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We are aware that the Government has envisioned the need to push 
‘Aatmanirbhar Bharat’ or Self-Reliant India initiative in all sectors including 
promoting innovation in defense and aerospace industry. Hon’ble Prime 
Minister Shri Narendra Modi witnessed the recently held major defence 
show of the country, DefExpo 2022, at Gandhinagar with the theme of ‘Path 
to Pride’, which highlights India’s commitment to become aatmanirbhar (self 
relient) in the defence production sector.  

The progress achieved through recent initiatives in a very short duration is not only 
remarkable in terms of innovation and value creation but also very encouraging to 
academia, start-ups, MSMEs and industries. In this scenario, an aggressive creation and 
monetisation of Intellectual Property Rights (IPR) in the defence sector is essential 
for mitigating the challenges of monopoly in the international ecosystem of trade and 
innovation. IP management and commercialisation has attained greater attention in 
the present times, having emerged as a strategic business tool in today’s knowledge-
based economy.

National Research Development Corporation (NRDC), in tune with the national 
policy of IPR, endeavours to support and foster IPR regime in India. It is committed 
to providing necessary services on all matters related to IP creation, protection and 
commercialisation. NRDC has been instrumental in facilitating IP/patenting and 
trademarking activities pertaining to India’s first indigneous defence products and 
has inked collaborations with many defence PSUs for IP management; the recent 
‘DEFEXPO-2022’ logo was one such effort in registering the trademark. During the 
event, NRDC signed many collaborative MoUs with defence PSUs to forge partnership 
for IP management, sourcing of technologies  and technology commercialisation. 

NRDC is bringing out this edition of Invention Intelligence with articles Cyclone: A 
Natural Calamity that can be Controlled by Technology; Nobel Prizes in Science for 
2022; Leveraging Innovation for Capacity Building in the MSME Sector on related 
technological advancements. I convey my best wishes for a successful publication of 
this edition of Invention Intelligence.

I am hopeful that this edition of the magazine will ignite the innovative and creative 
young minds to achieve self-reliance in all sectors of technology.

Jai Hind!

Cmde Amit Rastogi (Retd.)

From the Desk of CMD
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Cyclone: A Calamity Cyclone: A Calamity 
that can be Mitigated that can be Mitigated 
by Technologyby Technology

VIVEK SINGH AND MANISH MOHAN GORE

Nature is beautiful. But the other side of coin has adverse implications. 
Natural calamities are ferocious phenomenon of nature. Cyclone is a 
natural calamity that has devastating impact. In general, it is caused 
naturally but scientific studies reveal that human-induced climate change 
is provoking cyclones. In other words, we can say that climate change 
is fueling cyclones. Meteorologists find that due to climate change, the 
intensity of cyclones has increased and resultantly heavier rainfalls and 
larger storms are occurring. We are grateful to modern technologies such 
as satellite, ham radio, radars, and of course advanced computers through 
which the effect of cyclones can be mitigated.

November–December 2022 | INVENTION INTELLIGENCE 7
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Science behind 
cyclone
A general curiosity that emerges 
in our minds is, why do cyclones 
happen in nature? The reason 
is the warm and moist air 
movement upward over the 
oceans. When this air goes 
upward, a low pressure is formed 
below. In this way, low pressure 
area is filled with high pressure 
air from the surroundings. This 
process occurs continuously. 
Strong winds moving in a 
circular structure with wind 
blowing counter-clockwise 
in the Northern Hemisphere 
and clockwise in the Southern 
Hemisphere is the characteristic 
of cyclone.

The formation of cyclones takes 
place in low-pressure areas. 
Vulnerability of the place where 
the cyclones strike depends on 
the topography, intensity and 
frequency of the cyclone.

There are six factors that can 
be held responsible for the 
formation of the cyclone:

• Ample amount of warm 
temperature at the surface of  
the sea

• Instability in the atmosphere

• How the Coriolis force is 
impacting the area so that 
low-pressure can be created

• When the humidity is high in 
the lower to middle levels of 
the troposphere

• Disturbance in the pre-
existing low-level area

• When the vertical wind 
shear is low

In this diagram, we can see 
how cyclones are formed. The 
rising of warm air is shown 
using the green lines while the 
cool air sinking is shown using 
the red arrows. This picture 
depicts that cyclone is formed 

when the warm, moist air rises 
upward over the ocean. As this 
air moves up, there is formation 
of a low-pressure area below. 
Now the low-pressure area is 
filled with the high-pressure air 
from the surroundings. Again, 
the next batch of cool air gets 
warm and moist over the ocean 
moving upward. This once again 
results in the formation of a 
low-pressure area. The cycle 
continues and this continuous 
cycle results in the formation 
of clouds in the air. More clouds 
are formed as the water from 
the ocean evaporates. This leads 
to the formation of the storm 
system. As the storm system 
rotates faster, an eye is formed in 
the centre which can be seen in 
the diagram. The eye of the storm 
is considered to be the calm and 
clear part. The air pressure in 
the eye of the storm is low.

Depending on the strength of the 
winds produced, the cyclones 
are divided into different classes. 
In fact, cyclone is a large system 
of winds that circulates about 
a centre of low atmospheric 
pressure in a counterclockwise Natural process of cyclone formation

Cyclonic and anticyclonic flow in the Northern Hemisphere
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direction north of the Equator 
and in a clockwise direction to 
the south. Cyclonic winds move 
across nearly all regions of the 
Earth except the equatorial belt 
and are generally associated 
with rainfall or snow. Also 
occurring in much the same 
areas are anticyclones, wind 
systems that rotate about a high-
pressure centre. Anticyclones 
are so called because they have a 
flow opposite to that of cyclones.

Cyclones mainly occur in the 
middle and high latitude belts 
of both the hemispheres. 
In the Southern 
Hemisphere, where 
most of the terrestrial 
surface is covered by 
the oceans, cyclones 
are distributed in a 
relatively uniform 
manner through 
various longitudes. 
Characteristically, they 
form in latitudes 30° 
to 40° S and move in a 
southeast direction, reaching 
maturity in latitudes around 60°. 
The situation is quite different 
in the Northern Hemisphere. 
There, continental landmasses 
extend from the Equator to 
the Arctic, and large mountain 
belts interfere with the mid-
latitude air currents, giving rise 
to significant variations in the 
occurrence of cyclones (and 
anticyclones). Certain tracks are 
favoured by the wind systems. 
The key cyclone tracks lie over 
the oceans, regularly traversing 
to the east of both mountain 
barriers and continental 
coastlines.

Cyclones that form closer to the 
Equator (at latitudes 10° to 25° 
north and south over the oceans) 
are somewhat different in 
character from the extra-tropical 
variety. Such wind systems, 
known as tropical cyclones, 
are much smaller in diameter. 
Whereas extra-tropical cyclones 
range from nearly 1,000 to 
4,000 kilometres across, tropical 
cyclones typically measure 
only about 100 to over 1,000 

km in diameter. They also tend 
to be more violent than those 
occurring in the mid-latitudes 
and can cause considerable 
damage. Their wind velocities 
may reach up to 90 metres 
per second, as opposed to a 
maximum of about 30 metres 
per second for extra-tropical 
cyclones. In the Atlantic and 
Caribbean regions, tropical 
cyclones with winds of at least 
33 metres per second averaged 
over one-minute intervals are 

called hurricanes, while in the 
western Pacific and China Sea, 
the term typhoon is applied. 
The word cyclone is also used 
colloquially to refer to much 
smaller rotating phenomena, 
such as tornadoes and dust 
devils– which may, in fact, rotate 
in an anticyclonic direction.

Cyclones, hurricanes and 
typhoons are powerful storms 
that have winds in excess of 
119 kilometres per hour. These 
wind storms can develop either 
as a result of a confluence of 

warm and cold winds over 
the ocean following a 
thunderstorm or when 
the differing areas of 

wind pressure conflict. 
Due to this, they most 
commonly occur 
during the summer 

months, between June 
and November.

Property damage is the 
most common after-effect 

of cyclones, with windows, 
roofs and doors succumbing to 
the powerful winds battering 
them, and the most powerful 
storms can tear down small 
buildings. Thus, without a 
solid foundation, objects and 
people are at risk if they are 
caught in the winds. Since the 
1950s, storms that approach 
land are given official names so 
that meteorologists can track 
them. The names alternate 
between male and female and 
in ascending alphabetical order 
from the start of each season. A 
storm is generally referred to as 
a cyclone, hurricane or typhoon 

 
Anticyclone

An anticyclone is the opposite of a 
cyclone.	It	has	an	outward-spiralling	
air	circulation	around	a	high	pressure	

centre. Anticyclone’s winds rotate 
clockwise	in	the	Northern	Hemisphere	
around	a	centre	of	high	pressure.	In	

anticyclones, air comes in from 
above	and	sinks	to	the	ground.	High	
pressure	centres	generally	have	fair	

weather.
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based on where the storm takes 
place. Cyclones take place over 
the Indian Ocean. Hurricanes 
take place over the North Atlantic 
Ocean and Typhoons take place 
over the Pacific Ocean.

Types of cyclone
Cyclones are of two types– 
Tropical cyclones and Extra-
tropical cyclones (also 
called temperate cyclones or 
middle latitude cyclones or 
frontal cyclones). The World 
Meteorological Organization 
(WMO) uses the term ‘tropical 
cyclone’ to cover weather 
systems in which winds exceed 
Gale Force (minimum of 63 km 
per hour). 

Tropical cyclone

Tropical cyclones develop in 
the region between the Tropics 
of Capricorn and Cancer. They 
are large-scale weather systems 
developing over tropical or 

subtropical waters, where they 
get organised into surface wind 
circulation. This type of cyclone 
is violent storm that originates 
over oceans in tropical areas 
and moves over to the coastal 
areas bringing about large scale 
destruction caused by violent 
winds, very heavy rainfall and 
storm surges. Tropical cyclone 
is one of the most devastating 
natural calamities in the world. 
They originate and intensify over 
warm tropical oceans. On the 
other hand, the extra-tropical 
cyclones occur in temperate 
zones and high latitude regions, 
though they are known to 
originate in the polar regions.

The formation and initial 
development of a cyclonic storm 
depends upon the transfer of 
water vapour and heat from the 
warm ocean to the overlying air, 
primarily by evaporation from 
the sea surface. It encourages 
formation of massive vertical 
cumulus clouds due to convection 
with condensation of rising air 
above the ocean surface. When a 
tropical storm intensifies, the air 
rises in vigorous thunderstorms 
and tends to spread out 
horizontally at the tropopause 
level. Once air spreads out, a 
positive pressure at high levels 
is produced, which accelerates 
the downward motion of air 
due to convection. With the 
inducement of subsidence, air 
warms up by compression and 
a warm ‘eye’ (low pressure 
centre) is generated. The main 
physical feature of a mature 
tropical cyclone in the Indian 
Ocean is a concentric pattern of 

Nomenclature of 
tropical cyclones

We often go through the 
interesting names of cyclones. 
These names have a logical 
background. Although, naming 
of tropical cyclones is a recent 
phenomenon. The process 
of naming cyclones involves 
several countries in the region 
and is done under the aegis 
of the World Meteorological 
Organization (WMO).

For the Indian Ocean region, a 
formula for naming cyclones 
was agreed upon in 2004. 
Eight countries in the region 
(Bangladesh, India, Maldives, 
Myanmar, Oman, Pakistan, 
Sri Lanka and Thailand) all 
contributed a set of names 
which are assigned sequentially 
whenever a cyclonic storm 
develops. Hudhud, Titli, Phethai, 
Fani, Vayu and Amphan are 
among the names of cyclones in 
the Indian Ocean region.

Tropical cyclones are known 
with many names in different 
regions of the world. In China 
Sea and Pacific Ocean, they are 
known as Typhoons; in the West 
Indian islands in the Caribbean 
Sea and Atlantic Ocean, they are 
called Hurricanes; Tornadoes 
in the Guinea lands of West 
Africa and southern USA; and 
Willy-willies in north-western 
Australia. 
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highly turbulent giant cumulus 
thundercloud bands.

A tropical cyclone begins to 
weaken in terms of its central 
low pressure, internal warmth 
and extremely high speeds, as 
soon as its source of warm moist 
air begins to abruptly cut off. 
This happens after its landfall or 
when it passes over cold waters.

Extra-tropical cyclone
Extra-tropical cyclones are 
referred to as mid-latitude 
depressions, temperate 
cyclones, frontal depressions 
and wave cyclones. This type 
of cyclone is active above the 
mid-latitudinal region between 
35° and 65° latitude in both 
the hemispheres. The direction 
of movement of extra-tropical 
cyclone is from west to east 
and more pronounced in the  
winter season. 

How extra-tropical 
cyclones are formed

The origin and development 
of extra-tropical or temperate 
cyclones are very interesting. 
The formation of this cyclone 

is best explained by the Polar 
Front theory and according to 
this theory the warm-humid air 
masses from the tropics meet 
the dry-cold air masses from 
the poles and thus a polar front 
is formed. The cold air mass 
is denser and heavier and due 
to this reason, warm air mass 
is pushed up. This interaction 
of cold and warm air masses 
generates instability and a 
low pressure is created at the 
junction, particularly in the 
centre of interaction. Thus, a void 
is created because of decrease of 
pressure. The surrounding air 
rushes in to occupy this void and 
coupled with the Earth’s rotation 
a cyclone is formed.

Cyclones in India
India is a cyclone prone 
country. It is surrounded by 
oceans from three sides. This 
location makes India vulnerable 
to cyclone storms. Tropical 
cyclones originate over the Bay 
of Bengal, Arabian Sea and the 
Indian Ocean. These cyclones 
have very high wind velocity 
and heavy rainfall and they hit 

the Indian Coastal states such 
as Tamil Nadu, Andhra Pradesh, 
West Bengal, Odisha and Gujarat. 
These five states are more 
vulnerable to cyclone disasters 
than others in India.

Most of the tropical cyclones 
occurring in our country are 
very destructive due to high 
wind velocity and torrential 
rain that accompanies them. 
There are three major elements 
associated with cyclones, which 
cause destruction during its 
occurrence. These are :

l Strong winds/squall: 
It damages installations, 
dwellings, communication 
systems, trees, etc., resulting 
in loss of life and property.

l Torrential rains and inland 
flooding: Rainfall is a serious 
problem for the people who 
become shelterless due to 
the cyclone. Usually heavy 
rainfall is spread over a wide 
area and causes large scale 
soil erosion and weakening 
of embankments.

l Storm surge: It is an 
abnormal rise of sea level 
near the coast caused by 
a severe tropical cyclone. 
Due to storm surge, sea 
water inundates low lying 
areas of coastal regions 
drowning human beings and 
livestock, causes eroding of 
beaches, destroys vegetation 
and leads to reduction of  
soil fertility.

Managing a cyclone to 
reduce its impact

With the advancement of science 
and technology, we are now 

Main areas of Temperate cyclones (Black arrow lines) and Tropical cyclones 
(Green arrow lines)
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HAM radio:  
A boon to fight 
natural calamity

Amateur radio is also known as 
HAM radio. It is a non-commercial 
two-way radio communication. 
Through this mode of 
communication, messages are 
transmitted either by voice or 
in the International Morse Code. 
In spite of non-commercial 
exchange of messages, self-
training, private recreation, 
radio sport, it is widely used 
as a useful device or tool for 
emergency communications.

The International 
Telecommunication Union 
established amateur radio 
service through radio 
regulations. For regulating 
technical and operational 
characteristics of transmissions 
for amateur radio, national 
governments issue individual 
station licenses with a unique 
identifying call sign. Interested 
people obtain amateur radio 
license by passing a government 
test. In this test, questions 
related to the technical radio 
knowledge and government’s 
radio regulations are asked.

Operators of amateur radio 
are limited to the use of small 
frequency bands allocated 
throughout radio spectrum. In 
this radio spectrum, operators 
are allowed to transmit on any 
frequency. They use a variety of 

text, image and voice. This radio 
system enables the operators 
to communicate across a city, 
region, country, continent, 
world, or even into space. 

Communication turns out to 
be a major challenge during 
natural calamity such as cyclone. 
In such an adverse situation 
all the communication systems 
get collapsed. During that time, 
amateur radio becomes the 
hope and through this channel, 
communication is resumed 
between affected people and 
local authority/administration/
rescue teams/army. Hours 
before the cyclone ‘Yaas’, which 
made devastating landfall 
in northern coastal Odisha, 
with the timely action by local 
administration, the West Bengal 
Radio Club (Amateurs Club) 
deployed some HAM radio 

operators in Purba Medinipur 
district where the maximum 
damage was expected. This 
amateur radio turns into a boon 
for thousands of people who 
are rescued with the support 
of this unique communication 
network, which works even 
during a natural calamity. 
During the tropical cyclones Fani 
(May 2019), Bulbul (November 
2019) and Amphan (May 2020) 
HAM radio operators worked 
a lot to rescue people with the 
support and guidance of local 
administration. India’s state 
governments are now inspired 
to engage HAM radio operators 
to empower local youth for 
providing training to operate the 
amateur radio communication 
technology. Such steps will 
definitely help the State’s 
disaster preparedness and 
management strategy.

Amateur radio
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Western disturbance: 
Weather phenomenon 
that induces rainfall

Western disturbance is a common 
weather phenomenon in India. A 
western disturbance is an extra-
tropical cyclone originating in 
the Mediterranean region that 
brings sudden winter rain to the 
northwestern parts of the Indian 
subcontinent. This weather 
phenomenon is the cause of most 
winter and pre-monsoon season 
rainfall across North-West India 

(such as Punjab, Haryana, Delhi 
and western Uttar Pradesh). 
This phenomenon is usually 
associated with cloudy sky, 
higher night temperatures 
and unusual rainfall. This 
precipitation caused by the 
western disturbance during 
the winter season has great 
importance in agriculture, 
particularly for rabi crops 
including wheat. It is estimated 
that India gets close to 5-10 per 
cent of its total annual rainfall 
from western disturbances.

able to manage and reduce 
the impact of cyclone storms. 
There are many structural and 
non-structural measures for 
effective disaster management 
of cyclones.

The structural measures include 
construction of cyclone rescue 
shelters, construction of cyclone 
resistant buildings, road links, 
culverts, bridges, canals, drains, 
saline embankments, surface 
water tanks, communication and 
power transmission networks, etc.

In the non-structural measures, 
early warning dissemination 
systems, management of coastal 
zones, awareness generation 
and disaster risk management 
and capacity building of all the 
stakeholders are involved. These 
measures are being adopted and 
tackled on a State-to-State basis 
under the National Cyclone Risk 
Mitigation Project (NCRMP). 
This project is implemented 
through World Bank Assistance.

NCRMP was initiated by the 

Government of India with a 
view to address cyclone risks 
in the country. The overall 
objective of the project is to 
mitigate the impact of cyclones 
in the coastal states and UTs 
of India through suitable 
structural and non-structural 
measures. National Disaster 
Management Authority (NDMA) 
under the aegis of Ministry of 
Home Affairs implements this 
project in coordination with the 
participating State Governments 
and the National Institute for 
Disaster Management (NIDM).

NCRMP has identified 13 
cyclone prone States and Union 
Territories in the country with 
varying levels of vulnerability. 
These States/Union Territories 
have further been classified 
into two categories, based on 
the frequency of occurrence of 
cyclone and size of population. 
Andhra Pradesh, Gujarat, 
Odisha, Tamil Nadu and West 
Bengal fall under the higher 
vulnerability category while 
Maharashtra, Karnataka, Kerala, 
Goa, Pondicherry, Lakshadweep, 
Daman and Diu, Andaman and 
Nicobar Islands under lower 
vulnerability category.

Cyclones that hit 
India in the last  
fifty years

India has been hit by a number 
of cyclones since ages. Tropical 
cyclones originate over the Bay 
of Bengal, Arabian Sea and the 
Indian Ocean. These cyclones 
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have very high wind velocity and 
heavy rainfall and hit the coastal 
states of the country. Although 
cyclones affect the entire coast 
of India, the East coast is more 
prone as compared to the West 
coast. The most affected states 
are Odisha, West Bengal, Andhra 
Pradesh, Tamil Nadu, Kerala, 
Maharashtra and Gujarat.

Bhola Cyclone (1970)

It struck Bangladesh (then East 
Pakistan) and West Bengal 
in 1970. It was the strongest 
cyclone of the 1970 North 
Indian Ocean Cyclone Season. 
It is considered as the deadliest 
cyclone, causing around 3-5 
lakh deaths. The major cause of 
death was the storm surge and 
resultant flooding. 

Super Cyclonic Storm 
BOB 01 (1990)

Super Cyclonic Storm BOB 01 
happened on 4 May 1990. It 
made landfall equivalent to a 
category-3 tropical cyclone in 
Andhra Pradesh on 9 May. This 
cyclone killed 967 people. It was 
the worst storm to hit South 
India in pre-monsoon season 
until Cyclone Laila in 2010.

Odisha Cyclone (1999)

The 1999 Odisha cyclone was 
the strongest recorded tropical 
cyclone in the North Indian 
Ocean and among the most 
destructive in the region. It made 
landfall in Odisha on 29 October 
of that year. According to reports, 
around 9887 people lost their 
lives in this ferocious cyclone 
and thousands got displaced. 

Diarrhea and cholera saw 
increased incidences following 
the storm’s after effect.

Cyclone BOB 03 (2002)

This was a deadly tropical 
cyclone. The severe cyclonic 
storm impacted West Bengal on 
12 November 2002, resulting 
in 173 deaths. This cyclone 
developed in Bay of Bengal 
north-east to Sri Lanka on 10 
November 2002.

Cyclone Pyarr (2005)

Cyclonic storm Pyarr tracked 
a rare path from north-east 
to south-west in the month 
of September in the Bay of 
Bengal and made landfall 
over Kalingapatnam (Andhra 
Pradesh). This storm killed 65 
people in Andhra Pradesh and 
the adjoining state of Odisha. 
The term Pyarr came from 
Myanmarese language which 
means ‘flattened’. 

Cyclonic Storm  
Nisha (2008)

Cyclonic storm Nisha made 
landfall over Cuddalore in the 
month of December and brought 
catastrophic damage over Tamil 
Nadu (India) and Sri Lanka. In 
this storm, nearly 200 people 
were killed and it remains the 
10th wettest storm in the Indian 
Ocean basin on record. In 2008, 
North Indian Ocean cyclone 
season, this was the 9th tropical 

This image of Bhola cyclone was taken on 11 November 1970 
(Credit: E.C. Barrett’s Climatology)
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cyclone and the 7th tropical 
cyclone in the Bay of Bengal  
that year.

Cyclone Phyan (2009)

Cyclonic storm Phyan developed 
as a tropical disturbance to the 
south-west of Colombo (Sri 
Lanka) on 4 November 2009. 
This cyclone caused heavy 
rainfall in five Indian states Tamil 
Nadu, Karnataka, Maharashtra, 
Goa and Gujarat. Phyan was one 
of the wettest cyclones in India.

Cyclone Nilam (2012)

Cyclonic storm Nilam was 
the deadliest tropical cyclone 
that directly affected South 
India. It made landfall near 
Mahabalipuram on 31 October 

2012 as a strong cyclonic storm 
with peak wind speed of 85 
km/h and 75 people lost their 
lives in this cyclone.

Cyclone Phailin (2013)

Cyclonic storm Phailin was 
extremely severe. It was the 
most intense tropical cyclone 
that made landfall in India since 
the 1999 Odisha cyclone. The 
death toll in this cyclone stood 
at 45.

Cyclone Hudhud (2014)

Hudhud was again a strong 
tropical cyclone after Phailin, 
which caused damage to 
Visakhapatnam in Andhra 
Pradesh. Visakhapatnam along 
with Odisha was mostly affected 
by Hudhud cyclone. At least 124 
people lost their lives as strong 
winds and heavy rainfall caused 
massive destruction.

Cyclone Vardah (2016)

Vardah brought heavy rainfall to 
Andaman and Nicobar Islands 
and then crossed the eastern 
coast of India and affected 
Chennai, Kancheepuram and 
Visakhapatnam. Thirty eight 
people lost their lives in the 
aftermath of the cyclone.

Cyclone Ockhi (2017)

Ockhi was the most intense and 
one of the strongest tropical 
cyclones of the 2017 North 
Indian Ocean cyclone season. 
Ockhi affected mainland India 
along with coastal areas of 
Kerala, Tamil Nadu and Gujarat. 
A total of 245 people were killed 
as a result of this cyclone.

Cyclone Titli (2018)

Severe cyclonic storm Titli was a 
deadly and destructive tropical 

Super cyclone Phailin

Cyclonic storm Nisha
(Credit: NASA’s Terra satellite)
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cyclone that made landfall on 10 
October 2018, on the southwest 
coast of Gopalpur near Palasa in 
Andhra Pradesh. Eight districts 
in Odisha (Ganjam, Gajapati, 
Khordha, Puri, Jagatsinghpur, 
Kendrapara, Bhadrak, and 
Balasore) were affected by 
the cyclone. Seventy seven 
people were killed due to heavy 
rainfall and subsequent flooding  
and landslides.

Cyclone Fani (2019)

Fani was termed as an extremely 
severe cyclonic storm that 
hit Odisha in May 2019. It 
was equivalent to a high-end 
Category-4 major hurricane. It 
left behind a trail of destruction 
killing over 40 people.

Cyclone Bulbul (2019)

Bulbul was the second cyclone 
in 2019. It was a very severe 
cyclonic storm that struck the 
eastern state on 9 November 
2019, near Sagar Island in 
West Bengal. The storm caused 

extensive damage to agriculture 
and destroyed crops in around 
4,90,000 acres of land statewide. 
Human loss was very less. 
Only 2 people lost their lives in  
this storm.

Cyclone Amphan (2020)

The super cyclonic storm 
Amphan was a powerful and 
deadly cyclone, causing damage 
in Eastern India and Bangladesh 
in May 2020. It made landfall 
near Bakkhali in West Bengal on 
20 May 2020. Amphan cyclone 
was the first pre-monsoon super 
cyclone of this century, claimed 

lives and damaged property 
in Odisha and West Bengal. 
This cyclone caused landfall 
in West Bengal with 100 mph 
wind speed. It ripped roofs off 
houses and uprooted trees. In 
our country, it took the lives of  
98 people. 

Cyclone Tauktae (2021)

Tauktae was the first cyclonic 
storm of 2021. This cyclone 
hit southern Gujarat on 17 
May 2021. It developed in the 
Arabian Sea and was classified 
as a very severe cyclonic storm. 
Twenty four people were killed 
across three Indian states due to 
this cyclone.

Cyclone Yaas (2021)

Yaas made landfall in Odisha’s 
Bhadrak district on 26 May 
2021. This cyclone weakened 
into a severe cyclonic storm 
after battering Odisha and West 
Bengal with a wind speed of 130-
145 kmph, inundating the low-
lying areas amid a storm surge.

Cyclonic storm Titli

Cyclone Amphan
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Cyclone Gulab (2021)

This was the second cyclone 
in 2021. Gulab was a tropical 
cyclone and was named by 
Pakistan. It affected the coasts of 
south Odisha and north Andhra 
Pradesh in India.

Cyclone Jawad (2021)

This was the third cyclone of 
2021 after Yaas and Gulab. The 
cyclonic storm Jawad was a weak 
tropical cyclone that caused 
major disruptions over Andhra 
Pradesh, Odisha, and West 
Bengal in India while bringing 
heavy rainfall and strong winds 
over these states.

What can we do to 
mitigate the damage 
caused by cyclones

Before the cyclone 
season
l Check with your local 

council or your building 
control authority to see if 
your home has been built to  
cyclone standards.

l		Check that the walls and roof 
of your home are secure.

l		Trim treetops and branches 
well clear of your home (get 
council permission).

l		Preferably fit shutters, or 
at least metal screens, to all 
glass areas.

l		Clear your premises of loose 
material that could blow 
about and possibly cause 
injury or damage during 
extreme winds.

l		 In case of a storm surge/tide 
warning, or other flooding, 
know your nearest safe high 
ground and the safest access 
route to it.

l Prepare an emergency  
kit containing:

Ø	 a portable battery 
radio, torch and  
spare batteries;

Ø water containers, dried 
or canned food and a  
can opener;

Ø fuel lamp, portable 
stove, cooking gear, 
matches, eating  
utensils; and

Ø a first aid kit and 
manual, masking 

tape for windows and 
waterproof bags.

l Keep a list of emergency 
phone numbers on display.

l Check neighbours, especially 
if recent arrivals, to make 
sure they are prepared.

When a cyclone alert  
is issued
l Re-check your property 

for any loose material 
and tie down (or fill with 
water) all large, relatively  
lighter items.

l Fill vehicles’ fuel tanks. 
Check your emergency kit 
along with First Aid box. 

l Fill water containers with 
drinking water.

l Ensure household members 
know what to do in the event 
of a cyclone warning or  
an evacuation.

l Stay tuned with your 
local radio/TV for further 
information and warnings.

l Check that the neighbours 
are aware of the situation 
and are preparing.

When a cyclone warning 
is issued

Depending on official advice 
provided by your local 
authorities as the event evolves, 
the following actions may  
be warranted.

l If requested by local 
authorities, collect children 
from school or childcare 

A view of cyclone Yaas
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centres and go home.

l Park vehicles under solid 
shelter (hand brake on and 
in gear).

l Put wooden or plastic 
outdoor furniture in your 
pool or inside with other 
loose items.

l Close shutters 
or board-up or 
heavily tape all 
windows. Draw 
curtains and  
lock doors.

l Pack an 
e v a c u a t i o n 
kit of warm 
clothes, essential 
medications, baby 
formula, diapers,  
v a l u a b l e s , 
i m p o r t a n t 
papers, photos and 
mementos in waterproof 
bags to be taken with 
your emergency kit. 
Large/heavy valuables 
could be protected in a  
strong cupboard.

l Remain indoors (with  
your pets). 

l Stay tuned with your 

local radio/TV for  
further information.

On warning of  
local evacuation

Based on predicted wind 
speeds and storm surge heights, 
evacuation may be necessary. 
Official advice will be given on 
local radio/TV regarding safe 
routes and when to move.

l Wear strong shoes (not 
thongs) and tough clothing 
for protection.

l Lock doors; turn off 
power, gas and water; 

take your evacuation and  
emergency kits.

l If evacuating inland (out of 
town), take pets and leave 
early to avoid heavy traffic, 
flooding and wind hazards.

l If evacuating to a public 

shelter or higher location, 
follow police and State/
Territory Emergency 
Services directions.

l If going to a public shelter, 
take bedding needs and 
books or toys/games  
for children.

When the cyclone strikes

l Disconnect all electrical 
appliances. Listen to your 
battery radio for updates.

l Stay inside and shelter (well 
clear of windows) in the 
strongest part of the building,  
internal hallway or 
bathroom. Keep evacuation 

and emergency kits  
with you.

l If the building 
starts to break up, 
protect yourself 

with mattresses, 
rugs or 

b l a n k e t s 
under a 
strong table 

or bench or 
hold onto a solid 

fixture like a 
water pipe.

l Beware of the calm 
‘eye’. If the wind drops, 

don’t assume the cyclone 
is over; violent winds 
will soon resume from 
another direction. Wait for 
the official ‘all clear’.

l If driving, stop (handbrake 
on and in gear) – but well 
away from the sea and clear 
of trees, power lines and 
streams. Stay in the vehicle.

Cyclone Tauktae: Rescue operation

 
In order to track and 

predict	cyclones,	a	variety	of	
space, land and ocean-based platforms 

are	deployed,	including	satellites,	reconnaissance	
aircraft,	radar,	ships	and	mooring	buoys.	The	

initial	position	of	‘cyclonic	vortex’	and	‘Maximum	
Sustained Surface Wind Speed (MSW)’ is tracked 

by	satellites.	The	surface	and	subsurface	observations	
of oceanic waters are obtained by moored buoys in real-
time.	The	Doppler	weather	radars	give	more	accurate	
information about cyclones, when they are about to 
hit the coast. The state-of-the art numerical weather 

prediction models are run in supercomputers for 
advanced	prediction	of	track,	intensity	and	

landfall position of cyclones.
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After the cyclone

l Don’t go outside until 
officially advised it is safe.

l Check for gas leaks. Don’t 
use electrical appliances  
if wet.

l Listen to local radio for 
official warnings and advice.

l If you have to evacuate, or did 
so earlier, don’t return until 
advised. Use a recommended 
route and don’t rush.

l Beware of damaged power 
lines, bridges, buildings, 
trees, and don’t enter 
floodwaters.

l Heed all warnings and don’t 
go sightseeing. Check/help 
neighbours instead.

l Don’t make unnecessary 
telephone calls.

Dr. Mrutyunjay 
Mohapatra: The 
Cyclone Man of India

In 1971, a ferocious cyclone 
struck India’s east coast and 
caused widespread devastation 
in the coastal villages of 
Odisha. This cyclone took 
lives of innumerable people. 
Destruction was manifold. Trees 
got uprooted, houses damaged 
and crops were destroyed. A 
six-year-old child was witness 
to all this destruction. He was 
dwelling in a small village of 
Odisha. As the aftermath of the 
1971 Odisha cyclone, for almost 
a year, the boy, his family and 
other villagers had to live with 
minimum grains and staple food 
because all the crops had been 
ruined. They were dependent 
on wheat supplied as a relief  
food material. 

This miserable condition evoked 
by natural calamity inspired the 
small child to take a resolution 
for mitigating the impact of 
cyclones. He resolved to tame 
cyclone for saving human lives. 
When he grew up, he found 
that through education and 
research in meteorology, he can 
accomplish his resolution. He 
then got education and research 
in meteorology and became a 

cyclone expert. Now that small 
child of a village from Odisha 
is the Director General of India 
Meteorological Department –  
Dr. Mrutyunjay Mohapatra. 

In his career of a cyclone 
scientist, Dr. Mohapatra 
developed an accurate 
prediction model for cyclones. 
An accurate prediction 3-5 days 
prior to cyclone arrival gives 
sufficient time for appropriate 
action to the local authorities. In 
this way, thousands of millions of 
people are now able to save their 
lives and this great contribution 
of Dr. Mohapatra was greatly 
appreciated by national 
and international agencies. 
Appropriately therefore, he is 
called the ‘Cyclone Man’ of India. 

Dr. Mrutyunjay Mohapatra, Director 
General, India Meteorology 

Department is known as the ‘Cyclone 
Man of India’

Vivek Singh
Scientist

Indian Institute of Tropical 
Meteorology (IITM), Pune  

Prof. Ram NathVij Marg, Double 
Storey, NPL Colony, New Rajendra 
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Manish Mohan Gore
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The	 Nobel	 Prize	 is	
considered by many to 
be	 the	 most	 prestigious	

award	 in	 the	world.	Nobel	prizes	
in	 science	 for	 2022	 have	 been	
awarded	 to	 seven	 scientists	 in	
all. Now, we will discuss this  
in detail.

Physics 
The	 Nobel	 Prize	 in	 Physics	 for	
2022 is jointly awarded to Alain 
Aspect, John F. Clauser and Anton 
Zeilinger.	 They	 get	 the	 prize	 for	
the	significant	work	done	by	them	
in	the	field	of	quantum	mechanics,	
especially	 quantum	 entanglement	
and teleportation.

Quantum	physics,	based	on	wave-
particle duality and uncertainty 
principle,	 behaves	 in	 an	 entirely	
different manner from classical 
physics. That is the reason why 
the results of the quantum world 
are	 often	 strange	 and	 bizarre,	
sometimes	even	flabbergasting.	

Nobel Prizes in Science for 2022 have been awarded to seven scientists 
in all. The Nobel Prize in Physics was jointly awarded to three scientists 
for their work on entangled photon experiments, proving the violation of 
Bell inequalities and developing the field of quantum information science. 
The Nobel Prize in Chemistry was jointly awarded to three scientists for 
their efforts in the establishment of the foundations of click chemistry 
and bio-orthogonal chemistry with the objective of taking chemistry into 
the functionalism era. The Nobel Prize in Physiology or Medicine was won 
by Svante Paabo for his research on the extinct hominid genomes and 
the evolution of humans. The scientists received the prizes at a grand 
ceremony held in Stockholm on 10 December. 

Nobel Prizes in Nobel Prizes in 
Science for 2022Science for 2022

Dr. P.K. MUKHERJEE
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Quantum physics was instrumental 
in	 bringing	 into	 physics	 a	 new	
revolution,	 known	 as	 quantum	
revolution.	Relativity	and	quantum	
mechanics	 are	 regarded	 as	 the	
two pillars of modern physics. 
It was quantum physics, which 
made its important contribution in 
the	 epoch-making	 developments	
taking	place	in	the	field	of	science	
and	 technology.	 It	 was	 quantum	
mechanics	that	made	the	invention	
of transistor and laser possible. 
While	 the	 invention	 of	 transistor	
paved	 the	way	 for	great	advances	
in	 the	 field	 of	 electronics,	 the	
invention	of	 laser	provided	a	firm	
and fundamental basis to a plethora 
of	 fields	 –	 from	 communications	
to medicine. Quantum mechanics 
is	 being	 viewed	 as	 a	 harbinger	
of	 new	 revolution	 owing	 to	 a	
wide possibility of applications, 
especially	in	the	fields	of	quantum	
computing,	quantum	cryptography	
and quantum network. The physics 
Nobel laureates of this year 
have	 done	 very	 significant	 and	
important	work	in	establishing	the	
violation	 of	 Bell	 inequalities	 in	
addition	 to	working	 on	 entangled	
photons.	They	have	made	valuable	
contribution	in	the	field	of	quantum	

information science, too.

What,	 after	 all,	 are	 entangled	
photons? In fact, the concept of 
entangled	 photons	 is	 associated	
with what is known as quantum 
entanglement.	 It	 emanates	 from	
the	 queer	 behaviour	 of	 quantum	
mechanics that allows two (or 
more than two) particles to 
remain	in	an	entangled	state.	Two	
entangled	 particles	 behave	 in	 a	
manner	 that	 whatever	 happens	 to	
one particle immediately affects 
the	 other,	 notwithstanding	 the	
extent of separation between them. 
Einstein called this ‘spooky action 
at a distance’. In 1935, Einstein 

along	 with	 Boris	 Podolsky	 and	
Nathan Rosen conducted a 
thought	 experiment,	 known	 as	
EPR	 experiment.	 Based	 on	 this	
experiment, Einstein published 
a research paper in which he 
mentioned about what is known as 
EPR	paradox.	

Einstein	 firmly	 believed	 that	
quantum mechanics has an inherent 
incompleteness	embedded	in	it.	His	
objection to quantum mechanics 
continued till the end of his life. 
This	 was	 reflected	 in	 his	 famous	
saying	 that	 ‘God	 does	 not	 play	
dice’.	The	EPR	paradox	was	very	
much in tune with Einstein’s belief 
about quantum mechanics. In fact, 
Einstein was not alone in this 
belief about quantum mechanics. 
Many	 physicists	 believed	 that	
the	 strange	 results	 of	 quantum	
mechanics	 are	 owing	 to	what	 are	
known	 as	 hidden	 variables.	 One	
such	 strange	 and	 bizarre	 result	 is	
that	of	Shrodinger’s	cat,	which	can	
be	in	both	dead	and	alive	states	at	
the	same	time.	Such	a	result	defies	
classical explanation. 

From left: Alain Aspect, John F. Clauser and Anton Zeilinger, the 2022  
Nobel Prize winners in Physics

Conceptual representation of quantum entanglement
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In 1964, the Irish-born physicist 
John Stewart Bell carried out 
mathematical analysis of a 
two-particle	 system	 to	 find	 out	
whether quantum mechanics was 
consistent with the local theory 
of	 hidden	 variables.	 Through	 this	
exercise, Bell could come out 
with a theorem and an inequality, 
which are named after him as 
Bell theorem and Bell inequality. 
According	to	Bell	inequality,	in	the	
presence	 of	 hidden	 variables,	 the	
relationship between the results of 
a	 large	 number	 of	 measurements	
cannot	exceed	a	determined	value	
(according	 to	 Bell	 inequality,	 it	
should be between -2 and 2).

In 1972, John Clauser carried 
out an experiment (with Stuart 
Freedman) in which two 
entangled	 photons	 were	 emitted	
simultaneously. Each of these 
photons	passed	through	a	polariser,	
which tested its polarisation. The 
result of this experiment clearly 
demonstrated	 violation	 of	 Bell	
inequality and was found to be 
in accordance with quantum 
mechanics.	The	experiment	proved	
that	 the	 entanglement	 of	 photons	
was inherently linked to quantum 

mechanics. In other words, there 
were	 no	 hidden	 variables	 to	
determine the relationship between 
entangled	photons.	

In	early	1980s,	Alain	Aspect	along	
with his co-workers Jean Dalibard 
and	 Gerard	 Roger	 conducted	 a	
series of experiments. In one such 
experiment,	 which	 was	 a	 refined	
version	of	 sorts,	Aspect	 took	care	
of	 the	 loopholes	 or	 shortcomings	
of Clauser’s experiment. It ensured 
that the precision of Aspect’s 
experiment was far better as 
compared to Clauser’s experiment.  
In the experiment, a pair of 
photons with opposite polarisation 
was emitted from a heated calcium 
source. Each of the photons 
travelled	 toward	 a	polariser.	Each	
polariser was independent of the 
other	 because	 no	 signal	 could	
travel	 between	 the	 two.	Whereas,	
according	 to	 Bell	 inequality,	 the	
desired	 value	 obtained	 from	 the	
experimental result must be less 
than	 2,	Aspect’s	 group	 found	 the	
value	 to	 lie	 between	 2.682	 and	
2.712. It was a clear-cut and direct 
violation	of	Bell	inequality.

Anton	 Zeilinger	 carried	 out	 his	

significant	 and	 important	work	 in	
the	field	of	quantum	teleportation.	
This is a concept that makes it 
possible to transfer the quantum 
state of one particle to the other 
lying	 far	 away.	 In	 fact,	 quantum	
teleportation	 works	 on	 the	 very	
idea	 of	 quantum	 entanglement.	
In this way, information can be 
transferred from one particle to the 
other	without	the	actual	movement	
of	particles	themselves.

It was quantum teleportation that 
led	to	the	development	of	the	field	
of quantum information science, 
as	a	 result	of	which	cryptography	
and encryption became possible. 
Encryption	 is	 the	 technology	
by which data or information 
is	 converted	 into	 secret	 code	
that hides the information’s true 
meaning.	Actually,	it	is	encryption	
that	 keeps	 the	 messages	 of	 an	
individual	on	WhatsApp	and	other	
social media secret so that they 
cannot be read by a third person, 
other than the recipient.

The	 significant	 and	 important	
contribution of this year’s Nobel 
laureates in physics can usher in 
new	revolution	in	the	development	
of quantum computers and 
open new windows in the 
fields	 of	 quantum	 network	 and	 
encrypted communication.

Alain Aspect was born on 15 June 
1947	in	Agen,	France.	He	received	
his	 master’s	 degree	 in	 1971	 and	
a	 Ph.D.	 in	 1983	 from	 Paris-Sud	
University,	 Orsay,	 France.	 He	 is	
professor at Institute d’Optique 
Graduate	 School,	 University	 of	
Paris-Saclay,	 Paris	 and	 Ecole	
Polytechnique,	France.

Shrodinger’s cat, which can be in both dead and alive states at the same time
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John F. Clauser was born on 1 
December	1942	in	Pasadena,	U.S.	
He	received	his	bachelor	of	science	
degree	 in	physics	 from	California	
Institute	 of	 technology	 (Caltech)	
in	 1964,	 a	 master	 of	 arts	 degree	
in	 physics	 in	 1966	 and	 his	 Ph.D.	
degree	 in	 1969	 from	 Colombia	
University,	New	York,	U.S.	From	
1969 to 1997, he worked mainly 
in	 the	 University	 of	 California,	
Berkeley,	 Lawrence	 Berkeley	
National	Laboratory	and	Lawrence	
Livermore	National	Laboratory.

Anton	 Zeilinger	 was	 born	 on	 20	
May 1945 in Riedim Innkreis, 
Austria.	 He	 got	 his	 Ph.D.	 degree	
in	 1971	 from	 the	 University	 of	
Vienna,	Austria.	He	is	Professor	of	
Physics	Emeritus	at	the	University	
of	Vienna	and	a	Senior	Scientist	at	
the Institute for Quantum Optics 
and Quantum Information of the 
Austrian Academy of Sciences.

Chemistry 

The	2022	Nobel	Prize	for	Chemistry	
has been jointly awarded to Carolyn 
Ruth	 Bertozzi,	 Morten	 Meldal	
and Karl Barry Sharpless for the 
development	 of	 click	 chemistry	
and	 bioorthogonal	 chemistry.	
Click	 chemistry,	 developed	
independently by Sharpless 
and	 Mendal,	 revolutionised	 the	
options	 available	 to	 chemists	
for	 creating	 the	 molecules	 they	
desire.	 Bioorthogonal	 chemistry,	
developed	 by	 Bertozzi,	 made	 it	
possible to monitor the chemical 
processes	 going	 on	 inside	 living	
cells	without	harming	them.	Indeed,	
click	chemistry	and	bioorthogonal	

chemistry	 have	 taken	 chemistry	
into the era of functionalism. 
They	 have	 been	 put	 to	 a	 variety	
of applications. Click chemistry, 
for example, is utilised in the 
development	 of	 pharmaceuticals,	
for	 mapping	 DNA	 and	 creating	
new	 and	 designer	 materials	 that	
are more appropriate for the 
purpose.	 Bioorthogonal	 reactions	
are	 contributing	 to	 more	 targeted	
cancer	 treatments,	 among	 many	
other applications.

Assembling	 new	 molecules,	
sometimes atom by atom, is the 
driver	behind	a	lot	of	chemistry.	It	
is at the heart of all pharmaceutical 
development,	 and	 also	 crucial	 to	
materials	 science,	 recycling	 and	
agricultural	 chemistry,	 among	
other	things.	Over	the	past	century,	
chemists	 have	 developed	 tens	 of	
thousands of different reactions 
to make these substances. If one 
wants	to	make	a	substance	through	
such	reactions	and	that	too	in	good	
quantity, one should be able to do 
it cheaply, precisely and with as 
few	 toxic	 ingredients	 as	 possible.	
This is where Karl Barry Sharpless 
stepped	 in.	During	 the	 1990s	 and	

early 2000s, he and his research 
group	 refined	 a	 lot	 of	 chemical	
reactions. In 2001, Sharpless 
along	 with	 co-authors,	 published	
a research paper in Angewandte 
Chemie, in which he proposed 
the term ‘click’ chemistry to 
refer to any reaction that links 
together	 molecular	 building	
blocks	in	an	efficient,	specific	and	 
quick manner.

What does the word ‘click’ 
signify?	 Well,	 it	 has	 nothing	 to	
do as such with the click that 
these days is most commonly 
associated with a ‘mouse click’. 
It seems that the name has been 
taken from the click sound that 
airline	seat	belts,	carrying	buckles,	
make when they are fastened. The 
idea	 is	 that	 while	 attempting	 to	
produce any particular compound 
or a complex molecule, one must 
look	 for	 starting	 molecules	 that	
easily	fit	 into	or	 ‘click’	with	 each	
other. One can start with small 
molecules	 and	 link	 them	 together	
using	chemical	buckles	to	produce	
complex molecules. Of course, 
not all molecules can be joined 
together	using	chemical	buckles.	

From left: Carolyn Ruth Bertozzi, Morten Meldal, Karl Barry Sharpless, the 2022 
Nobel Prize winners in Chemistry
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Soon,	Sharpless	with	his	group	was	
able to identify a click reaction, 
now called the crown jewel 
of click chemistry that carried 
particularly	 high	 potential.	 It	 was	
named	1,	3	dipolar	or	azide-alkyle	
cycloaddition.	 By	 using	 a	 copper	
catalyst, the two molecules – 
azide	and	alkyle	–	could	be	joined	
together	 neatly	 and	 efficiently.	 In	
this process, the copper catalyst 
worked like a chemical buckle 
that joined the two molecules. The 
reaction produced a stable product 
known	as	a	triazole.

Mendal,	working	independently	on	
some pharmaceutical substances, 
also	 developed	 a	 similar	 click	
reaction. This reaction, in the 
development	 of	 which	 both	
Sharpless	 and	 Mendal	 have	
independently contributed, is now 
widely	used	in	the	development	of	
drugs,	mapping	DNA	and	creating	
designer	 materials,	 among	 many	
other	things.

The	 next	 breakthrough	 in	 the	
field	came	a	few	years	later	when	
Bertozzi	 put	 forward	 the	 idea	 of	

using	click	chemistry	in	biological	
systems	 without	 interfering	 with	
the system itself. This she did with 
the	objective	of	mapping	important	
biomolecules on the surface of 
cells,	 called	 glycans.	 These	 are	
carbohydrate-based polymers 
made	 by	 all	 living	 organisms.	
Bertozzi	called	this	‘bioorthogonal’	
(which	 means	 “not	 interfering	
with	 biology”)	 chemistry	 in	 a	
research paper, which she and her 
colleagues	 published	 in	 2003.	 It	
has since been a widely-adopted 
term	in	the	field.

Bertozzi	with	her	group	developed	
a few click reactions that work 
inside	 living	 organisms.	 But	
copper,	 otherwise	 a	 good	 catalyst	
for click ‘reactions’ was found to 
be	 too	 toxic	 to	 living	cells.	 In	 the	
quest	 for	an	alternative	 to	copper,	
Bertozzi,	 along	 with	 her	 group,	
could	 find	 large,	 carbon-based	
molecules, called cycloalkynes, 
which could take the place of 
copper. In combination with 
nanotechnology,	 click	 reactions	
developed	by	Bertozzi	can	lead	to	

further	 advances	 in	 diverse	 areas	
of biomedicine, such as, molecular 
bioimaging,	targeted	drug	delivery,	
in situ	 drug	 activation,	 study	 of	
cell-nanomaterial interactions, 
biosensing,	etc.

Her	 methods,	 which	 she	 has	
repeatedly	 refined	 over	 the	 years,	
have	shown	the	promise	of	treating	
advanced	 cancer.	 Cancer	 drugs	
based on her approach are now 
undergoing	clinical	trials.

Carolyn	Ruth	Bertozzi	was	born	in	
1966	in	the	U.S.	She	got	her	Ph.D.	
in	 1993	 from	 the	 University	 of	
California, Berkeley. She is Anne 
T.	 and	 Robert	 M.	 Bass	 Professor	
at	 Stanford	 University	 and	
Investigator	 at	 Howard	 Hughes	
Medical	 Institute,	U.S.	 She	 is	 the	
eighth	 woman	 to	 win	 Nobel	 in	
Chemistry.

Moten Meldal was born in 1954 in 
Denmark.	 He	 received	 his	 Ph.D.	
degree	in	1986	from	the	Technical	
University	of	Denmark,	Denmark.	
He	is	Professor	at	the	University	of	
Copenhagen,	Denmark.

Karl Barry Sharpless was born in 
1941	in	Philadelphia,	U.S.	He	got	
his	 Ph.D.	 in	 1968	 from	 Stanford	
University,	U.S.	He	is	W.M.	Keck	
Professor	 at	 Scripps	 Research	
Institute,	 California,	 U.S.	 This	
is Sharpless’ second Nobel in 
Chemistry,	the	first	one	he	won	was	
in 2001 for his work on “chirally 
catalysed	oxidation	reactions”.	He	
is	 the	 fifth	 person	 ever	 (the	 first	
four	 persons	 being	 Marie	 Curie,	
Linus	 Pauling,	 John	 Bardeen	 and	
Frederick	 Sanger)	 to	 win	 two	
Nobel	 Prizes	 and	 the	 second	 (the	

Conceptual representation of chemical buckles that join the molecules together
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first	 being	 Frederick	 Sanger)	 to	
win two chemistry Nobels.

Physiology or 
Medicine 

The	Nobel	Prize	 in	Physiology	or	
Medicine	for	2022	goes	to	Svante	
Paabo	 for	 his	 pioneering	work	 in	
the	 sequencing	 and	 analysis	 of	
DNA of extinct hominins (extinct 

members	 of	 the	 human	 lineage)	
and his contributions to our 
understanding	of	human	evolution.

The	 question	 of	 our	 origin	 and	
what makes us uniquely human 
have	 fascinated	 scientists	 and	
the	 general	 public	 since	 the	
evidence	 of	 our	 closest	 known	
relative,	 Neanderthals,	 was	 first	
uncovered	 in	 1856	 in	 Germany.	
Research	 provided	 evidence	 that	
the anatomically modern humans, 
Homosapiens,	 first	 appeared	 in	
Africa	 around	3,00,000	 years	 ago	
while Neanderthals (so called 
because their fossils were found in 
the	Feldhofer	Cave	of	the	Neander	
Valley	 in	 Germany)	 developed	
outside Africa and populated 
Europe and Western Asia around 
4,00,000 years until 3,00,000 
years	ago,	at	which	point	they	went	
extinct. About 70,000 years ago,	

groups	 of	Homosapiens	 migrated	
from Africa to the Middle East, 
and from there they spread to the 
rest of the world. Homosapiens 
and Neanderthals coexisted in 
large	parts	of	Eurasia	(combination	
of the continents of Europe and 
Asia) for tens of thousands of 
years. But what do we know about 
our relationship with the extinct 
Neanderthals? The exploration 
of this relationship required the 
sequencing	 of	 genomic	 DNA	
received	from	archaic	species.	The	
difficulty	was	that	after	thousands	
of years, the bones of Neanderthals 
were	 so	 heavily	 contaminated	 by	
bacteria	and	 fungi	 that	up	 to	99.9	
per cent of the DNA found in 
them	 originated	 from	 microbes.	
In addition, the small amounts of 
remaining	Neanderthal	DNA	were	
only	 present	 in	 short	 fragments,	
posing	 further	 difficulties	 in	

Conceptual representation of how Homosapiens are different from the Neanderthals and Denisova homonins

Svante Paabo winner of the 2022 
Nobel Prize in Physiology or Medicine
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sequencing	 and	 analysing	 them.	
Many	 scientists	 believed	 that	 this	
task	could	not	be	solved.	However,	
as	early	as	 the	mid-1990s,	Paabo,	
along	 with	 his	 team,	 was	 able	
to	 decipher	 a	 relatively	 short	
component of the mitochordria 
(tiny power plant in cells that 
supply	 them	 with	 energy	 and	
have	 their	 own	DNA)	DNA	 from	
a 40,000-year-old piece of bone 
belonging	 to	 a	Neanderthal	male.	
This Neanderthal DNA differed 
considerably	 from	 the	 genome	 of	
the	 modern	 humans.	 This	 proved	
that	Neanderthals	were	genetically	
distinct from today’s humans. 

An analysis of the small 
mitochondrial	 genome,	 however,	
gave	 only	 limited	 information.		
Paabo	 and	 his	 team,	 therefore,	
developed	 more	 efficient	
extraction	 methods,	 using	
polyester	 resin	 that	 improved	
the yield of Neanderthal DNA. 
Complex	 computer	 programs	 that	
compared	 the	 DNA	 fragments	
of ancient bones with reference 
to	 genome	 of	 chimpanzees	 and	
humans helped to reconstruct the 
Neanderthal	 genome.	 In	 2010,	
Paabo	 and	 his	 team	 succeeded	 in	
reconstructing	a	first	version	of	the	
Neanderthal	 genome	 from	 bones	
tens of thousands of years old. The 
results were published in the same 
year which demonstrated that 
most recent common ancestors of 
Neanderthals and Homosapiens 
lived	around	8,00,000	years	ago.

In 2008, a 40,000-year-old 
fragment	 from	 a	 finger	 bone	 was	

discovered	 from	 the	 Denisova	
cave	in	the	Altari	Mountains	in	the	
southern Siberia. The bone, which 
had	 exceptionally	 well-preserved	
DNA,	 was	 sequenced	 by	 Paabo’s	
team. The result created a sensation 
as	 the	 team	 had	 discovered	 a	
previously	 unknown	 hominin.	
This	was	given	the	name	Denisoa	
after	 the	 cave’s	 name	 it	 was	 
discovered	from.

Paabo’s	 discoveries	 have,	 indeed,	
generated	 new	 understanding	
of	 our	 evolutionary	 history.	 At	
the same time that Homosapiens 
migrated	 out	 of	 Africa,	 at	 least	
two extinct hominin populations 
inhabited Eurasia. Neanderthals 
lived	 in	western	Eurasia,	whereas	
Denivovans	populated	 the	 eastern	
part	 of	 the	 continent.	 During	 the	
expansion of Homosapiens to 
Africa	and	their	migration	eastward,	
they not only encountered and 
interbred with Neanderthals, but 
also	with	Denisovans.

Through	 his	 groundbreaking	
research,	 Paabo	 established	 an	
entirely	 new	 scientific	 discipline,	
paleogenomics.	Thanks	to	Paabo’s	
discoveries,	 we	 now	 understand	
that	 archaic	 gene	 sequence	 from	
our	 extinct	 relatives	 influence	 the	
physiology	of	the	present	humans.	
For	 example,	 the	 Denisovan	
version	 of	 the	 gene	 EPAS1	
confers	 an	 advantage	 for	 survival	
at	 high	 altitude	 and	 is	 common	
among	 present-day	 Tibetans.	 The	
Neanderthal	genes	also	play	a	role	
by	affecting	our	immune	system	to	
different types of infections.

Dr. P.K. Mukherjee
43, Deshbandhu Society

15, Patparganj, Delhi-110092
E-mail:  

mukherjeepradeep21@gmail.com

Svante	Paabo	was	born	on	20	April	
1955 in Stockholm, Sweden. After 
completing	his	school	studies	at	the	
Swedish Armed Forces Interpreter 
School in 1976, he enrolled at 
the	 University	 of	 Uppsala,	 where	
he	 pursued	 his	 higher	 education	
in	 the	 History	 of	 Science	 and	
Egyptology.	 However,	 in	 1977,	
he	 left	 Egyptology	 to	 pursue	 a	
career in medicine. In 1981, upon 
completing	 his	 higher	 education,	
Paabo	pursued	Ph.D.	in	Molecular	
Biology	 at	 the	 University	 of	
Uppsala	 and	 earned	 his	 Ph.D.	 in	
1986.	 In	 the	 same	year,	 he	 began	
postdoctoral research at the 
Institute	 for	 Molecular	 Biology	
at	 the	 University	 of	 Zurich	 and	
subsequently at the Department 
of	Biochemistry	of	 the	University	
of	California	at	Berkeley.	He	later	
served	 as	 a	 professor	 of	 biology	
at	 the	 University	 of	 Munich	 and	
in 1997 was made the Director 
of	 the	 Max	 Planck	 Institute	 for	
Evolutionary	 Anthropology	 in	
Leipzig.	 He	 later	 also	 joined	 the	
faculty at the Okinawa Institute of 
Science	and	Technology	at	 Japan.	
Paabo’s	father	Sune	K.	Bergstrom,	
who was a biochemist, won Nobel 
Prize	in	Physiology	or	medicine	in	
1982.	His	mother	Karin	Paabo	was	
a chemist.
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Leveraging Leveraging 
Innovation for Innovation for 
Capacity Building in Capacity Building in 
the MSME Sectorthe MSME Sector

ARSHIYA MAHAJAN AND NABA SUROOR

Over the last decade, innovations have been a major driving force in 
deciding the way businesses and ventures participate in the nation’s 
economic development as well as their expansion across the world. In 
today's rapidly changing world, innovation, its expansion as well as 
acceptance have become a vital factor affecting almost all the sectors of 
the society. The competitiveness of businesses needs to be upheld through 
continuous innovations by bringing in new technologies to improve the 
quality standards as well as accordingly build adequate infrastructure 
support. Also, from a global perspective, industries that perform higher 
R&D activities, exhibit a greater likelihood of innovation and sectors 
with higher levels of innovation have historically exhibited healthy  
growth rates.
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Investments in research 
and development (R&D) 
are fundamental inputs for 

economic advancement. There 
is plentiful pragmatic indication 
to support investment in R&D in 
view of its impact on employment, 
exports, productivity, and capital 
formation. Several nations have 
consequently determined to 
reserve a certain portion of the 
national budget towards R&D.

R&D activities can be defined 
as any systematic and creative 
work undertaken in order to 
increase the stock of knowledge 
and use of this knowledge to 
devise new applications. R&D 
activities include one or more of 
the categories of research such as 
basic research, applied research 
and experimental development. 
India’s investment in the R&D 
ecosystem has shown a steadily 
growing trend over the years. 
The gross expenditure on R&D 
has tripled over the last decade 
in nominal terms– from ₹24,117 
crore in 2004-05 to an estimated 
₹1,04,864  crore in 2016-17 
while staying approximately 
constant as a share of GDP. India 
exhibits low returns in terms of 
output of innovations per unit 
of national investment, whether 
measured as a percentage of 
national GDP or in terms of Gross 
Expenditure on R&D (GERD)  
per capita.

Countries around the world 
are implementing national 
innovation strategies to 
promote innovation and to 

support economic growth and 
social development. Riding 
on improvements in crucial 
innovation parameters, India 
broke into the top 40 club on 
the Global Innovation Index 
(GII) 2022 with a rank of 40. 
India has come a long way 
in the GII from the 81st spot 
in 2015 to the 40th spot in 
2022. Improvement in several 
innovation indicators such as 
business environment (GII rank 
40), policies for doing business 
(GII rank 94), gross expenditure 
on R&D (GERD) (GII rank 53), 
ICT access (GII rank 99), ICT use 
(GII rank 97), GERD performed 
by the business enterprise 
(GII rank 51), and innovation 
linkages (GII rank 43), can 
result in India going further up 
the GII ranking ladder. These are 
also some of the key attributes 
in the MSME sector and their 
improvement can help achieve 
the Government’s mission to 
increase MSME contribution to 
40 per cent of the GDP.   

The Micro Small and Medium 
Enterprises (MSMEs) sector is 

a significant contributor to the 
socio-economic development 
of India with a contribution 
of about 29 per cent towards 
the GDP through national and 
international trade. India has 
approximately 6.3 crore MSMEs 
with a majority coming from 
micro enterprises. The number 
of registered MSMEs grew 18.5 
per cent      Y-o-Y to reach 25.13 
lakh (2.5 million) units in 2020 
from 21.21 lakh (2.1 million) 
units in 2019. The MSME 
sector possesses untapped 
potential for innovation and 
technology development. There 
is a critical need for nurturing 
the MSMEs, not only to gain 
global competitiveness but also 
to maintain the socio-economic 
balance of our country.

Building an 
innovation ecosystem 
in the MSME sector
The MSME sector has immensely 
furthered entrepreneurship 
development, especially in semi-
urban and rural areas of the 
country. The Ministry of Micro, 
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Small and Medium Enterprises 
(MSME) has implemented 
various programmes/schemes 
for the development and 
promotion of MSMEs across the 
country, e.g. Skill Development 
Programmes, Enterprise 
Facilitation Centres (EFCs), 
Business Incubators, etc.
However, despite forming the 
majority of the entrepreneurial 
sector of the country, the micro, 
small and medium enterprises’ 
(MSME) contribution to 
exports and participation in 
international trade remains 
very limited. MSMEs and on a 
macro level, India still needs to 
inculcate and imbibe innovation 
as a habit. Some common issues 
faced by MSME sector include:
• Absence of adequate and 

timely financing solutions
• Limited capital and 

knowledge
• Non-availability of apt 

technology
• Ease of doing business 

persists as a bottleneck
• Lack of financial expertise

• Labour issues
• Constraints on 

modernisation and 
expansions

• Ineffective marketing 
strategy

It is necessary to develop 
an innovative culture and 
attitude, initiate methods that 
reveal profitable new service 
or product opportunities and 
mitigate risks when developing 
new products where demand 
is uncertain. The ultimate goal 
is to promote new enterprises, 
capacity building of existing 
MSMEs and inculcating an 
innovation and entrepreneurial 
culture in the MSME sector.
The figure here, states the key 
attributes that are necessary 
to promote innovation in the 
MSME industry.
There have been talks about 
the demographic dividend and 
knowledge-based economy, and 
it’s about time that India seizes 
the opportunity to tap into both 
in this decade. India has made 
significant progress in the last 

decade in building the country’s 
innovation ecosystem. However, 
India still needs to inculcate 
innovation as a habit. 

Awareness and 
capacity building

Despite forming the majority 
of the entrepreneurial sector of 
the country, micro, small and 
medium enterprises’ (MSME) 
contribution to exports and 
participation in international 
trade is very limited. The key 
factors being, skill gap, lack of 
information on market access and 
trade. There is a dire necessity 
of enhancing the productivity 
and competitiveness as well as 
capacity building of Micro and 
Small Enterprises (MSEs) and 
their collectives in the country.
The foundations of 
capacity building should be  
focussed around:

• Awareness creation and 
market intelligence insights

• Creating self-employment 
opportunities and up-
skilling the existing and 
potential entrepreneurs for 
developing new micro and 
small enterprises

• To provide MSMEs with skill 
sets on a range of topics 
such as improvement of 
technology, quality, market 
access, access to capital, 
energy efficiency, etc.

• To create/ upgrade 
infrastructural facilities or 
set up facility centres
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• To provide opportunities 
from existing policies

• Assistance to entrepreneurs 
for prototype design, if 
required

• Build a platform for 
knowledge sharing between 
MSMEs and large-scale 
industries

The ultimate goal is to promote 
new enterprises, capacity 
building of existing MSMEs 
and inculcating an innovation 
and entrepreneurial culture in  
the country.

Atal Innovation 
Mission (AIM) 

The Atal Innovation Mission 
(AIM) is a flagship initiative of 
the Hon'ble Prime Minister’s 
Office (PMO), housed at the NITI 
Aayog, to promote innovation 
and entrepreneurship across 
the length and breadth of 
the country. AIM, NITI Aayog 
is envisaged as an umbrella 
innovation organisation that 

would play an instrumental role 
in the alignment of innovation 
policies between central, state 
and sectoral ministries, by 
incentivising the promotion of 
an ecosystem of innovation and 
entrepreneurship at various 
levels – higher secondary 
schools, higher educational 
and research institutions, 
and SME/MSME industry, 
corporate, and government 
ministerial level, by public-
private partnership. The initial 
focus has been towards creating 
an institutional framework, 
to nurture innovation and  
entrepreneurial mindset.

Awareness and 
capacity building 
programmes and 
initiatives of AIM

AIM’s objective is to develop 
new programmes and policies 
for fostering innovation 
in different sectors of the 
economy, provide platforms 

and collaboration opportunities 
for different stakeholders, and 
create an umbrella structure 
to oversee the innovation and 
entrepreneurship ecosystem of 
the country.
Towards this end, AIM has rolled 
out a holistic set of programmes 
supporting innovation across 
various stages of the innovation 
lifecycle catering to various 
stakeholders. Focussed AIM 
programmes have been the 
torchbearers of innovation in the 
country and the key learnings 
from the initiatives can vastly 
contribute to innovation in the 
MSME sector.

Student Capability 
Enhancement 
and Development 
Programme

At the school level, AIM is 
setting up state-of-the-art Atal 
Tinkering Labs (ATL) in schools 
across all districts across the 
country. It is systematically 
honing young students on crucial 
21st century skills including 
creativity, innovation, critical 
thinking, social and cross-
cultural collaboration, ethical 
leadership and so on. With each 
passing day, new technology 
interventions by the industry 
are challenging the education 
system to create future-ready 
makers and the ATL programme 
is doing just that, revolutionising 
the education ecosystem  
of India. 
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Roadmap for 
replication and scale 
up in MSME sector

The ATL programme is based on 
the ‘Select-Establish-Enable-
Celebrate’ framework, which 
is easily replicable and can be 
implemented by any school, 
institution, department or 
country.
The ATL programme design 
and framework aligns perfectly 
with the capacity building and 
awareness objectives of the 
MSME sector.

Learnings: The  
ATL impact

The ATL initiative, across India 
today, is tapping on the intrinsic 
imaginative and problem-solving 

knack of children and equipping 
them with the required skills of 
the future. The overall goal is 
to disrupt the Indian education 
system, and create a generation 
of young innovators ready to 
take on further challenges, in 
their consistent pursuit to build 
the new India. 

Journey of an ATL

• Select: Is the ATL application 
and the selection of schools 
for setting up ATLs as well as 
the grant disbursement and 
management aspect.

• Establish: This pillar 
covers the implementation 
of the ATL SOP guidelines, 
including capacity building, 
teacher and mentor training 
programmes and the ATL 
curriculum and modules.

• Enable: This aspect takes 
care of the adoption of 
ATLs by the AIM corporate 
partners for smooth 
functioning, the various ATL 
activities and flagship events 
and competitions as well as 
aligning the students and 
schools with the incubators 
and industry leaders for 
mentoring and prototyping 
support.

• Celebrate: This enables 
the creation of a culture 
of innovation and a 
vibrant collaborative 
ecosystem within the 
school community, through 
celebration and recognition 
of innovative students, 
teachers, mentors, parents 
and other stakeholders.

Incubator Capability 
Enhancement 
Programme

The purpose of having a capability 
enhancement programme 
for start-ups is to develop a 
robust ecosystem focussed on 
creating high performing start-
ups. The idea here is to have a 
holistic entrepreneur support 
programme, which would enable 
development of sustainable 
business models and eventually 
produce high impact viable and 
investable start-ups.
AIM iCREST is one such 
programme designed to act 
as a growth hack for AIM’s 
established incubators across the 
country. Under this initiative, the 
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AIM incubators are upscaled and 
requisite support is provided to 
foster the incubation enterprise 
economy, which will help 
them to significantly enhance  
their performance. 

This capacity building 
programme focusses on several 
areas, e.g. providing training to 
entrepreneurs, enabling them 
to use tools and frameworks, 
gaining insights about incubation 
and acceleration, learning about 
global best practices, supporting 
in knowledge creation and 
dissemination, developing active 
and robust networks, etc. 

Roadmap for 
replication and scale
up in the MSME sector

Based on the methodology 
and learnings from the AIM-
iCREST, MSME sector can design 
frameworks/tailor existing 
programmes to incorporate 
and give due importance 
to several key elements, as  
mentioned here:

Learnings: The 
incubator impact 

This structured capacity 
building programme enables 
the incubators to design 
and implement world-class 
entrepreneurship programmes, 
make their institution 
sustainable, and build 
credibility. The programme 
fosters a pool of innovators and 
provides a platform to share 
best practices and understand 
intricacies of business models 

in the innovation ecosystem. 
It creates a robust network of 
mentors and other ecosystem 
stakeholders to encourage a 
collaborative environment. 

Innovation 
demonstration
Market access and investor 
access are two major bottlenecks 
faced by start-ups. The concept 
of innovation demonstration 
via ‘Innovation Demo Day’ 
overcomes these challenges 

INCUBATOR
STRUCTURED

TRAINING

l Open house sessions
l Progress tracking through LMS
l Pitch events
l Interaction with industry veterans

l Training for start-up cohorts
l Digital toolkits, templates and frameworks
l 1:1 Check-ins with trained fellows

l Case studies & success stories
l Toolkits for instant use and implementation
l SoPs for incubators and start-ups

l Incubator success metrics
l Best global practices
l Data backed analysis

l Tailored implementation of the study modules

l Support in solving operational challenges

l Active networking and collaboration opportunities

START-UP
TRAINING

INCUBATION
SUCCESS

HANDBOOK

GLOBAL BEST
PRACTICES

STUDY

SUPER 
MENTORS
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by providing a platform for 
demonstration wherein the 
start-ups can showcase their 
products and solutions in a 
closed-door session to various 
enterprises for market access 
and investors for funding.
AIM iLEAP is one such 
programme executed in the 
form of a series of Enterprise 
and Investor Demo Days hosted 
for AIM incubated start-ups in 
different sectors. It is a 45-day 
sector-specific cohort in which 
the start-ups get an opportunity 
to fine-tune their pitches, work 
on their go-to-market strategy, 
understand more about the 
sector-specific ecosystem, and 
ask questions to sectoral experts 
and so on. 
Under the iLEAP programme, 
AIM has partnered with Startup 
Réseau – a leading start-
up accelerator operator, to 
support its various initiatives, 
programmes and beneficiaries 
through a structured programme 
that will provide AIM backed 
start-ups with the much needed 
access to industry, markets  
and investors.
The iLEAP programme is 
organised in various stages:

Roadmap for 
replication and scale
up in the MSME sector
On the lines of AIM iLEAP, 
something similar, e.g. ‘MSME 

Innovation Demo Day’ can be 
organised, wherein technology 
MSMEs across different sectors 
can be invited to present their 
solutions to the corporate 
leadership and innovation teams 
with the objective of enabling 
them to garner market access 
and industry partnerships. 
At the same time, individual 
and institutional investors 
participating in the programme 
can consider investing in the 
curated set of MSMEs.
Such programmes for MSMEs 
can be envisioned and designed 
keeping in mind the following 
key objectives:

Learnings: Demo days

An ‘innovation demo day’ offers 
an opportunity to develop and 
institute new solutions into 
the market in a faster manner 
with fewer resources. It acts 
as a platform that encourages 
innovation while also providing 
incentives such as cash awards, 
networking support, technical 
support, equipment support and 
incubation support.

Conclusion 

The approach is in line with the 
Centre’s aim to increase MSMEs' 
share in GDP to 40 per cent. The 
study will have considerable 
implications on the:

• Academicians

• Practitioners 

• Policy makers

This will be useful for 
academicians as this kind 
of analysis brings a unique 
perspective to the table and will 
be helpful in revolutionising 
upcoming innovation studies 
pertaining to the MSME sector. 
For the practitioner, this will 
provide an idea about the 
ongoing best practices in the 
sector, thus enabling them to 
design accordingly. For the 
policy makers, as the country is 
emerging as global leader, there 
is a need to have an idea of the 
factors that may be helpful in 
framing policies for the MSME 
sector, which has a big role 
to play in achieving the $ 5T 
economy target.
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Cross Section

Protected Cultivation 
Techniques of 
Carnation

M.K. SINGH

Floriculture is one of the 
most important branches of 
ornamental	plant	cultivation,	

with	the	primary	goal	of	satisfying	
people's aesthetic requirements. 
People's	desire	for	the	elegance	and	
fertility of plants has determined 
the	 industry's	 marketing	
prospects. Different ornamental 
plants are now commonly used 
in	 home	 gardening,	 professional	
landscaping,	 and	 cut	 flowers,	
along	 with	 many	 other	 items.	
With	 the	 rapid	 growth	 of	 urban	
planning	 and	 the	 hotel	 industry,	
there has been a rise in demand 
for	cut	flowers	to	decorate	offices,	
hotels,	 and	 significant	 meeting	
or	 conference	 locations,	 among	
other	 places.	 Indian	 flowers	 have	
been synonymous with social 
life since time immemorial, 
according	 to	 ancient	 literature,	
and	 have	 been	 used	 for	 a	 variety	
of	 purposes	 including	 offerings	
to	 God,	 floral	 ornamentals	 for	
women, decoration on auspicious 
ceremonies, and the preparation  
of perfumes. 

The	 diversity	 of	 people's	
preferences and perceptions of 

beauty	 has	 been	 a	 turning	 stone	
for	 discovering	 and	 designing	
new	flower	forms.	Without	doubt,	
ornamental	plants	have	contributed	
significantly	 to	 the	 horticultural	
industry's transformation. 
Floriculture has become one of 
the most important commercial 
trades	 in	 Indian	 agriculture	 due	
to a steady rise in demand for 
cut	 and	 potted	 flowers.	 Extreme	
growth	 can	 be	 seen	 in	 terms	 of	
area, output, and export. With 
rising	 profits,	 the	 demand	 for	
floriculture	products	has	increased	
in recent decades. Floriculture 
is	 a	 growing	 industry	 in	 India,	
with	 significant	 potential	 in	 both	
the domestic and export markets. 
While	 commercial	 floriculture	 is	
still	in	its	early	stages,	the	country	
has	 a	 long	 history	 of	 growing	
various	types	of	flowers.

Commercial	 floriculture	 has	 been	
found	 to	 have	 a	 higher	 potential	
per	unit	area	than	other	field	crops,	
making	 it	 a	 profitable	 industry.	
The liberalisation of industrial 
and	 trade	 policies	 paved	 the	
way	 for	 the	 growth	 of	 cut	 flower	
exports. The new seed policy had 

already made it possible to import 
foreign	 varieties	 of	 planting	
material. Furthermore, the import 
substitution	 issue	 is	 no	 longer	
taken into account, and the only 
aim	 is	 to	 augment	 the	 supply	 of	
home-grown	cut	flowers.	Given	the	
increasingly	rising	demand	for	cut	
flowers,	potted	plants,	and	planting	
materials, the country needs a 
conciliation mechanism that will 
take into account the desires of 
both	 flower	 and	 ornamental	 plant	
market participants.

This	increase	in	flower	production	
in India is due to the use of 
modern	 farming	 technology,	
improved	 varieties/hybrids	 and	
cultural	 practices,	 and	 improved	
storage	 facilities,	 all	 of	 which	
minimise crop losses due to biotic 
and abiotic factors and produce 
high-quality	yields.

Carnation (Dianthns 
caryophyllus)	 belongs	 to	 the	
family Caryophyllaceae and is 
also	 known	 as	 divine	 flower.	
Its	 flower	 is	 high	 valued	 for	
its	 excellent	 keeping	 quality,	
different	 colours	 and	 forms,	 light	
weight,	 ability	 to	 withstand	 long	
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distance transportation and unique 
aptitude to rehydrate, etc., and is 
occupying	a	position	under	top	10	
cut	flowers	of	 the	world	 for	more	
than	 five	 decades.	 Carnation	 is	
indigenous	 to	 the	 Mediterranean	
areas. South Africa, Colombia, 
Kenya, Morocco, Turkey, etc. 
were	 the	 pioneering	 countries	
in	 the	 commercial	 cultivation	 of	
carnation for export purposes. 
Presently	 Poland,	 Japan,	
Netherlands, Spain, Israel, etc. 
are other major producers and 
suppliers	of	carnation	cut	flowers.	
In	 India,	 carnation	 cultivation	 is	
in	a	growing	stage.	Carnations	are	
now	 being	 grown	 commercially	
in Solan, Shimla, Mandi, Kullu, 
Chamba,	 Kangra,	 Pune,	 Ooty,	
Bangalore,	 Kalimpong,	 etc.	
Among	 the	 different	 types	 of	
carnation,	 the	 perpetual	 flowering	
carnations are the most suitable 
for	 commercial	 cultivation	 as	 cut	
flower	 production.	 Commercially	
important carnations can be 
grouped	 into	 four	 major	 groups–	
Standard, Spray, Dianthini and 
Mignon	or	Microvarieties.	

Climate: Temperature is a key 
factor that plays an important 
role	 in	 growth	 and	 flowering	
of carnation. Since carnation is 
a	 quantitative	 long-day	 plant,	

it requires ample sunshine 
(approximately 21.5 k lx for at least 
8 hours in a day). The locations 
having	a	day	temperature	of	25°C	
and	 a	 night	 temperature	 of	 10°C	
are	 good	 for	 high	 quality	 flower	
production of carnations. The 
optimum temperature for standard 
carnation	 is	 18°-23°C.	 Spray	
carnations	 can	 tolerate	 slightly	
warmer	 temperature.	 The	 relative	
humidity	 inside	 the	 greenhouse	
should be approximately 50-60 
per cent. Ooty in Tamil Nadu and 
mid-hills	of	Himachal	Pradesh	are	
ideal	 for	 round-the-year	 flower	
production of carnation.

Soil: A rich sandy loam or loam 
soil is ideal for its successful 
cultivation.	 Soils	 with	 higher	
amount of clay or silt should be 
amended	by	incorporating	organic	
matter	or	compost.	The	pH	of	6-7	
is ideal. The site chosen should 
be free from weeds, nematodes or 
soil-borne	pathogens.	

Varieties: Standard and spray 
types	 of	 carnation	 are	 grown	
commercially. Standard types 
of carnation are disbudded to a 
terminal	 single	 flower,	 producing	
a	 large	 flower	 on	 a	 sturdy	 long	
stem.	 These	 carnations	 are	 again	
classified	 into	 two	 groups	 –	 the	

Sim Carnation and Mediterranean 
varieties.	

In spray carnations, the centre 
apical	 bud	 is	 removed,	 allowing	
the	 upper	 buds	 to	 develop;	 these	
may	be	on	a	 relatively	short	 stem	
providing	a	tight	cluster	or	longer	
stems	originating	 lower	 down	 the	
stem	providing	a	more	open	spray.	
The standard carnations are more 
in demand in Indian markets, 
while in the world trade sprays 
(miniature) supersede standards. 
Wholesalers also dye white 
carnations	 to	 green,	 blue,	 yellow	
and other shades, a process known 
as	tinting.

Some	 cultivars	 recommended	
for	 commercial	 cultivations	 are	 
given	below:	

Propagation:	Perpetual	carnations	
are commercially multiplied by 
vegetative	 shoot	 tip	 cuttings.	
The	 length	 of	 terminal	 cuttings	
of standard carnation should be 
10-15 centimetre and for spray 
carnations it is 8-10 centimetre 
from healthy, disease-free mother 
plants;	the	lower	1-2	pairs	of	leave	
are	 removed.	 There	 should	 be	 at	
least	 three	 nodes	 on	 a	 cutting.	
Before	 planting	 the	 cuttings	 in	
propagation	 chamber	 treat	 them	
with Dithane M-45 (0.25per 
cent) for 5-6 minutes and shake 
them	 properly	 to	 remove	 the	
solution and treat the cut ends 
with NAA (500ppm) for 10-12 
seconds and plant at 5cm x 5cm 
distance with population density 
of	 350	 (approx.)	 cuttings	 per	 m2 
in	 trays	 or	 propagation	 chamber	

Carnation flowers
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beds	 containing	 sterilised	 sand	
or cocopeat or cocopeat + 
vermiculite.	 Rooting	 is	 obtained	
in	 25-30	 days	 in	 the	 propagation	
chamber. Carnations can be 
propagated	 round	 the	 year,	
provided	 temperature	 inside	
the polyhouse is maintained 
at	 20°C	 with	 75-80	 per	 cent	 
relative	humidity.	

Growing structures:	 Perpetual	
carnations	are	commercially	grown	
under protection conditions. In 
order	 to	 provide	 an	 environment	
favourable	 for	 growth	 and	
year	 round	 flowering	 inside	
these	 environment	 controlled	
greenhouses,	 the	 irrigation	 and	

Varieties of carnation
Colour                 Standards        Sprays
Red Castellaro,	Dakar,	Domingo,	

Desio,	Tanga,	Itaca,	Killer,	
Red Corso, Master, Impala, 
Nelson, Rimini and Espana

Alister,	Darling,	Red	Arrow	
Kortina, Elsy, Rosso, 
Westpearl,	Red	Prelude	and	
Rony-arony

Pink	 Pink	Pisa,	Light	Pink	Candy,	
Pink	Corso,	Pink	Diamante,	
Bologna,	Petra	and	Pink	
Diamante

Happiness,	Pink	Kortina,	
Pink	Koreno,	Pink	Beam,		
Rossini and Fantasia

Cherry Pirandello,	Dona	Brecas,	
Laurella	and	Killer

Cherry	Bag,	Kortina	Cherry	
Ondelia and Ciska

Yellow Exotica, Golden Cabaret, 
Isac,	Sila,	Tahiti,	Esty,	Pinto,	
Nikita,	Sunrise,	Verona,	
Candy	and	Las	Palmas	

Guernsey	Yellow,	Koreno	
and Castillo

White Milo, Sonsara, Nordica, 
Parini,									Roma	White	
Candy,	White	Pisa,	Virginie,	
White	Giant,	Bogota,	Parade	
and	Rivera

Close	Up,	West	Crystal,	
Excel,	Hermon,	White	
Opale and Westdrystal

Purple Lavender	Lace Purple	Chopin	and	Roxette
Orange Amstel,	Cabaret,	Orange	

Triumph,	Orange	Isac,	
Maragia	Orange	Pinto	Solar	
and	Orange	Isac

Niky, Macarena, Sintonia, 
Target,	Furlana,	Niky,	
Orange	Etalion	and	Tip	Tip

fertiliser application systems 
(fertigation)	 are	 controlled	 by	
computer	 controlled	 devices.	
Greenhouses	are	designed	in	such	
a way that maximum amount 
of	 sunlight	 gets	 entry	 inside	 
the	greenhouse.	

Cultivation

Planting

Planting	 schedule	 is	 very	
important	 to	 regulate	 the	 flower	
production. The main aim of 
a	 grower	 is	 to	 synchronise	 the	
supply of maximum number of 
excellent	 quality	 flowers	 with	
peak demand of the market 

when	 the	 prices	 are	 also	 high.	 In	
controlled	 greenhouse	 conditions,	
carnation could be planted round 
the year. Approximately 130-150 
days	 are	 required	 from	 planting	
to	 flowering	 under	 protected	
conditions.	 The	 planting	 during	
early	July	to	early	August	is	 ideal	
for	mid	hill	region	to	obtain	a	flush	
of	 carnation	 flowers	 from	 mid-
November	 to	 December.	 In	 areas	
having	 snowfall,	 planting	 should	
be	done	during	March-April	to	get	
flowers	during	August-September.	
With	 the	 help	 of	 staggered	
planting,	 it	 is	 possible	 to	 get	
continuous	 flowering	 for	 regular	
supply	of	flowers	to	market.

The	 carnation	 cuttings,	 well-
rooted, hardened and disease-free, 
should be pro-cured from a reputed 
source. They should be planted 
on raised beds, 15-20 centimetre 
above	 the	 ground	 of	 convenient	
size,	 1-1.2	 metre	 in	 width	 and	
50-60 centimetre path between the 
beds.	In	high	hills,	flowers	may	be	
taken continuously for two years 
rotation.	 After	 flowering,	 flowers	
should	 be	 harvested	 at	 10-15	
centimetre	 above	 the	 growing	
media	 level.	 Traditionally,	
perpetual carnations are planted 
relatively	 close	 together	 about	 15	
cm	x	15	 cm.	A	 spacing	of	 20	 cm	
x	 20	 cm	 is	 preferable	 and	 even	
wider	spacing	can	be	used.	

Pinching

Pinching	is	an	important	operation	
in the successful production of 
quality	 and	 quantity	 flowers	 of	
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carnations.	 Remove	 the	 apical	
shoot of the plants 3-4 weeks 
after	 planting.	 The	 tip	 of	 the	
stem	 is	 removed	 leaving	 five	
pairs	 of	 leaves	 from	which	 on	 an	
average	 four	 lateral	 shoots	 will	
develop.	 There	 are	 three	 types	
of	 pinching	 methods	 that	 are	 
generally	followed.		

Single pinching:	 It	 is	 the	 removal	
of	the	main	shoots	below	five	pair	
leaves,	 which	 gives	 about	 4-5	
lateral	 shoots	 to	 produce	 flowers.	
This	is	done	for	early	cropping.

Pinch-and-a-half: To extend the 
production time of carnation 
flowers,	 the	 ‘pinch	 and	 a	 half’	
method	is	practiced.	This	involves	
single	pinching	of	 the	main	 stem,	
and	 later	 when	 the	 resulting	
shoots	 are	 long	 enough	 (8-10	 cm	
or	 30-35	 days	 after	 first	 pinch),	
half	 of	 the	 largest	 shoots	 on	 each	
plant are pinched. The half pinch 
actually is the two or three shoot 
pinches/plant	at	 the	later	pinching	
time. In pinch and a half method 
two	 to	 three	 flowers	 are	 obtained	

in	 first	 flush	 and	 6-8	 in	 the	 later	
flush.	This	system	provides	steady	
production	of	flowers	without	any	
peak time.

Double pinch:	 It	 is	 the	 single	
pinching	of	the	main	shoots	below	
five	 pair	 of	 leaves	 and	 again	 the	
pinching	of	all	 laterals	when	 they	
are	 8-10	 centimetre	 in	 length	 at	
2-3	pair	 leaves	approximately	30-
35	 days	 after	 first	 pinch.	 This	 is	
generally	done	 for	 late	harvesting	
or	 delaying	 the	 flowering	 period.	
Generally 8-10 shoots are retained.

Disbudding and 
deshooting

Disbudding	 is	 the	 removal	
of unwanted buds. Standard 
carnations	 require	 removal	 of	
lateral buds below the terminal 
ones.	The	best	time	for	disbudding	
is	 when	 the	 apical	 flower	 bud	
is about 1-1.5 cm in diameter. 
In spray carnations, the main 
terminal	flower	buds	are	 removed	
to	 encourage	 lateral	 flower	 bud	
to	 develop.	 In	 deshooting,	 the	
unwanted shoots in the axil 
of	 leaves	 or	 flowering	 shoots	
are	 removed	 when	 they	 are	 
2-3	centimetre	long.

Flower regulation

The	 main	 objective	 of	 a	 grower	
is to produce maximum number 
of	excellent	quality	flowers	at	 the	
time	 when	 the	 prices	 are	 high.	
Carnations	 produce	 flowers	 in	
flushes,	as	each	set	of	lateral	buds	

A view of carnation planted under polyhouse

A view of carnation polyhouse after pinching
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extends	and	terminates	in	a	flower.	
A	 heavy	 flush	 of	 flowers	 over	 a	
shorter period is not desirable 
unless	 it	 is	 intended	for	a	specific	
occasion	such	as	Diwali,	New	Year,	
Mother’s Day and Christmas Day, 
etc.	 A	 steady	 supply	 of	 flowers	
from	hills	is	most	profitable	during	
winter	 season.	Time	of	flowering,	
duration	 of	 flush	 and	 flower	
production may be controlled 
by	 the	 growers.	 Under	 mid	 hill	
conditions	 of	 Himachal	 Pradesh	
and	 Uttarakhand,	 flowers	 can	 be	
produced	throughout	the	year.	

Supplementary lighting

It	is	very	effective	in	increasing	stem	
length,	flower	size	and	early	flower	
production	 and	 should	 be	 given	
with 100 W (watt) incandescent 
bulbs	hung	at	1.5	metre	above.

Growth regulators

There is a pronounced effect 

of	 growth	 regulators	 on	 flower	
production	 and	 regulation	 in	
carnation.	 Spraying	 of	 GA3	 (l00	
ppm)	twice	at	first	pinch	and	when	
axillary shoots are 8-10 centimetre 
in	length,	produce	early	flowering	
with	 long	 stems.	 However,	
application of BA (50 ppm) at 
monthly	 intervals	 increases	 yield	
of	cuttings.	

Nutrition

Proper	 nutrition	 is	 very	 essential	
for	 obtaining	 optimum	 plant	
growth	 and	 high	 yield	 of	 quality	
flowers.	 Application	 of	 200	 ppm	
N and 200 ppm K2O3 in the 
irrigation	water	 at	 every	watering	
resulted	 in	 very	 good	 plant	
growth	 and	 production	 of	 quality	
flowers.	 Spray	 0.1per	 cent	 urea	
and potassium nitrate (KNO3) and 
1	 ppm	 boron	 at	 10	 days	 interval	 
till	flowering.	

Some micronutrients may also be 
required,	depending	upon	the	type	

of soil and mineral content of 
irrigation	 water.	 The	 most	 likely	
micronutrients to be added are Fe, 
Zn,	 Cu,	Mn,	Mg	 and	B.	 Periodic	
laboratory analysis of plant tissue 
is	 advisable	 to	determine	whether	
micronutrients are needed, and 
also whether the major nutrients 
are adequate. 

After care

The plants should be supported 
by a network. The plastic nets 
having	 a	 mesh	 of	 15	 cm	 x	 15	
cm supported by stakes of metal 
fixed	 at	 the	 corner	 of	 beds	 is	 an	
ideal method. Make 3-4 layers 
of	mesh	 laid	 together	on	 the	 soil/
growing	 surface;	 the	 lower	 one	
is	 made	 15	 centimetre	 above	
the soil and the upper layers are 
separated 20 centimetre apart. 
As	 the	 plants	 grow,	 the	 stems	
must be constantly stalled within 
the	 respective	 mesh	 opening	 to	
maintain	straight	stems.	A	modern	
supporting	 method	 either	 of	 wire	
or	 nets	 comprises	 two	 vertical	
poles at both ends, with cross bars 
at	intervals.	Lighter	grade	‘ladder’,	
preferably of metal can also be 
set	 along	 the	 length	 of	 the	 bed	 
3.5-4	metre	apart.	It	is	convenient	
if	 the	 end	 poles	 are	 fitted	 into	 a	
socket so that they can be easily 
removed	 and	 replanted,	 and	 also	
strengthened	 by	 a	 stake	 taken	
down to the side of a bed. The 
first	 layer	 is	 laid	 after	 pinching	
of plants and others as the  
plants	grow.

A view of deshooting of carnation flower in polyhouse
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Irrigation

Availability	of	good	quality	water	
is	 essential	 for	 quality	 flower	
production of carnation. The water 
requirement is directly related to 
the	 soil	 radiation	 received	 by	 the	
plant.	 The	 growing	 medium	 for	
carnation needs to be kept near 
field	capacity.	So	regular	watering	
is required at least 2-3 times in a 
day in summer and 1-2 times in a 
day	during	winter.	Rooted	cuttings	
need	 watering	 immediately	 after	
planting.	 Overhead	 sprinkler	
system	 is	 quite	 effective	 in	
reducing	the	temperature	of	green	
house	during	summer	season.	The	
overhead	 system,	 if	 employed,	
should be discontinued when the 
flower	buds	appear.	The	optimum	
moisture for the medium should 
be between 0.3 and 0.5 bar under 
low	 light	 levels;	 water	 tension	
less than 0.3 bar produces soft 
elongated	growth	and	 low	quality	
flowers.	Water	tension	greater	than	
0.5	bar	under	high	light	intensities	
results	in	poor	quality	flowers.

Insects and pests 
Red spider mite  
(Tetranychus urticae)

Mites	 are	 very	 common	 on	
carnation.	 They	 first	 appear	 on	
lower	 surface	 of	 leaves,	 and	 can	
subsequently	 cover	 the	 entire	
leaf, stem and after sometime the 
whole plant with their web. The 
infected	 plants	 give	 dusty	 and	
webbed appearance. These can be 
controlled	 by	 spraying	 Kelthane	
@ 0.1per cent or Omite 0.03  
per cent.

Caterpillar 

Caterpillars are mostly a problem 
of	 carnation	 buds	 and	 young	
leaves.	 In	 the	 initial	 stages,	 they	
eat	away	the	foliage.	The	eggs	are	
laid	on	the	buds	and	larvae	eat	into	
the	 bud	 damaging	 it	 completely.	
Caterpillars can be controlled by 
spraying	 Nuvan	 @	 0.15	 to	 0.2	 
per cent. 

Aphids (Macrosiphum rose and 
Aphis gossypii)

Aphids	 are	 sucking	 insects	 that	
draw	chlorophyll	 from	leaves	and	
buds. It is recommended to spray 
Metasystox or Malathion @ 0.2 
per cent to control aphids.

Thrips (Thripsmaginis and 
Frankliniellatritici)

Among	insects,	thrips	are	the	most	
serious pests on rose. Thrips prefer 
dry hot conditions. Both nymphs 
and adult forms of this small 
insect suck the cell sap from the 
leaves,	 tender	 stem	 and	 flowers.		
It is recommended to apply 
dimethoate and monocrotophos @ 
0.05-0.1 per cent to control thrips. 

Harvesting and post-
harvest management

Harvesting stage and yield

The	bud	size	and	petal	growth	are	
generally	 used	 to	 judge	 the	 stage	
of	 harvesting.	 The	 flowers	 of	
standard carnation are cut when 

Diseases

Disease Symptoms Management

Alternaria 
Leaf	Spot

Small purplish spots form 
on	leaves.	Their	centres	
become brown while the 
leaf yellows.

Apply	a	fungicide	to	
protect healthy plants. 
Control	by	foliar	spraying	
of Dithane M-45 @ 0.2  
per cent.

Fusarium 
Wilt

Lower	leaves	are	yellow	
and wilt up one side of 
plant.	Late	in	the	disease,	
root and stems rot.

Use	culture	indexed	plants	
free	of	the	pathogen.	These	
can be controlled by foliar 
spraying	of	Carbendazim	
@ 0.15 per cent.

Stem Rot Reddish-brown spots at  
the base. 

Plant	only	healthy,	
pathogen-free	cuttings.	
Control	by	foliar	spraying	
of Dithane M-45 @ 0.2  
per cent.

Rust Small	blisters	containing	
rust-red spores form on 
leaves.

Apply	a	fungicide	to	
protect healthy plants. 
Control	by	foliar	spraying	
of Dithane M-45 @ 0.2  
per cent.
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outer	 petals	 have	 unfolded	 nearly	
perpendicular to stem or at paint 
brush	 stage.	 Spray	 carnations	
are	 cut,	 when	 2-3	 upper	 flowers	
in	 the	 inflorescence	 are	 open	
and	 remaining	 buds	 are	 showing	
colour. In recent years, carnations 
are	 cut	 at	 tight-bud	 stage.	 As	
soon	 as	 flowers	 are	 harvested,	
keep them in clean water in a 
preservative	 solution.	 Flower	
should	 be	 harvested	 preferably	 in	
the	 morning	 or	 in	 the	 afternoon	
hours.	 In	general	spray	carnations	
yield more than the standard 
types. Open crop of standard 
carnation	 yields	 150-200	 flowers/
m2	 per	 year,	 whereas	 greenhouse	
crop	 yields	 300-400	 flowers/m2 

per	year	in	2	to	2.5	years	of	flower	 
production duration. 

Grading

Just	 after	 harvesting,	 the	 flowers	
must	 be	 graded	 and	 bunched	
properly.	 Vari¬ous	 standardised	
grades	 are	 based	 on	 stem	 length,	

flower	 diameter,	 and	 physical	
con¬dition	 of	 flower	 like	 stem	
sturdiness, freedom from disease 
and insects, sleepiness, stem 
cracks,  bullhead and calyx 
splitting.	 Grading	 in	 India	 is	
adopted	 as	 per	 the	 guidelines	 of	
the Society of American Florists. 
Each	grade	 is	bunched	 in	a	 lot	of	
25 stems. 

Conditioning of flowers

Carnation	 flowers	 are	 highly	
sensitive	 to	 ethylene.	The	flowers	
after	 harvesting	 and	 grading	
should be pulsed with 10 per 
cent sucrose +1mm STS for 8-10 
hours before transportation to 
increase	 storability	 and	 vase-life	
of	 cut	 carnations.	 After	 pulsing,	
the	 flowers	 should	 be	 stored	 at	 
2°-4°C	 temperature	 and	 95	 per	
cent	 relative	 humidity	 in	 clean	
water	 with	 a	 nutritive	 solution.	
This	 is	 necessary	 to	 prevent	
sleepiness in cut carnations.

Packaging and transportation

Carnations are packed in 
corrugated	 cardboard	 boxes.	
About 800 carnations are packed 
in	 a	 standard-sized	 carton	 
(122cm x 50cm x 30cm). The 
boxes should be well-insulated. 
Bunches	 of	 25	 flowers	 are	 then	
packed in these boxes with one 
half of the total number of bundles 
oriented on each end of the 
container. Newspaper are placed 
between the layers to maintain 
high	 humidity	 and	 then	when	 the	
container	 is	 filled,	 an	 insulated	
layer of paper is put across the box 
to	cover	the	flowers	completely.

Carnation flowers ready for packaging



41November–December 2022 | INVENTION INTELLIGENCE

A Chronicle of 
Development of 
Scientific Temper and 
Paralleled S&T Base  
in India-1

Dr. DEEPIKA ROHATGI

Scientific	 temper	 is	 an	
expression,	 behaviour,	
thought	 process	 of	 an	

individual,	 which	 one	 uses	 for	
understanding,	 interpreting	 the	
concepts of science with rationale 
for	adding	value	to	a	social	process	
of	 thinking.	 Attitude,	 curiosity,	
inquisitiveness,	 reasoning	 and	
analysis	 are	 vital	 components	 of	
scientific	 temper	 and	 looking	 for	
an explanation, discussion for a 
scientific	 concept	 and	 openness	
to	accept	new	and	emerging	ideas	
is	an	indicative	sign	of	interactive	
science	 learning	 in	 an	 individual.	
Communication of science is 
also important to help people 
keep	 informed	 and	 grow	 beyond	
limited	 and	 primordial	 thinking.	
Schooling	 and	 education,	 is	
therefore,	important	for	cultivating	
an	attitude	for	science	 learning.	A	
structured and formal education 
helps	 in	 creating	 understanding	
and	 improving	 conceptual	

knowledge.	 Fundamentals	 of	
science	may	 need	 to	 be	 taught	 to	
the	 general	 masses	 in	 urban	 and	
semi-urban areas and to ensure 
that the youth and elderly are 
sufficiently	educated	to	understand	
scientific	 reasoning.	 	 People	
may	 be	 encouraged	 to	 accept	
new	 scientific	 solutions	 if	 there	
is	 a	 plausible	 evidence	 against	
the old and crude concept. This 
means India needs to recalibrate 
its	 strategy,	 and	 besides	 increase	
in	public	investments	for	research	
and creation of infrastructure, may 
also need to increase access and 
provide	 for	 maximum	 coverage	
for science education and culture 
in	 the	 country.	 Instilling	 curiosity	
to pursue, understand and do 
science	 amongst	 the	 students	
and	 general	 masses	 is	 one	 such	
method by means of which our 
country	 can	 gain	 freedom	 from	
the old, obsolete, primordial way 
of	 thinking	enabling	our	students,	

youth	 or	 people	 across	 any	 age	
to experiment, explore, ideate 
and create. An attempt has been 
made in this article to understand 
the	 term	 ‘scientific	 temper’,	
brief	 of	 its	 origin	 and	 meaning,	
how	 the	 spirit	 of	 ‘scientific	
temper’, it’s communication and 
popularisation	 gained	 momentum	
during	 post-independence	 period	
and	 to	 provide	 an	 overview	
for	 the	 paralleled	 development	
of S&T base in India. Efforts 
for the creation of human and 
institutional	 capacity	 building	
are	 in	 progress	 and	 the	 students,	
researchers, scholars and scientists 
may	relentlessly	be	encouraged	to	
think independently, form an idea, 
imagine	or	create	to	enable	them	to	
explore the unknown, unfamiliar, 
discover	and	hypothesise.	
Science is not a new discipline to 
India.	Historians	have	documented	
about	several	great	Indian	science	
marvels	 and	 achievements	 to	



42 INVENTION INTELLIGENCE | November–December 2022

show that our predecessors were 
equally	good	in	science.	The	only	
drawback	was	that	their	knowledge	
of science was not adequately 
transmitted	 from	 generation	 to	
generation	 owing	 to	 the	 special	
texts and script used thousands 
of	 years	 ago	 for	 documentation.	
Modern India may not be at par 
with the western world in terms 
of	 science	 advancements	 but	
definitely	most	 of	 the	 noteworthy	
scientific	contributions	have	come	
from India in the last century. Such 
as,	 discovery	 of	 the	 phenomena	
of	 light	 scattering	 by	 Prof.	 C.V.	
Raman, work on remote wireless 
signaling	 and	 discovery	 of	
Crescograph	 by	 Prof.	 J.C.	 Bose,	
work on quantum mechanics by 
S.N. Bose, mathematical theorems 
by	S.	Ramanujan,	concept	of	genetic	
code and cell synthesis of proteins 
by	 H.G.	 Khorana,	 cytogenetic	
work on hexaploid wheat by M.S. 
Swaminathan, contribution for 
artificial	 intelligence,	 robotics	 by	
Prof.	 Raj	 Reddy	 and	 therefore,	
it exemplary work on science, 
mathematics	and	engineering.	The	
21st	century	is	an	age	of	machine	
learning,	 artificial	 intelligence,	
data science, robotics, IoT, industry 
4.0,	intelligent	sensing	and	secured	
communications, quantum 
technologies,	 etc.	 It	 is	 important	
that the scientists, students, youth 
and	 the	 general	 masses	 should	
have	 an	 understanding	 of	 the	
benefits	of	 these	 technologies	and	
applications. The new National 
Education	 Policy	 2020	 also 
emphasises	for	a	change	in	pattern	

of education and to make it more 
explorative	 and	 innovative	 for	
students	to	enable	them	to	develop	
skills,	 imagination	 and	 critical	
thinking.	 It	 is	 envisaged	 that	 the	
structural reforms introduced in the 
pattern	of	education	being	imparted	
in	 India	 will	 bring	 a	 paradigm	
shift in the education sector and 
will	have	a	positive	impact	on	the	
mental	and	intellectual	growth	and	
development	of	the	students	across	
the country. 

The	Government	has	taken	several	
routes	to	promote	science	learning	
and education in the country in an 
effort to create opportunities and 
sustainable	 progress	 in	 science,	
infusing	 the	 spirit	 of	 ‘scientific	
temper’	 amongst	 the	 students.	
Research,	 teaching	 and	 training	
had	been	made	innovative	from	the	
days	 of	 just	 storytelling,	 lectures	
and	blackboard	teaching	to	the	use	
of	graphics,	pictures,	visual	clues,	
virtual	labs	and	use	of	social	media	
in	making	 the	 science	 classrooms	
more	 interactive	 and	 fascinating	
for students. This has transformed 
classroom interactions from 
unexciting	 and	 rote	 learning	 to	
more	 engaged	 and	 deep	 learning.	
Government	 has	 also	 set	 up	
innovation	facilitation	centres	at	the	
IITs, NITs, autonomous institutes, 
universities	to	promote	higher	and	
immersive	 learning,	 education	
and	 research	 in	 science.	 Proof	
of	 concept	 funding,	 fellowships,	
scholarships,	 contingency	 fund,	
travel	 fund	 for	 communicating	
work at the conferences, symposia, 
etc.	 are	 provided	 to	 students,	

researchers	 in	 the	 universities,	
colleges,	national	research	centres	
in an effort to create independent 
science researchers and to exhibit 
their work. 

Effective	communication	of	doing	
good	science,	showcase	and	exhibit	
of	scientific	work	and	technologies	
is important. It concerns 
any	 reflective	 thinker	 in	 this	
‘information	age’.	 In	 the	Science,	
Technology	 and	 Innovation	
Policy	 of	 2013,	 GoI	 emphasises	
on	 public	 understanding	 of	
science and the fact that science 
or	 ‘scientific	 temper’	 may	 be	
promoted	 amongst	 all	 sections	 of	
society	using	the	tools	of	national	
knowledge	 network. There are 
several	 ways	 of	 communicating	
science, both formal and informal, 
written	 or	 verbal	 but	 the	 choice	
of	 method	 for	 communicating	
science	 depends	 upon	 the	 target	
audience. Skits, exhibitions, 
campaigns	 and	 films	 can	 be	 the	
preferable means of science 
communication	 for	 the	 general	
population, and deliberations, 
discussions, publications in 
journals,	writing	project	proposals,	
workshops, seminars, exhibitions, 
advertisements,	 industry-
interaction meets can be the mode 
of communication by science 
researchers for professionals 
and	 people	 having	 conceptual	
knowledge.	 This	 indicates	 that	
there	 are	 two	 different	 segments	
of people with whom science 
needs to be communicated, one is 
from a science expert to an expert 
and the other is from a science 
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expert	 to	 a	 non-expert	 or	 general	
masses. Efforts are in place to 
bring	students,	science	researchers	
and science communicators on a 
common platform to deliberate 
and discuss on science pursuits 
to	 evoke	 thought	 process	 and	
understanding	in	people	on	several	
emerging	 science	 disciplines	 and	
concepts. The Indian Science 
Writer’s Association, New 
Delhi, CSIR-NISCAIR and 
Indian Science Communication 
Society,	 Lucknow	 is	 proactively	
engaged	 in	 popularising	 and	
communicating	 science	 to	 the	
masses	through	both	broadcast	and	 
print media. 

Development of 
scientific temper and 
S&T base in India 

The	 origin	 of	 the	 term	 ‘scientific	
temper’	is	not	much	known	as	very	
little	 documentation	 is	 available	
for	 the	 pre-Nehruvian	 period.	
Indian	 scientists,	 during	 the	 pre-
independence period, had to 
largely	 rely	 on	 research	 institutes	
situated in the west in countries 
like Britain and Germany for their 
experimental	 work.	 However,	
there were few Indian journals 
through	which	the	Indian	scientists	
could communicate their work 
to the professional experts and 
spread the science. Some of these 
journals were promoted by learned 
societies like Asiatic Society, 
Calcutta, founded in 1784 and the 
Madras	Literary	Society.

The	freedom	movement	had	made	
Indian	 science	 subservient	 but	
even	 then,	 the	 Indian	government	
before	 Independence,	 though	
exclusively	 not	 public	 funded,	
supported the cause of science. 
This	 is	 well	 evident	 from	 the	
establishment	 of	 several	 research	
institutes,	 academies,	 universities,	
museums and infrastructure that 
supported	 research,	 teaching	
and	 training	 in	 science.	 Survey	
of	 India,	 the	 country’s	 mapping	
agency	was	set	up	 in	1767	and	 is	
the	 oldest	 scientific	 department	
of	 the	 Government	 of	 India.	
Likewise,	 the	 Botanical	 Survey	
of India was set up in 1890 to 
explore, identify and document 
the	rich	plant	biodiversity	of	India.	
The	 Central	 National	 Herbarium,	
Howrah	 was	 established	 in	
1795	 and	 is	 the	 first	 herbarium	
in	 the	 country.	 Universities	 at	
Calcutta, Bombay and Madras 
were established in 1857, whereas 
the	 Aligarh	 Muslim	 University,	
Allahabad	 University	 and	 the	
Banaras	 Hindu	 University	 were	
established a few years later, from 
1875 to 1916. The Indian Science 
Congress	Association	(ISCA)	was	
established in 1914 to promote the 
cause of science in India and to 
hold	 the	 annual	 science	 congress	
meetings	 each	 year	 during	 the	
first	 week	 of	 January	 for	 science	
communication and popularisation 
amongst	 the	 scientists,	 science	
administrators, policy makers, 
science communicators and the 
general	 public	 both	 from	 India	
and	 foreign	 scientific	 academies	 
and associations.

The	concept	of	 ‘scientific	 temper’	
gained	 momentum	 in	 the	 1950s,	
when the economists, scholars 
and the scientists felt the need for 
public	 understanding	 of	 science	
and	 technology	 for	 better	 use.	
India	 was	 in	 a	 nascent	 stage	 of	
economic	 development	 and	 self-
reliance,	and	growth	in	science	and	
technology	was	pivotal	 for	nation	
building.	 Pt.	 Jawaharlal	 Nehru	
was	the	first	 to	define	the	concept	
in 1946 in his famous book ‘The 
Discovery of India’ where it was 
emphasised	 that	 each	 and	 every	
individual	 should	 develop	 and	
cultivate	a	 scientific	bent	of	mind	
in	 an	 effort	 to	 adopt	 scientific	
thinking	 as	 a	 behaviour	 and	 as	 a	
means of association. Indians were 
exhorted	to	develop	an	inclination	
towards	science	with	reasoning	to	
provide	for	a	phenomenal	progress	
of	science	and	technology.	In	1976,	
India	 became	 the	 first	 country	 to	
add	 in	 its	 Constitution	 ‘Scientific	
Temper	 with	 Humanism’	 as	 a	
fundamental	 duty	 of	 all	 citizens	
of the country [Article 51-A (h)]. 
Four years later, ‘A statement on 
Scientific	Temper’	was	released	on	
19 July 1981, which emphasises 
the	 significance	 of	 ‘scientific	
temper’	 in	 alleviating	 the	 socio-
economic and traditional ills in 
the Indian society. The document 
gives	 importance	 to	 the	 fact	 that	
each	 and	 every	 person	 should	
have	 inquisitiveness,	capability	of	
expressing	 disagreement	 and	 the	
right	to	question	and	be	questioned.	
It	considers	knowledge	as	an	ever-
evolving	 concept,	 which	 should	
be	 open	 ended	 and	 free	 flowing.	
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The document was released with 
the purpose of more discussions, 
debates	and	deliberations	amongst	
the intellectuals and the social 
scientists	and	to	pave	 the	way	for	
resurgence	 of	 scientific	 thinking	
in	 the	 country,	 giving	 impetus	
to	 science	 and	 technology	 and	
identifying	the	freedom	to	question	
and be questioned.

Delving	 deeper,	 we	 find	 that	 the	
five	 year	 planning	 system	 was	
introduced	 after	 India	 gained	
independence from the British, and 
science	 and	 technology	 became	
the focal point for self-reliance in 
technology	 and	 nation	 building.	
Various	 S&T	 policies	 were	
contrived	 after	 independence	 and	
it is noteworthy to mention that 
the	 Scientific	 Policy	 Resolution	
1958,	 which	 defined	 the	 science	
and	 technology	 aspirations	 for	
India,	 laid	 stress	 on	 individual	
capability	 of	 learning	 and	
disseminating	 knowledge	 and	
promoting	 science	 by	 all	 means	
in pure, applied and educational 
aspects.	The	S&T	Policy	2003	also	
emphasised	in	its	policy	objectives	
that science should reach one and 
all	 in	 the	 country	 in	 a	 drive	 for	
advancement	 of	 scientific	 temper,	
providing	full	participative	role	to	
the	 people	 in	 the	 development	 of	
S&T	 to	 emerge	 as	 a	 progressive	
and	 enlightened	 society.	 This	
was	 rationally	 a	 difficult	 feat	
in an unequal society, where 
everybody	do	 not	 enjoy	 the	 same	
socio-economic	 status,	 privilege	
and	 the	 level	 of	 understanding	 in	
science. An untrained person or a 

non-expert cannot suddenly start 
understanding	 or	 do	 science	 but	
can only be kept informed and this 
is where science communication 
makes a pitch. Further, it is 
more important that science 
is	 communicated	 in	 regional	
languages	to	enable	it	to	spread	far	
and wide. 

Government	 of	 India	 took	
proactive	 steps	 and	 measures	 for	
the	 implementation	 of	 various	
science	 and	 technology	 and	
education policies. As an outcome 
of	 this,	 several	 public	 funded	
research	 institutions/	 universities	
were built and funded for science 
learning	 and	 education,	 targeted	
research	 and	 development.	 Indian	
Institute	of	Technology	was	set	up	
with	foreign	assistance	at	Bombay,	
Chennai,	Kanpur	and	Delhi	during	
1958 to 1961. Soon, these institutes 
were	 identified	 as	 institutes	 of	
national	 importance.	 Several	
National	 Institute	 of	 Technology	
were	 also	 established	 during	
1956	 to	1965.	NIT	Patna	was	 the	
first	 institute	 to	 be	 established	 in	
1886.	 Seven	 Indian	 Institutes	 of	
Science Education and Research 
have	 also	 been	 established	 as	
institutes of national importance 
since 2006. IISER at Berhampur, 
Odisha was recently established 
in 2016.  These institutions of 
higher	 learning	 ensured	 that	
there	 is	maximum	 investment	 for	
science education and research, 
purchase of specialised equipment, 
access of labs to the scientists and 
researchers,	collaborative	research,	
flow	of	talent	and	exchange	of	ideas,	

knowledge	 dissemination	 through	
various	 participative	 meetings,	
workshops and conferences. 
Several	 self-funded	 institutions/	
universities	 and	 venture	 capital	
institutions	 have	 also	 emerged	
in the last two decades with an 
objective	 to	 provide	 access	 and	
quality education for science 
learning	 and	 co-innovation	 to	
faculty, students and researchers. 
Attracting	 students	 and	 youth	 to	
study, explore science, nurture 
research	acumen	of	young	minds,	
making	 the	 general	 public	 aware	
of	 the	 scientific	 value	 was	 not	
an easy task. Efforts were made 
afresh in the last decade to foster 
the	 spirit	 of	 scientific	 temper	 and	
science communication amidst 
the	evolving	landscape	for	science	
and	technology	in	India.	Globally,	
science transformation was 
occurring	on	a	fast	pace	and	India	
was	struggling	to	make	its	presence	
felt in the international fora in terms 
of	 gross	 expenditures	 on	 R&D,	
publications, patents, which are 
perceived	 as	 strong	 indicators	 of	
science	and	technology,	number	of	
full time researchers, international 
collaborations,	 technology	
transfer, etc. National Institute 
of Science Communication 
and Information Resources 
(NISCAIR) in collaboration 
with	 Vigyan	 Prasar	 and	 CSIR	
Laboratory,	Institute	of	Himalayan	
Bioresource	 Technology	 (IHBT),	
Palampur,	 organised	 a	 three-day	
National	 Workshop	 on	 Scientific	
Temper	 during	 15-17	 June	 2011	
at	 Palampur,	 Himachal	 Pradesh.	
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This was done to work out the 
modalities to instill the spirit 
and	 raise	 support	 for	 ‘scientific	
temper’	in	an	attempt	to	revisit	the	
1981	 scientific	 temper	 statement.	
The	proceedings	and	 the	outcome	
statement of the workshop is 
now	 known	 as	 the	 ‘Palampur	
Declaration’. A year later, to add 
opportunities	 and	 to	 give	 a	 new	
dimension	 to	 ‘scientific	 temper’,	
an international conference on 
‘Role of Communication Media in 
Promoting	Scientific	Temper’	was	
organised	 by	 NISCAIR,	 Council	
of	Scientific	&	Industrial	Research	
(CSIR)	 along	 with	 National	
Council	of	Science	&	Technology	
Communication (NCSTC) and 
Vigyan	 Prasar,	 Department	 of	
Science	 &	 Technology,	 and	 the	
National Council of Science 
Museums (NCSM) from 29-
30 May 2012 at New Delhi. 
The conference focussed on the 
development	of	‘scientific	temper’	
amongst	 the	 rural	 population,	
which accounts for 70 per cent 
of the Indian population and 
also stressed upon the role of 
media in science communication. 
Several	 other	 congregations	 were	
also	 organised	 around	 the	 same	
time	 to	 give	 an	 impetus	 to	 the	
science	 movement	 in	 India.	 The	
20th National Children Science 
Congress	 was	 organised	 in	
December	2012	at	BHU,	Varanasi	
and	 it	witnessed	 several	 technical	
sessions and paper presentations 
by the child scientist community 
on	 the	 theme	 ‘Energy’.	 State	
level	 Children	 Science	 Congress	

was	 also	 organised	 by	 the	
State Councils for Science & 
Technology.	 UCOST	 conducted	
successive	 Child	 Science	
Congress	on	various	 themes	 from	
2017	 to	 2019	 and	 the	 event	 was	
found	 to	 play	 a	 significant	 role	
in	 nurturing	 the	 science	 learning	
process	 and	 infusing	 the	 spirit	 of	
enquiry	amongst	the	child	scientist	
community.  DST chose the theme 
‘fostering	 scientific	 temper’	 for	
the National Science Day on 28 
February	 2014	 and	 the	 yearlong	
activities	 and	 programmes	 were	
built around the theme. Indian 
Science	Communication	Congress	
is also held each year to explain 
science	 to	 the	 public	 at	 large.	
Very	 recently,	 to	 celebrate	 75	
years of India’s independence and 
to participate in the Azaadi Ka 
Amrit Mahotsava, the Council of 
Scientific	 and	 Industrial	 Research	
(CSIR) had launched a national 
level	science	creativity	competition	
called	 ‘Jigyasa	 Vigyan	 Mahotsav	
2022’, in which school children 
could participate and exhibit 
their	 creative	 skills,	 ideas	 in	
areas	 like	energy,	health,	artificial	
intelligence,	 climate	 change,	
water	 conservation,	 disaster	
mitigation	 and	 agro	 technology	
in any of the communication 
format	 like	 	 comics,	 videos,	 
info-graphics,	 science	 fiction,	
apps, animation, etc. 

It	 may	 be	 relevant	 to	 mention	
here	that	in	1998	‘Jai	Vigyan’	was	
added	 to	 the	 very	 famous	 slogan	
of	 ‘Jai	 Jawan	 Jai	Kisan’	given	by	 
Shri	Lal	Bahadur	Shastri,	to	foster	

the	 spirit	 of	 scientific	 temper	
amongst	the	students	and	public	at	
large.	 In	 2019,	 	 ‘Jai	Anusandhan’	
was	 added	 to	 the	 slogan	 to	
recognise	 the	 contribution	 of	
scientists and to uphold the spirit of 
science,	technology	and	research	in	 
nation	building.

Discussion 

India	made	substantial	investments	
for	 the	 development	 of	 S&T	
infrastructure in the country. 
This fact is supported by the 
establishment	 of	 several	 premiere	
research	 institutes	 even	 before	
the birth of independent India 
denoting	the	spirit	of	our	scientists	
and	 leaders	 for	 scientific	pursuits,	
advancements	 and	 fundamental	
research in the country. The Indian 
Association	 for	 the	Cultivation	of	
Science, 1876;  The Indian Institute 
of	 Science,	 Bangalore,	 1909	
with the support of philanthropic 
funds from Shri Jamshetji Tata; 
Bose Institute, 1917; Indian 
National Science Academy, 1935; 
Council	 of	Scientific	&	 Industrial	
Research, 1942; Indian Council of 
Agricultural	 Research,	 formerly	
known as Imperial Council of 
Agricultural	 Research,	 1929;	
Tata Institute of Fundamental 
Research, 1945 with support from 
Sir Dorabji Tata Trust, etc. are 
examples	to	signify	the	passion	of	
our	 great	 Indian	 science	 leaders	
for	 the	 development	 of	 science	
and	 technology	 in	 the	 country.	
Later,	 organisations	 like	 Indian	
Space	 Research	 Organization,	
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1969;  IITs, NITs, IISERs, AIIMS, 
Central	 and	 State	 universities	
were set up to promote science 
education and research in the 
country. Indian Council of 
Agricultural	 Research	 has	 been	
instrumental	 for	 breakthrough	
research	 and	 innovation,	 ushering	
the	 era	 of	 green	 revolution	 in	
the	 country	 during	 the	 1960s	
taking	India	from	a	food	deficient	
country to a food surplus nation. 
The	 programmes	 of	 Indian	 Space	
Research	 Organization	 (ISRO)	
for	 space	 programmes;	 Bhabha	
Atomic Research Centre (BARC) 
and	Department	of	Atomic	Energy	
(DAE) for nuclear research 
programmes,	 the	 Large	 Hadron	
Collider Experiment at CERN, 
Geneva	 with	 two	 collaborating	
Indian	 labs	 at	 Variable	 Energy	
Cyclotron	Centre	(VECC),	Kolkata	
and Tata Institute of Fundamental 
Research (TIFR), Mumbai are 
examples	 of	 India’s	 most	 refined	
form	 of	 scientific	 prowess	 and	
temper. This indicates that both 
the	 Government	 and	 private	
sector had made efforts to create 

and establish an infrastructure for 
science	 learning	 and	 research	 in	
the country. Optimum use of the 
developed	science	and	technology	
infrastructure can only be done with 
a	systematic	approach,	strong	links	
with	 the	 innovation	 ecosystem	 in	
the country and most important of 
all	with	the	training	and	education	
of students and researchers who 
have	the	zeal	and	passion	to	study,	
explore and understand science 
and	emerge	as	reflective	thinkers.		

The scope of this article is to 
only	 understand	 the	 evolution	 of	
‘scientific	 temper’	 in	 India	 post	
independence	 and	 the	 collective	
and	 participative	 efforts	 of	 the	
Government,	 private	 sector	
and	 the	 public	 at	 large	 for	 the	
development	 of	 scientific	 temper,	
science research and education 
and	 its	 effective	 communication.		
Government	 is	 undertaking	
several	 initiatives	 to	 promote	
science pursuits,	 learning,	
communication,	 networking,	
collaboration and dissemination 
of	 scientific	 knowledge,	 which	
will	 be	 discussed	 in	 an	 ensuing	

article. Science communication 
is	 important	 for	 the	 development	
of	 scientific	 temper,	 enabling	
scientific	 thinking	 and	 providing	
for	 scientific	 decision	 making	
abilities	in	an	individual.	It	is	also	
notable that public awareness and 
public	 understanding	 of	 science	
are two different terms, concepts 
and	 can	 not	 be	 interchangeably	
used	 for	 ascertaining	 the	 science	
literacy rate in the country. It 
is not necessary that a student 
or	 	 researcher	 pursuing	 science	
would	 have	 an	 inherent	 ability	
of	 scientific	 temper.	 Rather	 it	
may be an acquired capability. 
Lot	 of	 efforts	 have	 been	made	 to	
inculcate	 hypothesising,	 curiosity	
and	 testing	 in	 individuals	 but	 not	
much	 has	 been	 achieved	 even	
when	 the	 term	 ‘scientific	 temper’	
has	 been	 provided	 a	 place	 in	 the	
Constitution	 of	 India.	 A	 synergy	
between	creativity	and	 innovation	
is the need of the hour and it 
is	 imperative	 to	 promote	 the	
culture	 of	 science	 learning	 and	
communication	 through	 policy	
component,	funding	resources	and	
creation	of	strong	S&T	base.	

(To be continued...)
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The book contains lectures 
delivered by the author 
at different occasions. He 
speaks on various aspects of 
inventions, innovations and 
entrepreneurship. Having been 
a celebrated prolific inventor 
himself, he has enumerated 
the secrets of becoming an 
innovator and also elaborated 
upon the need of evolving an 
innovative spirit among the 

people to mitigate the drudgery 
of the common man and make 
the nation prosperous. Here 
are a few selected quotes from 
the book, which reflect the 
gist of what the author wants 
to convey through the series  
of lectures.

The book begins with the 
lecture, "Making India inventive: 
individuals can make a 
difference". He urges the policy 
makers of the nation to frame a 
curriculum that helps develop 
an enabling environment for 
inventiveness at all levels in 
educational institutes.
"In his lectures he has, by his deep 
studies and practical experience 
combined together, enumerated 
systematic profiles of mental 
abilities involved in innovations. 
He has also advanced a few 
practical suggestions about 
nurturing innovative ideas at 
the grassroots level and making 
use of them by preserving them 
in the Bank of Ideas," says  
Dr. Hem Prakash while making 
an introduction to the book.
The author explains the 
difference between discovery, 
invention and innovation in 
these words: "An unknown 
phenomenon when becomes 
known is called a discovery. A 
new product or a new device/
process originally made is 
termed as an invention. An 
improvement over any existing 
product /device/ process is 
called an innovation."

Emphasising upon the need of 
science in the country, he quotes 
Nehru: "It was the science alone 
that could solve the problem 

of hunger and poverty, of 
insanitation and of illiteracy, 
of superstition, of dreadening 
customs and traditions of vast 
resources running to waste, 
of a rich country inhabited by 
starving people."
Here are some other  
notable excerpts:

To meet the basic needs of 
growing population we need 
more shelters, more health 
services, more schools, colleges 
and universities, more roads, 
more houses and more trains, 
more drinking water, more 
power, more agricultural 
produce, etc.

Lack of urge for patents in 
the innovations, … inadequate 
knowledge of Indian and 
international patent laws, 
Indian patent laws and systems 
not being inventor friendly 
and undue delay in granting 
patents, lack of technical 
support for writing and drawing 
patent specifications, dearth 
of competent patent attorneys, 
etc. are some of the important 
factors responsible for not 
getting inventions attended on 
time, says the inventor author. 

Further, the reason why 
there have not been many 
inventions in India is because 
Indian mind is basically a 
philosophical mind. In ancient 
times knowledge to us was for 
the sake of knowledge and not 
for materialistic purposes. To 
disseminate knowledge 'free' 
has been an important aspect 
of our philosophy. In other 
words, knowledge was never 
regarded as an intellectual 

Literature Scan
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property/commodity or a 
marketable product for financial 
consideration. 

The question arises as to how to 
develop creative thinking habits 
amongst our young men and 
women for making inventions/ 
discoveries for the benefit of the 
people of this country. These 
young men and women as well 
as budding inventors can learn 
a lot from the experience of the 
legendary career of inventor 
Thomas Alva Edison who 
was granted 1093 patents for 
inventions ranging from light 
bulb, typewriter and electric 
pen to the phonograph, motion 
picture camera and alkaline 
storage battery, etc. 

Edison believed that in order 
to discover one good idea you 
have to generate many. Out 
of quantity comes quality. His 
perseverance was tested from 
the fact that he made more than 
50,000 experiments to invent 
the alkaline storage-cell battery 
and as many as 9,000 to perfect 
the light bulb. Edison looked at 
creativity as simply good honest 
hard work.

Edison felt that his lack of 
formal education was in fact 
a blessing. This enabled him 
to approach his work with far 
fewer assumptions than his 
more educated competitors 
who included many theoretical 
scientists, Ph.D. holders and 
engineers. He approached 
any idea or experience with 
wild enthusiasm and would 
try anything out of the  
ordinary material.

He relentlessly recorded and 
illustrated every problem he 
worked on in his notebooks. 
Whenever he succeeded with 
a new idea, he would review 
his notebooks to rethink ideas 
and inventions abandoned in 
the past in the light of what 
was recently learned. Write 
down his observations of the 
natural world, failed patents 
and research papers written by 
other inventors and the ideas 
others had come up with in 
other fields. Edison was tireless 
in his persistence to change 
a subject into something else 
through trial and error method 
until he found the idea that 
worked. He was working on one 
thing and found something else 
"interesting", he would drop 
everything else and explore it.

To increase creativity, cultivate 
the following creative thinking 
habits, says the author:

• When looking for ideas, 
create lots of ideas. 

• Consistently challenge 
assumptions. 

• Record your ideas and the 
ideas of others in a notebook. 

• Learn from your failures and 
the failures of others.

• Constantly look for ways 
to improve your ideas and 
products and the ideas and 
products of others.

• Be exploratory. You may not 
become the next Edison but 
you will become much more 
creative than someone who 
has never tried out.

The author has himself many 

inventions to his credit. 
Some inventions made by the  
author are:

Numexself inking railway ticket 
dating machine; micro mini 
printer; Curxex batch coder; 
special postal ticket cancellation 
device for space; automatic 
serial numbering system; lock 
guard system; special white 
walking stick for the use of blind; 
automatic audio visual traffic 
signals system for the benefit 
of the visually handicapped and 
low vision people. 

The second lecture in the series 
is "Storage of creative ideas – a 
gateway to future innovations".

The author continues:

"Creativity comes from within 
and flows outward to benefit 
the society. Creative and original 
ideas are not easily conceived. 
They take considerable time." 
The 'Bank of creative ideas' was 
conceived by the author while 
preparing talks to be delivered 
to the faculty members and 
students of the Indian Institute 
of Management, Ahmedabad.

For industry, innovation is not 
a way of business but a lifeline 
for existence in business. 
Therefore, the country needs 
massive investment in R&D 
activities as well as involvement 
and development of a large 
number of highly talented 
persons with creative minds, the  
author observes.

The third lecture is "Innovative 
ideas for development of 
technologies" and the fourth 
one is on, "Innovation in 
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manufacturing for global 
competitiveness." “Creativity 
and innovative ideas" is the fifth 
lecture. A total of 20 lectures are 
included in the book.

Sharing his experiences on 
the innovative capabilities of 
the industrial workers the  
author observes:

"...Many of them may unfold 
their innovative skills provided 
they are properly groomed and 
motivated. Unfortunately the 
employers in India have not yet 
realised the role and importance 
of innovations in manufacturing 
practices and processes for 
improving competitiveness 
in open market. Sometimes 
the workers offer very simple 
solutions to problems faced by 
the unit which they call as jugaad. 
It may appear a temporary 
solution but can be further 
improved upon and converted 

into an effective technology. ... 
Such grass roots innovators may 
really help to change the face of 
the country.”

The author suggests a change in 
the educational system. "An anti-
innovative approach of learning 
has crept into our educational 
system…. The basic reasons are:

• An unproportionate shift 
towards objective type 
curriculum where the 
student has to rely more 
on his memorising capacity 
rather than his thinking and 
creative faculty;

• The terrible and cut throat 
competition for getting 
oneself admitted into 
engineering or medical 
colleges, etc;

• The pressure from parents 
on the students to somehow 
remain a topper in the class.

This has made the bright 
young generation to turn into 
mental ‘athletes’ rather than 
becoming 'knowledge seekers'  
and thinkers.

The theme of the book 
may be summarised in the  
following quotation:

“Mere scientists are seldom 
great inventors. Innovations are 
usually produced by those who 
keep tinkering. Those who do 
not tinker almost never invent 
anything new.” Prof. Yash Pal.

In a country where innovation 
and inventivity are the need of 
the hour, this book provides a 
wholesome matching content. 

R.D. Rikhari
14 E, Pocket-1 

Mayur Vihar Phase-1,  
Delhi – 110091

E-mail: rd.rikhari@gmail.com

ARTICLES INVITED
Articles are invited for publication in Invention Intelligence	 from	 science	 writers,	 scientists,	 inventors,	
innovators, researchers, technologists, entrepreneurs, and others.
Invention Intelligence	 publishes	 articles	 on	 current	 topics	 in	 science,	 new	 technologies,	 inventions	 and	
innovations,	research	&	development	in	various	fields,	and	Intellectual	Property	Rights	issues.
•	 The	subject	matter	of	the	article	must	be	based	on	some	current	science	topics,	new	technologies,	research	

and development, inventions, innovations, etc.
•	 The	article	should	be	written	in	a	lucid	language.	The	length	of	the	article	may	be	about	3,000	words.	The	

write-up	prepared	for	a	column	may	be	up	to	1,500	words.	To	make	the	article	easily	comprehensible	and	
interesting,	suitable	photographs/diagrams	must	be	enclosed	with	the	article.	The	captions	of	photographs/
diagrams should invariably be given. If some data have been used in the article then the reference to the 
original source must be given.

•	 A	declaration	that	the	article	is	original	and	unpublished	should	accompany	the	article.
•	 Only	the	articles	found	suitable	for	publication	will	be	published	in	the	magazine.
•	 If	an	article	received	for	publication	is	found	plagiarized	or	translated	verbatim	from	any	source	it	will	be	

straightaway	rejected	and	the	author	will	be	 intimated	accordingly.	 It	may	even	 lead	to	blacklisting	of	 the	
author.

•	 The	Editor	reserves	the	right	to	select	or	reject	any	article	for	publication	and	his	decision	in	the	matter	will	
be	final.	The	author	will	be	intimated	if	his/her	article	is	not	found	suitable	for	publication.

•	 The	 author	 will	 be	 responsible	 for	 the	 copyright	 of	 the	 article	 and	 photographs/diagrams	 sent	 by	 him.	
Invention Intelligence	will	in	no	way	be	responsible	for	any	copyright	violation.



50 INVENTION INTELLIGENCE | November–December 2022

IPR and  
Celebrity Rights

Dr. SUKANYA DATTA

The	Philosopher	Dante	once	
wrote, “Worldly fame is 
but a breath of wind, that 

blows now this way, now that, 
and	 changes	 name	 as	 it	 changes	
sides.”	Be	 that	as	 it	may,	 famous	
people or celebrities, as they are 
now	 referred	 to,	 have	 certain	
Intellectual	 Property	 Rights	
(IPR)	 that	 remain	 steadfast	 to	
take care of their monetisable 
assets.	 To	 be	 fair	 though,	 these	
IPR	 laws	 are	 applicable	 to	 all,	
However,	 because	 of	 their	 larger	
assets as compared to the lay 
citizen,	 celebrities	 often	 need	 to	
take recourse to these laws to 
safeguard	their	interests.

Simply	 put,	 assets	 are	 anything	
that	has	value	and	can	be	used	to	
generate	 revenue.	 Assets	 can	 be	
tangible	 or	 intangible.	 Tangible	
assets	 have	 physical	 existence.	
Mansions, land, automobiles 
and jewellery owned by the rich 
and	 famous	 are	 tangible	 assets.	
These are assets that the public 
can	 readily	 ‘see'.	 However,	
the	 intangible	 assets	 that	 the	
celebrities command are those 
that	 are	 often	 not	 spotted	 right	
away. These are usually the 
assets	 that	 IPR	 laws	 are	 invoked	
to protect.

Celebrity	 rights	 are	 usually	

categorised	 under	 three	 main	
heads:	 Personality	 rights,	
publicity/merchandising	 rights	
and	privacy	rights.	These	include	
image	 rights,	 advertising	 rights,	
distribution	 rights	 and	 leasing/
lending	 rights,	 etc.	 Yet,	 perhaps	
it	 is	 easiest	 to	 understand	 image	
rights	of	a	famous	person,	such	as	
a	movie	star	or	a	sports	icon.

Usually,	 the	 first	 intangible	 asset	
centres around the celebrity’s 
identity. A celebrity’s persona and 
even	appearance,	has	tremendous	
value.	 It	 can	 be	 assigned	 and	
licensed	 for	 commercial	benefits.	
Think	 of	 all	 the	 advertisements	

IPR Corner

Credit:



51November–December 2022 | INVENTION INTELLIGENCE

where a celebrity endorses a 
product.	Would	the	advertisement	
have	 packed	 such	 a	 punch	 if	 not	
for	the	 'face'?	However,	there	are	
other	rights	in	play	apart	from	the	
right	to	monetise	one’s	image.

According	 to	WIPO,	 the	 concept	
of	an	image	right	 is	quite	new.	It	
wasn’t	 till	 the	1970s	that	English	
soccer	 player,	 Kevin	 Keegan	
became	the	first	sports	personality	
to	 actively	 enter	 into	 what	 was	
then known as a 'face contract'. 
Today, we understand this was 
'his	 image	 rights'.	 	 This	 is	 one	
early	 example	 of	 IPR	 law	 being	
used	to	protect	one’s	image.

In a major step forward, Guernsey 
constituted	the	world’s	first	image	
rights	registry	in	2012.	This	made	
it possible to codify personality 
and	 image	 rights	 into	 a	 fully	
functioning	 form	 by	 registering	
them.	 Guernsey	 allows	 image	
rights	 to	 be	 integrated	 under	
different	categories	of	applicants.	
It also allows personality to be 
registered	 as:	 individual,	 joint,	
corporate,	fictional	and	group.

Though	 experts	 feel	 that	 the	
existing	 IPR	 laws	 such	 as	
those	 governing	 copyright	 and	
trademarks are still not wholly 
able	 to	 handle	 image	 rights	
issues, many countries do extend 
umbrella-protection of sorts 
using	 existing	 IPR	 provisions.	
For example, in some countries 
compensation can be claimed if a 
celebrity	 can	 prove	 that	 a	 third-

party	name/logo/slogans/image	 is	
similar to those associated with 
him/her. Since celebrity names and 
even	 signatures	can	be	 registered	
as	 trademarks,	 they	 have	 the	
right	 to	 restrain	 unauthorised	
third	parties	from	exploiting	their	
name and fame. In context such 
as these, one must remember that 
only commercial exploitation of 
a	 celebrity’s	 image/name/logo,	
etc., attracts penalty. This does 
not	 apply	 in	 case	 these	are	being	
used for news, or dissemination 
of information.

Exploitation of a celebrity’s 
name extends to domain name 
registration	 too.	 Now	 that	
increasingly	 celebrities	 have	
started	 registering	 their	 own	
names or their children’s names, 
there	 have	 been	 news	 reports	
about third-party domain names 
using	 the	 names	 of	 top-ranking	
movie	 stars.	 If	 the	 celebrity	
wishes to own such a domain 
name,	 the	 original	 owner	 may	
well name a price to surrender 
ownership.	Apparently	even	Mark	
Zuckerberg	 once	 negotiated	 with	
an Indian techie to buy a domain 

name	 with	 his	 daughter’s	 name.	
If	 negotiations	 fail,	 arbitration	
may be the only way out.

Interestingly,	 there	 has	 been	 at	
least one domain name case from 
India	 that	 was	 settled	 in	 favour	
of	 the	 celebrity	 by	 the	 WIPO	
Arbitration and Mediation Centre. 
This case by a well-known 
journalist	involved	a	dispute	over	
a	 registered	 domain	 name	 that	
she claimed capitalised on ‘the 
fame	 and	 goodwill	 associated	
with her name'. In due course, the 
celebrity was able to substantiate 
her	claim.	The	WIPO	Arbitration	
and Mediation Centre ruled in 
her	 favour	 (https://www.wipo.
int/amc/en/domains/decisions/
html/2009/d2009-1247.html).

The lesson that is buried in this 
legal	 case	 is	 that	 proactiveness	
can	 often	 circumvent	 the	 need	
of mediation. For example, now 
that	many	celebrities	have	shown	
interest	in	registering	their	names/
their children’s name/ trademarks 
associated with them, it is best 
that domain names of interest to 
the	 celebrity	 are	 registered	 early.	
This	 prevents	 cyber-squatting,	
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which	 is	 registering/selling/using	
a domain name to exploit the 
goodwill	the	celebrity	commands.	

Of course, when a celebrity is 
involved,	 it	 is	 actually	 fame	 that	
is	on	the	table!	The	term	Publicity	
Rights,	clearly	denotes	 that	 these	
rights	 hinge	 around	 the	 value	 of	
fame.  It is fame that is monetised 
when a celebrity (or his/her 
photo/voice/cartoon)	 is	 used	 to	
promote the sale of a product or 
to	promote	an	event/activity.	The	
unauthorised	 use	 of	 the	 image	
of a celebrity for commercial 
gain	 by	 someone	 else	 infringes	
a	 celebrity’s	 right	 of	 publicity.	
It is considered unfair trade 
practice, and a misappropriation 
of the intellectual property of  
the celebrity.

Celebrities are well aware of 
this and do not shy away from 
taking	 legal	 recourse	 if	 these	
rights	 are	 violated.	 The	 Korean	
boy band BTS, for example 
set precedence of sorts in the 
Republic of Korea, when in 
2020, they successfully pleaded 
their case. The Korean Supreme 
Court	ruled	that	publicity	(image)	
rights	 belong	 to	 celebrities	 and	
their	management	 agencies.	 This	
verdict	can	now	be	used	by	other	
Korean	entertainment	agencies	as	
a	legal	weapon	to	sue	those	using	
their	band’s	names/images	etc.,	in	
an unauthorised manner.

Musicians are celebrities whose 
works are enjoyed by people 
around	 the	 world.	 IPR-laws	
safeguard	 their	 interests	 too	
by	 proving	 protection	 against	
unauthorised	 copying	 and	
distribution of their compositions 
and	 performances.	 Copyrighted	
musical compositions are 
a	 source	 of	 revenue	 for	 the	
copyright	holder	 earning	 revenue	
every	 time	 the	 musical	 piece	 is	
played. Thus, there is the need 
to	 enforce	 copyright	 for	 lyrics/
music composition/performances/
sound	 recordings,	 etc.	 in	
order	 to	 exercise	 control	 over	
reproduction/distribution/public 
performance, etc.

Sports personalities can make 
use	 of	 IPR	 rights	 too.	 This	 is	
particularly important because 
oftentimes, the career of a 
sportsperson	 may	 not	 last	 long	
past his/her peak. This means 
that any opportunity to monetise 
assets	 by	 licensing/selling	 rights	
must	be	maximised.	No	advantage	
should	 be	 given	 to	 those	 seeking	
to	make	unethical	profits.

Celebrity	 rights	 can	 be	 enforced	
using	a	variety	of	IPR	provisions–	
be	 it	 trademark,	 copyright,	
anti-cyber-squatting	 rules,	 etc.	
While it is true that there are 
few	 statutory	 laws	 dealing	 with	
celebrity	 rights,	 yet	 it	 does	 not	
mean that unethical practices 

cannot be redressed. Oftentimes 
court	 judgements	 have	 set	
precedents. In other cases, steps 
instituted by countries such as 
Canada	 are	 leading	 the	 way	 by	
granting	 'Personality	 Rights'.	 So,	
if	the	celebrity	discovers	that	his/
her likeness has been used in 
what appears to be unauthorised 
endorsement of a product, then 
he/she can sue on account of 
the appropriation of personality 
without due permission.

The bottomline is that celebrities 
have	fame.	Fame	sells.	Therefore,	
it attracts opportunistic 
exploiters. Thus, it makes sense 
to	 use	 every	 weapon	 in	 the	
armoury to defeat such people. 
Copyright	registration,	trademark	
registration	of	brands,	nicknames,	
aliases	 and	 everything	 relevant	
plus an awareness of what the 
country-specific	 IPR	 laws	 are	
together	 with	 a	 willingness	 to	
pursue justice may be the three-
pronged	 strategy	 that	 celebrities	
need to ensure that others do 
not	 wrongfully	 profit	 from	 
their assets.

Dr. Sukanya Datta
H2/110 Shakuntala Park,

Kolkata-700 061
E-mail:  

sukanyadatta@gmail.com
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New technology 
for retrofitting non-
earthquake-resistant 
buildings 

Researchers have found a 
solution for retrofitting old non-
earthquake-resistant buildings 
with a technology that can 
prevent major damage to such 
buildings from earthquakes 
without compromising on  
their strength. 

The technology called semi-
confined unreinforced brick 
masonry (SC-URBM) can 
resolve the problem of spread 
of settlements in earthquake-
prone areas with constructions 
that have been built without 
following earthquake-preventive 
building codes. 

Historically, most buildings, 
technically called unreinforced 
masonry (URM), were not built 
using modern building codes. 
Thus, they are much more 
likely to experience damage or 
collapse during an earthquake. 
URM buildings have traditionally 
been widely adopted worldwide 
due to inexpensive and locally 
available construction materials. 

Just like in most developing 
countries located in earthquake-
prone regions unreinforced 
brick masonry (URBM) has 
been a common practice in 
urban, semi-urban, and rural 
areas of India. Considering that 
major parts of India are under 
seismic zone III or above and 
most of the URBM buildings are 
old and structurally deficient, 
strengthening of URBM buildings 

located in earthquake-prone 
areas is extremely important. 

Researchers have explored the 
extent to which retrofitting 
old buildings with SC-URBM 
technology can solve the 
problem. They found that SC-
URBM can significantly enhance 
the energy dissipation capacity 
and ductility of the retrofitted 
building without compromising 
its strength. Hence such 
buildings would have resulting 
superior performance in 
comparison to URBM buildings 
during earthquakes.

The idea of the technology 
emerged from confined masonry, 
an earthquake-resistant 
construction system where the 
masonry walls are built first, 
and the concrete columns and 
beams are poured in afterward 
to enclose (confine) the wall.  
SC-URBM technology has a 
similar concept but does not 
need to be implemented at the 
construction stage. It involves 

embedding of reinforced 
concrete (RC) bands through 
the partial thickness of the wall 
and can be implemented or 
retrofitted in old buildings. 

The researchers, Lakshmi Latha, 
Samit Ray-Chaudhuri, Suparno 
Mukhopadhyay, and Kunwar 
Bajpai, conducted experiments 
on two identical full-scale single-
story brick masonry buildings– 
a completely unreinforced 
(URBM), and the other retrofitted 
with semi-confining horizontal 
and vertical reinforced concrete 
(RC) elements (SC-URBM). 

The two buildings were 
subjected to a test called 
reverse slow-cyclic quasi-static 
loading protocol to quantify the 
improved seismic performance 
of the SC-URBM building 
compared to the URBM building. 
A Pseudo Dynamic Testing 
Facility (PDTF) for affordable 
experimental evaluation of 
earthquake resistance of full 
prototype structural systems 

Research & Development

 Elevation and vertical section of an SC-URBM building
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Static reverse cyclic testing of prototype models of masonry structures

developed with the guidance of 
Professor Durgesh C. Rai under 
the Fund for Improvement 
of S&T Infrastructure (FIST) 
programme of the Department 
of Science and Technology (DST), 
Government of India was used 
for the tests. They proved that 
the technology provides better 
integral action of the confining 
elements and load-bearing walls 
to achieve enhanced seismic 
performance. The results were 
published in the ASCE Journal of 
Structural Engineering. 

This technology for strengthening 
existing URBM buildings is not 
only architecturally aesthetic 
but can also be implemented 
easily by manpower available  
locally (masons).  

India’s first 
indigenous 
Overhauser
Indian scientists have developed 
an Overhauser Magnetometre, 
one of the most accurate 
magnetometres extensively used 
by all magnetic observatories 
around the world, making way 
for reducing the cost of sampling 
and sensing experiments 
essential for geomagnetic 
sampling.  The sensor installed 
at Alibag Magnetic Observatory 

(MO) can absolve India’s 
dependence on commercial 
OVH magnetometers for 
performing geomagnetic field 
measurements. 

OVH magnetometers are known 
for their higher accuracy, higher 
sensitivity, and efficient power 
consumption and hence find 
applications in all magnetic 
observatories worldwide as 
well as in international space 
programmes. It has so far been 
imported for such purposes  
in India. 

In order to reduce dependence 
on imports, the Indian Institute 
of Geomagnetism (IIG), an 
autonomous research institution 
under DST, Government of India, 
has developed the magnetometer 
as part of its technology 
development programme. 

A team from IIG’s 

instrumentation division used 
various spectroscopic tools 
and theoretical simulations 
to understand the working of 
the OVH sensor. They further 
performed various control 
experiments, such as varying 
the sensor composition 
and examined the sensor’s 
performance. This helped them 
optimise the sensor parameters 
and its associated electronics, 
which finally led to a very 
efficient and stable OVH sensor.  

Experiments with the sensor 
installed at the Alibag 
Magnetic Observatory (MO) for 
geomagnetic sampling found 

IIG’s OVH magnetometer and the plot of the geomagnetic field vs time for two 
months, June-July, 2020, at the Alibag Magnetic Observatory for the two OVH 

sensors: IIG (blue) and Commercial (red)
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that the sensor reproduced the 
geomagnetic diurnal variations 
accurately and precisely showed 
the signatures of various 
space weather events such as 
geomagnetic storms, sudden 
impulses, etc. The performance 
of this indigenously made 
magnetometer is at par with a 
commercial OVH sensor that 
is currently installed at the 
magnetic observatories of IIG. 

The sensor is currently being 
tested for its long-term stability. 
The group is further excited 
to adapt their sensor for the 
outer space environment to 
support the existing Indian 
space research programme. In 
addition, the group feels that the 
understanding of this project, 
specifically the underlying 
mechanism of Dynamic Nuclear 
Polarization (DNP), would also 
be of potential help to develop 
a sensitive magnetic resonance 
imaging (MRI) instrument. 

New photonic crystal 
promises to improve 
reflective displays and 
laser devices

A soft tunable photonic crystal 
with enhanced thermal stability 
and optical purity developed by 
researchers that reflects vivid 
colours in the visible spectrum 
has potential applications in 
making more durable and 
better reflective displays and  
laser devices.  

Photonic crystals are optical 
nanostructures in which 
the refractive index changes 

periodically. This affects the 
propagation of light in the same 
way that the structure of natural 
crystals gives rise to X-ray 
diffraction and that the atomic 
lattices (crystal structure) of 
semi conductors affect their 
conductivity of electrons. 
Photonic crystals occur in 
nature in the form of structural 
coloration and animal reflectors. 
Examples found in nature 
include opal, butterfly wings, 
peacock feathers, etc., exhibiting 
distinct iridescent colours. 

When artificially produced or 
engineered in laboratories, 
photonic crystals promise to be 
useful in a range of applications 
ranging from reflection coatings 
to optical computers. They 
enable the PCs to exhibit 
structural colours in the visible 
spectral regime. Ever since 
researchers have learnt how 
to fabricate photonic crystals, 
they have been on the constant 
lookout for tuning the properties 
in-situ post-fabrication. Liquid 
crystalline (LC) materials 
exhibiting self-organisation, 
phase transition, and molecular 
orientation behaviours in 
response to external stimuli are 
attracting significant attention 

for tuning of advanced photonic 
materials and devices.

Blue phase (BP), a unique 
thermodynamic phase of liquid 
crystals, is a 3D photonic crystal 
by virtue of the combination 
of a cubic lattice structure and 
fluidity. With the lattice spacing 
of a few hundred nanometres, 
the cubic BP exhibits selective 
reflection of colours in the 
visible spectrum. Due to the soft 
stimuli responsiveness of BP, 
the Photonic Bank Gap (PBG) 
(phenomenon that prevents 
light of certain frequencies or 
wavelengths from propagating 
in one, two, or any number of 
polarisation directions within 
the materials) can be efficiently 
tuned with relatively low-
magnitude thermal, electric and 
optical fields. 

However, fabricating devices 
is still a challenge given 
the drawbacks BP suffers 
from, leading to operational 
difficulties. The low thermal 
stability and polycrystalline 
nature limit achieving vivid 
colours over a large area for 
device applications. 

A research team from the Centre 
for Nano and Soft Sciences 
(CeNS), an autonomous institute 
of the Department of Science 
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and Technology (DST), has 
overcome precisely these two 
challenges and developed a 
BP system, which operates in 
the visible spectrum with high 
optical purity and enhanced  
thermal stability. 

The feat has been achieved by 
a team led by Dr. Geetha Nair 
by confining the BP between 
a pair of graphene substrates, 
prepared using a facile technique 
developed by Prof. G.U. Kulkarni, 
Director, Jawaharlal Nehru 
Centre For Advanced Scientific 
Research, Bengaluru, and his 
group, collaborators of this work. 
The non-covalent interaction 
between the hexagonal 2-D 
arrangement of carbon atoms of 
graphene and the liquid crystal 
molecules and the improved 
wettability helped improve 
the thermal stability and  
optical purity. 

The importance of the work 
lies in the fact that the 
enhancement seen in the optical 
and thermal properties of BP 
has been achieved using an 
easy-to-fabricate cost-effective 
technique making the process 
highly suitable for large-scale 
applications. An additional 
dimension of tunability of 
colours is added by incorporating 
a UV-light-sensitive dye into the 
system. Ms. Nurjahan Khatun, 
the Ph.D. student who worked 
on the project, says, “The 
prototype device developed at 
the lab level is found to be stable 
at room temperatures for over  
six months.” 

A portable tiffin 
heating system 
that works without 
electricity or fuel 
burning

A new low-cost heating system, 
which can be activated by plain 
water anytime anywhere and 
does not require any fuel or 
electricity to heat or power it, can 
act as a heating solution in any 
location. Lack of heating sources 
at remote places with no access 
or uncertain access to power 
sources is an inconvenience 
faced by many, especially in 
areas like the North East.  

Dr. Sumer Singh, Associate 
Professor, Department of 
Design, IIT Delhi along with his 
research team addressed this 
with a technology that works 
on chemical energy. It is called 
‘Powerless Heating Technology’. 

The active heating element 
consists of a mixture of eco-
friendly minerals and salts, 
which generates exothermic 
energy resulting in heat on 
contact with water. This 
provides enough energy to raise 
the temperature of any food 
or beverage by 60 to 70 degree 
Celsius. The weight of the heater 
is only 50 grams, and after every 
heating, the by-product (natural 
mineral rock) inside the heating 
pad can be disposed of. The rock 
helps in improving the fertility 
of the soil and is 100 per cent 
biodegradable. 

With this technology, users 
can heat ready-to-eat food, 
make instant noodles, and any 

beverage like tea, coffee, etc. 
The by-product of the heating 
process is a natural mineral that 
easily integrates into the soil 
without any toxic effects. 

The North East Centre for 
Technology Application and 
Reach (NECTAR), an autonomous 
body under the Department of 
Science Technology, Government 
of India, supported Dr. Singh and 
his team to develop a food box 
and a liquid container that can 
be integrated with the Powerless 
Heating Technology. They have 
used it to develop containers, 
which can heat food or beverages 
on demand. 

These products will be of great 
use to military personnel, 
tourists, and office-goers in 
the northeast. This Powerless 
Heating Technology eliminates 
the need for burning forest wood 
for heating purposes, thus also 
reducing forest fires, which is 
a major problem in the North-
Eastern parts of the country. The 
prototypes were successfully 
developed and tested. Several 
FMCG companies are keen to 
launch it in the market. 

Anchiale Technologies, a 
Gurgaon-based spin-off start-up, 
is scaling up this technology 
and has started supplying it to 
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Monorail system installed in a field

the Indian Navy and some food 
manufacturing companies. A 
patent for the technology has 
been filed. A nondisclosure 
agreement (NDA) has been 
signed with the Indian Tobacco 
Company (ITC) for integration 
of this technology in their  
food products. 

New transportation 
system to take out 
agri-produce from  
the fields

Researchers at the Indian 
Institute of Technology Madras 
(IIT-M), jointly with a farmers’ 
NGO, Pothu Vivasayeegal Sangam, 
have developed a unique, 
efficient and cost-effective 
agricultural transportation 
system that would address 
labour shortage, a major issue 
faced by Indian farmers.

The lightweight monorail type 
transportation system can 
frugally carry agricultural yields 
from the fields to collection 

points near the farmland. “Steel 
posts can be erected easily 
adjacent to the farmland, on 
which the monorail system would 
be mounted. On this rail, trolleys 
for carrying the produce are to 
be fitted and they can move back 
and forth. Once the operation is 
over it can be dismantled and 
moved to other farmlands,” said 
Prof. Shankar Krishnapillai from 
the Mechanical Engineering 
Department of the IIT-M. 

“The system can be extended just 
by adding lightweight monorail 
units depending on the distance 
to be covered. Only two persons 
are needed to operate the system: 
one each, respectively, at the 

loading and unloading points,” 
Prof. Krishnapillai explains.

The system can be propelled by a 
petrol engine. Researchers plan 
to use solar power in the future 
to make the system more cost 
effective and sustainable. The 
research team and members of 
the NGO have successfully tested 
this prototype monorail-based 
cableway system at a farm in 
Nanjai Thottakurichi village of 
Karur district, Tamil Nadu. 

Workforce shortage is one of the 
major issues plaguing the Indian 
farming system, especially 
during the post-harvest period, 
when significant human 
resource is required to transport 
agri-produce, such as sugarcane, 
banana, or paddy from the field 
to the nearby collection point. 
The problem becomes even 
more acute in wetland farms, 
as labourers find it difficult to 
walk across soggy land with  
heavy headloads. 

Shortage of workforce in farming 
operations is likely to increase 
in future due to several reasons 
including migration of workers 
from agricultural regions to 
nearby cities and towns in 
search of employment. The 
Central Institute of Post-Harvest 
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Engineering and Technology 
(CIPHET), Ludhiana, has 
estimated the annual value of 
harvest and post-harvest losses 
of major agricultural produce 
at the national level to be of 
the order of Rs. 92,651 crore, 
calculated using production data 
of 2012-13 at 2014 wholesale 
prices. For cereals, pulses, 
oilseeds, fruits, and vegetables, 
this loss ranges from 4.65 to 
15.88 per cent. The newly 
developed monorail-based 
system can help bring this down 
at the harvesting stage. 

New method to 
harness energy  
from household  
light sources

Researchers at the Indian 
Institute of Technology (IIT), 
Mandi, have developed a new 
photovoltaic material that can 
generate power when irradiated 
with light produced in household 
light sources like LED or CFL. 
Light-induced power generators 
are viable alternatives to 
batteries for powering the 
Internet of Things (IoT) devices, 
increasingly used in mobile 
phones, smart-homes, and other 
applications that require various 
real-time data. 

IoT devices are required to 
run independently without 
depending on electrical grids 
for power supply; primary 
and secondary batteries are 
currently used to power such 

devices. All batteries have a 
limited lifespan, high cost, and 
are environmentally unfriendly. 
Since many of IoT devices are 
used indoors, solar light is not 
an option. An alternative to this 
could be finding ways to harness 
light from indoor lighting 
sources to run indoor devices 
such as sensors, gadgets, Wi-Fi 
routers, RFID readers, etc.

The multi-institutional research 
team has developed thin-film 
efficient photovoltaic cells that 
can generate power from any 
light. These cells are based on 
perovskites – a family of crystals 
that can absorb sunlight and 
generate power.  Perovskites 
have been studied for a long time 
for solar power generation. This 
team of researchers has explored 
new perovskite materials 
that can be used to harvest 
indoor artificial light and not  
just sunlight.

The study, published in the 
journal Solar Energy, has been 
co-authored by Dr. Ranbir Singh, 
Ramanujam Fellow faculty, and 
Prof. Satinder Kumar Sharma, 
School of Computing & Electrical 
Engineering, IIT Mandi, along 
with Dr. Vikrant Sharma, 
National Institute of Solar Energy 
(NISE), Gurugram; Dr. Vivek 
Kumar Shukla, Gautam Buddha 
University, Greater Noida; and 
Mritunjaya Parashar, University 
of North Texas, Denton, USA.

“We have synthesised a 

photoactive quasi-cubic 
structured perovskite 
material by incorporating 
Formamidinium (FA+) cation in 
Methylammonium Lead Iodide 
(MAPbI3) perovskite material,” 
said Dr. Ranbir Singh. 

“The light absorption, 
morphology, charge transport, 
and electron trap states of the 
perovskites were examined 
and the device physics under 
indoor lighting conditions has 
been explored in detail. The 
fabricated PVs demonstrated 
a photoelectric conversion 
efficiency of 34.07 per cent 
within indoor illumination 
conditions,” Dr. Singh added. 

Indoor light-induced power 
generation will be increasingly 
sought in the near future due 
to the exponential growth in 
the use of smart devices in 
applications such as wellness 
and health monitoring, 
smart-homes, logistics, smart  
manufacturing, etc.

The photoelectric conversion 
efficiency values are on par with 
the best-in-class perovskites for 
indoor applications. This work 
presents a potential candidate 
for developing photovoltaic 
material to capture the energy 
of indoor light using quasi-cubic 
perovskites, researchers said in 
a statement.

(India Science Wire)
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S&T Advances
CRISPR gene-
editing is possible in 
temperature sensitive 
organisms

The CRISPR gene-editing 
technology that received the 
Nobel Prize in 2020 has witnessed 
a new height. Indian scientists 
have demonstrated for the first 
time that the associated Cas9 
enzyme, which acts as molecular 
scissors to cut DNA at a location 
specified by a guide RNA, can bind 
to and cut the target DNA at very 
low temperatures. 

This work has shown the highly 
efficient functioning of this 
platform at temperatures as 
low as 4°C, making it possible 
to edit genes in temperature 
sensitive organisms, plants, or  
crop varieties.

CRISPR (Clustered Regularly 
Interspaced Short Palindromic 
Repeats) are short DNA 
sequences found in the genome 
of prokaryotic organisms such 
as bacteria, which are reminders 
of previous bacteriophage 
(viruses) attacks that the bacteria 
successfully defended against. 
Cas9 enzyme (part of bacteria’s 
defence mechanism) uses these 
flags to precisely target and cut 
any foreign DNA, thus protecting 
the bacteria from future attacks 
by similar bacteriophages. The 
unprecedented precision of 
targeting the DNA sequences and 
then efficiently cutting them is the 
basis for CRISPR-Cas9 technology, 
which has been recently 

demonstrated in editing genes in 
cells and organisms.

CRISPR-Cas9 technology has 
been successfully used for many 
purposes, including basic studies 
of gene function, agriculture, 
and medicine to increase our 
knowledge of disease processes 
and their potential future 
therapies. So far, most binding 
trials were typically performed  
at 37°C. 

As a further step to advance 
this platform into the forefront 
of biomedical and analytical 
biotechnology, scientists of 
Raman Research Institute (RRI), 
an autonomous institute of 
the Department of Science and 
Technology (DST), have explored 
temperature-dependent binding 
and release of cleaved products 
by the Cas9 enzyme. Serene 
Rose David, Sumanth Kumar 
Maheshwaram, Divya Shet and 

Mahesh B. Lakshminarayana, 
under the guidance of Dr. Gautam 
V. Soni, have demonstrated 
that the Cas9 enzymes strongly 
bind to the target at very low 
temperatures and remain bound 
to the cleaved DNA products even 
after the enzyme has done its job. 
Subsequently, the bound products 
were released in a controlled 
fashion using high temperature 
or chemical denaturant (that 
make proteins and DNA lose their 
three-dimensional structure and 
become non-functional).  

The research published in the 
Scientific Reports journal of the 
Nature Portfolio expands possible 
application of the Cas9-based 
genetic toolbox to a previously 
unexplored temperature range 
that would be compatible 
with long-term storage of  
biological samples. 

Their observations on high 
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efficiency of Cas9 binding to the 
target at very low temperatures 
also provide opportunities to 
edit genomes of the less explored 
organisms called cryophiles with 
an optimal growth temperature 
of 15°C. The results on Cas9-DNA 
binding and release mechanics 
will provide valuable insights 
for developing temperature-
dependent applications of 
the CRISPR-Cas9 technology. 
It also builds a quantitative 
understanding of product 
release mechanism of this  
enzyme system.

New study can help 
control noise in 
quantum technology
A new study conducted by 
Bengaluru-based scientists has 
thrown fresh light on how a 
charged particle in contact with 
an environment in the presence 
of a magnetic field behaves 
when it is subjected to ultra-cold 
temperatures. 

Scientists involved in the 
study have said that the latest 
findings could deepen existing 
knowledge and explore ways to 
control noise in the domain of 
quantum technology. 

Quantum technology is too 
vulnerable to disturbances in the 
environment that corrupt the 
information stored in quantum 
computers. Thus understanding 
the role of noise in quantum 
technology and finding ways 
to control it has long been a 
challenge for scientists. 

Physicists from the Raman 
Research Institute (RRI) and 
TIFR – International Centre for 
Theoretical Sciences (ICTS)– 
probed the role of noise in 
quantum technology and the 
evolving area called quantum 
Brownian motion. They found 
how noise in the quantum 
domain can affect a charged 
particle in a magnetic field and 
traced the role of quantum noise 
in the decay of correlations at 
ultra-cold temperatures in the 
context of a charged particle in 
a magnetic field in a research 
published recently in the journal 
Physica A. 

Brownian motion, the random 
motion of particles when 
suspended in a fluid, forms 
one of the foundational pillars 
of physics, thanks to Albert 
Einstein's seminal work in this 
area. Quantum Brownian motion 
is a class of possible dynamics for 
an open quantum, continuous 
degree of freedom. 

In the past, researchers have 
studied the behaviour of a 
neutral Brownian particle in a 
similar context. However, the 

researchers said a theoretical 
study involving the slow late 
time dynamics of a charged 
Brownian particle in a magnetic 
field applicable at ultra-cold 
temperatures is a first.

The study makes predictions 
about the nature of decay of 
factors called the position 
correlation function, the 
position-velocity correlation 
function, and the velocity 
autocorrelation function in the 
quantum domain accessible via 
ultra-cold atom experiments. 
The predictions can be tested by 
considering a charged particle 
in a magnetic field at ultra-cold 
temperatures (of the order of a 
few nano Kelvin) in an optical 
molasses, which mimics a 
viscous environment.

“In the classical domain of high 
temperatures, correlations 
decay very fast at long times. In 
contrast, in the low-temperature 
domain, the decay of correlations 
slows down considerably. We 
study how the magnetic field 
and the harmonic oscillator trap 
confining the particle, affect the 
decay of correlations in the low 
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temperature quantum domain,” 
said Professor Supurna Sinha, 
faculty member in Theoretical 
Physics, and one of the co-
authors of the paper titled ‘Long-
time tails in Quantum Brownian 
Motion of a charged particle in a 
magnetic field’. 

While the strength of the 
magnetic field affects the 
amplitude of the decay, this 
decay slows down when 
quantum fluctuations dominate 
over thermal fluctuations, noted 
Suraka Bhattacharjee, a post-
doctoral fellow at RRI and the 
paper's lead author.

This work is an excellent 
example of the inter-theme 
research at RRI, in this case 
between theoreticians and 
experimentalists at the Quantum 
Mixtures laboratory, a part of the 
cluster of quantum laboratories 
at RRI.

In continuing theoretical work 
along similar lines, this group is 
currently trying to understand 
the behaviour of a quantum 
Brownian particle with a spin, a 
study of which is underway.

Recurrent outburst 
of twin-star points 
towards rare future 
supernovae
Astronomers tracking the 
constellation Ophiuchus have 
spotted a recurrent nova system (a 
transient astronomical event that 
causes the sudden appearance 
of a bright, apparently ‘new’ star 
that slowly fades over weeks or 

months) approximately 5,000 
light-years away. 

Their study of data from the 
outburst of the star called  
RS Ophiuchi detected on 8 August 
2021, which shows hot, central 
ionising white dwarf with a 
constant luminosity but rapid 
temperature within the span of 
a month, may hold the key to 
understanding the formation of 
Type-1a supernovae. A Type-1a 
supernova is a rare type of 
supernova that occurs in binary 
systems (two stars orbiting one 
another) in which one of the stars 
is a white dwarf. 

The star system RS Ophiuchi 
has shown recurrent eruptions 
since 1985. The latest has been 
in August 2021, when it reached 
a peak visual magnitude of 4.6 – 
bright enough to be seen with the 
naked eye. It is a binary system of 
a white dwarf star and a red giant, 
in which the latter supplies the 
white dwarf with fresh, hydrogen-
rich fuel for nova eruption. 
With enough fuel, the material 
on the surface of the white 
dwarf achieves a critically high 

temperature and pressure, and a 
thermonuclear runaway (TNR) 
ensues, which lasts for about 
1,000 seconds. This explosion 
generates huge energy making the 
system visible from a far distance. 
Scientists have been looking for 
clues from the 2021 eruption to 
probe into this star system, which 
has shown recurrent phases 
of becoming Nova – a star that 
suddenly becomes much brighter 
for a short period. 

The astrophysics team at S.N. Bose 
National Centre for Basic Sciences 
(SNCBS), acquired data from 
Astronomical Ring for Access to 
Spectroscopy Database (ARASD) 
to study the evolving spectra of 
the RS Ophiuchi Nova. 

Dr. Ramkrishna Das, leader of 
the astrophysics team at the S.N. 
Bose Centre, found that with 
every eruption, the white dwarf 
accretes at least 10 per cent of 
the ejected mass. They believe 
that eventually, it will explode as a 
Type-1a supernova. This event, if 
and when it occurs, will be the final 
proof of the conjecture around 
Type-1a supernova, which states 

The model images of the ejecta of RS Oph 2021 obtained from the best-fitted 
3D morpho-kinematic models for August, 2021: 16.83 (left column) and  

30.87 (right column)



62 INVENTION INTELLIGENCE | November–December 2022

that if a white dwarf crosses the 
Chandrasekhar Limit of 1.4 Solar 
Mass, it collapses under its own 
gravitational pressure and gives 
birth to a Type-1a supernova. 

This is because the electron 
degeneracy pressure in the core 
of the star is no longer sufficient 
to balance the gravitational 
pressure, leading to its collapse. 
The mass of the white dwarf in 
the RS Oph binary is estimated 
to be 1.2 to 1.38 solar mass. They 
carried out this study with the 
help of a model called 3D morpho 
kinematic model of the ejecta.

Their model indicates Helium to 
Hydrogen ratio increasing from 1.4 
to 1.9 and Nitrogen to Hydrogen 
ratio increasing from 70 to 95. 
The Oxygen to Hydrogen ratio, 
as well as the Iron to Hydrogen 
ratio, increased substantially. 
The increasing abundance of 
the heavier elements indicates 
fusion reactions releasing energy. 
Nitrogen was found to be heavily 
overabundant in the ejecta. The 
ejected hydrogen shell mass of the 
system has been estimated to be 
in the range of 3.54 to 3.83 X 10-6 
Solar mass. 

Dr. Das informs that there are 10 
recurrent novae in the Milky Way 
Galaxy, but since 1988, there has 
not been a supernova explosion 
in the Milky Way. Perhaps the 
next explosion of RS Oph will 
take us closer to understanding 
the mechanism of the  
Type-1a supernova.  

(DST Media Cell)

New method 
developed for energy-
efficient computing 
and storage

The exponential growth of data 
centres has led to huge energy 
consumptions, resulting in 
power shortages, worldwide. 
As the demand for faster and 
more intelligent computers and 
devices grow, there is an urgent 
need to develop alternatives 
to traditional electronic 
components to make these 
devices more energy-efficient. 

In two recent studies, the 
researchers at the Centre for 
Nano Science and Engineering 
(CeNSE), Indian Institute 
of Science, have reported 
the development of an 
energy-efficient computing 
platform that offers promise 
in building next-generation  
electronic devices. 

They have used components 
called memristors that canstore 
data and perform computation 
instead of using complementary 
metal-oxide semiconductors 
(CMOS), the building blocks of 
most electronic circuits today. 
By designing unique memristors 
based on metal-organic 
complexes, the researchers 
could cut down the number 
of components needed in a 
circuit, resulting in significantly 
increased speed and efficiency.  

“We have now discovered a 
molecular circuit element that 
can capture complex logic 
functions within itself, facilitating 
in-memory computations 
in a smaller number of time 
steps and using much fewer 
elements than usual,” says 
Sreetosh Goswami, Assistant 
Professor at CeNSE, who led 
both the studies published in  
Advanced Materials. 

Deepak, Navakanta Bhat, Sreetosh Goswami, Sreebrata Goswami and Santi 
Prasad Rath (left to right) 
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The existing computing 
architectures, process and 
store data at separate physical 
locations. The back-and-forth 
communication between two 
locations consumes the lion’s 
share of the computing energy. 
“We are resolving this problem 
by performing both computation 
and storage at the same physical 
location,” Goswami explains. 

The platform ‘outperforms’ 
current state-of-the-art 
technologies by orders of 
magnitude. “We are now able 
to make arrays of devices that 
are more robust, consistent 
and stable even compared to 
commercial technologies like 
flash memories,” Goswami adds.

Previously developed 
memristor-based circuits also 
suffer from limitations in speed 
and have a greater chance of 
errors accumulating because 
they carry out operations 
sequentially. The design of 

the new platform reduces the 
number of operational steps, 
increasing speed and reducing 
error, the researchers say. 

The metal-organic complexes 
used to build their platform 
were designed by Sreebrata 
Goswami, a specialist scientist 
at CeNSE. “These [complexes] 
are like electron sponges that 
can take and give away electrons 
for billions of cycles without 
degradation,” he says. By making 
minor chemical modifications – 
adding or swapping out one or 
two ions in the complexes, for 
example – researchers might be 
able to adapt the same circuit for 
multiple functions.  

When they built circuits 
that carry out mathematical 
operations and compared them 
with a typical CMOS circuit, 
the team found that the new 
platform offered 47 times higher 
energy efficiency and 93 times 
faster-operating speed while 

only taking up 9 per cent of the 
physical footprint.  

Moving forward, the team 
plans to connect the platform 
to a sensor – for example, a 
smartphone screen that senses 
touch – and study how efficiently 
the platform processes the data 
it collects. Santi Prasad Rath, a 
post-doctoral fellow at CeNSE 
who designed and fabricated 
the circuit along with student 
(Scholar) Deepak, adds, “In an 
Internet of Things (IoT) platform, 
this computing technology can 
be extremely useful.”   

Such efforts are critical because 
scientists believe that time is 
close when CMOS technology 
cannot be scaled up any 
more in terms of efficiency or 
performance. “This necessitates 
the invention of new nanoscale 
device constructs to enable 
Moore’s Law over the next few 
decades,” says Navakanta Bhat, 
Professor at CeNSE and an expert 
in CMOS technologies. 

“The fact that an emerging 
molecular platform is 
outperforming a mature 
technology is quite significant. 
This is high-stakes research 
that can help shape the future 
of our national mission in 
semiconductor electronics,” 
researchers said in a statement.

 (India Science Wire)

Image of the electronic platform used in the study
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NRDC participates in 
DefExpo 2022
NRDC participated in DefExpo, 
which is a flagship biennial 
event of the Ministry of Defence, 
showcasing the land, naval, air 
as well as homeland security 
systems. The aim is to showcase 
the might of the domestic defence 
industry, which is now powering 
‘Make in India, Make for the 
World’ resolve of the Government 
and the nation at large. The 12th 
and the largest-ever defence 
exhibition, DefExpo 2022, has 
marked the emergence of India’s 
defence industry as a sunrise 
sector for investment on the 
global scale in line with the theme 
of the expo – ‘Path to Pride’. Held 
in Gandhinagar, Gujarat, the five-
day event, which commenced 
on 18 October 2022, witnessed 
unparalleled participation of 
over 1,340 exhibitors, businesses, 
investors, start-ups, MSMEs, 
Armed Forces and delegates 
from several countries, with 
engagements spread over four 
venues. Hon. Union Minister of 
Defence, Government of India 
Shri Rajnath Singh’s leadership 
enabled the implementation of the 
vision of the DefExpo on ground 
with smooth conduct of dozens of 
engagements over three business 
and two public days and laid firm 
platform for the entire national 
defence ecosystem to collaborate 
and build a self-reliant India.
The importance of this historic 
DefExpo was reinforced when 
Prime Minister Shri Narendra 
Modi graced the inaugural 
ceremony on 19 October 
2022 and invited the world to 

be part of the Aatmanirbhar  
Bharat journey.
NRDC participated towards the 
success of this grand event in 
many ways:
• NRDC is associated with 

the trademark registration 
of DEFEXPO India logo 
(Trademark No: 4503033, 
4503034)

• Cmde. Amit Rastogi, CMD, 
NRDC signed and exchanged 
MoUs with Vice Admiral 
Narayan Prasad, CMD, 
Mazagon Dock Shipbuilders 
Ltd. and Cmde. Hemant 
Khatri, CMD, Hindustan 
Shipyard Ltd. to forge 
partnership for IPR filing 
support and Technology 
Commercialisation in the 
field of defence shipbuilding.

• The MoU exchange was 
witnessed by Shri Rajnath 
Singh, Minister of Defence, 
Dr. Acharya Devvrat, 
Governor of Gujarat, Dr. Ajay 
Kumar, Defence Secretary, 
Government of India and 
several other officials 
from across the ecosystem 
of defence and other 
departments.

• The objective of MoUs is 
to provide services in the 
field of Intellectual Property 
Rights by filing of IP and 
also facilitating the transfer 
of technology support in the 
indigenisation process. 

• NRDC exhibition was 
organised to support, 
showcase and forge 
partnerships for the Indian 
aerospace and defence 
manufacturing sectors with 
Indian as well as global 
customers to achieve the 
overall objective of catering 
to domestic requirements 

NRDC News

Cmde. Amit Rastogi (Retd.), CMD, NRDC exchanging MoU with Vice Admiral 
Narayan Prasad (Retd.) CMD, Mazagon Dock Shipbuilders Ltd.

Cmde. Amit Rastogi (Retd.), CMD, 
NRDC exchanging MoU with 

Cmde. Hemant Khatri (Retd.) CMD, 
Hindustan Shipyard Ltd.
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Delegates discussing during Industry Innovation Connect

while fulfilling the needs of 
friendly foreign countries.

• NRDC team interacted with 
senior officials of Defence 
PSUs like BEL, AVNL, GRSE, 
HSL, etc. for branding and 
creating value of IP for Indian 
Armed Forces. 

Incubators-Industry 
Innovation Connect
Andhra Pradesh Innovation 
Society (APIS) in collaboration 
with National Research 
Development Corporation 
(NRDC) organised the 
'Incubators-Industry Innovation 
Connect' on 23 November 
2022 at Innovation Valley, 
Visakhapatnam. This initiative 
was very well supported by the 
industries’ associations like 
CII, ITAAP, and AP Chambers. 
During the daylong event, 
more than 75 representatives 
from central government, 
state government, industries’ 
incubation centres and start-ups 
participated. The objective of 
the programme was to outline 
the needs and expectations 
of the key stakeholders to 
strengthen the innovation 
ecosystem by providing 

mentorship, handholding 
support, exploring technology 
transfer opportunities, business 
intelligence, funding, market 
orientation and freedom  
to operate. 
The programme was attended 
by Mr. T. Anil Kumar, CEO, APIS, 
Government of AP; Dr. B.K. Sahu, 
Sr. Regional  Manager & Head 
(IPFC&TISC), NRDC; Mr. Suresh 
Batha, Additional Director & Head 
STPI; Mr. Sreedhar Kosaraju, 
President, ITAAP; Mr. Mouli, Head, 
CII; Ms. Leela Rani, AP Chambers; 
Commander Ravi Reddy (Retd.), 
Dy. Chairman of Maritime 
Board, AP; Mr. Raghuram,  
ex-Director, MSME 
Visakhapatnam; Mr. Sreedhar 
Reddy, General Manager, APEITA; 
Ms. Lavanya Chimata, Joint 
Director, APIS; Karthick Chirra, 
founder & CEO Filmymoji;  
Dr. Polamarasetty Aparoy, Dean, 
IIPE; Mrs. Hima Bindu, AP 
Chambers and representatives 
from various universities and 
academia, incubation centres 
and industry. During the 
deliberations, Mr. Anil Kumar 
emphasised that the objective 
of the programme was to 
establish Centres of Excellence 
through industry collaboration 

in emerging technology domains 
like metaverse, autonomous 
energy and AV Gaming. He 
said, “APIS found, there is gap 
in mentoring innovation and 
start-up activities, so there is a 
need for creating structured and 
a strong network of mentors 
for handholding support to the 
start-ups. Industry leaders have 
stated the problem statements 
that start-ups could work on to 
address real time challenges and 
demand.”
Dr. B.K. Sahu, presented the 
role of NRDC in innovation 
promotion, handholding, 
technology transfer, and IP 
management to all stakeholders. 
He emphasised upon the 
challenges and bottlenecks of 
industries, academia and start-
ups in the present times. The 
programme was orchestrated 
to create a buzz and made a 
significant contribution towards 
propelling the innovation and 
entrepreneurial ecosystem in  
the state. 

National IP 
Conference 2022
The Office of the Controller 
General of Patents, Designs and 
Trade Marks, DPIIT and the 
Capacity Building Commission 
organised ‘National IP 
Conference 2022’ on 14 and 
15 October 2022 based on 
the theme ‘Strengthening IP 
Ecosystem for Catalysing the 
Growth of Knowledge Economy’. 
The objective of the conference 
was to bring the IP officers, 
creators, and practitioners 
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on one platform to discuss 
futuristic IP challenges related 
to developmental issues and 
addressing societal challenges 
through IP driven S&T solutions. 
National Research Development 
Corporation has been striving 
towards creating awareness, 
identification, and registration 
of intellectual property across 
the country. Ms. Mayuree 
Sengupta, Manager (IP &TT), 
NRDC was an invited delegate to 
the conference. The conference 
comprised of successive 
sessions held on capacity 
building for good governance in 
IP administration, addressing 
societal challenges through 
IP driven S&T solutions, and 
making India more IP friendly– 
domestic and international 
perspectives, professional ethics 
and adopting good practices in IP 
administration. The conference 
concluded with the distribution 
of annual awards and valedictory 
session, which was attended 
by Shri Piyush Goel, Minister 
of Commerce and Industry, 
Dr. Unnat Pandit, CGPDTM, 
and other dignitaries from the 
Department for Promotion of 
Industry and Internal Trade. 

NRDC in association 
with CII organise 
Industry Interaction 
Meet on bio-pharma 
and healthcare 
technologies
National Research Development 
Corporation (NRDC), an 
enterprise of DSIR, Ministry of 
S&T, Government of India in 
association with CII organised 
an Industry Interaction Meet 
on bio-pharma and healthcare 
technologies on 14 December 
2022 at Brilliant Convention 
Centre, Indore. The primary 
objective of this meet was 
to discuss the technologies 
available at NRDC, about tech 
transfer, IPR management, patent 
filing, and to create awareness 
on the latest developments 
available for commercialisation. 
The NRDC officials also updated 
the audience about their funding 
programmes available for start-
ups and MSMEs. 
Cmde. Amit Rastogi (Retd.), 
Chairman & Managing Director 
of NRDC, delivered the inaugural 
address and gave an insight on 
NRDC's promotional schemes 
for inventors / innovators 
/ entrepreneurs. Dr. Vinod 
Bhandari, Chairman, Sri 
Aurobindo Institute of Medical 
Sciences was the Chief Guest 
for the programme. The main 
speaker, Dr. Atul Kumar, Chief 
Scientist & Head, Medicinal 
Chemistry CDRI, Lucknow gave 
an address on a novel anti-
osteoporosis drug candidate. 
Dr. Abhay H. Pande, Professor, 
NIPER, Mohali; Prof. M. Shamim 

Ali, Professor, Chemistry 
Department, Jamia Hamdard, 
Delhi; Prof. Avinash Sonawane, 
Prof. & Dean (International 
Relations), IIT, Indore and  
Prof. Shoorvir Singh, Prof. & 
Dean (Biotech), GLA University, 
Mathura spoke about the 
healthcare and diagnostic 
technologies developed in  
their organisations. 

NRDC has a large repository of 
a wide range of technologies 
spread over almost all areas, viz. 
agriculture and agro-processing, 
chemicals including pesticides, 
drugs and pharmaceuticals, 
bio-technology, metallurgy, 
electronics and instrumentation, 
building materials, mechanical, 
electrical and electronics, etc. 
It has licensed indigenous 
technologies to more than 
5,000 entrepreneurs. More than 
100 delegates representing 
industries, faculties and 
researchers from Indore region 
attended the programme.

(Compiled by NRDC officials)

Dr. Vinod Bhandari, Chairman, 
Sri Aurobindo Institute of Medical 
Sciences, delivering an inaugural 

address during the Industry  
Interaction Meet
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