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DRDO develops Single Crystal Blades
for helicopter engine application

Defence Research and Development Organisation (DRDO) has developed single crystal blades
technology and supplied 60 of these blades to Hindustan Aeronautics Limited (HAL) as part of
their indigenous helicopter development program for helicopter engine application. It is part of a
program taken up by Defence Metallurgical Research Laboratory
(DMRL), a premium laboratory of DRDO, to develop five sets (300
in number) of single crystal high pressure turbine (HPT) blades
using a nickel-based super alloy. The supply of remaining four sets
will be completed in due course.

Helicopters used in strategic and defence applications need
compact and powerful aero-engines for their reliable operation at
extreme conditions. To achieve this, state-of-the-art Single Crystal
Blades having complex shape and geometry, manufactured out of
Nickel based superalloys capable of withstanding high temperatures
of operation are used. Very few countries in the world such as USA, -

. . . ingle  Crystal Blades for
UK, France and Russia have the capability to design and pelicopter Engine Application
manufacture such Single Crystal (SX) components.

The DMRL undertook this task based on its expertise gained during the development of such a
technology for an aero-engine project earlier. Complete vacuum investment casting process to
realise the blades, including die design, wax pattering, ceramic moulding, actual casting of
components non-destructive evaluation (NDE), heat treatment and dimensional measurement, has
been established at DMRL.

Special ceramic composition had to be formulated for making strong ceramic moulds which can
withstand metallostatic pressure of liqguid CMSX-4 alloy at 1500°C and above during casting
operation. The challenge of maintaining the required temperature gradient has also been overcome
by optimising the casting parameters. A multi-step vacuum solutionising heat treatment schedule
for complex CMSX-4 superalloy to achieve the required microstructure and mechanical properties
has also been established.Further, a stringent non-destructive evaluation (NDE) methodology for
the blades along with the technique for determining their crystallographic orientations has been
developed.

Raksha Mantri Shri Rajnath Singh has congratulated DRDO, HAL and the industry involved in
the development of critical technology.

Secretary Department of Defence R&D and Chairman DRDO Dr G Satheesh Reddy
congratulated and appreciated the efforts involved in the indigenous development of this vital
technology.
https://www.pib.gov.in/PressReleasePage.aspx?PRID=1714134
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DRDO develops critical crystal blade
technology for aero engines

‘Very few countries have the capability to design and manufacture such components’

New Delhi: In a major technological breakthrough, the Defence Research and Development
Organisation (DRDO) on Monday said it has developed single crystal blade technology and
supplied 60 of such blades to the Hindustan Aeronautics Limited (HAL) as part of their indigenous
helicopter development programme for helicopter engine application.

“It is part of a programme taken up by the
Defence Metallurgical Research Laboratory
(DMRL), a laboratory of the DRDO, to develop
five sets, 300 in number, of single crystal high
pressure turbine (HPT) blades using a nickel-
based super alloy,” the DRDO said in a statement.
The supply of the other four sets will be
completed in due course, it said.

Very few countries such as the U.S., the U.K,,
France and Russia have the capability to design
and manufacture such single crystal components, Sespfetshee“ﬁlt'ié/e F'?;%ee a\égféjsgivacho;vgtiﬁs CS;C:bifliiSt tft]g
iF said. The DRD_O has been Work.ing.for a _I(?ng de.Si.Q’]ﬂ and manufacture such single crystal coﬁwponeﬁts.
time to develop this technology which is a critical |Photo Credit: REUTERS
component in aero engines.

Helicopters need compact and powerful aero-engines for operating at extreme conditions and to
achieve this, state-of-the-art single crystal blades having complex shape and geometry,
manufactured out of nickel based super-alloys capable of withstanding high temperatures of
operation are used.

The DMRL undertook this development based on its expertise gained during the development of
such a technology for an aero-engine project earlier. Complete vacuum investment casting process
to realise the blades, including die design, wax pattering, ceramic moulding, actual casting of
components non-destructive evaluation, heat treatment and dimensional measurement, has been
established at the DMRL, the statement said.
https://www.thehindu.com/news/national/drdo-develops-critical-crystal-blade-technology-for-aero-
engines/article34415540.ece
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DRDO develops single crystal blades
for helicopter engine application

The Defence Research and Development Organisation (DRDO) made
single crystal blades technology using nickle based superalloy for helicopters
By Manjeet Negi

New Delhi: The Defence Research and Development Organisation (DRDO) has developed
single crystal blades technology for helicopters and has supplied 60 of these blades to Hindustan
Aeronautics Limited (HAL) as part of their indigenous helicopter development programme for
engine application.

This is part of a programme taken up by
Defence Metallurgical Research Laboratory
(DMRL) to develop five sets of single crystal
high-pressure turbine (HPT) blades using a
nickel-based superalloy.

The remaining four sets will be supplied later.

Helicopters used in strategic and defence
applications need compact and powerful aero
engines for operating in extreme conditions. To
achieve this, state-of-the-art single crystal blades
with complex shape and geometry, manufactured
out of nickel-based superalloys capable of
withstanding high temperatures of operation are
used. Very few countries in the world such as the
US, the UK, France and Russia have the ability
to design and manufacture such components.

. According t_o DMRL, "Complete vacuum Single Crystal Blades for Helicopter Engine Application
investment casting process to realise the blades,

including die design, wax pattering, ceramic moulding, the actual casting of components non-
destructive evaluation (NDE), heat treatment and dimensional measurement has been established at
DMRL".

Special ceramic composition had to be formulated for making strong ceramic moulds that can
withstand metallostatic pressure of liqguid CMSX-4 alloy at 1500°C and above during casting
operation, DMRL said.

The challenge of maintaining the required temperature gradient has also been overcome by
optimizing the casting parameters, it said, adding that a multi-step vacuum heat treatment schedule
for complex CMSX-4 superalloy to achieve the required microstructure and mechanical properties
has also been established.

Further, a stringent Non-destructive Evaluation (NDE) method for the blades along with the
technique for determining their crystallographic orientations has been developed.

Defence Minister Rajnath Singh congratulated DRDO, HAL and industry involved in the
advancement of this technology.

https://www.indiatoday.in/india/story/drdo-develops-single-crystal-blades-for-helicopter-engine-
application-1795221-2021-04-26
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fAarer fF¥ee sas (Single Crystal Blade) # :AHNREET A DRI waberemer BHa
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freear (SX) gait #t Bamsa va AT Fa i s WA B

5



¥ sz FRGT AWAT F R 1500 Bt Afcwaw ik 3@ 30 auAas | @«
HeATHTE-4 Y U F &6 F OWHAT F FHAT ¢ HETF YA F SAR-GGE H
TAT @S A Al ot FfeeT AmEst o swAd FF g i 7§ ¥ W AFReEw sk
Fit IO B UeT A F v SR divATarTd-4 3cpse AT uig § T ag-
T e Asge o Tuifa fmar o B

3US IAMEl, sas & AT v For N-Femerd geaiwa (wdd) gqufa & aror-wry 3o
frrectanfes grFE 1 AuRor F@ f dweds e @ a8 71w FN geenr RE A
NAIRAN, Tavee IR Agcaqt WA & Rem F afFd e B qud & {1 @
fasmr & sy vd e @fRT g HaREAE & eyt sl S @l T A o sw
3qafey W aUE A

https://www.aajtak.in/science/story/drdo-develops-single-crystal-blades-for-helicopter-engine-tstr-
1245237-2021-04-26
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Rajnath Singh congratulates DRDO on developing
single crystal blades for helicopter engine
application

The Defence Research and Development Organisation (DRDO) has developed
a single crystal blades technology and has supplied 60 number of these blades
to Hindustan Aeronautics Limited (HAL) as part of their indigenous
helicopter development program for helicopter engine application
New Delhi: The Defence Research and Development Organisation (DRDO) has developed a
single crystal blades technology and has supplied 60
number of these blades to Hindustan Aeronautics
Limited (HAL) as part of their indigenous helicopter
development program for helicopter engine
application. The supply of the remaining four sets will
be completed in due course.

According to Ministry of Defence, this is part of a
program taken up by Defence Metallurgical Research
Laboratory (DMRL), a premium laboratory of DRDO
to develop 5 sets (300 Numbers) of single crystal high
pressure turbine (HPT) blades using a nickel-based
Super aIon. The supply of the remaining 4 sets will be Visual of DRDO's single crystal blades for helicopter
completed in due course. Meanwhile, Defence cngine application (Photo/Twitter). Image Credit:
Minister Rajnath Singh congratulated the DRDO. ANI
"Raksha Mantri Rajnath Singh has congratulated DRDO, HAL and the industry involved in the
development of this critical technology," his office tweeted.

The DRDO said that helicopters used in strategic and defence applications need compact and
powerful aero-engines for their reliable operation at extreme conditions. To achieve this, state-of-
the-art single crystal blades having complex shape and geometry, manufactured out of Nickel
based superalloys capable of withstanding high temperatures of operation are used. Very few
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countries in the world such as the USA, the UK, France, Russia, have the capability to design and
manufacture such Single Crystal (SX) components. DMRL undertook this task based on its
expertise gained during the development of such a technology for an aero-engine project earlier.
Complete vacuum investment casting process to realise the blades, including die design, wax
pattering, ceramic moulding, actual casting of components non-destructive evaluation (NDE), heat
treatment and dimensional measurement, has been established at DMRL.

"Special ceramic composition had to be formulated for making strong ceramic moulds which
can withstand metallostatic pressure of liquid CMSX-4 alloy at 1500 degree Celsius and above
during casting operation. The challenge of maintaining the required temperature gradient has also
been overcome by optimising the casting parameters. A multi-step vacuum solutionising heat
treatment schedule for complex CMSX-4 superalloy to achieve the required microstructure and
mechanical properties has also been established,” the Ministry said. Further, a stringent non-
destructive evaluation (NDE) methodology for the blades along with the technique for determining
their crystallographic orientations has been developed. (ANI)

(This story has not been edited by Devdiscourse staff and is auto-generated from a syndicated feed.)
https://www.devdiscourse.com/article/headlines/1549834-rajnath-singh-congratulates-drdo-on-developing-
single-crystal-blades-for-helicopter-engine-application
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Indian Army’s Arjun MKk-1 Alpha Tanks
‘Desert-Storms’ India-Pakistan border;
tests firing capability

By Ayush Jain

The Indian Army demonstrated the combat capabilities of its Arjun Mk-1 Alpha tanks in a live-
fire exercise at the Pokhran Field Firing Range in Rajasthan’s Jaisalmer, on the weekend.

Konark Corps (XII Corps) GOC Lt. Gen. P S Minhas, Battle Axe Division GOC Major-Gen.
Ajit Singh Gehlot and other officials observed the firing capabilities of the latest tank, The Times
of India reported.

This tank is the cavalry’s latest workhorse handed over to the service in February 2021 by Prime
Minister Narendra Modi in Chennai. The Defense Acquisition Council had cleared the
procurement of 118 Arjun MK-1A tanks (earlier called Mk-II) at an estimated price of Rs 8400
crore.

A senior official was quoted as saying by TOI, “Seeing the current scenario and challenges, the
firepower demonstration of Main Battle Tank Arjun Mk-1 Alpha, which is an advanced version of
Arjun, took place to check its capabilities in various parameters in the desert area, thus fulfilling
army’s future requirements.”

One of the main features demonstrated was the ability to fire accurately while on the move.
“The Mk-1A includes an improved gunner’s main sight, integrated with automatic target tracking.
This would enable the tank crew to track moving targets automatically, and engage them even
when Arjun is on the move,” the source added.

Arjun Mk-1A

The development of the Arjun Mk-1A tank has been an exhaustive and long-awaited process of

about 48 years, since the commencement of the project at CVRDE (Combat Vehicles Research and
Development Establishment) laboratories in 1972.
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It was only in 1996 that the Indian government decided to mass-produce the tank at the Indian
Ordnance Factory’s production facility in Avadi on the outskirts of the southern Indian city of
Chennai.

The Arjun tanks have seen a lot of improvement since its first variant, the Arjun Mk-1. The Mk-
1, being the initial production batch, had undergone extensive trials and paved the way for the
development of the Mk-2 (re-designated to MKk-1A).

While weight has been termed as the primary issue for the tank, its ground pressure is lesser
than that of the T-72 due to inherent design features.

The Arjun had been developed focusing on increased protection against emerging threats of the
new century. The turret and glacis are protected with “Kanchan” (gold) modular composite armor,
which derived its name from Kanchan Bagh, Hyderabad, where the Defence Metallurgical
Research Laboratory (DMRL) is located.

Kanchan is made by sandwiching composite panels between Rolled Homogenous Armour
(RHA). This helps in defeating APFDS (armor-piercing fin-stabilized discarding sabot) and HEAT
(high-explosive anti-tank) rounds. Trials conducted in 2000, showcased the ability of Kanchan
armor to protect the tank, even when hit at point-blank range by a T-72.

It also demonstrated the capability to defeat HESH (high-explosive squash head) and APFSDS
rounds, which included the Israeli APFSDS rounds.

The tank comes with a new honeycomb design of non-explosive and non-energetic reactive
armor (NERA) along with nuclear, biological, and chemical (NBC) protection equipment, along
with mine sweeps and an automatic fire fighting system.

Indian Army Armoured Corps has cleared the upgraded Arjun Mk 1A after successful
completion of final integration tests conducted in Rajasthan in 2019. It comes with 72
improvements over Arjun Mk 1 with 14 major upgrades.
https://eurasiantimes.com/watch-indian-armys-home-grown-arjun-mk-la-tank-showcases-its-fire-power/
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https://navbharattimes.indiatimes.com/state/rajasthan/jaisalmer/sound-of-arjun-tank-heard-in-sandy-
rajasthan-watch-video/videoshow/82260169.cms
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https://www.jagran.com/uttar-pradesh/lucknow-city-now-drdo-covid-hospital-of-lucknow-will-be-o0f-500-
bed-with-control-room-21592514.html
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Project DANTAK completes 60 years in Bhutan

Project DANTAK is commemorating its Diamond Jubilee in Bhutan. Indian Ambassador to
Bhutan Smt Ruchira Kamboj laid a floral wreath at the DANTAK Memorial in Simtokha on April
24, 2021. Commandant, Indian Military Training 3 o ~lgnnww,
Team (IMTRAT) Maj Gen Sanjeev Chauhan and
Chief Engineer DANTAK Brig Kabir Kashyap also
paid their respects at the memorial. It was a fitting
tribute to the sacrifices made by personnel of
DANTAK in strengthening the bonds of friendship
between India and Bhutan. It may be recalled that over
1,200 DANTAK personnel laid down their lives while
constructing important infrastructure in Bhutan.

Project DANTAK was established on April 24,
1961 as a result of the visionary leadership of His
Majesty the Third King and then Prime Minister
Jawahar Lal Nehru. Identifying the utmost importance
of connectivity in spurring the socio-economic
development and growth of Bhutan, DANTAK was
tasked to construct the pioneering motorable roads in
the Kingdom. DANTAK completed the road
connecting Samdrup Jongkhar to Trashigang in 1968.
In the same year, Thimphu was connected to
Phuentsholing by DANTAK. Many Bhutanese had
also volunteered to work with DANTAK.

Over the years, DANTAK has met the myriad infrastructure requirements in Bhutan in
accordance with the vision of Their Majesties and the aspirations of the people in a symbiotic
manner. Some other notable projects executed by the project include the construction of Paro
Airport, Yonphula Airfield, Thimphu — Trashigang Highway, Telecommunication & Hydro Power
Infrastructure, Sherubtse College, Kanglung and India House Estate.

The medical and education facilities established by DANTAK in far flung areas were often the
first in those locations. The food outlets along the road introduced the Bhutanese to Indian
delicacies and developed a sweet tooth in them. The famous Takthi Canteen midway between
Phuentsholing and Thimphu has been a compulsory stop for travelers.

As DANTAK celebrates six decades in Bhutan, the project reaffirms its commitment to support
the march of Bhutan towards realising the dreams of His Majesty Druk Gyalpo, the plans of the
Royal Government of Bhutan and aspirations of the people of the kingdom.
https://www.pib.gov.in/PressReleasePage.aspx?PRID=1714170
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T A SdF IRANSAT o 60 Wl X fFw

HeT H G IRINSTAT el SHS Slaell HAT W g1 HIT H HARAT Toiga AAdT JferT
delel o 24 3e, 2021 F G & &dh ARG H T oUisifel AT | HRAT dea
IRIETOT &l (ASTAEIRTLE) & HASC AR el Holg digl iR &g HFAAr das oo
AR HIAY o T 37 TARD W gouiaiiel I HT| Ig R R e & @i Qe & aee
F AT A H gddh & HHAAT garT he T Ffoee & o & seuisfa O ag ® F
T H Hgcaqul gl &1 T AT i AT 1,200 & &b &clsh HiAAT o e SiideT
a1 s o s OISR I
24 39T, 1961 & o & HETHGH My TG | S = X0 g
3R AeHeleT HRAT TUGAHAS AR T AEE &
oIt Agea & URUTEEET WoiFe S ST U e
d1 S A e & FHEGE-IRE faeE 3 [
TR B gHRd ae F FAFeRd F yafRe @
Hgcd & gl A g, ddsh @ Tsg H 3ol
Aex AT FH & AT FT FHE AT T AT
das o 1968 F TAGT SierER F AEET F s (.
arell Wseh T QU R un| 34T @Y, REp H ah
CaRT Gelfedr & ST T F$ Herar o el
TITOT ¥ H1H AT & A Am | |
o7 asl #F dad F O F IEET T T |
H QU fRar §, S 6 @ dr wenmdr @ efte R
A T AT & IR §l IR G@RT
fsuTied $o 30 ooy IRAISHIT F URY gaT$ 3758, AThell TRles, RFg - AT
AT, qUEAR 3R 88l 9Iel Sevhrgar, AT Flol, ngﬁmmvﬁ‘dw
fAToT enfAer &1
&ceh SaRT Fegadt & # Turod fafhcar 3R Ruem glaurd 39 wuEt # ggelr off| @s% &
foheTX ITel T gelell o el Sl T ARAT holell & IRTAT HIAT AR HRAT st &
fow o7t e fawhfAd g3ml Berifeler AR Reg & g g5 arell affey qoredy S ant=t
& o v AHaT gBE a1 W@ B
ST fh e el H OF GUS & SR Hell T ¢, 6 GRS o & HEHRGH Ih
TGN & AT I AR A T G 7 e & FAGT H 30T Gidacwdr, e @I g
AR T AT AR T & olelt Hr repien3i Hr gite Far
https://pib.gov.in/PressReleasePage.aspx?PRID=1714201
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CDS Gen Bipin Rawat briefs PM Modi on armed
forces’ readiness in fight against COVID-19

To offer assistance to the healthcare workers of the country, retired
or prematurely retired medical personnel are being recalled
Edited By Sheetal Patro
The Chief of Defence Staff (CDS) General Bipin Rawat on Monday met PM Modi and briefed
him on the initiatives taken by the armed forces to combat the ongoing COVID-19 pandemic in the
country. The efforts are directed to assist the states and civil authorities to function smoothly
against the second wave of coronavirus, Rawat said.

The Air Force is actively undertaking
transportation of oxygen and other essentials in
India and abroad, which was reviewed by the
PM. On Saturday, the Air Force brought four
cryogenic oxygen tanks from Singapore to
Panagarh in West Bengal. On Monday, the C-17
aircraft of the IAF carried seven empty
cryogenic oxygen tanks from Dubai and
unloaded them in Panagarh in the evening.

The Indian Navy’s mission, 'Oxygen Express'
under the Southern Naval Command, is
transporting essentials like oxygen cylinders, rapid antigen testing kits to the remote island of
Kavaratti, Lakshadweep.

The CDS also told the Prime Minister that to offer assistance to the healthcare workers of the
country, retired or prematurely retired medical personnel are being recalled. The personnel will be
near a Covid facility close to their current residence. The personnel who have retired earlier also
have been asked to be available for consultations through emergency helpline numbers.

The Prime Minister was also informed that all medical officers on staff appointments at
Command, Corps, Division, and similar headquarters of Navy and Air Force will be employed at
hospitals.

General Rawat informed PM Modi that nursing personnel are being employed in large numbers
to compliment the doctors at the hospitals and that oxygen cylinders available with Armed Forces
in various establishments will be released for hospitals.

The CDS also said that they are creating medical facilities in large numbers and where possible
military medical infrastructure will be made available to civilians.

Comprehensive efforts are being put by the armed forces, along with the Defence PSUs,
Ordnance Factory Board, DRDO, and other arms of the Defence Ministry. DRDO has re-opened its
Covid-19 facility centre in Delhi. It also has proceeded to open a 500-bed Covid hospital in Patna,
a 450-bed hospital in Lucknow, a 750-bed hospital in Varanasi and a 900-bed hospital in
Ahmedabad.

https://www.dnaindia.com/india/report-cds-gen-bipin-rawat-briefs-pm-modi-on-armed-forces-readiness-in-
fight-against-covid-19-2887965

Photo: Twitter/@DefencePROPalam
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Army, Navy, Air Force seek emergency financial
powers for 3 months to tackle Covid crisis

The proposals from the three armed services are currently under the
active consideration of the govt, and a decision is expected shortly
By Amrita Nayak Dutta, Edited by Debalina Dey
New Delhi: The Army, the Navy and the Air Force have sought emergency financial powers
from the defence ministry to expedite critical procurement needed to build additional infrastructure
to tackle the growing burden of the coronavirus pandemic, ThePrint has learnt.

According to sources in the government, the proposals seeking emergency financial powers for
additional infrastructure — such as quarantine facilities and equipping them with stores, ration and
other materials — for a period of three months are currently under the active consideration of the
government. ,

A decision on this is expected shortly. The
services were granted emergency financial powers
last year too.

Once approved, the emergency powers could
range from delegating full financial powers to
providing spending powers of Rs 20 lakh to the
heads of different formations of the three services.

For example, last year, Army commanders were
sanctioned full financial powers, while corps The Army and other services have been engaged in
commanders or area commanders were made India's efforts against Covid-19 (representational

.. ... image) | Photo: ANI
eligible to spend Rs 50 lakh, and division
commanders or sub-area commanders could spend Rs 20 lakh on Covid-related infrastructural
work in their respective jurisdiction.

The development comes after the defence ministry last week sanctioned invoking Schedule 8.1
of Delegation of Financial Powers to Defence Services (DFPDS-2016), which deals with the grant
of emergency financial powers to the Armed Forces Medical Service (AFMS) upto 30 September
2021.

Schedule 8.1 of DFPDS-2016 provides for full financial powers to the Director General (DG),
Armed Forces Medical Service (AFMS) for procurement of medical items, materials and stores.

In addition, DGs Medical Services in the service headquarters of the Army, Navy and Air Force
have also been granted financial powers of Rs 5 crore. At the field level in Commands/Corps, Rs 3
crore will be made available to a Major General-equivalent and another Rs 2 crore to a brigadier-
equivalent officer of the AFMS.

These emergency financial powers will also be utilised for providing various services on
treatment and management of Covid-19.

In addition, Schedule 2.5 of DFPDS also provides for expenditure upto 5 lakh per day per
patient to commandants of Military Hospitals headed by a Lieutenant General.

It will also accord spending powers of Rs 3 lakh and Rs 2 lakh on hospitals headed by Major
Generals and Brigadiers. Defence sources told The Print that this schedule is also being used for
managing the pandemic.
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Tackling a health crisis

According to defence sources, the services have pointed out the exponential rise in Covid cases
and thus the requirement of augmenting infrastructure of military hospitals and quarantine facilities
with materials, equipment, stores, rations, beds and ambulances, to tackle the health crisis.

This will also include personal protection gear, sanitisation and other medical equipment.

“There was emphasis on how invoking emergency powers will help in better management of the
Covid-19 situation and aid repairs and faster procurement of medicines and other medical
equipment needed for the pandemic on a real-time mode,” a defence source said.

As reported by ThePrint, last year too, the Ministry of Defence had granted emergency financial
powers to Army commanders, corps commanders as well as division or sub-area commanders to
expedite procurement related to establishing and running quarantine facilities, among other things,
for an initial period of three months, which was later extended by three more months.

The powers were later also given to Naval and Air Force commanders and other senior officers
of the services.

When are these powers exercised

The emergency powers to the three services enumerated under different schedules of the
DFPDS-2016 are exercised as and when the government notifies an event through an order
declaring war, hostility, natural calamity or disaster or when the defence minister declares and
orders military preparedness for emergency or other immediate military necessities.

It will also be applicable as and when a proposal, mooted by the service chiefs, is approved by
the defence minister for immediate action to be taken in case of a series of incidents or when the
Army is requisitioned for internal security duties.

Procurement powers under various heads vary and are enhanced in consultation with the
Integrated Financial Adviser (IFA), who is from the Controller General of Defence Accounts
(CGDA).

On Monday, Chief of Defence Staff General Bipin Rawat met Prime Minister Narendra Modi to
review the preparations and operations undertaken by the armed forces to tackle the pandemic.

https://theprint.in/defence/army-navy-air-force-seek-emergency-financial-powers-for-3-months-to-tackle-
covid-crisis/646414/
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India third highest military spender in 2020, states
data published by Stockholm International Peace

Research Institute

The US spent a total of $778 billion in 2020, China spent $252 billion and
India’s military expenditure was $72.9 billion. All three countries saw their
military spending go up compared to 2019, even during a pandemic year
By Krishn Kaushik
New Delhi: India was the third largest military spender in the world in 2020, behind only the US
and China. According to the latest military expenditure database published on Monday by the
Stockholm International Peace Research Institute, which tracks military expenditure and arms trade
globally, the US accounted for 39 per cent of the money spent on military globally, China
accounted for 13 per cent, and India accounted for 3.7 per cent of the globe’s share.

The US spent a total of $778 billion in 2020,
China spent $252 billion and India’s military
expenditure was $72.9 billion. All three countries
saw their military spending go up compared to
2019, even during a pandemic year.

While India’s spending since 2019 grew by 2.1
per cent, the increase for China was more moderate,
at 1.9 per cent. The US saw a 4.4 per cent growth
over its 2019 expenditure. ;

The Unied States” milary spending was 3.7 per (127 202 1 220 Ay il it
cent of its GDP while the correspondlng numbers growth while India’s military spending grew by 34 per
for China and India were 1.7 per cent and 2.9 per cent. (File photo)
cent respectively.

From 2011 to 2020, American military expenditure dropped by 10 per cent, but China saw a 76
per cent growth while India’s military spending grew by 34 per cent.

SIPRI said that military spending in Asia and Oceania “was 2.5 per cent higher in 2020 than in
2019 and 47 per cent higher than in 2011, continuing an uninterrupted upward trend since at least
1989” and attributed the rise “primarily to increases in spending by China and India, which
together accounted for 62 per cent of total military expenditure in the region in 2020”.

The other top spenders included Russia with $61.7 billion, the UK at $59.2 billion, Saudi Arabia
at $57.5 billion, followed by Germany and France at just under $53 billion each.

Releasing the latest data, SIPRI said that the total “global military expenditure rose to $1981
billion last year, an increase of 2.6 per cent in real terms from 2019” and the “five biggest spenders
in 2020, which together accounted for 62 per cent of global military expenditure”.

It mentioned that the “2.6 per cent increase in world military spending came in a year” when the
global GDP shrank by 4.4 per cent (October 2020 projection by the International Monetary Fund),
“largely due to the economic impacts of the Covid-19 pandemic”.

It added that as a result, “military spending as a share of GDP—the military burden—reached a
global average of 2.4 per cent in 2020, up from 2.2 per cent in 2019,” which, it said, “was the
biggest year-on-year rise in the military burden since the global financial and economic crisis in
2009”.

https://indianexpress.com/article/india/india-third-highest-military-spender-in-2020-7290118/
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U.K. aircraft carrier on maiden deployment
to Indian Ocean in autumn

Britain will also establish a maritime partnership
with India to support mutual security objectives

New Delhi: As part of its Indo-Pacific focus, the U.K.’s aircraft carrier Queen Elizabeth will sail
to the Indian Ocean on its maiden operational deployment later this year and will also exercise with
the Indian Navy.

“As a representation of the ‘Indo-Pacific
tilt’ in the U.K.’s foreign policy, the HMS
Queen Elizabeth Carrier, the largest ship ever
built by the Royal Navy, will sail to India,
Japan, South Korea, Singapore and the wider
region,” the British High Commission said in
a statement on Monday. “The UK’s Carrier
Strike Group (CSG) 2021, led by HMS Queen
Elizabeth, will sail to India in the autumn on
its maiden operational deployment.”

The ship will conduct a series of joint The HMS Queen Elizabeth Carrier will conduct a series of
exercises with Indian mi|itary forces in the jointexercises with Indian military forces in the Indian Ocean.
Indian Ocean, “expanding our interoperability and enhancing our capabilities to defend against
shared threats and protect our democratic values,” the statement said.

Throughout the deployment, the U.K. will support freedom of passage through vital global
trading routes and demonstrate commitment to a recognised international system of norms and
behaviours that benefit all countries, it said. “It will also help to establish a maritime partnership
with India to support our mutual security objectives in the Indian Ocean.”

In a landmark review of its foreign, defence, development and security policy, published last
month, the U.K. government committed to “becoming the European country with the broadest,
most integrated presence in the Indo-Pacific in support of trade, shared security and values”.

The CSG will travel over 26,000 nautical miles from the Mediterranean to the Red Sea, from the
Gulf of Aden to the Arabian Sea, and from the Indian Ocean to the Philippine Sea.

Logistics support agreement

As part of deepening defence cooperation, India and the U.K. are close to signing a mutual
logistics support agreement while the U.K. has expressed interest in posting a Liaison Officer at the
Indian Navy’s Information Fusion Centre for Indian Ocean Region (IFC-IOR).

Britain has also offered India collaboration on development of sixth generation fighter
technologies and the design of Queen Elizabeth for Indian Navy’s proposed second indigenous
aircraft carrier which is yet to be approved by the government.

https://www.thehindu.com/news/national/uk-aircraft-carrier-on-maiden-deployment-to-indian-ocean-in-
autumn/article34415345.ece
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China is planning on building a defence
system for Near-Earth Asteroids

China has made space exploration a top priority in recent years, aiming to establish a
programme operating thousands of space flights a year and carrying tens of thousands of tonnes
of cargo and passengers by 2045

China will hold discussions on building a defence system against near-Earth asteroids, a senior
space agency official said on Saturday, as the country steps up its longer-term space ambitions.
Zhang Kejian, head of the China National Space Administration, did not provide further detail in
his opening remarks at a ceremony for China’s space day in the eastern 01ty of Nanjmg

China has made space exploration a top
priority in recent years, aiming to establish a
programme operating thousands of space flights
a year and carrying tens of thousands of tonnes
of cargo and passengers by 2045.

The European Space Agency last year signed
a deal worth 129 million euros ($156 million) to
build a spacecraft for a joint project with NASA
examining how to deflect an asteroid heading for
Earth.

China is pushing forward a mission where one :
space probe will land on a near-Earth asteroid to Representative image.
collect samples, fly back toward Earth to release
a capsule containing the samples, and then orbit another comet, the official Xinhua news agency
reported, citing Ye Peijian, an academic at the Chinese Academy of Sciences.

The mission could take about a decade to complete, Ye said.

China and Russia signed a memorandum of understanding last month to set up an international
lunar research station.

https://www.news18.com/news/buzz/china-is-planning-on-building-a-defence-system-for-near-earth-
asteroids-3678746.html
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A two-qubit engine powered by entanglement

and local measurements

By Ingrid Fadelli

Researchers at Institut Néel-CNRS, University of Saint Louis and University of Rochester
recently realized a two-qubit engine fueled by entanglement and local measurements. This engine's
unique design, outlined in a paper published in Physical Review Letters, could open up exciting
possibilities for thermodynamics research and inform the development of new quantum
technologies. »

"Our paper is based on a very
simple and deep effect of —
quantum mechanics: Measuring a : ‘
quantum system disturbs the =
system, i.e., changes its state in a wa |
random way,"” Alexia Auffeves, .
one of the researchers who
carried out the study, told
Phys.org. "As an immediate
consequence, the  measuring Credit: Bresque et al.
device provides both energy and entropy to the quantum system, playing a role similar to a hot
source fueling a thermal engine. The noticeable difference is that here, the fuel is not thermal, but
quantum."

A few years ago, Auffeves and some of her colleagues at Institut Néel-CNRS introduced the
proof of concept for a measurement-fueled engine based on a single qubit. This was the first of a
series of proposals that revealed the energetic counterpart of measurement devices.

So far, measurement processes were typically modeled using classical theoretical approaches. In
their new paper, the researchers took a bold step forward by opening ‘the black box' of measuring
devices and looking at it from a quantum physics perspective.

"We specifically considered the creation of quantum correlations between the system to measure
and a 'quantum meter,” Auffeves said. "We tracked the energy and entropy flows along this
process, unveiling the microscopic origin of the measurement fuel. This was the most important
objective of our work."

In their study, Auffeves and her colleagues thus focused on so-called ‘composite systems." Their
analysis ultimately led to the design of a measurement-powered engine based on entangled qubits.
In addition to local measurements, this engine is fueled by a physical phenomenon known as
guantum entanglement. Entanglement occurs when a set of particles interact or remain connected
such that the actions performed by one affect the other, even if there is a significant distance
between them.

The new engine proposed by the researchers has two qubits. A qubit is a quantum system with
two energy states: the ground state |0> and the excited state |1>,

"When a qubit is measured in |1>, one can deterministically extract a quantum of energy from it,
dubbed a photon,” Aufféves said. "When the photon is released, the qubit is back to |0> by energy
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conservation. Respectively, when the qubit is in |0>, one can provide one photon to excite it in the
|1> state."

Aufféves and her colleagues played with two qubits of different colors: a red one and a blue one.
The red qubit exchanges red photons, while the blue one exchanges blue photons. Notably, the red
qubit carries less energy than the blue qubit.

The protocol used by the researchers initially provides a red photon to the red qubit, preparing
|1a > while the blue qubit is |Op>. Subsequently, the qubits interact by exchanging photons with
each other, becoming entangled.

"We then measured the blue qubit,” Auffeves said. "If it is measured in |0,> we are back to the
initial state, and the process restarts. If it is measured in |1,> a blue photon can be extracted. Since
blue photons are more energetic than red ones, one gains energy from the process on average. As
we show and analyze, this energy comes from the measuring device."

The measurement-powered engine proposed by Auffeves and her colleagues relies on a
composite working substance, and entanglement plays a crucial role in its fueling mechanism. The
researchers were able to carry out a quantitative assessment of the two physical resources brought
by quantum measurement, namely information and fuel. In addition, they examined the effects of
these resources on the engine's performance.

"Our findings provide new insights into the fundamental energetic resources at play when a
quantum system is measured, or equivalently, when quantum correlations are created between a
quantum system and a quantum meter,” Aufféeves said. "Originally, these results are valid in the
absence of a well-defined temperature as the only considered source of noise is measurement
itself.”

Auffeves and her colleagues were among the first to extend measurement-powered engines to
composite working substances and to offer a microscopic interpretation of the fueling mechanism.
Their findings could help to extend concepts related to thermodynamics to quantum sources of
noise, such as those that can appear inside a cryostat.

In the future, the researchers’ work could inspire other teams to realize similar engines. In
addition, their study could open up an entirely new field of research, which they suggest could be
called "quantum energetics."

"Our results shed new light on the measurement postulate in quantum mechanics,” Auffeves
said. "Since this mechanism still feeds fundamental debates, one can hope that quantum energetics
provides new measurable quantities to distinguish between the various interpretations of quantum
mechanics. On a more applied side, the energetic footprints of quantum measurement and
entanglement will have an impact on the energy cost of quantum technologies and their potential
for scalability."”

More information: Two-qubit engine fueled by entanglement and local measurements. Physical Review
Letters(2021). DOI: 10.1103/PhysRevL ett.126.120605

Journal information: Physical Review Letters
https://phys.org/news/2021-04-two-qubit-powered-entanglement-local.html
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Experimental proof for Zeeman spin-orbit
coupling in antiferromagnetics

A NUST MISIS professor was part of an international research team that has found evidence for
the existence of the Zeeman spin-orbit coupling in
antiferromagnetic conductors. This work may pave
the way for the next generation of electronics. The
study was published in npj Quantum Materials.

The electron possesses two fundamental
properties: charge and spin. Conventional electronic
devices use only the charge of the electron for
information processing. In recent years, an enormous
research effort has been focused on building
fundamentally new electronic devices (often called
spintronic dt_ewce_s) tha; _would specifically exploit Laboratory equipment at the NUST MISIS
spin properties In addition to charge degrees of Department of Theoretical Physics and Quantum
freedom. Transfer from conventional electronics to Technologies Credit: Sergey Gnuskov/NUST MISIS
spintronics technology opens the possibilities to
construct devices with high storage density and fast operation. The two-component nature of spin-
based systems makes them potentially applicable for quantum computing.

Current effort in designing spintronic devices is focusing on understanding and making use of
spin-orbit coupling, an interaction between the orbital angular momentum and the spin angular
momentum of an individual particle, such as an electron. However, spin-orbit coupling occurring
in many compounds is often weak or its emergence requires the use of heavy components. One
way to overcome spin-orbit coupling related challenges could be the use of antiferromagnetics. A
spin-orbit coupling of an unusual nature, termed Zeeman spin-orbit coupling is expected to
manifest itself in a wide range of ferromagnetic conductors. Being proportional to the applied
magnetic field, the coupling is tunable. Yet, experimental proof of this phenomenon has been
lacking.

The collaboration of a NUST MISIS physicist with colleagues from Germany, France and Japan
produced, for the first time, experimental evidence of Zeeman spin-orbit coupling in two very
different layered conductors: an organic antiferromagnetic superconductor, and a prominent
electron-doped superconductor that belongs to the family of high-temperature cuprate
superconducting materials. Obtained on two very different materials, the results of this work
demonstrate the generic nature of the Zeeman spin—orbit coupling. In addition to its fundamental
importance, the Zeeman spin-orbit coupling opens new possibilities for spin manipulation, much
sought after in the current effort to harness electron spin for future spintronic applications.

"The Zeeman spin-orbit coupling can be significantly stronger than other known kinds of spin-
orbit coupling, thus providing new avenues for the development of fundamentally new electronic
devices", noted Pavel Grigoriev, Professor at the NUST MISIS Department of Theoretical Physics
and Quantum Technologies, senior researcher at Landau Institute for Theoretical Physics.

More information: R. Ramazashvili et al, Experimental evidence for Zeeman spin—orbit coupling in
layered antiferromagnetic conductors, npj Quantum Materials (2021). DOI: 10.1038/s41535-021-00309-6
https://phys.org/news/2021-04-experimental-proof-zeeman-spin-orbit-coupling.html
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Researchers complete high-precision
time-frequency dissemination

Prof. Pan Jianwei and his colleagues from the University of Science and Technology of China of
the Chinese Academy of Sciences investigated the high-loss free space, high-precision time-
frequency dissemination between remote locations, simulating high-precision time-frequency high-
orbit satellite-ground links in the channel loss, atmospheric noise, and transmission delay effects.

This link experiment exhibits that the instability of the time-frequency transfer via a satellite in
middle-high earth orbits might reach 108 at 10,000 s, enabling the potential performance of
optical atomic clocks and intercontinental comparison of ground clocks. The study was published
in the journal Optica.

High-precision time-frequency dissemination and
comparison techniques apply in all kinds of large-
scale precision measurement systems. At present, the
international metrology standard systems are at the
quantization stage. The frequency standard is at the
core of the precision measurement and international
metrology systems. Other basic physical quantities
except for the amount of matter (mol) are directly or
indirectly traced to the frequency. On the other hand,
the novel optical frequency standard technologies Credit: Pixabay/CCO Public Domain
develop rapidly, whose accuracy is two orders of
magnitude better than that of the original second definition frequency standard.

The most important part of the technical roadmap of the change of the second definition is to set
the intercontinental time-frequency comparison with the optical frequency standard at the 1078
level. To have an ultra-long-distance high-precision time-frequency comparison or dissemination is
an unsolved problem, while the satellite-ground link is recognized as the most feasible solution.

In this study, the researchers used a dual-comb linear optical sampling time measurement
method. Compared to the continuous-wave or the single-photon link method, this complex link has
the advantage of the high time resolution and the large ambiguous range.

The researchers first comprehensively analyzed parameters such as satellite-ground link loss,
Doppler effect, link time asymmetry, and atmosphere noise, and found that high-orbit links enable
more stable time-frequency comparison or dissemination by taking advantage of the long duration,
a large common view range, and the lower relativistic effects.

Then, they performed a high-orbit satellite-ground time-frequency transmission experiment to
simulate links with the link loss, atmosphere noise, and delay effects.

Through low-noise optical comb amplification, low-loss high-stability dual-comb interference
optical path, and high-precision high-sensitivity linear sampling, the researchers built a 16-
kilometer horizontal atmospheric free space and high-precision dual-comb time-frequency
transmission link in Shanghai. The frequency transmission link realized an instability of 4 1078 at
3,000 s with an average loss of 72 dB and a 1 s link delay.

Based on these results, they expected that the instability of the time-frequency transfer via a
high-orbit satellite-ground link might reach 108 at 10,000 s.

More information: Qi Shen et al, Experimental simulation of time and frequency transfer via an optical
satellite—ground link at 10 instability, Optica (2021). DOI: 10.1364/OPTICA.413114

Journal information: Optica
https://phys.org/news/2021-04-high-precision-time-frequency-dissemination.html
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Healthy gums may limit risk of severe

Covid19 infection, Research Suggests

By Devrupa Rakshit
Maintaining good oral hygiene may help people protect themselves from severe Covid19
infections, according to two different studies published this year; suggesting the simple practice of
taking care of one’s teeth and gums could be potentially life-saving.

The studies, both peer-reviewed, found links between periodontitis, a gum disease often caused
by poor oral hygiene, and severe Covid19 infections. Periodontitis, a form of infection caused by
bacteria, can cause gums to pull away from their teeth, leaving behind small, exposed areas
between them, where the gums should ideally have been. This resulting inflammation determines
the extent to which a Covid19 patient is affected, a study published this month in the Journal of
Oral Medicine and Dental Research shows.

An international team of researchers from the U.S., the U.K., and South Africa found that the
coronavirus is present in high concentrations in the saliva of Covid19 patients. Due to infected
gums that have begun pulling away from one’s teeth, the coronavirus infection can enter the
individual’s bloodstream and make its way to the lungs — even before the airways are affected by
the virus. And this can significantly determine how much and how severe of a hold the novel
coronavirus has on the individual.

“Gum disease makes the gums leakier, allowing microorganisms [and viruses] to enter into the
blood,” Iain Chapple, professor of periodontology at the University of Birmingham in the U.K,,
who co-authored this study, told the press. Another study, published in February in the Journal of
Clinical Periodontology, found that individuals suffering from periodontitis were more than three
times as likely to require hospitalization, more than four times likelier to need ventilation, and the
worst — almost nine times more likely to die of Covid19.

“In patients with severe cases of Covid19, the virus causes an inflammatory response that can
lead to complications such as being intubated or even death. Our research shows that periodontitis
can [exacerbate] this,” Wenji Cai, a trained dentist pursuing her Ph.D. at the McGill University in
Canada, who also co-authored the February study, said in a statement.

But how does periodontitis, a bacterial infection, exacerbate Covid19, a viral infection? Cai’s
colleague breaks it down as follows: “What we suspect is happening is that upon Covid19
infection, periodontal patients start the course of the disease with an already high level of
inflammation in their bodies... This puts the patients at a disadvantage... rendering them more
susceptible to the severe outcomes of the disease,” Faleh Tamimi, an assistant professor in the
Faculty of Dentistry at McGill University, who was also involved in the study, explained.

It is important to note both the studies established a correlation between periodontitis and severe
Covid19 infections, and not a causation. While scientists continue to investigate the link further, it
may be time to put common knowledge to use to prevent a serious Covid19 infection — especially
given the dynamic, worsening trajectory of Covid19 within and outside India.

“Daily oral hygiene and plaque control will not only improve oral health and well-being,” Iain
Chapple says, “but could also be life-saving in the context of the pandemic.”
https://theswaddle.com/healthy-gums-may-limit-risk-of-severe-covid19-infection-research-suggests/
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