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The studies on the properties 
of various materials at low 

temperatures, down to milli 
Kelvin (10-3K), have led to 
revolutionary developments in 
science and technology for the 
benefit	 of	 human	 society.	 It	 is	
our general experience that as 
the environmental temperature 
goes down there are several 
visible changes in the nature. 
Water starts freezing in the pipe 
lines, resulting in occasional 
bursting of pipes, formation of 
ice over the ponds and creation 
of icebergs in the seas – causing 
obstruction in ship navigation 

and even damaging them. We 
also see beautiful and shining 
snow on the mountain peaks. We 
require warm clothes/sheets to 
protect ourselves and even other 
living beings including animals 
need protection from the cold. 
It is also observed that food 
items and beverages do not get 
spoiled at low temperatures. Ice 
is commonly used to cool down 
beverages. Blood, an essential 
constituent of the body, is stored 
in the form of blood plasma for 
a long time at low temperature. 
Liquification	 and	 solidification	
of gases are possible, thereby 

storing and transporting them 
in large quantities in specially 
designed vessels called ‘cryostats’. 
Importance of this was seen 
during COVID-19 outbreak, when 
medical grade oxygen was in 
demand in the hospitals to save 
patients. The question here arises 
– ‘how does all this happen?’ How 
do we achieve such temperatures 
and maintain the same? What is 
most pertinent is how to measure 
such low temperatures and how 
do they affect the materials’ 
properties leading to wide range 
of applications for the betterment 
of human life.  The answers to 

Cryogenic 
Technology: In the 
Service of Mankind
Dr. GOvInD PRASAD kOTHIyAL

The properties of physical, chemical, biological and other processes are affected 
by decrease in temperature. Scientific studies of materials at low and ultralow 
(cryogenic) temperatures have revealed numerous unique, novel and exotic 
properties/phenomena, which have made a revolutionary impact on the growth 
of science and industry, and in turn affected the human lives. Production, 
preservation, measurement, and applications of cryogenic temperatures form the 
broad areas of cryogenic technology. Based on this there are numerous areas 
of application of the cryogenic technology in our daily life – industry, medicine, 
healthcare and scientific research. It is not possible to enumerate all of them here 
in this small article. However, we shall attempt to discuss some important aspects 
related to the production, measurement and applications pertaining to food and 
bacteria preservation, medical surgery, production of ultrahigh vacuum, different 
industries, space science and technology, electronics, and fundamental research.
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difficult	 process	 than	 heating,	
This is in accordance with the 
second law of thermodynamics. 
This also explains the fact that 
people knew ‘how to heat’, much 
earlier than they learned ‘how to 
refrigerate’.

Classification 
of cryogenic 
temperatures
Cryogenics has now emerged as 
a well-established technology, 
playing vital role in the area of 
low temperature science and 
applications. As such, strictly 
speaking very low temperatures, 
say below 123K, are called 
cryogenic temperatures. However, 
broadly speaking, temperatures 
below 293K are also referred to 
as cryogenic or low temperatures. 
The	 role	 of	 liquified	 gases	 is	
very	 significant.	 The	 wide	 range	
of low temperatures has been 
categorised into three major 
groups for the ease of conducting 
studies and their applications: 
1) Ordinary low temperature 
(293 to 123K); 2) Medium low 
temperature (123 K to 4K); 
and 3) Very low temperature  
(4 to 10-9K) or lesser. 

Historical perspective
There are some old references 
of low temperature in Greek 
literature. However, these were 
related to preservation of food 
items in cold houses or those 
made of ice. One of the earliest 
ice houses near Euphrates has 
been reported belonging to1700 
BC. In South Korea, ice storage 
warehouses were built using ice 
from frozen Han River. Around 

Schematic representation of increase in atomic/molecular motion about their mean 
position in the material with temperature: I. Cold solid and II. Warm solid

all these questions are found in 
cryogenic technology and these 
temperatures in science are 
called cryogenic temperatures, 
though cryogenics refers strictly 
to very low temperatures.

Defining cryogenic 
technology
Before we deal with the various 
aspects of this technology, it 
is important to understand 
how	 temperature	 is	 defined	 by	
scientists. In science, temperature 
is related to the movement of 
atoms and molecules within the 
material. In gases, these atoms 
and molecules are present quite 
far apart and hence they do not 
exhibit much interaction among 
them. On the contrary, in solids 
and liquids these are relatively 
closer and have a large probability 
of mutual attraction/interaction 
among each other. Thus, there is 
a kind of energy present in every 
material called internal energy. 
This energy increases and 
decreases as the temperature 
of material changes. Scientists 
have correlated the magnitude 

of internal energy to the indirect 
indication/measurement of 
temperature. Therefore, if by 
some means we can lower the 
internal energy of matter, we can 
achieve low temperatures. Can 
we achieve temperature zero 
by this process? It is a complex 
problem. Experimentally, the 
answer to this question is 
‘no’, that is, it is not possible 
to achieve zero temperature.  
However, theoretically the 
value of lowest temperature is 
given as –273.4oC or 0oK. This 
is called Absolute Zero. It is 
believed that at this temperature 
the atoms/molecules and the 
electrons present in them are 
in their minimum energy state. 
The technology of achieving, 
maintaining, measuring and 
implementing in practical uses 
is called cryogenic technology. 
In other words cryogenic 
technology deals with materials 
at low temperatures and the 
physics and chemistry of their 
behaviour at these temperatures. 
It may be emphasised that 
producing low temperature that 
is refrigeration, is a much more 
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1000 BC, Chinese were also 
harvesting ice from frozen rivers 
and lakes. The development of 
refrigeration techniques took 
place rather at a slower pace. 
This is evident from the fact 
that although the ice making 
machine	 was	 first	 reported	 in	
1755‒56 by William Cullen, 
by carrying out evaporation of 
ether	 in	 vacuum,	 the	 modified	
commercial machine came in 
the market only after about 100 
years in 1862. During this period 
different attempts were made 
in improving the refrigeration 
techniques. We may mention a 
few of them. In 1835, Adrien-
Jean-Pierre	 first	 demonstrated	
the formation of solid carbon 
dioxide (193 K). Michael Faraday 
in 1845 demonstrated obtaining 
a temperature of 163 K at the 
laboratory scale. Ammonia was 
used in France as a refrigerant 
in 1850. By 1900 ammonia 
refrigerators were in use in many 
commercial facilities to create 
blocks of ice. In 1876, Carl von 
Linde patented an equipment 
to liquefy air. It used the Joule 
Thomson (J-T) expansion process 
and regenerative cooling. In 
1884, using solid nitrogen, a 
low temperature of 40 K was 
achieved. Interestingly, James 
Dewar in 1892 invented the 
vacuum-insulated, silver-plated 
glass	 ‘Dewar	 flask’,	 then	 called	
thermos	flask.	

By 1900, except helium all other 
gases	could	be	liquified.	However,	
the	 liquification	 of	 nitrogen	 was	
carried out in the proper manner 
in 1902 by French scientist 
Claude.	The	dream	of	liquification	
of helium was realised only 

in 1908 when Dutch scientist 
Prof. Heike Kamerlingh Onnes 
demonstrated a temperature of 
4.2K. Interestingly, a temperature 
of 0.7K was also achieved on 
the same day by reducing the 
pressure over liquid helium. 
Heike Kamerlingh Onnes was 
awarded Nobel Prize in 1913 for 
his	work	on	helium	 liquification.	
In 1920, Edmund Copeland and 
Harry Edwards invented small 
refrigerators using iso-butane 
as a fuel. In 1923 Kelvinator, an 
early type refrigerator, held 80 
per cent of the market share for 
electric refrigerators at the time. 
Willem Hendrik Keesom, in 1926, 
made solid helium and Albert 
Einstein and Leo Szilard invented 
the Einstein refrigerator, which 
had no moving parts. It was 
in 1935 that a temperature 
of 0.003K was achieved using 
magnetic technique. The efforts 
were continued to reach lower 
than this and the scientists from 
Helsinki University in 1979 
demonstrated a temperature 
of 10-9K using nuclear spins. 
Later a report also appeared 
achieving 10-10K.  In 2008, 10-9K 
temperature was achieved by 
laser cooling experiments. After 
2000, many new remarkable 
targets were achieved in this 
area. Cold Atom Laboratory was 
set up in 2017, which was sent to 
the International Space Station 
in 2018. According to a research 
paper published in Geophysical 
Research Letters in 2018, the 
lowest surface temperature 
recorded by infrared mapping 
employing a satellite was 175K, 
which was observed from 
various places/locations in the 
high Antarctica zone.

Production of low 
temperatures
The general principle of cooling/
refrigeration is either we take 
out some energy of the substance 
to be refrigerated or bring it in 
contact with a body/environment, 
which is much colder than the 
object to be cooled. For example, 
a building can be cooled to a 
temperature lower than the 
surroundings by introducing 
cold air into the building. Cold 
water or brine normally used 
for cooling beverages and dairy 
products, and in the course 
of some industrial processes, 
works by absorbing heat from 
them. The energy absorbed by 
the substance providing cooling 
increases its temperature, and 
the heat transferred during this 
process is expressed by:

Q=mCp	∆T

Where, m is the mass of the 
substance providing cooling, 
Cp	 is	 its	 specific	 heat	 and	 ΔT	 is	
the temperature rise undergone 
by the substance. Since the 
temperature of the cold substance 
increases during the process, to 
provide continuous refrigeration, 
a continuous supply of the cold 
substance should be maintained, 
which may need an external 
refrigeration cycle. As such, 
cooling can be done by various 
processes like endothermic 
mixing of substances (the oldest 
method known to mankind), 
the phase change process, 
expansion of liquids/gases and 
thermoelectric cooling (reverse 
Seebeck effect). Further we 
know that if the pressure above 
liquid surface is decreased, the 
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liquid starts boiling at lower 
temperatures. This idea has 
been employed as one of the 
techniques to achieve lower 
temperatures. Basically, when 
pressure is reduced, the liquid 
starts evaporating at the cost 
of its internal energy, thereby 
reducing the temperature. 
There are four major techniques 
employed for obtaining cryogenic 
temperatures. 

1. Compression and heat 
removal

2. Joule-Thompson (J-T) effect

3. Magnetic cooling (Adiabatic 
demagnetisation of 
paramagnetic substance)

4. Nuclear cooling

In	 the	 first	 technique,	 normally	
a low boiling point gas like 
ammonia (240 K), is compressed 
at a critical temperature, which 
turns the gas into liquid but it 
raises its temperature. If this 
heat	 is	 removed	 by	 the	 flow	 of	
cool air or sprinkling of water, 
the temperature of ammonia 
decreases. At this stage if we 
reduce the pressure above 
ammonia, some amount of 
ammonia gets evaporated. By 
this process the temperature 
further decreases.

In the second technique, we 
use the principle of J-T effect. 
Gas from high pressure zone 
is passed through a nozzle to a 
low-pressure zone. This expands 
the gas and the temperature 
of gas reduces. It happens 
because when gas molecules 
pass through the nozzle, there is 
a kind of pull on the molecules, 
in which some internal energy 

is spent, which reduces the 
temperature. However, this 
effect (J-T) comes into force 
at different temperatures for 
different gases. For example, it 
happens for helium below 1K 
temperature. However, in some 
cases this effect can be seen at 
room temperature also. 

Magnetic cooling technique is used 
for obtaining temperatures below 
1K.	This	was	reported	for	the	first	
time in 1926 by Debye and Giaque. 
This is how it works. According 
to Maxwell's principle of electro 
dynamics,	 a	 magnetic	 field	 is	
associated with the cyclic motion 
of electric charge. Electrons are 
moving not only in their shells 
but also about their own axis. 
This is called electronic spin. In 
some special solid materials these 
spins are in a disordered state at 
very low temperatures. At this 
stage if some external magnet 
is brought nearby, they get 
aligned and the materials become 
magnetic. In this process there is 
a release of some magnetisation 
energy, which is likely to increase 
the temperature. If this heat is 
somehow removed, there is no rise 

of temperature. Now, if we remove 
the external magnet, the spins 
again get disordered at the cost 
of its internal energy. This causes 
decrease in temperature. It is 
called adiabatic demagnetisation 
of paramagnetic material. 
The process is schematically 
illustrated in the diagram. Some 
of these materials are, gadolinium 
sulphate,	 cerium	 fluoride,	 iron	
and ammonium alum.

In nuclear cooling, the spins of 
nuclear particles like proton and 
neutron are used. However, for 
this purpose a very high magnetic 
field	 is	 required.	 For	 example,	
a	 magnetic	 field	 of	 50,000	 Oe																				
(ampere/meter) is needed for 
nuclear rotation at 0.01K. By 
this technique, it is possible to 
achieve a temperature of up to 
10-9K. Another one is the dilution 
cooling/refrigeration. Physicists 
are able to conduct research at 
milli Kelvin (10-3K) temperature 
range using this technique. For 
this purpose, the sample under 
study is kept at an appropriate 
place in the cooling system. The 
function of this technique can be 
understood as explained here: if 
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a mixture of liquid He3 and He4 
is stabilised at 0.7K, the He3-
rich	 region	 starts	 floating	 over	
He4, and a boundary is formed 
between the two phases. Now if 
we remove the vapours of He3 by 
a pump, the equilibrium between 
the two phases gets disturbed. 
To establish the equilibrium 
again some He3 vapours from 
He3 rich region go to the He4 rich 
region, which again is removed 
by the pump. The process gets 
repeated	 and	 a	 kind	 of	 flow	
establishes.	To	establish	the	flow,	
energy is taken from the sample, 
thereby decreasing the sample 
temperature. This process goes 
on repeatedly and this way 
we	 finally	 achieve	 the	 sample	
temperature of milli Kelvin range. 

In addition, reversed Sterling 
cycle, Gifford-McMohan cycle, 
some industrial methods are 
also quite popular. We can 
also obtain a temperature in 
the range 0.01 to 0.002K by 
adiabatic	 solidification	 of	 He3 
under some special conditions 
using thermo-electric cooling 
technique based on Peltier Effect 
known as Pomeranchuk Effect. 
In the recent past, there were a 
number of efforts to cool micro/
nano-electronic devices to milli 
Kelvin temperatures. For this 
nuclear demagnetisation cooling 
technique is considered very 
promising.

Measurement 
of cryogenic 
temperatures
It is well-known that we cannot 
measure temperature by direct 
means. However, we know that 

the properties of materials change 
with temperature. Therefore, 
temperature is measured 
indirectly by measuring such 
properties.  Based on this many 
devices have been developed. 

We shall discuss a few important 
and commonly used devices/
instruments: a) Thermocouples, 
b) Resistance thermometers, c) 
Gas and vapour thermometers, 
d) Magnetic thermometers, etc.

Schematic of liquid helium system (Claude’s liquid helium liquefier)

Schematic of dilution cooling equipment
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a) Thermocouples are most 
commonly used for 
measurement of low 
temperatures. This was 
invented by Thomas Seebeck 
in 1821. The principle of this 
device is that if the ends of 
two dissimilar metals are 
joined together and these 
jointed ends are kept at 
different temperatures, an 
electromotive force called 
thermo-emf is generated, 
which is dependent on the 
difference of temperatures 
of the two ends. The 
measurement of this emf 
is related to temperature. 
Such an assembly is 
called a thermocouple. 
On this principle many 
thermocouples are developed, 
which are used considering 
their special characteristics 
such as measurement range, 
stability, vibration resistance, 
chemical inertness and 
adaptability for an application. 
Thermocouples mainly used 
in low temperature range are 
given in the table.

Type Composition Measurement 
range 

(Degree 
Kelvin)

K Chromel / 
Alumel (Ni-
Cr/Ni-Al),

3‒1543

J Iron / 
Constantan 
(Fe/Cu-Ni),

63‒1473

T Copper / 
Constantan

3‒673

E Chromel/
Constantan

3‒1273

b) Resistance thermometers 
are based on the change in 
resistance of material with 
change in temperature. 
Different types of the 
thermometer were developed 
over the period. For this, 
metals, semiconductors, etc 
have been used. Platinum 
resistance thermometer 
is suitable up to 10‒20K. 
To measure very low 
temperatures semiconductor 
resistance thermometers like 
that of germanium, silicon 
and gallium arsenide are quite 
popular. Carbon resistance 
thermometers are suitable up 
to 1K. It is notable that the 
resistance change in carbon 
thermometer is not affected 
by	magnetic	field.

c) Gas thermometers are suitable 
in the range 90‒4K with an 
accuracy of 1K. These are 
based on the principle that 
the gas pressure is dependent 
on the temperature change. 
These are used as standard 
thermometers in a laboratory. 
Vapour thermometers are also 
based on the same principle 
and are used for measurement 
of temperatures below 4K. In 
such thermometers, we use 
those gases, which become 
liquid at the measurement 
temperatures. For example, 
He3 is used to measure 
temperatures up to 0.3K. 

d) Magnetic cooling technique 
is normally used to measure 
temperatures below 1K. 
Magnetic behaviour of 
paramagnetic materials 
is quite dependent on 
temperature, and it increases 

at lower temperatures. Some 
of these materials like ferric 
ammonium alum (up to 
0.2K), ruby crystal (up to 
0.3K) and cerium magnesium 
nitrate (down to 0.01K ) are 
used to measure very low 
temperatures. In addition, 
thermometers based on 
Mossbauer effect are also in 
use.

Storage of cryogenic 
liquids
After creating a very low 
temperature and its measurement 
device, it is natural to think about 
the means to maintain this for 
a reasonably long period for 
any useful purpose. The main 
problem in this effort is how to 
prevent the contact of cold area 
with outside heat. For this, it is 
essential to have the knowledge 
of various heat transfer 
mechanisms. Therefore, for the 
design and fabrication of suitable 
storage vessels called cryostats 
for cryogenic liquids and setting 
up to carry out experimental 
work at these temperatures, 
we have to consider the 
effects of heat transfer by 
conduction, convection and 
radiation. Therefore, we select 
such materials, which are 
resistant to/sustain/endure 
very high pressures and very 
low temperatures without any 
deformation. The material 
should be heat insulating and 
thin enough to avoid/reduce 
heat transfer by conduction. The 
vessels made for this purpose 
are normally two or more 
walled vessels. The cryogenic 
liquid is kept in the inner most 
vessel. There is vacuum created 
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between this vessel and the outer 
vessel to prevent heat transfer by 
convection process. In order to 
avoid loss by radiation the walls 
are coated by shiny materials like 
aluminium. It is interesting to 
note	 that	 the	 first	 storage	 vessel	
made of glass, following this 
principle,	 called	 thermos	 flask	
was invented by Sir James Dewar 
in	 1892.	 However,	 such	 a	 flask	
can store only a small quantity of 
liquid nitrogen for a short period. 
For storing a large quantity of 
cryogenic liquid for a reasonably 
long period, there are specially 
designed cryostats made up 
of special metals and thermal 
insulators	like	fibre	glass,	perlite,	
super insulation, etc. These are 
now being widely used. 

Applications
It is known that physical, chemical 
and biological properties of 
materials and various processes 

are affected by decrease in 
temperature. Based on this there 
are numerous applications of 
cryogenic technology – in our 
daily life, industry, medicine, 
healthcare	 and	 scientific	
researches. It is not possible to 
enumerate all of them here in 
this small article. However, we 
shall attempt to discuss some 
important applications related to 
food and bacteria preservation, 
medical surgery, production 
of ultra-high vacuum, different 
industries, space science and 
technology, electronics, and 
fundamental research.

Preservation of food 
items and bacteria
 Cryogenic technology has been 
playing a very important role in 
the preservation of food items, 
medicines and useful bacteria 
since a long time. The production 
and activity of bacteria at lower 

Liquid helium container

temperatures is quite low, 
consequently food items do 
not get spoiled for a long time. 
The optimum temperature for 
this purpose is liquid nitrogen 
temperature (77 K) because it 
is inert and non-explosive. As 
mentioned above, the activity 
at this temperature is almost 
nil and the possibility of ice 
formation is also zero. There is 
always a risk of breaking cell 
walls due to ice formation. But 
in order to avoid ice formation 
we have to reach liquid nitrogen 
temperature rapidly. Similarly, 
many types of tissue and cells, 
e.g., blood, bone marrow, sperms, 
etc are preserved for many years 
using cryopreservation method. 
Appropriate preservation 
methods can maintain high 
survival rate and genetic stability 
of pathogenic microbial strains 
for a long time. In hospital 
mortuaries the dead bodies 
are kept safe from degradation. 
Different types of pulses, fruits, 
vegetables, meat, etc are also 
preserved by freeze drying 
technique (a type of cryogenic 
technology) and also by keeping 
in cold houses. Blood plasma is 
also preserved in freeze dryers. 
It is quite common to store food 
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items at specially designed low 
temperature cabinets and boxes 
in supermarkets, malls, etc. 
In addition, cooling trays and 
tunnel freezers are used in food 
preservation industries. Cooling 
trays, also known as dipping 
trays, allow products to be cooled 
very fast by immersing them in 

liquid nitrogen, whereas a tunnel 
freezer is a long-closed structure 
through which products are 
passed for fast and effective 
cooling of large amounts of food 
products. Crispy chocolate layer 
formation over ice creams is one 
of the examples of use of cooling 
trays.

Medicine and surgery
As we know maintaining quality 
is	 a	 key	 benefit	 of	 cryogenic	
cooling. This is just one reason 
why cryogenic technology has 
become so common in the medical 
industry in recent decades. 
Similarly cryogenic dewars for 
keeping medical products at low 
temperature and CryoSauna for 
health treatments are becoming 
quite popular. Liquid nitrogen 
is very commonly used for 
treatment of some skin related 
diseases/disorders. This is also 
used in eye and brain surgeries 
known as cryosurgery. Using 
this technique many cancers are 
treated without administering 
anaesthesia to the patient. It may 
be mentioned that it is possible 
to treat Parkinson’s disease using 
this technique. In this a liquid 
nitrogen jet is probed/directed 
over patient’s head to identify the 
exact location of diseased area 
so that the required treatment 
can be done without affecting 
other areas. In addition, it is also 
useful in organ transplantation. 
Implants prepared by cryogenic 
machining are found to be more 

Transfer of  cryogenic liquid to an experimental setup Cryogenic containers at a production site

Preservation of food items under refrigerated conditions
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efficient,	 stable	 and	 accurate	 in	
shape and size. Many organs like 
liver, pancreas, etc are preserved 
in freeze dryers for a long time. 
The importance of medical grade 
oxygen has been realised in 
recent times during the COVID-19 
pandemic. Liquid oxygen has been 
transported to reach hospitals 
in time to save many lives in 

specially designed cryostats. 
The use of superconducting 
magnetic resonance imaging has 
played a vital role in the area 
of medical science in respect of 
many diagnostics applications. 
Because of its high sensitivity, 
this machine helps in diagnosing 
the disease correctly and in a 
very precise manner. 

Cryogenic gases are also used 
for the granulation of probiotics 
and starter cultures. To keep the 
product’s quality optimal, liquid 
nitrogen is used to achieve such 
a low temperature. This prevents 
any potential deteriorating 
processes. Pelletisation of 
pharmaceuticals is also done 
in cryogenically clean and 
inert environment. In addition 
to this, the cryogenic NMR 
probe technique also detects 
very-very small impurities in 
pharmaceuticals. 

In vacuum technology
Cryogenic liquids are used 
extensively in vacuum 
technology. In order to produce 
clean ultra high vacuum (UHV) 
using sorption pumps, liquid 
nitrogen, liquid helium, etc are  
used abundantly in sophisticated 
evaporation  and analytical 
units like MBE, MOMBE, Auger 
spectrometer, ESCA, etc. In fact at 
liquid helium temperature almost 
all gases condense on the walls 
of vacuum chamber, thereby 
creating UHV. Many analytical 
equipment are developed based 
on this principle. Not only this, 
space satellites and all the 
equipment used there are tested 
under space conditions in space 
simulation chambers using 
cryogenic liquids.

Industry and materials 
processing
This technology is used in various 
industries. It is being widely used 
in	 the	 liquification	 of	 gases,	 in	
steel plants, for enhancement 
of	 furnace	 efficiency,	 in	 the	

Medicines pelletised in cryogenic environment
(Courtesy: https://demaco-cryogenics.com/blog/the-versatility-of-cryogenics-11.)

Magnetic resonance imaging (MRI) machine
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purification of molten metals 
by liquid oxygen, etc. This is the 
reason for the installation of air 
liquification	 and	 analysis	 plants	
closer to steel plants. In addition 
to liquid oxygen, liquid nitrogen 
is also used for creating inert 
atmosphere in various processes. 
Apart from this, use of liquid 
nitrogen is increasing day by day 
in foundries for making molds, 
fitting	 of	 bearings	 through	 cold	
shrinking, cold grinding, etc. 
The role of cryogenics in the 
automotive industry is vastly 
diverse. For example, automobile 
manufacturers use liquid nitrogen 
to	 perform	 shrink	 fits	 and	 leak	
detection. One of the most widely 
used cryogenic applications 
in the automotive industry is 
the cooling box. Thin sheets of 
metals/alloys are also fabricated 
for high pressure thin-walled 
vessels and aeroplane bodies 
using cryogenic technology. In 
the area of fertiliser industry 
liquid nitrogen is extensively 
used. It has lot of applications 
in air-conditioning industries  
as well. 

Modern electronics
The beginning of cryogenic 
electronics can be considered in 
1954 when Dudley Buck invented 
the Cryotron, a magnetically 
controlled superconductive 
device, at MIT, USA. Since 
then Cryotrons were used in 
computers in place of transistors 
and	 valves.	 In	 this	 field,	 many	
electronic equipment which work 
only in low temperature range are 
being developed on the one side, 
while	 on	 the	 other,	 the	 efficiency	
of many electronic systems and 

processes is being enhanced 
manifold using superconductivity. 
It is notable that the thermal 
noise in sensors of electronic 
equipment is considerably 
lesser at low temperatures, 
thereby greatly enhancing 
the sensitivity. The infrared 
detectors and other sensors 
being used in radioastronomy, 
defense operations, metrology, 
etc are cooled using closed cycle 
cryostats. Superconductivity is 
used in bolometers and memory 
devices in addition to magnets. 
In superconductive magnets it 
is possible to obtain very strong 
magnetic	 fields	 with	 very	 small	
power. The use of superconducting 
magnets in electron microscopes 
in studying the structure of 
materials has undoubtedly 
revealed many important 
aspects of their structure. The 
use of cryogenics 
in laser and maser 
to improve their 
performance is 
known since 1990. 
With the use of 
superconductors, it 
is possible to achieve 
a precisely uniform 
magnetic	 field	 over	
a large area and 
distance. Cryogenic 
techniques are used 
to achieve extremely 
low temperatures 
and also to create 
an inert working 
e n v i r o n m e n t . 
In industries 
cryogenics is also 
used to create inert 
production areas 
and microchip 
testers.

Space science and 
technology 
Cryogenic liquids are used not 
only in the launching of space 
rockets/vehicles but also in 
various rocket assemblies. 
Space simulation chamber is 
one of the basic systems used 
abundantly for testing the 
compatibility and performance 
of satellites/rockets and their 
assemblies. Although for the 
launching of space vehicles solid 
propulsion fuel is used but for 
the propulsion of bigger rockets, 
cryogenic liquids like that of 
hydrogen and other gases are 
also quite important. Indian 
Space Research Organization 
(ISRO) has developed all 
technical knowhow indigenously 
to build cryogenic engines. It has 

Photograph of a Cryoengine developed by ISRO
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successfully used these engines 
in geo stationery satellite launch 
vehicles (GSLVs) and other 
satellite launchers. There are 
various important and strategic 
areas like earth mapping/
survey, infrared, gamma and 
radio	 astronomy,	 magnetic	 field	
measurement and imaging 
where medium and ultracold 
temperatures are needed. In 
fact, helium cooled infrared 
telescopes are required for these 
applications.   

Scientific research
The properties of materials 
are dependent on temperature. 
Therefore, scientists are engaged 
in investigating the materials 
at cryogenic temperatures. 
Consequently, they were 
successfully used from time to 
time	in	finding	out	materials	with	
exotic, novel and unexpected 
properties. For example, the 
study of structure of solids, 
their internal forces, behaviour 
(specially superconductivity, 
superfluidity,	 etc)	 have	 become	
very attractive areas of 
cryogenics.	 Superfluidity	 is	 the	
property of materials when the 
viscosity goes down to zero. 
This property is exhibited in 
helium at 2.19K. In this state the 
thermal conductivity of helium 
increases 1000 times compared 
to copper. The role of cryogenics 
in the fundamental studies of 
nuclear structure, their forces 
and real behaviour, the study 
of chemical reactions and their 
reactivity, etc has been of very 
special	 significance.	 The	 role	 of	
liquid hydrogen bubble chamber 

in the discovery of 
fundamental particles 

has been very 
important. We can 
also keep free radicals 
in chemical reactions 
for a long time during 
studies at cryogenic 
temperatures. In 
addition, cryogenics 
has been extensively 
used in radio 
isotope separation. 
Not only this, the 
reactivity of some 
materials increases 
considerably high at 
low temperatures. 
For example, only 0.4533 kg of 
activated charcoal is needed at 
liquid nitrogen temperature to 
separate Xenon and Crypton 
from hydrogen gas as against 
1 ton of activated charcoal at 
room temperature because of its  
high reactivity.

Cryogenic technology is now 
a well-recognised technology, 
which is being considered as 
an alternative to the global 
fuel problem. Natural gas is 
being transported by ships in 
big cryostats from one country 
to another needy country. It is 
expected to play a very special 
role in future’s transport systems 
and electric energy transmission. 
Superconducting magnets and 
power cables will be the media for 
this job. It is remarkable to note 
that there are many important 
developments that have taken 
place in our country in the area 

of cryogenic technology. We have 
made a special place in the area of 
cryogenic instruments, systems 
and devices. Consequently, India 
has	 played	 a	 significant	 role	 not	
only in diverse national projects 
(Variable Energy Cyclotron, 
Kolkata, Synchrotron Source 
at Raja Ramanna Centre for 
Advanced Technology, Indore, 
some nuclear reactors, materials 
processing units, etc) but also 
in international projects like 
those pertaining to controlled 
thermonuclear fusion.
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A demonstration of superfluid helium fountain 
(Courtesy: NASA website, link ARCADE 

Superfluid Pumps (nasa.gov))
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All people on Earth depend 
directly or indirectly on 

the ocean and cryosphere. The 
global ocean covers 71 per cent 
of the Earth surface and contains 
about 97 per cent of the Earth’s 
water. The cryosphere refers to 
frozen components of the Earth 
system. Around 10 per cent of 
Earth’s land area is covered by 
glaciers or ice sheets. The ocean 
and cryosphere support unique 
habitats, and are interconnected 
with other components of the 
climate system through global 
exchange of water, energy and 
carbon. The projected responses 
of the ocean and cryosphere to 
past and current human-induced 
greenhouse gas emissions and 
ongoing global warming include 
climate feedbacks, changes over 
decades to millennia that cannot 
be avoided, thresholds of abrupt 
change, and irreversibility.

Global mean sea level (GMSL) is 
rising and adaptation processes 
have to be accelerated. The 
Intergovernmental Panel on 
Climate Change (IPCC) had 

published a part of the 6th 
Assessment Report earlier in 
2021. Chapter 4 of the report, 
‘Special Report on the Ocean 
& Cryosphere’ in a changing 
time, deals extensively with the 
impact of climate change on 
oceans. This chapter assesses 
past and future contributions 
to global, regional and extreme 
sea level changes, associated 
risks to low-lying islands, 
coasts, cities and settlements 
and response options and 
pathways to resilience and 
sustainable development along  
the coast. 

Human communities in close 
connection with coastal 
environments, small islands 
(including Small Island 
Developing States, SIDS), polar 
areas and high mountains are 
particularly exposed to ocean 
and cryosphere change, such as 
sea level rise (SLR), extreme sea 
level and shrinking cryosphere. 
Other communities farther 
from the coast are also exposed 
to changes in the ocean, such 
as through extreme weather 
events. Today, around four 
million people live permanently 
in the Arctic region, of whom 
10 per cent are indigenous. 

Accelerating 
Adaptation Strategies 
in the Face of Sea 
Level Rise 
MAHenDRA PAnDey

The rate of coastal erosion is increasing with global warming
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The low-lying coastal zone 
is currently home to around 
680 million people (nearly 10 
per cent of the 2010 global 
population), projected to reach 
more than one billion by 2050. 
The SIDS is home to 65 million 
people. Around 670 million 
people (nearly 10 per cent of 
the 2010 global population), 
including indigenous people, 
live in high mountain regions in 
all continents except Antarctica. 
In high mountain regions, the 
population is projected to reach 
between 740 and 840 million by 
2050 (about 8.4‒8.7 per cent of 
the projected global population). 

In addition to their role within 
the climate system, such as 
the uptake and redistribution 
of natural and anthropogenic 
carbon dioxide (CO2) and heat, 
as well as ecosystem support, 
services provided to people by 
the ocean and/or cryosphere 
include food and water supply, 
renewable	 energy,	 and	 benefits	
for health and well-being, 
cultural values, tourism, trade, 
and transport. The sum of glacial 
and ice sheet contributions is 
now the dominant source of 
Global Mean Sea Level (GMSL) 
rise. GMSL from tide gauges and 
altimetry observations increased 
from 1.4 mm per year over the 
period 1901‒1990 to 2.1 mm per 
year over the period 1970‒2015 
to 3.2 mm per year over the 
period 1993‒2015 to 3.6 mm per 
year over the period 2006‒2015. 
The dominant cause of GMSL 
rise since 1970 is anthropogenic 
forcing. GMSL was considerably 
higher than today during past 

climate states that were warmer 
than pre-industrial, including the 
Last Interglacial, when global 
mean surface temperature was 
0.5°C‒1.0°C warmer, and the 
mid-Pliocene Warm Period, 
2°C‒4°C warmer. Despite the 
modest global warmth of the 
Last Interglacial, GMSL was likely 
6‒9 m higher, mainly due to 
contributions from the Greenland 
and Antarctic ice sheets, and 
unlikely more than 10 m higher. 
Based on new understanding 
about geological constraints, 25 
m is a plausible upper bound on 
GMSL during the mid-Pliocene 
Warm Period. 

Non-climatic anthropogenic 
drivers, including recent 
and historical demographic 
and settlement trends and 
anthropogenic subsidence, 
have played an important role 
in increasing low-lying coastal 
communities’ exposure and 
vulnerability to SLR and extreme 
sea level (ESL) events. In coastal 

deltas, for example, these 
drivers have altered freshwater 
and sediment availability. In 
low-lying coastal areas more 
broadly, human-induced changes 
can be rapid and modify the 
coastlines over short periods 
of time, outpacing the effects 
of SLR. Adaptation can be 
undertaken in short- to medium-
term by targeting local drivers 
of exposure and vulnerability, 
notwithstanding uncertainty 
about local SLR impacts in the 
coming decades and beyond. 

Coastal ecosystems are already 
impacted by the combination 
of SLR, other climate-related 
ocean changes, and adverse 
effects from human activities 
on ocean and land. Attributing 
such impacts to SLR, however, 
remains challenging due to the 
influence	of	other	climate-related	
and non-climatic drivers such 
as infrastructure development 
and human-induced habitat 
degradation. Coastal ecosystems, 
including salt-marshes, 
mangroves, vegetated dunes 
and sandy beaches, can build 
vertically and expand laterally 
in response to SLR, though this 
capacity varies across sites. 
These ecosystems provide 

Source: IPCC

Global mean sea level (GMSL) 
budget over different periods 
from observations and climate 
model base contributions All 
values are in mm per year
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important services that include 
coastal protection and habitat 
for diverse biota. However, as a 
consequence of human actions 
that fragment wetland habitats 
and restrict landward migration, 
coastal ecosystems progressively 
lose their ability to adapt to 
climate-induced changes and 
provide ecosystem services, 

including acting as protective 
barriers. 

Coastal risk is dynamic and 
increased by widely observed 
changes in coastal infrastructure, 
community livelihoods, 
agriculture and habitability. 
As with coastal ecosystems, 
attribution of observed changes 

and associated risk to SLR 
remains challenging. Drivers and 
processes inhibiting attribution 
include demographic, resource 
and land use changes and 
anthropogenic subsidence.

A diversity of adaptation 
responses to coastal impacts and 
risks have been implemented 
around the world, but mostly 
as a reaction to current coastal 
risk or experienced disasters. 
Hard coastal protection 
measures (dikes, embankments, 
sea walls and surge barriers) 
are widespread, providing 
predictable levels of safety in 
northwest Europe, East Asia, 
and around many coastal cities 
and deltas. Ecosystem-based 
adaptation (EbA) is continuing 
to gain traction worldwide, 
providing	 multiple	 co-benefits,	
but there is still low agreement 
on its cost and long-term 
effectiveness. Advance, which 
refers to the creation of new land 
by building into the sea (e.g., land 
reclamation), has a long history 
in most areas where there are 
dense coastal populations. 
Accommodation measures, such 
as early warning systems (EWS) 
for ESL events, are widespread. 
Retreat is observed but largely 
restricted to small communities 
or carried out for the purpose of 
creating new wetland habitat.   

Future rise in GMSL caused 
by thermal expansion, melting 
of glaciers and ice sheets and 
land water storage changes, is 
strongly dependent on which 
Representative Concentration 
Pathway (RCP) emission 

Sea level rise is a reality for the coastal areas

20th century simulated regional sea level changes by coupled climate models and 
comparison with a selection of local tide gauge time series. In the upper left corner: 
map of changes in simulated relative sea level (RSL) for the period 1901-1920 to 

1996‒2015 estimated from climate model outputs (Source: IPCC)
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scenario is followed. SLR at the 
end of the century is projected 
to be faster under all scenarios, 
including those compatible 
with achieving the long-term 
temperature goal set out in the 
Paris Agreement. GMSL will 
rise between 0.43 m (0.29–0.59 
m, likely range) and 0.84 m 
(0.61–1.10 m, likely range) by 
2100 relative to 1986–2005. 
Beyond 2100, sea level will 
continue to rise for centuries 
due to continuing deep ocean 
heat uptake and mass loss of the 
glaciers and ice sheets and will 
remain elevated for thousands 
of years. Under another carbon 
emission scenario, the rate of 
SLR will be 15 mm per year 
(10–20 mm likely range) in 
2100, and could exceed several 
cm year in the 22nd century. 
These high rates challenge the 
implementation of adaptation 
measures that involve a long 
lead time, but this has not yet 
been studied in detail. 

Processes controlling the timing 
of future ice shelf loss and 

the spatial extent of ice sheet 
instabilities could increase 
Antarctica’s contribution to SLR 
to values higher than the likely 
range on century and longer time 
scales. Evolution of the Arctic Ice 
Sheet beyond the end of the 21st 
century is characterised by deep 
uncertainty as ice sheet models 
lack realistic representations of 
some of the underlying physical 
processes. The few model studies 
available addressing time scales 
of centuries to millennia indicate 

multi-metre (2.3–5.4 m) rise in 
sea level. 

Sea level rise is not globally 
uniform and varies regionally. 
Thermal expansion, ocean 
dynamics and land ice loss 
contributions will generate 
regional departures of about 
±30% around the GMSL rise. 
Differences from the global 
mean can be greater than ±30% 
in areas of rapid vertical land 
movements, including those 
caused by local anthropogenic 
factors such as groundwater 
extraction. Subsidence caused by 
human activities is currently the 
most important cause of relative 
sea level rise (RSL) change 
in many delta regions. While 
the comparative importance 
of climate-driven RSL rise will 
increase	over	time,	these	findings	
on anthropogenic subsidence 
imply that a consideration of 
local processes is critical for 
projections of sea level impacts 
at local scales.  

Huge chunks of ice sheets are breaking and floating in the oceans at polar regions

Mangrove forest growing in the sea
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Due to projected GMSL rise, ESLs 
that are historically rare (for 
example, hundred-year event) will 
become common by 2100 under 
all carbon emission estimates. 
Many low-lying cities and small 
islands at most latitudes will 
experience such events annually 
by 2050. Greenhouse gas (GHG) 
mitigation envisioned in low-
emission scenarios is expected to 
sharply reduce but not eliminate 
the risk to low-lying coasts and 
islands from SLR and ESL events. 
Low-emission scenarios lead to 
slower rates of SLR and allow 
for a wider range of adaptation 
options.	 For	 the	 first	 half	 of	
the 21st century, differences 
in ESL events among the 
scenarios are small, facilitating  
adaptation planning.

Non-climatic anthropogenic 
drivers will continue to increase 
the exposure and vulnerability 
of coastal communities to future 
SLR and ESL events in the 
absence of major adaptation 
efforts, compared to the  
present day.

The expected impacts of SLR 
on coastal ecosystems over the 
course of the century include 
habitat contraction, loss of 
functionality and biodiversity, 
and lateral and inland migration. 
Impacts will be exacerbated in 
cases of land reclamation and 
where anthropogenic barriers 
prevent inland migration 
of marshes and mangroves 
and limit the availability and 
relocation of sediment. Under 
favourable conditions, marshes 
and mangroves have been found 
to keep pace with fast rates of 

SLR (e.g., >10 mm per year), but 
this	 capacity	 varies	 significantly	
depending on factors such as 
wave exposure of the location, 
tidal range, sediment trapping, 
overall sediment availability and 
coastal squeeze.

In the absence of adaptation, 
more intense and frequent 
ESL events, together with 
trends in coastal development 
will increase expected annual 
flood	 damages	 by	 2-3	 orders	
of magnitude by 2100. 
However, well designed coastal 
protection is very effective in 
reducing expected damages 
and	 cost	 efficient	 for	 urban	
and densely populated regions, 
but generally unaffordable 
for rural and poorer areas. 
Effective protection requires 
investments of the order of tens 
to several hundreds of billions 
of USD per year globally. While 
investments are generally cost 
efficient	 for	 densely	 populated	
and urban areas, rural and 
poorer areas will be challenged 
to afford such investments with 
relative annual costs for some 
small island states amounting 

to several per cent of GDP. 
Even with well-designed hard 
protection, the risk of possibly 
disastrous consequences in the 
event of failure of defences still  
remains there. 

Risk related to SLR (including 
erosion,	 flooding	 and	
salinisation) is expected to 
significantly	 increase	 by	 the	 end	
of this century along all low-lying 
coasts in the absence of major 
additional adaptation efforts. 
While only urban atoll islands 
and some Arctic communities 
are expected to experience 
moderate to high risk relative to 
today in a low emission pathway, 
almost high to very high risks 
are expected in all low-lying 
coastal settings at the upper 
end of the likely range for high 
emission pathways. However, 
the transition from moderate to 
high and from high to very high 
risk will vary from one coastal 
setting to another. While a slower 
rate of SLR enables greater 
opportunities for adapting, 
adaptation	benefits	 are	 expected	
to vary within different coastal 
settings. Although ambitious 

Marine acidification is adversely impacting coral reefs
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adaptation will not necessarily 
eradicate end-century SLR risk, 
it will help to buy time in many 
locations and therefore help 
to lay a robust foundation for 
adaptation beyond 2100. 

All types of responses to 
SLR, including protection, 
accommodation, EbA, advance 
and retreat, have important 
and synergistic roles to play in 
an integrated and sequenced 
response to SLR. Hard protection 
and advances (building into the 
sea)	are	economically	efficient	in	
most urban contexts facing land 
scarcity, but can lead to increased 
exposure in the long term. Where 
sufficient	 space	 is	 available,	 EbA	
can both reduce the coastal risks 
and	 provide	 multiple	 benefits.	
Accommodations such as the 
flood	 proof	 buildings	 are	 often	
both low-cost and highly cost-
efficient	 in	 all	 contexts.	 Where	
coastal risks are already high, 
and population size and density 
are low, or in the aftermath of 
a coastal disaster, retreat may 
be especially effective, albeit 
socially, culturally and politically 
challenging. 

Technical limits to hard 
protection are expected to be 
reached under high emission 
scenarios beyond 2100 and 
biophysical limits to EbA may 
arise during the 21st century; 
but economic and social barriers 
arise well before the end of the 
century. Economic challenges to 
hard protection increase with 
higher sea levels and will make 
adaptation unaffordable before 
technical limits are reached. 
Drivers other than SLR are 

expected to contribute more to 
biophysical limits of EbA. For 
corals, limits may be reached 
during this century, due to ocean 
acidification	and	ocean	warming,	
and for tidal wetlands due to 
pollution and the infrastructure 
limiting their inland migration. 
Limits to accommodation are 
expected to occur well before the 
limits to protection occur. 

Choosing and implementing 
responses to SLR presents before 
the society, profound governance 
challenges	 and	 difficult	 social	
choices, which are inherently 
political and value laden. The 
large uncertainties about post 
2050 SLR and the substantial 
impact expected challenge the 
established planning and decision 
making practices and introduce 
the need for coordination 
within and amongst governance 
levels and policy domains. SLR 
responses also raise equity 
concerns about marginalising 
the most vulnerable and could 
potentially spark or compound 
social	 conflict.	 Choosing	 and	
implementing responses is 
further challenged due to lack 
of resources, vexing trade-offs 
between safety, conservation and 
economic development, multiple 
ways of framing the ‘sea level 
rise problem’, power relations, 
and various coastal stakeholders 
having	conflicting	interests	in	the	
future development of heavily 
used coastal zones.

Adaptation experience to date 
demonstrates that using a 
locally appropriate combination 
of decision analysis, land use 

planning, public participation and 
conflict	 resolution	 approaches	
can help address the governance 
challenges faced in responding 
to SLR. Effective SLR responses 
depend,	 first,	 on	 taking	 a	 long-
term perspective when making 
short-term decisions, explicitly 
accounting for uncertainty of 
locality-specific	 risks	 beyond	
2050, and building governance 
capabilities to tackle the 
complexity of SLR risk. Second, 
improved coordination of SLR 
responses across scales, sectors 
and policy domains can help 
address SLR impacts and risks. 
Third, prioritising consideration 
of social vulnerability and equity 
underpins efforts to promote a 
fair and just climate resilience 
and sustainable development 
and can be helped by creating 
safe community arenas for 
meaningful public deliberation 
and	 conflict	 resolution.	
Finally, public awareness and 
understanding about SLR risks 
and responses can be improved 
by drawing on local, indigenous 
and	 scientific	 knowledge	
systems, together with social 
learning	 about	 locality-specific	
SLR risk and response potential. 
Achieving the United Nations 
Sustainable Development Goals 
(SDGs) and charting Climate 
Resilient Development Pathways 
depends in part on ambitious 
and sustained mitigation efforts 
to contain SLR coupled with 
effective adaptation actions to 
reduce SLR impacts and risks.

Mahendra Pandey
Flat No. 18, Kanishka Apartments
C & D Block, Shalimar Bagh
New Delhi-110088
E-mail: mahendrap2002@gmail.com
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By the end of every calendar 
year we scan through the 

reports summarising the events 
that took place in the year 
gone by in diverse disciplines 
of life. Science, technology and 
innovation is no exception. 
Interestingly, this year's global 
press reports had a notable 
common observation. Innovators, 
researchers and entrepreneurs 
were lauded for not allowing 
the pace of productivity to come 
down despite the retarding 
forces exerted by the Covid-19 
pandemic, in contrast to other 
sectors – education, tourism, 
volume of industrial production, 
employment, etc. – which saw a 
significant	down	trend.

This claim, though a pleasing 
one, was worth investigating 
under the spirit of the 'method of 
science' for arriving at the desired 
evidence. This would require 
access to an authenticated source 
of information encompassing 
data on inventions, innovations 
and their industrial applications. 
There could not have been a 
more appropriate choice than the 

reports from World Intellectual 
Property Organization (WIPO). 
And they squarely validated the 
assertions and claims made there 
in.

WIPO's global intellectual 
property	 filing	 services	 were	
credited with the achievement 
of record levels in respect 
of patents, trademarks and 
designs. International patent 
applications	 filed	 via	 WIPO’s	
Patent Cooperation Treaty (PCT) 
reached the highest-ever level –  
growing by 0.9 per cent in 2021 to 
a mark of 2,77,500 applications.  
PCT is a widely used metric for 
measuring innovative activity. 

WIPO's global trademark and 
design	 filing	 systems	 also	
exhibited a double-digit growth. 
The anti-cybersquatting and 
arbitration and mediation 
activities of the agency were not 
much behind in making records. 

"These	 figures	 show	 that	 human	
ingenuity and entrepreneurial 
spirit remain strong despite 
the disruptions caused by the 

pandemic," said Daren Tang, 
Director General WIPO.

This observation of the WIPO 
DG is in consonance with the 
reverberating ever-lively ancient 
Indian thought wave – Charaiveti 
Charaiveti ('pjSosfr pjSosfr'	−	keep	
moving, keep moving). Humans 
stood by every challenge that they 
were thrown upon in the journey 
of their evolution, and came out 
winner, wiser and sturdier. The 
Covid-19 challenge was dealt 
with the same evolutionary spirit. 
The year 2021 not only witnessed 
development, manufacturing 
and administration of drugs 
and vaccines in managing the 
virus challenge, the innovators, 
researchers and entrepreneurs 
recorded feats of excellence 
in diverse sectors of life – 
communication, space travel, 
genetic engineering, robotics, 
environment, agriculture, sports 
equipment, toys, cosmetics, etc. 

It is unimaginable to present all 
of them here. A collage of the 
few selected, however, is being 
attempted.

The Spirit of Human 
Quest Marches Ahead – 
Snapshots of S&T 
Achievements in 2021
R.D. RIkHARI



January‒February 2022 | INVENTION INTELLIGENCE 23

Artificial heart ready 
for human trials
After a long	 wait,	 an	 artificial	
heart is now here to support 
those not getting a donor to 
have a cardiac transplant. Dr. 
Daniel Timms from Australia, 
an expert in cardiac transplant 
technology, has come out with 
a	 fully	 working	 artificial	 heart,	
named BiVACOR, for the human 
body. In 2021, it was made ready 
to go through human trials. 
The 'inventor physician' Timms 
perfected the device with scratch 
from plumbing material. It is 
an inspiring story of a 'hearty' 
invention. 

His plumber father had a heart 
attack way back in 2001. It was 
realised he may need a heart 
transplant. But the donor list 
was too short to support the long 
queue of those awaiting a new 
heart. Timms, who was a student 
at that time, began thinking 
about	 an	 artificial	 heart.	 It	 was	
more than a gigantic imagination.

Since	 the	 first	 artificial	 heart	
transplant experimented in 1969, 
there is virtually no progress 
in this direction even after half 
a century today. In his given 
circumstances, Timm's concern 
for his father, intertwined with 
his inventive genius put the 
father-son duo in pursuit of a fully 
workable	 artificial	 human	 heart.	
Since they were not backed by any 
institution	 in	 respect	of	 financial	
or technological support, they 
began to work with the plumbing 
scratch material available at city 
stores. However, they did not 
try to imitate the mechanism of 

nature's human heart, which has 
to perform thousands of beats 
every day, and is highly energy 
intensive and complicated in 
design. Rather, they went for 
a simpler mechanism where 
there is no scope for friction and 
hence no loss of energy. The new 
device uses a single spinning 
disc to drive blood to the lungs 
and body. Since the disc levitates 
between the magnets, there is 
no friction and hence no loss of 
energy. The mechanical wear is 
almost nil. The rest of the heart 
body is made from ultra-robust 
titanium.

Thanks to its state-of-the-art 
levitating disc technology, the 
metallic heart is intelligent 
enough to adapt its output to 
the physiological demands of 
the patient. For example, if the 
BiVACOR hearted person walks 
faster or goes through some 
exercise, the pump too works 
faster accordingly. The levitating 

disc unit can be made chargeable 
wirelessly from outside the 
human body and thus obviating 
the need for carrying a bulky 
battery unit. The mesh of wires 
used in such other human body 
implants is also not required, 
which often become a cause of 
infection through wounds. It can 
be made smaller to the size of a 
child’s body.

In its developmental phase the 
inventors had to go through some 
other associated innovations. 
In order to test the capability 
of their device to pump blood 
through the human body they 
fabricated	 an	 artificial	 fluid	
circulating structure out of the 
plumbing material. 

“We had no money to do anything 
like animal studies. That was way 
too expensive. So my dad and I 
built a circulation system that 
replicated the human body,” says 
Timms, the father of BiVACOR. 

The BiVACOR heart  
(Courtesy: The Advertiser)
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Spinning disc technology was in 
its infancy in 2001. It was being 
used in implants that help blood 
flow	 in	 damaged	 areas	 of	 the	
heart. Timms began articulating 
if this technology could be 
extended to build a complete 
working	 heart.	 And	 finally	 the	
determined inventor within him 
was greeted with success. A 
fascinating inspiration for those 
with an inventive bent of mind, 
particularly the lone inventors 
having no institutional support.  

Robin the robot – a 
companion for children
An	 artificial intelligence-
based multi-talented robot 
was developed in Armenia. 
Nicknamed 'Robin', it was 
recognised as one of the best 
innovations of 2021 by TIME 
Magazine, and was described 
a ‘compassionate companion’. 
It can talk to children and play 
games with them. In a hospital 
there, authorities solicited 
Robin’s services as a health 
counsellor to coax an eight-year-
old child who was adamantly 
refusing to eat for two days. 
Robin became friendly with the 
child by telling stories, cracking 
jokes and playing games. Once 
the child became fond of him, 
Robin went away and promised 
the child to come back again 
only if she eats food. Robin 
made possible what the human 
counsellors could not. With its 
beautifully innocent wobbling 
eyes it can give comforting 
company to anyone – child, adult 
or aged – by relieving them of 
loneliness and anxiety.

Robin’s 'parent' entrepreneur 
Karen Khachikyan, says, “The 
goal was to create a technology 
that’s not just a device, but a peer 
and friend.” 

It can recognise a child’s emotions 
and respond based on the stored 
memory, even explaining medical 
procedures in a simple way. Many 
health care facilities in USA are 
waiting to receive Robin soon. 

'Google Maps' is now 
much more than a 
direction finder
This extra feature to your 
smartphone is going to further 
increase your dependence on 
the pocket companion. With the 
'Live View' feature incorporated 
in to the Google Maps App, it 
now becomes your guide in 
finding	the	choicest	restaurants,	

Robin the companion at a hospital in Armenia 
(Courtesy: itel.am)

Google launches ‘Live View’ AR walking directions for Google Maps  
(Courtesy: techcrunch.com/ )
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malls and other favourite 
destinations. All this you can 
do while sitting at home, before 
you venture out for a planned 
holiday.	 Apart	 from	 finding	
out the appropriate direction 
during your journey, you can 
now have a good idea of what 
other facilities are available in 
the surroundings. 

The Live View tool is now 
upgraded to help you navigate 
the world through its newly 
added augmented reality 
feature. Augmented reality (AR) 
is an “interactive experience 
of a real-world environment 
where the objects that reside in 
the real world are enhanced by 
computer-generated perceptual 
information, sometimes across 
multiple sensory modalities, 
including visual, auditory, 
haptic, somatosensory and 
olfactory.”

While driving, on complex 
intersections, it will automatically 
orient you in relation to known 
locations (like your home or 
workplace). In addition to 
direction orientation, the App will 
also be guiding you for the most 
fuel-efficient	route.	The	company	
envisaged incorporating more 
than 100 AI-driven improvements 
to its existing facility. To fully 
enjoy all the features of the 
upgraded application, your 
smartphone would require a 
matching hardware, specially the 
front camera. Download the App 
and enhance the elation of your 
weekends.

new bCI 
technology 
brings hope for 
the physically 
impaired 
A videographic application 
so far used for deception 
and impersonation is now 
going to play a constructive 
and humanitarian role 
through the brain-
computer-interface (BCI) 
technology. It would 
provide mobility to those 
who are, though fully 
conscious mentally but 
physically disabled, at 
their will. A mere thought 
in the brain would move 
the associated equipment 
in the desired way. 

This noble innovation has been 
achieved by researchers at the 
USC Viterbi School of Engineering, 
USA through the application of 
generative adversarial networks 
(GANs) technology. So far this 
technology has been known to 
notoriously serve a section of the 
social media in creating ‘deepfake’ 
videos and photorealistic human 
faces. 

The researchers successfully 
created	 an	 artificial	 intelligence	
(AI) to generate synthetic brain 
activity data. These neural signals, 
called spike trains, can be fed into 
a machine-learning algorithm to 
improve the usability of brain-
computer-interfaces. 

BCI systems analyse a person's 
brain signals and translate that 
neural activity into commands. 
This enables the user to control 
digital devices, like the computer 

cursor, using only his thoughts. 
The innovation would improve 
the quality of life for those 
suffering from motor dysfunction 
or paralysis. 

The technology at present is 
in its infant stage. It is also 
bound by the limitation that the 
mechanism	 is	 user-specific	 and	
the affected person has to be 
individually trained.

Quantum computing 
gives the fastest 
processor
IBM launched its 127-qubit 
‘Eagle’ – the most powerful 
quantum processor yet. 
Quantum computing is the future 
of computer world. It would 
enhance the computing speeds 
by hundreds of thousand times. 
What the conventional computer 
does in a span of weeks, the 
quantum computer would 

Thought-controlled wheelchair 
(Courtesy:  USC Viterbi School of Engineering)
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perform the same within minutes. 
The computing revolution would 
benefit	 the	areas	of	meteorology,	
cyber-security, manufacturing, 
defence, accountancy, data 
management, and many more.

Another development in the 
sequence of events pertaining 
to the penetration of quantum 
computing technology into 
the industrial era came from a 
fresh entrant in this prospective 
technological stream. A new 
company Quantinuum launched 
a cloud-based cyber-security 
platform named 'Quantum 
Origin'. It is being described as 
the	 world’s	 first	 commercial	
product built from quantum 
computing.

Delhi entrepreneur 
bags the inaugural 
'eco Oscar' for 
environment
Efforts to save the environment 
are often seen to clash with 
development needs of the 
growing population. To have a 
cohesive blend of both, new ideas 
are being toyed with. 'Circular 
Economy' and 'Waste to Wealth' 
are the buzzwords.

A portable cost-effective 
innovative device that converts 
agricultural waste into fuel, 
fertiliser	and	beneficial	chemicals,	
and thus saves the environment, 
received the inaugural edition of 
the newly instituted Earthshot 

Prize, also known as the Eco 
Oscar. This would incentivise the 
agriculturists not to burn the left 
over stubble (dubbed parali in 
the	 local	 parlance)	 in	 the	 fields	
which is a regular source of air 
pollution in the North Indian belt.

Delhi-based young innovator 
Vidyut Mohan, representing the 
enterprise Takachar received 
the award under the ‘Clean Our 
Air’ category. The awards were 
instituted by Prince William 
of UK and renowned British 
historian David Attenborough to 
support the cause of environment 
under	 the	 five	 UN	 Sustainable	
Development Goals – Protect and 
Restore Nature; Clean Our Air; 
Revive Our Oceans; Build a Waste-
Free World; and Fix Our Climate.

Takachar was the recipient in 
its own category, along with 
four others in their respective 
category. The award will be given 
for 10 successive years, onwards 
2021, in all the categories.

The name 'Earthshot' is inspired 
from the 'Moonshot' ambition 
of 1960s America, through 
which the then President John F. 
Kennedy pledged to put man on 
the Moon within a decade.

127-qubit ‘Eagle’ quantum processor 
(Courtesy: tomshardware.com) 

The Earthshot Prize 2021 Winners – Vidyut Mohan from India received the award in the ‘Clean Our Air’ category (second from left)
(Courtesy: ethicalmarkets.com)
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new gene editing 
technique obviates 
pain and suffering
An in-situ gene engineering 
methodology employing the 
CRISPR-CaS-9 editing technique 
has been developed to save the 
patient from post operation 
sufferings. In this humane 
endeavour the researchers 
successfully injected CRISPR-
CaS-9 gene editor directly into 
the bloodstream of a patient with 
a rare inherited disease. 

Usually cells are extracted out 
from the body of the patient 
and operated upon using the 
CRISPR editor in a laboratory 
setting outside the human 
body and then injected back 
into the patient's body after 
necessary manoeuvring. This is a 
cumbersome, expensive and time 
taking activity. The patient may 
also have to go for chemotherapy, 
which is quite painful and has its 
own side effects. 

The concept of gene editing is 
rapidly expanding. The new 
CRISPR editing technique would 
be a handy tool in the hands of 
the physicians and health experts 
in the times to come. 

Peeping inside the 
neighbour’s house: 
Three nations send 
missions to explore 
Mars
The Red Planet welcomed three 
emissaries from its neighbour 
Earth in 2021 who were there 
to know the ins and outs of the 

close neighbour. USA, China 
and United Arab Emirates sent 
their respective representatives 
– 'Perseverance', 'Zhurong' and 
'Hope'. The reason behind this 
team effort could have been the 
occurrence of a special celestial 
arrangement when there is 
orbital alignment between Earth 
and Mars. It happens every 26 
months.

NASA equipped its Perseverance 
with three working equipment – 
a drone-like ultra-light helicopter  
Ingenuity, a toaster-sized device 
named MOXIE and sampling tools. 
The mini helicopter successfully 
flew	 in	 the	 thin	 Martian	
atmosphere. As the Perseverance 
rover moves on the surface, the 

helicopter	flies	above	it,	scouting	
ahead, guiding the vehicle to take 
an optimum path by warning 
about the forthcoming obstacles 
on the way and also suggesting 
the opportunities to explore. 
The helicopter is itself under 
observation of the scientists so 
that an advanced version of the 
flying	 device	 could	 be	 designed	
for future use within the Martian 
atmosphere. MOXIE converts 
carbon dioxide to oxygen. It 
would help make a bigger size 
equipment to produce oxygen 
at	 a	 scale	 large	 enough	 to	 fulfil	
the needs of future's astronauts 
visiting Mars. The sampling 
tools collect rock samples from 
the Martian surface, which are 
planned	 to	 be	 flown	 back	 to	

Gene editing is seen as a potential technology in the biomedical field
(Courtesy: drugtargetreview.com)

NASA’s Mars helicopter Ingenuity : First aircraft to fly on Red Planet
(Courtesy: space.com)
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Earth through future missions 
for analysis.

China’s Zhurong rover is 
exploring the planet’s geology 
and looking for signs of water.

'Hope' orbiter of UAE is aimed 
to study the past and present 
climate of Mars by monitoring 
from its orbit. To do so, it would 
be generating data on a daily, 
monthly and yearly basis.

vaccines against 
SARS-Cov-2 virus
A number of vaccines for which 
the basic know-how had been 
developed way back in 2020 got 
to	 work	 on	 field	 in	 2021.	 Two	
of them that got early global 
prominence were vaccines from 
Moderna	and	Pfizer.	Both	of	them	
were based on mRNA technology. 
In India, two vaccines worked 
at a wider scale – Covishield 
and  Covaxin. The know-how 
for Covishield was developed 
by the University of Oxford in 
association with the drug major 
AstraZeneca. It was manufactured 
by the company Serum Institute, 
Pune. Whereas the technology 
for Covaxin was indigenously 
developed by a Hyderabad based 
company Bharat Biotech with 
the support of Indian Council 
of Medical Research (ICMR)-
National Institute of Virology 
(NIV), Pune.

Respective vaccine brand names 
from Sinopharm, Sinovac, 
Johnson & Johnson, Novavax and 
others also found entry in the 
list of World Health Organization 
(WHO) approvals. 

Despite all efforts only less 
than 60 per cent of the global 
population could be vaccinated 
by the year end. In poor countries 
the number of fully vaccinated 
could not go beyond 10 per 
cent. The year end got an alarm 
with the onset of a new variant 
of the virus named Omicron. 
This, however, was accompanied 
with a silver lining. Scientists 
noted some evidence, that in the 
coming days the virus would be 
on a weakening phase. 

WHO approves first 
malaria vaccine
Malaria is still one of the biggest 
killers.	 More	 than	 five	 lakh	 get	
killed every year, half of them 
children	 below	 five	 years.	 The	
year	 2021	 saw	 the	 first	 malaria	
vaccine being approved by the 
WHO.	 It	 is	 also	 the	 first	 vaccine	
against any parasitic disease. 
Brand named, ‘Mosquirix’, the 
development and testing of the 
vaccine cost more than USD 
75 crore since 1987. The new 
vaccine protects	from	five	deadly	
malaria pathogens, mostly 
prevalent in Africa. 

It is administered in a series of four 
injections. Despite limitations 
of the vaccine's effectiveness, 
this	 scientific	 breakthrough	 is	
expected to prevent over 50 lakh 
malaria cases every year, if used 
in conjunction with the existing 
support mechanisms – drug 
combinations and insecticide-
treated bed nets. 

work on anti-Covid 
drugs progressed
Pharma giant Merck announced 
the development of antiviral  pill 
'Molnupiravir' after  successful 
trials. They claimed it cuts 
hospitalisation by half.

UK and FDA gave their approvals 
for its use with some caution. It 
enters inside the human cell and 
disrupts SARS-CoV-2’s ability to 
replicate. The drug should be 
started	 within	 five	 days	 of	 the	
appearance of symptoms and 
taken	 for	 five	 days	 –	 four	 pills	
a day – under the advice of the 
physician.

Later	 Pfizer	 announced	 its	
antiviral pill Paxlovid with a claim 
of	 much	 higher	 efficiency,	 based	

Malaria vaccine was administered to children in Malawi and other countries 
(Courtesy: BBC)
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on results. Some rich countries 
signed agreements for their 
production. Bill & Melinda Gates 
Foundation announced a large 
sum of money for purchasing 
these drugs to be distributed in 
African countries where vaccines 
had not adequately reached. 
Though the pills may not be as 
effective as the vaccines against 
COVID-19, they can prove to be 
another crucial tool, in addition 
to masks and vaccines, in the 
fight	against	virus.

james webb Space 
Telescope launched
The most advanced version of 
the 'eye' for the viewers on Earth 
who have always wanted to peep 
deeper and deeper into the space, 
finally	 moved	 from	 the	 surface	
of the Earth for its most desired 
location, after a long wait. James 
Webb Telescope lifted off on 25 
December 2021. It would make 
observable those parts of the 
universe that could not be made 
viewable by its predecessor, the 
Hubble Space Telescope. 

The project on telescope started 
in 1996 by the collaborative 
efforts of NASA, the Canadian 
Space Agency and the European 
Space Agency. The launch was 
delayed several times.  Costing 
around USD 500 million in the 
beginning, the budget grew 
manifold at the culmination. 

Astronomers would be able 
to discover how early galaxies 
formed, detect the signs of life on 
other planets and watch the birth 
of stars. It will take the telescope 
six months in space to prepare 
itself to ‘see’ for us.

new category of 
exoplanets bubbling 
with life speculated
Scientists at the Cambridge 
University have speculated that 
there could be a category of 
exoplanets where life forms could 
be thriving. These categories 
of 'living' planets, which are 
beyond the solar system have 
been christened as 'Hyceans', as 
against the Earth-like planets. 
They	 have	 been	 identified	 with	
some special characteristics. 
They are 2.6 times the size of 
our Earth. The atmosphere is 
dominated with hydrogen gas 
and has a temperature around 
200 degree Celsius. They are 
covered with oceans all around. 
Ostensibly not conducive to the 
existence of humans, there could 
still be some parts in the planet, 
which lie on the other side where 
the sun rays hardly penetrate 
and so allow the temperature 
to be moderate enough to the 
comfort of life. Some living forms 
are expected to exist in this 
surrounding. 

Compared to the Earth-
like planets, for which the 
biosignatures (such as oxygen, 
methane,	 etc)	 are	 difficult	 to	 be	
identified,	the	biosignatures	(like	
methyl chloride and dimethyl 
sulphide) for Hycean planets are 
much easier to be detected and 
identified.	

Researchers hope that the 
existence of extra-terrestrial life 
could	 be	 confirmed	 in	 the	 next	
2-3 years. Many of the so far 
known exoplanets may belong to 
the class of Hycean planets. 

Investigating the unknown and 
the urge for innovations will 
remain a perpetual feature of 
human existence. The 'nature' 
has	 infinite	 treasures	 to	 get	
explored. As Isaac Newton said: 
"What we know is a drop, what 
we don't know is an ocean."

James Webb Space Telescope
(Courtesy: astronomy.com)
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If Francois Barthelat could have 
his way, then the next generation 
aircraft’s wings and robotic 
surgical tools would be fashioned 
based on the biomechanics of 
the	 agile	 fish	 fin	 structures.	 The	
awing technique behind the 
enigmatically	 strong	 yet	 flexible	
fish	 fins	 could	 help	 us	 design	
aeroplane wings that can change 
their shape instantaneously.

Francois Barthelat is a professor 
at the Department of Mechanical 
Engineering, University of 
Colorado Boulder. He is not new 
to learning from the secrets 
of	 fish.	 In	 an	 earlier	 study,	 he	
found	 that	 the	 fish	 scales	 can	
help engineers design better 
body armour for humans, and 
the seashell architecture might 
inspire tougher glasses.

The conundrum
Like	an	oar	in	a	rowing	boat,	fish-
fins	 push	 the	 water	 and	 propel	
the	 fish.	 The	 oars	 are	 sturdy.	 If	
the	 pedal	 of	 a	 rower	 is	 flimsy,	 it	
would not be able to overcome 
the hydrodynamic force to heave 
the	water.	 However,	 the	 fish-fins	
do	not	appear	firm	but	supple.	Yet	
by	 splashing	 the	 fin,	 the	 fish	 can	

push the water and propel itself. 
He	wondered	how	come	the	fish-
fins	acquire	their	dexterity	while	
remaining stiff to overcome the 
hydrodynamic forces. 

There are 42 individual facial 
muscles in the face, mostly 
controlled by the facial nerve. 
Materialising out of the cerebral 
cortex, the facial nerve emerges 
in the front near the ears. It 
splits	 into	 five	primary	branches	
and reaches different areas of 
your face. These nerves twitch 
the muscles to allow the face to 
twist and contort and morph 
into various expressions. It takes 
five	muscle	pairs,	or	10	muscles,	
to raise the corners of the lips 
and the upper lip to give a polite 
smile. There is not a single 

muscle	 in	 the	 fish-fin	 to	 drive	 it,	
to add to the riddle. In fact, the 
fish	 actuate	 the	 fin	 by	 twitching	
sets of muscles located at the 
base	of	the	fins.	

Anatomy of a fin
Typically	 fishes	 sport	 a	 pair	 of	
pectoral	 fins,	 a	 pair	 of	 pelvic	
fins,	 dorsal	 fin,	 adipose	 fin,	
anal	 fin	 and	 a	 caudal	 (tail)	 fin.	
Each	 of	 these	 fins,	 located	 in	
a strategic part of the body, 
serve different purposes such 
as moving forward, changing 
direction, keeping an upright 
position or stopping. Fish need 
some control over six degrees 
of freedom to have a stabilised 
locomotion.	 With	 the	 flick	 of	
fins,	 the	 fish	 heave,	 sway	 and	

Technologies 
Inspired by Fish Fin
Dr. T.v. venkATeSwARAn

(1) pectoral fins (paired), (2) pelvic fins (paired), (3) dorsal fin,  
(4) adipose fin, (5) anal fin, (6) caudal (tail) fin



January‒February 2022 | INVENTION INTELLIGENCE 31

surge, and pitch, yaw and roll 
simultaneously.	 The	 fins	 work	
sophisticatedly to give thrust to 
fish.	 Look	 at	 the	 rowing	 action	
of	 the	 pair	 of	 the	 pectoral	 fins	
providing forward push. Like 
an	oar	of	a	rowing	boat,	the	fins	
move towards the back during 
the power stroke, perpendicular 
to the body at a high attack angle. 
However, during the recovery 
stroke,	the	fins	are	again	brought	
forward, the orientation of the 
fin	 changes.	 Now	 the	 fins	 are	
oriented horizontally to reduce 
the resistance. A boatman, too, 
turns the direction of the oar 
during the backstroke. 

New studies reveal that there is 
a	lot	more	to	the	fish	locomotion	
than what was hitherto known. 
Unlike	 an	 oar,	 the	 fish	 fin	 is	
not solid. It appears that by 
modulating	 its	 fin	 stiffness,	 the	
fish	 can	 achieve	 much	 more	
elegant manoeuvring than 
possible otherwise. 

The engineering 
secret
A	 close	 look	 at	 the	 fish	 fin	
indicates a structure that 
resembles the arrangement of 
a palm leaf. There are ray-like 
structures, like the spokes in a 
Chinese fan, protruding from the 
body	 of	 a	 fish.	 There	 are	 more	
than	20	to	30	rays	in	each	fin,	and	
these are covered with skin in a 
webbed	 fashion.	 Just	 as	 fingers	
in a palm can move relatively 
independent of each other, the 
rays can be manipulated. Like 

the	Chinese	fan,	 the	fin	can	open	
up and contract. The spikes can 
increase	 the	 fin	 span;	 they	 can	
move forward and backwards, 
providing a multitude of 3D 
structures	to	the	fin.	

Each	 of	 these	 rays	 in	 the	 fin	 has	
a layered structure, like a stuffed 
Kathi roll. While the outer layer 
of the spikes is made up of stiff 
and mineralised materials called 
hemistichs,	 the	 inner	 stuffing	 is	
spongy collagen. If the bony rays 
were entirely collagen, then the 
fin	 would	 have	 high	 flexibility,	
but would not give traction. On 
the other hand, if the spikes were 
made up of hard hemistichs, they 
would be solid like the paddle of 
an	oar.	However,	the	fin	will	have	
no dexterity to morph into varied 
shapes.

Interestingly each ray is actually 
composed of several segments. 
The segments, essentially, create 
tiny hinges along the ray. Just as 
our	 fingers	 have	 three	 segments	
that can bend at the joints, the 
parts	 of	 the	 fish-fin	 ray	 can	 also	
turn at the node. 

The fish moves the fin perpendicular during the power stroke backward  
movement and horigentally during the return stroke forward motion  

to push its way forward.

Like a Chinese fan, the fin with spokes and webbed  
skin can open up and contract 
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biomechanics 
That	the	fins	are	made	up	of	spikes	
or that each of the bony rays is 
segmented is not news. However, 
until now, the functions of these 
segments	were	not	definite.	

Each of these individual bony 
segments acts like a hinge, 
enabling each ray to distort and 
deform	 into	 a	 specific	 shape.	
Once the joints are pulled tight 
or compressed, the rays become 
stiff. Hence, the rays can have a 
contorted	 figure	 and	 yet	 remain	
stiff. Each spike segment could be 
individually actuated to change 
shape.	 The	 overall	 fin	 structure	
could morph into an endless 
variation of 3D contours and 
unusual curvatures.

Now	 the	 whole	 fin,	 taking	
a mutated shape, acts as a 
solid	 flipper	 to	 overcome	 the	
hydrodynamic forces. With 
appropriate	 morph,	 the	 fish	 can	
elegantly dart forward, turn in 
circles, or surface up with just 
a	 flick	 of	 the	 fin.	 This	 unique	
architecture bestows upon the 
fish-fin	 a	 dual	 capability	 –	 fins	
can morph, yet the resultant 
structure is still stiff enough to 
push water without buckling. 

Gee-wiz applications
It is one thing to speculate, but 
science needs solid evidence.  
Barthelat and his colleagues 
tested their theory by computer 
simulation and 3D-printed 
model	 fish-fins	made	 of	 plastics.	

They built	 some	 model	 fish-fins	
equipped with the hinges and 
some without. The segmented 
design provided better 
combinations of stiffness and 
morphing capabilities.

This ‘bio-inspired’ morphing 
technique could be used to design 
various applications, including 
new designs for robotic surgical 
tools and aeroplane wings. With 
the	 ‘flexo-morphing’	 capabilities	
of new synthetic material based 
on	 the	 fish-fin	 design,	 the	wings	
for aeroplanes or drones could 
be actuated into radical shapes 
that would enable fast take-off, 
quick manoeuvring and safe 
landing. Indeed, even now, the 
planes change the shape of their 
wings	by	dropping	 their	 flaps	or	
pulling them up, to nose up, roll 
or turn. However, this change in 
the wing shape is rigid. A wing 
that can continuously change its 
shape,	much	 like	a	bird	or	a	 fish	
fin,	 would	 enable	 safer	 flights.	
The same technique could also 
be used in submarines. Spoke-
like structures that can change 
morphing curvatures could be 
designed for microsurgical tools 
for robotic surgery.

Each of the spokes is segmented. They can bend at the joints, making the  
canopy of fin to continuously morph into various shapes 

Dr. T.V. Venkateswaran,
 Scientist F, Vigyan Prasar, DST, 
Government of India, 
Room No. 115, 1st Floor,  
AI Complex, Technology Bhavan, 
New Mehrauli Road,
 New Delhi-110016
 E-mail: tvv123@gmail.com
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Unleashing and 
Catalysing the 
Innovative Potential 
of Young Minds
AjAI CHAwLA

Cross-Section

The Indian education system 
notwithstanding	 its	 flaws	 has	
still managed to churn out 
some of the best minds in the 
world as leaders across the 
spectrum of professions. The 
education system as we know it, 
however, suffers from a serious 
glitch. There is very little or no 
emphasis on hands-on approach 
and on ‘learning by doing’.  This 
has always been an open secret 
as everyone from the layman 
to the experts as policy makers 
have been aware of this. In fact 
ask anyone who is now in his 
or her thirties if they can relate 
incidents at school when they 
as children got an opportunity 
to indulge in practical hands-on 
activities	 specifically	 relating	 to	
science and technology to create 
something new or useful; and in 
reply, barring a few exceptions, 
most people will deny going 
through any such experience. 

Thankfully though, this situation 
is fast becoming a matter of 
the	 past.	 A	 firm	 action	 towards	

rectifying this anomaly in our 
education system came about 
in 2016, when NITI Aayog 
initiated a revolution of sorts to 
promote a culture of innovation 
and entrepreneurship amongst 
young minds. NITI Aayog’s Atal 
Innovation Mission (AIM) has 
taken a holistic approach to 
ensure inculcating a problem-
solving mindset in schools 
and in creating an ecosystem 
of entrepreneurship where 
students can show their talent, 
apply it and then excel. 

Children have an inborn talent 
to imagine and create with a 
distinctive way of self-expression. 
While exploring fresh ideas, 
they are able to keep an open 
mind, experiment, and have the 
ability to approach issues from 
a different and refreshingly 
newangle. To be able to fruitfully 
express and channelise their 
creative energies, catalyse their 
innovative spirit and build 
up on their experiences, they 
constantly need new avenues and 

opportunities. This enables them 
to gain new creative experiences, 
so that their potential talent is 
not suppressed or stunted. This 
is not only their need but also a 
right. Atal Tinkering Labs were 
established while keeping these 
aspects in perspective. 

But then what does ‘Tinkering’ 
mean and why another lab in 
the schools that already have so 
many labs?

Tinkering, as stated by Atal 
Innovation Mission, implies that 
it involves identifying a problem 
and conceptualising a solution, 
thinking out of the box and 
above the conventional/popular 
streams, and putting the idea 
down on paper and utilising 
technology to give it shape and 
create a new entity, which may 
be local or/and global in nature.   

Atal Tinkering Labs are very 
different from ordinary science 
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labs in schools. Unlike the 
science labs, the Atal Tinkering 
Labs have a mandate for open-
ended experimenting, with 
no single solution. Also unlike 
the science labs that may have 
expensive or fragile equipment, 
these Tinkering Labs have age-
appropriate equipment for the 
intended students so that they 
can tinker without the fear of 
damaging it. While science labs 
have a static design, Tinkering 
Labs are intended to evolve with 
the institution. Science labs’ 
activities correspond to topics 
in textbooks, but in contrast 
Tinkering Labs are intended 
towards life and creative 
skills. The skills developed in 
Tinkering Labs may or may 
not directly help in academics, 
but an indirect advantage is 
most certainly observed. Lastly, 
while	 science	 labs	 have	 a	 fixed	
curriculum, Tinkering Labs have 
a directional curriculum that 
is not restrictive and provides 
students with the scope to create 
and innovate. 

There	 is	 a	 specific	 aim	 in	
introducing a culture of innovation 
and enterprise in these labs. 
While this offers a chance to the 
youth to engage in practical and 
functional experiments with the 
support of latest technologies, 
it also empowers them with the 
feeling of being a creator or a 
maker. In fact, this is indeed the 
true essence of Tinkering. All this 
can	translate	into	finding	creative	
and innovative practical solutions 
to local and global issues beyond 
the limits of curriculum.  This 
is one place where the school 
students have the freedom 

to make mistakes and learn  
from them.

There	 are	 specific	 guidelines	 in	
place for setting up a lab or for 
selection of the mentor guides.  
Any	Indian	school	that	fulfils	such	
standards is eligible for a grant. 
In terms of space, for establishing 
an ATL in the plains, a school 
should have an available space 
of 1,500 sq. ft., while for the hilly 
and island regions, the required 
space is 1,000 sq. ft. The physical 
infrastructure includes lab and 
workshop facilities, internet and 
a computer lab.

The Government of India, on 
the recommendation of the 
Atal Innovation Mission offers 
grants to schools for setting up 
these labs. A grant of `10 lakh 
is available towards one time 
installation cost for all equipment 
and materials and up to `10 lakh, 
payable @ `2 lakh per annum 
for	 a	 maximum	 of	 five	 years	 is	
available towards the operation 
of each ATL. A school is expected 
to set up the lab within three 
months of getting the grant.

At the Atal Tinkering Labs, 
children of grades 6 to 12 are 
acquainted to the challenges 
faced in real life situations. This 
enables them to examine their 
curiosity and innovative views 
with a social and meaningful 
angle. All students, irrespective 
of the subjects they may have 
opted for, can come and tinker 
in the lab. Each grade gets two 
classes per week to come and 
explore at ATL. This helps them in 
understanding how to hone their 
skills further towards utilising 
them for a good purpose. They 
are mindful from this tender age 
of the problems in the society, are 
empathetic and strive towards 
finding	a	solution.

The key is to motivate children 
to	 adopt	 scientific	 temper	 and	
scientific	 methodologies	 while	
examining issues, decide on an 
approach and then discover 
for themselves. To ensure this, 
children participate in activities 
at the local, national and global 
level. The prime purpose is to 
offer them fresh viewpoints 
and inputs that can serve as 

A group of students in a school in Kashmir explaining about their innovative 
Artificial Intelligence (AI) based invention
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a springboard to take their 
curiosity and innovative spirit 
to new levels. There has been 
an endeavour that the majority 
of the Atal Tinkering Labs are in 
government schools, thus being 
accessible to the disadvantaged 
sections of the society; and also 
that schools with girls as students 
are catered to. Moreover, even if 
students do not have a tinkering 
lab in their school, they can still 
gain access to its facilities in a 
school in their vicinity. 

The schools in collaboration 
with Atal Innovation Mission 
conduct various activities in a 
calendar year to motivate the 
children. Regional and national 
level competitions are organised 
regularly to stimulate their minds. 
Periodic exhibitions, fairs and 
carnivals are held to enrich their 
knowledge. Summer and winter 
camps, interactive discussions 
between students from schools, 
colleges and universities and 
other relevant stakeholders like 
industrialists and academicians 
are also held frequently. Likewise 
workshops on designing and 
manufacturing are also carried 
out	in	the	quest	to	find	solutions	to	

problems. In addition, screening 
of	 films	 and	 arrangement	 of	
talks by prestigious speakers 
relating to popular STEM and 
entrepreneurship issues is a 
regular feature.

So, what steps do schools, 
trainers and mentors take to 
search for talent and to nurture 
the developmental needs and 
requirements of the children?

Mohammad	 Rafi	 Dar	 an	 ATL	
in-charge at Government Boys 
Model Higher Secondary School 
at Anantnag in Kashmir states 
that it is important for him to 
know the background of the 
child, to know whether he hails 
from an educated family or is 
a	 first-generation	 learner	 as	 he	
can	 then	 fine	 tune	 his	 strategy	
for their motivation on a one-
to-one individual level. He has 
designed the ATL lab in such a 
manner that children feel they 
are in a different and special 
environment when they come to 
the lab, and so they have to think 
and work in a different way. 

“I give freedom to the children 
to do whatever they want. I 

do not compel them to do any 
work. Again, I keep positive 
competition in them and the 
child who excels gets rewarded. 
They arrive at a conclusion and 
tell me, ‘Sir, we have found this 
little solution for this’ and then 
we work on it. In the same way, 
they work in groups. Because of 
working in groups, they share 
their ideas among themselves, 
and	quickly	come	to	a	definite	or	
good conclusion.” 

The ATL serves as a platform 
for students to innovate and 
experiment with the help of 21st 
century tools and technologies 
such as internet of things, 3D 
printing,	 artificial	 intelligence,	
robotics, do-it-yourself kits, and 
many more, aiming at honing 
problem solving skills and 
in inculcating an innovative 
mindset. The inventory at the 
Atal Tinkering Labs primarily 
comprises four different types 
of packages. Package-1 contains 
tools and equipment related 
to electronics development, 
robotics, internet of things and 
sensors. Package-2 contains tools 
and equipment related to Rapid 
Prototyping Tools. Package-3 

Mohammed Rafi Dar, ATL in-charge, inspiring children in Atal Tinkering Lab 
Government Boys Model Higher Secondary School, Anantnag, Kashmir
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contains mechanical, electrical 
and measurement related tools 
and equipment. Package-4 
contains tools and equipment 
related to construction, power 
supply, consumables, accessories 
and safety equipment.

Saurabh Bharti, an instructor in 
a private school at Bhopal offers 
his help to the students in the 
technical aspect as the children 
have a fair idea about electronics 
but don’t know how to execute 
it as a programme. He educates 
them about the sensors in our 
body, for example, our vision, our 
smell, our taste related sensors 
and then shows them how these 
can be linked to electronics. He 
tries to help them realise their 
dreams, by imparting training to 
them over several stages that go 
beyond	the	curriculum.	In	the	first	
stage, he helps the students form 
an understanding of the basics, 
involving building of two-wheel 
and three-wheel mechanical 
bases. Once they master this, 
they proceed to learn computer 
programming techniques in the 
subsequent stages. The training 
includes aspects related to testing, 
learning techniques for using and 
in understanding the utilisation of 
the projects created by them.

The problems themselves are 
infinite	 and	 touch	 the	 diverse	
areas of knowledge – from arts 
to sciences, space to uncharted 
oceans, and from philosophy to the 
questions of our own existence. It 
is the power of human mind and 
imagination that formulates a set 
of hypotheses ready to explore 
as potential solutions. In this 
pursuit of excellence another key 

ingredient that plays a critical 
role and is an essential part of the 
labs, is ‘failure’. An understanding 
of and experiencing failure paves 
the way to success. Each time 
the students fail, it helps them 
eliminate wrong options, and 
gives them an opportunity to 
reinvent and thus brings them a 
step	 closer	 towards	 finding	 the	
solutions.

There are mentors assigned to 
each Atal Tinkering Lab and they 
are geared to play a unique role 
in mentoring the children. The 
Mentoring Committee comprises 
of six members, including the 
school Principal, the faculty in-
charge of the Atal Tinkering Lab, 
two local representatives chosen 
from the industry/community/
youth innovators/academicians/
alumni and two members 
representing the guardians of 
the students. A periodic report is 
submitted to the Atal Innovation 
Mission by this mentoring 
committee on the progress status.

Shri R. Ramanan, Mission 
Director & Additional Secretary, 

Atal Innovation Mission, states, 
“A mission like this has many 
challenges. We need great 
teachers who are able to guide the 
students in problem solving. We 
need great mentors. Therefore, 
we have created a nationwide 
mentors of change network. With 
government, industry, private 
sector and individuals coming 
together, the Atal Tinkering 
Lab initiative can create future 
innovators of tomorrow for our 
country.”

A mentor in each Atal Tinkering 
Lab	 has	 a	 specific	 role	 to	 play.	
Basically they serve as a source 
of inspiration at two levels. To 
start with, they help the students 
develop new skills, followed 
by enabling them to tap their 
inner	resources	to	find	solutions.	
Each mentor has the freedom to 
choose and adopt independent 
and unique strategies for the 
purpose. And for this they ensure 
that a favourable environment 
exists in the lab that serves to 
catalyse the interests of the 
students. 

A mentor motivating young children to apply their minds creatively at  
Atal Tinkering Lab in a school in Tamil Nadu
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At the Atal Tinkering Labs, 
mentors encourage ‘self-
reflection’	 by	 the	 children,	
implying that whenever a child 
takes a project and is stuck 
somewhere, they do not offer 
him directions immediately, 
rather tell him or her to try. 
When they are not successful, 
then they go and help a little 
serving as a catalyst to help them 
find	the	solution.	Or	like	in	some	
cases it even helps other mentors 
to understand the way they can 
further mentor their assigned 
school children. This is what G. 
Srinivas Rao, a mentor in Andhra 
Pradesh has attempted to do. He 
has developed a few gadgets like 
models that display on a single 
board – a sensor, the output 
device and the programming 
device that address a single 
issue. He has developed in total 
10‒12 such models with different 
permutations and combinations, 
representing different types of 
sensors and issues.

From the children’s point of view, 
four takeaways can be attributed 
to the Atal Tinkering Lab:

•	 First,	 that	 children	 get	
motivated and build on their 
imaginations

•	 Second,	that	they	get	inspired	
to look for solutions to 
problems that are not merely 
scientific	 but	 are	 also	 linked	
to their own lives

•	 Third,	 they	 are	 able	 to	 grasp	
the key concepts related to 
science and technology

•	 Fourth,	 that	 they	 are	 able	 to	
grasp the profound wisdom 

that any knowledge gained 
can never go waste

Apart from self-learning through 
the easy to assemble and do-it-
yourself kits available in the labs, 
the children also acquire complex 
skills. This in turn stimulates 
new explorations, innovations 
and discoveries.

The extraordinary solutions and 
prototypes created by the children 
pan India have been given yet 
another platform – of ‘incubation’. 
Here, it is ensured through hand-
holding their product develops 
its full potential, is viable for the 
market and is practicable for the  
end user. 

At a time when the pandemic 
has resulted in the educational 
system going haywire, Atal 
Innovation Mission has sought 
to	 find	 new	ways	 of	 overcoming	
the issues associated with it. 
The learning in Atal Tinkering 
Labs went online, facilitated by 
a voluntary team of ‘Mentors 
of Change’. A nine week long 
‘Tinkerpreneur Bootcamp’ was 
conceived with an aim to take 
innovation and entrepreneurship 
to students during the summer. 
Live sessions were conducted in 
seven different languages and 
resulted in active participation 
by experts from the industry, 
entrepreneurs, professors and 
technology leaders who shared 
their experiences with the 
students. 

Over 700 mentors who had 
volunteered for this camp, were 
assigned to teams comprising 
13‒15 students each where they 
conducted with them one-to-

one personalised sessions. The 
idea was to help the students 
tide	over	their	specific	problems,	
offer them personal insight 
and professional inputs and 
generally support and groom 
them. The portal was accessible 
to all mentors and students 
for self-paced learning at their 
convenience. The learning was 
supported by resources that 
included step-by-step guides, 
video lectures, and open-source 
content.

Given the import of the Atal 
Tinkering Labs in fostering 
creativity, many organisations, 
both from the government as 
well as the private sector have 
pitched in to do their bit.

Atal Innovation Mission, NITI 
Aayog; All India Council for 
Technical Education (AICTE) 
and Ministry of Education’s 
Innovation Cell have together 
entered into a strategic 
collaboration aiming to empower 
the students of 7,200 Atal 
Tinkering Labs (ATLs) in schools 
spread across the country, to 
acquire innovation skills that are 
world class.

Indian Space Research 
Organization (ISRO) has 
committed to facilitate coaching 
and mentoring of students 
in advanced cutting-edge 
technologies of the 21st century 
including those related to space. 
The students will be exposed to 
theoretical as well as practical and 
application-based knowledge of 
Science, Technology, Engineering 
and Mathematics (STEM) and 
space education-related concepts 
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such as electronics, physics, 
optics, space technology, material 
sciences and many more.

As part of another collaboration, 
the	 Council	 for	 Scientific	 and	
Industrial Research (CSIR) is to 
adopt 295 Atal Tinkering Labs 
with an aim to offer impetus 
to interest in STEM-based 
research and innovation among 
young students while involving 
scientists and 36 CSIR labs. This 
will enable the students to engage 
with the best minds and scientists 
of India. The innovations carried 
out by the students as a result 
of this would in turn serve as a 
source of inspiration for their 
fellow students and children in 
the local communities.

Top research scholars and 
scientists nominated by CSIR will 
take up the responsibility to act 
as resource persons and mentor 
the students at the Atal Tinkering 
Labs. AIM and CSIR also plan to 
conduct a series of webinars for 
students on various topics related 
to	 scientific	 and	 technological	
concepts, ideas or societal issues. 
In this collaboration AIM has been 
given an opportunity to partner 
with CSIR’s virtual lab initiative 
called JIGYASA 2.0 programme 
leading to a leverage between 
ATL’s strength in innovation and 
CSIR’s strength in research and 
thereby	 benefitting	 the	 youth	 of	
the country. 

Apart from the government 
institutions, there are several 
educational technology 
companies from the private 
sector that have come forward to 
collaborate with Atal Tinkering 

Labs. STEMROBO Technologies 
from NOIDA in Uttar Pradesh 
is aiming to inculcate curiosity, 
creativity and imagination 
in young minds through skill 
sets such as design mindset, 
computational thinking, adaptive 
learning, and physical computing. 
They have so far set up more 
than 1,200 Atal Tinkering Labs in 
leading schools. 

An educational technology 
company named Robokart has 
tied up with Atal Tinkering 
Labs to take its concepts to 
government schools in the rural 
areas. They have so far impacted 
more than one lakh students 
who have either learned directly 
or have bought products online 
from their website. 

Apart from this, Robokart will 
soon launch another module that 
will enable learners to learn and 
explore technology.

Whizrobo is a Ludhiana-based 
educational technology company 
that is offering products and 
training with an objective to 
create awareness about STEM 
education while making use 
of	 artificial	 intelligence	 and	
robotics. 

Likewise, companies such as 
Avishkaar Learning Systems, 
DassaultSystemes Foundation 
and many others are contributing 
to enrich the knowledge and 
experience of the young students 
at the Atal Tinkering Labs.  

The broader picture relates to the 
belief that the students should be 
empowered to develop multiple 

skills	 while	 employing	 scientific	
attitude and methodology, such 
that	they	become	capable	to	find	
their own simple solutions to the 
complex issues they are dealing 
with. A clever intertwining of 
ingenuity with perseverance 
leads to innovation. The 
growth of innovation is directly 
proportional to how much we 
explore these traits, implying that 
the more we explore, the more it 
grows while on the other hand, 
the less we explore, the more 
we lose it. While dealing with 
the ‘problems', be it in homes, 
in classrooms or within the 
society, ATL is surely the most 
apt platform for the children to 
explore solutions.

Increasing interest and 
encouraging results at all levels 
are conclusive pointers to the 
fact that there is no dearth of 
young talent in our country. We 
can	 confidently	 state	 that	 the	
creativity	 in	 Indians	 is	 infinite.	
However, so far the creative talent 
did lack motivation or guidance 
for sustained growth. But now, 
with this timely intervention 
through Atal Tinkering Labs 
network, seeds for a positive 
revolution have been sown. 
As a result, the youth of this 
generation now have a golden 
opportunity to spread their 
wings	and	fly	 into	the	horizon	of	
their dreams.

Ajai Chawla
Spectrum Productions
A123,  Prodyogiki Apartments
Plot 11, Sector 3, Dwarka
New Delhi-110078
E-mail: ajai_c@yahoo.com
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Vigyan Sarvatra Pujyate: 
A Glorious Exposition of 
Indian Science
SuRyA kAnT SHARMA

Azadi ka Amrit Mahotsav 
provided a mega platform to all 
the facets of our country with 
a panoramic view of the 75 
years of Independence. Vigyan 
Sarvatra Pujyate (Universal 
Reverence for Science) was the 
latest addition to its dimensions 
portraying	 the	 scientific	 legacy	
and technological prowess that 
helped	 find	 solutions	 in	 defence,	
space, health, agriculture, 
astronomy and other sectors 
of nation building. A week-long 
programme was organised from 
22 to 28 February 2022 at 75 
locations simultaneously across 
the length and breadth of the 
country, from Leh and Srinagar 
to Port Blair and Kavaratti 
Islands in Lakshadweep in the 
north-to-south stretch and 
from Ahmedabad and Daman 
to Itanagar, Kohima and Aizawl 
in the west-to-east dimension 
of this unique land of diversity, 
apart from the national capital 
Delhi. A mega expo science book 
fair was organised at Jawaharlal 
Nehru Stadium, New Delhi. 
This science literature festival 
brought together a galaxy of 
science writers, communicators, 
artists, poets, dramatists, street 
play artists, hands-on science 

demonstrators, journalists, 
students and teachers so as to 
communicate science through 
theatre, poems, and a variety of 
cultural events, including puppet 
shows and shadow plays. Several 
competitions, including quiz 
programmes, posters and poetry 
contests were held to promote 
scientific	 temper	 amongst	 the	
masses, particularly the youth. 
Different science activities were 
organised at all the 75 locations. 
The purpose of such activities was 
to motivate learners to appreciate 
the joy of science learning by 

doing it through participatory 
opportunities. ‘Janbhagidari’ 
(mass participation) through 
these celebrations was nurtured 
to a great extent. Another 
feather in the cap was that the 
programmes were held in Indian 
languages –  Kashmiri, Dogri, 
Gurmukhi, Gujarati, Marathi, 
Kannada, Malayalam, Tamil, 
Telugu, Odiya, Bangla, Assamese, 
Nepali, Maithili and Manipuri; 
this included screening of  
75	films.	

Vigyan Sarvatra Pujyate was 

The Union Minister of State (Independent Charge) Science and Technology,  
Dr. Jitendra Singh in a discussion with a student at the mega expo science  

book fair at Jawaharlal Nehru Stadium, New Delhi
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devised to inspire India's youth 
and help them navigate into 
building a progressive nation; 
bring to the fore the stories of 
people in science who made 
the big achievements possible; 
reinforce the commitment of 
scientific	 community	 towards	
economic and social development 
of the country; present the awe 
inspiring futuristic mega science 
projects envisioned by  the 
nation; and highlight the work 
being done by R&D organisations 
from across the country, as  they 
lead the S&T inroads into 2047. 

The	 partners	 of	 this	 scientific	
confluence	 were	 Department	 of	
Science and Technology, Council of 
Scientific	and	industrial	Research,	
Ministry of Earth Sciences, 
Department of Atomic Energy, 
Department of Space, Indian 
Council of Medical Research, 
All India Council for Technical 
Education and Defence Research 
Development Organisation under 
the	 leadership	 of	 the	 Office	 of	
the Principal	 Scientific	 Officer	 /

Advisor to the Government of 
India and Ministry of Culture. 
Vigyan Prasar an autonomous 
organisation of DST, with the 
mandate to promote science 
communication in the country 
was the coordinating agency.

Four themes of Vigyan Sarvatra 
Pujyate were devised to make 
the endeavour public savvy.  
They were:

1. From the annals of 
the history of science: 
This section traces the 
contributions of founders 
of modern science and the 
institutions of national 
importance in nation-
building;	 75	 films	 were	
screened on 75 scientists; 
75 lectures were planned 
by eminent scientists and 
technocrats across 75 
locations pan-India.

2. Milestones of modern 
science and technology: 
Critical discoveries, 
innovations or inventions that 
made a mark in global science 
or India's development story 
were highlighted.

3. Swadeshi paramparik 
inventions and innovations: 
It showcased 75 inventions or 
technologies that made India 
self-reliant. 

4. Transforming India: It 
looked at the road ahead for 
the next 25 years of Indian 
S&T.  It planned talks by 
75 eminent scientists and 
technocrats from within 
India and the diaspora on 
their ideas for Indian S&T 
as it marches towards the 
centenary year of India’s 
independence.

The inaugural programme was 
held at Vigyan Bhawan, New 
Delhi on 22 February, which 
was telecast live to all the 75 
locations across the country. The 
Minister of Tourism, Culture and 
Development of North Eastern 
Region of India Shri G. Kishan 
Reddy and the Union Minister 
of State (Independent Charge) 
Science and Technology, Minister 
of State (Independent Charge) 
Earth Sciences, MoS PMO, 
Personnel, Public Grievances, 
Pensions, Atomic Energy 
and Space, Dr. Jitendra Singh 
inaugurated the programme. 
Speaking on the occasion Dr. 
Jitendra Singh emphasised on the 
need	to	incorporate	the	scientific	
achievements made in India into 
the country's cultural ethos to 
help in laying the roadmap for 
future progress. Speaking on the 
scientific	 achievements	 in	 the	
last 75 years, Dr. Jitendra Singh 
said that under the leadership of 
Prime Minister Narendra Modi, 
technology has now entered 
every household and it is for 
the	 scientific	 community	 to	 get	
optimum results from the new 
scientific	 breakthroughs.	 He	
noted that the Prime Minister 
on numerous occasions has 
highlighted the role of science 
and technology in achieving 
national and international goals 
and	the	need	to	nurture	scientific	
temper by taking science to the 
people in their mother tongue. 
The Minister pointed out that 
India's	 scientific	 laboratories	 as	
well	as	scientific	manpower	now	
compete with the best in the 
world. He recalled world's best 
corporations and companies such 
as Alphabet, the parent company 

Dr. Jitendra Singh, the Union Minister 
of State (Independent Charge) Science 

and Technology speaking on the 
occasion of the  inaugural programme 
of Vigyan Sarvatra Pujyate at Vigyan 

Bhawan, New Delhi
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of Google, Microsoft, Twitter, 
Adobe and IBM being headed 
by people of Indian origin who 
got	 their	 basic	 scientific	 training	
from	 the	 scientific	 institutions	
within the country. 

Dr. Singh mentioned that the 
event was a part of the Azadi 
ka Amrit Mahotsav to pay our 
gratitude and showcase the 
75 glorious years of India's 
Independence, and that the 
Government was committed to 
achieve not just 100 per cent 
literacy but also 100 per cent 
scientific	 literacy,	 and	noted	 that	
Vigyan Prasar had commenced 
an ambitious programme in 
this direction. He urged that we 
must recall and acknowledge the 
contributions of our scientists 
such as Mahendra Lal Sarkar, J.C. 
Bose and P.C. Roy who struggled 
to lay the foundation of modern 
science	 in	 India.	 He	was	 specific	
to say that India can boast of 
a rapid and transformational 
change in sectors like space, 
atomic energy, renewable energy, 
nanotechnology, agriculture, 
digital and IT sector as well as the 
life sciences under the dynamic 
leadership of Prime Minister 
Narendra Modi. 

Shri G. Kishan Reddy, Minister of 
Culture and Tourism, addressing 
the inaugural function, pointed 
out that the coming 25 years are 
the years of ‘Amrit Kaal’. India 
is a country of youth, and this 
force of the youth will make our 
economy a matured and vibrant 
one. Hence, the youth are our 
priority and they must come 
forward for the cause.

The inaugural function was 
also attended by Dr. K. Vijaya 
Raghavan,	 Principal	 Scientific	
Advisor, Government of India, Dr. S. 
Chandrasekhar, Secretary, DST, Dr. 
(Mrs)	 Parvinder	 Maini,	 Scientific	
Secretary,	 Office	 of	 the	 PSA,	 and	
Dr. Nakul Parashar, Director, 
Vigyan Prasar on the dias. Dr. S.C. 
Mande, DG, CSIR, Prof. Ranjana 
Aggarwal, Director, NIScPR and 
other dignitaries also graced the 
event by their presence.

The Ministry of AYUSH, 
Government of India at its pavilion 
at Jawaharlal Nehru Stadium 
exhibited ‘prakriti evaluation’, 
yoga demonstrations, fusion 
yoga programmes, medicinal 
plants and plant related research 
activities, therapeutic and 
nutritive diet items, traditional 
scientific	 knowledge	 on	 health	
care, and research publications. 
Thirteen different organisations 
under the Ministry of AYUSH from 
different parts of the country 
presented their respective 
scientific	achievements.

A special suit developed by a team 
of scientists of DRDO (Defence 
Research and Development 
organisation) was the centre of 
attraction at the Mega Science 
Expo.	 It	 is	helpful	 to	 fire	 fighters	

in	 tackling	 fire	 more	 effectively.	
The highlight of the suit is that 
even though it is made up of four 
layers, it is lightweight and weighs 
less than 2.8 kg. In addition, it 
has other safety mechanisms in 
case	the	fire	fighter	is	in	danger.	

The seven-day programme 
attracted various cross sections 
of society at 75 locations 
throughout the country. The 
grand	 finale	 of	 this	 public	 savvy	
movement was organised at 
Vigyan Bhawan on 28 February 
with a valedictory function. 
It was in view of the National 
Science Day celebrations held 
on February 28 every year since 
1987 in remembrance of the 
Nobel laureate Sir C.V. Raman’s 
pathbreaking discovery of the 
Raman Effect in 1930.

Speaking on the occasion, Dr. 
Jitendra Singh, expressed that 
mentoring young talent is the 
best investment for India @2047. 
He said, young scientists with 25 
active years ahead have a crucial 
role to play in the roadmap 
for the next 25 years when 
India celebrates 100 years of 
Independence.

The Minister mentioned that 
the spirit of this one week 

Yoga demonstrations at Jawaharlal Nehru Stadium, New Delhi
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commemoration of Vigyan 
Sarvatra Pujyate is to celebrate 
and worship science. It is an 
opportunity to introspect and 
look at how we make up for what 
we did not have; the goal is to take 
science	and	scientific	 thinking	to	
the common man. Dr. Jitendra 
Singh underlined Prime Minister 
Narendra Modi's greetings to the 
scientists on the National Science 
Day,	to	reaffirm	our	commitment	
towards	 fulfilling	 our	 collective	
scientific	 responsibility	 and	
leveraging the power of science 
for human progress.

On this occasion, the Minister 
presented the National Science 
and Technology Communication 
Awards and the AWSAR 
(Augmenting Writing Skills for 
Articulating Research) Awards. 
P.N. Panicker Foundation, 
Thiruvananthapuram won the 
National Award for Outstanding 
Efforts in Science and Technology 
Communication in general. 
Dr. Ramesh Chandra Parida of 
Bhubaneswar and Dr. Hriday 
Kumar Chopra of New Delhi 
won the National Award for 
Outstanding Efforts in Science 
and Technology Communication 
through Print Media, including 
books and magazines. Dr. (Mrs) 
Naresh Yadav of Gurugram and 
Mr Vijaykumar Chandrakant 
Verenkar of Goa were presented 
the National Award for 
Outstanding Efforts in Science 
and Technology Popularisation 
among Children. Dr. Vikas 
Mishra of Kanpur, Dr. Suman 
Mor of Punjab University and 
Dr. Santosh Kumar Singh of BHU, 
and the National Association 
for Voluntary Initiative and 

Cooperation (NAVIC), Varanasi, 
bagged the National Award for 
Outstanding Efforts in Science 
and Technology Communication 
through Innovative and 
Traditional Methods; Mr Jalal Ud 
Din Baba of Kashmir and Prof. 
Rajinder Kumar Dhamija of New 
Delhi got  the National Award for 
Outstanding Efforts in Science 
and Technology Communication 
in Electronic Medium.

The winners of  AWSAR Awards 
were: Dr. Pragyan  Parimita  Rath, 
New Delhi (award for outstanding 
story – post-doctoral fellows 
category), Mr Ajay Chandrakant 
Lagashetti		of	Pune	(first	prize	for	
Ph.D. category), Mr Anoop Singh 
of New Delhi (second prize for 
Ph.D. category) and Ms Deeksha 
Pandey of New Delhi (third prize 
for the Ph.D. category).

Dr. Jitendra Singh also released 
three coffee-table books 
published by Vigyan Prasar. 
The	 first	 one	 titled	 Department 
of Science & Technology: Past-
Present-Future gives an account 
of how DST has grown since 
its inception in 1971 and has 
shaped	 the	 scientific	 tradition	
and guided innovation in India 
and provides a glimpse into its 
future	scientific	goals.	

The second titled 75 under 50: 
Scientists Shaping Today's India 
explores the lives and professional 
accomplishments of 75 scientists, 
providing an in-depth look at the 
diversity surrounding them, such 
as their differing backgrounds, 
reasons for becoming scientists, 
obstacles they faced, and their 
work in different disciplines.

The third book titled 75 Founders 
of Modern Science in India recalls 
the contributions of Indian 
scientists in making India a 
name to reckon with in the 
contemporary world.

He also released a science cartoon 
book, titled Meet, Greet & Tweet 
with Plasma Toons, written by 
Dr. B.S. Munjal and Dr. Suryakant 
Gupta of the Institute of Plasma 
Research, Department of Atomic 
Energy.

Prof. Anurag Agrawal, Director 
of	 Council	 of	 Scientific	 and	
Industrial Research’s Institute of 
Genomics and Integrative Biology 
(CISR-IGIB), delivered a National 
Science Day special lecture. 

The concluding  function was 
attended by Prof. K. Vijay 
Raghavan,	 Principal	 Scientific	
Adviser to Government of 
India; Dr. S. Chandrasekhar, 
Secretary, Department of Science 
and Technology; Dr. Shekar C. 
Mande, Director General, Council 
of	 Scientific	 and	 Industrial	
Research; Dr. M. Ravichandran, 
Secretary, Ministry of Earth 
Sciences; Dr. Balram Bhargav,  
Director General, Indian Council 
of Medical Research; Nakul 
Parashar, Director, Vigyan Prasar; 
and Dr. Praveen Arora, Head of 
National Council for Science and 
Technology Communication.

Surya Kant Sharma
Science Communicator,
Flat D2, Radha Kunj Apartment,
Plot No. 201, Block D3,Gali No. 9,
Mahavir Enclave, New Delhi-110045
E-mail: Suryakant_sharma03@yahoo.co.in
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  Innovation is a word. which 
can showcase a matter, person, 
society or a country of its own. 
In pre-independence era and the 
early years of post-independence, 
India used to be synonymous with 
'jugaad' or the ‘snake charmers’.  

Jugaad is a short-term solution 
to a problem or set of problems 
but one cannot or even should 
not afford to rely on this coined 
phenomenon. Jugaad being in 
prominence also indicates that 
the country lacks in design, 
manufacturing, supply chain and 
user driven redesign processes. 
Therefore, the image of a jugaad 
country has to be disposed of, the 
sooner the better. Unfortunately, 
a section of scholars still label 
India with jugaad. The book 
under review attempts to map 
Indian innovation holistically. 
It traces and details the track 
of innovations. Innovation has 
been presented on a broader 
horizon, not only conceptually 
but in a practical manner as well. 
The title of the book focusses 
on every innovation, right from 
one to hundred. Yes, the top 100 
innovations, which converted 
our country into a global citizen 
country in various areas of 
life, be it agriculture, science, 
technology, medical science, 
social sciences, etc. You think of a 
success or a remarkable success 
story, phenomenon, trend setter, 
improvisation, or innovation, 
it is there with an absorbing 
touch but in a crisp and concise 
manner. Each and every 
innovation has been showcased 
in a structured manner 
sequentially – the background, 
historical perspective, efforts 

put in, momentum gained 
alongside timeline, the pioneers, 
implementation and successes 
gained, besides a brief account 
under the caption  ‘Key Players’, 
thereby informing  the readers 
in a positive as well as pragmatic 
manner. 

The writer is highly experienced 
and has developed an expertise 
in	IT,	tracking	scientific	and	social	
sciences related endeavours and 
has notched up an interesting 
book. Kudos to the publisher 
who has been publishing such an 
interesting series of books, which 
can motivate the youth of India.

The book has been arranged 
in broad chapters like the 
Revolutions; Food, Water 
and Sanitation; Health and 
Medical Research; Transport 
and Mobility; Information and 
Communication Technologies; 
Governance, Public Utilities 
and Law; Education, Grassroots 
Technologies and Movements; 
Art, Culture, Architecture, Sports; 
and the last segment focussing 
upon the Environment and 
People's Movements. Editors and 
writers need to be complimented 
for using a simple but lucid 
language, thereby enabling an 
average reader to go through the 
book with ease and such books 
are the need of hour.

The book attempts all enlisted 
innovations as per their 
relative	 significance	 as	 well	 as	
thematically and no chronology 
has been followed and aptly so. 
The mega innovations have been 
summed	up	in	the	first	chapter.	In	
fact, the number of innovations 

What a way to give tribute to 
the Azadi ka Amrit Mahotsav! 
Innovation is a force to reckon 
with. Candidly speaking, it is 
a magic wand to transform 
all sorts of vices, handicaps, 
helplessness, poverty, illiteracy, 
etc., into virtues, by way of 
a cascading effect of value-
additions, pragmatic solutions, 
and	above	all	a	scientific	thinking	
with a never-dying spirit for 
invention, improvisation, change, 
creativity and positivity. All the 
above have been encapsulated in 
one volume! 

Literature Scan
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is fairly exhaustive but placed 
in an interesting manner. A 
book review on such pertinent 
details is a challenge to meet. 
The process of innovation and 
its dissemination is evolutionary 
both in case of innovations 
coming from institutions and 
those from individuals. During 
the course of the book evaluation, 
the author has mentioned a few 
individuals, institutions, etc. but 
it	is	again	a	difficult	task	as	well;	
where the innovation work has 
been done and accomplished 
by collaborative team efforts 

across institutions. The unsung 
innovators and heroes have 
been mentioned, aptly and in an 
interesting manner. 

The book provides an updated 
version of Indian innovations. The 
scenario during the Coronavirus 
pandemic has been nicely 
covered – for instance, FELUDA 
Covid test, low-cost ventilators 
and oxygen ‘langars’.

Many contemporary personalities 
have given their positive and 
pertinent comments, which 

Surya Kant Sharma
Flat D2, Radha Kunj Apartment, Plot 
No.201, Block D3,
Gali No. 9, Mahavir Enclave, New 
Delhi-110045
E-mail: suryakant_sharma03@yahoo.co.in

augment the interest of readers. 
The book in a nutshell is 
adequately enriched, insightful 
and	 impressive;	 a	 definitive	
account of Independent India. 
Precisely, a treasure trove for 
youth and other strata of society; 
would give an adrenaline shot to 
all Indians, pushing them ahead 
in realising an innovative nation.
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IPR Corner

Artificial Intelligence 
and Intellectual 
Property Rights
Dr. SukAnyA DATTA

Intelligence has always been 
regarded as a human trait. 

Our taxonomic name is Homo 
sapiens sapiens. The word 
sapiens is derived from a Latin 
word meaning wise.  As a species 
we are proud of our ‘brains’ and 
rightly so. Our intelligence or our 
ability to ‘think’ forms the plinth 
on which our achievements 
stand. We created machines 
to lighten our workload and 
reduce our drudgery. In time, 
the machines were upgraded. 

Machines began to react to inputs 
– even learn. Advanced machines 
are capable of problem-solving/
decision-making – something 
that till recently had been under 
the sole purview of the human 
brain. Intelligent machines had 
arrived!	 Artificial	 Intelligence	
had become a reality as opposed 
to our natural intelligence.

The	 term	 ‘Artificial	 Intelligence	
(AI)’ was coined in 1955 by John 
McCarthy, who used the words 

‘artificial	intelligence’	for	the	first	
time when he wrote, “The study 
is to proceed on the basis of the 
conjecture that every aspect of 
learning or any other feature 
of intelligence can in principle 
be so precisely described that a 
machine can be made to simulate 
it.” With that dawned a new world 
– a world where machines could 
be intelligent enough to rival 
humans. Consequent to such a 
development was the intersection 
of AI with Intellectual Property 
Rights (IPR) 

(Source : https://www.effectualservices.com/wp-content/uploads/2020/07/protecting_ai_social.jpg)
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To explore this brand new world, 
we need to understand a few basic 
differences. The brain relies on 
its	network	of	neurons.	Artificial	
Intelligence relies on ‘algorithms’.  
Algorithms are sets of rules that 
have to be followed.  The machine 
follows algorithm instructions to 
get results. Algorithms can even 
be used to empower a machine 
to create its own algorithms. 
Such an algorithm-empowered 
machine will be ‘free’ to create its 
own algorithms. These machine 
generated algorithms can create 
virtually anything (depending on 
the algorithm used). 

Since intellectual property rights 
are the rights associated with the 
creations of minds, the question 
is who holds IPR on the creations 
that are the result of machine-
created algorithms? If you think 
this is a fancifully-futuristic and 
a merely theoretical question, 
let us take a step back for a 
quick	 recap	of	 the	Monkey-selfie	
Copyright battle that raged from 
about 2011 to 2018.

It all began when Naruto, a black 
macaque monkey gained access 
to British nature photographer 
David Slater’s camera and 
clicked	 a	 ‘selfie.’	 The	 ‘selfie’	 was	
published in a book. As an author, 
Slater held the copyright to the 
book. The photograph was also 
circulated on its own and soon 
went ‘viral.’ It was published 
online by Wikipedia, which 
held that a non-human creator, 
who	 is,	 by	 definition,	 not	 a	 legal	
person, cannot hold copyright. 
Since the issue of copyright did 
not arise the photo was in the  
public domain. 

Slater disagreed.

Then, in 2015 People for the 
Ethical Treatment of Animals 
sued Slater claiming that Naruto 
owned the copyright! The plea 
was	 that	 Naruto’s	 ‘selfie’	 had	
been the result of a “series 
of purposeful and voluntary 
actions” unaided by Slater. The 
resultant original creation was 
thus, Naruto’s. 

The case was thrown out of court 
and the Judge ruled that even if 
Naruto had taken the pictures 
by “independent, autonomous 
action,” the plea had to be 
dismissed because animals do 
not have standing in a court of 
law and therefore cannot sue 
for copyright infringement. 
PETA refused to back down and 
appealed. Finally, the case was 
settled out of court. So, although 
courts did not have to arrive at 
a judgement, the message was 
clear. Animals may click photos 
but may not sue for copyright.

 From IPR-issues related to non-
humans the jump to IPR for 
intelligent machines is a small one 
although perhaps legally, more 
complex. AI allows machines to 
exercise the power of creativity 
to generate content without 
direct human intervention. The 
content may even have literary 
value. AI-generated poems can 
be remarkably good and a reader 
may	 find	 it	 almost	 impossible	
to say for sure if it was written 
by a person or a machine. This 
means it passes a Turing Test 
of sorts. So much so, that it is 
being speculated that by 2049, AI 
could write a bestselling novel all  
by itself.

This, in turn, opens up many 
potential	minefields	that	must	be	
negotiated now to avoid future 
legal tangles.

Who would be the legally 
recognised copyright owner of 
an original piece of work (be 
it a poem, story, drama, novel, 
painting or even a photograph) 
created by AI without human 
intervention? Would it be the 
person who wrote the code for 
this ‘creative algorithm’ that 
created this work? Or would the 
copyright belong to the person 
who owns the AI? It is not 
necessary that both are one and 
the same person.

From the issue of Rights, we move 
to the issue of Penalties. Currently 
there is AI-empowered software 
that can detect plagiarism. 
However, what happens if an AI-
empowered machine infringes 
copyright? Who is to blame 
and who pays the penalty? The 
legal issues are not really in 
place	 because	 the	 field	 itself	 is	
pretty new and evolving swiftly. 
However, it is clear that new eyes 
are	 needed	 to	 freshly	 define	 the	
concepts of creator, ownership, 
and invention. Perhaps there will 
be a day when AI will be deemed 
suitable of owning IP. The idea 
is not as absurd as it may sound 
at	 first	 glance	 (https://www.
ipstars.com/NewsAndAnalysis/
the-latest-news-on-the-dabus-
patent-case/Index/7366).

Much of this new debate began 
when Stephen Thaler, a pioneer in 
the	field	of	AI	and	programming,	
created the AI Device for 
Autonomous Bootstrapping of 
Unified	 Sentience	 (DABUS)	 to	
generate inventions. Systems 
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such as DABUS are often 
described as ‘creativity machines’ 
because these are capable of 
working independently without 
interventions by processing and 
critically analysing data to learn 
from it.

One of DABUS’s creations was 
a novel food container that 
uses fractal geometry to change 
shape.	 The	 other	 was	 a	 flashing	
light device that could be used 
to attract attention during 
an emergency. It was stated 
that DABUS created these two 
without any human intervention.   
Subsequently,	 Thaler	 filed	
international and national patent 
applications with DABUS as an 
inventor for patent relating to a 
“food container based on fractal 
geometry”. This led to a debate 
on whether a patent can be 
granted for an invention made by 
an AI machine.

The	 European	 Patent	 Office	 took	
the position that the European 
Patent Convention requires the 
inventor to be a natural person. 
Thaler appealed the ruling. The 
EPO Legal Board of Appeal upheld 
the original decision. It said, 
“In the preliminary view of the 
Board, under the EPC the inventor 
designated for the purpose of 
a patent application must be a 
person having legal capacity.”

Thaler’s experience at the UK 
Patent	 Office	 also	 more	 or	 less	
echoed that at the EPO. However, 
the Judge noted in his postscript 
that, “ …wish to make clear that 
I in no way regard the argument 
that the owner/controller of an 
artificially	 intelligent	 machine	
is the “actual deviser of the 
invention” as an improper one. 

Whether the argument succeeds 
or not is a different question 
and not one for this appeal: but 
it would be wrong to regard 
this judgment as discouraging 
an applicant from at least 
advancing the contention, if so 
advised.”   Thaler’s next appeal 
was dismissed by the higher 
authorities but he may still seek 
recourse from the Supreme Court 
if he wants. 

The	 German	 Patent	 Office	 also	
refused to recognise an AI-system 
as a patent-holder. So, Thaler 
appealed to the Federal Patent 
Court, which took the stand that 
while AI-generated inventions 
are patentable, a natural person 
must be named as the inventor. 
The USPTO also refused to allow 
the application, stating that “… 
an inventor must be a natural 
person”. The appeal also did not 
go in Thaler’s favour.

Interestingly, the South African 
IP	 Office	 granted	 Thaler’s	
application.  South Africa’s patent 
office	 does	 not	 delve	 too	 deeply	
into details but looks only at 
basic formal requirements. This 
decision made South Africa the 
first	country	 to	grant	a	patent	 to	
a non-human applicant and the 
subject of a lot of criticism and 
conjecture!  However, the country 
has several provisions for patent 
revocation	and	 the	 final	position	
is still open to challenge and 
revocation (or not).

Faced with a refusal by the 
Australian	 Patent	 Office,	 Thaler	
appealed. This time the appeal 
had a different outcome.  The 
ultimate verdict delivered was 
that, “None of these provisions 
exclude an inventor from being a 

non-human	 artificial	 intelligence	
device or system.” 

This judgement is a historic one 
because it is likely to serve as a 
precedent to allow an AI machine 
to be named as an inventor in a 
patent application. However, since 
an appeal against this judgement 
is on the anvil, it is certain that it 
is merely the beginning of a new 
innings for IPR. 

The World Intellectual Property 
Organization (WIPO) has pro-
actively taken into cognisance 
that the currently existing IPR 
framework is on the verge 
of a massive challenge from 
emerging technologies such 
as AI. WIPO provides a “… 
multi-stakeholder forum to 
advance the understanding of 
the IP issues involved in the 
development of AI applications 
throughout the economy and 
society	and	its	significant	 impact	
on the creation, production and 
distribution of economic and 
cultural goods and services.”  In 
2019, WIPO published WIPO 
Technology Trends 2019 - 
Artificial Intelligence (https://
www.wipo.int/publications/
en/details.jsp?id=4386) which 
recorded that over 340,000 AI-
related applications have been 
received	 by	 IP	 offices	 since	 AI	
first	emerged.	

Even a cursory glance at the 
current news makes it clear that 
it is time to get the stakeholders 
together and thrash out the 
thorny issues that are likely to 
surface in the near future.

Dr. Sukanya Datta
H2/110 Shakuntala Park, Phase 1
Kolkata-700 061
E-mail: sukanyadatta@gmail.com
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The innovation ecosystem in 
India is buzzing like never 

before. The opportunities that 
exist today, across different 
domains, have the potential to 
scale promising innovations 
globally in no time. However, 
in spite of a huge demand in 
many segments, innovators and 
startups struggle to cross the so 
called ‘Valley of Death’ to bring 
their solutions to market, or to 
scale and sustain once there. This 
ineludible scenario runs across 
domains for many start-ups. The 
ones we see prominently in the 
market today are the ones who 
have traversed this treacherous 
obstacle successfully. Sadly, 
a majority of the start-ups 
don’t. Therefore, here we touch 
upon a few factors to consider 
for entrepreneurs, especially 
those working in the domain 
of healthcare for emerging 
economies, like India. 

•	 The odd man out: Talk 
to any founding team of a 
promising start-up and they 
will talk passionately at 
length about the technology, 

its impact and the sheer 
splendour of their work! 
However, when it gets down 
to business, very few would 
display a matching acumen 
or inclination towards market 
understanding and strategy. 
The truth is that they don’t 
need to! This is the work 
that should be best done by 
a business strategist who has 
expertise	 in	 the	 field.	 Many	
bootstrapped startups try to 
do this by themselves and 
become the cause for their 
own pitfall! It is essential 

to	 have	 a	 non-scientific	 or	
non-technical member in 
the core-team whose prime 
responsibility is to scout 
market opportunities and to 
raise funds and investments. 
This person will also be the 
one with an ear to the ground 
and can come back with real 
feedback from ground zero 
that is, from the users and 
investors. This dispassionate 
viewpoint emerging from 
knowing the pulse of the 
market will be critical for the 
business success of the team.  

Start-Up Take-Offs

Navigating Through 
the Entrepreneurial 
Hurdles
Dr. SwATI SubODH

Valley of death (Source: Next Billion)
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•	 Staging your entry: The 
startup ecosystem in India 
has seen an upswing due 
to grants, seed capital and 
early-stage awards available 
through various public and 
private sector initiatives in 
India. Bio-innovation hubs 
and clusters offer the much-
needed mentoring, incubation 
and manufacturing support 
while giving a healthy mix 
of market and investment 
exposure. India is, thus, a good 
springboard to test ideas and 
build and validate prototypes. 
For startups in the healthcare 
sector, it is also a good place to 
undertake preclinical studies 
to test their drug candidates 
and diagnostic solutions to 
accrue initial evidence, which 
will make them attractive 
to international funders 
and investors for scale-up 
and clinical studies. This 
is important to consider 
because in India many start-
ups face a funding crunch for 
scaling-up and that’s where 
they struggle and often wear-
off. On the other hand, early 
stage funding outside of India 
maybe daunting for domestic 
startups. It is imperative to 
carefully stage each move to 
leverage, balance and plug-into 
different ecosystems to one’s 
advantage. It is important to 
have a big picture view of how 
the start-up would traverse 
from early stage evidence 
building to mid to late stage 
scale-up and fundraising in 
domestic and international 
markets, and accordingly plan 
from the very beginning. 

•	 Sizing the market: Many risk-
averse early entrepreneurs 

do not scope their solutions 
beyond domestic borders and 
commit a common mistake 
of putting all their eggs in 
one basket! They start with 
a myopic view of introducing 
their products in the Indian 
markets	 first,	 and	 thereafter	
of charting international 
territories. While this linear 
incremental approach may 
seem safe, it seldom appeals to 
investors. Although the Indian 
market has the advantage of 
volumes, selling in certain 
sectors might be tough due to 
immense competition, leaving 
small	 entrepreneurs	 fighting	
for a miniscule share of a small 
slice of the pie! Innovative 
pricing strategies could set 
the entrepreneur apart. 
However, balancing it with 
low volumes might be a huge 
challenge. In these cases, the 
investor	won’t	see	a	sufficient	
return on investment (ROI) 
against the risk they would 
be taking in funding a start-
up. They would, thus, steer 
clear	 of	making	 any	 financial	
commitments. Instead, if the 
entrepreneurs simultaneously 
consider other emerging 
economies, like Africa, South 
Asia and Latin America, which 
have a good demand for their 
product and integrates it 
with the scale-up and pricing 
strategies, it would make more 
commercial sense. It is, thus, 
imperative for start-ups to eye 
these emerging economies as 
potential markets they would 
be venturing into, sooner 
rather than later. 

•	 Pairing partnerships: 
Growing	outside	 the	confines	
of their lab into a lucrative 

business is paramount for 
startups at each stage of 
their entrepreneurial journey. 
The role of partnerships in 
helping achieve this cannot 
be emphasised enough. 
Identifying experts and 
partners in domains that 
would enable the solutions 
to be taken to the last mile 
needs to be mapped by the 
start-ups ahead of time. 
From prototype testing and 
preclinical trials to market 
deployments in domestic 
and international markets, 
partnership could be one of 
the	 defining	 factors	 for	 the	
success and sustenance of a 
solution. Tapping into partner 
networks and opportunities 
to introduce promising 
solutions in different markets 
for different customers in 
a time sensitive manner is 
an important competitive 
edge that start-ups need to 
leverage. From the view of 
fund-raising this approach 
makes sense too since the 
investors and funders would 
view the pairing of a start-up 
with a credible partner as de-
risking of their investment. 

•	 Building adjacencies along 
the way: A very restrained 
and linear view of what the 
solution-in-development 
should address further 
restricts the commercial 
scope and the market 
opportunities. For instance, 
a hospital-centric solution 
will require consideration 
of	 the	 profitability	 in	 a	 very	
niche market, availability of 
auxiliary infrastructure, line 
of institutional approvals, 
differential pricing strategies, 
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demand and usage, logistics 
exigencies, and scalability 
potential, among others. 
To avoid being trapped 
in a certain market type 
where they are dependent 
on different factors to even 
bring their product to the 
user, the innovators need 
to simultaneously explore 
seemingly unrelated parallel 
markets	 that	 might	 find	 use	
for their product and are 
easier to venture into. There 
is no escape from building 
solutions that serve different 
markets and users, unless the 
product is extremely domain 
focused, like in therapeutics.  

 Developing a broad range 
application for the product, 
like in platform technologies, 
immediately opens different 
market opportunities rather 
than	 confining	 to	 a	 niche	
market.  

 Diagnostic companies and 
data-centric innovations are 
exploring these adjacencies 
to the hilt, as has been 
demonstrated in the current 
pandemic. Positioning 

solutions that have cross-
applicability and agility of 
use across sample types 
could make a solution look 
attractive to implementation 
bodies, and hence the 
investors.

•	 Navigating the finance 
quagmire: When exploring 
different geographies and 
user-segments to expand the 
scope of the solution, a start-
up needs to be aware that 
there	will	be	different	financial	
models	 at	 work.	 A	 finance	
model that worked elsewhere 
need not necessarily work 
in other markets too. For 
example, the public sector 
is a big market for start-ups 
and innovators working in 
public health interventions. 
However expansion here 
might be limited by multi-
stage delays in deployments 
and approvals, while 
providing	 low	profit	margins.	
Clearly, this alone will not be 
adequate to keep the lights 
on for any start-up. Private 
sector exposure can provide 
the	cash	flow	that	the	startup	

needs to sustain. There have 
been umpteen examples of 
startups and organisations 
who have balanced their 
pricing and revenue models 
between public and private 
sectors	 to	 remain	 profitable.	
Another aspect to consider is 
the amortization model: that 
work on lowering the book 
value of a loan over a period 
of time could enable more 
small enterprises in reaching 
the market and in sustaining 
long-term. In countries like 
the US, Japan and in Europe, 
Impact	 Bonds,	 specifically	
the Social Impact Bonds 
(SIB), are being successfully 
implemented in the public 
sector for positive social 
outcomes whilst dividing the 
performance risk of a service 
between partners. These pull 
mechanisms are important 
for startups working in 
sectors that are addressing 
healthcare challenges in low- 
and middle-income countries 
(LMICs). Start-ups need to 
be	 aware	 of	 these	 financing	
models to explore these with 
their potential partners and 
investors.   

A hawk-eye view on the lab-
to-market journey, a periodic 
assessment of business models 
and market strategies, and the 
agility to pivot are core requisites 
for start-ups to successfully 
navigate the valley of death.

Dr. Swati Subodh 
Co-founder, 1M1B Foundation 
M-36, Greater Kailash-II,  
New Delhi-110048
E-mail: swati@activate1m1b.org 

Indian supercomputer ‘Param Pravega’



January‒February 2022 | INVENTION INTELLIGENCE 51

new technology 
enables autonomous 
restoration of high-
value components 
An Indian scientist has 
developed a completely 
autonomous technology for 
the repair and restoration of 
high-value components such 
as moulds, turbine blades, and 
other aerospace components 
that require minimal human 
intervention. It is expected 
that this technology will leap-
frog the restoration and repair 
industry to the next level and 
help in nucleation of a viable 
cutting-edge laser manufacturing 
ecosystem for Atmanirbhar 
Bharat.

The existing repair techniques 
like welding and thermal 
spraying are ad hoc and do not 
provide accuracy and precision. 
Moreover, all the existing 
technologies are manual, and the 
quality of repair depends upon 
the skill set of the person. 

Prof. Ramesh Kumar Singh, 
Professor, Mechanical 
Engineering Department, IIT 
Bombay, has developed a novel 
technology that uses a laser 
for excellent process control 
and is completely autonomous 
with minimal to zero human 
intervention. This ensures 
restoration with enhanced 
quality and repeatability. 

The technology developed with 
support from the Advanced 
Manufacturing Technologies 
Program of the Department 

of Science & Technology, 
Government of India, has 
undergone validation and testing. 

With the help of the technology, 
the defective component, which 
requires repair, will be scanned 
autonomously for damage 
detection via a laser scanner, 
and the deposition path will be 
determined based on certain 
algorithms. The laser-directed 
energy deposition (LDED) 
technique will be used to deposit 
the	material,	followed	by	finishing	
and automated inspection of the 
restored product. 

The developed system consists 
of a robotic restoration system 
and is designed to function 
autonomously for all key 

activities, namely, scanning path 
planning, damage detection, 
deposition,	 finishing	 and	
inspection. In addition, the 
process parameters will be 
obtained from physics-based 
models to induce favourable 
residual stress, which is one of 
the key limitations in restoration 
via additive manufacturing. This 
paves the way for the development 
of ‘science enabled technology’ 
solutions, which according to 
Prof. Ramesh Kumar Singh are 
not available for restoration of 
high-value components.

The	 final	 integration	 of	 the	
two systems, the laser-directed 
energy deposition and the defect 
scanning systems, is underway, 
and the project is at 7th stage of 

Research & Development

This figure shows the completely developed system with all its subsystems.  
There are two options for the manipulation of the deposition head: one with  

6-axis robotic manipulators and the second with gantry-based 5-axis systems. A 
3-D printed hollow cylinder, plate, and punch of H13 tool steel hard-faced  

with CPM 9V steel are also shown
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the Technology Readiness Level. 
Prof. Ramesh has allied with 
Bharat Forge, Aditya Birla Science 
and Technology Company and 
Interface Design Associates for 
its industrial uptake.

“The developed technology is 
very impactful, and a game-
changer for the restoration 
and repair segment of the 
manufacturing industry and 
has huge market potential. 
The components, which can be 
reconditioned via this technology, 
are of very high-value. The 
level of accuracy and precision, 
which is possible through this 
technology, is phenomenal and 
is far ahead of the current state-
of-the-art methods,” mentioned 
Prof. Ramesh.

According to Prof. Ramesh, it is 
expected that the pay-off from 
the technology would include the 
entire machine cost with around 
repair of 20-odd components. 

(DST Media Cell)

Treating sickle 
cell anaemia from 
Woodfordia fruticosa 
leaves
There are over 100 million people 
globally who possess traits for 
sickle cell anaemia, a fatal genetic 
abnormality caused by the altered 
haemoglobin structure of RBC. 
Excessive rupturing of RBCs, the 
sickle-like shape of RBC, oxygen 
deficiency	 and	 lack	 of	 blood	
supply to the body parts mark the 
occurrence of sickle cell anaemia. 

Despite being a life-threatening 
disorder, there is no proper 
medication or cure for sickle 
cell anaemia. Drug intake, 
blood transfusion, and stem cell 

transplant are some treatment 
approaches. However, these are 
costly, complex and not very 
efficient.	Thus,	there	is	a	need	to	
search for better options to treat 
sickle cell anaemia.

Traditional plant remedies are 
currently gaining attention due to 
their excellent healing properties. 
Leaves of Woodfordia fruticosa is 
one such plant used by tribals of 
the Amarkantak region, India, to 
treat multiple illnesses like ulcers, 
fevers, haemoptysis, rheumatism, 
etc. A group of researchers from 
the Indira Gandhi National 
Tribal University, Amarkantak, 
wondered if Woodfordia fruticosa 
could contribute to sickle cell 
anaemia treatment.

To investigate, the researchers 
collected the Woodfordia fruticosa 
leaves,	 air-dried	 and	 finely	
powdered them. They prepared 
four types of extracts by mixing 
the leaf powder with acetone, 
methanol, water and chloroform. 
They also collected blood samples 
of sickle cell anaemic patients 
from a primary health centre and 
began experimentation. 

The team conducted a reverse 
sickling assay wherein they 
mixed blood samples with 
varying extract concentrations 
and checked for shape change in 

fig.2: This shows the scanning system for the damage assessment of 
components. The 3-D point cloud can be acquired by data-fusion of 2-D profiles 
obtained continuously from laser scanners and the position of robot end-effecter. 

The actual and scanned 3-D free form components are also shown.

Sickle Shaped RBC and Woodfordia fruticosa leaves
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RBC from sickle to biconcave disc 
using microscopy. Further, they 
compared the reverse sickling 
activity with hydroxyurea, a 
drug used in treating sickle cell 
anaemia. The results revealed 
that the methanolic extracts at 
1,000 microgram per millilitre 
concentration showed 66 per 
cent reverse sickling. Whereas 
hydroxyurea had only 50 per 
cent reverse sickling activity.

Using spectrometry, the 
researchers examined the 
effectiveness of extracts in 
inhibiting faulty haemoglobin 
synthesis and RBC breakdown. 
It	was	evident	that	the	efficiency	
of methanolic extracts was much 
higher than other extracts. 

Numerous studies have shown 
that sickle cell anaemic patients 
produce more free radicals due 
to the abnormal functioning 
of haemoglobin. These free 
radicals can cause chronic 
damages to organs and stimulate 
inflammation.	 So,	 the	 team	
decided to conduct a wide array of 
antioxidant	and	anti-inflammatory	
assays to know the potency of 
the Woodfordia fruticosa leaves 
extracts	in	reducing	inflammation	
and free radical production. 

The extracts possess 
appreciable antioxidant and 
anti-inflammatory	 potential.	
Their actions are comparable 
with commercial drugs like 
indomethacin and allopurinol. 

“The methanolic extracts gave 
the best outcomes in most 
experiments. It suggests its 
potential to become an effective 

drug in treating sickle cell 
anaemia,” say the researchers. 

Finally, the team performed a 
liquid chromatography-mass 
spectrometry to identify anti 
sickling bioactive compounds 
in methanolic extracts. The 
analysis revealed the presence 
of 82 compounds, of which only 
36 could get recognised. Among 
these, many compounds like 
kaempferol,	 β	 sitosterol,	 and	
quercetin have anti-sickling 
properties. Analysing the role 
of the remaining unknown 
compounds may reveal their 
anti-sickling, antioxidant and 
anti-inflammatory	activities.

The present research got 
published in the Arabian Journal 
of Chemistry, volume 15, issue 1. 

More research on Woodfordia 
fruticosa extracts and their 
interactions with biological 
processes are required to make it 
a potent drug that can cure sickle 
cell anaemia. 

Shockwave treated 
urad seeds boost 
plant growth
Vigna mungo, commonly called 
urad, is an essential ingredient in 
preparing fermented batters for 
idli, dosa, vada, etc. The nutrient-
rich urad seeds can boost 

blood circulation, improve skin 
health and control cholesterol 
levels. The urad plants secrete 
various	phytochemicals	 that	 find	
multiple applications in the food 
and pharma industries. India 
produces over two million metric 
tonnes of urad annually. However, 
the demand for urad keeps rising. 
Thus, there is a need to hunt for 
techniques to enhance the urad 
plant's growth and yield. 

Recently, researchers from 
the Sacred Heart College and 
Islamiah College of Tamil 
Nadu decided to explore seed 
treatments to obtain better urad 
plants. They collaborated with 
researchers from USA, Iraq, 
Saudi Arabia and South Africa 
to investigate shockwave impact 
on urad seeds and their effect on 
plant growth and development. 
Shockwaves are pressure waves 
that give a sudden jerk when it 
hits a surface.  

The team washed and air-dried 
the urad seeds and packed them 
in plastic holders. They used 
a shock tube, an instrument 
that produces shockwaves, and 
exposed the samples to varying 
shock pulses. Then researchers 
sowed the treated urad seeds 
in pots made of polythene bags, 
each containing 100 grams of 
gravel and 1.5 kilograms of red 
soil. The red soil has high ion 

Urad seeds and plant
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content and moisture retention 
properties, which can help in 
seed germination and plant 
growth. Additionally, they sowed 
untreated seeds in another pot to 
compare growth parameters. 

The watering was regular, and the 
researchers regularly monitored 
seed germination. After every 
five	 days,	 they	 recorded	 plant	
height, shoot length, root length, 
leaf number, branches, and 
flower	 count.	 The	 observations	
suggest that shockwaves 
enhanced the seed germination 
rates and boosted plant health. 
The plants with treated seeds 
had comparatively longer heights 
and	induced	faster	flowering.	

After 83 days of growth, the 
plants were examined for 
chlorophyll content using 
spectroscopic photometry. They 
found that treated seed plant 
contains higher chlorophyll 
levels than untreated seeds. It 
suggests their ability to perform 
more photosynthesis and give 
better yield. 

The team conducted multiple 
tests to know the amounts of 
phytochemicals in the plants. The 
phytochemicals	 like	 flavonoids	
and steroids are absent in 
control but present in high 
concentrations in treated plant 
samples. Alkaloids are present 
in control yet absent in treated 
samples. Phenols and proteins 
were present in all but high in 
treated samples. 

“These variations in 
phytochemical levels are due to 
pressure exerted by shockwaves, 

which stimulated plant growth,” 
say the researchers. 

The current work got published 
in the Physiological and Molecular 
Plant Pathology journal volume 
117. Further research towards 
investigating mechanisms of 
shockwave in urad seeds can 
contribute to more improved 
growth of plants, which can 
secrete more phytochemicals and 
increase urad yield. 

Sargassum fusiforme 
reduces liver and 
kidney damages
Cisplatin is one of the most 
effective chemotherapeutic drugs 
used for treating various types 
of cancer. However, cisplatin 
accumulates in the kidney causing 
nephrotoxicity and kidney 

failure. Also, cisplatin generates 
free radicals that hinder normal 
liver functioning. Thus, there is a 
need to reduce the side effects of 
cisplatin. 

Over the last few years, research 
has found stunning potentials of 
seaweeds in the medical sector. 
Can seaweeds help to reduce 
cisplatin-induced liver and 
kidney damages? To investigate, 
a group of researchers from 
India, the Republic of Korea, 
Saudi Arabia and Egypt worked 
on Sargassum fusiforme, a 
brown seaweed having anti-
inflammatory,	 antioxidant	 and	
anticoagulant properties. 

The team collected Sargassum 
fusiforme from seashores of 
Ramanathapuram district, 
Tamil Nadu. The seaweeds were 

Sargassum fusiforme
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washed, dried, powdered and 
mixed with ethanol to form the 
extracts. 

They analysed ethanolic extracts 
using gas chromatography-mass 
spectrometry	 and	 identified	
three bioactive compounds: 1, 
19-eicosadiene, palmitic acid and 
11-dodecen-1-ol	 trifluoroacetate,	
which can protect kidney and 
liver damages. 

To test the effect of the extract, 
the researchers induced liver 
and kidney damage in Wistar 
albino male rats by injecting 
them with a single dose of 
cisplatin. It was followed by the 
oral administration of varying 
extract concentrations to the 
rats. Additionally, the team-
maintained groups of rats 
without cisplatin and rats with 
cisplatin but no administered 
extract for comparison. 

After 30 days, the researchers 
collected blood from rats and 
conducted various biochemical 
tests to estimate liver and 
kidney functioning. Results 
indicated high levels of alkaline 
phosphatase and bilirubin in 
cisplatin injected rats than in the 
controls which contribute to liver 
damage. Oral treatments with 
ethanolic	 extracts	 significantly	
helped in maintaining their 
normal levels. 

Similarly, high serum cholesterol 
and triglycerides levels were 
evident in cisplatin rats. Oral 
administration of S. fusiforme 
extract reduced the lipid levels 
and brought them close to levels 
of controlled rats. Cholesterol and 

lipid-lowering may be attributed 
to the extract’s ability to stimulate 
the production of lecithin-
cholesterol acyltransferase 
enzymes that help transport out 
cholesterol from tissues. 

Biochemical tests also 
revealed that injecting 
cisplatin considerably reduced 
biomarkers for creatinine, uric 
acid and urea. Besides this, 
there is an apparent increase in 
calcium, potassium, sodium and 
protein biomarkers. It causes the 
accumulation of wastes in the 
kidneys, causing renal damage. 
Treating rats with S. fusiforme 
ethanolic extracts helped 
maintain the normal functioning 
of biomarkers, thereby reducing 
kidney damage. 

Finally, the team conducted a 
histological study to support the 
biochemical testing. The study 
involved the removal of liver 
and kidney from rats, followed 
by	 preparing	 their	 fine	 sections	
using a microtome. These 

sections were examined using 
photomicroscopy. 

The observations suggest that 
cisplatin caused loss of liver 
tissues and altered the structure 
of liver cells. The kidney sections 
showed congestion in blood 
vessels. However, orally treated 
rats showed improvements in 
overall kidney and liver sections. 
The ethanolic extracts sections 
were comparable with control 
rat sections that do not have 
cisplatin.

The current research got 
published in the journal 
Physiological and Molecular Plant 
Pathology, volume 117. 

The work has made a novel 
attempt to reduce the side effects 
of cisplatin using S. fusiforme 
seaweed extract. Further research 
can make these extracts a potent 
pharmaceutical formulation to 
treat drug-induced liver and 
kidney damage. 

 Plants of Sugarcane
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Cultivating 
sugarcanes using 
nutrient management 
approach 
Saccharum	 officinarum	 or	
sugarcane is one of the most 
profitable	 crops	 globally	 grown	
in the tropics and subtropics. 
However, sugarcanes are 
exhaustive crops and rapidly 
uptake nutrients, causing 
nutrient depletion in the soil. 
Most farmers rely on chemical 
fertilisers to constantly replenish 
the soil nutrients. These fertilisers 
gradually turn soil barren as all 
organic content gets lost. 

Rajan Bhatt from the Punjab 
Agricultural University has been 
working to promote sustainable 
crop production. He decided 
to	 find	 an	 integrated	 nutrient	
management approach to solve 
the nutrient depletion issue of 
sugarcane planting. He teamed 
up with researchers from 
Bangladesh, Saudi Arabia and 
Egypt to explore combinations 
of organic matter and inorganic 
fertilisers and examine their 
effect on soil quality and 
sugarcane yield. 

The team designed seven nutrient 
replenishment treatments for 
soil, one being control and the 
other involving only chemical 
fertilisers.	 The	 remaining	 five	
treatments involved the use of 
fertilisers along with poultry 
litter, cow dung, press mud, 
mustard oil cake and green 
manure. 

Initially, for raising sugarcane 
plantlets, poly bags were used. 

The researchers made trenches 
in seven plots. They added a 
particular set of organic matter 
and fertiliser into the trenches 
and transplanted the sugarcane 
plantlets. After 30 days of 
transplant, nitrogen got added. 

Additionally, after 120 and 180 
days, desired doses of nitrogen 
and potassium fertilisers got 
added.

The team grew the sugarcanes 
for two years using nutrient 
replenishing treatments. After 
the harvest, they compared 
soil quality by checking pH and 
examining the amount of organic 
carbon, nitrogen, phosphorus, etc., 
using spectrometric techniques.

“Combination of fertilisers with 
poultry litter and cow dung 
best retains soil quality,” says 
Rajan Bhatt, Punjab Agricultural 
University. 

The researchers recorded 
various physical parameters 
of sugarcanes. It included the 
number of canes, internodes, and 
leaves, along with stem height, 
width and weight.

Data suggest that fertilisers 
with poultry litter improved the 
overall growth properties of the 
sugarcanes. Cow dung treatment 
also helped enhance sugarcane 
growth. However, other 
treatments	showed	no	significant	
difference in physical parameters 
compared to the treatment using 
only fertilisers. 

The team extracted the sugarcane 
juice and checked its quality in 

terms of total solid content and 
purity. Sugarcane quality was 
appreciable in all treatments 
but slightly enhanced in poultry 
litter treatment. The purity of 
sugarcane juice refers to the 
percentage of sucrose out of the 
total solid content. Green manure 
treatment yielded high purity of 
sugarcane juice. 

Further, the researchers prepared 
jaggery blocks from the juice and 
analysed many of their textural 
and chemical properties.  

“Again, the fertiliser and 
poultry litter treatment gave 
superior quality jaggery,” say the 
researchers. 

Finally, the team did economic 
analysis to know the most 
cost-effective approach. The 
calculations reveal that poultry 
litter with fertilisers gives 
maximum	 profit	 to	 the	 farmer.	
On the other hand, mustard oil 
cake had the highest expense. 

Therefore, the present research 
highlights that the use of 
fertilisers along with poultry 
litter and cow dung can be a 
profitable	 nutrient	 management	
technology for farmers involved 
in sugarcane cultivation. 
The work got published in 
Phyton-International Journal of 
Experimental Botany, volume 91, 
issue 2. 

Shwetakshi Mishra 
Dhempe College of Arts and Science, 
Panaji-403001  (Goa)
E-mail: shwetakshimishra@gmail.com  
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S&T Advances
Automatic 
identification of rice 
plant disease
Brown spot, bacterial leaf blight 
and rice blast are diseases of 
rice that reduce productivity. 
Even if only a few rice plants in a 
field	 are	 infected,	 these	 diseases	
can spread fast and destroy the 
whole crop.

These diseases can be 
distinguished by patterns they 
form on the leaf. Can we create 
a system to automatically detect 
these patterns and, therefore, the 
diseases?

Recently, researchers from Tamil 
Nadu and Karnataka came up 
with a method to do this. They 
went around Neduvasal in 
Pudukkottai district, Tamil Nadu, 
and, using a Canon D-3,000 
digital camera, they collected 
around 125 images of rice plants 
with and without these diseases.

Digital images often contain 
artefacts. The researchers 
removed speckles and blurs from 
the	images	using	a	Wiener	filter.

Now, the problem was to remove 
the background and retain only 
the leaves. The researchers 
used the K-means clustering 
algorithm, which partitions data 
into clusters based on centroids. 
The centroids in the background 
create clusters that are distinct 
from those in the leaves – a 
simple unsupervised method 
that separates the leaves from 
the background.

Leaves with brown spot, bacterial 
leaf blight and rice blast have 
distinct shapes and colours. So, 
the researchers extracted colour 
features from the images of the 
leaves using a colour concurrence 
matrix, a pixel colour probability 
for colour features. Using the 
area and diameter of the infected 
region of the leaves, they 
extracted shapes, and texture 
features using grey levels and 
leaf edges. The researchers used 
the colour, shape and texture 
extracted to train a combination 
of support vector machine and a 
neural network algorithm.

“A combination model is faster 
to train and more accurate,” 
explains K.S. Archana, Vels 
Institute of Science, Technology 
and Advanced Studies, Chennai.

The researchers tested their 
model and compared the results 
with results from existing 
algorithms. Their model had 
better accuracy. 

The accuracy ranged from 97 to 
99 per cent for distinguishing 
rice blast and brown spot from 
healthy leaves. For bacterial leaf 

blight, it was around 95 per cent.

Imagine. Soon, farmers may 
be able to use a drone to click 
pictures of rice plants in their 
fields	 to	 identify	 the	 unhealthy	
plants and use timely targeted 
treatments. 

What is more interesting is 
that none of the researchers 
in the team had an agriculture 
background. The team consisted 
mostly of engineers, some 
technology developers and one 
biomedical researcher. But now 
they require agriculture scientists 
to test their system extensively. 
Any takers?

J. Nalini
(STEAMindiaReports)

India evolving as 
frontrunner in high 
power computing
India is fast evolving as a 
frontrunner in high power 
computing with the National 
Super Computing Mission 
(NSM) with supercomputing 
infrastructure already installed 

Brown spot, bacterial leaf blight and rice blast (images by Donald Groth and 
William M. Jr. via Wikimedia Commons)
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in 10 premier institutions like 
IITs, IISc, IISER-Pune, JNCASR-
Bengaluru, various C-DACs, 
NABI	 Mohali,	 and	 benefitting	
researchers from several other 
institutions	 too.	 The	 final	 stage	
installation work is being carried 
out	in	five	more	institutions.	

This will not only help meet 
the increasing computational 
demands of academia, 
researchers, MSMEs, and start-
ups in areas like oil exploration, 
flood	 prediction	 as	 well	 as	
genomics and drug discovery, 
but	 also	 firm	 up	 the	 indigenous	
capability of developing 
supercomputers. 

As part of the National 
Supercomputing Mission, the 
Indian Institute of Science (IISc), 
Bengaluru has installed ‘Param 
Pravega’, one of the most powerful 
Indian supercomputers. Param 
Pravega has a supercomputing 
power	 of	 3.3	 petaflops,	 is	 the	
largest supercomputer that 
has been installed in an Indian 
academic institution.

Going ahead, design and 
development of indigenous server 
nodes, interconnect switch, 
storage and system software 

stack for next generation High-
Performance Computing (HPC) 
systems has been initiated 
with 85 per cent indigenous 
manufacturing. This includes 
India’s	 first	 indigenous	 server	
platform called ‘Rudra’, which 
can meet the HPC requirements 
of all governments and PSUs as 
well as the strategic needs of the 
country.

Besides, a next-generation 
indigenous HPC interconnect 
called ‘Trinetra’ has been 
designed and developed in 
the	 country	 for	 efficient	 inter-
node communication between 
compute nodes. This will help 
improve	 power	 efficiency	
and also support large- 
scale systems.

The National Supercomputing 
Mission was launched to 
enhance the research capacities 
and capabilities in the country 
by connecting them to form 
a supercomputing grid, with 
National Knowledge Network 
(NKN) as the backbone. The 
NSM is setting up a grid of 
supercomputing facilities 
in academic and research 
institutions across the country. 
Part of this is being imported 
from abroad, and part built 
indigenously, the latter being 
increased with time. The 
Mission is being jointly steered 
by the Department of Science 
and Technology (DST) and the 
Ministry of Electronics and 
Information Technology (MeitY) 
and implemented by the Centre 

Trinetra-B PCB  ‘Rudra’ server platform Rudra based pilot system
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for Development of Advanced 
Computing (C-DAC), Pune, and 
the Indian Institute of Science 
(IISc), Bengaluru.

‘PARAM	 Shivay’,	 the	 first	
supercomputer assembled 
indigenously, was installed in 
IIT-BHU, followed by PARAM 
Shakti, PARAM Brahma, PARAM 
Yukti, PARAM Sanganak at IIT-
Kharagpur, IISER-Pune, JNCASR-
Bengaluru and IIT-Kanpur, IIT-
Hyderabad, NABI-Mohali, and 
CDAC-Bengaluru.

India’s march towards leadership 
position in supercomputing 
found a fresh dimension with 
the convergence of HPC and 
Artificial	 Intelligence	 (AI).	 A	
200-AI	 PF	 Artificial	 Intelligence	
supercomputing system created 
and installed at C-DAC can 
handle incredibly large-scale AI 
workloads, increasing the speed 
of computing related to AI several 
times. PARAM Siddhi-AI, the 
high-performance computing-
artificial	 intelligence	 (HPC-AI)	
supercomputer, has achieved 
global ranking of 62 in the Top 500 
most powerful supercomputer 
systems in the world, released on 
16 November 2020.

The mission has also created the 
next generation of supercomputer 
experts by training more than 
11,000 HPC aware manpower and 
faculties. To expand the activities 
of the HPC training, four NSM 
Nodal Centres for training in HPC 
and AI have been established at 
IIT- Kharagpur, IIT-Madras, IIT-
Goa, and IIT-Palakkad. These 
centres have also conducted 
online training programmes in 
HPC, AI, and other areas.

In the upcoming year, nine 
more supercomputers will be 
commissioned and installed at 
institutes like IIT-Bombay, IIT-
Madras, IIT-Patna, IIT-Delhi, IUAC-
Delhi, CDAC-Pune, SNBNCBS, 
NCRA-Pune, and NIC-Delhi.  

Powered by the NSM, India’s 
network of research institutions, 
in collaboration with the industry, 
is scaling up the technology and 
manufacturing capability to make 
more and more parts in India, 
taking indigenous manufacturing 
to 85 per cent. 

This mission will provide access 
to High-Performance Computing 
(HPC) facilities to several 
institutions and thousands of 
active researchers, academicians 
working through National 
Knowledge Network (NKN) – the 
backbone for supercomputing 
systems. 

Gold-‘nanorods’ pave 
the way for efficient 
detection of food 
contamination
In a recent study, Indian 
researchers have found that 
properties of gold-nanorods can 
be tuned by applying external 
forces for devising sensors that 

can detect trace amounts of 
molecules, paving the way for 
more	 efficient	 way	 of	 detecting	
food contamination. 

Gold nanorods have unique 
plasmonic properties. They 
can be used as sensors in the 
detection of minute amounts 
of particles (femto-moles of 
molecules) and also in the 
fluorescent	enhancement	of	 low-
quantum yield molecules. To be 
used as sensors, they needed 
to arrange the particles in 2D 
arrays. 

W. Zaibudeen and Ranjini 
Bandyopadhyay from the Raman 
Research Institute, Bangalore, 
an autonomous institute of 
the Department of Science & 
Technology, Government of India, 
tried to enhance the domain 
sizes of the ordered nanorods by 
applying	 an	 electric	 field.	 They	
changed	 the	 field's	 direction	
and amplitude, which provided 
them control over the domain 
morphologies.

A colloidal droplet of gold 
nanorods (Au-NR) was placed 
in	 an	 electric	 field	 while	 it	 was	
evaporating. During this event, 
the nanorods formed an assembly, 
which led to the formation of very 
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minute and distinct structures or 
patterns. Observation of these 
structures helped the researchers 
to understand that these gold 
nanorods get pushed from the 
droplet’s centre to its edge due 
to the presence of an outward 
flow	 in	 the	 drop,	 resulting	
in the formation of coffee  
stain-like patterns. 

When these patterns were 
observed using a very powerful 
microscope, it was seen that, 
while most of the nanorods 
gathered along the outer edge of 
the ring, some particles remained 
in a scattered arrangement in 
the central part of the ring. This 
meant that there must have been 
a	 flow	 that	 counteracted	 the	
outward	 flow.	 This	 counter-flow	
occurred due to the Marangoni 
effect – a phenomenon that 
results from the gradients in 
surface tension. This effect 
prevents the solid particles from 
depositing at the edge and hence, 
prolongs the entire process. This 
work has been published in the 
journal Soft Matter recently.

The research team studied 
how the Au-NRs react in the 
absence and presence of DC 
electric	 field.	Multiple	 regions	 of	
homogeneously aligned Au-NR 
were detected in the absence 
of	 a	 DC	 electric	 field.	 When	 a	
DC	 electric	 field	 was	 applied	
perpendicular to the substrate, 
the Au-NRs at the outer coffee 
ring edge rotated and aligned 
along	the	applied	field’s	direction.	
However, in other regions of the 
coffee ring, the orientation of the 
Au-NR clusters was found to be 

insensitive to the presence of the 
electric	field.

The scientists concluded that, 
by applying external forces, the 
properties of these ‘nanorods’ can 
be tuned, leading to technological 
implications like devising sensors 
for detecting trace amounts  
of molecules. 

Atmospheric pressure 
on the surface of Pluto 
derived 
A team of scientists, including 
Indian and international 
collaborators, have derived 
the accurate value of Pluto’s 
atmospheric pressure at its 
surface. It is more than 80,000 
times less than the atmospheric 
pressure at mean sea level  
on Earth.

The pressure was calculated from 
data obtained by observation 
of stellar occultation by Pluto 
on 6 June 2020 using the 3.6-
m Devasthal Optical Telescope 
(India’s largest optical telescope) 
and 1.3-m Devasthal Fast 
Optical Telescopes (DFOT) 
located at Devasthal, Nainital,  
Uttarakhand, India. 

In astronomy, an occultation 
happens when a celestial object 
gets hidden from the view of the 
observer due to another celestial 
object passing in between them. 
A compilation of 12 stellar 
occultations by Pluto observed 
between 1988 and 2016 showed 
a three-fold monotonic increase 
of atmospheric pressure during 
this period.

An international team of scientists, 
including members from 
Aryabhatta Research Institute of 
Observational Sciences (ARIES), 
used signal-to-noise ratio 
light curves obtained from the 
sophisticated instruments used 
in the observations to derive 
an accurate value of Pluto’s 
atmospheric pressure at its 
surface. It was found to be 12.23 
μbar	–	80,000	times	less	than	the	
atmospheric pressure at mean 
sea level on Earth. They also 
found that the pressure at the 
surface is close to the seasonal 
peak of Pluto.  

The blue curves are a simultaneous fit 
to the 6 June 2020 stellar occultation 
by Pluto light curves (black squares) 
obtained with the 3.6-m and 1.3-m 

telescopes of ARIES at Desvasthal, 
over a 320-s interval bracketing the 
event. The residuals (observation-
minus-model) are plotted in green 
below each light curve. The value 

of χ2d of, the χ2 per degree of 
freedom for each fit, is displayed at 
the lower right corner of each light 

curve. The lower and upper horizontal 
lines are the normalised total flux 

(star+Pluto+Charon) and the zero flux 
levels, respectively. The 3.6-m light 
curve has been shifted vertically by 

+1.2 for better viewing.
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The research published in 
Astrophysical Journal Letters 
(ApJL)  showed that since mid-
2015, Pluto’s atmosphere is in 
a plateau phase close to peak 
and is in excellent agreement 

with the model values calculated 
earlier by the Pluto volatile 
transport model in 2019. The 
team explained further that this 
occultation was particularly 
timely as it can test the validity 

of the current models of Pluto’s 
atmosphere evolution. 

The	 study	 also	 confirms	 earlier	
findings	that	Pluto	suffers	intense	
seasonal episodes because of 
large depression on Pluto, known 
as Sputnik Planitia. Pluto’s poles 
remain, for decades, in permanent 
sunlight or darkness over its 248-
year long orbital period leading 
to strong effects on its Nitrogen 
(N2) atmosphere that is mainly 
controlled by vapour pressure 
equilibrium with the surface N2 
ice. Moreover, as Pluto is now 
moving away from the Galactic 
plane as seen from Earth, stellar 
occultations by the dwarf planet 
are becoming increasingly rare, 
making this event a decisive one.

Study establishing 
connection between 
heat stress and local 
climate zones can 
help urban climate 
planning
A new study investigating 
relationship between heat 
stress and local climate zones 
has found that sparsely built 
areas in local climate zones are 
highly susceptible to daytime 
heat stress, while night-time 
heat stress was prevalent in the 
compact zones. 

The study which establishes 
the direct relationship between 
heat stress and the nature of 
local climate zones can help in 
the climate-resilient planning of 
urban areas. 

India faces major risks from 

a) 1.3m DFOT b) 3.6 m DOT

(a) Logger location at LCZ 3; (b) Logger location at LCZ 9; (c) Canopy level  
view of LCZ 6B; (d) Location of Maharashtra state in India; (e) Location of  

Nagpur city; (f) LCZ classification of Nagpur city
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climate change-driven extreme 
heat. In recent years, several 
states/districts/cities/towns 
in India have been severely 
affected and experienced 
extreme heat stress. The city of 
Nagpur, located in the Vidarbha 
region of Maharashtra state, 
has a tropical climate with dry 
conditions prevailing throughout 
the year. Summer seasons are 
extremely hot. Recently, the 
city has experienced extreme 
temperatures with recurrent heat 
waves of increasing duration and 
intensity.

Researchers led by Dr. Rajashree 
Kotharkar from Visvesvaraya 
National Institute of Technology 
(VNIT), Maharashtra, 
investigated the relationship 
between heat stress and local 
climate zones (LCZs) of Nagpur 
city using two indices, heat 
index (HI) and humidex (HU). 
They	 identified	 eight	 LCZs	
covering more than 80 per cent 
of city’s land cover to assess 
heat stress scenario of Nagpur 
and concluded that sparsely 
built areas (LCZ 9) were highly 
susceptible to day-time heat 
stress while night-time heat 
stress was prevalent in the 
compact zones (LCZs 3 and 32).

The	LCZs	are	formally	defined	as	
the regions of uniform surface 
cover, structure, material, 
and human activity that span 
hundreds of metres to several 
kilometres in horizontal scale.

The researchers who investigated 
urban climatological aspects of 
built environment and intra-
urban variation in thermal 

comfort regime across different 
local climate zones (LCZs) of 
Nagpur	 city	 earlier	 identified	
strategies to mitigate the Urban 
Heat Islands (UHI) effect in 
critical LCZs.

In this study published in the 
journal Urban Climate, the 
researchers analysed whether 
different LCZs have an impact 
on heat stress levels and 
identified	the	LCZs	prone	to	heat	
stress. Furthermore, a logistic 
regression model was developed 
to understand percentage change 
in odds for LCZs using predictor 
variables.

The LCZ map of Nagpur prepared 
in a previous study funded 
by Science and Engineering 
Research Board (SERB), DST, 
Government of India, was applied 
to assess summertime heat stress 
across different zones. The team 
consisting of architects, urban 
planners, and mathematicians 
collected summertime micro-
meteorological data for two 
consecutive years (2017 and 
2018) across different local 
climate zones in Nagpur city. 

The percentage distribution of 
heat stress conditions across 
LCZs was computed using heat 
index and humidex. At a given 
time, HU shows higher risk than 
HI for a particular LCZ under 
similar weather conditions. In 
case of HI, during the daytime, 
mostly ‘hot’ and ‘very hot’ 
conditions are observed, while 
for HU, ‘hot’, ‘very hot’ and 
‘extremely hot’ conditions were 
observed. 

In the research supported 
by Human Capacity Building 
(HCB) Programme of CCP-
SPLICE, Department of Science 
& Technology (DST), two kinds 
of probability were investigated, 
viz. the distribution of heat 
stress levels in a particular LCZ 
and how vulnerable are various 
LCZs to a given heat stress 
level.	 The	 research	 confirmed	
thermal differentiation across 
different local climate zones 
and supported the application 
of LCZ scheme as a potential 
framework to evaluate city-level 
heat stress. 

(DST Media Cell)

Distribution of heat stress across LCZs
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nRDC transfers 
technology on 
a process for 
manufacturing 
graphene from waste 
plastic 
 NRDC and M/s Hexorp Industries 
Pvt Ltd, Nainital, Uttarakhand 
signed an agreement for licensing 
a ‘A Process for Manufacturing 
Graphene from Waste Plastic’ 
developed by Kumaun University. 
In this technology waste plastic 
is recycled to produce a carbon 
nano-material graphene, and 
liquid and gaseous fuels.

The license agreement was 
signed between Commodore 
Amit Rastogi (Retd.), CMD NRDC 
and Shri Akshat Shah, Director 
M/s Hexorp Industries Pvt Ltd 
at	 the	 NRDC	 office	 premises,	 
New Delhi.

The technology offers a 
simple and novel process for 
manufacturing graphene from 
waste plastic. Graphene and 
other high value added products 
are manufactured through an 
eco-friendly process by recycling 
waste plastic. Thus, the waste 
plastics can be economically 
recycled through this process 
while consuming low energy 
and conserving the ecology and 
environment.

The technology will provide 
a solution for solid waste 
management problems and 
will promote the 'Waste to 
Wealth Mission' of the Prime 
Minister’s Science, Technology 
and Innovation Advisory 

nRDC news

Council (PMSTIAC), a much-
needed impetus to India's 
recycling industry. The Waste 
to Wealth Mission is one of the 
nine	 scientific	 missions	 of	 the	
PMSTIAC. 

nRDC contributes 
towards education
National Development 
Corporation (NRDC) has provided 

an amount of `35,500 to Isha 
Vidhya Higher Secondary School, 
Coimbatore for scholarship, 
under the initiative of Corporate 
Social Responsibility (CSR). The 
amount of the scholarship will 
be spent on the education of a 
student Nandini who has been 
selected by the school. This 
scholarship will be given to only 
those students who want to join 
the Indian Navy. Since Nandini 

Shri Akshat Shah, Director M/s Hexorp Industries Pvt Ltd, Nainital and Cmde Amit 
Rastogi (Retd.), CMD NRDC exchanging the license agreement 

Commodore Amit Rastogi (Retd.), CMD, NRDC (second from right), Shri R.K. 
Nangia, In-charge Personnel & Administration, NRDC (1st from right) and Savitri, 
Principal, Isha Vidhya Higher Secondary School (second from left) in a discussion 

with the student Nandini (3rd from left)  
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wants to join the Indian Navy, 
this scholarship goes to her.

On behalf of NRDC, Commodore 
Amit Rastogi (Retd.), CMD and 
Shri R.K. Nangia, In-charge 
(Personnel and Administration), 
NRDC visited the school and met 
the student Nandini and wished 
her good luck for her bright 
future. Commodore Rastogi also 
provided a book and some useful 
study materials to Nandini for 
preparing for the Indian Military 
examination. He shared the 
necessary information with the 
students and also guided them 
on how to prepare for the Indian 
Military examinations.

During the conversational 
programme, the Principal of 
the school, Savitri and the 
students were present. An 
online programme was also 
organised by NRDC for the 
students of the school in which 
they were given information 
related to intellectual property  
rights (IPRs).

This initiative by the Corporation 
under CSR was dedicated to the 
bright future of the students.

nRDC joins hands 
with CSIR-CSIO to 
organise webinar 
on IP management 
and technology 
commercialisation
National Research Development 
Corporation in association 
with CSIR-CSIO, Chandigarh 
organised a national webinar 
on ‘Intellectual Property 

Management and Technology 
Commercialisation for 
Atmanirbhar Bharat on 24 
February 2022, where more 
than 60 delegates participated, 
comprising scientists, 
researchers, academics, 
and startup and industry 
representatives. The session 
was coordinated by Dr. Prashant 
Kumar, Sr. Scientist, CSIR-CSIO, 
Chandigarh. At the event, the 
special address was delivered by 
Prof. S. Anantha Ramakrishna, 
Director CSIO, Chandigarh, who 
emphasised upon the need for IPR 
protection and its monetisation 
for self reliance in technology. 
Commodore Amit Rastogi 
(Retd), CMD, NRDC, appreciated 
CSIR-CSIO’s contribution in 
making innovations during the 
pandemic and also extended 
congratulations for the initiative 
taken in organising the national 
webinar. He emphasised the 
role of NRDC, and stressed on 

the need for collaborating with 
CSIO for addressing the issues 
of scale-up and validation of 
technologies. He stressed upon 
the need for IPR issues to be 
addressed while promoting 
innovations	 to	 fulfill	 societal	
needs. Dr. Bijay Kumar Sahu, 
Regional Manager of NRDC while 
addressing the technical session 
emphasised on the role of IP, its 
management, facilitation and 
commercialisation.

NRDC is reaching out to all 
national laboratories in a 
mission mode to identify the 
lab scale technologies, where 
they can be further validated 
and scaled up with proper IP 
protection and management for 
commercialisation to startups, 
MSMEs and industries. There 
was a very fruitful deliberation 
between participants and 
speakers of the webinar.

Commodore Amit Rastogi (Retd), CMD, NRDC (top),  Prof. S. Ananta 
Ramakrishnan, Director, CSIR-CSIO, Chandigarh (middle of lower row), Dr. B K 

Sahu Regional Manager, NRDC IPFC and TISC Visakhapatnam (left in lower row) 
and Dr. Prashant Kumar, Sr Scientist, CSIR-CSIO, Chandigarh (extreme right) 

addressed the national webinar
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