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The Largest Eye in the Sky
The James Webb Space Telescope to be 
launched in December 2021, is the biggest 
& most expensive space telescope ever 
built by humans  and is going to become 
a successor to the most successful space 
telescope – the ‘Hubble Space Telescope’. 
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INDIA’S space programme has always 
evoked a sense of pride among the country’s 
citizens. From a modest beginning nearly 
six decades back, when a Nike-Apache 
sounding rocket was launched on 21 
November 1963, the Indian Space Research 
Organisation (ISRO) has transitioned 
to creating world-class facilities and 
developing precision launching expertise. 
Along the way, it notched up enviable 
successes like launching the lowest-cost 
mission to the Moon and Mars. 

The transformation of the Indian space programme from its humble beginnings to facing 
technology denials and to a situation today where foreign countries look up to ISRO for 
the launch of their satellites is truly remarkable. ISRO’s successes and its endeavours over 
the years have truly positioned India as one of the major space-faring nations in the world.

The Hon’ble Prime Minister Shri Narendra Modi recently heralded the next major 
transition for India’s space programme when he launched the Indian Space Association 
(ISpA) – a premier industry association of space and satellite companies. This has opened 
up the space sector for further accelerated expansion of India’s space industry aiming at 
making the country not only Atmanirbhar but a leading global player in the space arena.    

The founding members of ISpA include Bharti Airtel, Larsen & Toubro, Nelco (Tata 
Group), OneWeb, Mapmyindia, Walchandnagar Industries and Alpha Design Technologies. 
Other core members include Godrej, Hughes India, Ananth Technology Limited, Azista-
BST Aerospace Private Limited, BEL, Centum Electronics, Maxar India.        

The creation of ISpA is expected to give further fillip to India’s global space ambitions 
by creating an ecosystem for global networking of the Indian space industry, bringing in 
critical and advanced technologies and investments while at the same time creating high 
skill jobs. Working in close coordination with the Indian National Space Promotion and 
Authorization Center (IN-SPACe) and Indian Space Research Organisation (ISRO), among 
the stated objectives of ISpA are the creation of space hubs and incubators and supporting 
space start-ups – a recognition of India’s large pool of talent and home-grown technology 
startups.

According to ISRO, the current size of the global space economy stands at about USD 
360 billion. However, India accounts for only about 2% of the space economy with a 
potential to capture 9% of the global market share by 2030. The coming years are expected 
to unravel exciting possibilities in the space arena as the Indian Space Association teams 
up with the official space agencies to make India a leader in space with a strong ‘Make in 
India’ element.
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SPECTRUM

Can Graphene Valleytrionics Pave the Way to 
Household Quantum Computers?

Visualization of valley polarization
Short flashes of laser (shown in red) shine on a single layer of 
hexagonal graphene (shown by the hexagonal plane in grey). Due 
to the light-matter interaction, graphene exhibits different electronic 
populations at the alternate corners of the hexagon (indicated by the 
filled cones at the corners). These different populations, known as 
valley polarization, can be treated as 0 and 1: the basis of a qubit. 

(Image credit: Dr Gopal Dixit from IIT Bombay)

Source: Press Release, IIT Bombay

QUANTUM computers that often make the news — 
such as those at Google, IBM, or Microsoft — are 
large, complex, and expensive, and can only operate 

at ultra-low temperatures of nearly –200°C. This makes them 
very impractical for use on a large scale. Now, researchers 
from the Indian Institute of Technology (IIT) Bombay have 
found a way to use pristine graphene for encoding, processing, 
and storing quantum information, opening doors to much 
simpler, small-sized quantum computers that can operate at 
room temperature. 

Quantum computers have recently become a hot-button 
topic because of their theoretical potential to outperform 
conventional computers by several orders of magnitude in 
terms of speed. Quantum Computing will enable the faster 
execution of molecular simulations, big data analysis, deep 
learning, and other computationally intensive tasks, in turn, 
accelerating molecular research and the development of new 
drugs, helping in the search for cures to complex diseases, 
including COVID-19, not to mention the ways in which it can 

create uncrackable cybersecurity measures and revolutionise 
artificial intelligence. 

A quantum computer can achieve these feats because it 
encodes information in quantum bits rather than the binary 
“0” or “1” that regular electronics use. Quantum bits 
are superpositions of “0” and “1”, and can therefore take 
intermediate values, making computations much faster. 
Sadly, such quantum computation is not yet possible at room 
temperature; and existing computers, such as those owned by 
Google, IBM, and Microsoft, have to be kept at ultra-low 
temperatures below –196.1°C, which makes them costly and 
impractical to operate.

Fortunately, a very promising novel approach for 
encoding quantum information is actively being explored to 
overcome these challenges: valleytronics.

Aside from their charge, electrons have another 
parameter that can be manipulated: their “valley pseudospin,” 
which are the local minima in the energy bands of solids that 
can be occupied by electrons. By manipulating how many 
electrons occupies each of the valleys, quantum information 
can be encoded, processed, and stored at less restrictive 
temperatures. 

A team of scientists from the Indian Institute of 
Technology (IIT) Bombay, and Max-Born Institut, Germany, 
have achieved a breakthrough in valleytronics that opens up 
the road to taking quantum computers all the way to room 
temperature operation. Their findings, published in Optica, 
describe a way to perform valley operations in single-layer 
(one atom thick) or pristine graphene (carbon atoms arranged 
in a hexagonal sheet structure), which was hitherto assumed 
to be impossible — atomically thin layers of graphene have 
electron valleys but, due to the material’s inherent symmetry, 
they were deemed useless for valley operations. 

The team, led by Associate Professor Gopal Dixit from 
IIT Bombay, came up with a strategy to break graphene’s 
valley symmetry using light. Dr Dixit explains: “By tailoring 
the polarization of two beams of light according to graphene’s 
triangular lattice, we found it possible to break the symmetry 
between two neighbouring carbon atoms and exploit the 
electronic band structure in the regions close to the valleys, 
inducing valley polarization.”

In other words, this enables the use of graphene’s valleys 
to effectively “write” information.

Reference
M.S. Mrudul, Álvaro Jiménez-Galán, Misha Ivanov, 
and Gopal Dixit, “Light-induced valleytronics in pristine 
graphene,” Optica 8, 422-427 (2021).
DOI: https://doi.org/10.1364/OPTICA.418152
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AI may Spot Unseen Signs of Heart Failure

MOUNT Sinai researchers have created a special 
artificial intelligence (AI) based computer algorithm 
that was able to learn how to identify subtle changes 

in electrocardiograms (also known as ECGs) to predict 
whether a patient was experiencing heart failure. Ordinarily, 
diagnosing these types of heart conditions requires expensive 
and time-consuming procedures. The researchers hope that 
this algorithm will enable quicker diagnosis of heart failure.

The researchers, led by Benjamin S. Glicksberg, Assistant 
Professor of Genetics and Genomic Sciences, a member of the 
Hasso Plattner Institute for Digital Health at Mount Sinai, said 
that deep-learning algorithms can recognize blood pumping 
problems on both sides of the heart from ECG data.

The study, published online in Journal of the American 
College of Cardiology: Cardiovascular Imaging on 13 
October 2021, was led by Akhil Vaid, a postdoctoral scholar 
who works in both the Glicksberg lab and one led by Girish 
N. Nadkarni, Associate Professor of Medicine at the Icahn 
School of Medicine at Mount Sinai.

Heart failure, or congestive heart failure, occurs when 
the heart pumps less blood than the body normally needs. For 
years doctors have relied heavily on an imaging technique 
called an echocardiogram to assess whether a patient may be 
experiencing heart failure. While helpful, echocardiograms 
can be labour-intensive procedures that are only offered at 
select hospitals.

However, recent breakthroughs in artificial intelligence 
suggest that electrocardiograms – widely used electrical 
recording devices – could be a fast and readily available 
alternative for diagnosis in these cases. For instance, many 
studies have shown how a “deep-learning” algorithm can 
detect weakness in the heart’s left ventricle that pushes freshly 
oxygenated blood out to the rest of the body. The researchers 
have described the development of an algorithm that not only 
assessed the strength of the left ventricle but also the right 
ventricle, which takes deoxygenated blood streaming in from 
the body and pumps it to the lungs.

“Although appealing, traditionally it has been challenging 
for physicians to use ECGs to diagnose heart failure. This 
is partly because there have been no established diagnostic 
criteria for these assessments and because some changes 
in ECG readouts are simply too subtle for the human eye 
to detect,” says Dr Nadkarni. “This study represents an 
exciting step forward in finding information hidden within the 
ECG data which can lead to better screening and treatment 
paradigms using a relatively simple and widely available test.”

Typically, an electrocardiogram involves a two-step 
process. Wire leads are taped to different parts of a patient’s 
chest and a specially designed portable machine is used to 
print out a series of waveforms, representing the heart’s 
electrical activity. These machines require minimal training 
to operate.

For this study, the researchers programmed a computer 
to read patient electrocardiograms along with data extracted 

from written reports summarizing the results of corresponding 
echocardiograms taken from the same patients. Here, the 
written reports acted as a standard set of data for the computer 
to compare with the electrocardiogram data and learn how to 
spot weaker hearts.

Language processing programs helped the computer 
extract data from the written reports. Meanwhile, special 
neural networks capable of discovering patterns in images 
were incorporated to help the algorithm learn to recognize 
pumping strengths.

Dr Vaid says, “We wanted to push the state of the art by 
developing AI capable of understanding the entire heart easily 
and inexpensively”. 

The computer was then used to read more than 700,000 
electrocardiograms and echocardiogram reports obtained 
from 150,000 Mount Sinai Health System patients from 
2003 to 2020. Data from four hospitals was used to train 
the computer, whereas data from a fifth one was used to test 
how the algorithm would perform in a different experimental 
setting.

Dr Nadkarni says, “A potential advantage of this study 
is that it involved one of the largest collections of ECGs from 
one of the most diverse patient populations in the world”.

Initial results suggested that the algorithm was effective 
at predicting which patients would have either healthy or 
very weak left ventricles. Here strength was defined by 
left ventricle ejection fraction – an estimate of how much 
fluid the ventricle pumps out with each beat as observed on 
echocardiograms. Healthy hearts have an ejection fraction of 
50 percent or greater while weak hearts have ones that are 
equal to or below 40 percent.

The researchers say the algorithm was 94 percent accurate 
at predicting which patients had a healthy ejection fraction and 
87 percent accurate at predicting those who had an ejection 
fraction that was below 40 percent.

Further results suggested that the algorithm also learned 
to detect right valve weaknesses from the electrocardiograms. 
In this case, weakness was defined by more descriptive 
terms extracted from the echocardiogram reports. Here the 
algorithm was 84 percent accurate at predicting which patients 
had weak right valves.

“Our results suggested that this algorithm may eventually 
help doctors correctly diagnose failure on either side of the 
heart,” Dr Vaid said.

Finally, additional analysis suggested that the algorithm 
may be effective at detecting heart weakness in all patients, 
regardless of race and gender.

The researchers are in the process of carefully designing 
prospective trials to test out its effectiveness in a more real-
world setting.

Contributed by Mr Biman Basu, former Editor, Science Reporter. 
Address: B-602, Anandlok Apartments, Purvasha Society, Mayur 
Vihar Phase-I, New Delhi-110091. E-mail: bimanbasu@gmail.com
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Fluid Dynamics Studies on Homemade 
Facemasks and Non-invasive Eye Procedures

Source: IISc Press Release

(a) Cough droplet atomisation and various homemade facemasks (b) Droplet generation from corneal tear film during 
the non-contact tonometry process

SINCE the start of the COVID-19 pandemic, the use of 
homemade facemasks has been advised as a possible 
substitute for commercially available surgical or N95 

masks. 
Researchers at IISc (Indian Institute of Science) have 

carried out a detailed study on the fate of a large-sized 
surrogate cough droplet impinging at different velocities 
(corresponding to mild to severe coughs) on various locally 
procured cloth fabrics (stole, handkerchief, cotton towel, and 
surgical masks), specifically those which are convenient for 
people to use every day. A single quantity has been formed 
by combining the individual effects of pore size and porosity, 
giving a better insight into the correlation between liquid 
penetration and fabric properties. 

Based on their findings, the researchers recommend using 
a cotton towel (with at least three layers) as a face covering if 
the person cannot use an N95 or a surgical mask. Masks with 
three or more layers are ideally recommended since they can 
suppress aerosolisation significantly. The team also analysed 
the effect of washing on mask effectiveness, and results show 
a negligible influence of washing on mask efficacy up to 70 
wash cycles. This study was carried out by Bal Krishan, 
Dipendra Gupta, Gautham Vadlamudi and Shubham Sharma 
under the guidance of Prof Saptarshi Basu (Department of 
Mechanical Engineering) and Prof. Dipshikha Chakravortty 
(Department of Microbiology and Cell Biology).

In another study, Prof. Saptarshi Basu’s group (Durbar 
Roy, Sophia M, Abdur Rasheed, Prasenjit Kabi) collaborated 
with Narayana Nethralaya Foundation (Dr Abhijit Sinha 
Roy and Dr Rohit Shetty). They provide a complete  

fluid dynamics interpretation of the unexplained 
droplet generation mechanism from corneal tear film 
during an eye procedure called non-contact tonometry  
(which involves an air puff) used routinely for glaucoma 
detection. 

Droplets generated from the rupture of the tear  
film in the human eye may carry viruses like SARS-
CoV-2, which can subsequently spread unnoticed through  
aerosols and fomites. The researchers also describe the 
size scales (0.1-3 mm) and velocity ranges (0.1-5 m/s) of 
droplets ejected during such procedures, which may help 
ophthalmologists and medical practitioners conduct these 
procedures more safely following proper protocols.

References
B. Krishan, D. Gupta, G. Vadlamudi, S. Sharma, D. 
Chakravortty, S. Basu, Efficacy of homemade face masks 
against human coughs : Insights on penetration, atomization, 
and aerosolization of cough droplets Efficacy of homemade 
face masks against human coughs : Insights on penetration, 
atomization, and aerosolization of cough, Phys. Fluids. (2021) 
093309. https://doi.org/10.1063/5.0061007.
D. Roy, M. Sophia, A. Rasheed, P. Kabi, A.S. Roy, R. 
Shetty, S. Basu, Fluid dynamics of droplet generation from 
corneal tear film during non-contact tonometry in the context 
of pathogen transmission, (2020). Phys. Fluids. (2021) 
092109. https://doi.org/10.1063/5.0061007.
Lab website: https://www.saptarshibasulab.com/
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Electronic Media Use Associated with Shorter 
Sleep in Children

BMC, Scientific Press Release

USING phones, tablets and other electronic media has 
been associated with shorter sleep in children and 
adolescents, in a systematic review published in BMC 

Public Health.
Sleep has a major impact on the health and wellbeing 

of children and adolescents, and insufficient sleep has been 
linked to negative physical and psychological implications. A 
team of researchers at the University of Southern Denmark 
reviewed 49 studies published between 2009 and 2019, with 
the studies involving between 55 and 369,595 children. 
They assessed the potential association of electronic media 
use, including media type and duration, with sleep patterns. 
The authors considered bedtime and sleep onset, sleep  
quality (waking up at night), sleep duration and daytime 
tiredness.

They found that electronic media use was associated with 
shorter sleep duration and that the association was stronger in 
those aged between 6 to 15 years than in children aged five 
and under. In children aged five and under, media use and 
shorter sleep were associated mainly with television and tablet 
use, while in those aged 6 to 15 years, this association was 
present with a wide range of different electronic media such 
as video gaming, computer, mobile phone or smartphone, and 
internet use as well as television among those aged 6 to 12 
years.

The authors also found evidence of an association 
between electronic media use in children aged 6 to 12 
years and delayed bedtime and poor sleep quality. In 
adolescents aged 13 to 15 screen time was associated with  
problems falling asleep, and social media use with poor sleep 
quality.

The authors suggest that the interactive media 
predominantly used by adolescents may be overly stimulating, 
which may explain why there is more evidence for shorter 
sleep in this age group. In all age groups, exposure to 
blue light from screens may suppress the production of  
melatonin – the hormone that regulates sleep – thus leading 
to poorer sleep duration and disturbing the natural sleep-wake 
cycle.

Lisbeth Lund, the lead author, said, “It is important that 
children and adolescents get sufficient sleep to avoid negative 
health consequences. We also understand that media is an 
important part of our lives. Our findings suggest that parents 
may wish to regulate how much their children are engaging 
with electronic media to potentially improve sleep.”

The 49 studies reviewed included participants from 
North America, Europe, Australia, New Zealand, and other 
Western countries. The authors highlight that the sample is 
specific to these countries and may not be generalisable to 
other countries with different attitudes towards electronic 
media use and parenting styles. The authors also acknowledge 
that most of the included studies were observational and 
therefore did not allow for conclusions about cause and effect 
or the direction between the association of media use and 
sleep quality.

Reference
Electronic media use and sleep in children and adolescents in 
western countries: a systematic review, BMC Public Health 
2021,DOI: 10.1186/s12889-021-11640-9

Image credit: Wikimedia commons
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The James Webb Space Telescope to be launched in December 
2021, is the biggest & most expensive space telescope ever built by 
humans and is going to become a successor to the most successful 

space telescope – the ‘Hubble Space Telescope’.

Artist’s conception of the James Webb Space Telescope. Credit: NASA GSFC-CIL-Adriana Manrique Gutierrez
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THE grand, beautiful and 
insightful images of the Universe 
beamed to us by the Hubble 

Space Telescope (HST) have always 
been a treat to watch and behold. During 
its immensely successful three decades 
of scouring the vast outer space, the 
HST not only revealed secrets of our 
Solar System, our milky way and our 
Universe but also contributed towards 
our understanding of the universe 
through its spectacular images. 

The HST’s discoveries and 
unforgettable photos also created 
huge interest in astronomy and space 
amongst the public in general and 
students in particular across the globe. 
It has been long-lived due to five 
servicing missions in the orbit with the 
help of NASA's space shuttle during its 
lifespan (1990-till date). 

But, the Hubble Space Telescope 
has perhaps lived its life. Besides, it 
has limitations in answering some key 
questions about our ever-expanding 
universe. With advances in technology, 
therefore, discussions amongst 
the global scientific community 
of astronomers, astrophysicists & 
cosmologists were afoot for the past 
two decades to go in for a much 
advanced next-generation telescope. 
This next-gen telescope is the “James 
Webb Space Telescope (JWST)”, to be 
launched in December 2021.

JWST is a joint project of the 
National Aeronautics and Space 
Administration (NASA), European 
Space Agency (ESA) and Canadian 
Space Agency (CSA). Its aim is to 
look at our universe in the Infrared 
Light and its distant past to reveal the 
mystery of the first-generation stars and 
galaxies, and many more unanswered 
questions of the universe. JWST is a 
unique example of unparalleled origami 
engineering and technology ever built 
by humans for outer space. It is the 
most expensive space telescope ever 
developed for space in history. 

JWST Vs HST
The JWST is mainly designed & 
developed to look deeper into distant 
space to observe the first-generation 
stars and galaxies that formed after the 
birth of the Universe almost 13.5 billion 

HST and JWST are complementary observatories; JWST is built upon many of 

years ago. It will also help in studying 
nearby clouds to study the formation of 
stars and planets. 

To achieve this feat, the JWST has 
a very big primary mirror of 6.5 meters 
– much bigger than the HST’s primary 
mirror of 2.4 meters in diameter. Since 
its mirror is 2.7 times larger than the 
HST, this means it has more light-
gathering power. JWST will operate at 
L2 (almost 15 lakh kilometres from the 
earth), while HST is an earth-orbiting 
space telescope.  

JWST is a fully dedicated space 
telescope for Infrared Light whereas 
HST is capable of observing visible 
light and near-infrared light. JWST is 
far-far superior to HST due to its highly 
sensitive instruments and its unique 
location in space. It is a next-generation 
space telescope accommodating several 
innovations and complex pieces of 
engineering.

HST produced over 18000 peer-
reviewed scientific publications with 
more than 10 lakh citations. JWST, 
with its extraordinary capabilities to 
peer in infrared light further into space 
and time than the HST, is expected to 
further contribute to the development 
of new scientific knowledge about our 
universe.

Probing Universe in Infrared 
Light
Why do we need a dedicated advanced 
piece of engineering-based space 
telescope at L2 for observing our 
universe in infrared light? We perceive 
Infrared light as heat – it is invisible 
to our eyes. But in astronomy, 
this portion of the Electromagnetic 
Spectrum has many advantages over 
shorter wavelengths. It can help probe 
astronomical objects through the 
interstellar matter including gaseous 

HST and JWST are complementary observatories; JWST is built upon many of 
Hubble’s amazing discoveries. Credit: NASA, J. Olmsted (STScI)
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clouds and dust due to its longer 
wavelength than the visible band. It 
is a portion of the light that holds the 
potential to reveal many mysteries from 
the very beginning of everything – 
including the first-generation stars and 
galaxies formed in the early universe, 
after the big bang. 

In astronomy, we are wholly 
dependent on incoming light of 
different wavelengths from various 
astronomical sources and objects. And 
it is well-known that light stretches as 
the universe expands. This process is 
known as redshift where light from a 
shorter wavelength shifts to a longer 
wavelength over time. Therefore, 
probing the universe in infrared light 
is an integral part of the JWST space 
mission to study very early light which 
emitted from the first-generation stars 
and galaxies after the big bang in shorter 
ultraviolet and visible wavelengths 
because after so many billions of years 
that light has shifted to the infrared 
light spectrum. 

Astronomical observations using 
science instruments onboard JWST in 
infrared light will not only help us to 
understand better the mysteries of the 
early universe but also shed light on 
the unsolved quest for dark matter and 
energy – ingredients of first-generation 
stars, the evolution of galaxies, and 
exotic black holes. 

The Webb’s Mirrors
To develop mirrors for space-based 
telescopes, we need special materials to 
counter the extremely harmful effects 
of outer space. That is why 'beryllium' 
is used. It is not only a light metal but 

also has many advantages that make it 
highly suitable and appropriate to be 
used in special hexagonal mirrors of 
the telescope. 

Beryllium is a relatively rare 
metal that is one-third the weight of 
aluminium but six times stronger than 
steel. This makes it much more capable 
than glass to bear the frosty cold of 
outer space. The JWST will experience 
an extreme temperature change at 
L2 but thanks to Beryllium, the three 
mirrors will largely remain unaffected. 

The Webb’s Sunshield
The JWST will look at infrared light in 
the range of 0.6 microns to 28 microns 
from very faint and distant objects in 
the universe. To observe very faint 
light, also known as heat signal, the 

telescope has to be kept in an extremely 
cold environment. 

And to achieve a frostily cold 
environment in space at L2, JWST will 
use a specially-engineered five-layered 
tennis court-sized Sunshield of 
protective plastic that will protect the 
telescope and its instruments including 
the mirrors from external sources of 
light and heat such as the Sun, Earth, 
Moon as well as heat emitted by the 
observatory itself. After full 
deployment, thermal models suggest 
that the difference in temperature of the 
Sun-facing side and the cold side will 
be approximately 347˚C. 

Launching the Telescope
For launching this mammoth telescope, 
there is no launch vehicle available 
across the globe with any space agency 
or company that can launch the 
telescope. Therefore, several 
innovations were done to counter the 
challenge of putting the entire telescope 
in the fairing of a launch vehicle. To 
achieve the size constraints, the 
telescope is designed in a foldable 
manner where its primary mirror folds 
and its Sunshield also shrinks so that it 
can be accommodated in the Ariane 5 
launch vehicle's fairing. Arianespace/
European Space Agency's Ariane 5 is 
not only one of the world's most reliable 
launch vehicles but also capable enough 
to deliver the JWST to L2 in space. 

The James Webb Space Telescope has safely 
made it inside the cleanroom at its launch site 
at Guiana Space Center, in French Guiana (Image 
Credit: NASA - Chris Gunn)

The images show how JWST fits into the 
rocket fairing. Credit: ArianeSpace.com

Illustrating the spectrum of EM energy, specifically highlighting the 
portions detected by HST, Spitzer, and Webb space telescopes. 

Credit: NASA - J. Olmsted [STScI]

The James Webb Space Telescope has safely 
made it inside the cleanroom at its launch site 
at Guiana Space Center, in French Guiana 
(Image Credit: NASA - Chris Gunn)

The images show how JWST fits into the 
rocket fairing. Credit: ArianeSpace.com
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Scientific Instruments 
The JWST's mirrors collect incoming 
infrared light from outer space and direct 
the radiation to the onboard science 
instruments. The instruments, as per 
their pre-decided scientific objectives, 
filter the light or spectroscopically 
disperse it before finally reaching 
the light onto the detectors of various 
instruments. 

The Webb telescope has four 
instruments contained within the 
Integrated Science Instrument Module: 

•	 Near-Infrared Camera (NIRCam)
•	 Near-Infrared Spectrograph 

(NIRSpec)
•	 Mid-Infrared Instrument (MIRI)
•	 Fine Guidance Sensor/Near 

InfraRed Imager and Slitless 
Spectrograph (FGS-NIRISS)

Each instrument has detectors 
where photons of infrared light are 
absorbed. The JWST is equipped with 
the above four extraordinarily sensitive 
detectors to record the feeble infrared 
light coming from very far-away 
galaxies, stars, and planets. 

L2 – JWST's Home
In space, L2 is one of the five Lagrange 
points where the Webb Telescope will 
be placed for operations. Lagrange 
points are positions in outer space 
where spacecraft sent there tend to 
stay for a long time with minimal 
fuel consumption needed to remain in 
position. Here the gravitational pull of 
two large masses (in the case of JWST, 
the two masses are the Sun and the 
Earth) accurately equals the centripetal 
force required for a small object to 
move in a constant pattern with the two 
large masses. 

Webb – Incredible Facts

•	 JWST is the largest and most expensive space telescope 
ever built to be placed in space – it is 100 times more 
powerful than the Hubble Space Telescope.

•	 Being extremely big, it is folded in origami-style to fit 
into the rocket – it will be unfolded in space as depicted 
in the famous Hollywood movie “Transformer”.

•	 It has a five-layered Sunshield that protects the Webb 
telescope from the infrared radiation of the Sun, Earth, 
and Moon – it is just like having sun protection of SPF 1 
million.

•	 With unparalleled infrared sensitivity, it will peer back in 
time over 13.5 billion years to see the first galaxies born 
after the Big Bang.

•	 It will orbit the Sun 15 lakh kilometres from the Earth 
while Hubble orbits 560 kilometres above the Earth.

•	 It is extremely sensitive – can even detect the heat 
signature of a bumblebee on the Moon. 

Webb will orbit the Sun 1.5 million kilometers away from the Earth at what is called 
the second Lagrange point or L2. Credit: NASA (The graphic is not in scale)
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There are such five Lagrange 
points named in honour of Italian-
French mathematician Josephy-Louis 
Lagrange. Out of five Lagrange points, 
presently L1 and L2 are used for 
placing spacecraft as per their scientific 
objectives. 

Other than its orbital advantage, L2 
is very crucial for JWST because from 
this vantage point the Webb Telescope 
will observe the universe in infrared 
light. To take full advantage of L2, 
an extremely cold spot in outer space, 
protected by its Sunshield, JWST will 
orbit the point in a manner so that it 
will always be receiving sunlight for its 
Solar panels. It is an ideal position in 
outer space for observing infrared light 
without getting affected by the Sun and 
the Earth because both are big sources 
of infrared light in themselves. 

L2 is again an ideal choice for 
continuous communication with the 

Webb Telescope because from this 
point we can always communicate 
with the telescope using Deep Space 
Network without any hindrance.

Preparing for the Future 
In many respects, the Webb Space 
Telescope will be a fitting tribute to 
the Hubble Space Telescope, which 
magnificently served for more than 
three decades and changed the manner 
in which we observed our universe. It 
will not only try to answer the questions 
already posed by the global scientific 
community about our universe but 
also reveal new knowledge and 
understanding about the origin of the 
universe and its formation. 

If everything goes according to 
plan, the JWST is slated to be launched 
from Arianespace/ESA's ELA-3 
launch complex at European Spaceport 
located near Kourou, French Guiana in 

December 2021. After the successful 
launch, it will take another six months 
to be commissioned during its voyage 
to L2. 

The initial six months will be 
an orchestrated ballet and marvel 
of Science and Engineering as its 
five-layered Sunshield and folded 
primary mirror are deployed. And 
once the incredible telescope gears 
up for its observation, be prepared to 
travel back into time with the Webb 
Space Telescope – incorporating the 
most powerful and complex piece of 
engineering ever by humans.

Mr Saket Singh Kaurav is Curator 'D', 
Regional Science Centre (National Council 
of Science Museums), Ministry of Culture, 
Govt. of India, Banganga Road, Shyamla 
Hills, Bhopal
Email: saket.kaurav@gmail.com

JWST’s Flight Path and Deployments. Credit: NASA
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THREE Laureates share this year’s Nobel Prize in 
Physics for contributing to our understanding of two 
of the most complex phenomena in Nature. At first 

glance, it appears that the Nobel prize is awarded for two 
diverse topics in physics. But the Nobel Prize committee 
cleverly worded their announcement as the prize was awarded 
“for ground-breaking contributions to our understanding of 
complex physical systems” – one, for the physical modelling 
of Earth’s climate and the other “for the discovery of the 
interplay of disorder and fluctuations in physical systems from 
atomic to planetary scales”.

So, half of the Nobel Prize money will be shared by 
Syukuro Manabe of Princeton University, USA and Klaus 
Hasselmann of Max Planck Institute for Meteorology,  
Hamburg, Germany, for their contribution to the modelling 
of Earth’s climate. The other half of the Prize money goes to 
Giorgio Parisi of the Sapienza University of Rome, Italy, for 
his original contributions to a class of materials called ‘Spin 
glass’. 

Syukuro Manabe demonstrated how increased 
concentrations of carbon dioxide and other gases in the 
atmosphere lead to increased temperatures at the surface of the 
Earth. In the 1960s, he led the development of physical models 
of the Earth’s climate and was the first person to explore the 
mechanism of incoming radiation from the Sun being trapped 
by the Earth’s atmosphere. His work laid the foundation for 
the development of climate models. 

About ten years later, Klaus Hasselmann created a model 
that links together weather and climate, thus answering the 
question of why climate models can be reliable despite weather 
being changeable and chaotic. He also developed methods for 
identifying specific signals that both natural phenomena and 
human activities influence the climate. His methods have been 
used to prove that the increased temperature in the atmosphere 
is due to human emissions of carbon dioxide and other gases. 

The work of Giorgio Parisi is in a different domain. 
Around 1980, he discovered hidden patterns in disordered 
complex materials. His discoveries are among the most 
important contributions to the theory of complex seemingly 
unpredictable systems. They make it possible to understand 
and describe many different and apparently entirely random 
complex materials and phenomena, not only in physics but 
also in other, very different areas, such as mathematics, life 
sciences and even in financial systems. Now let us see their 
contribution in greater detail.

Contemporary climate models are incredibly powerful 
tools, not only for understanding the climate but also for 
understanding the global heating caused by human interference. 
These models are based on the laws of physics and have been 
developed from models that were used to predict the weather. 
Weather is described by meteorological quantities such as 
temperature and atmospheric pressure gradients. It is also 
affected by what happens in the oceans and on land. Climate 
models are based upon the weather’s calculated statistical 
properties, such as average values, standard deviations, 
highest and lowest measured values, etc. They cannot tell us 
what the weather will be in Delhi next year, but we can get 
some idea of what temperature or how much rainfall we can 
expect on average in Delhi next year.

An important first piece of the puzzle about the impact 
of carbon dioxide came from Swedish researcher and Nobel 
Laureate Svante Arrhenius. Incidentally, it was his colleague, 
meteorologist Nils Ekholm who, in 1901, was the first to use 
the word greenhouse in describing the atmosphere’s storage 
and re-radiation of heat. Arrhenius understood the physics 
responsible for the greenhouse effect by the end of the 19th 
century – that outgoing radiation is proportional to the radiant 
body’s Absolute Temperature (T) to the power of four (T⁴) 
(which was theoretically derived by Stefan and goes by the 
name Stefan’s law). The hotter the source of the radiation, 
the shorter the rays’ wavelength. Arrhenius was actually 
attempting to work out what caused the recently discovered 
phenomenon of ice ages. He concluded that if the level of 
carbon dioxide in the atmosphere halved, this would be 
enough for the Earth to enter a new ice age. And vice versa – 
a doubling of the amount of carbon dioxide would increase the 
temperature by 5-6°C, a result which is astoundingly close to 
current estimates.

Syukuro Manabe was one of the young and talented 
researchers in Tokyo who left Japan, which had been devastated 
by war. The aim of Manabe’s research, like that of Arrhenius 
around seventy years earlier, was to understand how increased 
levels of carbon dioxide can cause increased temperatures. 
However, while Arrhenius had focused on radiation balance, 
in the 1960s Manabe led work on the development of physical 
models to incorporate the vertical transport of air masses due 
to convection, as well as the latent heat of water vapour. 

To make these calculations manageable, he chose to 
reduce the model to one dimension – a vertical column, 40 
kilometres up into the atmosphere. Even so, it took hundreds 
of valuable computing hours to test the model by varying 
the levels of gases in the atmosphere. Oxygen and nitrogen 
had negligible effects on surface temperature, while carbon 
dioxide had a clear impact: when the level of carbon dioxide 
doubled, global temperature increased by over 2°C.

The model confirmed that this heating was due to 
the increase in carbon dioxide because it predicted rising 
temperatures closer to the ground while the upper atmosphere 
got colder. If variations in solar radiation were responsible 
for the increase in temperature instead, the entire atmosphere 
should have been heating at the same time. 

Sixty years ago, computers were much slower, but Manabe 
got the key features right. We have to accept that we cannot 
gauge every complexity of nature – there is so much physics 
involved in every process that it would never be possible to 
compute absolutely everything. The insights from the one-
dimensional model led to a climate model in three dimensions. 
Manabe published this in 1975 and this was another milestone 
on the road to understanding our climate’s secrets.

About ten years after Manabe, Klaus Hasselmann 
succeeded in linking together weather and climate by finding 
a way to outsmart the rapid and chaotic weather changes that 
were so troublesome for calculations. Our planet has vast 
shifts in its weather because solar radiation is so unevenly 
distributed, both geographically and over time. Earth is round, 
so fewer of the sun’s rays reach the higher latitudes than the 
lower ones around the Equator. Moreover, seasonal changes 
cause variations in incoming radiation. The differences in 
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density between warmer and colder air causes the convection 
of heat between different latitudes, between ocean and land, 
between higher and lower air masses, which drive the weather 
on our planet.

 With all the noise and uncertainty in a chaotic system, 
how can we predict climatic conditions at a future date? Around 
1980, Klaus Hasselmann demonstrated how chaotically 
changing weather phenomena can be described as rapidly 
changing noise, thus placing long-term climate forecasts 
on a firm scientific foundation. Furthermore, he developed 
methods for identifying the human impact on the observed 
global temperature. 

As a young doctoral student in physics in Hamburg, 
Germany, in the 1950s, Hasselmann worked on fluid 
dynamics, then began to develop observations and theoretical 
models for ocean waves and currents. He moved to California 
and continued with oceanography, meeting colleagues such 
as Charles David Keeling, with whom Hasselmann started 
fruitful research.  

Keeling pioneered the longest series of atmospheric 
carbon dioxide measurements at the Mauna Loa Observatory 
in Hawaii. At that time Hasselmann did not know that in his 
later work he would regularly use the Keeling Curve, which 
shows changes in the carbon dioxide levels. Hasselmann 
created a stochastic climate model, which means that chance 
is built into the model. His inspiration came from Albert 
Einstein’s seminal paper on Brownian motion, where he 
made use of a statistical concept of random walk. Using this 
theory, Hasselmann demonstrated that the rapidly changing 
atmosphere can actually cause slow variations in the ocean.

Now let us consider Giorgio Parisi’s discoveries about 
how apparently random phenomena are governed by hidden 
rules. The subject of Parisi’s original work was a different 

kind of system – spin glass. This is a special type of metal 
alloy in which iron atoms, for example, are randomly mixed 
into a grid of copper atoms. Even though there are only a few 
iron atoms, they change the material’s magnetic properties in 
a radical and very puzzling manner. Each iron atom behaves 
like a small magnet, which is affected by the other iron atoms 
close to it. In an ordinary magnet, all the spins point in the 
same direction, but in a spin glass they are ‘frustrated’; some 
spin pairs want to point in the same direction and others in the 
opposite direction. What factor decides the final orientation?

Spin glasses and their exotic properties provide a model for 
complex systems. In the 1970s, many physicists searched for 
a way to describe the mysterious and frustrating spin glasses. 
One method they used was the replica trick, a mathematical 
technique in which many copies of the system are processed 
at the same time. However, in terms of physics, the results of 
the original calculations were unfeasible.

In 1979, Parisi made a decisive breakthrough when he 
demonstrated how the replica trick could be ingeniously used 
to solve a spin glass problem. He discovered a hidden structure 
in the replicas and found a way to describe it mathematically. 
In this, he introduced concrete methods of computation of 
the eigenvalue distribution of random matrices. It took many 
years for Parisi’s solution to be proven mathematically correct. 
Since then, his method has been used in many disordered 
systems and it became a foundation for the theory of complex 
systems. Surprisingly, replica trick was even used to predict 
the behaviour of a flock of birds in flight under the threat of 
predatory birds.

Prof. K. Smiles Mascarenhas was formerly a Scientist at the 
Millimeter wave Astronomy Lab of the Raman Research Institute, 
Bangalore. Email: smiles51@rediffmail.com
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BUILDING new molecules is an age-old practice of 
chemists. Generally, in these methods, called reactions, 
they use catalysts to enhance their speeds, which 

remain unchanged at the end of the processes. The commonly 
used catalysts are various metals and enzymes. However, in 
recent years, Benjamin List of the Max Planck Institute, 
Germany, and David W.C. MacMillan of the Princeton 
University, USA have discovered a third type of small organic 
compounds, which are more efficient, environment friendly 
and cheaper. 

The process, now popular as Asymmetric Organocatalysis,  
has earned them this year’s coveted Nobel Prize in Chemistry. 
These molecules are able to selectively catalyse reactions of an 
enantiomer of a particular compound, i.e. one version of the 
two mirror-image molecules (called optical isomers).

Coincidently both of them were born in the same year, in 
1968, but at different places, List in Frankfurt, Germany and 
MacMillan in Bellshill in the United Kingdom. They obtained 
their PhD degrees from the Goethe University, Frankfurt 
(1997) and the University of California, Irvine, USA (1996) 
respectively. However, their epoch-making discoveries were 
published in the same year, 2000. 

 Enzymes, which are very large organic compounds, 
have been in use for a quite long time. In 1990, a group of 
researchers led by the late Carlos F. Barbas at the Scripps 
Research Institute in Southern California was working to 
develop new enzyme variants that can catalyze various 
chemical reactions. While doing his post-doctoral work with 
Barbas’s group, a brilliant idea struck the mind of List, which 
led to one of his Nobel Prize-winning discoveries. 

He was working with catalytic antibodies. Usually, 
antibodies attach to foreign substances like viruses or bacteria 
invading our bodies. However, the researchers at Scripps 
began to redesign those to catalyse chemical reactions instead. 
While engaged in that work, List began to think deeply about 
the working mechanism of the catalytic enzymes, which are 
essentially proteins, made up of amino acids and also have 
metals that help drive chemical processes. However, many 
enzymes work without metals and in such cases, the reactions 
are driven by one or a few constituting individual amino acids. 
It was known since the early 1970s that proline, an amino 
acid, could be used as a catalyst, but not much work was done 
on it. 

So List thought of taking up the task. He began to test 
whether it could catalyse the Aldol reaction, in which carbon 
atoms from two different molecules are bonded together. 
Amazingly, it worked. Then he could demonstrate that 
not only proline was an efficient catalyst, but it could also 
selectively drive the asymmetric catalysis of the more common 
one, out of the two possible mirror images. He published his 
discovery in February 2000, in which he described asymmetric 
organocatalysts made up of many organic molecules, which 
was considered as a new concept with many opportunities.  

Benjamin List (Left)  and David W.C. Macmillan (Right)

 In the meantime, MacMillan was also independently 
working on similar lines at the University of California and 
he continued the work even after leaving it to join his new 
assignments. He was improving asymmetric catalysis by 
using metals. However, sensitive metals were too difficult and 
expensive to use. So he thought of developing catalysts using 
simple organic molecules which like metals could temporarily 
provide or accommodate electrons. Organic molecules consist 
of simple common elements like oxygen, nitrogen, sulphur and 
phosphorus, but depending upon how they are put together, 
they can exhibit complex properties. 

He knew that for an organic molecule to catalyse the 
reaction in which he was interested, it should be able to form 
an iminium ion having a nitrogen atom, which has an affinity 
for electrons. Then he tested several organic molecules with 
the right properties to drive the Diels-Alder reaction, which 
can build rings of carbon atoms. It worked brilliantly and 
some of the organic molecules proved to be excellent at 
asymmetric catalysts. In fact, it was he who named such 
reaction mechanisms as asymmetric organocatalysis. Just 
a month before List published his discovery, MacMillan in 
January 2000, submitted his manuscript for publication in a 
scientific journal.   

 Since 2000, developments in this area of research, led by 
List and MacMillan have been outstanding. They have proved 
to be useful in driving a huge variety of chemical reactions, 
many of which have become cheaper and simple. An example 
of how efficient asymmetric organocatalysis can be is the 
synthesis of strychnine molecule, which is very complex. 
When it was first synthesised in 1952, it required 29 different 
chemical reactions and only 0.009% of the initial material 
formed it. But in 2011, when organocatalysis was used it 
required only 12 steps to build strychnine and the process was 
7000 times more efficient. 

Today, asymmetric organocatalysis has become 
important in the drugs and pharmaceutical industries. It has 
made the synthesis of a large number of products cheaper, 
more efficient and environment friendly. That is why, while 
justifying the award, which has been equally divided between 
the two laureates, Pernilla Wittung Stafshede, a member of the 
Nobel Committee remarked, “This is an extremely important 
topic we are thinking about and it may lead to many more 
Nobel Prizes in the years to come.”

Dr Ramesh Chandra Parida, Retired Professor, Odisha University 
of Agriculture & Technology, Usha Nivas, 124/2445, Khandagiri 
Vihar, Bhubaneswar-751030. 
Email: paridanana47@gmail.com

Mr Himansu Sekhar Fatesingh, Freelance Science Writer and 
Teacher, Adani DAV Public School, Kuamara, P.O-Naikanidihi, 
Distt Bhadrak-756164 
Email: himansu1972@gmail.com
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THE idea of the five senses – sight, hearing, smell, 
taste and touch – goes back as far as Aristotle. But it 
is not quite true. Four of the senses are obvious, not 

least because each is associated with a particular organ: sight 
with the eyes, hearing with the ears, taste with the tongue and 
smell with the nose. But the fifth classical sense, touch, is 
distributed over the whole surface of the body, although it is 
particularly concentrated in the fingertips. But as a category 
of sensation, touch is so broad that it really should be treated 
as more than one. Tactile perception is just one component of 
the body and brain somatosensory system, which also includes 
the perception of temperature, pain, body position and self-
movement.

Which way is that waterfall? Is it day or night? Is that 
food fresh or spoiled? How do we feel an icy breeze? How 
does your body know where your limbs are when you are not 
looking at them? How does it sense when it is time to go to 
the toilet or whether a touch is soothing or painful? How do 
you feel when someone hugs you? Heat, cold and touch are 
crucial for experiencing the world around us and for our own 
survival.

All these abilities rely on a mechanism for sensing touch or 
pressure, a form of perception called somatosensation because 
of which we can feel the warmth of the sun or the gentle 
caress of a breeze against our skin, as well as the positions and 
movement of our own bodies. The somatosensory system also 
helps to regulate many key internal physiological processes, 
including blood pressure, respiration, urination and bone 
remodelling.

Receptors for the other senses are for the most part 
found in specialised sense organs. Somatosensory receptors, 

however, are found throughout the body: in skin, muscles, 
internal organs, bones, joints and other systems.

What makes the somatosensory system even more 
complex is that it needs to discriminate between sensations that 
are graded in intensity but sometimes sharply distinguished 
in their effect: gentle warmth can build into searing heat, 
and what starts as a welcome embrace can become crushing 
pressure. Moreover, those thresholds can change depending on 
context: a light touch can feel uncomfortable or painful if one 
has a sunburn, and our experience of the same stimulus can 
similarly shift in different social settings. The somatosensory 
system has to integrate a wide range of different signals to 
correctly interpret what’s going on and how to respond. But 
how our bodies do it has been one of the great mysteries of 
biology.

The sense of touch “has fascinated humankind for 
thousands of years. René Descartes, for example, envisioned 
a cord that connected different parts of the body to the brain to 
transmit pain signals. The 1944 Nobel Prize in Physiology or 
Medicine was awarded jointly to Joseph Erlanger and Herbert 
Spencer Gasser "for their discoveries relating to the highly 
differentiated functions of single nerve fibres".

Scientists knew that for somatosensation to occur, there 
must be molecular receptors on some cells that could detect 
temperature and touch, and could convert those stimuli into 
electrical and chemical signals for the nervous system to 
process. But which molecules on these and other cells were 
the key to touch and temperature perception took decades to 
unravel. 

For the discovery of some of those receptors David 
Julius, a physiologist at the University of California, San 
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Francisco, and Ardem Patapoutian, a molecular biologist and 
neuroscientist at Scripps Research in La Jolla, have now been 
awarded the 2021 Nobel Prize in Physiology or Medicine. 
Their research  “unlocked one of the secrets of nature, by 
explaining the molecular basis for sensing temperature and 
mechanical force”.

A biochemist and molecular biologist, David Julius’s work 
has focused on how our bodies sense heat, cold, and chemical 
irritants, leading to new insights about the fundamental nature 
of pain and new targets for pain therapy. To understand 
how signals responsible for temperature and pain sensation 
are transmitted by neural circuits to the brain, Julius and his 
UCSF laboratory have taken advantage of a variety of noxious 
substances produced by animals and plants – including toxins 
from tarantulas and coral snakes; capsaicin; the molecule 
that produces the “heat” in chilli peppers, and the chemicals 
underlying the pungency of horseradish and wasabi.

In the 1990s, Julius and his colleagues took a library 
of DNA sequences containing genes expressed in nerves 
sensitive to heat, pain, and touch. They then expressed these 
DNA fragments one by one in cells that usually do not react 
to capsaicin, exposed the cells to the compound, and recorded 
whether they became sensitive to the pepper’s heat.

This helped them identify a gene that codes for a 
protein, now called TRPV1(pronounced “trip”), which reacts 
to capsaicin or to temperatures greater than 110 degrees 
Fahrenheit by letting ions flow into the nerve cell. They later 
showed that mice lacking the gene for this ion channel were 
impervious to both hot peppers and heat. TRPV1 also 
contributes to the hypersensitivity to heat felt in injured tissue, 
such as sunburned skin, where mild stimuli can be perceived 
by the brain as burning hot.

A similar approach enabled Julius and his team to identify 
and study distinct TRP channels responsible for other types 
of sensation. Just as capsaicin revealed that TRPV1 allows 
sensory nerve cells to respond to heat, in 2002 Julius’ lab used 
menthol from mint and related compounds to identify a distinct 
channel called TRPM8 that responds to cold temperatures. 
A third TRP channel, TRPA1, responds to the pungent 
compounds that give wasabi its punch and is also involved in 
inflammatory pain.

Molecular neurobiologist Ardem Patapoutian at Scripps 
Research in La Jolla, California, identified receptors in skin 
and other organs that respond to mechanical forces, such as 
those generated by touch and pressure. He and his colleagues 
found a cell line that, in a petri dish, reacted with an electrical 
signal when poked by a micropipette. They then began to 
silence individual candidate touch receptor genes in the cells, 
looking for one that would render the cells impervious to the 
pipette’s pressure. After 71 misses, they finally found the 
right gene; it also codes for an ion channel, which they named 
Piezo1 after the Greek word for pressure.

Patapoutian discovered pressure-sensitive proteins, 
known as PIEZO1 and PIEZO2, that enable the sense of touch 
and underlie the function of many other tissues and cell types. 
Later work has shown the same molecules also help us sense 
the position our body is in and whether we are moving. And 
they help control blood pressure, breathing, and the bladder.

In addition to explaining the basic biology of senses, the 
findings have potential medical applications: to combat chronic 
pain, researchers are looking for compounds that target some 
of the proteins Julius and Patapoutian discovered. This key 
discovery a decade ago set off a cascade of additional findings 
that continue to shed light on how to treat a variety of diseases, 
from malaria and heart failure to chronic pain. Understanding 
it is a breakthrough for basic science and could one day lead 
to treatments for disorders of touch or internal organ sensing.

Mr Biju Dharmapalan is a popular science writer based in Kerala. 
He is currently doing his PhD at CSIR-NIScPR, New Delhi.  
Email: bijudharmapalan@gmail.com

David Julius used capsaicin from chilli peppers to identify 
TRPV1, an ion channel activated by painful heat  

(Illustration Credit: www.nobelprize.org)

Patapoutian used cultured mechanosensitive cells to identify an ion 
channel activated by mechanical force. After painstaking work, Piezo1 was 

identified. Based on its similarity to Piezo1, a second ion channel was found 
(Piezo2). (Illustration Credit: www.nobelprize.org)
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Ignoble 
Nobel Prizes 

2021

THE very title “Ignoble Nobel Prizes” or Ig Nobel 
Prizes, may raise many eyebrows. However, these are 
considered as the parodies of the Nobel Prizes and are 

given out every year in September; in the current year on the 
9th of the month.

The Ig Nobel Prizes were created in 1991 by Marc 
Abrahams, the editor and co-founder of the scientific humour 
magazine the Annals of Improbable Research. They aim at 
“honouring the achievements that first make people laugh and 
then make them think”. Every year, the prizes are awarded in 
a ceremony held at the Harvard University’s Sanders Theater 
and the categories include not only those in which the Nobel 
Prizes are awarded but also in other categories like public 
health, engineering, biology and various inter-disciplinary 
research. The awards are sometimes criticisms via satire, 
but often draw attention to scientific achievements that have 
some humorous or unexpected aspects. Examples range from 
the discovery that the presence of humans tends to sexually 
arouse ostriches, to the statement that black holes fulfil all 
the requirements for being the locations of Hell, to research 
on the “five-second rule” which believes that food dropped 
on the floor will not be contaminated if it is picked up within 
five seconds.

The Prizes, co-sponsored by the Harvard Computer 
Society, the Harvard-Redcliffe Science Fiction Association 
and the Harvard-Redcliffe Society of Physics Students, are 
presented by genuine Nobel laureates at a ceremony. It is 
usually observed in an atmosphere of jokes and humour and is 
followed by the winners’ public lectures at the Massachusetts 
Institute of Technology. However, for the last two years 
(2020 and 2021), the ceremonies have been conducted online, 
because of the COVID-19 epidemic, which has brought some 
changes in the manner of the celebration.

The Ig Nobel Prizes are recognised to have a “noble 
side”, because although the awards are viewed as a recognition 
of trivial research, history shows that they often have led to 
quite important breakthroughs. The achievements based on 
which the current year’s Prizes (the 31st) have been awarded 
bear testimony to that. 

The Biology Prize of the year (2021) has gone to Susanne 
Schotz of the Lund University, Sweden, for extensively 
analysing variations in the purring, chirping, chattering, 
trilling, murmuring, howling, growling and other modes of 
cat-human communication. She has been hard at the work 
cracking the “Cat code” with her collaborators since 2011, 
handing the microphones to cats to analyse what felines mean 

Ig Nobel Prize Ceremony-2021
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when they mew and authored a book “The Secret Language of 
Cats” in which these have been vividly described.

Similarly, the Ecology Prize has been shared by Manuel 
Porcar of the University of Valencia, Spain and colleagues. 
They have been awarded for using genetic analysis to identify 
the different species of bacteria that reside in wads of discarded 
chewing gum stuck on pavements in various countries like 
France, Greece, Singapore, Spain and Turkey. 

by audiences to reliably indicate the effects of violence, sex, 
humour, suspicious, antisocial behaviour, drug use and bad 
language in the movie they are watching. Among other 
results, they found isoprene levels varied enormously during 
scary movies. According to them, human beings broadcast 
signals depending on various emotional states so their bodies 
release different chemicals i.e. odours.

The Economics Prize has been cornered by Pavlo 
Blavatskyy, a professor of the Montpellier Business School of 
France. He used a computer vision algorithm and photos for 
discovering that the obesity of a country’s politicians may be 
a good indicator of that country’s corruption. According to his 
studies, there is a strong correlation between the two. 

Correlation between obesity and corruption

The Secret language of cats

Chewing gum collection

Jonathan Willams, an atmospheric chemist at the Max 
Planck Institute of Chemistry along with his associates Jorg 
Wicker and Nicolas Krauter of Germany and others have 
been jointly awarded the Chemistry Prize for chemically 
analysing air inside movie theatres to test the odours produced 
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Olcay Cem Bulut, a professor at the SKL Clinic in 
Heilbronn, Germany, and his associates have been honoured 
with the Prize in Medicine for demonstrating that sexual 
orgasms can be as effective as decongestant medicines at 
improving nasal breathing. Having developed suspicions 
based on “self-observations” about it,  Bulut recruited a group 
of co-workers to investigate. The couples were trained with a 
device to measure their nasal inflow before sex, immediately 
after sexual climax and regular time points thereafter. It was 
found that sex was very likely to be effective at clearing 
blocked noses, for an hour at least, as any commercial 
decongestants.

A new method of cockroach control on submarines has 
earned the Entomology Prize for John Mulrennan Jr, a retired 
officer of the US Navy along with three others of his country. 
They eradicated the pest on submarine with highly potent 
organophosphate pesticides called dichlorvos after ethylene 
oxide gas previously used made someone sick.

Similarly, the determination by experiment whether 
it is safer to transport an airborne rhinoceros upside-down 
has brought the Transportation Prize to Robin Radcliffe of 
Namibia and his associates. They have found that airlifting 
tranquillized rhinoceros upside down is probably better 
for them than carrying them on their sides in slings. The 
technique has been vital to conservationists who move large 
animals such as rhinoceros and elephants to keep them safe 
from poachers or to maintain genetic diversity.

The Peace Prize has been awarded to David Carrier, a 
professor of Biology at the University of Utah, USA, and 
two others Ethan Beseris and Steven Naleway, for testing the 
hypothesis that humans evolved beards to protect themselves 
from punches to the face. It goes against what Charles Darwin 
suspected — beards evolved “as an ornament to charm or 
excite the opposite sex”. According to Carrier and his 
associates although “those don’t provide a lot of protection to 
a really strong punch, but can act as an obscurant making jaw 
harder to target in a fistfight”.

The Physics Prize has been shared among Alessandro 
Corbetta of the Ethoven University of Technology, 
Netherland, and his associates for their study of pedestrian 
dynamics in a train station. By analysing several million 
pedestrians’ trajectories, they found that crowd movement can 
be understood by assuming “social forces” that help prevent 
people from running into each other. On the contrary, the 
Kinetic Prize has gone to Hisashi Murakami of Kyoto Institute 
of Technology, Japan, for the opposite observations that 
sometimes pedestrians do collide with others. The cellphone 
may be the reason, but pedestrians without cellphone also 
have difficulty in navigating through the crowd. He and his 
associates have discovered that mutual anticipation facilitates 
the orderly movement in the human crowd and the lack of it 
can cause collisions.       

Every year, the proceedings of the Ig Nobel Prize 
ceremony are recorded and broadcast on  National Public 
Radio in the USA and is shown live on the internet. A talk 
of the laureates is conducted in the United Kingdom as an 
annual part of the National Science Week. It is also sometimes 
extended to Australia and some other European countries. 
Recently, two books have been published with the write-ups 
of some winners. 

Sex and nose block

Air Lifting  Rhinoceros Upside-down



The Shanti Swarup Bhatnagar Prize for Science and 
Technology was instituted in the year 1957, in the memory 
of late Dr (Sir) Shanti Swarup Bhatnagar, FRS, the founder-

director of the Council of Scientific & Industrial Research 
(CSIR). The SSB Prize is awarded each year on the basis 

of conspicuously important and outstanding contributions to 
human knowledge and progress, made through work done 

primarily in India during the five years, preceding the year of 
the prize.

Any citizen of India engaged in research in any field of science 
and technology up to the age of 45 years is eligible to be 

nominated. Overseas Citizen of India (OCI) and Persons of 
Indian Origin (PIO) working in India are also eligible. The SSB 
Prize, comprising a citation, a cash award of Rupees five lakh 

and a plaque, is given to each person selected for the award in 
the following disciplines:

• Biological Sciences
• Chemical Sciences
• Earth, Atmosphere, 
Ocean and Planetary 
Sciences

SHANTI SWARUP  
BHATNAGAR PRIZE 

FOR SCIENCE  
AND TECHNOLOGY 

2021

• Engineering 
Sciences

• Mathematical Sciences
• Medical Sciences
• Physical Sciences

(SSB)
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TACKLING CHRONIC 
PERSISTENCE 
AND DRUG 
TOLERANCE IN 
MYCOBACTERIUM 
TUBERCULOSIS
Dr Amit Singh 
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Department of Microbiology and Cell Biology (MCBL)
Centre for Infectious Disease and Research (CIDR)
Indian Institute of Science (IISc), Bengaluru
Email: asingh@iisc.ac.in; http://cidr.iisc.ac.in/amit/

Award Citation
Dr Amit Singh has made outstanding 
contributions to our fundamental 
understanding of host-pathogen 
interaction in Mycobacterium 
tuberculosis and HIV, the causative 

viral agent of human acquired immunodeficiency 
syndrome (AIDS). His work led to an understanding of 
the intricate connection between genetic mutations 
conferring drug resistance and their long-range 
physiological impact.

A major obstacle in the clinical treatment of tuberculosis 
(TB) is the long therapy time (6-9 months) required 
to clear the infection. A plausible explanation for the 

protracted drug regimen is the development of heterogeneity 
– a process whereby a genetically identical population of 
Mycobacterium tuberculosis (Mtb: the pathogen that causes 
TB) diversifies to produce drug-tolerant subpopulations. 
This form of drug insensitivity is called phenotypic drug 
tolerance, which represents the greatest hurdle to effective 
chemotherapy. Heterogeneity in bacterial population is likely 
contributor of phenotypic drug tolerance in the sputum of 
active TB patients. Molecular basis of heterogeneity is largely 
uncharacterized in the context of TB infection in vivo. 

We identified that the host environment promotes 
variations in the redox physiology of Mtb population to 
tolerate anti-TB drugs during infection. We used a range of 
cutting-edge technologies such as redox biosensor, replication 
clock, flow sorting, intra-phagosomal RNA-sequencing, mass 
spectrometry, and animal models to mechanistically dissect 
host and bacterial factors responsible for redox heterogeneity 
and multi-drug tolerance in Mtb population during infection. 
We discovered that limited phagosomal acidification inside 
naïve macrophages facilitates the emergence of a redox-
altered drug-tolerant subpopulation of Mtb. 

Our study raises fascinating new possibilities for managing 
phenotypic antibiotic resistance. For example, inhibitors of 
host signal(s) that are sensed by Mtb to generate redox diversity 
could be exploited to restore phenotypic homogeneity and 
potentiate the killing activity of existing frontline antibiotics. 
On this basis, we reasoned that pharmacological inhibition 
of phagosomal acidification could preclude mobilization of 
redox-mediated drug-tolerant phenotype in vivo. 

We tested our hypothesis by using the antimalarial drug 
chloroquine (CQ), which is well known to increase vesicular 
pH. We demonstrated that administering CQ with isoniazid 
(Inh) or rifampicin (Rif) dramatically reversed the tolerance 
of Mtb towards these antibiotics. In mice and guinea pigs that 
had been chronically-infected with Mtb, the co-administration 
of CQ with Inh or Rif not only increased the efficacy of the 
antibiotics in alleviating bacterial load and improving disease-
related pathology but also significantly reduced chances of 
post-chemotherapeutic relapse. Furthermore, combining CQ 
with four frontline anti-TB drugs (Inh, Rif, ethambutol, and 
pyrazinamide) shortened TB therapy time by a month. Lastly, 
our findings also revealed that CQ potentiates the efficacy of 
anti-TB drugs during HIV-TB co-infection.

Here are the recipients of 
the 2021 Shanti Swarup 
Bhatnagar Prize for Science 
and Technology talking about 
the work that fetched them 
the coveted prize Image shows gross pathology of lungs isolated from chronically-

infected BALB/c mice at 8 weeks of treatment with isoniazid (Inh) 
alone or a combination of Inh with chloroquine (CQ+Inh). This can 
be compared to the lungs isolated from animals left untreated (UT) 
for the same period of time. Arrows indicate granulomas or lesions 
that are typical to TB disease pathology in infected animal lungs.
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CQ has a safe history of clinical use and showed no adverse 
interactions with the antibiotics currently prescribed for TB 
treatment. Our results could, therefore, have tremendous 
implication for the re-positioning of CQ in existing anti-TB 
therapy regimens to achieve a more potent combination for 
TB management.

Making common antibiotics powerful against 
Tuberculosis
Beta-lactam class of antibiotics such as penicillin, ampicillin 
and amoxicillin are one of the most widely used antibacterial 
drugs. Despite their ability to kill several types of bacteria, 
the beta-lactam antibiotics have never been used against TB 
bacteria. This is because TB bacteria are naturally resistant to 
beta-lactam class of antibiotics. The TB bacteria inherently 
produce an enzyme called beta-lactamase, which breaks down 
beta-lactam class of antibiotics (through hydrolysis) and 
makes the drug ineffective against TB disease.  

One possibility to tackle problems associated with the use 
of beta-lactam class of antibiotics is to develop an inhibitor 
against beta-lactamase enzyme such as Clavulanic acid. Using 
a combination of a beta-lactam antibiotic (amoxicillin) and 
beta-lactamase inhibitor (clavulanic acid), a drug Augmentin 
can be made effective against TB bacteria. However, the exact 
mechanism of how Augmentin was killing TB bacteria and 
how bacteria can develop resistance against Augmentin was 
not known. We comprehensively dissected the mechanism 
of how Augmentin kills Mtb and how resistance against 
Augmentin can emerge. 

There are certain antibiotics (such as clofazimine) that 
work by increasing the ROS levels inside bacteria. We are 
currently testing if using a combination of Augmentin with 
clofazimine antibiotics can elevate the production of ROS to 
kill the drug-resistant TB bacteria.

Artificial Nanozyme to block HIV reactivation
We have recently developed artificial enzymes that can 
successfully block reactivation and replication of the Human 
Immunodeficiency Virus (HIV) in the host’s immune 
cells. There is currently no way to completely eliminate HIV 
from a patient’s body. Clinically-relevant anti-retroviral drugs 
work by suppressing the virus; however, they fail to eradicate 
HIV from the infected cells. The virus is unusually robust and 
hides inside the host’s immune cells in a “latent” state and 
stably maintains its reservoir and persists as long as patients 
are on therapy. Therapy interruption leads to virus rebound 
and progression to AIDS. We discovered that when the levels 
of toxic molecules such as hydrogen peroxide increase in 
the host’s cells, the virus emerges from hiding and begins 
replicating again. 

A few years ago, our team developed a biosensor to 
measure oxidative stress levels in HIV-infected immune 
cells in real-time. We found that to come out of latency and 
reactivate, HIV needs very little increase in oxidative stress. 
We also discovered that high level of antioxidant (glutathione) 
is important to keep the virus latent for the extended duration. 
Therefore, one way to prevent reactivation is to keep the 
oxidative stress constantly low, which would “lock” the virus 
in a permanent state of latency. Enzymes such as glutathione 

peroxidase are essential for mitigating oxidative stress such 
as hydrogen peroxide. However, inducing the host cells to 
produce more quantities of these enzymes could disturb the 
tightly-regulated cellular redox machinery. 

To address this issue, we colloborated with Prof. 
Mugesh’s group who recently developed nanowires made 
of vanadium pentoxide that efficiently mimic the activity 
of glutathione peroxide. We prepared ultrathin nanosheets 
of vanadium pentoxide and treated HIV-infected cells with 
them. Importantly, we showed that the sheets were found to 
efficiently reduce hydrogen peroxide and prevent the virus 
from reactivating. 

We extended these studies to understand if the mechanism 
is clinically relevant and could be translated for controlling 
disease. We treated immune cells from HIV-infected patients 
undergoing antiretroviral therapy (ART) with the nanozymes, 
and found that latency was induced faster and subsequent 
reactivation was suppressed when therapy was stopped. Our 
data indicate that combining ART with ultrathin nanosheets 
of vanadium pentoxide was more effective in subverting 
reactivation upon therapy interruption.

Ultrathin sheets of V2O5-based nanozyme (Vs) exhibited efficient 
glutathione peroxidase (GPX) activity inside the HIV infected 

cells.  Vs suppressed HIV reactivation in infected human CD4+ 
T cells derived from patients on long term ART. A combination of 

ART and Vs induces latency faster and prevents viral rebound via 
modulation of the NF-kB activity.

Combining ART with the nanozymes also has other 
advantages. Some ART drugs can cause oxidative stress as a 
side effect, which can damage heart or kidney cells. Adding a 
nanozyme like this can help in reducing the side effects caused 
by such ART drugs. This can improve the quality of life of 
HIV patients undergoing treatment. Although the nanozymes 
were found to be harmless to normal cells in lab tests, further 
studies are needed to understand if they can have other effects 
once they are introduced inside the body. These aspects will 
be covered in future experimentations.
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DESIGNING BETTER 
DRUGS WITH 
MINIMIZED SIDE-
EFFECTS

Dr Arun K. Shukla
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Bioengineering
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Award Citation
Dr Arun Kumar Shukla has made 
outstanding contributions 
towards the current 
understanding of activation, 
signaling and regulation of G 
protein-coupled receptors. 
His research findings have 

uncovered previously unknown paradigms of GPCR 
signaling and identified novel strategies to modulate 
GPCR functions for designing novel therapeutics with 
minimal side effects.

HAVE you ever wondered how our body responds to 
a wide range of stimuli that it encounters every day? 
How can we distinguish the sweet taste from bitter, 

or, smell a perfume? What keeps our heart beating, or what 
keeps our blood pressure under control? 

Our body is made up of a huge number of tiny cells, 
which are surrounded by a thin lipid bilayer membrane called 
plasma membrane. Embedded in this membrane, there are 
specific types of protein molecules called G protein-coupled 
receptors (GPCRs), also known as seven transmembrane 
receptors (7TMRs). These receptors serve as the primary 
gatekeepers of the cells as they recognize the extracellular 
signal, and transmit the information to the cell interior. 
This allows the cells to trigger downstream signaling events 
ultimately leading to cellular and physiological responses.

GPCR signaling is involved in nearly every physiological 
function in our body including brain functions, memory, 
behavior, vision, smell, taste, cardiovascular regulation, 
immune response, appetite, and pain sensation. There are 
close to 1000 different GPCRs in the human genome, which 
are activated in response to specific signal and mediate distinct 
downstream signaling events leading to specific physiological 
outcomes. Modulating GPCR signaling is one of the most 
important targets in a wide variety of pathophysiological 
conditions. Approximately half of the currently prescribed 
medicines work by targeting a GPCR in our body including 

those used for the treatment of mental disorders, heart-failure, 
hypertension, inflammation, allergy, asthma and so on. 

In very general terms, the research program in our 
laboratory is focused on understanding the inner workings 
of GPCRs. That is, how do they bind a specific signal, for 
example, a hormone; how do they transmit the message 
across the plasma membrane; what are the different types 
of signaling cascades that GPCRs initiate, and how are 
they controlled to avoid persistent signaling in the cells that 
may have catastrophic consequences? Our long-term vision 
is to leverage this information in order to design better  
drugs with minimized side-effects for a range of human 
disorders. 

GPCRs typically couple to, and signal through, two 
different types of signal-transducers namely the heterotrimeric 
G-proteins and β-arrestins, and these two pathways often lead 
to distinct physiological responses. These two pathways are 
often linked individually to the desired outcomes and side-
effects of GPCR-targeting drugs, and therefore, selective 
activation of one of these two pathways, depending on the 
receptor system, has the potential to minimize the side-effects 
of currently available drugs. 

We use a broad range of methods including biochemical, 
biophysical and structural approaches to visualize the 
structural details of GPCRs and their signaling complexes, 
and to uncover novel signaling mechanisms downstream of 
GPCRs. We also employ designer tools developed based on 
synthetic biology and directed evolution methods to probe 
previously unexplored aspects of GPCR activation, signaling 
and regulation.  

Our research carried out at IIT Kanpur has uncovered 
previously unanticipated aspects of GPCR signaling mediated 
by β-arrestins. We have demonstrated that even partially-
engaged GPCR-β-arrestin complexes can mediate receptor 
endocytosis and downstream signaling, and spatial distribution 
of phosphorylation sites in GPCRs direct β-arrestin-mediated 
functional outcomes. 

We have also developed synthetic antibody fragment-
based generic and specific inhibitor of GPCR endocytosis, 
and novel biosensors that report agonist-induced activation 
and trafficking of GPCRs. More recently, we have discovered 
a new class of receptors, referred to as Arrestin-Coupled 
Receptors (ACRs), which couple exclusively to β-arrestins 
but not G-proteins. These receptors now provide a previously 
lacking framework to better understand the transducer-
coupling preferences of 7TMRs with broad implications for 
developing novel therapeutics with minimized side-effects.

Our research program focused on investigating the 
atomic details and intricate mechanisms of drug-receptor 
complexes is an incredibly challenging but highly rewarding 
research endeavor. This is a research domain where India 
has lacked global presence until recently, and it is gratifying 
to see that our work has successfully established the country 
on the global map of membrane protein structural biology. 
It is also very satisfying to see that our constant advocacy 
at multiple levels has been successful in garnering funding 
and infrastructure support in this area such as National cryo-
Electron Microscopy (cryo-EM) facilities that help further 
strengthen this important research domain in the country.
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properties of the solid depend on whether the constituent 
atoms orderly or disorderly occupy the lattice sites – an idea 
developed in 1950’s by Noble laureate P.W. Anderson. 

In Silver Antimony Telluride, the cations (Ag and Sb) 
disorderly occupy the lattice sites. Our group doped Silver 
Antimony Telluride with Cadmium (Cd) and showed that 
the cations become ordered in nanometer scale (2-3 nm 
where 1 nm = 10-9 meter) in the doped material. We used 
an advanced electron microscopy technique to visualize 
the ordering of atoms in nanometer scale. The nanometer 
scale atomic ordering serves two purposes. First, it scatters 
phonons, which are quanta of lattice vibration and primarily 
carry heat in a solid. Secondly, atomic ordering enhances 
electrical transport by delocalizing the electronic state in the 
material. We reported a record thermoelectric figure of merit 
(ZT) 2.6 at 573 K, which corresponds to a heat to electrical 
conversion efficiency of 14%. Our group has also developed 
a preliminary thermoelectric module and demonstrated an 
experimental efficiency of around 10%.

Nearly 65% of all utilized energy gets irreversibly 
dissipated as waste heat. It is a dream to have an inorganic 
solid recover electricity efficiently from the wasted heat, 
which can then be reused to power our electronic gadgets, 
home appliances, vehicles and small industrial equipment. 
Thermoelectric materials discovered by our group can directly 
and reversibly convert waste heat into electricity, which 
could play a significant role in future energy management. 
Further the thermoelectric energy conversion does not emit 
any hazardous gas like CO or CO2. So, the high performance 
thermoelectric materials made in our laboratory will be 
beneficial in waste heat to electrical energy conversion in 
power plants like thermal, steel, chemical and nuclear, 
automobiles, space missions and even chulhas in rural India. 

 

INTERFERING WITH 
BIOMOLECULES TO 
TACKLE DISEASES
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Award Citation
Dr T. Govindaraju has made 
outstanding contributions in the 
development of small molecule 
diagnostics and therapeutics.
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International Centre of Materials Science
Jawaharlal Nehru Centre for Advanced Scientific 
Research, Bengaluru
Email: kanishka@jncasr.ac.in

Award Citation
Dr Kanishka Biswas has made 
outstanding contributions to 
the science and development of 
novel thermoelectric materials.

OUR research involves modulation of the structure-
property relationship of inorganic solids 
with particular emphasis on: (1) fundamental 

understanding of intrinsically ultralow lattice thermal 
conductivity in crystalline inorganic solids and (2) Lead (Pb)-
free high performance thermoelectric materials, which have 
remarkable societal importance and are being translated into 
cost-effective technologies. 

We have achieved an unprecedented thermoelectric 
performance through control of atomic ordering and 
consequent electronic state delocalization in a crystalline 
inorganic solid, simultaneously enhancing its electronic 
transport and reducing the thermal conductivity. We claimed 
paradigm shift in the Thermoelectric puzzle in a lead-free 
material called Silver Antimony Telluride (AgSbTe2) and 
reported this major breakthrough (published in Science 2021, 
371, 722). 

Crystalline solids have periodic arrangement of lattice 
sites and the constituent atomic elements made up the solid 
by occupying these lattice sites. The physical and chemical 
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MY work has opened up significant potential for 
diagnosis and treatment of Alzheimer’s disease (AD) 
and lung cancer. Our work on small molecules, 

peptides, and natural products offers both diagnostic as well 
as therapeutic possibilities with implications for theranostics 
(diagnostic therapy), leading to personalised medicine.

We have used chemical biology approaches in tackling 
two classes of challenging problems currently relevant to 
human health and society: 

A. Our work on disease amyloids has led to development 
of novel diagnostics of AD that selectively detect AD and 
differentiate it from other neuro-degenerative diseases, and 
a novel drug candidate that has been demonstrated to be 
effective in notable reduction of amyloid burden in the AD 
brain and reverse cognitive decline in animal models.

B. The work on functional amyloids led to development 
of silk-derived formulations for sustained in vivo insulin 
delivery, diabetic wound healing, skeletal muscles and 
neuronal tissue engineering. This work further inspired 
the concept of Molecular Architectonics which integrates 
the realms of molecules and derived nano-scale molecular 
architectures into functional biomaterials.

Alzheimer’s disease
Alzheimer’s disease (AD) is a multifactorial disease with 
multiple biomarkers and disease targets. Our laboratory is 
pursuing multipronged strategies to target multiple biomarkers 
and disease targets to develop reliable diagnosis and 
therapeutics for AD. Multifunctional therapeutic candidates 
have been developed to ameliorate the multifaceted toxicity 
of AD. A novel drug candidate molecule (TGR63) was 
discovered and found to be effective in notable reduction of 
amyloid burden in the AD brain and reverse cognitive decline 
in animal models. It is now taken up for clinical studies by a 
pharmaceutical company with promise to treat AD in humans.

Our group is also studying the relationship of AD with 
cancer and diabetes. The work on the inverse relationship 
between AD and cancer resulted in the discovery of a potential 
theranostic (diagnostic therapy) drug candidate (TGP18) for 
lung cancer, one of the difficult cancer types to be diagnosed 
and treated.

Our laboratory has established molecular tools and 
protocols for differential detection and diagnosis of AD over 
tauopathies and other neurodegenerative diseases (validated 
in ex vivo AD human samples and in vivo AD mouse model). 
This, first of its kind protocol, allows differential detection 
of AD and can serve as a valuable tool for diagnosis of AD 
in case of mixed dementia. To translate this invention, we 
founded a startup (VNIR Biotechnologies Pvt. Ltd) to develop 
NIR fluorescence and positron emission tomography (PET)-
based diagnosis platform for early diagnosis of AD.

Our group has validated a novel combination-biomarker 
for reliable diagnosis of AD, which is qualified to be added to 
designated list of biomarkers by National Institute on Aging 
and Alzheimer’s Association (NIA-AA) research framework 
2018 for AD diagnosis. The research methodology and 
approach from our laboratory also laid the foundation for 
multiplexed and multimodal detection and imaging of core 
and indirect biomarkers to generate characteristic fingerprint 

profiles to clearly distinguish AD patients from the healthy 
individuals. 

Several molecular tools established in our laboratory find 
utility in developing prognosis/diagnosis protocols, devices, 
and effective drug candidates for diseases including AD, 
malaria, kidney disease and cancer. Some of the molecular 
tools developed in our laboratory have the potential to be 
developed into theranostic drugs (diagnostic therapy) with 
profound implications for personalized medicine.

Molecular Architectonics
A state-of-the-art innovation and new research theme has 
emerged from our group to integrate the realms of molecules, 
nano and microscale architectures into functional applications 
in bioelectronics, homochirality, chirality switching, 
reductionistic systems to understand protein folding, high-
strength biomaterials, self-cleaning, biosensors, biomimetic 
catalysis, multi-stimuli-responsive CT-hydrogel for RT-
organic ferroelectric thin-film devices,  fluorescent organic 
nanoclusters, drug delivery, wound-healing, stem cells to 
neuronal differentiation, and tissue engineering. 

Inspired by functional amyloids, the scheme of molecular 
architectonics is conceived as a reductionist molecular strategy 
to design and develop functional biomimetic architectures. 
Amino acids, peptides, nucleobases, sugars and lipids with 
built-in information needed for molecular recognition in 
the form of minute structural-mutations and chirality serve 
as the functional auxiliaries for the controlled assembly/ 
organization of functional cores in the scheme of molecular 
architectonics.

The scheme of molecular architectonics has aided 
the development of devices for ultrasensitive detection 
of neurotoxic organic and inorganic mercury in water and 
biofluids with highest sensitivity (attomolar, 60 X10-18 M or 
0.01 parts per quadrillion, ppq) and selectivity ever reported. 
These tools and devices are useful in monitoring water quality 
and human health from mercury neurotoxicity.

The scheme of molecular architectonics guided the 
conceptualization of templated DNA nanotechnology 
(functional DNA nanoarchitectonics) to overcome the 
limitations of classical DNA nanotechnology for practical 
applications like biosensors and drug delivery systems.

Silk protein-based formulations have been specially 
developed for sustained (4 days) and controlled in vivo insulin 
delivery. This invention is very valuable considering the 
alarming rise in diabetes cases globally and particularly in 
India, and has high translation potential. Silk and melanin-
based hybrid scaffolds have been fabricated to aid diabetic-
wound healing, skeletal muscle and neuronal (stem cells-
based) tissue engineering which is a complementary approach 
to treat neuronal loss in AD. 

The silk-based inventions and products developed in 
our laboratory are considered a value addition to sericulture 
industry and farmers. Our group is at the forefront of 
upcycling cyclic dipeptide (CDP) for the design and 
production of synthetic silk mimics, which paves the way for 
required structural and functional modifications to cater to 
diverse biomedical applications from drug delivery to tissue 
engineering. 
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ABOUT 70% of power production in India is fulfilled 
by coal. However, coal combustion is also the largest 
contributor of anthropogenic CO2 (green house gas) 

to the atmosphere. Coal particulate pollution also causes 
approximately one million premature deaths every year 
globally. 

In recent time, several alternative energy technologies 
have been developed to phase out coal. For instance, because 
of its carbonaceous nature, coal could be a fantastic precursor 
material for producing different kinds of carbon nanomaterials 
leading to a new pathway of alternative use of coal. 

Carbon Quantum Dots (CQDs) are unique technogenic 
carbon nanomaterials with size less than 10 nanometre 

(nm). CQDs are spherical with carbon crystal lattice. These 
are non-hazardous carbon nanomaterials unlike other metal 
nanoparticles and used in diverse fields of applications due to 
their excellent fluorescence properties.

The discovery of CQDs from Indian coal resources was 
serendipitous during our R&D work on Northeast Indian high-
sulfur coals for their better and gainful utilization carried out 
at CSIR-North East Institute of Science & Technology, Jorhat. 
Northeast Indian coal is not suitable for power application 
due to its low quality and high sulfur content; however, 
we later found that the presence of sulfur is advantageous 
for fragmenting these coal particles making the production 
process of coal to CQDs easier. 

In our laboratory, we focused on the large-scale preparation 
and development of high-quantum yield CQDs from different 
Northeast Indian coal feedstock. We synthesized CQDs by 
using a very simple wet-chemical method with the assistance 
of low ultrasonic energy. The method requires less time, less 
water, and the reagent used – hydrogen peroxide (H2O2) – is 
a green oxidant making the process facile, cost-effective, and 
environment friendly. Cost analysis shows that our CQDs at 
better purity level are around US $1.00 per mL compared to 
US $3.00–5.00 per mL of equivalent CQDs available in the 
market.

The CQDs that our team developed show high quantum 
yield, high stability, good conductivity, low toxicity, and 
good optical properties. Our coal-derived CQDs are highly 
surface functionalised with varying size range of 1–4 nm, 1–6 
nm, 2–5 nm, and 5–10 nm depending on type of feed coals, 
which is unique in comparison to other coal sources in the 
world. The blue-light emitting property with the efficiency 
of photon emission or quantum yield (QY) demonstrates its 
usefulness for sensing and bioimaging applications. 

We also carried out in-vitro and in-vivo toxicity tests to 
determine the viability of CQDs in high-end applications – we 
found them to be safe for various uses in the environmental 
and biological domain. Because of its fluorescence nature, we 
checked the potential of the coal-derived CQDs in cell-biology 
application and detection of cancer cells through optical 
imaging as well as bio-imaging. Consequently, our research 
results have forged a new avenue for sustainable utilization of 
such enormous low-quality Indian coal resources in making 
high-valued CQDs for applying in medical research.

Our team also worked on the preparation of Nano-
diamonds (NDs) and Graphene nano-sheets (GNs) from coal 
and coal waste materials by using a similar environment-
friendly process. Nano-diamonds, or nanoparticles of 
diamond, are diamonds having size <1 micrometre. They 
are generally produced by impact events such as an explosion 
or meteoritic impacts. Due of their high biocompatibility, 
nano-diamonds have been widely used as potential material in 
biological, electronic, and quantum engineering applications. 
Thus, with our innovative and futuristic coal conversion 
process, an additional technique of Nano-diamond production 
by using this cheap and abundant coal feedstock has been 
established. The Nano-diamond derived from coal has bright 
blue-fluorescence property signifying potential application in 
photovoltaics, optoelectronics, and bioimaging techniques. 
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We also worked on the detection and degradation of 
harmful environmental contaminants such as fluoride ions 
and 2-nitrophenols using our synthesised CQDS, NDs, and 
GNs. The presence of hazardous fluoride is a major problem 
in drinking water in Assam, Orissa, Tamil Nadu, and other 
parts of the country. The results of our studies on use of 
cheap coal-derived CQDs in fluoride detection are satisfactory 
and confirmed the potential uses of CQDs in environment 
preservation.

Another important research work carried out at 
CSIR-NEIST, Jorhat is on the conversion of atmospheric 
carbonaceous aerosol particles or particulate matter (PM10 and 
PM2.5) to CQDs and NDs with twin implications – conversion 
of waste to wealth and mitigation of air pollutants. 

Particulate matter, indicator of air pollutants, is 
considered to be the most harmful to human health due 
to its extensive health risks causing over seven million 
premature deaths worldwide every year. Our new arena of 
research on atmospheric carbonaceous aerosol particles gives 
a better perspective on air pollution mitigation around the 
world. Besides their chemical characterisation and source 
identification of the carbonaceous aerosol, we worked to 
prepare valuable carbon nanomaterials such as CQDs and 
NDs from carbonaceous aerosol particles in a simple chemical 
process. Both the CQDs and NDs derived from coal and 
carbonaceous aerosol particles exhibit excellent fluorescent 
and chemical properties with biocompatibility for future use 
in medical sciences.

MICRO-
ARCHITECTURAL 
SECURITY 
AND CRYPTO-
ENGINEERING:
THE GAP BETWEEN 
THEORY AND 
PRACTICE
Dr Debdeep Mukhopadhyay
Department of Computer Science and Engineering
Indian Institute of Technology, Kharagpur
Email: debdeep@cse.iitkgp.ac.in

Preparation of CQDs from Indian coal: (a) carbon nano-dots carbonaceous aerosol particles; (b) nano-diamonds derived 
from coal (c) their blue-light emission under UV light.
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“In theory there is no gap between theory and 
practice, but in practice there is.” This proverb 
is a glaring truth in the design and realization 
of secured systems. In the modern connected 
world confidentiality, integrity, and availability of 
information is of utmost necessity. 

CRYPTOLOGY is a well-established subject of 
making and analysing algorithms to achieve such 
goals. While in recent days there has been tremendous 

advance in theoretical foundations of cryptology, a plethora 
of attacks have demonstrated that there is an absence of theory 
of the reality! Because of this gap, standard cryptographic 
algorithms when realized on popular computing platforms 
can potentially leak their information unintentionally, through 
information channels called side channels. 

What are Ciphers? 
Ciphers are crypto-algorithms that operate on the input, 
called plaintext, using an encryption key to result in the 
output ciphertext. The encryption function can be reversed 
by a suitable decryption algorithm. While the encryption/
decryption algorithms are published, the attackers are 
unaware of the secret key. 

Block ciphers are a type of symmetric key ciphers, 
where the sender and the receiver share the same key. On the 
other hand, asymmetric key ciphers are algorithms where the 
encryption key is publicly known, but the decryption key is 
private and a target of attackers. 

What are Side Channel Attacks? 
Thanks to the tremendous development of cryptographic 
algorithms, most standard ciphers are defiant against 
traditional cryptanalysis, which tries to obtain the secret 
keys by analysing the plaintext and ciphertexts mathematical 
relationships. However, with the seminal paper of Paul 
Kocher, it became evident that in spite of the mathematical 
robustness of crypto-algorithms, there may be implementation 
weaknesses which can be exploited by attackers. For 
example, imagine your credit card being used in an electronic 
transaction, and being protected by a standard cryptosystem 
like RSA, which performs , where are m,c,N 
are the plaintext, ciphertext, and a public parameter. However, 
what the adversary does not know is the secret key d. While 
the mathematical guarantees of RSA with correct parameter 
choices makes retrieval of the secret quite difficult, the final 
challenge comes while implementing the same. Usually, a 
classical way of implementing it would be using the popular 
square-and-multiply algorithm, which expresses the secret d 
in binary, and performs always a squaring, while performing a 
conditional multiplication with c, only when the secret bit is 1. 
This conditional operation has a different impact on the power 
consumption of your credit card chip, which when inserted 
into a malicious card-accepting-device can leak the secret key 
trivially (Fig. 1). These forms of information channels are 
called side channels, and require holistic understanding of 
both the theory of cryptosystems and the leakages that can 
occur because of the gaps in implementations. 

 
Secured-Embedded-Architecture-Lab (SEAL)
In order to pursue research and investigation in this domain 
of bridging the gap between theory and practice we have 
developed a state-of-the-art laboratory called SEAL which is 
nationally and internationally recognized by domain experts. 
The laboratory has been built to enable experiments on both 
non-invasive attacks, like electromagnetic/power attacks, and 
invasive attacks, like electromagnetic/laser based fault attacks 
(Fig. 2). 

Our focus has been fundamental research in hardware-
security and cryptographic-engineering, leading to 
highly-impactful indigenous works in fault-tolerance for 
cryptography, side-channel-analysis, design-automation & 

Figure1: Side-channels threaten cryptosystems Figure 2: Side Channel Instruments
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VLSI of cryptosystems, Physically-Unclonable-Functions, 
micro-architectural-attacks, and cryptography for encrypted-
computations. 

One of our central areas of work has been micro-
architectural attacks as we were among the foremost in 
showing various aspects of modern day computer architectures 
responsible for side channel leakage of cipher keys. Recent 
attacks like Spectre, which affected all major processor 
companies like Intel/AMD, cite our works of demonstrating 
how modern branch-predictors can be mimicked to leak 
secret-keys of crypto-libraries. This article was published 
as a feature article in IEEE-TC for practicality and novelty 
[IEEE Trans. Computers 69(5): 633-648 (2020)]. Our work 
showed that out-of-order-executions, which are central to high 
performance in modern day machines, can be responsible for 
leakage of keys in ciphers implemented with small s-boxes. 
The work was analyzed to formalize the leakage due to 
hardware prefetcher in the prestigious Journal of Cryptology, 
which is the flagship journal of the International Association 
of Cryptologic Research [J. Cryptol. 34(3): 21 (2021)]. A US 
patent was granted [U.S.Pat.9,813,235.7] for our work on 
protecting against cache-timing attacks.

What are micro-architectural attacks? 
Computer systems have evolved in a fascinating manner, and 
the primary driving force has been performance. Modern day 
processors are powerful work horses to cater to intensive 
computations, including the complex crypto-algorithms. 
However, here comes a catch! 

The same hardware artefacts which enable modern day 
crypto to efficiently execute opens up avenues for leakages that 
are fundamental to the micro-architectures of these computers. 
This is called micro-architectural attack and poses a huge 
threat to engineer cryptographic systems. Scientifically, some 
of the open problems are to unearth these leakage sources, 
to quantify mathematically these leakages, and to understand 
their potential in realizing practical attacks in conjunction with 
various forms of side channel attacks.

Information leakage due to cache memories
A cache memory is a small high-speed memory that stores 
recently used data and instructions. Access to data present in 
the cache (a cache hit) is much faster than when the data is not 
in the cache (a cache miss) (Fig 3). 

An astute adversary who would be able to distinguish 
between a cache hit and miss, can do havoc to a cipher 
implementing on such a platform. Let us illustrate by a toy 
example of how the secret key of a block cipher can leak due 
to cache memories.

Formalizing Leakage and Prefetchers 
Modern cache memories are equipped with hardware 
prefetchers which attempt to improve the cache hit rate by 
bringing in content into the cache using various predictions. 
One of our major contributions was to develop a mathematical 
model for the expected number of cache misses, both in 
classical cache without a prefetcher, and one when the 
prefetcher is enabled. This was the first work which also 
included prefetching as a parameter in the model. Finally, 
Kullback Leibler based quantification of the leakage was 
developed which unearthed new insights to further attacks and 
countermeasures. 

Branch Predictors 
Modern day computer architectures have extremely efficient 
branch predictors, which can resolve branches to reduce 
hazards. Strikingly, in our findings we showed that the 
change of prediction accuracies of unknown branch predictors 
of commercial computers, like Intel, can be simulated with 
simple models of 2 or 3-bit saturation counters! This provides 
an attacker an instrument to guess portions of the secret 
key of standard public key libraries and correlate expected 
branch-misses from the model with the observed branch 
misses obtained from hardware-performance-counters. Such 
strategies lead to the recovery of secret keys of ciphers 
like RSA, even with protections. These security risks make 
processor industries to discontinue user access of performance 
counters!

Fault Attacks and RowHammer
One of our key contributions has been to show that faults can 
be catastrophic for security. In our works, we solved an open 
problem to unearth a strategy to determine a differential fault 
attack which can leak the AES key with a single random fault 
[J. Cryptogr. Eng. 3(2): 73-97 (2013)] (AFRICACRYPT 
2009: 421-434). Our recent findings show powerful versions 
of such attacks using faults to break all known countermeasures 
against fault attacks, thus obviating special attention in 
realizing the cryptosystems [EUROCRYPT (1) 2020: 612-
643] (ICCAD 2020: 66:1-66:9). 

In our laboratory we work on using fault injection tools 
like electromagnetic guns, etc. to demonstrate that crypto on 
embedded systems can be threatened by such attacks. Notably, 
we demonstrated by exploiting a reliability vulnerability 
in modern day DRAM chips, called RowHammers, that 
such fault attacks can also be triggered through the micro-
architecture by software means. Our work has been the first 
to show fault attacks on AES can be triggered by software 
mechanisms. This has been cited in several recent attacks 
like Plundervolt, RamBleed. Plundervolt retrieves AES keys 
using the single fault attack developed by us (https://github.
com/Daeinar/dfa-aes).

Looking Ahead
When India is fast adopting the technologies of IoT and 
CPS for governance and dissemination of various facilities 
to Indian citizens, front-end research on hardware-security 
and cryptographic engineering becomes all the more 
important. Our research on side channels in general and Figure 3: Timing Attacks exploiting Cache Memory
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micro-architectures in particular, shows that the theory of 
security analysis of cryptosystems without factoring software 
and hardware platforms is incomplete. Our work establishes 
and mathematically quantizes the leakage due to underlying 
micro-architectural footprints and shows the impact of the 
same on practical attacks. 

Our laboratory is now venturing into several exciting 
research problems. For emerging applications like IoT, 
storing and managing secret keys is a challenge. We are 
working on developing a cryptographic technique exploiting 
the uncertainty of device physics, through primitives called 
Physically-Unclonable-Functions (PUFs). 

We are also working on one of the holy grails in 
modern-day computing in developing the ability to perform 
computations like search on encrypted information without 
explicit decryption. We have already made in-roads in 
developing the first secured searchable encryption scheme 
which supports conjunctive searches (CCS 2018: 745-762). 

We are also working on hardware realizations of a very 
powerful primitive called distributed Fully Homomorphic 
Decryptions, which allows processing on encrypted data in 
a distributed fashion. Such technologies have the potential to 
enable important applications like privacy respecting medical 
diagnosis and e-voting. One of our key focuses is not only to 
develop the theory, but ensure that the last mile of engineering 
such systems and translating them into secured products is 
realized. 

I   work in the area of ergodic theory and am especially 
interested in connections with number theory. Ergodic 
theory can be loosely described as the mathematical study 

of chaotic systems. The word "ergodic" can be traced to the 
Greek language. Indeed, "ergodische" was introduced into the 
scientific literature by the famous Austrian physicist Ludwig 
Boltzmann from the Greek words "eργoν" (energy) and 
"oδoσ" (path). 

Boltzmann, who was a pioneer in statistical physics, 
stated the "ergodic hypothesis", which states that for complex 
systems such as the motion of a gas molecule in a closed 
chamber, the "time average" of the particle equals the space 
average of the particle, neglecting a meager set of particles 
whose orbits don't satisfy this condition. This concept was 
studied by many influential mathematicians and physicists 
during the turn of the last century including Maxwell, Ehrenfest 
and others. However progress was impeded by the lack of 
mathematical tools coming from measure theory and topology 
which had yet to be developed. This changed dramatically 
in the early 1930s with a series of landmark papers by von 
Neumann and Birkhoff. In these papers, they gave a rigorous 
underpinning to Boltzmann's ergodic hypothesis and proved 
fundamental ergodic theorems.

Let us now turn to an entirely different subject, namely 
number theory, more specifically, the theory of quadratic 
forms. In 1884, Meyer proved the following result on 
quadratic forms. Consider an indefinite quadratic form in 5 
or more variables with rational coefficients. An example is 
Q(a,b,c,d,e) = a^2 + 5b^2 - 16c^2 -d^2 + e^2 . Meyer's 
theorem states that such a quadratic form always has an 
integral zero, namely, one can find integers a, b, c, d and e 
which solve the equation Q(a,b,c,d,e) = 0. 

In the early 1930s, around the same time as the ergodic 
theorems were being proved, the British mathematician 
Oppenheim was interested in the study of quadratic forms 
which do not have rational coefficients. Here's an example of 
such a form in 3 variables: Q(x, y, z) = x^2  - pi y^2 + z^2. 
Now such a form (even in 5 or more variables) does not satisfy 
the hypotheses of Meyer's theorem and does not have an 
integral zero. Oppenheim conjectured that nevertheless, such 
forms come close to having integral zeros. More precisely, 
he made the conjecture that the quadratic inequality Q(x,y,z) 
< epsilon should have an integral solution. Here epsilon is a 
very small number. In other words, one can approximate zero 
(in fact any real number) by plugging in an integer vector into 
the quadratic form. 

Despite progress by many famous mathematicians, this 
problem remained unanswered till the early 1980s. What 
brought decisive progress was a remarkable observation by 
M.S. Raghunathan which translated Oppenheim's conjecture 
into a statement in ergodic theory! The latter problem in 
ergodic theory was solved by G. Margulis, thereby settling 
this old problem in number theory and opening the floodgates 
to many interactions between ergodic theory and number 
theory. At first sight, this seems almost magical – what do 
quadratic forms have to do with the motion of gas molecules?    

This brings us to the study of ergodic theory on 
homogeneous spaces. What is a homogeneous space? An 
example of what we have in mind is the torus. This is a quotient 
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of a group (namely R^n) by a "discrete" subgroup, namely 
Z^n. It is a compact space and roughly speaking, each point 
in the space "looks identical", hence the name homogeneous. 

We shall be interested in a slightly more complicated 
class of examples of homogeneous spaces, built in the same 
template. We take a matrix Lie group, for example the 
group SL(n, R) of n by n matrices of determinant one and 
similarly as in the case of the torus, we consider the discrete 
subgroup  SL(n, Z) of SL(n, R) and form the quotient SL(n, 
R)/SL(n, Z). There are several important differences between 
this space and the torus T^n. First of all, SL(n, R) is not an 
abelian group and indeed SL(n, Z) is not a normal subgroup 
of SL(n, R). The quotient accordingly, is not a group, i.e. 
we are looking at a topological quotient. Moreover, this 
space is not compact. To see this, it is helpful to recast the 
space SL(n, R)/SL(n, Z)  in more familiar terms as follows. 
Consider the lattice Z^n in R^n. If we act on this lattice (i.e. 
multiply each vector of the lattice by a fixed matrix) by SL(n, 
R), then we get another lattice which has the same property 
as Z^n, namely that it's fundamental parallelepiped has  
volume 1. This is because the determinant of a matrix in 
SL(n, R) is 1. 

Now one can consider the "moduli space" of all such 
lattices, namely, the collection of all such objects. The group 
SL(n, R) acts on this space, and this action is in fact transitive. 
So, one can get from any unimodular lattice to any other using 
a matrix from SL(n, R). The stabilizer of the lattice Z^n is 
SL(n, Z). Therefore the moduli space of unimodular lattices 
can be identified with the quotient SL(n, R)/SL(n, Z) which is 
the "nonabelian" torus that we introduced before. 

One can now check that it is possible to have sequences 
of unimodular lattices "diverging" to infinity. The connection 
to quadratic forms is provided by the orthogonal group of the 
quadratic form, namely the group that leaves the quadratic 
form invariant. This group, let's call it SO(Q) where Q is the 
quadratic form, acts on our homogeneous space SL(n, R)/
SL(n, Z) and Raghunathan's beautiful observation was that 
one can translate arithmetic statements about quadratic forms 
into the ergodic theory of the SO(Q) action.  

My work is at the interface of ergodic theory and 
number theory. Among other things, I have recently made 
contributions to effective versions of the famous Oppenheim 
conjecture on integer values of quadratic forms, fine 
distributional questions regarding geodesic orbits in negatively 
curved spaces, the connection between spectral bounds and 
Diophantine approximation, the distribution of lattice orbits 
on homogeneous varieties, dynamics on affine subspaces and 
their submanifolds and p-adic dynamics. 

Let me continue the story of quadratic forms and 
describe some recent work. From Margulis's resolution of 
Oppenheim's conjecture, we know that quadratic forms which 
are not rational have integral solutions to inequalities. It is a 
natural question to ask whether there is an algorithm to find 
the integer solution. Margulis's proof does not provide any 
way of finding this solution or even of estimating its size. It 
is an existential proof. This problem turns out to be a very 
difficult one and is still not completely solved. Namely, it is 
difficult to give bounds for integer vectors which solve the 
relevant quadratic inequality. Recently, there has been a surge 
of interest in effective versions of Margulis’s result. This 

problem has received attention from leading mathematicians 
including Bourgain, Margulis and Lindenstrauss. Indeed, 
effective results constitute one of the main current challenges 
in ergodic theory. 

With my co-authors Gorodnik and Nevo, I have made 
significant strides towards this goal by proving effective 
versions of Margulis’s result, optimal in many cases, for 
generic systems of forms. In other words, we have proved 
that for all but a meagre set of quadratic forms, one can find 
an integer vector satisfying the inequality Q(a, b, c) < epsilon 
with very good bounds on the integer vector (a,b,c). Our 
methods again depend on ergodic theory and in particular, 
use some ideas from a branch of mathematics called harmonic 
analysis to prove ergodic theorems for actions of groups such 
as SO(Q). Our work shows that one can fruitfully employ 
ergodic theory to resolve difficult problems in number theory. 
In the coming years, I hope to further explore this beautiful 
and deep connection. 
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THE Digital Revolution has shaped the modern world, 
and today computation is present in virtually every 
aspect of our lives. It is therefore of paramount 

importance that computational tasks are performed efficiently. 
Of course, a computational task can be done faster by running 
the same program on better hardware, but often the same 
or even a more significant improvement can be achieved by 
doing the same task with more efficient software.

But, what exactly is meant by more efficient software? 
If one program can perform the same task as another on the 
same hardware, but faster, then this program is more efficient. 
In other words, we are interested in programs that perform 
better irrespective of the hardware they run on. An algorithm 
is an abstraction of a computer program that is independent 
of the computer it runs on. The running time of an algorithm 
when run on a concrete input instance is simply the number 
of operations it performs before terminating with an answer. 

In different instances, the running time of an algorithm 
can of course be different, and in most situations the larger 
the instance, the longer the time required for an algorithm 
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to terminate. For this reason the standard way to measure 
the running time of an algorithm is to express how it scales 
with the size of the input instance. This notion of efficiency 
is termed worst-case running time, and the vast majority of 
algorithm design and analysis focuses on minimizing this 
measure.

Worst-case running time analysis has been at the centre 
of nearly all developments in theoretical computer science 
since the inception of the field. Nevertheless, this approach 
to measure algorithm efficiency has serious drawbacks. It is 
never the case that the input size is the only aspect of the 
input instance that affects the running time of an algorithm. 
Furthermore, it is rarely the case that the input instances we 
actually want to solve look like the instances on which the 
algorithm performs the worst. For this reason, the running time 
estimates from a worst-case analysis are overly pessimistic, 
and algorithms with optimized worst-case behaviour often 
perform poorly on instances arising in applications.

As an example, consider the Integer Linear Programming 
(ILP) problem – one of the most fundamental problems in 
combinatorial optimization with real-world applications 
ranging from airline scheduling to kidney exchange. ILP 
instances consist of a linear objective function in n variables 
and a set of linear inequalities. The goal is to assign integer 
values to the variables such that all inequalities are satisfied 
and the objective function is minimized/maximized. 

The best known worst-case upper bound for the running 
time of an algorithm solving ILP, even when all the variables 
are restricted to take the values 0or1, is approximately 2^n. 
The explosive growth of exponential functions implies that, 
according to this worst-case upper bound, solving ILP on 
instances of moderate size, say n=250, could take longer 
than the age of the universe, even on the fastest conceivable 
supercomputers of the future. At the same time, commercial 
software packages such as CPLEX are routinely used to solve 
instances of ILP with millions of variables. This phenomenon 
is ubiquitous in computer science; there is a plethora of cases 
where algorithms perform astoundingly fast compared to their 
worst-case running time guarantees. The discrepancy between 
the running time predictions derived from theoretical analysis 
of algorithms and the performance of algorithms in practice 
represents a serious gap in our understanding of computation. 

The reason for this discrepancy is that real-world 
instances are not pathological worst-case instances; they 
exhibit additional structures that can often be exploited 
algorithmically. There is a real need for a mathematical 
framework that allows us to express the running time of 
algorithms in terms of both input size and the structural 
properties of the input instances. Such a framework would 
not only be a breakthrough in the understanding of the nature 
of computing, it would also drive the design of efficient 
algorithms in practice.

A particularly successful attempt at creating such a 
mathematical model is the field of parameterized complexity. 
This field was created in order to improve over worst-case 
analysis for NP-hard problems; problems whose worst-case 
running time is conjectured to be at least exponential in the 
input size. Originating in the late 80s from the foundational 
work of Downey and Fellows, parameterized complexity has 
experienced tremendous growth, and is now considered to be 

one of the central subfields of theoretical computer science, 
with several textbooks, including the most recent book on 
parameterized, co-authored by yours truly.

As a good example of parameterized problem, consider 
the problem of evaluating database queries. In many realistic 
scenarios, we have to evaluate a query that is expected to be 
small in a (potentially large) database. In most of the cases, 
such problems are computationally intractable and the only 
known algorithms solving them require exponential time. 

But can we design an algorithm, where exponential (and 
thus bad) dependence will be only in the size of the query 
(which is miniscule compared to the database) and not the 
size of the database. For example, can we design algorithm of 
running time O(2^k n), where k is the size of the query and 
n is the size of the database? While still being exponential, 
algorithms with such a running time would allow us to solve 
queries of size at most, say 20, in multi-million sized databases 
within seconds. This is the precise situation that is captured by 
the notion of fixed-parameter tractability.

The literature on fixed-parameter tractability contains a 
large number of similar examples, where the combinatorial 
explosion can be restricted to some parameter independent 
of the input size. Algorithmic results of this form appear in 
various application domains including computational biology, 
network routing and design, constraint satisfaction, and 
database theory. The main idea of parameterized algorithms 
is very general – to measure the running time in terms of 
both input size as well as a parameter that captures structural 
properties of the input instance. 

I have worked in parameterized complexity for the 
past two decades and my work in this area has been greatly 
appreciated by the community.

PREVENTING & 
CONTROLLING 
HEART DISEASE 
AND DIABETES
Dr Jeemon Panniyammakal
Achutha Menon Centre for Health Science Studies
Sree Chitra Tirunal lnstitute for Medical Sciences and 
Technology, Thiruvananthapuram
Email: jeemon@sctimst.ac.in
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Award Citation
Dr Jeemon Panniyammakal has 
made outstanding contributions 
to public health, including 
improving primary care and 
prevention and control of 
cardiovascular diseases and 
diabetes in India.

IN my research career spanning over one-and-a-half 
decades, I have focused on cardiovascular diseases and 
diabetes epidemiology in India. I was involved in several 

large international and national epidemiological studies 
and clinical trials such as the ADVANCE study (Action in 
Diabetes and Vascular Disease: 2002-2011), STICH trial 
(Surgical Intervention for Ischemic Heart Failure: 2004-2014), 
UMPIRE (Use of a Multidrug Pill In Reducing cardiovascular 
Events: 2010-2014) trial, Sentinel surveillance Study in Indian 
industrial population, Quality improvement programs in acute 
coronary syndrome, and acute coronary syndrome and heart 
failure registries in India in various capacities. 

I have studied novel predictors of mortality outcomes in 
hypertensive patients as part of my Ph.D. research and gained 
expertise in survival models and risk prediction analyses. I 
was also awarded a fellowship in clinical and public health 
from the Wellcome Trust/Depart of Biotechnology India 
Alliance where I worked on a novel approach in cardiovascular 
health promotion at the family level in individuals with 
family history of premature coronary heart disease. In this 
fellowship project, I played a key role in a large-scale trial, 
called the Programme of Lifestyle Interventions in Families 
for Cardiovascular Risk reduction (PROLIFIC), that aimed 
to deliver targeted preventive care to families at high risk 
of cardiovascular disease (CVD). I pioneered family-based 
approaches to tackle CVD risk in low and middle-income 
country settings and demonstrated that by adopting a family 
centred strategy, lifestyle changes can be more achievable 
for both individual and families. Further, I showed that 
family mediated lifestyle changes are also more likely to be 
maintained on long-term basis and the benefits accrued from 
this model could have significant public health benefits in 
terms of preventing future cardiovascular events.  

My initial research projects have been aimed at filling 
the gap in data sources particularly related to cardiovascular 
health risk behaviours and states, risk and protective 
factors, and social role transitions by generating comparable 
data on risk factors of CVD collected using standardized 
tools at the national level. I have also been working on 
development, implementation and evaluation of complex 
public health interventions for cardiovascular risk reduction 
and was the study director of a worksite based comprehensive 
cardiovascular risk reduction programme in employees and 
family members in India. This programme was successful 
in demonstrating the effectiveness of complex public health 
intervention for prevention and control of cardiovascular 
risk factors in Indian settings. Later, this programme was 
recognized as the best model to emulate in low- and middle-

income country settings by the World Heart Federation and 
the World Economic Forum. 

I am currently leading a large work-site based lifestyle 
programme for reducing diabetes and cardiovascular disease 
in India with funding support from the National Heart Lung 
and Blood Institute, USA. In this programme, a peer-led 
structured lifestyle modification programme for prevention or 
delaying the onset of diabetes has been implemented across 11 
large industries in India. 

I am also evaluating the long-term benefits of the 
Kerala Diabetes Prevention Project (K-DPP) and working 
towards scaling up interventions to improve the control of 
hypertension and diabetes in community settings in partnership 
with the governments of Kerala and Tamil Nadu. Both these 
projects are funded by the National Health and Medical 
Research Council (NHMRC), Australia. It will demonstrate 
how LMICs can achieve reach, adoption and sustainability 
of Structured Lifestyle Modification (SLM) programmes 
to improve diabetes and hypertension outcomes. As part 
of another project with funding from the World Diabetes 
Federation, I was instrumental in training over 15,000 peer 
leaders in India and scaling-up diabetes prevention to over 
3,75,000 participants in Kerala.

I am also actively involved in the research activities of 
the Centre of Advanced Research Excellence (CARE) in heart 
failure at Sree Chitra Tirunal Institute for Medical Sciences 
and Technology, Trivandrum, Kerala. As part of CARE, and 
under the leadership of Prof. Harikrishnan, I am involved in 
setting-up of large scale heart failure registries in Kerala and 
India. Together these registries enrolled more than 17,000 
heart failure patients from different parts of India. All registry 
participants are being actively followed-up till date. The 
registries were helpful in studying the patient characteristics, 
common reasons and presentations, practice patterns in heart 

Dr Jeemon after introducing his mentor (Prof. D Prabhakaran) to his 
students at Achutha Menon Center for Health Science Studies, Sree 

Chitra Tirunal Institute for Medical Sciences and Technology.
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I joined IIT Bombay in 2005 without any post-doc experience 
because I believed that on-job training would teach me 
more than doing a post-doc in someone else’s lab! Over 

the years, I have been able to leverage my training to establish 
a research programme pursuing micro and nano-scale devices 
such as biosensors, bionanotechnology and finally mapping 
out to point-of-care diagnostic devices.  

I have translation research in the field of bioelectronics 
and affordable point-of-care diagnostic technologies for 
rural and maternal healthcare. Along with my team, I have 
already commercialized four point-of-care diagnostic devices 
such as SYNC (Bluetooth integrated glucometer for diabetes 
management); UChek (routine urine analysis system); 
CareMother (smartphone-based platform to integrate doctors 
and pregnant women to screen and identify risk-prone 
pregnancies for maternal and neonatal healthcare in the rural 
areas). 

My group has also clinically validated and transferred 
numerous healthcare technologies to companies such as 
Smartsense™ (affordable and portable blood electrolyte 
analyzer with integrated blood plasma centrifuge); Uridsa™ 
(low-cost, portable colourimetric device to diagnose kidney-
related disorders); ElectroFinder™ (portable and rapid 
detection device to detect level of sodium and potassium in 
critical care patients. We have also clinically validated several 
technologies like PorFloR™ (fluorescence strips and device for 
detection of orthopedic implant-associated infection such as 
C-reactive protein and interleukin-6); CholcheckTM (affordable 
LFA-based complete cholesterol panel and detection device); 
Insulin Infusion Pump (continuous insulin infusion pump, 
along with hollow silicon microneedle patch and flexible 
reservoir for diabetes management). 

I am currently working on several challenging technologies 
such as rapid detection test for TSH, T3, T4; Cardiac 
biomarkers Troponin T & I; Gestational diabetes for pregnant 
women; Detection of vitamin-D & B12, etc. My group has 
developed many affordable, novel, biodegradable plasmonic 
nanoparticles for minimally-invasive cancer theranostic 
application. The promising preclinical results of the developed 
technology have encouraged me to take it forward into Phase 
I clinical trial. My group has also indigenously developed 
economical, novel, resorbable bone screw and drug loaded 
chitosan sponges for orthopedic applications. 

Over the last fifteen years, I have established active 
collaborations with various technical, medical institutes along 
with hospitals, research centers and companies all around 
India and the world. The efforts are towards bringing a 
positive change in India's underdeveloped healthcare sector 
by developing affordable healthcare technologies with the 
collaboration of industries and generating funds by transferring 
technologies for commercialization. My lab has already filed 
more than 130 Indian and US patent applications with more 
than 25 granted patents. 

failure and their relationship with long-term survival. It also 
paves the way for developing quality improvement initiates 
to improve the outcomes of heart failure in India. As part 
of the CARE initiatives, I am leading a 2x2 factorial trial of 
behavioural therapy and physical activity-based rehabilitation 
in reducing mortality and hospitalisation in heart failure 
patients in India. 

Last year, I was awarded the India Alliance senior 
fellowship (2021-2026) focused on management of Heart 
Failure (HF) in Indian settings. In this model, I am testing 
the impact of an affordable and culturally appropriate quality 
improvement model for management of HF in India. Our 
team-based Collaborative Care Model (CCM) is facilitated by 
a trained nurse to rationalise the management of Heart Failure 
(HF) in Indian settings. The patient centred approach proposed 
in this study may improve uptake of guideline directed 
therapies, reduce hospital re-admissions and mortality. This 
research work is likely to impact the practice of management 
of HF in low resource settings.

Understanding disease clustering (multi-morbidity) in the 
tribal population of Kerala and the systems thinking approach 
to developing an integrated and patient-centred intervention 
model for multimorbidity care in primary care settings in 
India are my new projects. I received funding support from 
the Medical Research Council, UK to support the multi-
morbidity project. 

My future research plans include development of 
novel strategies for prevention and control of CVD in 
India. A new area of interest is to develop mHealth (mobile 
health) solutions for enabling frontline health workers for 
management of common CVD conditions. I am also planning 
to develop novel solutions to prevent the progression of multi-
morbidity in families in Indian settings. Developing primary 
care models such as collaborative care model for prevention 
and management of multi-morbidity in health and wellness 
centres in India is also one of my key priority research areas.
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Award Citation
Dr Kanak Saha has made the 
breakthrough discovery of a faint 
galaxy at high redshift, detected 
by deep observations using 
India’s first space observatory, 
AstroSat. In the area of theoretical 

astrophysics, his recent works throw light on the 
formation of long-standing spiral structures and 
dynamics of galaxies.

OUR universe went through a dark phase when it 
was just about 400 thousand years old. There was 
no light. Stars and galaxies were yet to be born — 

an era known as the Cosmic Dark Age. All that filled the 
entire universe mainly was the atomic (neutral) hydrogen gas 
produced during the recombination era. The dark phase did 
not last long. Within a few hundred million years, there was 
a cosmic phase transition during which the universe changed 
from neutral to ionized hydrogen. We live in this re-ionization 
phase. Today most of the matter in between two galaxies is 
ionized. When and how did this phase transition occur? When 
did it end? What caused this widespread re-ionization?

The usual suspects are, of course, the first stars and 
galaxies that re-illuminated our universe. Nobody has seen 
those first stars and galaxies as of now. Based on the current 
understanding of fundamental astrophysics, the first stars and 
galaxies, which were primarily made from neutral hydrogen 
gas, must have emitted plenty of extreme-UV photons. These 

extreme-UV (EUV) photons have energy greater than 13.6 
eV or wavelength less than 912 Angstrom (also called Lyman 
continuum, hereafter LyC, radiation). When such a photon 
hits a hydrogen atom, it splits it into a proton and an electron. 
The EUV photons (also called ionizing photons) that came 
out of the first stars and galaxies might also have ionized 
the surrounding hydrogen gas, and that’s how our universe 
entered into an era called the epoch of reionization. What 
fraction of these photons manages to come out of the galaxies 
remains unknown so is the nature of the ionizing photon 
emitting sources.

The escape problem
Detecting extreme-UV photons from a galaxy is a challenging 
task. These ionizing photons have to cross several obstacles 
before they reach the Earth. The first one is the interstellar 
medium (ISM) of the galaxy itself. Most of the ionizing 
photons get absorbed by the hydrogen gas and dust present in 
the ISM of the galaxy. Some fraction that manages to escape 
the ISM might get absorbed by the circum-galactic medium 
(CGM), and then there is a long path from the galaxy to us 
filled with the intergalactic medium (IGM). Attenuation of 
these photons by the IGM is a severe factor, limiting any 
detection from the epoch of re-ionization (i.e., redshift z > 
6). So not surprisingly, only a tiny fraction of ionizing photons 
manage to escape all barriers and reach us to be detected by 
the telescopes.

Currently, only a handful of galaxies (from the 
relatively low-redshift universe) emitting ionizing photons 
are discovered with all the telescope (ground and space-
based) facilities available to us. Some of them are at redshift 
z<0.4, while others are between z=2.5 and 3.5. The  
redshift gap from 0.4 - 2.5 remained deserted until the  
UltraViolet Imaging Telescope (UVIT) on AstroSat came into 
the picture.

Discovering a galaxy
Soon after the launch of AstroSat in 2015 by the Indian 
Space Research Organization (ISRO), we proposed to carry 
out 28-hour-long UV observation of the Chandra Deep Field 
South (CDFS).  CDFS is a famous patch of the sky in the 
southern hemisphere and contains the Hubble Deep Field. It 
is worth mentioning here that deep field is a small patch of the 
sky without any bright star and the patch is being observed by 
a telescope over longer periods of time to create a high signal-
to-noise image in a particular wavelength range. A deep field 
allows us to observe the faintest and farthest galaxy in the 
universe.

By analyzing the raw data orbit by orbit and stacking data 
of about 40 orbits, we have created the AstroSat UV Deep 
Field South  (AUDFs). It took about two years to produce the 
first version of AUDFs. AUDFs is currently the deepest UV 
field in the observed UV wavelength (~1300-3000Å).   

Using AUDFs, we have discovered a faint galaxy, 
called AUDFs01, at z=1.42 (9.3 billion light-years away) 
in the middle of a redshift range 0.4 < z < 2.5 where no 
galaxy emitting Lyman continuum radiation had been found. 
AUDFs01 was detected with a S/N=3.2 in the far-UV band 
of UVIT. Prior to this work, all searches in this redshift range 
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yielded null result. This discovery highlights the 
unique capability of Indian AstroSat/UVIT to 
world astronomers. 

By modelling the spectral energy distribution 
from far-UV to infrared observations carried out 
by AstroSat, Hubble Space Telescope, Spitzer 
Space Telescope and a number of ground-based 
telescopes, we found that at least 20% of the 
ionizing photons at  escaped 
the galaxy AUDFs01. This is good news since 
AUDFs01 is about 20 times less massive than 
our Milky Way and emits the right amount of 
ionizing photons needed for the re-ionization 
budget of the universe. This work was published 
in Nature Astronomy, 2020, Vol. 4, p. 1185-
1194.

Significance and impact
AUDFs01 is the first example of a galaxy 
emitting ionizing photons at  
Such EUV radiation will help to constrain the 
slope of the ionizing (below 912Å) spectrum of 
galaxies. Before this observation, there existed 
no constraint below 912Å. With many such 
examples (upcoming papers from our galaxy 
group), AstroSat will open up a new window in 
the EUV domain to probe the physical properties 
of early galaxy formation. In addition, this may 
also benefit the research community dealing with 
massive star formation theories.

This discovery by AstroSat/UVIT opens up 
a window for probing LyC leakers near the peak 
(z~1.6) of the cosmic star formation history 
when galaxies were forming most of their stars. In other 
words, the discovery opens up the so-called LyC desert to 
the astronomical community for searching Lyman continuum 
emitters.

AUDFs01 is the first example of a high-redshift clumpy 
galaxy emitting LyC radiation. So far, all Lyman leaking 
galaxies were compact-sized. The galaxy AUDFs01 consists 
of four clumps. The outcome from this study will encourage 
astronomers to search for LyC leakers among clumpy galaxies 
that are abundant in this redshift range. 

Finally, since ADUFs01 emits a significant fraction 
(20% or more) of its LyC or ionizing photons to the IGM, it 
will help constrain the process of cosmic re-ionization of the 
early universe and hence shed light on how the cosmic dark 
age ended. The fraction of LyC photons is currently a free 
parameter in cosmological simulations of structure formation 
and has a profound impact on the physics of galaxy formation. 
Constraining this escape fraction from observations will be 
extremely useful to the cosmological simulation community.

Future outlook in UV astronomy
We are currently modelling a number of galaxies that are 
identified as potential Lyman continuum radiation emitters in 
the redshift range z= 1 - 2 and beyond.

These high redshift Lyman continuum leakers will form 
the basis for our understanding of the nature of galaxies that 

actually re-ionized the universe as well as help constrain the 
re-ionization photon budget. 

With additional observation carried out on the same 
patch of the sky, we are in the process of making the deepest 
UV deep field which will remain as a value addition to the 
astronomical community all over the world. AUDFs will 
remain as the deepest UV deep field in the next decade or so 
as most upcoming UV space missions are in their preliminary 
stage.

Despite decades of research, it remained unclear why 
we see long-lived spiral structures in galaxies and why some 
galaxies are barred (like our Milky Way) while others are 
not. Since 2010, I have carried out several high-resolution 
numerical simulations and cluster computing to answer some 
of these questions and understand the evolution of galaxies. 
Some of the recent works that created a good impact in the 
field include: 

1. explaining long-liveness of spiral structures by introducing 
Q-barrier (Saha & Elmegreen, ApJ Letters, 2016); 

2. why some galaxies are not barred (Saha & Elmegreen, 
ApJ, 2018); 

3. how dark matter halo spin affects bar formation (Saha & 
Naab, MNRAS, 2013); 

4. introducing a new route to the forming lenticular galaxies 
(Saha & Cortesi, ApJ Letters, 2018).



80 YEARS OF  
IMPACT

Council of Scientific & 
Industrial Research

Rural Tech. Park at SIRD Bhubaneshwar, after completion

Low Cost 
and Hazard
Resistant 
Houses for 
the Nation

46  |  Science Reporter  |  December 2021



December 2021  |  Science Reporter  |  47

IN early May 2019, cyclone Fani ravaged the coast 
of Odisha. Winds at 175 km per hour and very heavy 
rains destroyed and damaged, among other things, lakhs 

of houses. However, some houses braved the raging winds 
and pouring rains. These houses that weathered the cyclonic 
storm were designed and built by the CSIR’s Central Building 
Research Institute (CSIR-CBRI), Roorkee. 

In the year 2018, India’s largest and premier building 
research institute was approached by the Government of 
Odisha to provide technical assistance, support and guidance 
on housing designs and to suggest improvements. CSIR-CBRI 
focused on capacity building of project administrators and 
Engineers, to ensure high quality deliverables with precision 
and speed. 

Several training sessions of five days each were organised 
(online/offline) at CSIR-CBRI, where around 5000 engineers 
and artisans of Panchayati Raj Department of Government of 
Odisha participated. When all these participants returned to 
their respective headquarters, they acted as the master trainers 
to train fellow officers. As an outcome of the combined 
efforts of CSIR-CBRI & the Panchayati Raj Department 
of Government of Odisha, more than 9 lakh houses were 
constructed.

Impressed with the work of CSIR-CBRI, the Government 
of Odisha also requested CSIR-CBRI to help them establish a 
Rural Technology Park at Bhubaneshwar for demonstration, 
training and wider dissemination of alternative building 
technology in Odisha State. 

CSIR-CBRI also performed a thorough study of the 
cyclone Fani damaged houses, identified the deficiencies and 
suggested measures for rebuilding safe and sturdy houses. 
The Government of Odisha sought the help of CSIR-CBRI 
for reconstruction of about 25 lakh houses affected by cyclone 
Fani.

A house to live in is a basic need of every human. The 
Government of India has affirmed its commitment to provide 
“Housing for All” by the year 2022. In pursuance to this goal, 
the Pradhan Mantri Avas Yojna-Gramin (PMAY-G) scheme 
was approved to provide assistance for construction of pucca 
houses in rural areas. 

However, a short period of time and limited resources 
do not support the traditional system of construction. The 
requirement is to construct cost-effective rural houses for 
different geo-climatic conditions and address potential natural 
hazards prevalent in the country. 

The CSIR-CBRI has also been entrusted with the 
responsibility for architectural and structural validation of 
the rural housing designs by the United Nations Development 
Programme (UNDP), on the advice of the Ministry of Rural 
Development of the Government of India. The CSIR-Central 
Building Research Institute (CSIR-CBRI) has reviewed 
the designs by UNDP and has suggested appropriate S&T 
interventions to make the houses more durable, resistant to 
natural disasters and comfortable to live-in. Local materials 
were utilised to the maximum extent in construction in 
order to achieve economy, acceptability of local society and 
employment generation. 

For safety against earthquakes in low and moderate 
intensity zones and to protect from high winds it was suggested 

that all the walls of the house must be tied together using RC 
plinth, lintel, roof and gable bands to have integral box action. 
Where RC bands are not possible bamboo or timber bands 
may be used with secure connections at corners and junctions. 
Necessary interventions were also suggested in foundations 
to meet the requirements of local hazards such as floods and 
swelling soil. 

A comprehensive document “Pahal: Prakriti Hunar 
Lokvidya – A Compendium of Rural Housing Typologies” 
showcasing different designs of rural housing in Odisha state 
can be referred at the following link: https://cbri.res.in/wp-
content/uploads/2020/11/pahal.pdf

Adapted from the CSIR Blog (https://www.csir.res.in/
csirblog-success-stories)

Technical session

Live demonstration

Rural Tech. Park at SIRD, Bhubaneshwar, during construction
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AFTER completing his Post Graduation from the 
Central Institute of Plastics Engineering & Technology 
(CIPET) in 1989, J. Chandrasekaran worked in 

plastics and engineering companies for twenty years. In 2009, 
Chandrasekaran received a call from Dr S.K. Nayak, his 
former CIPET teacher, who had 
become the Director-General of 
CIPET (now Central Institute 
of Petrochemicals Engineering 
& Technology). Dr S.K. Nayak 
invited Chandrasekaran and 
a few industrialists to attend 
a technology demonstration 
at CIPET. Although 
Chandrasekaran had worked 
in industries, he was not an 
industrialist. So, he was a bit unsure, but he wanted to ‘obey’ 
his Guru’s orders and so visited CIPET. 

The visit changed Chandrasekaran’s life. It also enabled 
him to touch the lives of lakhs of Indians.

On that day in CIPET, scientists from the CSIR-Institute 
of Minerals and Materials Technology (CSIR-IMMT), 
Bhubaneshwar, presented to the assembled industrialists, 
TERAFIL, a low-cost technology to purify water. The 
scientists explained and demonstrated how TERAFIL purifies 
both surface and groundwater at a minimal cost.

What makes the TERAFIL technology a low-cost one 
is its easily available ingredients and the simple process to 
make the filters. The three major ingredients for the filter 

Hailing from a village in Tamil Nadu 
and having travelled widely in the state, 
Chandrasekaran knew first-hand about the 
poor water quality in the rural areas. Even 
today, water in many rural areas is highly 
turbid and contaminated with bacteria 
such as Vibrio, Salmonella and Shigella 
that cause cholera and dysentery. It also 
contains disease-causing protozoa and 
other microbes like guinea, round, hook and tapeworms.

In the CIPET hall, perhaps sensing the uncertainty 
prevailing in the minds of those present, the CIPET 
Director-General suddenly announced that his former student 
Chandrasekaran would take up the CSIR-IMMT technology 
and scale it up. Chandrasekaran was caught off-guard. But his 
heart warmed at his former teacher’s trust in him. Moreover, 
Chandrasekaran recognized the enormous potential that the 
TERAFIL technology held.

The next day, Chandrasekaran gave up his job. He 
underwent training at CSIR-IMMT where he was taught the 
finer process of making TERAFILs. Soon, he licensed the 
TERAFIL technology from CSIR-IMMT. And he set out to 
manufacture TERAFIL water filters.

And manufacture, he did. It is not just Chandrasekaran 
who has obtained licenses from CSIR-IMMT. In fact, CSIR-
IMMT has to date licensed the TERAFIL technology to more 
than 120 MSMEs, NGOs and other government agencies. 
Today, there are over 3 lakh units of domestic filters and 
50,000 units of community filters installed in rural and urban 
areas based on the TERAFIL technology.

Other than the low-cost of purchase, the maintenance 
cost of TERAFIL is also minimal. The life of the inexpensive 
filter is a good three years, sometimes even longer. With use, 
the filter surface does get clogged, but all that is required is 
periodic scrubbing, rejuvenates the flow rate of the TERAFIL. 
If bacterial contamination is suspected, mild chlorination 
would make the water 100% bacteria-free.  

It is estimated that 60 million litres of affordable & safe 
drinking water are produced every day using CSIR-IMMT’s 
TERAFIL technology. In the last five years, CSIR-IMMT has 
transferred the technology to 18 MSMEs across India and has 
provided training to the licensees.

Chandrasekaran went on to set up Watsan Envirotech Pvt. 
Ltd., the leading producer of TERAFIL based filters. Today, 
he is a man with a mission. His mission is to provide clean 
drinking water and sanitation. He has also taken TERAFIL 
beyond India’s shores and has found worldwide acclaim for 
his dedication to providing clean drinking water. Besides, he 
has also developed add-ons to remove arsenic and fluoride 
from the water, along with TERAFIL. 

TERAFIL is yet another CSIR technology that has turned 
an employee into an employer, generated jobs and most 
importantly, touched lives.

Adapted from the CSIR Blog (https://www.csir.res.in/
csirblog-success-stories)

 

 

are pottery clay, sand and wood sawdust. These are mixed to 
form ‘dough’ from which disc, brick and candle-shaped water 
filters are cast.

The filters are then dried and heated at very high 
temperatures. At a high temperature, the wooden sawdust 
embedded in the filters burns away, resulting in pores in what 
now becomes the TERAFIL filter. These pores are separated 
from each other by thin semi-permeable clay walls. The clay 
wall contains a large number of ultra-fine capillary openings 
that allow water to permeate while trapping the pathogens and 
heavy metals like iron. The cost of water purification is just 
about three paise per litre. 

However, most of the industrialists present in CIPET 
on that day were not very enthusiastic about the low-cost 
technology. The more common RO water technology that 
catered to the urban population offered higher returns. 
The proposition of a low-cost filter to be sold in rural 
areas for marginal returns did not appeal to them, except 
Chandrasekaran.
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Combating COVID-19 
With Digital Tools

STUDIES have found that digital tools benefit health care 
industries in many ways such as spreading awareness 
and improving vaccination coverage [Briss, Peter A., 

et al. American Journal of Preventive Medicine 18.1 (2000): 
97-140]. During the current Coronavirus pandemic, several 
countries extensively used digital technologies to effectively 
combat the pandemic. For instance, the CoWIN app designed 
by the Government of India to roll out vaccines is making a 
significant impact.

Data obtained from this application provided a map that 
helped authorities determine areas in which the chances of 
spreading the infection were high (Busvine, D.; https://www. 
reuters. com/article/us-health-coronavirus-germany-tech/
germanylaunches-smartwatch-app-to-monitor-coronavirus-
spread-idUSKBN21P1SS). Germany could maintain a low 
per-capita mortality rate – relative to other countries – despite 
a high surge of cases. This method of contact tracing is good; 
however, it may not be possible to replicate in low-income 
countries.

A mobile app was developed in Singapore that exchanges 
signals when individuals are in proximity with each other. 
This application records those encounters and stores them in 
mobile phones for the next 21 days. If a person tests COVID-19 
positive, Singapore’s Ministry of Health can access the data 
and trace the contacts of the infected person. 

In India, the Aarogya Setu app was developed for contact 
tracing by the National Informatics Centre (NIC). This app 
provides features for self-assessment of the risk of catching 
an infection, updates about local and national COVID-19 
cases, and in the vaccination section, one can register for 
vaccination by making an appointment. The tracking is 
accomplished through Bluetooth and GPS. The app senses 
nearby smartphones that have the Aarogya Setu app installed, 
and notifies about the presence of a COVID-19 positive 
person nearby.

But the most outstanding example is that of South Korea 
which successfully utilised digital technology – including 
surveillance, testing, contact tracing, and strict quarantine – 
evident from the early flattening of COVID-19 curves. South 
Korea incurred only 1 per 200,000 COVID-19 deaths, while 
the United States recorded ten times as many deaths per capita. 

South Korea used extensive tools for contact tracing, 
which involved security camera footage, bank card records, 
and Global Positioning Systems (GPS). The government 
of South Korea thus collected real-time data and detailed 
records of people’s travel. While the idea of using bank card 
records for contact tracing may not be widely supported in 
other countries because bank card history is a private record, 
it does offer merit. Citizens in South Korea also receive 
updates regarding the number of infection cases in their 
neighbourhoods. By identifying and isolating the source of 
infection in the country early on, South Korea was able to 
maintain the lowest mortality rate in the world. 

Similarly, a smartwatch application was launched 
in Germany – it collected heartbeat, sleeping patterns 
and temperature to search for signs of viral illnesses. 
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Although these methods are effective to some extent, 
they have their own limitations and challenges. Researchers 
from Oxford University have suggested that at least 60% of 
a country’s population would need to use a contact tracing 
application for the app to be effective. 

Quarantine and Self-isolation 
Countries face socio-economic problems when lockdowns 
are enforced. With the use of digital technology, only people 
infected with COVID-19 can be quarantined or lockdowns 
can be imposed only in areas with high infection rates. 

A Quick Response (QR) code system was developed 
in China; this system records peoples’ symptoms through a 
symptom survey, allowing authorities to monitor their health 
and their movement – it also serves as a status certificate and a 
travel pass; colour coding is used to represent people who are 
at low, medium and high risk. People with a green code are 
permitted to travel without any restrictions, while people with 
a red code have to quarantine themselves for two weeks. AI-
powered cameras, drone borne cameras and portable digital 
recorders were used in China to restrict public gathering. 

In Canada, international travellers have to install 
ArriveCAN before arriving in Canada. Through this app, 
people have to take self-assessment test until their quarantine 
period is over. 

In Taiwan, the monitoring of people was facilitated 
through government-issued mobile phones, tracked by GPS. 
While in South Korea, people have to download an app to 
report their quarantine status. Self-reported surveys can only 
work when individuals experience symptoms and report them 
accurately; however, such technological innovations can 
benefit us when used in combination with other strategies.

 Screening Infections  
China could successfully contain the novel coronavirus with 
the help of web and cloud-based tools to search for people 

contracting the infection. China also used high-performance 
thermal cameras that screen people thermally and determine 
if they have a fever. Similarly in Singapore, people are being 
screened through digital thermometers at entries to schools, 
malls, workplaces and public transport. 

Iceland was the first country to have the highest testing 
rate in the world. Iceland collected data from people regarding 
their medical condition using mobile technology and combined 
it with data obtained from other databases such as clinical and 
genome sequencing; this method helped them understand the 
pathology and spread of the coronavirus. 

Although the above methods are beneficial they do 
have some limitations. These technologies are expensive to 
implement and require training of personnel in large numbers. 
Besides, since COVID-19 often presents as an asymptomatic 
disease, it would be difficult to screen people through these 
methods. 

Artificial Intelligence (AI) can be very useful in 
the diagnosis of illnesses. A cloud-based AI computed 
tomography (CT) service was used in China to rapidly 
diagnose COVID-19. This technology can process CT images 
in seconds and successfully differentiate COVID-19 from 
other lung diseases. Numerous machine learning algorithms 
that were developed in China can predict the chances of 
developing acute syndromes and infections. Virtual platforms 
such as video conferencing have been used to deliver health 
care remotely throughout the pandemic. 

The integration of digital technologies with healthcare 
could be one of the features of those countries that have flattened 
their COVID-19 curves and maintained a low mortality rate. 
To contain the virus, contact tracing, quarantine and self-
isolation, screening infection and clinical management could 
reduce disease burden on countries.

Hrishi Logani, A14, Tower-5, Type 5, East Kidwai Nagar,
New Delhi-110023.
E-mail ID: loganihrishi@gmail.com
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SCIENCE STORY 

Monalisa Paul

GYAAN never missed a single sunrise in his life 
since he learnt riding a bicycle. His morning regime 
starts with breathing exercises followed by a long 

cycling session, reaching up to the cliff end. This keeps  
him active throughout the day amidst his busy professional 
schedule. 

As he parked his bicycle in the parking lot of his apartment 
and took the stairs to reach his home on the fifth floor, he was 
interrupted by a sudden voice. “Hey! Health freak, what’s up! 
Taking stairs to be extra fit! And why not, after all wedding 
bells are ringing around,” said his friend Maanav jokingly.

“Good morning, Maanav. It is so good to see you. Would 
you accompany me through the stairs to reach my apartment? 
It is not about being freaky for health. It is about conserving 
electricity used in carrying a single, healthy, person via the 
lift,” replied Gyaan politely. “Come, let’s have breakfast and 
then we will go to the office together,” Gyaan said to Maanav 
as they reached his home and opened the door.

“Thank you, man! I will just sit for a while and then will 
go to my house to get ready for the office,” replied Maanav in 
haste. Gyaan offered him a seat and a glass of water.

“Copper glass, copper water bottle. My goodness! You 
are going crazy. Why not packed mineral water bottle,” asked 
Maanav sarcastically?

“Water stored in copper vessels is really good for skin 
and digestion. Our ancestors used to do the same. Moreover, 
single use plastic bottles are havoc for the oceans. Besides 
health hazards of microplastic consumption is nothing new 
to talk about. Why don’t tourists carry a tumbler with them 
during their travel? We should minimize the use of such 
plastic bottles,” replied Gyaan.

“Gyaan, you talk like an environmentalist and not like 
an entrepreneur at all,” said Maanav in his defense.

“One doesn’t need to be an environmentalist to take care 
about the Earth, our only home,” explained Gyaan.

Maanav changed the topic and asked, “Leave it! You tell 
me how are your wedding preparations going on? Hardly ten 
days are left, and you look so chilled out? You are the boss of 
our enterprise so you will not have leave issues but still you 
need time to look at last moment arrangements. By the way, 
when are you going to invite us, are the wedding invitation 
cards printed yet?”

“Right now, and it is not a card, it’s a cloth, an invitation 
letter printed over a cotton cloth which will be wrapped in a 
bio-paper envelope. You are the first one to be invited for my 
wedding, my friend,” said Gyaan to Maanav handing over a 
green envelope to him. Maanav opened it and found a piece of 
pink cloth over which invitation details were embossed with 
bright yellow ink.

“Very innovative,” Maanav said.
“Yeah, and the invitation cloth can be later used by 

guests as a dusting cloth or kitchen towel after a wash. It can 
also be used as a chappati wrapper instead of aluminum foil. 
The envelope is made from elephant’s poop and bamboo shoot 
inside which some seeds are embedded so that if the envelope 
is torn and disposed over loose soil, it will grow into a plant. 
By choosing this sort of invitation letter over the fancy cards, 
we are saving tons of papers and trees,” said Gyaan.

“You are insane. Has Prakriti approved of all these 
whimsical ideas of yours? After all it’s her wedding too,” 
Maanav asked in a shocking tone.

“She was the one who proposed this idea. I am glad that 
I am able to fulfill her desire,” said Gyaan as he shifted the 
curtains of his living room, allowing the sunlight to illuminate 
the room naturally. 

“Both of you complement each other,” said Maanav.
“Yes, we often think at the same frequency. She is a 

hardcore nature lover. Not only does she teach Environment 
Science at the undergraduate level she also runs an NGO 
Envirovigyaan that creates awareness of environment related 

A Wise 
Wedding
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issues amongst the locals. She practices whatever she 
preaches. I love her dedication, concern and determination in 
preserving nature,” said Gyaan.

“The wedding preparation must be very simple for you 
guys then, no sham, no glam,” said Maanav teasingly.

“There will be sham, glam, shimmer and shine with 
minimum wastage. This will be a sustainable wedding,” 
laughed Gyaan.
“How come? Tell me something about your sustainable 
wedding,” asked Maanav.

“Let’s have some sprouts first. The venue is our 
ancestral home where both the sides are organising a single 
wedding ceremony following all the COVID-19 precautionary 
measures like social distancing, proper covering of face with 
masks and hand sanitization. We are inviting very close-knit 
family members. Don’t worry you are invited as you are my 
extended family,” winked Gyaan. 

“The décor will be very simple yet classy,” Gyaan 
continued. We are using colourful pieces of clothes and green 
plants rather than flowers. Flowers are plucked and wasted for 
such events unnecessarily. We are making sure that whatever 
little flowers are used are local and not the exotic ones so that 
transportation cost (fuel) can be saved. I know an NGO that 
uses used or dried flowers to make gift items, cards, and other 
decorative items. LED lights will illuminate the dark corners 
along with energy efficient bulbs.”

“And what about food?” asked Maanav.
“The menu is delicious but simple,” replied Gyaan. “We 

have focused on seasonal fruits and vegetables grown locally. 
The menu will consist of limited course of food items. We 
shall be using edible cutlery along with table wares made from 
cereals and bamboo straws for beverages. Loads of plastic 
straws, spoons, forks and thermocol plates are dumped without 
a thought, leading to piling of solid waste. We will go with the 
sealed glass bottles instead of single use plastic mineral water 
bottles. Those mini devils have been completely kept at bay! 
Though these will be a costlier deal yet in the long run will 
have least impact over the environment.”

“Cool! Hoping for the best,” grinned Maanav. “What 
are you wearing for the day? Something organic, ecofriendly 
type?”

“Prakriti is wearing a silk saree with her grandmother’s 
traditional jewelry,” replied Gyaan.

“SILK! Here you are caught,” exclaimed Maanav. “It is 
a cruelty where live pupae of silk moths are boiled to obtain 
the silk threads out of their cocoon.”

“She chose a saree from a local weaver where the 
cocoons are collected once the adult moths break out of them 
and fly away. The silk threads are not continuous, but they 
are reeled and weaved into a beautiful sheet of silk cloth. It 
is ecofriendly. It needs lots of research to find such weavers 
who are usually not supported financially but their products 
are innovative,” answered Gyaan.

“That’s interesting and sensible. And what are you 
wearing?”

“Traditional cotton Kurta Pajama with heavy thread 
embroidery and for other small ceremonies we both are 

upcycling our outfits. There will be no ACs! You will not 
require it my friend! Open lawn, night time, cool breeze…we 
have chosen an optimum season for the wedding,” chuckled 
Gyaan.

“Okay, got your point! The ceremony is very close to 
nature and NO gifts, right,” interrupted Maanav.

“Technically we are against this gifting system. Blessings 
are more precious. Rather this custom should be followed by 
visitors visiting a patient in the hospital or at home. Kin of the 
patient really need that cash during such times. But everybody 
has their sentiments and honour issues, so if they like to 
gift cash as a token of consecrations, we will not stop them. 
Prakriti and I have decided to use that amount for her next eco 
drive related to ocean cleaning,” declared Gyaan. 

“And if someone brings gift, should it be wrapped in a 
paper gift wrapper?” asked Maanav?

“Tons of plastic gift wrappers are thrown into the bin 
if not properly recycled. So, such things can be avoided by 
opting for electronic gift cards. Also, immediately after the 
wedding we are turning into plant parents.”

“Now what is that,” questioned Maanav?
“We are going to adopt plants from people who no longer 

can take care of it. I know an organisation that plants trees in 
the names of couples near their cities, and provides them with 
a certificate, geolocations and photo of the tree,” said Gyaan.

Maanav was in awe. He hesitatingly said, “So the gist of 
the story is that your kind of wedding should be the trend, but 
do you think such weddings are affordable?”

“I agree with you, but the solution is the diminution of big 
fat weddings which are not cost effective at all. Rather than 
spending on multiple functions, classy banquet halls, expensive 
dinners, gaudy make-ups and flashy wedding attires, we need 
to focus on the fundamentals of marriage. Irrespective of all 
these, wedding should be based on scientific principles. After 
all, science, nature and society are interconnected.” 

Gyaan added, “Such sustainable weddings are expensive 
but as an entrepreneur we need to search for alternatives 
and manufacture renewable, recycled items. Why do people 
purchase plastic items? Because they find them inexpensive. 
Why are dinner sets of coconut shell not in fashion? Because 
no one manufactures them on large scale though used shells 
are thrown in the bins and not even in green dustbins. No one 
likes broken silk threads for their faint sheen. Awareness is 
necessary.”

Suddenly the ringing of the mobile broke the monologue 
of Gyaan. The number flashing was of Prakriti’s. As Gyaan 
picked up the call and rushed to answer, Maanav looked 
at the wedding invitation cloth that said, ‘GYAAN WEDS 
PRAKRITI’. Suddenly, a realization dawned on him. Gyaan 
symbolizes ‘Knowledge’ and Prakriti means ‘Nature’. If 
Gyaan and Prakriti come together, the outlook of ‘Maanav’, 
or human, can be changed forever as the existence of the latter 
is incomplete without them.

Dr Monalisa Paul is Former Research Scholar, University School  
of Environment Management, Guru Gobind Singh Indraprastha  
University, 16-C Dwarka, New Delhi-110007
Email: monalisapaul28@gmail.com
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1. _________ was the second Nobel Prize winner from 
India in the year _______ for his distinguished 
work on the scattering of light.

a) Subrahmanyan Chandrasekhar, 1983

b) Chandrashekhara Venkata Raman, 1936

c) Chandrashekhara Venkata Raman, 1930

d) Subrahmanyan Chandrasekhar, 1987

2. Name the Indian citizen structural biologist who 
won the Nobel Prize in Chemistry?

a) Prafulla Chandra Ray

b) Venkatraman Ramakrishnan

c) Har Gobind Khorana

d) C.N.R. Rao

3. How many Scientists from India have won the 
Nobel Prize?

a) Five

b) Six

c) Three

d) Four

4. In which year did Har Gobind Khorana win the 
Nobel Prize for Physiology or Medicine?

a) 1968

b) 1964

c) 1962

d) 1966

5. Who was awarded the Nobel Prize in Physics 
along with his fellow researcher for their work on 
the physical processes important to the structure 
and evolution of stars?

a) Raja Ramanna

b) Subrahmanyan Chandrasekhar

c) Vikram Sarabhai 

d) Meghnad Saha



Answers:
1.c 2.b 3.d 4.a 5.b 6.d 7.c 8.b 
9.a 10.d 11.c 12.b 13.a 14.d 15.b 
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6. For what work did Har Gobind Khorana win the 
Nobel Prize?

a) For studies on physical processes important to 
the structure and evolution of stars

b) For studies of the structure and function of the 
ribosome

c) Work in the scattering of light

d) Deciphering the genetic code

7. What are the Names of Indian Scientists who 
have won the Nobel Prize?

a) A.P.J. Abdul Kalam, Homi J. Bhabha,  
Satyendra Nath Bose, Vikram Sarabhai

b) Meghnad Saha, M. S. Swaminathan,  
Prafulla Chandra Ray, Salim Ali

c) CV Raman, Har Gobind Khorana, 
Subrahmanyan Chandrasekhar, Venkatraman 
Ramakrishnan

d) Birbal Sahni, Jagadish Chandra Bose, Raj 
Reddy, Prasanta Chandra Mahalanobis

8. In which year did Subrahmanyan Chandrasekhar 
win Nobel Prize for his work?

a) 1980 

b) 1983

c) 1989

d) 1985

9. 28 February is commemorated as National 
Science Day in India to celebrate the discovery of 
which scientist? 

a) Chandrashekhara Venkata Raman

b) Subrahmanyan Chandrasekhar

c) Satyendra Nath Bose 

d) A.P.J. Abdul Kalam

10. For what work did Venkatraman Ramakrishnan 
win Nobel Prize?

a) For discovery of function of Adenosine 
Triphosphate (ATP)

b) For working in the fields of organic chemistry

c) For deciphering the genetic code

d) For studies of the structure and function of the 
ribosome

11. Har Gobind Khorana shared the Nobel Prize in 
Physiology or Medicine with ____________ and 
_____________.

a) Sir Bernard Katz and Ulf von Euler

b) Thomas A. Steitz and Ada Yonath

c) Marshall W. Nirenberg and Robert W. Holley

d) Rodney R. Porter and Gerald M. Edelman

12. The first Asian to receive a Nobel Prize in any 
branch of science________

a) Jagadish Chandra Bose

b) Chandrashekhara Venkata Raman

c) Homi J. Bhabha

d) Subrahmanyan Chandrasekhar

13. Subrahmanyan Chandrasekhar shared the Nobel 
Prize with his fellow researcher __________

a) William Alfred Fowler

b) Robert W. Holley

c) Ada Yonath

d) Marshall W. Nirenberg

14. Venkatraman Ramakrishnan shared the 
Nobel Prize with two of his fellow researchers, 
__________ and __________.

a) John B. Fenn and Koichi Tanaka

b) Sidney Altman and Thomas R. Cech

c) Dudley R. Herschbach and Yuan T. Lee

d) Thomas A. Steitz and Ada Yonath

15. Subrahmanyan Chandrasekhar is the nephew of 
which Indian Scientist?

a) Satyendranath Bose

b) Chandrashekhara Venkata Raman

c) Meghnad Saha

d) Homi J. Bhabha
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The Medical Waste Tracking Act-1988 defined medical 
or biomedical waste and suggested building a tracking system 
and regulation of biomedical waste, maintaining waste 
disposal records and prescribing penalties for disobeying 
the law. This law was the first comprehensive law regarding 
biomedical waste. Later, WHO took major steps regarding the 
classification of medical waste into different types including 
infectious, sharps, pathological, pharmaceuticals, chemicals, 
radioactive, heavy metal substances, high pressurized 
containers, etc.

Meanwhile, biomedical waste became so huge that 
countries tried to dump their biomedical waste into the 
territories of other countries. In the year 1989, the Basel 
Convention was adopted by the Conference of Plenipotentiaries 
in Basel, Switzerland. It was in response to the raising public 
voices following the discovery of deposits of toxic wastes 
in developing countries like Africa. This was the time when 
numerous industries were searching for cheap disposal options 
of hazardous bio-medical wastes and the public was gaining 
awareness about biomedical waste disposal. 

Large amounts of hazardous biowaste were dumped 
in eastern Europe and several developing countries where 
environmental awareness was low. The dissent of people 
led to NIMBY (Not In My Backyard) syndrome. The 
Basel Convention focuses on controlling the transboundary 
movements of hazardous waste and its disposal. The Basel 
Convention was negotiated in the late 1980s but entered  

HUMANS are today producing a lot of waste that is 
not only hazardous for them but also for the earth. 
In the year 2020, the world dumped 53.6 million 

tonnes of e-waste only out of which 17.4% could be recycled. 
India ranked third in the production of e-waste after China and 
the USA. The global medical waste management market is 
expected to reach up to 16.62 billion dollars in 2023.

Disposal of waste coming from hospitals and healthcare 
facilities became  a problem especially during the COVID-19 
pandemic. The COVID-19 treating hospitals, quarantine 
centres, healthcare facilities and self/home quarantine are still 
producing a huge amount of bio-medical waste that must be 
treated carefully and responsibly. Proper waste treatment is 
necessary due to the hazards of such waste to the environment, 
earth, ecology and humanity.

Internationally, the concerns over bio-medical waste 
were outlined during a meeting convened by the World Health 
Organization (WHO) at the regional office of Bergen, Norway 
in the year 1983. At that time the problem was mainly related 
to the beach wash-ups. 

Later, in the year 1988, the US Environment Protection 
Agency (USEPA) insisted that the US Congress formulate 
a Medical Waste Tracking Act. This was due to a severe 
horrific accident in which a 30-mile garbage slick composed 
of a major chunk of medical waste emerged on New Jersey 
and New York beaches. Upon investigation, it was found that 
the bio-medical waste was intentionally dumped. 

Tackling a Pandemic
of Biomedical Waste
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into force in 1992. Among the principal aims of Basel 
Convention are: 
•	 The	 reduction	 of	 hazardous	 waste	 generation	 and	 the	

promotion of environmentally sound management of 
hazardous wastes, wherever the place of disposal;

•	 The	 restriction	 of	 transboundary	 movements	 of	
hazardous wastes except where it is perceived to be in 
accordance with the principles of environmentally sound 
management; and

•	 A	 regulatory	 system	 applying	 to	 cases	 where	
transboundary movements are permissible.

 
Since India is one of the founder members of the United 

Nations, India has also signed the Basel Convention and 
is bound by the terms of this treaty. According to Article 
21 of the Constitution of India, the right to have a clean 
environment is a basic human right. The Directive Principles 
of State Policy of India, which are the fundamental principles 
in governance under its article 48A, also state that the state 
shall endeavour to protect and improve the environment and 
to safeguard the natural resources of the country. 

Waste management is realised as one of the very important 
tools to protect the environment by its diverse effects and 
functionalities. Article 47 of the Indian Constitution forms a 
part of the Directive principle of state policy (part IV of the 
Constitution of India) thereby making it a primary duty of the 
state to ensure that public health is being taken care of and to 
take proper measures in protecting the same and to formulate 
its policies keeping in consideration its duties as laid down 
by the constitution. Articles 47 and 48A directly talk about 
public health which is important in the context of hazardous 
bio-medical waste as it may be dangerous to public health.

The Ministry of Environment and Forest, Government 
of India, issued a notification on Bio-Medical Waste on 27 
July 1998. In this notification, the government issued the rules 
for the management and handling of bio-medical waste – it 
put mandatory conditions on health care institutions to follow 
certain rules. There have been several modifications in the 
rules keeping in mind the hazards of bio-medical waste. This 
notification came into power by sections 6, 8 and 25 of the 
Environment Protection Act-1986. 

In 2016, there were several modifications in the rules:
•	 The rules have now expanded to include biomedical 

waste from vaccination sites, blood donation and surgical 
camps or any other healthcare activity. 

•	 Phase-out the use of chlorinated plastic bags, gloves and 
blood bags within two years.

•	 Pre-treatment of the laboratory waste, microbiological 
waste, blood samples and blood bags through disinfection 
or sterilization on-site in the manner as prescribed by 
WHO or NACO.

•	 Provide training to all its health care workers and 
immunize all health workers regularly.

•	 Establishing a bar code system for bags or containers 
containing biomedical waste for disposal.

•	 Report major accidents.

•	 Existing incinerators to achieve the standards for retention 
time in secondary chamber and Dioxin and Furans within 
two years.

•	 Bio-medical waste has been classified in 4 categories 
instead of 10 to improve the segregation of waste at 
source.

•	 Procedure to get authorisation simplified. Automatic 
authorisation for bedded hospitals has been announced. 
The validity of authorisation synchronised with the 
validity of consent orders for bedded HCFs. One time 
authorisation for Non-bedded HCFs.

•	 The new rules prescribe more stringent standards for 
incinerator to reduce the emission of pollutants in the 
environment.

•	 Inclusion of emission limits for dioxin and furans.
•	 State government to provide land for setting up common 

bio-medical waste treatment and disposal facility.
•	 No occupier shall establish an on-site treatment and 

disposal facility, if a service of common bio-medical 
waste treatment facility is available at a distance of 
seventy-five kilometers.

•	 Operator of a common bio-medical waste treatment and 
disposal facility to ensure the timely collection of bio-
medical waste from the HCFs and assist the HCFs in the 
conduct of training.

In India, Central and several State Pollution Control 
Boards are also in existence and regulating hazardous bio-
waste disposal. For proper disposal of the bio-medical waste 
generated during the COVID-19 pandemic from hospitals, 
quarantine facilities and other places, Central Pollution Control 
Board (CPCB) developed a mobile app (COVID19BWM) for 
monitoring the biomedical waste. The Supreme Court has 
made it mandatory to use this mobile app for all the pollution 
control boards and related institutions to track the biomedical 
waste daily for ensuring the collection, transportation and 
submission of the waste to registered Common Biomedical 
Waste Management Facilities. 

It must also be a concern for the common public to 
maintain cleanliness and help the government in bio-waste 
disposal processes. According to Article 51A(g) of the Indian 
Constitution, it is the fundamental duty of an Indian citizen 
to protect and improve the natural environment. This article 
was not originally part of the Constitution and it was added 
through the 42nd amendment act of 1976.

Credit: DFID - UK Department for International Development 
(under CC 2.0 license)
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Guess the Unique Animals

a. Animal whose eyes turn blue in winter to help in dim 
light vision

b. Fish that can detect blood in the water from 3 miles 
away and can identify a small drop of blood in a 
25-gallon bucket of water

c. First animal known to survive in space
d. This bird can eat only when its head is upside down
e. The only flying mammal
f. It cannot jump and its pregnancy period is up to 2 years
g. Males carry eggs in brood pouch till hatching, only 

pregnant male animal
h. Father keeps eggs warm and safe on his feet, standing 

without feeding for about 2 months till hatching
i. Small animals that adopt orphans, can leap 10 times 

their body length and twist their ankles about 180o to 
change direction while climbing

j. Animal that squirts blood from its eye on feeling 
threatened by predators

1.  Fathers carry eggs on back till hatching
2. Fathers carry eggs in mouth till hatching and even some 

young stages
3. Growls at enemy by teeth in stomach
4. Rotates neck up to 270o & its group is called a parliament
5. Fish able to live out of water for about a year
6. The only venomous primate
7. Its horn is made of hair
8. Its teeth never stop growing and enamel is made of iron
9. Not human but members call each other by names
10. Fish able to live in all types of water – fresh, saline, 

freezing and warm
11. Only animal having four noses 
12. Their fingerprints are indistinguishable from that of 

humans
13. Animal having world’s thickest fur
14. A bird whose eyeballs are bigger than its brain
15. An animal that can’t vomit, it has to vomit entire     

stomach out

From Left to Right From Top to Down

Clues

Contributed by Saroj Kumar Pujhari, Lecturer in Zoology, Govt  
College, Sundargarh, Odisha-770001.
Email: lotusmaa1232@gmail.com
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P I S T I D I N E A N T I

H H T E N E E I S N H I V

E L E U C I N E T T I N E

N I M N E V I S I E S E R

Y M I C Y E S T D R T R M

L E L I R L Y O I L I D E

L N U P T N A R N Y D I C

I E S E D I L L E S I N V

S R U R E B C E A I N E A

T M E T H I O N I N E I L

I S O L E U C I N E I N I

T R Y P T O P H A N O N N

S T E I T H R E O N I N E

Solution:

The selecting ‘a’ number of objects 
from ‘b’ number of objects is = b!/
(b-a)!a!
Thus, total number of outcomes for this 
experiment= 10!/(10-2)!2!= 45
Choosing one apple from six apples= 
6!/(6-1)!1!= 6
Choosing one pomegranate from four 
pomegranates = 4!/(4-1)!1! =4
Total number of chances to pick an 
apple and a pomegranate = 6x4=24
The probability of picking one apple 
and one pomegranate from the bag is 
= 24/45

Histidine
Isoleucine
Leucine
Lysine
Methionine 
Phenylalanine
Threonine 
Tryptophan
Valine

Vitamin Chemical Formula

Vitamin B1 Thiamine

Vitamin B2 Riboflavin

Vitamin B3 Niacin

Vitamin B5 Pantothenic acid

Vitamin B6 Pyridoxine

Vitamin B7 Biotin

Vitamin B9 Folate

Vitamin B12 Cobalamin

Vitamin C Ascorbic acid

Match the Water-soluble Vitamins 
and their Respective Chemical 

Formulas

Spot the Amino AcidsGuess

Solutions to the Puzzles Published in October 2021

Answer (SPOT THE AMINO ACIDS)
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Match the following
Nobel Prize Winning Female Scientist

Ada E. Yonath

May-Britt Moser

Carol W. Greider

Elizabeth Blackburn

Françoise Barré-Sinoussi

Emmanuelle Charpentier

Andrea M. Ghez

Frances Arnold

Tu Youyou

Jennifer Doudna

Chemistry

Physics

Physiology

PUZZLE CORNER



Names of Nobel Prize Winners in the field of Quantum Physics

Write the names of four scientists 
who won Nobel Prize more than once
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S A N Y M A N R A I L H

M C A N A A P A U L I E

A H H G X M A M R F N I

X A A R B A U A A E G S

P N R G O N L K M Y B E

L D R E R D D R A N E N

A R I R N A I I D M R B

N A E I A R R N L A G E

C N R S G K A O G N E R

K R I N G E C H I E N G

B R O G L I E K J A I R

B A C K T O M O N A G A

1) ...............

2) ...............

3) ..............

4) ...............



Modular Device for Extra-terrestrial Experiments

WHAT’S NEW

Source: IISc, Press release

 
Newly Devised Sensor Can Detect Explosives Swiftly

A team of scientists from the Institute of Advanced Study in Science and Technology, Guwahati have developed a 
thermally stable and cost-effective electronic polymer-based sensor for rapidly detecting nitro-aromatic chemicals 
used in high-energy explosives. The device can be operated at room temperature, has a low response time and 
negligible interference from other chemicals. The fabrication is simple and is negligibly affected by humidity.
Source: India Science Wire

Unique Technology for Direct Generation of Hydrogen from Agricultural Residue

RESEARCHERS from the Indian Institute of Science (IISc) 
and the Indian Space Research Organisation (ISRO) have 
developed a modular, self-contained device to cultivate 
microorganisms. Similar to spectrophotometers used in 
the lab, the device uses an LED and photodiode sensor 
combination to track bacterial growth by measuring the 
optical density or scattering of light. This enables scientists to 
carry out biological experiments in outer space. The study is 
published in Acta Astronautica.

Image credit: G Sai Santosh, Project Staff, IISc
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RESEARCHERS from the University of South Australia have 
developed software that can automatically detect a premature 
baby’s face and skin when covered in tubes, clothing, 
and undergoing phototherapy. It is capable of remotely 
monitoring a baby’s vital signs from a digital camera with the 
same accuracy as an Electrocardiogram (ECG) machine. The 
results have been published in the Journal of Imaging.

Unique Technology for Direct Generation of Hydrogen from Agricultural Residue

A team of researchers from Agharkar Research Institute, Pune in collaboration with Sentient labs of KPIT 
Technologies, have developed a unique technology for direct generation of Hydrogen from agricultural residue. 
This innovation can promote eco-friendly hydrogen fuel-cell electric vehicles by overcoming the challenge of 
hydrogen availability.

Source: PIB, Press release

Baby Detector Software

Source: UniSA Media Releases

Anaerobic digesters for two-stage biohydrogen and biomethane production

A baby in Flinders Medical Centre’s intensive care neonatal unit, one of seven 
infants whose vital signs were remotely monitored in the study

Continuous biohydrogen production in a reactor
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SCIENCE CARTOON COMPETITION

Online Drawing Competition 2020
“ART CARO NA”

Besides the winners, the following are the entries found worth publishing from 
Group I (Class V-VIII) on the topic “Social Distancing & Hygiene to Prevent COVID-19”.

Theme — “Coronavirus: An Invisible Enemy”

Yashika Saharan
monumann2515@gmail.com

Tuniki Akshaya
bhoopathi.tuniki@gmail.com
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Unnati
kavitamaan.km@gmail.com

Ziya Krinesh Gandhi
ziya9gandhi@gmail.com


