ 1.1, 1.2, 1.3 317e do IRafdd g TehdT T, 31§ Jg Hhddl 1, 2, 3
371 AT &) TGUT X FehelT AT, HIAY GeleT oh TATT I At = o @ gl

e |n other words, physicists found the resistance became quantised.
Y ereet 3, sitfamTaet o urer R iR Faifea g o am|

e And they called it the integer quantum Hall effect.

3R 3@ SV AR FaTeH gieT WG ATH T
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Once again, they soon found an explanation.
Th IR Ge:, 3ogiel AT &1 5T TISIIR0T TNt Form|
Normally, the electrons in a material can have a range of energies.

AT, fFe Terdy & selaelal & g FaT & [affesd AT &Y Thd 81

But when there is a strong magnetic field acting on them, the range becomes a set of levels,
called Landau levels.

fhed STe 37 IX Teh TaTel Yarohid 81 1 Xl &, Al T Fofl-Tell $o fARad &t & aRafedd
g1 SITcll &, Toieg AAsT3 T et S &1

In this condition, the material becomes an insulator on the inside and a very good conductor
on its boundaries.

3T YT A, Terd #ficR § U FHralToleh T 39T FHAIAT I 3chcl IeT HTefeh Faf ST &

Ocean of electrons

FoFClAl T AFRAPR

Sometimes, the Hall resistance occurred only in whole-number steps (1, 2, 3, ...) but
sometimes it could occur as fractions: 1/3, 2/5, 3/7, etc.

helT-arelt gier SfarYer shael quiiehl (1, 2, 3, ...) & Jehe gl T, foheq] haf-hsft Tg el o &9 &
8 yehe graT AT: 1/3, 2/5, 3/7 3T

At first glance, this should be impossible: electrons are indivisible particles — you cannot
break them up into smaller pieces — and each electron carries a fixed amount of electric
charge.

TUH g% #, TE 31EHT YciId glelT AT FATFEI HTAHST HUT§ — HT 3¢ OIC AN H
fasnfSra 76t X @ — 3R YA goielal v AR faegd 3maer agat aar g

The answer came from quantum mechanics when many electrons come together to interact
strongly, they form a collective quantum state — a sort of liquid state in which it is impossible
to distinguish individual electrons.

SIS 3feleh SoleFelel Ueh AT 3T Talol &9 { TR fordT X 8, ol I Ueh AIfeh FraicH aem
AT X & — T 0T g 3raedT, Tae ATt Seiagiall T 3TeleT-37cTeT Ugdlelall 31T T
STl

This is like an ocean: you cannot isolate the single water droplet you dropped in it.

IE AFTHIN & FHAT g 31T 3HH STell IS Tehel STol-SG T 37eTdT 76T Y Hebel |

And much like waves in the ocean — where no single droplet travels to the shore but the
water as a whole has a moving pattern — a part of the collective quantum state can behave
as if it possesses only a fraction of an electron’s charge.

3R FGTARR Y I Y HIFT — STET Pl Uehel & TE I oTel Tg o, sfeh TYOT el Th
aTfcrelier Yoot SeTaT § — HHfge FalcH 3aeT T Teh 1T THT STAGR Y Hecll § ATl 38
YT Soldrelal o 31TALT T shdol Udh 372T &l

Physicists generally call these parts quasiparticles.

HfTae AeTad: 37 9T &1 FaTsiuTfeRed Fed o

They were of a type called anyons.

J TAIHH TS THR & |

‘Faking’ a feld

mm‘wm
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The FQHE gives rise to anyonic quasiparticles.
THFIUES TN FaTeiaTicaed Pl Scdee] Y ¢

But to create the effect, physicists need to apply a very strong magnetic field to the material
— sometimes even stronger than the one in a hospital MRI scanner.

T S8 FeTTd Y ScTeel et o ToIT, SHifcienfael i Terd WX el Yool Yeaehrg &1 A Hell
TSdT & — FHeT-FHaT ETAT o THIAHTE Thax T oY 3178 afFrdame|

And the material had to be very clean (i.e. almost entirely free of impurities) and held at close
to absolute zero.

3R geTe Y 3TcT ey (YT TSI qUTKT: TRIETRIAT I FFeT) TTUT IH e & Telehe ATTATT
93 TGAT 93T AT|

FQHE — but especially the anyons it gives rise to — could help quantum computers of the
future protect information from noise, which is one of the enterprise’s hardest unsolved
problems today.

THFUTS — [IATRT SEH Scoet Blot aTel TeAl3iTed — HTAST oh FaTes HEIEN T Felall
AR A GRI&T WA H I T Tohed ©, SiY ST H &1 T T HfSeT HeTgorsh Foeansit 7 &
T &

It was based on doing something really clever, if also very sophisticated: if a strong magnetic
field organises a material’s electrons in unusual patterns, could the field’s role be ‘faked’ from
within the material itself?

Ig T 3cdd I, T I 3T fereh sifee, farar o Jmemia am: Jfe weh Yool Jerehra &1 fonelt
TETY & Folerglell I ITHY Yol 7 cHAEUT AT, il FAT 3T &1 T AT T “IHeJh0T
I Tery & SR § fonam ST HevalT §72

Graphene is a sheet of carbon atoms arranged in a honeycomb pattern.

YT HIeTeT TRATUL3T T Teh TR B, S AYHFTT & Sl S Tl 3 ca e gieit &1

Since the 2000s, physicists have found that if you stack one layer of graphene on another and
turn it by a small angle — i.e. twisted bilayer graphene — the electrons in the stack behave
oddly.

HeT 2000 & &2reh &, sfifshiaet & aram & 1o afe; Ahret il v ol Y gEl TRl o FUR TG 39
213 10T TR GAT T ST — 3727l EFAees qgaa e — A 36 EIdel & gl A

STAER el o9l o

The grid of atoms in this structure forms what is called a moiré superlattice, which
essentially significantly slows the electrons down.

YIATOTHT T STl $H TIUAT H I T ¢ [ AIST GuTTeH gl ST &, ST HeleT: FoIFelall
At AT F AT L

Twisted bilayer graphene has many odd electronic properties.

TS ATFAIT AT H 3eieh TATIT Solereifeleh 0T gt &

However, it does not slow electrons down enough to create a sufficiently robust collective
guantum state.

gTellTeh, A Solerclail ahl Sciall AT el il foh Teh TAiTeed §T & Yoo HHfgeh FalcH e
A & a5

On the other hand, the FQHE demands that the electrons’ mutual repulsion must be the
stronger force.

@l 3T, FQHE &1 TaeTehell BIcil & foh Solereiell 1 IREAR TicTehyor 3ifereh rfercieimell srer
&l

Enter pentalayer graphene.
319 JAL BT § YT R aThiet |

With five layers — with each layer turned by a small angle relative to the one below — placed
atop a substrate of hexagonal boron nitride, the electrons’ kinetic energy dropped enough
for electron-electron interactions to become dominant.
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qier 9Xcil & HY — 761 Tcdieh Il airel dTell TRl ST Jofell 3 Teh BIE 10T T GATS 975 AT — 3R
3ot SFATN IRIA ATFLIBS o ToHcC I IWT I1AT, A SolaClall T ITcioT Foil Sciail H &l IS
foh SotargleT-goiagle 37aT:BhaTt TAE 8l S|

e When electrons are repelling each other but are also confined, they do not have the luxury of
flying apart.
SIS SolFlel Teh-gaY ! IfAehNe ot § Aferet a2 &1 WA oY 81 &, e 3oTah 9T 370797 gl
&I St T fashed 18T gl

¢ Instead, they organise themselves better, leading to the collective quantum state — sort of
like a negotiated settlement where they agree to not antagonise each other.

38 S, d T I 3HTh YU T T old 8, [ST6 Tmaffesh Faies HaeAT 3cdea gicll & —
AT el FASA Y TG, ST61 I Ueh-g@ bl TRATT o el I HEH &l |

Quantum materials

FaieH qerd

e In 2024, ateam led by Long Ju at the Massachusetts Institute of Technology reported that
it had detected FQHE in pentalayer graphene.

a¥ 2024 &, AWTACH STEICIC IHATH SFaratoll 7 Aleal o o Accd dTell Teh EH o o foh
3TeT YTk ATHIA H FQHE T T o913 g

e They called it the FQAHE — the ‘A’ stood for anomalous, meaning it had been achieved
without using a magnetic field.
37giel 38 FQAHE 1 & — STl ‘A’ 1 31¥ anomalous T, 31UTel $& YeehIy &1 o1 39T
o foreT gred R ara |

e  With or without magnetic fields, physicists still need the material to be ultra-clean and work
with it at very low temperature.

Heyehrer &1 o |y AT =T, aftforenfaet s 37er off werd o 31cddl e T@e usar g R
a8 Ao aTIHAT W FR a1 94T 81

e Many of them keep going because of the value the anyonic quasiparticles hold for more
advanced quantum computers — and indeed a whole world of physics that was previously
locked behind powerful yet expensive magnets.

Eﬁﬁ%ﬁ?ﬁﬁ&ﬁ@g%ﬁ%wmﬁ?mmwm*
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Tech needed
to create
matter from
light in place
E—

atter can become energy. You

might have seen this in the film

Oppenheimer or in videos of
nuclear explosions. Just as the nuclei fuse,
a blinding light fills the air and sky, so
bright that simply closing your eyelids
does not help.

Physics allows physicists to do the
opposite as well: to create matter from
light. The problem is the scale at which
the required technologies need to work.
Scientists need to pack a great quantity of
light into a really small volume of space,
and hold it there for long enough for the
light to ‘condense’ into matter.

Specifically, scientists need to create
extremely intense electromagnetic fields
(photons are packets of electromagnetic
energy).

Recently, researchers from Germany,
Ireland, the U.K., and the U.S. reported
clearing a key technical hurdle on the
path to doing so. Their findings were
published in Nature.

Scientists need to pack a great
uantity of light into a reall

small volume of space, and hold
it there for long enough for the
light to 'condense’ into matter

The theory that describes how light
and matter interact is called quantum
electrodynamics (QED). Normally, empty
space appears empty. But at extremely
high energy, QED predicts that a
sufficiently powerful electromagnetic
field can stir up a pair of subatomic
particles from the vacuum. The problem?
The strength of the electromagnetic field
required far outpaces what current
technologies can achieve.

In the new study, the researchers used
a different technique. They fired an
extremely intense laser pulse ata
polished target, immediately parting the
atoms in its surface of all their electrons.
The electric field in the laser light set the
electrons oscillating back and forth at
nearly the speed of light. This caused the
target’s surface to reflect the laser pulse in
multiple copies at higher frequencies,
called harmonics. Physicists have hoped
to further compress these harmonics and
focus them into small spots. Such
coherent harmonic focusing (CHF) would
make the harmonics extremely intense,
approaching the levels required to create
matter.

But while the idea has been around for
two decades, physicists have struggled to
realise it efficiently. Previous experiments
produced harmonics but with much less
energy than in the original pulse.

A pulse’s intensity increases from the
leading point to its middle, roughly. The
time taken for the pulse’s peak intensity
to enter the target is called its rise time.
The authors of the new study reduced the
rise time to well under one-trillionth of a
second. At peak performance, then, the
experiment generated enough energy
within the 12 to 47% harmonics to show
for the first time that the efficiency
required by theory may be within reach.

The authors have stressed that they
have not yet demonstrated the final
focused state, only that the essential
technical ingredients are now in place. At
the next generation laser facilities that the
U.K. and China, among others, are
currently building, the technique is
projected to reach an intensity of 10 W
per sq. cm — the threshold where QED
effects become apparent.

“The reward would be access to a new
regime of physics, where light becomes
strong enough to tear down the vacuum
and create particles from nothing,”
Alexander Pukhov, of the University of
Dusseldorf and who helped lay the
foundations of CHF, told Physics.

(el Regagahia S & Y g1 §)|

e The theory that describes how light and matter interact is called quantum electrodynamics

(QED).

26M. Tech needed to create
matter from light in place
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e Matter can become energy.
ERY ot & yRafda @ ahard

e You might have seen this in the
film Oppenheimer or in videos of nuclear
explosions.

Y GHAT: 58 Rher gt a1
oRATY] faEwiet & difsar & Sar gl
e Physics allows physicists to do

the opposite as well: to create matter from
light.

sitfar silfcrerfact sl saept faudia et &t
o 31Ty St & 3rdTer srehrer & werdy
foHoT |

e Scientists need to pack a great
quantity of light into a really small volume
of space, and hold it there for long enough
for the light to ‘condense’ into matter.

Fanfarent T 3T i AT 3 Jhrer Hi
37afeT & 3cTd B adT & Thfgd
AT 19T, 3R 3 T@T ST THY deh F=ITT
TGAT 19T ok g Jehrer 9ere & ‘Huferd @
|

e Specifically, scientists need to
create extremely intense electromagnetic
fields (photons are packets of
electromagnetic energy).

Y &7 &, IS &F 37dd g
fegagashrr &= 1 [HHT0T e g

gg fcuid 3t ag aftia axdr & fo werer 3R uerd fhd 9o 9t forar i 8, 39 Fares
FAFCISIATHFT (QED) FeT ST &

e But at extremely high energy, QED predicts that a sufficiently powerful electromagnetic field
can stir up a pair of subatomic particles from the vacuum.

fohed 31cdd 309 Joil W, QED g #iasaarol ol & foh wified &7 & arfFasimel faegadsshy
&1 fovaTar & 3U-aaATOash ot T Uah SIS ScTet Y Hohell 81

o The electric field in the laser light set the electrons oscillating back and forth at nearly the

speed of light.

ST TehTeT # 3UTEI faeg e &1 o Felorgiail ol FehTer T aTfcl o oTaTeTaT SRTSR JHTT-e aferet

AT YRFH FT T
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This caused the target’s surface to reflect the laser pulse in multiple copies at higher
frequencies, called harmonics.

$H& HROT T8 T Hclg o ool Tod &l 3ed Al W 3reres vt 7 qwrafda faar, foeg
gAifasa wer Sar gl

Physicists have hoped to further compress these harmonics and focus them into small spots.
sifcrentae 3ot graffarera T 3 31fere NS Y 3¢ oI TaG3HT TX hiee et i 3 @ ¢
Such coherent harmonic focusing (CHF) would make the harmonics extremely intense,
approaching the levels required to create matter.

e Fele gElfEE BYsfReT (CHF) g s 3rcda dig aer &om, St qerey fi#Tor & fore
3aLTS TR & e qg’?ramvrrl

At the next generation laser facilities that the U.K. and China, among others, are currently
building, the technique is projected to reach an intensity of 102 W per sq. cm — the
threshold where QED effects become apparent.

37Tl Y T IR Graensit F, Sieg Femses frrsar ik e afed s &er aciaA= & Affa o
¢ ¥, 3 dhelch & 102 aTe Ffer FoF AEHIET Y AT T g T 3T § — T WAT STl
QED 9#Td ¥ it o19Td] ¢ |

“The reward would be access to a new regime of physics, where light becomes strong
enough to tear down the vacuum and create particles from nothing,” Alexander Pukhov, of
the University of Dusseldorf and who helped lay the foundations of CHF, told Physics.

“Wmﬁ%ﬁ%wzmmﬁq‘gﬂm,aﬁwrm%ﬁ%ma’rm%%
TR 2T 737 T AT @ 01T T AT &3 Fah,” sRersit farafaeamey & sawsist g@lq,
TSegiel CHF & 3maRTRIeT 3@ & T@Eradr 1 &Y, & Physics &l SdTAT|
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The physics of thermometers,
temperatures and cold atoms

We use different devices to measure temperature. The science behind them, and concepts such as absolute

zero and cold atoms, reveal the complex physics underlying the measurement of heat and temperature

Adhip Agarwala
eople from Bengaluru should
not be allowed to complain
about their weather turning

hot. The other day, as a namma
friend called to express disappointment
over their daytime temperatures reaching
as high as 33 degrees, I wondered in what
Awadhi words should I inform her about
the pleasant 42 degrees here in Kanpur.
The baked earth, the breezily burning air
and the blindingly bright sunny
afternoons are clearly things she would
not be missing.

Even while you drink a glass of nimbu
paani to cool yourself, have you ever
wondered: what does a ‘degree’ really
mean? By that I don’t mean your
qualifications, but just the temperature.
Also have you ever thought how does one
even measure it?

Units of temperature

The standard unit of temperature is called
Celsius, named after Swedish physicist
Anders Celsius who designed some of the
early thermometers. But there is a
fundamental catch with measuring
temperature. While we can feel anxiously
hot or depressingly cold depending on
the weather or global news, one challenge
in measuring temperature is defining the
zero for it. After all, unlike the number of
gas cylinders or valid ID cards - can you
really count them on your fingers, and say
when you have ‘zero’?

To define this zero - we use one of our
common day magical materials - water.
So, how does water help decide this? To
proceed, we need to understand what
temperature really is.

Temperature is a way of estimating
how hot something is. Now when we heat
a material, what we are really doing is
making the atoms and molecules of that
material more and more restless. They
shake more and more vigorously as we
pump in energy. Similarly when we cool
something we make the atoms more
sluggish, that is, we take away their
energy. Not very different from us. So can
we really continue to heat or cool
something as long as we want?

Turns out the answer is no. For a
while, the material may decide to get
heated or cooled, but at some point it
may decide to completely change its
character. This is called a phase
transition. You see this everyday. When
water is kept in a refrigerator, it would
first start cooling and appear as - just
colder water.

But at some point, it won’t cool as a
liquid - but will start turning into ice,
which as we know is a solid. This
“temperature” at which water turns to ice
was named ‘zero’ degree Celsius.
Similarly, when water is heated, it gets
hotter and hotter until it starts boiling and
turning into vapour. After this particular
“temperature” after which the water
cannot get hot anymore - was named
100’ degrees Celsius.

Therefore the zero and 100 of
temperature was marked and divided into
a hundred divisions so that we can
measure everything else in these units. It
is on this scale that our body temperature
is 37 degrees Celsius. There is another
popular scale — Fahrenheit, where zero
and 100 is marked using a different
protocol. On that scale our body
temperature is supposed to be 98.6
degrees Fahrenheit. In 1948 physicists

GETTY IMAGES
finally decided to use Celsius as a the mercury expands to tell you what the
standard unit. temperature is!
Now that we have defined zero and 100 In fact, this is how regular
of temp the next ion is how ther used to look until a few

do we measure it? Here comes another
magical material -mercury, no — not the
planet.

Mercury thermometers
Mercury is a metal, like iron or
aluminium, i.e., which conducts current
and shines, but unlike our metallic
utensils or spoons, it is in a liquid state.
Now most metals expand a bit when
heated. This is because the atoms within
the materials tend to get away from each
other when they are hot. But one of the
most amazing properties of mercury is
that it expands only as much as it is
heated. Think of it like a rod whose length
changes depending on how hot it is. So
we have found the measurement trick.
The idea is simple: put mercury in a
glass bulb attached to a tube. Keep the
bulb in a bucket of ice. See the level of
mercury in the tube and mark it as zero.
Now put the same bulb in boiling hot
water. Mercury will expand and the level
will rise in the tube. Mark that new level
as 100. Use your favourite scale to equally
divide the distance between the two
marks into 100 divisions. And you have a
thermometer. Now you can put this
thermometer in your favourite soup, or
soil, or your mouth to measure how much

years ago, when phones were still
non-smart. Most of the school going
students today may not have seen these
thermometers. They could easily break
for no good fault of ours and would lead
to a huge hue and cry from the adults
nearby.

But in any case, mercury
thermometers, then, could be found in
every household. But as the quantity of
greenhouse gases, global temperatures,
homes, gadgets, and governments
changed - our thermometers changed
too.

Digital thermometers

So to measure temperature, one basically
needs a material which changes its
behavior depending on how hot
something is, and whose change of
behavior can be measured accurately.
After all, measuring something correctly
is fundamental to all of science. This
branch of physics which specialises in the
principles behind measurements is called
metrology.

With advances in condensed matter
physics — the physics of materials —
physicists created a new class of materials
called semiconductors in the 1950s.
Semiconductors are neither metals (i.e.

conductors) like aluminum or copper, nor
insulators (i.e. things which do not
conduct current) like glass or wood.
Hence the prefix “semi”. They conduct a
small amount of current, but the amount
of current they carry can increase if the
temperature rises.

This is because semiconductors have a
rather interesting arrangement of atoms
and electrons.

In metals, electrons move freely from
atom to atom, like a soup - so they can
easily conduct electricity whenever a
battery is attached. In insulators, the
electrons are tightly bound to the atoms.
So even when a battery is put - they refuse
to budge. In semiconductors, electrons
are loosely bound to the atoms. They
mostly stay close to atoms, but when the
atoms become agitated due to heat, they
shake off these electrons. These “free”
electrons can now move and create an
electrical current.

Now when a battery is attached to a
semiconductor and if the temperature
rises, the atoms shake more vigorously
and more electrons are made free. So the
hotter the surrounding is, more current
will be generated and if we can measure
that current we can find what the
temperature is!

This is what happens in a digital
thermometer which you find in your
homes now - with 70 years of
technological progress, humans have
perfected the art of measuring changes in
currents and voltages.

Absolute zero and cold atoms

Now, even while water turns to ice at zero
degree celsius - the atoms in the ice are
still shaking, though more slowly. Now if
we continue to take away their energy
even further, is there a point where it can
essentially have “no” energy? What
temperature would that mean?

That temperature is now defined as the
Absolute zero - in another unit called
Kelvin (K): the scientific unit of measuring
temperatures. In terms of Celsius, this
means -273 degrees Celsius.

When temperatures fall to just a few
Kelvins, they become even harder to
measure. We cannot use our mercury or
semiconductors to measure them, since
the properties of these thermometers
themselves would change completely.

In fact, even atoms themselves become
very funny at these temperatures and we
need to use the whole power of quantum
mechanics to understand them. Study of
such atoms at ultra-low temperatures is
cold-atomic physics.

Bose and his condensate

Atoms, in general, can be considered as
one of the two types of personalities.
One: ‘fermions’ type, where they do not
like to stay together in one room. And
another: ‘bosons’ where they like to all
stay together whenever given a chance.
‘Bosons’ is named after Satyendra Nath
Bose, an Indian physicist. In 1924, he first
theoretically predicted the statistical
behaviour of these ‘bosons’.

Many cold atoms are bosonic in nature
and when they reach temperatures very
close to zero Kelvin they form an exotic
phase of matter called the Bose-Einstein
Condensate (BEC), named after Bose and
Albert Einstein. In 2001, three U.S.
scientists Eric A. Cornell, Wolfgang
Ketterle and Carl E. Wieman were
awarded the Nobel Prize in Physics for
achieving the BEC in experiments at a
temperature of 20 nanoKelvins (nK). 1 nK
is 0.000000001 Kelvin, just slightly above
Absolute zero.

So, the next time when the heat
bothers you, whether in Bangalore or
Kanpur, and you call a friend to complain
about the rising temperatures - don’t
forget to express gratitude to the long,
illustrious line of thermometers that have
accurately measured temperatures for
you.

(Adhip Agarwala is an Assistant Professor
of Physics at IIT Kanpur)

26M. The physics of thermometers, temperatures and cold atoms

yATAER, araATe 3R et gt # siifaehr e

The science behind them, and concepts such as absolute zero and cold atoms, reveal the

complex physics underlying the measurement of heat and temperature.
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eloh NS o far1Ted, 7T ovat Qe 3 oty sRamorait Srel raeRomy, SeaT 3R araeteT & Ade
& MRS et Hifadr R 1 35w Fe §

Units of temperature
qIHATT FT SHISAT

e The standard unit of temperature is called Celsius, named after Swedish physicist Anders
Celsius who designed some of the early thermometers.

ATIHTA T HTeTh ShTS T AfeqIH Fgl A1dT &, FogenT s Tfser sifas faaeh vew afcaaw
o ST TR TG T, Totegiol TR YHIet # & e o TovaTor foma |

e Temperature is a way of estimating how hot something is.
AT fehafT T o fohefeT 19 glel T JFTHATST Mo T Teh AT |

e Now when we heat a material, what we are really doing is making the atoms and molecules of
that material more and more restless.

ST g Tl ereh bt a1 el §, 7 ATeTd 7 5 39 Tard & TRt 3R 3upat A i
aTferelier 517 3¢ &l &

e Similarly when we cool something we make the atoms more sluggish, that is, we take away
their energy.

S TSR, ST 6 fordll I &1 ST Xl ¢, A 61 38 UAIUIHT T 3178k Gl aofl &t 8, 37T
IAHT FoT HH F 2 &

e For a while, the material may decide to get heated or cooled, but at some point it may decide
to completely change its character.

S HAYI cIoh YeTY 13 AT 3T BT 6l B, Tohor] T Toig O} g 319911 Ta6 T qUTeT: SG ol Hehell B
e Thisis called a phase transition.

U 3aEYT IRads Fgl ST g |

e But at some point, it won’t cool as a liquid - but will start turning into ice, which as we know is
a solid.
T Ueh Toig IR g &d & &9 H S7 Ag1 8191, Sfesh ath A gRafeld glel orelam, S o veh a1
qerd gl

e This “temperature” at which water turns to ice was named ‘zero’ degree Celsius.
forer “cruar” ox Stef ath & aRafdd glar &, 38 g e Afewza wer o

o Similarly, when water is heated, it gets hotter and hotter until it starts boiling and turning into
vapour.

=TT YRR, ST& STol T 3137 fohaT ST &, a9 dg 31Tt 19T g1ar Siar & 3R 37ad: 39eree arsg
# aRafdd gist eRTar gl

o After this particular “temperature” after which the water cannot get hot anymore — was named
‘100’ degrees Celsius.

39 TIAY “ATIHAET", Toraeh 916 STot 31X 317 a7 A€ @Y FevaT, 1 100’ 2t Afcwad &er =)

e Therefore the zero and 100 of temperature was marked and divided into a hundred divisions
so that we can measure everything else in these units.

37cT: AT & e 3R 100 g3t 1 RfEeter i 3ereh o @t mmait & fasmiSir fovam ar, anfes
3 G ATIATEAT S ST SHTSTT H ATIT ST Feh |

e |tis on this scale that our body temperature is 37 degrees Celsius.
4T YA W gAR R &1 ama#Ae 37 33 afcaaw A e gl

e There is another popular scale — Fahrenheit, where zero and 100 is marked using a
different protocol.

T 3T ol o YA — BReTgrse — 3 §, fae 4= 31k 100 1 T f&eet ueufa gary
feTRa fvar Srar g1
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e On that scale our body temperature is supposed to be 98.6 degrees Fahrenheit.

37 YA W §AR QR T ATYHTT 98.6 33 PRgSE AT ST &1

Mercury thermometers

IRT gAY

e Mercury is a metal, like iron or aluminium, i.e., which conducts current and shines, but unlike
our metallic utensils or spoons, it is in a liquid state.

URT SIE IT ToTATAGH T $71cl Teh €1 &, 37UT T Taeg e T Felleled el & 3R THAATE,
foec] GHR ©Te] o sttt AT Tl & ol I8 a aedT & giar |

¢ Now most metals expand a bit when heated.
37TRIhTT €TV T8 el I e HAT H thefell 2 |

e This is because the atoms within the materials tend to get away from each other when they
are hot.

T 3afAT giaT & Fifeh gerf & sfiek 3uTrd oA 916 glel o) Teh-gg & g SAlel ofTdl & |
e But one of the most amazing properties of mercury is that it expands only as much as it is
heated.

fehe] IR T Teh 37T IS 0T g & foh T8 3T &1 Holell & FScfetr 38 a1 foharr S &1
e Think of it like a rod whose length changes depending on how hot it is.

S8 Ul B3 & TH FATHT TTHRT TS 3Hh ATIHT & HeTHR Feelcll el ¢
e Theideais simple: put mercury in a glass bulb attached to a tube.

TR A T &2 Teh aTell A S i & dod H IRT #R AT
e Keep the bulb in a bucket of ice.

Tod T T T IR dTecr &7 AT

e Use your favourite scale to equally divide the distance between the two marks into 100
divisions.

31eT YT GHSIET AT T UL Shleh ST Slall RIgsil o sfier Y gl T FAT & & 100 HE1T H
faenfara s &ifaw|

Digital thermometers

IHEEGE LIRSS

e So to measure temperature, one basically needs a material which changes its behavior
depending on how hot something is, and whose change of behavior can be measured
accurately.

37l ATYAT HIIA & TIT HeTeT: T8 Iere T 3TaeTehell §1clt &, TSIaeht egagR a1d o 3eTar
FeordT &1 3R T cgagR 7 afkadis 31 @ §9 & AT 31 T |

e This branch of physics which specialises in the principles behind measurements is called
metrology.

FifaehT T g emar S ATG & FAGUTar T 3T Hcl 8, ACIATST Fgeldl o

e With advances in condensed matter physics — the physics of materials — physicists
created a new class of materials called semiconductors in the 1950s.

wufad geret sitfashr — 3rafq gerat v siifadhr — & garfar & ary, #ifaes danfast o 1950 &
g2 H Uit i U =15 Jof fafaa 61 o srdarae (@iesaex) gl 1|

e Semiconductors are neither metals (i.e. conductors) like aluminum or copper, nor insulators
(i.e. things which do not conduct current) like glass or wood.

3TErITeTh & ol UegATaas I1 dld Sl erqq (31T wrefeh) gl & 31 &1 &) i AT ofhst S
WI

e In metals, electrons move freely from atom to atom, like a soup - so they can easily conduct
electricity whenever a battery is attached.
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T3 7 oIl G T HifcT Teh THIV] H GEY IAIY] e T &9 F AT X 8, FAAT S
S €1 3 3T & faegd T Helelel X &

¢ Ininsulators, the electrons are tightly bound to the atoms.
FrelTefehl 7 Felerelel IRATUI3I & e Teeh gooll & SfS ol & |

e So even when a battery is put - they refuse to budge.
SafoT ST oRTel IR 477 3 fgolet T SFR X S &

e In semiconductors, electrons are loosely bound to the atoms.
3TETITeThT 3 Solerglel TRATUI3N & HAETH el TT A JS A 8|

e They mostly stay close to atoms, but when the atoms become agitated due to heat, they
shake off these electrons.

d HHG: TATI3T & foiehe Wd €, fhe] STe a1 3 SROT 9ATY] 33T 81 Sl €, e & gt
Solaglell T HaFd F ot ¢ |

o Now when a battery is attached to a semiconductor and if the temperature rises, the atoms
shake more vigorously and more electrons are made free.

319 ST fohalt 3rdiamereh & Sl ST ST & 3R YA ST 8, e WA 38 diadr & e
FXel 9T & 3R 31fRre sorereler Ferd gt S B

e So the hotter the surrounding is, more current will be generated and if we can measure that
current we can find what the temperature is!

37T: RO TS 3118 137 §I9T, 3ceiT TP URT 3ceoT gioil 3R IS & 37 9RT HI AT o, ar
TTIHTT AT X Tohd & |

e This is what happens in a digital thermometer.

IEY IfsRaT 31T B # 91T S arer RBfoee yatHex 7 g1 &1

Absolute zero and cold atoms
H e 3R effer gy

e That temperature is now defined as the Absolute zero - in another unit called Kelvin (K): the
scientific unit of measuring temperatures.

3 ATIHT T 37 G Yo e oIl &, For 8 Ffeae (K) FATHS Teh 3 3ehls H egerd fonar
SITAT g, S dT9HTT A9 T JATAS 5SS 8
e In terms of Celsius, this means -273 degrees Celsius.
Afcaaa YA 9T s@eT 379 -273 33 afcaag giar &1
e When temperatures fall to just a few Kelvins, they become even harder to measure.
ST ATIHTS H Y Hfedst deh [ STl 8, T 38 AT R o 6fSeT g St g1

e We cannot use our mercury or semiconductors to measure them, since the properties of
these thermometers themselves would change completely.

§ So¢ AT o ToIT IRT 31T eI T ST g1 T Hehd, FTTeh Sof YHHIEI & 70T
T & qoia: seeT ST 81

¢ |nfact, even atoms themselves become very funny at these temperatures and we need to use
the whole power of quantum mechanics to understand them.

aEcd &, 3T A9 R A T 87 37cdd fafe sagR el ol & 31K 3¢ T & fav
o FaTeH FifAPY h FEOT e T ST HAT I3 ¢ |
e Study of such atoms at ultra-low temperatures is cold-atomic physics.

I T AT IR O SRATT3HT & 37T i el -awwoy sitfoeh FEr ST 8

Bose and his condensate

R 31 3T guferd uere
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e Atoms, in general, can be considered as one of the two types of personalities.
AT AT T &1 TR o TIHTGT H Fafiepel FohaT ST HehelT &1

e One: fermions’ type, where they do not like to stay together in one room.
Teh YR BTN &, fTs 3 Teh &) TUTT IR AT g1 THE, 81 i |

e And another: ‘bosons’ where they like to all stay together whenever given a chance.
ST YR ‘ST 8, T 3rae ffelel o & Hell Teoh |1 T6=1T TG hic ¢ |

e ‘Bosons’ is named after Satyendra Nath Bose, an Indian physicist.
‘Il T AT HRAT Hifaen faae vy A1 919 & «#F @1 T8

e In 1924, he « rst theoretically predicted the statistical behaviour of these ‘bosons’.
1924 # 3¢l Igell IR 3o ‘AT & FifETRT agR i Verifaen sifasaarod fr 2|

e Many cold atoms are bosonic in nature and when they reach temperatures very close to zero

Kelvin they form an exotic phase of matter called the Bose-Einstein Condensate (BEC),
named after Bose and Albert Einstein.

37tk AT IATYT ST Yol o Bl ¢ 3R 519 3 Y shiede & e ﬁao—cmmaa:qg”ﬂﬁ
g, a9 3 ueTy fr U TITEToT IaEAT 10 & T S-S Hua (BEC) gl STl &, foraenr
ATH 919 3R Ieae ST o AT W @1 AT g |

e |n 2001, three U.S. scientists Eric A. Cornell, Wolfgang Ketterle and Carl E. Wieman were
awarded the Nobel Prize in Physics for achieving the BEC in experiments at a temperature

of 20 nanoKelvins (nK).

2001 & ieT 3rARFT I TR T. Fiefel, AewIT FeTer 3R FTel §. T Y 20 AalhloasT

(NK) ATHATT T G2 A BEC 9Te el o fow silfaehy 1 el QReR verT foham arm|
e 1 nKis 0.000000001 Kelvin, just slightly above Absolute zero.
1 nK, 0.000000001 shfedel & SRTeR BIcT &, ST G YT § Shalel UTST &1 HTeh |

Essay

26 May 2026

TOPICS COVERED

26M | QUIZ

Questlons and answers to the previous day’s daily quiz: 1: In
‘1895 this famous Engllsh,wnter was convicted for gross indecency
and for practicing homoskxual acts sentenced to serve two years in
prlson Ans: Oscar Wilde

2: N'g‘me the British politician and writer known for coining phrases
like ‘the pen is mightier than the sword’ and ‘It was a dark and
stormy night’ born on this date. Ans: Edward Bulwer-Lytton

3: May 25 is observed 3s ‘Africa Day’ to commemorate the
foundation of the Organization of African Unity on that date in
1963. It was founded in this National capital. Ans: Addis Ababa
(Ethiopia)

26M. QUIZ: “The pen is mightier than the sword”

e Edward Bulwer-Lytton was a famous British
novelist, dramatist, and politician of the nineteenth
century.

e He is widely known for coining the expression
“The pen is mightier than the sword” in his 1839
play Richelieu, highlighting the power of ideas and
writing over violence.

e He also wrote the phrase “It was a dark and
stormy night” in his novel Paul Clifford. Besides

literature, he served in British politics and contributed significantly to Victorian literary culture

and popular fiction.
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