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Harpin biopesticide
What is Harpin?
Harpin is one of a class of proteins produced in nature by certain bacterial plant pathogens. It acts by eliciting
a complex natural defense mechanism in plants, analogous to a broad-spectrum immune response in animals.
While most pesticides act directly on the target pest, Harpin, by contrast, elicits a protective response in the
plant that makes it resistant to a wide range of fungal, bacterial, and viral diseases. Because Harpin does not
interact directly with disease pests, these organisms are not expected to develop resistance to it.
Harpin protein can be used on a broad range of crops, including traditional field crops, minor use crops, turf
and ornamentals. With no expected adverse effects to human health or the environment, use of Harpin protein
has the potential to substantially reduce use of more toxic pesticides, especially fungicides and certain soil
fumigants, such as methyl bromide.
Why it was in the news?
Researchers at the University of Hyderabad have found that harpin biopesticide brought about 80-90%
reduction in severity of fungal infection in tomato plants when it is encapsulated in chitosan nanoparticles.
Chitosan is a type of fiber derived from chitin, a substance that develops in the hard outer shells of
crustaceans such as crab, crayfish, shrimp and squid.
Though harpin is used against several bacterial, fungal and viral infections, poor bioavailability is a major
hurdle. Bioavailability of harpin inside tomato plants increases sharply when loaded in chitosan nanoparticles.
Also, less amount of harpin will have to be sprayed on leaves when it is contained in nanoparticles.
Gene-edited babies in China
A researcher who claimed to have created the world’s first genetically-edited babies will face a Chinese
police investigation, as authorities confirmed that a second woman fell pregnant during the experiment.
Details of the issue
He Jiankui shocked the scientific community in 2018 after announcing he had successfully altered the genes
of twin girls born to prevent them from contracting HIV.
What is CRISPR-Cas9?
CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) is a unique technology for genome
editing by removing, adding or altering sections of the DNA sequence.
CRISPR-Cas9 was adapted from a naturally occurring genome editing system in bacteria. The CRISPR arrays
allow the bacteria to "remember" the viruses (or closely related ones). If the viruses attack again, the bacteria
produce RNA segments from the CRISPR arrays to target the viruses' DNA. The bacteria then use Cas9 or a
similar enzyme to cut the DNA apart, which disables the virus.
This system consists of two key molecules that introduce a change into the DNA. These are:
• An enzyme called Cas9. This acts as a pair of ‘molecular scissors’ that can cut the two strands of
DNA at a specific location in the genome so that bits of DNA can then be added or removed.
• A piece of RNA called guide RNA (gRNA).
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What are the pros of Gene editing?
CRISPR could be used to modify disease-causing genes in embryos brought to term, removing the faulty
script from the genetic code of that person’s future descendants as well. Genome editing (Gene editing) could
potentially decrease, or even eliminate, the incidence of many serious genetic diseases, reducing human
suffering worldwide. It might also be possible to install genes that offer lifelong protection against infection.
What are the cons of Gene editing?
Making irreversible changes to every cell in the bodies of future children and all their descendants
would constitute extraordinarily risky human experimentation.
There are issues including off-target mutations (unintentional edits to the genome), persistent editing
effects, genetic mechanisms in embryonic and fetal development, and longer-term health and safety
consequences.
We have not understood the operations of the genome enough to make long-lasting changes to it.
Altering one gene could have unforeseen and widespread effects on other parts of the genome, which
would then be passed down to future generations.
A study found that the CRISPR-Cas9 system introduces unexpected off-target (outside of the
intended editing sites) effects in mice.
Genome alterations are considered to be unethical, advocating that nature should be let to run its own
course.
Permitting human germline gene editing would likely lead to the emergence of market-based eugenics
that would exacerbate already existing discrimination, inequality, and conflict. It will become a tool
for selecting desired characteristics such as intelligence and attractiveness.
Mini Neanderthal brain grown in U.S. lab
Why it was in the news?
Scientists have successfully grown pea-size versions of Neanderthal brains.
Cultivating and studying these mini brains may reveal why Neanderthals died out and Homo sapiens went on
to conquer much of the planet. Researchers compared the genome of Neanderthals with that of modern
humans.
How it was done?
Scientists used the gene-editing tool known as CRISPR to “Neanderthalise” human pluripotent stem cells, or
immature cells that can develop into any cell in the body.
Who are Neanderthals?
They are extinct group of humans who lived in the Eurasian region in about 40,000 years ago.
As our modern human ancestors migrated from Africa through Eurasia, they encountered the Neanderthals
and interbred. Because of this, a small amount of Neanderthal DNA was introduced into the modern human
gene pool.
DNA reveals first inter-species child
What was the news?
For the first time, scientists have found the fossil of a child (named as Denny) born out of different subspecies
of human predecessors.
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DNA analysis of a bone fragment from a Siberian cave revealed that the prehistoric female was born out of a
Neanderthal mother and a Denisovans father. This is the first time a direct offspring of these two sub-species
has been discovered.
Neanderthals and Denisovans
Neanderthals and Denisovans are sub-human species or
a hominin that existed until 40,000 years ago. While
Neanderthals lived in Europe and Asia, the fossils of
Denisovans are known only from the cave where the
fragment was found. Neanderthals were short, stocky,
had large noses (for European winters in the Ice Age),
and larger bodies than modern humans. They used fire,
tools, sang, tended to the wounded, and drew on cave
walls. Our knowledge of Denisovans is too meager as
we only have four individual Denisovan fossils.
Evolution of Neanderthals, Denisovans and Modern
Homo-sapiens
Our DNA reveals that modern homo-sapiens are the
only hominin lineage to survive. However we are not
pure homo-sapiens. The non-African ancestors have interbred with both Neanderthals and Denisovans. Homo
sapiens benefitted greatly from interbreeding with these hominins by acquiring improved resilience and
immune systems.
Modern humans inherited genetic defences against viral diseases like hepatitis from Neanderthals, when the
two species interbred 50,000 years ago. Many modern Europeans and Asians harbour about 2% of
Neanderthal DNA in their genomes.
Significance of the study
The results offer clues into our own evolutionary history. The study helps us learn about migrations of
Neandertals across Eurasia. The study could help point out places where Denisovan fossils can be found
which are around Melanesia, Micronesia, Polynesia and Australasia.
100k Genome Asia project
What it is?
It is an ambitious plan to sequence the genome of 100,000 individuals. It is intended to initially include
populations from 12 South Asian countries and at least 7 of North and East Asian countries.
The sequencing of 100,000 individuals will be combined with micro-biome, clinical and phenotype
information to allow deeper analysis of diseased and healthy individuals in the context of inferred local
ancestries.
Who is involved in it?
It will be carried on by GenomeAsia 100K which is a non-profit consortium. It will be led by National
Technological University (NTU), Singapore and involving private industries.
What is the role of India?
Prime Minister’s Science, Technology and Innovation Advisory Council (STIAC) has decided to become a
part of the project during its first meeting held in 2018.
With this, the genome of about 50,000 Indians will be sequenced.
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CSIR Study of 2009
CSIR sequenced the genome of an Indian in
2009 for the first time. At that time, India was
one of six countries to achieve such a feat. But
after that, no large-scale efforts were done and
there exists no compendium of genomes of
Indian genomes was possible.
Possible outcomes of the project
In the long-term, these projects can be expected
to
Understand the direct ties between diet
and genetics to the development of
diseases.
Lead to a new model for conducting
scientific research in the field of
pharmacy.
Advance pharmacogenomics to ensure
individualized treatment plans that
identify the right drug at the right
dosage for each patient.
Lay the scientific foundation for both
the treatment and cure of many
diseases.
Replace existing, invasive treatments
for current diseases. They could even
make chemotherapy a thing of the past.

Prelims Current Affairs - 2019
Science, Technology and Innovation Advisory
Council (STIAC)
The PM-STIAC is an overarching Council that facilitates
the PSA’s Office to assess the status in specific science
and technology domains, comprehend challenges in
hand, formulate specific interventions, develop a
futuristic roadmap and advise the Prime Minister
accordingly.
It will replace two scientific advisory committees for the
prime minister and the cabinet and is aimed to streamline
as well as cut down the number of committees and
councils.
It will be headed by principal scientific advisor to the
government of India.
PM-STIAC will also be tasked with facilitating the
formulation and implementation of science, technology
and innovation related policies and decisions, and with
providing action oriented and future preparedness advice
to the government on these matters.
It will also assist the government in using, science,
technology and innovation for solving socio-economic
problems in the country.

Southeast Asians descended from four ancient populations
What is the existing understanding on Asian descendance?
Southeast Asia is one of the most genetically diverse regions in the world. But for more than 100 years,
scientists have disagreed about which theory of the origins of the population of the area was correct.
The two existing theories for the issue are:
1. One theory believed the indigenous Hoabinhian hunter-gatherers, who populated Southeast Asia
some 44,000 years ago, adopted agricultural practices independently, without the input from early
farmers from East Asia.
2. Two-layer model theory favours the view that migrating rice farmers from China replaced the
indigenous Hoabinhian hunter-gatherers.
What are the present findings?
A study shows that neither theory is completely accurate. Researchers discovered that present-day Southeast
Asian populations derive ancestry from at least four ancient populations.
DNA samples from human skeletal remains from Malaysia, Thailand, the Philippines, Vietnam, Indonesia,
Laos and Japan dating back as far as 8,000 years ago were extracted for the study.
The research found that present-day Southeast Asian populations derive ancestry from at least four ancient
populations.
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Stem cell proliferation
What are stem cells?
Stem cells are undifferentiated cells that can turn into
Mesenchymal stem cells (MSCs) is an 'adult'
specific cells, as the body needs them.
stem cell.
Stem cells originate from two main sources: adult body
It can differentiate − or specialize − into
tissues and embryos. Scientists are also working on ways
cartilage cells (chondrocytes), bone cells
to develop stem cells from other cells, using genetic
(osteoblasts) and fat cells (adipocytes).
"reprogramming" techniques.
There are three main types of stem cell:
1. Embryonic stem cells
2. Adult stem cells
3. Induced pluripotent stem cells
A hydrogel is a three-dimensional (3D)
What is the hurdle in using stem cells?
network of hydrophilic polymers.
Stem cells are found in the adult human body and its number
is limited. To derive the benefits from the stem cells, it
It can swell in water and hold a large
should be grown in labs so that it can be grown to large
amount of water while maintaining the
numbers. The important hurdles in growing them in lab are
structure due to chemical or physical crosslinking of individual polymer chains.
When grown on plastic culture plates, the stem cells
become large and flat, and also irregular in shape.
By definition, water must constitute at least
The cells stop multiplying and growing (reach
10% of the total weight (or volume) for a
senescence) after a certain number of cell divisions.
material to be a hydrogel.
How the recent study helped?
Researched found hydrogel plate made of polyacrylamide was a perfect replacement for conventionally used
plastic culture plates.
Unlike the plastic plates, the hydrogel ensured that stem cells multiplied and retained the stem cell-like nature
(stemness) for up to 51 days (20 generations) and differentiated into bone, cartilage or fat cells.
For this research, they have used mesenchymal stem cells.
Scientists decode mustard plant’s salt toleration
What is the problem?
High salinity is one of the major problems in agricultural fields and many countries, including India
Anthropogenic factors, irregular irrigation and proximity to the sea can cause high salinity in the agricultural
fields and this induces redox imbalance and damages the plant.
How soil salinity is addressed?
Maintaining adequate vegetation cover
Maximising water use by choosing an appropriate mix of pasture species
Minimising long fallows, using crop rotations and conservation farming methods in cropping areas
Maintaining soil health (fertility, ph and structure) to maximise plant growth
Avoiding over-irrigation by monitoring soil moisture to work out water requirements
What was in the news?
Thiourea is a good redox stabiliser and it can scavenge multiple reactive oxygen species including hydrogen
peroxide.
It can also be used to treat saline soils and prevent damages to plant DNA.
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Who found it and how?
Bhabha Atomic Research Centre (BARC), Mumbai have reported how this treatment altered the plant RNA
and hormones to facilitate this survival in mustard plants grown with high salt stress (125-150 milli Molar
NaCl).
Plant hormones such as ABA, Auxins, jasmonates which have been shown to play important roles in salt
tolerance were all found to be co-ordinately regulated upon thiourea treatment.
Blue roses
Does blue rose exists in nature?
Blue roses do not exist in nature. But it can be produced by placing cut roses in blue dye solutions. But such a
blue rose will not be permanent.
What is the permanent way to make a blue rose?
In 2004, researchers used genetic modification to create roses that contain the blue pigment delphinidin. It
was made a through a combination of genetic engineering and selective breeding. However, the rose is more
mauve-coloured than blue.
Why it was in the news?
Researchers adopted genetic engineering for the purpose.
In that, they used two bacterial enzymes and integrated it into rose genome. These two enzymes can convert
L-glutamine, a common constituent of rose petals, into the blue pigment indigoidine.
Agrobacterium tumefaciens is a bacteria and it was used a vehicle to transfer the genes from bacteria to the
plant. A tumefaciens is often used in plant biotechnology because the bacteria readily insert foreign DNA into
plant genomes.
Plants to create own fertilizer from thin air
What is nitrogen fixation?
Nitrogen is a critical limiting element for plant growth and production. It is a major component of
chlorophyll, the most important pigment needed for photosynthesis, as well as amino acids, the key building
blocks of proteins. It is also found in other important biomolecules, such as ATP and nucleic acids.
Biological nitrogen fixation is carried out by a specialized group of prokaryotes. These organisms utilize the
enzyme nitrogenase (an enzyme) to catalyze the conversion of atmospheric nitrogen (N2) to ammonia (NH3).
Nitrogenase is active only when there is an absence of oxygen.
So, plants are incapable of doing nitrogen fixation and they absorb it only from the soils.
Why it was in the news?
Researchers are trying to make an attempt to enable to fix atmospheric nitrogen by plant itself. This will
obviate the use of chemical fertilizers and related problems.
How it can be done?
There are some unusual species of photosynthesising bacteria called Cyanothece.
These bacteria can carry out photosynthesis in the daytime but delay nitrogen fixation until night time. This is
to avoid the exposure to oxygen generated by photosynthesis has been expelled from the plant. Thereby it
follows a circadian rhythm of daytime and nighttime activity of nitrogen fixation.
The researchers took the genes from Cyanothece, responsible for this day-night mechanism, and put them into
another type of cyanobacteria, Synechocystis
This discovery could have a revolutionary effect on agriculture and the health of the planet.
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What drives flowering, fruiting in Sikkim's rhododendrons?
What is phenology?
Phenology is the study of the timing of the biological events in plants and animals such as flowering, leafing,
hibernation, reproduction, and migration. Scientists who study phenology are interested in the timing of such
biological events in relation to changes in season and climate.
What was in the news?
Day length and genetic relatedness between species determine when rhododendrons (a flower plant) put out
their first buds, flowers and fruits.
How it was found out?
Rhododendron trees in sub-alpine and alpine forests between 3,400-4,230 metres above sea level in Sikkim's
Kyongnosla Alpine Sanctuary were studied between 2013 and 2015.
It was found that the onset of budding, flowering and initial fruiting were mainly associated with a longer day
length (around 13 hours) and higher temperature.
What are the implications?
The ongoing climate change may affect the phenology of plants.
Novel biomarkers for gastric cancer progression
What is a biomarker?
A biologic feature that can be used to measure the presence or progress of disease or the effects of treatment.
For example, prostate specific antigen (PSA) is a biomarker for cancer of the prostate.
What was in the news?
Survivin and STAT3 are the two proteins identified as potential markers of the disease.
It was also found that the Helicobacter pylori (only bacteria known to cause cancer) can increase the
vulnerability for the stomach cancer.
What is its role?
Survivin is in the nucleus and is associated with cell proliferation, whereas in advanced tumours it has been
observed in cytoplasm and mitochondria, which is linked to chemoresistance.
The protein can help cancer cells to survive in harsh toxic conditions and to withstand chemoradiation,
causing the patient to not respond or poorly respond to chemotherapy.
Stem cells to be used to fight against parkinson’s disease
What is a Parkinson’s disease?
Parkinson's disease is a progressive nervous system disorder that affects movement. The disease affects the
nerve cells in the brain that produces dopamine (a neurotransmitter that helps neurons to communicate with
each other).
There are no cures for Parkinson's disease.
It is believed that the aggregation of a protein called alpha-synuclein plays a key role in development of the
disease.
What was in the news?
Japanese researchers have successfully created stem cells that can differentiate into neuronal cells which can
secrete dopamine. They used genetic engineering using CRISPR-Cas9 for the purpose. For the success, they
have used a methodology called as replacement therapy. The experiments showed that dopamine cells made
from human embryonic stem cells, when transplanted into the rats' brains, behaved like native dopamine cells.
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What is a “replacement therapy”?
It is an approach which involves transplanting healthy cells into parts of the brain damaged by Parkinson's
disease.
Scientists discover new cell shape
What is an epithelial cell?
Epithelial cells are a type of cell that lines the surfaces of an animal
body. It is a covering of all the surfaces of the body exposed to the
outside world and lining the outside of organs. Skin is not the only area
of the body exposed to the outside. Other areas include the airways, the
digestive tract, as well as the urinary and reproductive systems, all of
which are lined by an epithelium.
What was the new discovery?
Figure 1 Epithelial cells in columnar
Till now, the widely accepted belief is the epithelial cells assume
shape
columnar or bottle-like shapes (see the picture inset). The mistake
occurred because studies about epithelial cells have focused mostly on one side, the surface of these cells,
partly because of technical limitations, and extrapolated that surface as a proxy for their three-dimensional
structure
The research is the result of a US-EU collaboration which first discovered the existence of the new shape
through computations modelling, which was later confirmed through
experiments investigating its presence in different kinds of tissues and
animals.
What is the new shape?
The new shape is called as called scutoid. The shape has five sides on
one end and six on the other and a triangular surface on one of its
longer edges. Scientists have referred to it as a twisted prism kind of
shape that allows the tissue to mould around organs.
The name is a reference to its similarity to the scutellum, the lowest
most segment of an insect’s thorax, the midsection.
Why the scuotid shape evolved?
The peculiar shape makes the packing stable and energetically efficient.
Figure 2 The newly discovered scutoid
shape
It is significant for the understanding of epithelial organs and will
contribute to the field of tissue engineering specifically development of
artificial organs.
GM chickens
What was in the news?
Scientists at the University of Edinburgh have genetically modified chickens that can lay eggs that contain
drugs for arthritis and some cancers.
How they did it?
Researchers inserted the gene that produces the proteins in humans into the part of the chickens’ DNA that
handles the production of the white in its eggs. When they tested the hens’ eggs, they found that just three
eggs contained a dose-worth of the proteins.
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What are the proteins they produced in egg?
GM chicken was genetically engineered to produce two proteins that are naturally produced by the human
body - IFNalpha2a and macrophage-CSF. These two proteins plays an important role in the immune system.
What are the advantages of this method?
Large quantities of the valuable substances can be extracted from the eggs, with three eggs proving
enough to produce an adequate dosage.
It provided a “promising proof of concept” that could set the stage for improved drug production.
The drugs are 100 times cheaper to produce when laid than when manufactured in factories.
Other similar developments
Eggs are already used to grow viruses for use in vaccines, and other animals such as goats have been
genetically modified in the past to produce useful proteins in their milk.
Scientists have previously shown that genetically modified goats, rabbits and chickens can be used to produce
protein therapies in their milk or eggs.
Mosquito population made extinct with genetic tweak
What was in the news?
Scientists for the first time succeeded in wiping out an entire population of malaria-carrying mosquitoes in the
lab using a gene editing tool to programme their extinction.
The research has been funded by the Bill & Melinda Gates Foundation and US Defence Advanced Research
Projects Agency (DARPA).
How they did it?
Scientists modified a gene known as “doublesex” while working on a mosquito species named as Anopheles
gambiae.
As a result of modified double sex gene, more females in each generation either become infertile or could not
bite. After few generations, there were no females left and the population collapsed due to lack of offspring.
Genetic drive technology
It uses the molecular scissors known as CRISPR/Cas9 to copy and paste themselves into an organism’s DNA
at precise locations.
It breaks the rules of inheritance, quickly spreading a genetic modification to all offsprings.
Significance of the study
Pest control: Since all insects have some version of doublesex so gene drive can help in developing
new pest control measures.
Control malaria outbreak: Since malaria kills more than 4 lakh people each year worldwide,
according to the World Health Organization and this gene drive will be significant in controlling the
malarial spread.
Step ahead of traditional practice: Traditional approaches to control mosquitoes especially the use of
insecticides is becoming less effective which gene drive can overcome.
Concerns of the gene drive technology:
Threat of extinction: It involves intentional modification of genetic makeup of a species which may
lead to its extinction.
Unethical practice: Wiping out an entire species in the name of protection from diseases is considered
as unethical.
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Ecological risks: Manipulating and removing natural populations by gene drive may destroy food
webs and shift the behaviour of diseases.
Social risks: It can disrupt agriculture, enabling new weapons to mass extinction of species harmful to
humans.
Resistance to gene drive: There are also apprehensions that mosquitoes may develop resistance
against gene drive technology like other traditional practices of malarial control.

Big cat Machhli
Who is Machhli?
Machhli, also known as T16, earned that name due to fish-like marks on her face.
Machli is the female Bengal tiger which died in 2016 at her
age of 19 years. The Bengal tigress dominated 350-squaremile territory within India’s Ranthambore National Park of
Rajasthan.
Why it was in the news?
At the time of Machhli’s death, DNA samples were extracted
by the scientists. In 2018, a team of geneticists, conservation
biologists and wildlife officials started the project of
preparing a genetic map of genes from Machhli’s DNA.
What are its uses?
Once the complete genome map is prepared, it could serve as a template, or ‘reference genome’, for
comparing the genes of tigers anywhere.
New DNA analysis tool can help nab criminals
What the news analysis is about?
A new test has been developed that can reveal the amount of DNA people shed onto the objects they touch.
used by forensic experts to nab criminals using genetic clues left at crime scenes.
A single tap of a finger on items like door handles, glass or even shaking hands can help identify and link
potential suspects to a crime.
What was the method earlier?
Earlier, forensic science depends upon the quality of DNA left at the crime scene. If the DNA found at the site
is of poor quality or have deteriorated or an innocent’s DNA is transferred to the site, it can lead to poor or
false conviction.
What is the new method is?
It is a test that can reveal the amount of DNA people shed. This will help determine whether they were
actually the last person to make contact with an item.
The shedder status of a specific person of interest may be relevant in determining the likelihood of whether a
major contributor in a mixed DNA profile was the last person was to make contact with an item and is
therefore linked to a crime.
The shedders test also showed men shed more than woman, and that thumbs leave the most accurate traces.
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Computational methods to decode brain’s GPS
What we know already?
Certain regions (hippocampus and parahippocampus) in the rat brain
contain special cells known as “spatial cells” that help to create a
cognitive map for navigation. The 2014 Nobel Prize in Physiology or
Medicine was awarded to three scientists who discovered cells that
constitute a positioning system in the brain. The inner GPS in the brain or
the neurons help in coordinating the position, distance and direction of
travel.
What was in the news?
Scientists from IIT-M studied the movement of virtual animals in computer simulation. This helped to
understand the navigation behaviour in rats moving in two dimensions and bats in three dimensions.
An understanding of the spatial navigation system in the brain can also help in engineering automobiles,
drones, and underwater vehicles.
Domestication of rice molecule
What was in the news?
The scientists at the National Centre for Biological Sciences (NCBS) in Bengaluru found that an RNA
molecule played a key role in the domestication of rice.
This RNA molecule would have been critical in transforming semi-aquatic plants - the wild relatives of
domesticated rice - into plants bearing abundant grains.
Changes from wild to cultivated rice
Indica rice, a subspecies of Oryza sativa, was domesticated from two wild species Oryza nivara and Oryza
rufipogon. Both the wild species have weak stems and lie
prostrate near edges of water bodies.
Laccases are enzymes involved in
During its long history of cultivation that dates back to at least
polymerisation of monomers of lignin,
which contribute to stem woodiness. If
4000 BC, rice plants have acquired and accumulated traits that
the plant produces more laccases then
would help increase yield. Some of these selected traits for
more lignin gets accumulated in the
domestication are - stronger stems, absence of seed shattering,
plant.
more grains per plant, aroma, colour etc.
While domestication increased the fitness of the species under
manmade conditions, it reduced their fitness in the wild. The domesticated species eventually became
dependent on human nurturing.
What are the biological changes that occurred during domestication?
For differences seen to manifest in the organism (phenotype), there should be corresponding changes in the
genome. But it is known that there is no significant genomic differences between wild and domesticated rice.
In their researches, NCBS scientists found out that a miRNA (micro RNA) involved in laccase production can
be involved in the domestication. While miR397 is expressed in high levels in the wild species, it gradually
reduces in intermediate forms.
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Fish genes hold key to repairing damaged hearts
What was in the news?
The regeneration capacity of tetra fish of Northern Mexico and
zebra fish can reveal the secrets about the treatment of heart
ailments in humans.
Tetra fish and its abilities
The tetra fish (Astyanax Mexicanus) lives in the rivers of
Northern Mexico and its cave system aquifers. Around 1.5
million years ago, were periodically washed into caves by seasonal floodwaters. This created the perfect
environment for different members of the same species to adapt and evolve to suit their different habitats —
the river and the caves.
What are their adaptations?
The surface fish still living in the rivers of Mexico have retained their ability to repair their heart
tissue.
However, the fish in one particular cave, called Pachón, lost this ability. They also lost their colour
and ability to see.
What was the findings?
The researchers compared the activity of genes in the river versus the cave fish in the period after heart injury.
Two genes, lrrc10 and caveolin, were much more active in the river fish and could be key in allowing the
river fish to repair their hearts.
What is the relevancy to humans?
During a heart attack, the heart is deprived of oxygen leading to the death of heart muscle cells and their
replacement by scar tissue. This stops the heart muscle from contracting properly and reduces the heart’s
ability to pump blood around the body.
People suffering from heart failure can’t regenerate their damaged hearts, and often the only cure is a heart
transplant.
The ability of the river fish to regenerate its heart may arise from an ability to suppress scar formation. It is
now needed to determine if we can exploit similar mechanisms to repair damaged human hearts.
Finder of Rare Entities (FiRE)
What are called as rare cells?
Cancer can spread from where it started to another
Circulating tumour cells, cancer stem cells, antigenpart of the body. The original cancer is called the
specific T cells, circulating endothelial cells are a few
primary tumour. The cancer in another part of the
examples of rare cells.
body is called metastatic, or secondary, cancer.
Rare cell populations such as circulating tumour cells
All cancers can spread. The term metastatic cancer
can shed light on the process of cancer metastasis
is usually only used to describe solid tumours that
(spreading of cancer to other parts of the body) thus
have spread to another part of the body. Some
providing invaluable information for early detection
cancers, such as leukemia, lymphoma and
and clinical management of the disease.
multiple myeloma, are considered widespread
What is the need for developing a method to find rare
when they are diagnosed and so are not referred to
cells?
as metastatic cancer.
Much like finding a needle in a haystack, identifying
rare cells from a dataset comprising millions of cells can be hugely daunting.
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What is Finder of Rare Entities (FiRE)?
It is an algorithm that can find rare cells from a very large pool of cells in a matter of seconds. It can be
computed based on the gene expression profile of about twenty thousand genes.
New Delhi superbug gene reaches the Arctic
What is New Delhi Metallo betalactamase 1 (NDM-1)?
NDM-1 stands for a gene that produces New Delhi
metallo-beta-lactamase in certain bacteria that cause
infections. This is a substance that destroys the
commonest types of antibiotics. NDM-1 has been
reported most commonly from India and Pakistan. It is
spreading throughout the world as people travel from
country to country.
Bacteria with the NDM-1 gene are part of a larger
group of superbug bacteria.
A superbug, also called multi-resistant, is a bacterium
that carries several resistance genes. These are
resistant to multiple antibiotics and are able to survive
even after exposure to one or more antibiotics.
The NDM-1 gene has been found on bacterial chromosomes and plasmids. Plasmids are small segments of
genetic material. Plasmids and other mobile genes can pass from one bacterial strain to another and even
between completely different kinds.
What was the recent findings?
Soil samples taken in Svalbard — a Norwegian archipelago between mainland Norway and the North Pole —
have now confirmed the spread of blaNDM-1 (called New Delhi Metallo-beta-lactamase-1) into the High
Arctic.
How it could have spread?
The NDM-1 bacteria could have been carried in the gut of animals and people. They were likely to have
spread through the faecal matter of birds, other wildlife and human visitors to the area.
Kidneys grown in rats could pave way for human transplant
What was in the news?
The researchers used pluripotent stem cells from mice to produce kidney and related cells in a rat embryo.
The technique has previously been used to grow mice-derived pancreases in rats.
What is its implication?
This method can provide a solution to the massive shortage of donor kidneys for people with renal disease.
But the success is only a first step and that “serious technical barriers and complex ethical issues” remain
before the process could be used for human organs.
What is a pluripotent stem cell?
Pluripotent stem cells have the ability to undergo self-renewal and to give rise to all cells of the tissues of the
body, except extra-embryonic cells.
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Japan approves stem cells trial to treat spinal cord injuries
What was in the news?
A team of Japanese researchers will carry out an unprecedented
trial using human-induced pluripotent stem cells (iPS) to treat
spinal cord injuries.
The trial will begin in the latter part of 2019, will initially focus
on four patients who suffered their injuries just 14 to 28 days
beforehand.
The strict limitations on the number of participants is necessary
because the process is an “unprecedented, world first clinical
trial.
The study will be carried out on patients aged 18 or older who have completely lost their motor and sensory
functions.
The project hopes to test the efficacy and safety of the treatment for chronic injuries as well in the future if
they can confirm the safety of the technique through the clinical trial.
What are induced pluripotent stem cells (iPSC)?
Induced pluripotent stem cells are a type of pluripotent stem cell that can be generated directly from adult
cells. The iPSC technology was pioneered by Shinya Yamanaka’s lab in Kyoto, Japan, who showed in 2006
that the introduction of four specific genes encoding transcription factors could convert adult cells into
pluripotent stem cells. He was awarded the 2012 Nobel Prize along with Sir John Gurdon “for the discovery
that mature cells can be reprogrammed to become pluripotent.
Genes and quality of marriage
What was found out?
It was found that the Oxytocin Receptor gene plays a vital role in how satisfied spouses feel in their marriage.
What is oxytocin and its functions?
Oxytocin is produced in the hypothalamus, a part of the brain.
Oxytocin is a hormone and a neurotransmitter that is involved in childbirth and breast-feeding. It is also
associated with empathy, trust, and relationship-building.
It is sometimes referred to as the "love hormone” and used in the treatment for a number of conditions,
including depression, anxiety, and intestinal problems.
Relevance between oxytocin and marriages
Oxytocin Receptor gene is responsible for Oxytocin release and it impacts how married couples support one
another.
This is the first research to describe a set of genetic and behavioral mechanisms for one possible route of the
genetic influence on marriage.
Leptospirosis bacteria and human proteins
What is Leptospirosis?
Leptospirosis is a bacterial disease that affects humans and animals. It is caused by bacteria of the genus
Leptospira.
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The bacteria that cause leptospirosis are spread through the urine of infected animals, which can get into
water or soil and can survive there for weeks to months. Many different kinds of wild and domestic animals
carry the bacterium such as cattle, pigs, horses, dogs, rodents and wild animals.
Person to person transmission is
rare for this disease. The
epidemiology of leptospirosis has
been modified by changes in animal
husbandry, climate, and human
behavior.
Its distribution?
Leptospira bacteria are present
worldwide, but are endemic (usually
seasonally)
in
tropical
and
subtropical
areas
with
poor
sanitation and in agricultural areas
with livestock operations or rodent
infestations.
Why it was in the news?
The interaction between human immune proteins and leptospirosis bacteria was understood. This will pave
way for better treatment options in future.
Can we repair damaged retina like zebrafish do?
What was in the news?
Zebrafish, like a number of lower animals, have far
Does humans regenerate?
greater regenerative abilities than mammals. They can
Only
to
a
small
extent.
regrow fins and even large portions of some of their
The organ or tissues that that has the ability of
major organs.
regeneration are skin, liver, bones and intestinal
Researchers from Indian Institute of Science Education
layers.
and Research (IISER) Mohali, have decoded the signals
Studying regeneration in other species will help
and genes behind this process. It may help to uncover
us understand how the human body heals and
valuable clues as to why humans fail at such
repairs itself. This could help researchers
regeneration.
develop regenerative medicines to help the
human body more fully heal.
Why zebra fish is preferred for research?
The zebrafish offers many advantages for researchers,
including its rapid development, transparent embryos that facilitate visualization of developing structures, and
its amenability to genetic and pharmacological screens.
What is sonic hedgehog?
It is a signalling system that aids in developmental and tissue regeneration activities in the zebrafish.
It seems unclear that the similar system is seen in mammals like humans, but their regenerative capacity is
extremely poor.
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New study can help develop wheat varieties with high zinc levels
What was in the news?
Scientists from India and other countries have identified regions in the wheat genome responsible for
concentration of zinc in wheat grain.
The findings can potentially help in developing wheat varieties with enhanced levels of the micronutrient.
The genome-wide association approach, used in
In India, zinc (Zn) is now considered as fourth
human disease research, was applied in this study to
most important yield limiting nutrient in
locate genome segments linked to zinc uptake.
agricultural crops.
Who conducted the research?
India is among the nations with the most zincThis study was jointly conducted by researchers from
deficient agricultural soils—and the average
CIMMYT, Flinders University, Australia
deficiency is projected to increase from the present
Punjab Agriculture University, Ludhiana
levels of 50% to an estimated 63% by 2025 if the
Indian Institute of Wheat and Barley
current trend continues.
Research, Karnal and
Banaras Hindu University (BHU), Varanasi
As India’s soils are zinc deficient, so are India’s
Role of Zinc
people. The link between zinc deficient soils and
zinc deficiency in humans is especially prevalent
Zinc is one of the eight essential trace elements that
in developing nations such as India that rely on
plants need for normal growth and reproduction.
cereal grains as the main source of calorie intake.
Nearly 10% of all proteins in biological systems need
zinc for their functions and structure.
Plants require zinc in small but critical
concentrations for several key actions, including membrane function, photosynthesis, protein synthesis,
phytohormone synthesis (e.g. auxine), seedling vigor, sugar formation, and defense against disease and
abiotic stress factors (e.g., drought).
Salt tolerant transgenic rice
What was the news?
Indian scientists have developed transgenic rice that promises to
generate high yields even under conditions of high salinity, high
temperature and drought.
How they achieved it?
While studying a wild rice variety, Pokkali, grown in coastal
regions of Kerala. When they tried to figure out its ability to
survive and thrive in highly saline environment, it emerged that
it had very high level of a gene, OsIF.
It was showed that the plant expressed the gene four times more
than in traditional plants.
Transgenic rice
The OsIF gene from Pokkali was transferred to IR 64 rice
variety using Cauliflower Mosaic Virus (a vehicle to carry genes
from one organism to another).
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Pokkali rice
It is a saltwater-tolerant paddy grown in
the coastal fields of Alappuzha,
Ernakulam and Thrissur districts.
It can grow upto a height of 2 m
The single-season paddy is raised in
saltwater fields between June and
November followed by a season of fishfarming. After the harvest, the paddy
stubble in the fields acts as food and
shelter for shrimp and small fish. Fish
excreta and scales, along with the
decomposed stubble, provide excellent
natural manure for another season of
Pokkali.
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What are the enhanced characteristics of the transgenic rice?
Tolerant to high salinity, high temperature and drought
Increased yield of 20 per cent more than a normal one.
Stabilization of photosynthesis in the plant.
Toluene degrading bacteria
What was the news?
Researchers from University of Delhi and Indian Institute
Toluene is a clear, colorless liquid with a
of Technology (BHU), Varanasi have successfully distinctive smell.
degraded toluene into less-toxic byproducts using bacteria.
Toluene occurs naturally in crude oil and in
The bacteria isolated from soil and effluents near an oil
the tolu tree. It is produced in the process of
refinery.
making gasoline and other fuels from crude
Unique aspects of the discovery
oil and in making coke from coal.
These bacteria changed their morphology to
escape toxicity from toluene.
The bacteria use up toluene as their carbon source in the presence of oxygen (aerobic respiration).
Previously, toluene degradation was observed for anaerobic degradation only.
It showed degradation of benzene, phenol, and xylene also
Gallbladder cancer
What was in the news?
Gall bladder cancer have some unique mutations that enable it
to be treated by the drugs used for colorectal cancer.
Who conducted the research?
Tata Memorial Centre, Mumbai
What is a gall bladder cancer?
Gallbladder is a small, pear-shaped organ on the right side of
abdomen, just beneath the liver. The gallbladder stores bile, a
digestive fluid produced by the liver.
Gallbladder cancer is cancer that begins in the gallbladder.
Its distribution
Though rare globally, there is high incidence of gallbladder cancer in India and China. In India, the cancer is
particularly seen in people living along the Gangetic plains. Women in Delhi alone have a high incidence of
21.5 per 100,000, which is the highest in the world.
Bone marrow transplantation
What is a bone marrow transplantation?
Bone marrow is the soft, spongy tissue inside your bones that makes
blood-forming cells (blood stem cells). These cells turn into blood cells
including:
White blood cells to fight infections.
Red blood cells to carry oxygen throughout the body.
Platelets to control bleeding.
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A bone marrow transplant is a procedure to replace damaged or
destroyed bone marrow with healthy bone marrow stem cells. It is a
treatment for some types of cancer such as blood cancer.
Why it faces difficulty?
The efficiency of bone marrow transplantation can be compromised
due to fewer hematopoietic stem cells available for transplantation.
What was in the news?
National Centre for Cell Science (NCCS), Pune addressed the issue by
using a novel way to multiply or expand the number of hematopoietic stem cells before transplantation.
How they did it?
They treated hematopoietic stem cells with nitric oxide which improved the engraftment potential of juvenile
cells.
The nitric oxide donor-treated mesenchymal stem cells (MSCs) secreted micro-vesicles that were enriched in
certain factors have the ability to increase the engraftment potential of hematopoietic stem cells.
What are the potential outcomes?
The procedure also improves the body’s ability to accept the transplanted stem cells and begin
producing new blood cells (engraftment potential).
Increasing the success rate of bone marrow transplantation.
Ancient rocks in India give clues to early life
What is Cambrian explosion?
The Cambrian Period marks an important point in the history of life on Earth; it is the time when most of the
major groups of animals first appear in the fossil record. This event is sometimes called the "Cambrian
Explosion," because of the relatively short time over which this diversity of forms appears.
The beginning of the explosion is generally placed about 542 million years ago.
What was in the news?
Researchers from the University of California have found the oldest clue for animal life in ancient rocks and
oils, including those from India, dating back at least 100 million years before the famous Cambrian explosion.
How they found it?
Before Cambrian period, only sponges have existed.
In ancient rocks and oils from India, Oman, Siberia, researchers found a steroid compound produced only by
such sponges, such as demosponges.
What is the biomarker they found?
The biomarker is a steroid compound named 26-methylstigmastane (26-mes). It has a unique structure that is
currently only known to be synthesised by certain species of modern sponges called demosponges.
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Influenza virus present in Dogs
Some info about influenza virus
Flu is a contagious respiratory illness
caused by influenza viruses that infect the
nose, throat, and sometimes the lungs. It
can cause mild to severe illness, and at
times can lead to death.
Flu viruses spread mainly by tiny droplets
made when people with flu cough, sneeze
or talk.
What is an animal reservoir?
Any person, animal, plant, soil or
substance in which an infectious agent
normally lives and multiplies. The
reservoir typically harbors the infectious
agent without injury to itself and serves as
a source from which other individuals can
be infected. The infectious agent primarily
depends on the reservoir for its survival.
What was in the news?
A study found that the influenza virus can
jump from pigs to canines, and dogs are a
potential reservoir for a future influenza
pandemic.
The majority of pandemics have been
associated with pigs as an intermediate
host between avian viruses and human
hosts.
What are the implications of this
discovery?
Influenza can jump among animal
reservoirs where many different strains
are located. These reservoirs serve as
mixing bowls for the genetic diversity of strains. When different strains of viruses harbored by animals swap
genes and mix in animal reservoirs and jump to humans as a new strain, pandemic influenza can occur. Birds
and pigs are major reservoirs of viral genetic diversity.
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Green blooded lizard and malaria
Green blooded lizard?
Prasinohaema, commonly called as green-blooded skinks, is a type of lizard. It is found in New Guinea. The
muscles, bones and tongues of this lizard appear bright lime-green due to high levels of biliverdin, or a green
bile pigment.
Having the highest concentration of biliverdin recorded for any animal, these lizards have evolved a
resistance to bile pigment toxicity.
It was earlier known that the bile pigment can act as an antioxidant, scavenging free radicals in these animals
as well as preventing disease during in vitro fertilisation. However, the function of green bile pigment in these
lizards is still uncertain.
Why it is of interest?
A similar liver product, bilirubin, is known to be toxic to human malaria parasites. Also, slightly elevated
levels of bile pigments in other animals, including insects, fish and frogs, have had potentially positive roles.
Understanding the underlying physiological changes that have allowed these lizards to remain jaundice-free
may translate to non-traditional approaches to specific health problems
Nipah virus
What is a Nipah Virus?
Nipah virus (NiV) is a RNA virus (it has RNA only as its genome) and belongs to the family of
Paramyxoviridae.
Its name originated from Sungai Nipah, a village in the Malaysian Peninsula where pig farmers became ill
with encephalitis.
According to WHO, Nipah virus (NiV) infection is a newly
What is the connection between fruit
emerging zoonosis that causes severe disease in both animals and
bats and Nipah virus?
humans.
Outbreak of Nipah virus
Since the Nipah virus broke out in
The virus was first identified during an outbreak of disease that
Kozhikode, Kerala, fruit bats have
took place in Kampung Sungai Nipah, Malaysia in 1998. On this
attracted attention as the wildlife
occasion, pigs were the intermediate hosts.
reservoir for the virus.
in subsequent NiV outbreaks, there were no intermediate hosts. In
The contact between humans and fruit
Bangladesh in 2004, humans became infected with NiV as a
bats is becoming increasingly frequent
result of consuming date palm sap that had been contaminated by
as agriculture and urbanisation destroy
infected fruit bats. Human-to-human transmission has also been
bat habitats, forcing them into human
documented.
dwellings.
Which is the animal host for Nipah Virus?
Fruit bats are suspected to be the
The natural host of the virus are fruit bats of the Pteropus genus.
reservoirs for Ebola virus too.
How does it spread?
The transmission has occurred in humans through direct contact
with infected bats, pigs, horses, infected tissues and infected people. Person-to-person spread is most likely to
occur in family members and caregivers of sick individuals.
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Intensified Mission Indradhanush
A background to the immunization strategy in India
Immunization Programme in India was introduced in 1978 as ‘Expanded Programme of Immunization’ (EPI)
by the Ministry of Health and Family Welfare, Government of India.
In 1985, the programme was modified as ‘Universal
Immunization Programme’ (UIP) to be implemented
in phased manner to cover all districts in the country
by 1989-90 with the one of largest health
programme in the world.
Despite being operational for many years, UIP has
been able to fully immunize only 65% children in
the first year of their life.
Mission Indradhanush
It was launched in 2014 to strengthen and re-energize the programme and achieve full immunization coverage
for all children and pregnant women at a rapid pace.
The ultimate goal of Mission Indradhanush is to ensure full immunization with all available vaccines for
children up to two years of age and pregnant women. The Government has identified 201 high focus districts
across 28 states in the country that have the highest number of partially immunized and unimmunized
children.
Which diseases are covered?
The Universal Immunization Programme provides life-saving vaccines to all children across the country free
of cost to protect them against Tuberculosis, Diphtheria, Pertussis, Tetanus, Polio, Hepatitis B, Pneumonia
and Meningitis due to Haemophilus Influenzae type b (Hib), Measles, Rubella, Japanese Encephalitis (JE)
and Rotavirus diarrhoea. (Rubella, JE and Rotavirus vaccine in select states and districts).
Intensified Mission Indradhanush (IMI)
To further intensify the immunization programme, GoI launched the Intensified Mission Indradhanush (IMI)
in 2017.
Through this programme, Government of India aims to reach each and every child up to two years of age and
all those pregnant women who have been left uncovered under the routine immunisation programme/UIP.
The achievement of full immunisation under Mission Indradhanush to at least 90% coverage was to be
achieved by 2020 earlier.
Special attention will be given to unserved/low coverage pockets in sub-centre and urban slums with
migratory population. The focus is also on the urban settlements and cities identified under National Urban
Health Mission (NUHM).
Intensified Mission Indradhanush will have inter-ministerial and inter-departmental coordination, actionbased review mechanism and intensified monitoring and accountability framework for effective
implementation.
It will be reviewed by the Cabinet Secretary at the National level and will continue to be monitored at the
highest level under a special initiative ‘Proactive Governance and Timely Implementation (PRAGATI)’.
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Failure of Alzheimer’s drug trials
What is an Alzheimer disease?
Alzheimer's disease is a progressive disorder that causes brain cells to waste away (degenerate) and die.
Alzheimer's disease is the most common cause of dementia — a continuous decline in thinking, behavioral
and social skills that disrupts a person's ability to function independently.
What is the cause for Alzheimer disease?
It is believed that beta-amyloid (a protein) accumulation in neuron is the cause for the neuron cell death.
The protein is known to attack and destroy synapses, the connections
between nerve cells, resulting in memory problems, dementia and
ultimately death.
What was in the news?
For the treatment of Alzheimer, drugs targeting beta-amyloid have been
found to fail in clinical trials.
In addition, shift workers and frequent flyers are prone to Alzheimer as
Figure 3 An artist's imagination of betatheir circadian rhythm is affected.
amyloid protein aroung neurons
Mitophagy and Alzheimer disease
Mitophagy is the selective degradation of
mitochondria by autophagy. It often occurs to
What a prion is?
defective mitochondria following damage or
A small proteinaceous infectious disease-causing agent
stress.
that is believed to be the smallest infectious particle.
It was found that a weakened cleaning system of
A prion is neither bacterial nor fungal nor viral and
the brain cells through mitophagy in animals and
contains no genetic material.
humans is central to developing Alzheimer’s Prions have been held responsible for a number of
disease.
degenerative brain diseases, including mad cow
disease, Creutzfeldt-Jakob disease, fatal familial
Is Alzheimer infectious?
insomnia, kuru, and an unusual form of hereditary
Beta-amyloid proteins that causes the disease can
dementia known as Gertsmann-Straeussler-Scheinker
be transmitted from affected to healthy ones
disease.
through the contamination of surgical
instruments.
In this way, beta-amyloid proteins acts as a prion, an infectious protein particle.
Space travel can alter the brain
What is microgravity?
Microgravity is the condition in which people or objects
appear to be weightless. The effects of microgravity can be
seen when astronauts and objects float in space such as in
International Space Station.
Already known effects of microgravity
Weightlessness causes several key systems of the
body to relax, as it is no longer fighting the pull of
gravity. Astronauts' sense of up and down gets
confused because the vestibular system no longer
can figure out where the ground and the ceiling
are.
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Magnetic resonance imaging (MRI), also
known as nuclear magnetic resonance
imaging, is a scanning technique for creating
detailed images of the human body.
The scan uses a strong magnetic field and
radio waves to generate images of parts of
the body that can't be seen as well with Xrays, CT scans or ultrasound.
The biggest benefit of MRI compared with
other imaging techniques (such as CT scans
and x-rays) is, there's no risk of being
exposed to radiation.
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Crewmembers also experience a disruption in their proprioceptive system, which tells where arms,
legs and other parts of the body are oriented relative to each other.
Calcium in bones secretes out through urine. As the bones weaken, astronauts are more susceptible to
breaking them if they slip and fall, just like people with osteoporosis. Muscles also lose mass.
What was in the news recently?
Long stay in the space where microgravity exists has a profound effect on brain.
On whom the study was conducted?
Researchers from the University of Antwerp studied ten Russian cosmonauts who spent an average of seven
months on the International Space Station. The brain were analysed with MRT scans after their arrival to
Earth.
What was found?
The research suggests that deformations to brain tissue caused by weightless conditions can stay even
after space travelers have had their boots back on Earth for seven months.
There is an excess of cerebrospinal fluid, which is responsible for compressing grey matter in the
brain.
The brain's white matter, which is primarily made of nerve fibers seemed to shrink after few months
of their return.
Spaceflight seems to impact the level of this expression for some genes—especially those that play a
role in the immune system, DNA repair, and bone growth. Changes to seven percent of these genes
persisted for six months after the return to the Earth.
Immunotherapy cures late-stage breast cancer
What is Immunotherapy?
Immunotherapy, also called as biotherapy, is
treatment that uses certain parts of a person’s
immune system to fight diseases such as cancer. This
can be done in a couple of ways:
Stimulating your own immune system to
work harder or smarter to attack cancer cells
Giving you immune system components,
such as man-made immune system proteins
What was in the news?
Researchers have successfully cured a woman with an aggressive form of breast cancer using immunotherapy.
This cancer has earlier chemotherapy and spread to other organs. The woman has been cancer-free for two
years
Is it for the first time?
Immunotherapy has already been shown to work in some people with cancer of the lung, cervix, blood cells
(leukaemia), skin (melanoma) and bladder. But an immune breakthrough for bowel, breast and ovary cancer
has remained elusive.
It is for the first time that an immunotherapy for breast cancer have become successful.

© Smart Leaders IAS

www.smartleadersias.com

24

Prelims Current Affairs - 2019

What specifically was done?
The lymphocytes from the affected women were taken, undergone reactivated and injected back into the body
along with immune checkpoint inhibitor.
Checkpoint inhibitors are drugs that help the immune system respond more strongly to a tumor. These drugs
work by releasing “brakes” that keep T cells (a type of white blood cell and part of the immune system) from
killing cancer cells.
A new ally in the cancer fight
What is proteomics and genomics?
Genomics is the study of the structure, function, and inheritance of the genome (entire set of genetic material)
of an organism. Genomics uses a combination of recombinant DNA, DNA sequencing methods, and
bioinformatics to sequence, assemble, and analyse the structure and function of genomes.
Proteomics is A proteome is a set of proteins produced in an organism, system, or biological context. The
proteome is not constant; it differs from cell to cell and changes over time.
Merger between proteomics and genomics
What was in the news?
In a first, researchers from India will study the proteins and genes of cancer tumours simultaneously. The aim
of the merger between the two promising sciences (proteomics and genomics) is to derive new medications as
well as offer personalised cancer therapies.
International Cancer Proteogenome Consortium (ICPC)
India became the 12th country to join the International Cancer Proteogenome Consortium (ICPC) of the
National Cancer Institute (NCI), U.S. It is a forum for collaboration among the world’s leading cancer and
proteogenomic research centres.
In the Indian team, the Indian Institute of Technology Bombay (IITB) is to study proteomics and the Tata
Memorial Hospital (TMH), Mumbai, India’s premier cancer institute, is to study the genomics of three
cancers, breast, head and neck, and cervix. As a pilot project, the researchers will be studying 100 samples
from each of these cancers.
Spider silk microparticles
What was in the news?
A microcapsule made of spider silk was made to deliver cancer vaccines directly to the heart of immune cells.
Why this delivery is needed?
To fight the cancer, vaccines are used that can stimulate the immune system to identify and destroy tumor
cells. However, the desired immune response is is not always guaranteed. Because, these vaccines are
degraded quickly in the body before they reach the immune cells.
What was done to counter this?
Scientists used synthetic spider silk biopolymers - a lightweight, biocompatible, non-toxic material that is
highly resistant to degradation from light and heat.
Silk microparticles form a transport capsule that protects the vaccine peptide from rapid degradation in the
body, and delivers the peptide to the center of the lymph node cells, thereby considerably increasing T
lymphocyte immune responses.
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Vitamin D and cancer
What was found out?
Higher levels of vitamin D are associated with decreasing risk of breast cancer.
The risk of cancer appeared to decline with greater levels of serum vitamin D.
Some info about vitamin D
Vitamin D is known as the 'sunshine vitamin' because our bodies produce it when sunlight falls on our skin.
However, it is also present in some foods such as oily fish, eggs, and fortified breakfast cereals. It can also be
taken as supplements.
Vitamin D deficiency may cause disorders associated with weak bones.
Novel gold nanocomplex for cancer drug delivery
What is a nanocarrier?
Nanocarriers are generally defined as objects having at least one dimension in the 1–100 nanometer scale.
They used as a transport module for another substance, such as a drug. Commonly used nanocarriers include
micelles, polymers, carbon-based materials, liposomes and other substances. Nanocarriers are currently being
studied for their use in drug delivery and chemotherapy.
What was in the news?
A nanocarrier for the drug doxorubicin (anti-tumour drug) was designed using gold coated with an organic
molecule (porphyrin). The nanocarrier delivered the drug to the nucleus of the diseased cell and resulted in
programmed cell death.
Why porphyrin was chosen?
Porphyrin is an essential co-factor in many human proteins such as hemoglobin and so it can escape from the
macrophages (which can engulf and destroy foreign objects) in our body.
Some characteristics of the nanocarrier
The nanoparticles coated with the drug showed very low toxicity to normal cells and caused programmed cell
death both in brain and lung cancer cells.
Doxorubicin is selectively released when it reaches the low-pH environment seen in cancerous cells.
Nano-bubbles triggered by X-ray can target cancer
What are drug delivery systems?
Drug delivery systems are engineered technologies for the
targeted delivery and/or controlled release of therapeutic
agents. Drug delivery systems control the rate at which a drug
is released and the location in the body where it is released.
Some systems can control both.
Liposomes are already well established as an extremely
effective drug-delivery system.
What was in the news?
Scientists created liposome nanobubbles containing drugs that
can release them only when exposed to X-ray radiation.
How it can specifically release the drugs?
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Lipids are amphipatic molecules with
water-friendly and water-hating parts
The hydrophobic parts (tails) of liposomes
are repelled by water molecules resulting
in liposome self-assembly.
Two important advantages of liposomes,
in drug delivery of living organisms, are
biocompatibility and biodegradability,
which are due to lipid characteristics.
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The radiation from the X-ray causes the verteporfin (a photosensitizer that can absorb radiation) to react and
to produce highly reactive singlet oxygen which then destabilises the liposomal membrane, causing the
release of the drug
Pigment in Goa mushroom may help fight cancer
What was the discovery?
The mycological laboratory of the Department of Botany, Goa University reported the discovery of a new
pigment from local wild mushrooms.
Some info about the pigment
It is a new suphur-rich melanin biopigment of immense bioindustrial, biomedical (anti-cancer, anti-tumour)
and biotechnological potential from the local mushroom. It is considered to be the world’s first sulphur-rich
edible melanin. Its structure is similar to black pigment found in human hair.
What is the mushroom?
Roen alamis (wild variety of Goan mushrooms that grows on termite hills) or Termitomyces species.
World first melanoma blood test
What was in the news?
Australian researchers developed the world first blood test for early stage melanoma (skin cancer). Melanoma
is currently detected using a visual scan by a doctor, with areas of concern cut out surgically and biopsied.
How the test is done?
Rather than detecting a single biomarker, the test aims to detect 10 proteins present in the blood. The
procedure detected early stage melanoma in 79 percent of cases.
It can help deliver a more accurate diagnosis of early-stage melanoma, which can be tricky to detect with the
human eye, particularly if small.
Obesity-linked cancers on rise in young adults
What is the relationship between obesity and cancer?
Obesity is described as a chronic, relapsing and multifactorial disease that causes metabolic, biomechanical,
and psychosocial health consequences.
Obese people often have chronic low-level inflammation, which can, over time, cause DNA damage
that leads to cancer.
Fat tissue (also called adipose tissue) produces excess amounts of estrogen, high levels of which have
been associated with increased risks of breast, endometrial, ovarian, and some other cancers.
Fat cells produce adipokines, hormones that may stimulate or inhibit cell growth. For example, the
level of an adipokine called leptin, which seems to promote cell proliferation, in the blood increases
with increasing body fat. And another adipokine, adiponectin—which is less abundant in obese
people than in those of normal weight—may have antiproliferative effects.
What was in the news?
In a study result published in The Lancet covering two-thirds of the US population, it showed that half a
dozen cancers for which obesity is a known risk factor became more frequent from 1995 to 2015 among
women and men under 50.
Among 25 to 29-year-olds, the rate jumped by 4.4 percent per year.
The data covered 30 types of cancer, 12 of which had previously been linked to obesity.
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Obesity is set to overtake tobacco as the leading cause of preventable cancer-related death, and there is an
alarming lack of awareness among the public of the link between obesity and cancer.
Capping of trade margin for cancer drugs by NPPA
What was in the news?
National Pharmaceutical Pricing Authority (NPPA)
invoked Para 19 of the Drugs Price Control Order, 2013
which allows the government to intervene in
"extraordinary circumstances" in public interest.
The regulator notified a formula, for fixing MRP of 42
cancer drugs, restricting trade margin at 30%. The order
also contains the list of 42 anti-cancer drugs selected
based on recommendations from the health ministry.
The revised prices came into effect from March 8, 2019.
Why the move was taken?
The "unreasonably high trade margins" was the cited
reason. It is a major factor leading to high drug prices in
India. Due to prevalent inequalities, out-of-pocket
expenditure on medicines is the single largest
contributor to pushing families beyond poverty
threshold in the country
The regulator also said that the latest move is only a
"Pilot for Proof of Concept", indicating that more such
actions may follow for other medicines in the 'nonschedule' category.
Omega 3 and its benefits
What is Omega-3?
Essential fatty acids (EFA) are the fatty acids that
cannot be synthesized by humans. For humans, the
two essential fatty acids are,
1. Linoleic acid (LA), an omega-6 fatty acid,
and
2. α-linolenic acid (ALA), an omega-3 fatty
acid
Omega-6
and
omega-3
fatty
acids
are
polyunsaturated fatty acids (PUFA), meaning they
contain more than one cis double bond.
What are the important functions of these essential
fatty acids?
Both omega-6 and omega-3 fatty acids are important
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National Pharmaceutical Pricing Authority
(NPPA)
It was constituted in 1997 as an independent
Regulator for pricing of drugs.
It aims to ensure availability and accessibility of
medicines at affordable prices under the
Ministry of Chemicals & Fertilizers.
The functions of NPPA:
Implementing and enforcing the provisions
of the Drugs (Prices Control) Order.
Monitoring the availability of drugs,
identify shortages & to take remedial steps.
Collecting & maintaining data on
production, exports and imports, the market
share of individual companies, the
profitability of companies etc, for bulk
drugs and formulations.
To render advice to the Central Government
on changes and revisions in the drug policy.
To render assistance to the Central
Government in the parliamentary matters
relating to the drug pricing.
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structural components of cell membranes, serve as precursors to bioactive lipid mediators, and provide a
source of energy. Long-chain omega-3 PUFA in particular exert anti-inflammatory effects and it is
recommended to increase their presence in the diet.
What was in the news?
The new study showed that when the human body metabolises omega-3 fatty acids, it produces a class of
molecules called endocannabinoid epoxides, or EDP-EAs. These have anti-inflammatory properties and can
inhibit cancer’s growth and spread. These molecules could address multiple problems: cancer, inflammation
and pain.
Challenging the emperor of all maladies
Cancer in a brief
Cancer is an uncontrolled growth and multiplication of cells in a given organ (for example, the lung or
stomach), which are damaged due to inborn (genetic) or external triggers (such as smoking or high doses of
radiation). While normal cells are programmed to multiply and grow to a certain size and stay so, cancer cells,
whose DNA is mutated due to such damage, go on a rampant growth leading to tumours, weakening the body
and ultimately even death.
Accelerators and brakes in our immune system
The fundamental property of our immune system is the ability to discriminate “self” from “non-self” so that
invading bacteria, viruses and other dangers can be attacked and eliminated.
The intricate balance between accelerators and brakes is essential for tight control. It ensures that the immune
system is sufficiently engaged in
attack
against
foreign
microorganisms while avoiding the
excessive activation that can lead to
autoimmune destruction of healthy
cells and tissues.
A new principle for immune therapy
During the 1990s, James P. Allison
from the University of California
found that the T-cell protein CTLA-4
functions as a brake on T cells. It was
later found that blocking CTLA-4
could disengage the T-cell brake and
unleash the immune system to attack
cancer cells.
In 1992, Tasuku Honjo discovered
PD-1, another protein expressed on
the surface of T-cells also functions
as a T-cell brake.
Immune checkpoint therapy for cancer today and in the future
CTLA-4 and PD-1 blockade was clinically developed into a new form of treatment called as “immune
checkpoint therapy”. Similar to other cancer therapies, adverse side effects are seen, which can be serious and
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even life threatening. They are caused by an overactive immune response leading to autoimmune reactions,
but are usually manageable.
Of the two treatment strategies, checkpoint therapy against PD-1 has proven more effective and positive
results are being observed in several types of cancer, including lung cancer, renal cancer, lymphoma and
melanoma.
2018 Nobel Prize for Medicine
The Nobel Assembly at Karolinska Institutet has awarded the 2018 Nobel Prize in Physiology or Medicine
jointly to James P. Allison and Tasuku Honjo for their discovery of cancer therapy by inhibition of negative
immune regulation.
Skin cancer deaths higher in men than women
A brief into melanoma
Melanoma is the most dangerous form of skin cancer. It develops when unrepaired DNA damage to skin cells
(most often caused by ultraviolet radiation from sunshine or tanning beds) triggers mutations (genetic defects)
that lead the skin cells to multiply rapidly and form malignant tumors.
Melanomas often resemble moles; some develop from moles. The majority of melanomas are black or brown,
but they can also be skin-colored, pink, red, purple, blue or white. Melanoma is caused mainly by intense,
occasional UV exposure (frequently leading to sunburn), especially in those who are genetically predisposed
to the disease.
What was in the news?
The melanoma related death rates in the 33 countries between 1985 and 2015 were studied considering ageing
population and other countries having a younger demographic.
It was revealed that the global death rates for melanoma is higher for men than women. It is rising among men
since 1985 with mortality decreasing for women for the same period.
It could be because men are less likely to protect themselves from the sun or engage with melanoma
awareness and prevention campaigns.
Japan has by far the lowest melanoma mortality, for both men and women.
Toxins from home flooring and furniture and cancer risk
What are the toxins identified?
The sofa in the living room or the vinyl flooring may become sources of harmful toxins to the children. The
main culprit is polybrominated diphenyl ethers (PBDEs). They are flame-retardant chemicals used in these
objects that can resist the fire being caught.
PBDEs are used in many consumer products, including cell phones, remote controls, personal computers,
computer monitors, textiles, electronics, and cabinets and enclosures for electronics.
PBDEs are considered to be persistent organic pollutants (POPs).
What are its health impacts?
Exposure to PBDEs has been linked in laboratory tests to neurodevelopmental delays, obesity, endocrine and
thyroid disruption, cancer and other diseases.
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Allium vegetables and reducing cancer risk
What are Allium vegetables?
Allium is a genus of monocotyledonous flowering plants that includes onion, garlic, scallion, shallot, leek, and
chives. The generic name Allium is the Latin word for garlic. The majority of Allium species are native to the
Northern Hemisphere spread from dry subtropics to the boreal zone, predominantly in Asia.
These vegetables and herbs all contain “organosulfur compounds” and have been shown to possess
antioxidant properties that make them protective against health conditions such as heart disease and cancer.
What was in the news?
Consumption of allium vegetables — which include garlic, leeks, and onions — may reduce the risk of
developing colorectal cancer.
IIT-B: Sniffing out lung cancer, explosives
What are volatile organic compounds?
Volatile Organic Compounds (VOC's) are organic
chemicals that have a high vapor pressure and
easily form vapors at normal temperature and
pressure. Concentrations of many VOCs are
consistently higher indoors (up to ten times
higher) than outdoors.
VOC and cancer
What is Raman scattering?
The measurement of the volatile organic
compounds (VOCs) produced by the body's
When light encounters molecules in the air, the
metabolic activity is a powerful approach to
predominant mode of scattering is elastic scattering,
monitoring health and diagnosing disease
called Rayleigh scattering. It is referred as an elastic
In the case of cancer, the growth of each tumour is
scattering and is responsible for the blue color of the
driven by accumulating genetic changes in bodily
sky.
cells. These effects are therefore reflected by
It is also possible for the incident photons to interact
cellular metabolism at a much larger scale.
with the molecules in such a way that energy is
One particularly notable metabolic change
gained or lost so that the scattered photons are
associated with cancer is the Warburg effect, with
shifted in frequency. Such inelastic scattering is
a hugely increased glycolysis rate in cancerous
called Raman scattering.
cells. This leads to significantly raised levels of
It is an inelastic light scattering phenomenon,
metabolites such as lactate and fumarate,
discovered by Dr. C. V. Raman in 1928.
noticeably altering the VOC profile in breath.
Biomarker VOC from early stage lung cancer
Benzene, acetone, benzaldehyde and ethanol in exhaled breath are clinically established biomarkers for early
stage lung cancer.
What was developed?
Researchers at the Indian Institute of Technology (IIT) Bombay developed a platform that detects volatile
organic compounds such as benzene, acetone, benzaldehyde and ethanol in a gas phase at single molecular
levels.
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What are the applications of the platform?
1. To detect the early stage lung cancer
2. To monitor air pollutants
3. To explosives like TNT (trinitrotoluene) and RDX.
How the detection happens?
The platform works on the basis of surface enhanced Raman scattering (a variant of basic Raman Scattering).
The variant method used the gold or silver nanoparticle which increased the sensitivity of the platform such
that it detects molecules at extremely low concentrations using a small amount of sample.
The Raman spectrum intensity increases tremendously — 10,000 million times — and this allows the
detection of molecules at very low concentration.
Virtual reality (VR) 3D model of cancer
What was in the news?
Cambridge scientists have built a virtual reality (VR) 3D model of cancer that allows viewers to ‘fly’ through
tumour cells, observing every detail from different angles. The advance paves the way for better
understanding cancer, and developing new treatments for it.
It helps to examine the geography of a tumour in in-depth level of detail.
What is virtual reality?
Virtual Reality (VR) is the use of computer technology to create a simulated environment. It implies a
complete immersion experience that shuts out the physical world. By simulating as many senses as possible,
such as vision, hearing, touch, even smell, the computer is transformed into a gatekeeper to this artificial
world. The only limits to near-real VR experiences are the availability of content and cheap computing power.
Artificial sweeteners toxic for gut microbes
What is the gut microbiome?
The microbial communities that inhabit our
gastrointestinal tract is termed as the gut
microbiota. Some of the functions are,
It helps the body to digest certain foods
that the stomach and small intestine
have not been able to digest.
It helps with the production of some
vitamins (B and K).
It helps us combat aggressions from
other microorganisms, maintaining the
wholeness of the intestinal mucosa.
It plays an important role in the
immune system, performing a barrier
effect.
A healthy and balanced gut microbiota
is key to ensuring proper digestive
functioning.
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What are artificial sweeteners?
Artificial sweeteners, also called sugar substitutes, are substances that are used instead of sucrose (table sugar)
to sweeten foods and beverages. Because artificial sweeteners are many times sweeter than table sugar, much
smaller amounts (200 to 20,000 times less) are needed to create the same level of sweetness. Sweeteners
commonly used are acesulfame K, aspartame, saccharin, sorbitol, sucralose, stevia and xylitol.
What was in the news?
It was found out that artificial sweeteners and sport supplements may be toxic to digestive gut microbes. The
molecules, indicated relative toxicity of six artificial sweeteners aspartame, sucralose, saccharine, neotame,
advantame, and acesulfame potassium- k.
Probiotics
What are probiotics?
Probiotics are live bacteria and yeasts that are called "the good" microorganisms because they benefit the
body, specifically the digestive system. Live probiotic cultures are part of fermented dairy products, other
fermented foods, and probiotic-fortified foods.
What are some examples of probiotics?
Probiotics naturally found in the intestines - Saccharomyces boulardii (a yeast) and Lactobacillus
and Bifobacterium families of microorganisms. (Outside of the body, Lactobacillus acidophilus is
the probiotic that is found in some yogurts.)
Foods containing probiotics - some juices and soy drinks, fermented and unfermented milk,
buttermilk, some soft cheeses, miso, tempeh, kefir, kim chi, sauerkraut, and many pickles.
Supplements - dietary probiotic supplements. As an example, one commonly used supplement is
acidophilus, which is available from several supplement manufacturers.
Importance about probiotics
Probiotics have the potential to improve health, including by displacing potentially harmful bugs. The trouble
is that the proven benefits involve a very small number of conditions and probiotics are regulated less tightly
than drugs. Reviews show that there is insufficient evidence to recommend their use to treat or prevent
eczema, preterm labor, gestational diabetes, bacterial vaginosis, allergic diseases or urinary tract infections.
Toothpastes contribute to antibiotic resistance
What is triclosan?
Triclosan is an antibacterial and antimicrobial chemical and has been used in personal care products and as a
pesticide.
What are its impacts?
Some short-term animal studies have shown that exposure to high doses of
triclosan is associated with a decrease in the levels of some thyroid
hormones.
Scientific studies proved that antibacterial soaps containing does not really
does not kill the pathogenic ones, as claimed by its manufacturers.
Because triclosan acts like an antibiotic, its widespread use have resulted
in the generation of resistant strains of microorganisms.
In 1997, FDA reviewed extensive effectiveness data on triclosan in
Colgate Total toothpaste. The evidence showed that triclosan in that product was effective in preventing
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gingivitis. For other products, such as over-the-counter (OTC) consumer antiseptic products, FDA has not
received evidence that triclosan provides a benefit to human health.
What was in the news?
A study from University of Queensland in Australia found that the increasing everyday use of triclosan
containing products will contribute to the rise of antibiotic resistant bacteria,
New type of antibiotic resistant bacteria in China
What was in the news?
Two previously unidentified bacteria are found to harbor resistance to penicillin or cephalosporin group of
antibiotics. The bacteria were found in the
blood of two human patients.
According to WHO, superbugs will kill 10 million
What are the bacteria involved?
people each year by 2050, with patients succumbing to
Enterobacter huaxiensis and Enterobacter once harmless bugs.
chuandaensis are the ones identified.
In addition to existing drugs becoming less effective,
Enterobacter are not usually harmful and exist
there have only been one or two new antibiotics
as part of the healthy gut microflora. However,
developed in the last 30 years.
when these bacteria enter the bloodstream,
In Sep 2018, the WHO warned antibiotics are 'running
respiratory system or the urinary tract they can
out' as a report found a 'serious lack' of new drugs in the
cause disease. Enterobacter infection in the
development pipeline.
blood can lead to diseases including
meningitis and bacteraemia, and Enterobacter
in the lungs can lead to pneumonia.
E-tattoos to help monitor health
What is a graphene?
Graphene is a single layer (monolayer) of carbon atoms,
Similar developments
tightly bound in a hexagonal honeycomb lattice. It is an
allotrope of carbon. Layers of graphene stacked on top of
In sports medicine, there are already digitized
garments for improving performance. For
each other form graphite. Some of its characteristics are
example, HexoSkin developed a shirt with
graphene is the thinnest compound known to man at one
sensors woven into it that measures heart
atom thick
rate, breathing, counts steps taken, pace, and
The lightest material known (with 1 square meter
calories burned.
weighing around 0.77 milligrams)
The strongest compound discovered (between Moreover,
researchers
working
in
100-300 times stronger than steel),
nanotechnology, are experimenting with
exceptionally micro-sized – smaller than a
The best conductor of heat at room temperature
millimeter – robots that literally swim
and
through the bodily fluids; and the FDA
The best conductor of electricity known
approved the first digital pill with a digital
What was in the news?
ingestion tracking system in 2017.
Chinese scientists have developed skin-like electronic
tattoos. This tattoo was made from graphene. It can be
easily transferred onto various surfaces such as the human skin, leaves and silk. It could also be attached to
masks and throats to measure body signals such as breathing, heartbeat and voice
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The electronic skin exhibits high sensitivity and long-term stability. It can withstand higher temperatures and
is comfortable to wear.
Its potential applications
It can measure electrophysiological parameters and helps to monitor and diagnose critical health
conditions such as heart arrhythmia, heart activities of premature babies, sleep disorders and brain
activities noninvasively.
It can track vital signs 24 hours a day, without the need for a charger, it is especially suited for
following patients with high risks of stroke.
It can send alerts to medical systems and call the ambulance and transmit pertinent data.
Huntington’s disease
What is a Huntington disease?
Huntington's disease is an inherited disease that causes the progressive
breakdown (degeneration) of nerve cells in the brain. It causes uncontrolled
movements, emotional problems, and loss of thinking ability (cognition).
It is an autosomal dominant genetic disorder, which means that even if one
parent carries the defective Huntington’s gene, their offspring has a 50:50
chance of inheriting the disease. There is no treatment or cure for Huntington’s
at present. But there are treatments available to reduce the severity of some of
its symptoms.
What was in the news?
It is possible to restrict the progression of Huntington’s disease by increasing insulin signalling in the brain’s
neuronal cells. The enhanced level of insulin signalling rejuvenates the neuronal cells which are otherwise
stressed during disease condition.
All about Tuberculosis
Battle against TB
The global battle against tuberculosis (TB) will be won or lost in India because most TB patients live there.
India’s TB community loses around 80 patients every day to drug resistant (DR) tuberculosis, a deadlier form
of the disease.
DR-TB Survey
India released data from the largest national DR-TB survey ever conducted by any country. The survey found
that more than 6% of all TB patients in India have multidrug-resistant TB (MDR-TB). Based on data in the
Global Tuberculosis Report 2017, an estimated 147,000 people have MDR-TB in India, accounting for a
fourth of the global burden. Out of them, 30,000 patients need immediate access to better drugs and
diagnostic facilities.
After decades of activism that made HIV treatment accessible
In HIV, patients who are put on anti-reterovirals start getting better almost immediately. In DR-TB, much like
cancer, the drugs are toxic and a significant portion of the treatment is about managing side-effects. In 2005,
the government rolled out free generic antiretroviral therapy, or ART, for HIV patients, turning a death
sentence into a manageable disease. However, a new problem arose that has not been addressed in decades.
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TB – the top opportunistic infection among HIV patients
ART centres do not strictly implement infection control measures for TB prevention. TB, being the top
opportunistic infection among HIV patients, is not incidental to health-care workers like Anita who are
constantly exposed to patients with DR-TB. Yet, people who work with DR-TB patients are not offered
Isoniazid preventive therapy and N95 (respirator) masks, that reduce the risk.
According to recent government data and estimates, there are nearly 1.5 lakh patients with DR-TB in India of
whom about 20% succumb to the disease. In the past few years, the government has recognised DR-TB as a
public health threat and shown the political will to address the epidemic.
Drugs for DR-TB
Globally, a number of efforts are now under way to provide regimens containing new classes of TB drugs
such as bedaquiline, pretomanid, and delamanid which offer hope to DR-TB patients.
Global Fund to Fight AIDS, Tuberculosis and Malaria
Global Fund to Fight AIDS, Tuberculosis and Malaria was created in 2002 to raise, manage and
invest the world’s money to respond to three of the deadliest infectious diseases the world has ever
known. The Global Fund was established with an objective to defeat these three diseases.
The public sector contributions have constituted 95 per cent of all financing raised by the Global
Fund and the remaining 5 per cent came from the private sector or other financing initiatives such as
Product Red.
World Tuberculosis Day
World Tuberculosis Day 2019 was observed on March 24th with the theme “It’s time”. World
Tuberculosis Day is celebrated to raise awareness about the devastating consequences of TB and how
to end the global epidemic of this lung disease.
March 24th is observed as World Tuberculosis Day because it was on March 24th 1882, TB bacterium
was discovered by Dr Robert Koch. The discovery of TB bacterium marked the first step towards
diagnosis and treatment of tuberculosis.
Elimination of Tuberculosis
The government has envisioned following strategic steps to eliminate TB by 2025. Towards this, some of the
steps taken are:
A partnership with the private sector has been envisaged under Joint Effort for Elimination of
Tuberculosis (JEET) for the elimination of TB by 2025, five years ahead of the global schedule.
To increase the reporting from the private sector, public-private support agency approach has been
initiated.
States have been supplied anti-TB drugs to provide for TB patients notified from private sector based
on demand
States have been guided to keep programme provided anti-TB drugs at private practitioner’s clinic or
pharmacy
States have also been advised to facilitate opening of zero balance accounts for TB patients, if
necessary, under the Pradhan Mantri Jan DhanYojana (PMJDY) and Indian Postal Bank.
Delhi End TB Summit Statement of Action
The Member Countries of World Health Organization-Regional Office for South-East Asia (WHO-SEARO),
participating in Delhi End Tuberculosis (TB) Summit have adopted ‘Delhi End TB Summit Statement of
Action’ in March 2018. The summit was co-hosted by Ministry of Health and Family Welfare, WHO-SEARO
and Stop TB Partnership in New Delhi.
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It identified roles, responsibilities and directions of member countries of WHO SEARO region to
make their countries free from this disease. It commended increased attention, investments and efforts
directed at tackling region’s major burden of tuberculosis (TB).
It expressed concern that most low-burden countries are yet to establish last mile programmes for
early ending of TB. It reiterated firm intent to implement response in each of our nations that is
demonstrably adequate for ending TB by 2030 and meeting milestones for 2020 by collectively
reaching out to missing 2 million BT cases and 150000 multidrug-resistant cases.

The bedaquiline boost
WHO recommended to replace all injectable with oral drugs “bedaquiline” to treat MDR-TB patients.
Bedaquiline will be provided to MDR-TB patient as a last resort because clinical trial (Phase III) is still not
completed for the new drugs. In Phase IIb trials, the drug was found to have cardio-toxicity and also caused
few deaths. The treating of MDR-TB using injectable drugs was objectionable, because
1. Patient discontinued treatment due to adverse effect of injectable drugs.
2. Success rate for MDR-TB was only 54% for patient started treatment in 2014.
India has been getting bedaquiline drug courses (11,000 so far) for free under the conditional access
programme of USAID. South Africa was the first country to scale up access to bedaquiline.
New method to kill TB bacteria
What is an oxidative stress?
Oxidative stress is essentially an imbalance between the production of free radicals and the ability of the body
to counteract or detoxify their harmful effects through neutralization by antioxidants.
What are free radicals?
A free radical is an oxygen containing molecule that has one or more unpaired electrons, making it highly
reactive with other molecules.
Free radicals can chemically interact with cell components such as DNA, protein or lipid and steal their
electrons in order to become stabilized. This, in turn, destabilizes the cell component molecules which then
seek and steal an electron from another molecule, therefore triggering a large chain of free radical reactions.
What are antioxidants?
Antioxidants are molecules present in cells that prevent these reactions by donating an electron to the free
radicals without becoming destabilized themselves. An imbalance between oxidants and antioxidants is the
underlying basis of oxidative stress.
What was in the news?
Oxidative stress can directly damage the DNA, proteins and lipids of most of the bacteria and eventually kill
them.
TB bacteria use a new way to subvert host defence
What are macrophage cells?
Macrophages are specialised cells involved in the detection, phagocytosis and destruction of bacteria and
other harmful organisms. In addition, they can also present antigens to T cells and initiate inflammation by
releasing molecules (known as cytokines) that activate other cells.
What was in the news?
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first time found that TB bacteria actively manipulate an organelle other than those involved in the degradative
pathways. They found that protein composition of lipid droplets is actively manipulated by TB bacteria.
It was already known that TB bacteria utilise lipids from the host cells and compete with the host cell for
nutrients stored inside the cells.
Chemputer system and drug production
What was in the news?
A new method was developed to produce drug molecules using downloadable blueprints. It can easily and
reliably synthesize organic chemicals via a programmable ‘chemputer’.
What is a chemputer?
It is a modular chemical-robot system that can create organic molecules on design and demand. This is the
first time that one can synthesis important drug molecules in an affordable and scalable system.
The objective is to develop a general abstraction for chemistry that can be made universal, practical, and
driven by a computer programme.
What are its features?
It can produce molecules on-demand, more affordable and safely than ever possible before.
It has the ability to use a universal code and allow chemists around the world to convert their recipe
into a digital code.
It can help for the digitization of chemistry and will allow the universal assembly of complex
molecules on demand, democratizing the ability to discover and make new molecules using a simple
software app and a modular chemputer.
India ranked 5th in pictorial warning on tobacco products
What was in the news?
Canadian cancer society released the sixth edition of Cigarette Package Health Warnings: International Status
Report in Geneva at WHO framework convention on tobacco control conference.
Cigarette Package Health Warnings - International Status Report
The report documents global progress on plain packaging. It has ranked 206 countries and territories on the
size of their health warnings on cigarette packages, and lists countries and territories that require graphic
picture warnings.
It also lists those countries that have finalised requirements for picture warnings. Regional breakdowns are
also provided.
Highlights of the report
A tremendous growth in the worldwide trend for larger picture health warnings with many more
countries in the process of developing such requirements.
118 countries and territories have now made picture health warnings on cigarette packages
mandatory, up from 100 in 2016, representing a global public health achievement.
In total, 107 countries in the world have made pictorial warnings larger than at least 50 per cent
mandatory.
Canada was the first to insist on picture health warnings in 2001.
Plain packaging has been adopted in nine countries and is under consideration in at least 16 other
jurisdictions.
Timor Leste has the largest warning with 92.5 per cent on front and back.
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Nepal and Vanuatu bag second place with 90 per cent.
New Zealand is at fourth with 87.5 per cent.
India, Hong Kong and Thailand hold fifth place jointly with 85 per cent cigarette warnings.
Efforts by India
The current pictorial warnings on both sides of all packets of cigarettes, bidis and all forms of chewing
tobacco products in India came into effect in April 2016 on the direction of the Rajasthan High Court and,
subsequently, the Supreme Court of India.
The Union Health Ministry’s through its notification mandated 85% pictorial health warnings for display on
both sides of the packet of cigarettes, bidis and chewing tobacco with effect from September 1, 2018.
Government of India for the first time introduced Quit-Line number to be printed on all tobacco products.
Significance of the report for India
It reflects that the country is making tremendous progress towards creating public awareness on the
health hazards of tobacco abuse.
India, meanwhile, is the only SAARC country to have a Quit-Line number on tobacco products and
the fourth in Asia after Thailand, Malaysia and Singapore.
India has demonstrated global leadership by implementing the quit-line number on all tobacco
packages.
India could serve as a very positive model for other countries, thus benefiting public health
worldwide.
It will also help India to achieve Sustainable development goal 3 i.e. ensure healthy lives and promote
well-being for all at all ages.
Type-2 polio virus contamination
A brief on Polio
Polio is caused by Polio Virus type 1,2,3 single stranded
RNA virus Natural or Wild Polio Virus. There are three
serotypes of poliovirus, each of which causes
poliomyelitis.
The virus enters the body orally and reaches the
intestines before reaching the blood stream. Once it
enters the blood stream it attacks the central nervous
system damaging the cells and could paralyse the
infected.
A brief on polio vaccines (OPV and IPV)
Two polio vaccines are used to combat Poliomyelitis.
1. IPV - an injected dose of inactivated (killed
using formalin) polio virus (IPV). IPV provides
immunity in the blood stream, preventing polio
infection from progressing and protects the
motor neurons.
2. OPV - a live weakened version of the virus
(mutated) unable to cause an infection.
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Vaccine-induced Polio in India
Polio was endemic to India till 2011. Since
2011, there were no reported cases and was
declared polio-free by WHO in 2014.
As of 2012 polio remains endemic in only three
countries, Nigeria, Pakistan and Afghanistan.
After World Health Organization declared
India “polio free” in 2014, India switched from
ToPV to BoPV under its polio vaccination
programme in 2016.
However there have been cases reported in
India in 2013 onwards that few cases of Polio
are due to vaccine-induced Polio Virus type 2
(VDPV).
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What is Vaccine-induced polio virus?
When a child is immunized with OPV, the vaccine-virus is also excreted. In areas of inadequate sanitation,
this excreted vaccine-virus can spread in the immediate community (and this can offer protection to other
children through ‘passive’ immunization), before eventually dying out.
The longer it is allowed to survive, the more genetic changes it undergoes. In very rare instances, the vaccinevirus can genetically change into a form that can paralyse – this is what is known as a circulating vaccinederived poliovirus (cVDPV).
What was in the news?
A three-member team was constituted by Central Drugs Standard Control Organization (CDSCO) to
investigate a recent case of type-2 virus contamination of polio vaccine.
Recently a WHO-based surveillance of stool samples in UP, Telangana and Maharashtra has reported the
presence of polio virus-2 strain.
However polio virus-2 strain has known to have been eradicated from India in 2016. This polio virus-2 strain
is known to have been induced by Oral Polio Vaccine that was administered as a part of National
Immunisation Programme in these states.
Most child deaths due to pneumonia in India
What is pneumonia?
It is form of acute respiratory infection that affects lungs. It is caused by inflammation of the airspaces in the
lungs. It is caused by number of infectious agents, including viruses, bacteria and fungi. The most common
are
Streptococcus pneumoniae (most common cause of bacterial pneumonia in children),
Haemophilus influenzae type b (Hib) (second most common cause of bacterial pneumonia).
What was in the news?
The ‘Pneumonia and Diarrhoea Progress Report’ was released by the International Vaccine Access Centre
(IVAC) in 2018. International Vaccine Access Centre was started in 2003 and serve as a partner for
governments, international agencies, research groups, and non-profit organizations seeking to advance access
to life-saving immunizations for all people.
Highlights of the report
India continues to have the highest burden of pneumonia and diarrhoea child deaths in the world, with
158,176 pneumonia and 102,813 diarrhoea deaths in 2016.
The 15 nations in order with the highest number of pneumonia and diarrhoea child deaths are India,
Nigeria, Pakistan, the Democratic Republic of Congo, Ethiopia, Chad, Angola, Somalia, Indonesia,
Tanzania, China, Niger, Bangladesh, Uganda, and Cote d'Ivoire. Globally, pneumonia and diarrhoea
led to nearly one of every four deaths in children under five years of age in 2016.
Breastfeeding, vaccination, access to care, use of antibiotics, oral rehydration solution (ORS) and zinc
supplementation — helps to protect against, prevent, and treat, pneumonia and diarrhoea.
3D Bioprinting to Create Artificial Blood Vessels
What is 3D printing?
3D printing (also known as additive manufacturing) is a manufacturing process through which threedimensional (3D) solid objects are created. It enables the creation of physical 3D models of objects using a
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series of additive or layered development framework, where layers are laid down in succession to create a
complete 3D object.
Some recent developments in this field
3D printing of blood vessels
3D printing technique was used to recreate the complex geometry of blood vessels. It paved way to produce
artificial arteries and organ tissues in future. Before this achievement, hardened blood vessels are associated
with cardiovascular disease and engineering a solution for viable artery and tissue replacement has
historically proven challenging.
3D bioprint load-bearing bones
Researchers from Indian Institute of Technology (IIT) Delhi and IIT Kanpur have used a different approach to
mimic the development biology pathway by which adult load-bearing, long bones are formed.
Spirulina and its health effects
What is Spirulina?
Spirulina is a cynaobacteria consumed for its high nutritional
Spirulina was once classified as a plant
value and supposed health benefits. It is a type of blue-green
because of its richness in plant
algae that grows naturally in oceans and salty lakes in
pigments as well as its ability of. New
subtropical climates.
understanding
of
its
genetics,
Spirulina grows in microscopic spirals, which tend to stick physiology and biochemical properties
caused scientists to move it to the
together, making it easy to harvest.
kingdom
and
the
They are used as a source of dietary protein, B-vitamins, and Bacteria
iron. They are also used for weight loss, attention deficit- Cyanobacteria phylum.
hyperactivity disorder (ADHD), hayfever, diabetes, stress,
fatigue, anxiety and depression
What was in the news?
Italian researchers have identified Spirulina as a “superfood”. It was reported to help reduce blood pressure
because it contains a specific protein SP6 that can relax arteries in animals.
New hope for sickle-cell patients
What is sickle cell anemia?
In the term, sickle refers to the abnormal shape of RBC and anemia
refers to the reduced concentration of RBC in the blood.
Sickle-cell disease (SCD) is an autosomal recessive genetic blood
disorder with overdominance, characterized by red blood cells that
assume an abnormal, rigid, sickle shape. Sickling decreases the cells’
flexibility and results in a risk of various complications. The sickling
occurs because of a mutation in the haemoglobin gene. Red Blood
Cells alter shape and threaten to damage internal organs.
Role for gene editing in curing sickle cell anemia
Gene therapy might offer a cure for sickle-cell disease. The approach
is promising because it just need a single gene to be corrected: βglobin subunit of haemoglobin.
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What is the existing method to treat the disease?
The only current cure for sickle-cell disease is a bone-marrow transplant from a matched healthy donor. The
stem cells that serve as blood-cell factories — haematopoetic stem cells — are removed from the donor’s
bone marrow or blood, then infused into the recipient.
If the transplant works, the donor’s stem cells churn out non-sickle-shaped red blood cells, curing the disease.
Donors can be a sibling or someone unrelated with the same bone-marrow type, but less than one-third of
people with sickle-cell disease can find a matched donor.
Advantages of gene editing in this case
1. Gene therapy could provide a cure for many more people because it doesn’t rely on a donor. Instead,
stem cells are harvested from the patient’s own bone marrow.
2. Gene therapy avoids conflict between the donor’s and recipient’s cells.
What was in the news?
A clinical trial is being conducted in United States using the gene-therapy drug LentiGlobin BB305. It inserts
a healthy version of the β-globin gene into people’s blood stem cells.
Phantom limb pain
Phantom limb pain happens to people who have had limb
amputations. They continue to feel the presence of the amputated
part, and especially, pain in that area. Though the effect has been
known for a long time, it is poorly understood.
Using machine learning and augmented reality, a researcher from
Sweden has a hypothesis regarding the effect. The proposal is that
neural circuitry, after an amputation loses its primary role and
becomes entangled with other neural networks which are responsible for pain perception. The coincidental
firing of these neurons with the ones involved in pain perception is what causes the pain.
Draft charter of Patients’ Rights
Who released the document?
The draft Charter of Patients’ Rights was prepared by National Human Rights Commission (NHRC) and
released by the Union Ministry of Health and Family Welfare.
Since healthcare is a state subject as per the constitution, the health ministry will need to roll out this charter
in collaboration with state governments.
This charter is expected to act as guidance document for Union Government and State Governments to
formulate concrete mechanisms so that Patients’ Rights are given adequate protection and operational
mechanisms are set up to make these rights functional and enforceable by law.
What is the current status of Patient rights in India?
Government of India has enacted the Clinical Establishments (Registration and Regulation) Act in 2010 and
notified the Clinical Establishments (Central Government) Rules, 2012. The act and the rules provide for the
following registration and regulation of clinical establishments including those in the private sector (includes
both allopathic and AYUSH systems of medicine, Therapeutic, diagnostic establishments). All such clinical
establishments are required to meet the following norms
Minimum standards of facilities and services
Minimum requirement of personnel, maintenance of records and reports
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Displaying of rates at a conspicuous place.
Follow Standard Treatment Guidelines issued by the Central/State Governments
Charge rates for each type of procedure and service within the range of rates as determined from
time to time
As per information shared by the government in the Rajya Sabha, only 11 States/UTs have adopted and
passed a state level act to implement this. Some states have enacted their own version of the law while a few
other states are yet to enact any law on these lines.
Need for a charter of ‘Patient Rights’
As per the document released by the government, legal provisions related to Patient Rights in India are
scattered across different legal documents like the Constitution of India, Article 21, Indian Medical Council
Regulations 2002, The Consumer Protection Act 1986, Drugs and Cosmetic Act 1940, Clinical Establishment
Act 2010 etc. The charter that is now placed in the public domain is expected to become a guiding document
for governments to formulate concrete mechanism for their implementation.
What is part of the Patient Rights?
The charter defines 17 rights of a patient listed below.
1. Right to Information
2. Right to records and reports
3. Right to Emergency Medical Care
4. Right to informed consent
5. Right to confidentiality, human dignity and privacy
6. Right to second opinion
7. Right to transparency in rates and care as per prescribed rates
8. Right to non-discrimination
9. Right to safety and quality care according to standards
10. Right to choose alternative treatment options if available
11. Right to choose source for obtaining medicines or tests
12. Right to proper referral and transfer, which is free from perverse commercial influences
13. Right to protection for patients involved in clinical trials
14. Right to protection of participants involved in biomedical and health research
15. Right to take discharge of patient, or receive body of deceased from hospital
16. Right to Patient Education
17. Right to be heard and seek redressal
The draft charter also seeks to establish a robust grievance redress mechanism for the protection of these
rights. Those wishing to send Comments should do so by 30th September 2018 to the following contacts.
Emerging antimicrobial resistance in leprosy
A brief on leprosy
Leprosy, also known as Hansen’s disease, is a chronic infectious disease caused by Mycobacterium leprae.
The disease mainly affects the skin, the peripheral nerves, mucosal surfaces of the upper respiratory tract and
the eyes.
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The exact mechanism of transmission of
leprosy is not known. At least until recently,
the most widely held belief was that the disease
was transmitted by contact between cases of
leprosy and healthy persons. More recently the
possibility of transmission by the respiratory
route is gaining ground.
What is the treatment available?
The three drugs given for treating the disease
are rifampicin, dapsone and ofloxacin.
What was in the news?
A six-year study carried out across 19 countries
has now shown that antimicrobial resistance is emerging in leprosy cases.
Rifampicin resistance was observed in about 5% of the relapse cases and in 2% of the new ones. India and
Brazil topped the list with more than 10 rifampicin-resistant cases each.
For normal cases, routine regime (rifampicin, dapsone and clofazimine) is administered once a month and
given free of cost. For drug resistant leprosy, the alternative drug regime (minocycline and ofloxacin) are
given as a daily dose, prescribed for two years, and is very expensive.
Ofloxacin resistant cases were found to be the highest in India among the 19 countries studied.
What is the implication?
The findings necessitate a call for vigilance on the global use of antimicrobial agents, because ofloxacin
resistance probably developed in relation to the general intake of antibiotics for other infections as it is not
part of the multidrug combination used to treat leprosy.
Antimicrobial resistance monitoring is now one of the core areas in the Global Leprosy Strategy for 2016–
2020 and WHO has recently released an updated guide on surveillance of antimicrobial resistance in leprosy.
WHO target for leprosy?
The World Health Organisation (WHO) has set the goal of zero children with leprosy and deformities by
2020, and less than one patient per million for other newly diagnosed patients.
Bihar, Chhattisgarh, Odisha, Jharkhand, Uttar Pradesh, West Bengal and Maharashtra remain the ‘hotspots’
from which maximum prevalence in India. High population density, poor sanitation and inadequate access to
nutrition are among the reasons for the number remaining high.
Staphylococcus epidermidis - A new superbug
What are superbugs?
"Superbugs" is a term used to describe strains of bacteria that are resistant to the majority of antibiotics
commonly used such as methicillin-resistant Staphylococcus aureus (MRSA).
What was in the news?
Staphylococcus epidermidis is a non-pathogenic bacterium found naturally on human skin. It most commonly
infects the elderly or patients who have had prosthetic materials implanted, such as catheters and joint
replacements. This bacteria is now said to have acquired multi-drug resistance.
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Immunological memory in Insects
What is an immunological memory?
Immune memory was first documented
It is the ability of the immune system to respond more rapidly
in ancient Greece by the historian
and effectively to pathogens that have been encountered
Thucydides who noted that "the same
previously. Immune memory has been associated with T cells
man was never attacked twice" when he
and B cells, which mount a more rapid and robust response
described the plague of Athens in 430
BC.
upon re-encounter with antigens.
Its presence in humans
In humans, immune system is well developed. A natural infection or vaccination can lead to the formation of
immunological memory in the human immune system.
What was in the news?
It has been unclear so far whether insects have such a memory that can protect them against future infections.
Since insects do not have the kind of immune cells that humans have and it was thought that insects don’t
develop an immune-memory.
National Centre for Biological Sciences (Bengaluru) have found that it does exists in insects.
They showed that such a memory can evolve over generations in red flour beetles (Tribolium castaneum)
infected with Bacillus thuringiensis (Bt).
Bacteria develop resistance even without exposure to antibiotics
What was the earlier belief on antibiotic resistance?
For decades scientists have believed the idea that drug resistance comes with prolonged exposure to that drug.
In nature, bacteria will use what are called efflux pumps to push antibiotics and other toxins out of the cell to
protect themselves.
These pumps are costly for the cell to produce and slow cell growth because they compromise the cell
membrane and use a lot of energy. To balance the potential reward of survival against the certain cost of
pump production, bacteria will hedge their bets by diversifying the number of pumps different cells express.
What was found out in the new study?
Researchers at Pune’s Indian Institute of Science Education and Research (IISER) found that E. coli (a
bacteria) developed resistance to antibiotics and heavy metals even when the bacteria were not exposed to
them.
How it developed the resistance then?
Salt, pH and oxidative stress were given daily at varied degree and the bacteria developed resistance even
within 30 days.
Implications for public health
Climate change and environmental factors brings the same variations. As a result, there is a possibility that
bacteria could show increased efflux activity and greater resistance to antibiotics even when not exposed to
them.
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Smallest environment sensing robots to detect diseases
What is a colloid?
Colloids, in chemistry, are a mixture of two substances, in which one substance is divided into minute
particles aka colloidal particles (ranging from 1 to 1000 nm in diameter)
and dispersed or suspended over another substance. These insoluble
particles are inseparable either by filtering or centrifuging.
The colloid consists of a dispersed phase and a continuous phase. Unlike
solutions, colloids do not constitute a solute dissolved in the solvent phase.
Rather, the solute phase is dispersed in the solvent phase.
Some colloids are translucent because of the Tyndall effect, which is the
scattering of light by particles in the colloid. Other colloids may be opaque or have a slight color.
What was in the news?
Scientists at MIT have developed tiny robots, of size about 10 micrometers. The microscopic devices are
named as "syncells" (short for synthetic cells).
These devices, which are about the size of a human egg cell, consist of tiny electronic circuits made of twodimensional materials, piggybacking on minuscule particles called colloids.
They are self-powered, requiring no external power source or even internal batteries.
It can sense their environment, store data, and even carry out computational tasks.
Its applications
It can be a boon for the oil and gas industry fro checking for leaks or other issues in pipelines.
It can potentially be used for diagnostic purposes, for example to pass through the digestive tract searching for
signs of inflammation or other disease indicators
Robot caterpillar delivers drugs inside human body
What was in the news?
University of Hong Kong scientists developed a tiny, soft robot with
caterpillar-like legs. It can carry heavy loads and could be used to
deliver drugs in the human body.
Features of the robot
The robot is fabricated with a silicon material called
polydimethylsiloxane (PDMS) embedded with magnetic particles
which enables it to be remotely controlled by applying electromagnetic force.
The robot has hundreds of pointed legs, measuring less than a millimetre. Most animals have a leg-length to
leg-gap ratio of 2:1 to 1:1. So the caterpillar robot was created with 1:1 proportion.
The robot has pointed legs and thus have a greatly reduced contact area and hence the friction with the
surface.
the robot can move in both a flap propulsion pattern and an inverted pendulum pattern, meaning that it can
use its front feet to flap forward as well as swinging the body by standing on the left and right feet alternately
to advance respectively.

© Smart Leaders IAS

www.smartleadersias.com

46

Prelims Current Affairs - 2019

The robot was capable of carrying a load 100 times heavier than itself, a strength comparable to an ant, or to a
human being able to easily lift a 26-seated mini-bus.
Its characteristics make them suitable for applications in a
harsh environment, for example delivering a drug to a
designated spot through the digestive system, or carrying out
medical inspection
Tamarind seed protein and chikungunya
A brief on chikungunya
Chikungunya is a mosquito-borne virus that causes a disease.
It is transmitted by Aedes aegypti and Aedes albopictus
mosquitoes.
There is no specific antiviral drug treatment for chikungunya.
There is no commercial vaccine to treat chikungunya.
Chikungunya treatment is directed primarily at relieving the
symptoms, including the joint pain using anti-pyretics, optimal
analgesics and fluids.
What was in the news?
Researchers from Indian Institute of Technology (IIT) Roorkee have found that a protein found in tamarind
seeds reduces the infectivity of chikungunya virus by 64% and the virus RNA levels inside infected cells by
nearly 45%.
The two small molecules are Pep-I and Pep-II.
Both the molecules have significant ability to kill virus. But, Pep-I molecule was very efficient in killing the
virus (99% reduction in virus load).
The two molecules also reduced viral RNA thus confirming the antiviral activity.
Nilavembu kudineer kills dengue virus, protects from chikungunya
The Tamil Nadu government distributed nilavembu kudineer (a Siddha medicine) concoction to treat people
infected with dengue during the outbreak.
About the drink
Under in vitro conditions, nilavembu kudineer (a Siddha medicine) was found to provide protection against
chikungunya virus while it was effective as a treatment during acute phase of dengue infection. The mode of
action is antiviral in the case of dengue while immuno-modulatory in chikungunya infection.
About Siddha
Siddha medicine is a system of traditional medicine originating in ancient Tamilakam (Tamil Nadu) in South
India and Sri Lanka. Traditionally, it is taught that the siddhars laid the foundation for this system of
medication. Siddhars were spiritual adepts who possessed the ashta siddhis, or the eight supernatural powers.
Agastyar is considered the first siddha and the guru of all siddhars; the siddha system is believed to have been
handed over to him by Shiva. Siddha is focused on “Ashtamahasiddhi,” the eight supernatural power. Those
who attained or achieved these powers are known as Siddhars. There were 18 important Siddhars in olden
days and they developed this system of medicine. The Siddhars wrote their knowledge in palm leaf
manuscripts, fragments of which were found in parts of South India.
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Premature births in India
What is a premature death?
Premature births refer to births that take place before 36 weeks of the gestation period.
What was the news?
Indian Foundation for Premature Babies (IFPB), a grouping of doctors across India had released the report,
“Delivered Too Soon”.
Important findings of the report
India is the biggest contributor to the world’s prematurity burden. There are almost 3.6 million premature
births that accounts for 23.6% of the around 15 million global pre-term births reported each year. Of these,
13% are live pre-term births.
The report included the factors resulting in premature births such as
Young or advanced maternal age,
Low maternal body mass index,
Short inter-pregnancy intervals,
Pre-existing non-communicable disease and
Increasing psychological stress.
The study highlighted that stress among Indian working women and their lack of rest during pregnancies is
one of the leading factors for pre-term births.
The incidence of late pre-term is also rising in India. Late pre-term refers to infants born between 34 and 36
weeks of gestation.
Measures includes antenatal steroid injections, kangaroo mother care, antiseptic cream for the umbilical cord,
and antibiotics to treat newborn infections.
Bee vaccine to prevent insect apocalypse
Why there is a need for a vaccine?
Bees are vital for growing the world’s food as
they help fertilise three out of four crops around
the globe, by transferring pollen from male to
female flowers.
UN-led research in 2016 found that more than
40% of invertebrate pollinators, particularly bees
and butterflies, are facing extinction. The study
also found that 16.5% of vertebrate pollinators,
such as birds and bats, are under threat.
The way out – a vaccine for bees
Researchers from Helsinki University in Finland
created a vaccine against American foulbrood
disease. It is the most globally widespread and
destructive bee bacterial disease.
The treatment is administered to the queen bee
via a sugar lump. The queen then passes the
immunity to her offspring, spreading it through
the bee community.
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American foulbrood (AFB) is a fatal bacterial
disease of honey bee brood caused by the spore
forming bacterium Paenibacillus larvae.
Although AFB is not highly contagious, bacterial
spores can easily be spread between hives and
apiaries through beekeeping practices such as
through the exchange of equipment and movement
of infected combs.

Vaccinating insects was previously thought to be
impossible because the creatures lack antibodies, one
of the key mechanisms humans and other animals use
to fight disease.
But a breakthrough came in 2014 when Freitak, a
specialist in insects and immunology, noticed that
moths who are fed certain bacteria can in fact pass on
immunity to their offspring.
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TPOXXX to treat smallpox
A brief on smallpox
Smallpox is a viral disease caused by the Variola major virus.
Smallpox no longer occurs naturally since it was totally eradicated. Worldwide immunization stopped the
spread of smallpox three decades ago. The last case was reported in 1977. It was declared eradicated in 1980
by the World Health Organization.
The virus which causes smallpox is contagious and spreads through person-to- person contact and saliva
droplets in an infected person’s breath.
Why there is a need for a drug that has been eradicated?
Some governments believe there is a risk that the virus which causes smallpox exists in places other than
these laboratories and could be deliberately released to cause harm in the form of bioterrorism.
What was in the news?
The US Food and Drug Administration (FDA) approved the first drug with an indication for treatment of
smallpox.
TPOXX (tecovirimat) is a small-molecule and is the first therapy specifically approved for this indication.
Malnutrition and rise in CO2 levels
What was in the news?
The rising levels of carbon dioxide (CO2) are making staple crops such as rice and wheat less nutritious.
What are the nutrients that gets affected?
Wheat, rice and maize together account for
Protein, iron, and zinc
roughly 40 percent of protein, zinc and iron
Its important findings
supply in the diet worldwide.
Concentrations of protein, iron, and zinc are 3 - 17%
lower grown in environments where CO2 concentrations In general, humans get three-fifths of dietary
are 550 parts per million (ppm) compared with crops
protein, four-fifths of iron, and 70 percent of
grown under current atmospheric conditions (400 ppm).
zinc requirements from plants.
It could result in 175 million people worldwide
becoming zinc deficient and 122 million people becoming protein deficient by 2050.
Heavy metals can increase heart disease risk
What was the news?
Exposure to some of the heavy metals may
The term heavy metal refers to any metallic
significantly increase the risk of cardiovascular
chemical element that has a relatively high density
and is toxic or poisonous at low concentrations.
disease.
Examples of heavy metals include mercury (Hg),
What are the heavy metals involved?
cadmium (Cd), arsenic (As), chromium (Cr),
Arsenic, lead, copper and cadmium
thallium (Tl), and lead (Pb).
Important findings
Arsenic and cadmium are known carcinogens. But
As trace elements, some heavy metals (e.g.
there are increasing suggestions that exposure to
copper, selenium, zinc) are essential to maintain
toxic metals may be an independent risk factor for
the metabolism of the human body. However, at
cardiovascular disease.
higher concentrations they can lead to poisoning.
In contrast, mercury was not found to be
associated with cardiovascular risk.
Since metals are associated with cardiovascular disease even at relatively low levels of exposure, population
wide strategies to minimize exposure will further contribute to overall cardiovascular prevention efforts.
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Aspirin does not reduce heart attack, stroke risk
Aspirin and its uses
Aspirin, or acetylsalicylic acid (ASA), is commonly used as a pain reliever for minor aches and pains and to
reduce fever. It is also an anti-inflammatory drug and can be used as a blood thinner.
How it was discovered?
It was accidentally discovered when people chewed on the bark of willow and papyrus and found that their
pain were relieved, since 16th century.
Aspirin and its protective role for heart
Since the 1960s, it has been known to lower the risk of heart attack and stroke among those who had
previously experienced heart disease or stroke.
This protective capacity of aspirin was extrapolated to people who were otherwise healthy to prevent a first
heart attack or stroke, despite the evidence supporting this to be sparse.
What was the news?
It was found that daily low-dose aspirin (100 mg) for healthy people from age 70 onwards, has no benefit in
prolonging life free of disability, or substantially reducing the risk of having a first heart attack or stroke.
Over 19,000 people in Australia and the U.S. were studied over seven years for the study called ASPREE
(Aspirin in Reducing Events in the Elderly).
MitraClip and heart failure
Researchers reported a tiny clip called as MitraClip which when
inserted into the heart sharply reduced death rates in patients
with severe heart failure.
What is mitral valve regurgitation?
Mitral valve regurgitation is leakage of blood in the Mitral valve
of the heart. It causes blood to flow back to the heart instead of
circulating to bodily organs, causing heart failures.
In heart failure, the organ is damaged and the heart muscle
enlarges and pumps inefficiently to compensate which causes
leakage in mitral valve and heart failure worsens.
MitraClip
MitraClip (mitral clip) is a medical device used to treat mitral valve regurgitation for individuals who should
not have open-heart surgery.
MitraClip is used to repair the mitral valve by clipping its two flaps together to transform a poorly functioning
valve into an efficient one.
It will reduce heart related failures by 40%. It will reduce hospitalization of heart patients by half. It will
provide alternative to traditional procedure of operating in heart failures.
Leptospirosis epidemic in Kerala
A brief on leptospirosis
Leptospirosis is an infection caused by one of several pathogenic serotypes of the spirochete Leptospira. It is
relatively rare and affects both humans and animals.
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The bacteria that cause leptospirosis spread through the urine of infected animals. The bacteria gets into water
or soil and can survive there for weeks to months. Many different kinds of wild and domestic animals carry
the bacterium. These can include, but are not limited to,
Cattle
Pigs
Horses
Dogs
Rodents
Wild animals
In India
There had been 15 leptospirosis deaths in kerala after floods since August 24 and in none of the cases, except
one, the patients had taken Doxycyline.
Fish samples in Chennai test positive for formalin
A brief on formalin
Formalin is a poisonous and anti-decomposition chemical agent. It is derived from formaldehyde, which is a
substance that is carcinogenic to humans. Formalin is listed as a group 1 carcinogen by the International
Agency for Research on Cancer.
It is commonly used as an antiseptic, disinfectant and preservative in various items especially to preserve dead
bodies.
Harmful effects of Formalin
Formalin causes irritation in the eyes, throat, skin and stomach causing abdominal pain, vomiting,
unconsciousness, and sometimes even cause death. In the long run continued exposure causes harm to the
kidneys, liver and can even cause cancers.
The widespread use of the deadly chemical now-a-days in preservation of fish, fruit and other food items is
posing a great threat to public health.
What was in the news?
11 out of 30 samples of fish species purchased from fish markets in Chennai have tested positive for formalin.
It was used to preserve fishes from spoilage illegally. This is the first time samples of fish in Tamil Nadu have
tested positive for formalin.
Why Formalin is used?
Fish is a high-value crop with increasing consumer demand. They are prone to rapid post-harvest spoilage
because of their composition.
Inadequate preservation facilities and lengthy transport from distant places lead to considerable decreases in
fish quality by the time the product reaches consumers.
Therefore, formalin or formaldehyde is sprayed on the fish or injected into the fish or the fish is dipped into
the solution. Besides formalin is also found in ice that is manufactured for preserving fish. This helps keep the
fish fresh for a longer time preventing spoilage and increasing shelf life.
When formalin is used, the gills remain red for longer periods which indicates the fish is fresh.
A worrying trend
In recent times complaints over the sale of formalin-laced fish have mounted across the country in general and
in coastal states like Kerala, Andhra Pradesh, Tamil Nadu and coastal Karnataka in particular.

© Smart Leaders IAS

www.smartleadersias.com

Science and Technology

51

Food Safety Departments of different states have launched campaign drives against the sale of adulterated fish
in markets.
Operation Sagar Rani is an example of the drive launched by Kerala government to ensure safety and hygiene
at fish handling and distribution centres.
Further a formalin testing kit –supplied by Central Institute of Fisheries Technology (CIFT) has been
deployed across states to test the fish samples for ascertaining if they contained the carcinogen that is used
widely as a preservative and disinfectant.
Besides, states like Punjab, Delhi, Mizoram and Nagaland have also put a ban on sale of fishes tested positive
for formalin and other contaminants.
Despite all these efforts samples of fish species have continued to test positive for formalin.
World’s first human case of rat disease found in Hong Kong
What is hepatitis E virus?
Hepatitis E is a liver disease caused by the hepatitis E virus. It is a small virus, with a single-stranded
ribonucleic acid (RNA) genome. The virus has at least 4 different types: genotypes 1, 2, 3 and 4.
The hepatitis E virus is transmitted mainly through the faecal-oral route due to faecal contamination of
drinking water.
Rat specific Hepatitis E virus
Rat hepatitis E virus is very distantly related to human hepatitis E virus variants. Previous experiments have
found that rat hepatitis E virus cannot be transmitted to monkeys, and human hepatitis A virus cannot be
transmitted to rats
Rat to human transmission for the first time
The rat specific Hepatitis E virus was found in a 56-year-old man from Hong Kong who persistently produced
abnormal liver function tests following a liver transplant. He could have contracted the illness through food
infected by rat droppings.
Implication of the findings
This study conclusively proves for the first time in the world that rat HEV can infect humans to cause clinical
infection.
The discovery has "major public health significance" where diseases can potentially jump across species.
Novel trial wipes out 80% of harmful mosquitoes
A brief on Wolbachia bacteria
Wolbachia are natural bacteria present in up to 60% of insect species, including some mosquitoes. However,
Wolbachia is not usually found in the Aedes aegypti mosquito, the primary species responsible for
transmitting human viruses such as Zika, dengue, chikungunya and yellow fever.
The World Mosquito Program’s research has shown that when introduced into the Aedes aegypti mosquito,
Wolbachia can help to reduce the transmission of these viruses to people.
Wolbachia is safe for humans, animals and the environment.
What was in the news?
Researchers from Australia have successfully wiped out more than 80% of a dengue fever-spreading
mosquito in an Australian town during a landmark trial.
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How it was done?
Millions of non-biting male Aedes aegypti mosquitoes in laboratory conditions at James Cook University
(JCU) in a project funded by Google parent company Alphabet.
They were then infected with the Wolbachia bacteria, which renders them sterile.
When released into the wild around the Queensland town of Innisfail, within three months they mated with
females which laid eggs that did not hatch, causing the population to plummet.
Oxytocin: Hormone needed for pregnant women
A brief on Oxytocin
Oxytocin has also been dubbed the hug hormone, cuddle chemical, moral molecule, and the bliss hormone
due to its effects on behaviour, including its role in love and in female reproductive biological functions in
reproduction.
Oxytocin is a hormone that is made in the brain, in the hypothalamus. It is transported to, and secreted by, the
pituitary gland, which is located at the base of the brain.
It acts both as a hormone and as a brain neurotransmitter. The release of oxytocin by the pituitary gland acts
to regulate two female reproductive functions: childbirth and breast-feeding.
Why is it used?
The drug, a synthetic version of a human hormone, is a life-saver for women. Doctors use it to induce labour
in pregnant women and to stem postpartum bleeding. So critical is its role in maternal health that the World
Health Organization recommends it as the drug of choice in postpartum haemorrhage.
Why is it being banned?
The government’s ban ignores its critical uses, and is motivated instead by the misuse of the hormone in the
dairy industry. Because oxytocin stimulates lactation in cattle, dairy farmers inject the drug indiscriminately
to increase milk production. This has spawned several unlicensed facilities that manufacture the drug for
veterinary use.
Much is unknown about the ill-effects of oxytocin on cattle. One of the concerns was that oxytocin leads to
infertility in dairy animals, and some studies show this to be true.
It has also been linked to mastitis, a painful inflammation of the udder. Milk consumers worry about exposure
to it through dairy products.
Its follow up
In a crucial development that exposes the flaws in health policy-making in the country, the Delhi High Court
quashed a government ban on the retail sale and private manufacture of oxytocin. Notified by the Union
Ministry of Health and Family Welfare in April, the ban referred to a 2016 Himachal Pradesh High Court
judgment, which discussed oxytocin’s misuse in dairy cattle, fruits and vegetables.
Colistin resistance in Klebsiella bacteria
A brief on Colistin
Colistin (also known as polymyxin E) is an antibiotic produced by certain strains of the bacteria Paenibacillus
polymyxa.
It is harmful to kidneys and is used only as last resort for treating drug resistant bacterial infections.
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Where it is used mostly?
Colistin is extensively used in veterinary practices as a growth promoter. The powerful antibiotic kills the
bacteria in the animal gut leading to greater absorption of the
The government in 2018 proposed a
animal feed thus making the animals grow fat and fast. Up to
ban on the use of antibiotic colistin
70% of antibiotics manufactured in the world are used as a
widely used in the meat and poultry
growth promoter in animals.
industry in India to make animals grow
The extensive usage of colistin in animals leads to generation of
faster. The usage of colistin, an
colistin-resistant bacteria in poultry and freshwater fish. The use
antibiotic of last resort, and other such
of chicken litter as a manure in agriculture results in the
drugs in livestock has been linked to
transmission of the colistin-resistant bacteria to vegetables.
antibiotic resistance in humans.
There is a greater risk of transmission of colistin-resistant
bacteria from fresh vegetables and meat to humans. Though cooking kills the bacteria, the possibility of crosscontamination of the bacteria prior to cooking serves as mode of entry into humans.
What was in the news?
mcr-1 gene in E. coli confers resistance to colistin drug and mutations inactivation in mgrB gene are
responsible for colistin resistance in Klebsiella.
The mcr-1 gene is found in the plasmid (a small DNA molecule outside the chromosome) of the bacteria and
can easily spread between different types of bacteria thus spreading resistance. However, the mgrB gene is
located in the chromosome of the bacteria and so less likely to spread.
Cause of Microcephaly
A brief on Zika virus
Zika virus is a mosquito-borne flavivirus that was first identified in Uganda in 1947 in monkeys. It was later
identified in humans in 1952 in Uganda and the United Republic of Tanzania. Outbreaks of Zika virus disease
have been recorded in Africa, the Americas, Asia and the Pacific.
Zika virus disease is caused by a virus transmitted primarily by Aedes mosquitoes and can be passed from a
pregnant woman to her foetus. Sexual transmission of Zika virus is also possible.
There is no vaccine or medicine for Zika. Instead, the focus is on relieving symptoms and includes rest,
rehydration and acetaminophen for fever and pain.
Zika virus infection during pregnancy can cause infants to be born with microcephaly and other congenital
malformations, known as congenital Zika syndrome. Infection with Zika virus is also associated with other
complications of pregnancy including preterm birth and miscarriage.
What was in the news?
The Envelop Protein (E protein) of the virus, which is responsible for the entry of the virus into brain stem
cells, was responsible for arresting the proliferation of human foetal neural stem cells as they are unable to kill
the stem cells as they are lot more resilient, however, it was able to kill the neurons. This combined effect
reduces the pool of foetal brain cells leading to a smaller size of the brain.
E protein in the Zika virus is very different from the envelop protein of other flaviviruses such as dengue,
West Nile virus, yellow fever and Japanese encephalitis. The E protein was found to be more potent in
arresting the proliferation of brain stem cells.
Hence, neutralising the E protein of the virus can help prevent or reduce the harmful effects of the virus in a
developing foetus.
The E protein can be seen as a likely therapeutic target.
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Recent outbreak of Zika in India
Union Ministry of Health and Family Welfare has confirmed 22 positive laboratory-confirmed cases of Zika
virus in Rajasthan’s capital Jaipur. It was detected through Indian Council of Medical Research (ICMR)
surveillance system and all suspected cases in defined area and mosquito samples are being tested. The Zika
virus that infected 159 people in an outbreak in Rajasthan in 2018 was found to be endemic to Asia.
National Institute of Virology (NIV) study has found that Indian Aedes aegypti mosquito that transmits
dengue and chikungunya viruses is easily susceptible to zika virus.
Vitamin B12 derivative used as an organic solar cell
What are organic solar cells?
Organic solar cells are a third-generation photovoltaic technology using organic materials to harvest energy
from light, outdoor as well as indoor. The solar cells are comprised of several layers including a photo-active
layer and two electrode layers.
Compared to silicon-based devices, polymer solar
The organic cells developed showed three
cells are lightweight (which is important for small
absorption bands between 400-650 nm — whole
autonomous sensors), potentially disposable and
visible range of the solar spectrum — with a
inexpensive to fabricate (sometimes using printed
maximum absorption at 420 nm.
electronics), flexible, customizable on the molecular
The ability to turn the light absorbed to electricity
level and potentially have less adverse environmental
(power conversion efficiency) was 2.5%.
impact.
A brief on Vitamin B12
Vitamin B-12 (also called as Cobalamin) is a water-soluble vitamin and crucial for nerve tissue health, brain
function, and the production of red blood cells.
Vitamin B-12 is the largest and most structurally complicated vitamin. Vitamin B-12 can be found naturally
in animal products, such as fish, meat, eggs, and dairy products. It does not typically occur in plant foods.
What was in the news?
Researchers at the Indian Institute of Science Education and Research (IISER) Bhopal have developed
cheaper and more flexible organic solar cells using a synthetic derivative of vitamin B12.
HIV related news in India
Recent initiatives by the Indian Government
The following steps have been initiated by the government to strengthen the fight against HIV:
A 360-degree multimedia campaign along with mass media supported by outdoor media such as
hoardings, bus panels, information kiosks, folk performances and exhibition vans to create awareness
on HIV/AIDS has been initiated.
Training and sensitization programmes for Self-Help Groups, Anganwadi workers, ASHA, members
of Panchayati Raj Institutions and other key stakeholders are also being organised to spread
awareness about treatment and other facilities.
Awareness activities are being conducted amongst High-Risk Groups including Female Sex Workers,
Men having Sex with Men, Injecting Drug Users, Hijra/ Transgenders and Bridge Population like
truck drivers, migrants etc. as part of Targeted Intervention projects.
HIV & AIDS (Prevention and Control) Act, 2017 has been notified to address the challenges related
to the disease in a comprehensive way.
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The act addresses various issues like discrimination against People Living with HIV at the workplace,
an education setting, health setting and public places and also provides for a robust grievance
redressal mechanism where compliant against discrimination would be disposed by Ombudsman at
the state level.
Steps have been taken by the government to track the patients through HIV diagnosis from care to
treatment
Patients diagnosed with HIV are put on Anti Retro Viral Treatment irrespective of their CD4 Count.
Mission Sampark has been launched to reach out to all those who are Left to Follow Up and are to be
brought under Antiretroviral therapy (ART) services.
Counsellors are tasked to ensure tracking of HIV positive patients through telephone and home visits
in the case of those who drop out between diagnosis and treatment to maintain their adherence to
treatment.
The Union Ministry of Health and Family Welfare launched the National Strategic Plan 2017-24 aimed at
eradicating HIV/AIDS by 2030.
90:90:90 Strategy
It is a new HIV treatment narrative of UNAIDS programme which has set targets of 90% of all people living
with HIV will know their HIV status (90% diagnosed), 90% of all people with diagnosed HIV infection will
receive sustained antiretroviral therapy (90% on HIV treatment) and 90% of all people receiving antiretroviral
therapy will have viral suppression (90% suppressed).
HIV and AIDS (Prevention and Control) Act, 2017
Union Ministry of Health and Family Welfare issued notification for bringing Human Immunodeficiency
Virus and Acquired Immune Deficiency Syndrome (Prevention and Control) Act, 2017 in force from
September, 2018.
The Act safeguards rights of people living with HIV and affected by HIV. It also addresses HIV-related
discrimination, strengthen existing programme by bringing in legal accountability and establish formal
mechanisms for inquiring into complaints and redressing grievances.
Key Provisions of the Act
The Act seeks to prevent and control spread of HIV and AIDS, prohibits discrimination against
persons with HIV and AIDS. It lists various grounds on which discrimination against HIV positive
persons and those living with them is prohibited.
These discrimination grounds include denial, termination, discontinuation or unfair treatment with
regard to (i) employment (ii) educational establishments (iii) health care services, (iv) standing for
public or private office, (v) residing or renting property and (vi) provision of insurance.
It also prohibits requirement for HIV testing as pre-requisite for obtaining employment or accessing
health care or education. It mentions that every HIV infected or affected person below age of 18 years
has right to reside in shared household and enjoy facilities of household.
It also prohibits any individual from publishing information or advocating feelings of hatred against
HIV positive persons and those living with them. It gives right to every person in care and custody of
the state to HIV prevention, testing, treatment and counseling services.
It mentions that person between 12 to 18 years of age having sufficient maturity in understanding and
managing affairs of his HIV or AIDS affected family will be competent to act as guardian of another
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sibling below 18 years of age. This will be applicable in matters relating to admission to educational
establishments, operating bank accounts, managing property, care and treatment, amongst others.
Three northeastern States emerge as new HIV hotspots
There has been a steady decline in the number of HIV cases in India. Also, Meghalaya, Mizoram and Tripura
have emerged as the new hotspots for HIV
The reasons for the rise in the incidence of HIV in the three northeastern States to the high-risk behaviour of
Injecting Drug Users (IDUs), and unsafe sexual practices.
Vitamin D could lower diabetes risk
A brief on Vitamin D
Vitamin D, also known as the sunshine vitamin, is produced by the body as a response to sun exposure; it can
also be consumed in food or supplements.
Vitamin D helps regulate the amount of calcium and phosphate in the body. These nutrients are needed to
keep bones, teeth and muscles healthy.
A lack of vitamin D can lead to bone deformities such as rickets in children, and bone pain caused by a
condition called osteomalacia in adults.
What was in the news?
A new study suggests that Vitamin D may also promote greater insulin sensitivity, thus lowering glucose
levels and the risk of developing Type-2 diabetes.
In addition, exposure to the sun also provided the same association, demonstrating that vitamin D deficiencies
are associated with high blood glucose levels.
Our eyes have natural night vision mode
A brief on retina
The retina is the sensory membrane that lines the inner
surface of the back of the eyeball. It's composed of several
layers, including one that contains specialized cells called
photoreceptors.
Light rays are focused by the cornea and lens onto the retina,
where vision begins. The macula is a tiny, highly sensitive
area of the retina that controls central vision and color vision.
There are three types of photoreceptor cells in the human
eye.
1. Rod photoreceptors detect motion, provide blackand-white vision and function well in low light.
2. Cones are responsible for central vision and color vision and perform best in medium and bright light.
3. Photosensitive ganglion cell is important for entrainment of circadian rhythms and reflexive
responses such as the pupillary light reflex.
What was in the news?
Retinal circuits that were thought to be unchanging and programmed for specific tasks are adaptable to
different light conditions. However, scientists have now identified how the retina reprograms itself for low
light.
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The retinas of vertebrates have four kinds of motion-sensitive cells, each specifically responsive to a motion
that is up, down, right or left.
In humans, these directional neurons account for about 4% of the cells that send signals from the retina to the
brain. Researchers found that the retinal cells sensitive to upward movement change their behaviour in low
light.
Mother’s milk, microbiome influence rotavirus infection in babies
What are Human milk oligosaccharides?
Breast milk contains many important immune-nourishing human milk oligosaccharides (HMOs), which help
support baby’s immune system. HMOs are the third most abundant component in breast milk (excluding
water), after fat and carbohydrates.
HMOs encourage the growth of ‘good’ bacteria in the baby’s digestive tract, which is where 70% of the
immune system is located.
A brief on rotavirus
Rotavirus is a contagious virus that can cause gastroenteritis (inflammation of the stomach and intestines). It
spreads through contact with the affected persons.
Rotaviruses are the most common cause of severe Currently, more than 100 HMOs have been
identified—and one HMO specifically, 2’-FL
diarrhoeal disease in young children throughout the
HMO, is poised to be the next big breakthrough in
world.
infant formula, a significant advancement in infant
What was in the news?
nutrition.
The milk sugars should be ideally killing the virus,
2’-FL is a unique immune-nourishing prebiotic
but rather researchers found that the oligosaccharides
and it’s the most abundant HMO in the breast
enhanced the infection of cells with this strain of
milk.
rotavirus.
This enhanced viral replication could further boost
the immune response of the baby against the virus, which could mean better protection for the infant.
Internet based therapy
What was in the news?
Scientists have found that a series of self-guided, internet-based therapy platforms effectively reduce
depression.
Why internet based cognitive therapy is gaining importance?
Internet-based cognitive behavioural therapy apps are an important new tool for addressing a major public
health issue: that individuals with mental health disorders like depression far outnumber the mental health
providers available to treat them
Too much screen time affects brains
What was in the news?
Exposing young children to too much time in front of a TV or computer can have negative effects on their
development, including issues with memory, attention and language skills.
The study is an outcome of $300 million National Institute of Health (NIH) in Unites States.
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The study showed that nine and 10-year-old kids spending more than seven hours a day using such devices
show signs of premature thinning of the cortex. Cortex is the brain’s outermost layer that processes sensory
information.
The NIH data also showed that kids who spend more than two hours a day on screens score worse on
language and reasoning tests.
Scrub typhus is key encephalitis cause in eastern U.P.
What is scrub typhus?
Scrub typhus is a mite-borne disease caused by the bacteria Orientia tsutsugamushi.
The mites are both the vector and the natural reservoir for O. tsutsugamushi.
The disease is transmitted by a mite found in scrubs. The mite Leptotrombidium deliense, inhabits sharply
demarcated areas in the soil, where the micro ecosystem is favourable. When human beings trespass the area,
mite larvae, or chiggers, attack them, transferring the pathogen Orientia tsutsugamushi, and leaving
characteristic spots like those by cigarette burns, on the body.
It is not a fatal disease but can become fatal if left untreated. The disease usually occurs in mammals,
particularly field mice and rodents.
Scrub typhus is endemic in an area of Asia-Pacific bounded by Japan, Korea, China, India, and northern
Australia.
What was in the news?
Three years of data from Gorakhpur’s Baba Raghav Das (BRD) Medical College has confirmed that the
majority of Acute Encephalitis Syndrome (AES) patients admitted to the hospital between August and
October each year have scrub typhus.
This finding is important, given that scrub typhus can be treated easily if detected early.
The first indication of scrub typhus’ role came during a 2014 study at BRD by researchers from Karnataka’s
Manipal Centre for Viral Research. They found that the mites carried Orientia tsutsugumashi, the bacterium
which causes scrub typhus.
Silicosis victims in Rajasthan demand relief
A brief on silicosis
Silicosis is an environmental or occupational lung
disease. It is caused by inhalation of tiny particles
of silica (usually quartz) or, less commonly, by
inhalation of silicates, such as talc.
Silicosis is caused by exposure to crystalline silica,
which comes from chipping, cutting, drilling, or
grinding soil, sand, granite, or other minerals.
When inhaled, silica dust passes into the lungs,
and scavenger cells such as macrophages engulf it.
Enzymes released by the scavenger cells cause the
lung tissue to scar. Eventually, complicated
chronic silicosis occurs when the scarred areas
combine into larger masses.
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The major occupational diseases/morbidity of
concern in India are silicosis, musculoskeletal
injuries, coal workers’ pneumoconiosis, chronic
obstructive lung diseases, asbestosis, byssinosis,
pesticide poisoning and noise-induced hearing loss.
At present, safety and health statutes for regulating
Occupational Safety and Health (OSH) of persons at
work exist only in four sectors, namely mining,
factories, ports, and construction.
The major legal provisions for the protection of
health and safety of the working populations are the
Factories Act and Mines Act.
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Silicosis is characterized by shortness of breath, cough, fever, and cyanosis (bluish skin). Silicosis is a
permanent disease with no cure.
The best way to prevent silicosis is to identify work-place activities that produce respirable crystalline silica
dust and then to eliminate or control the dust. Water spray is often used where dust emanates. Dust can also
be controlled through dry air filtering. Jaggery (a traditional sugar) has a preventive action against silicosis.
What was in the news?
More than 15,000 labourers working in various mines across 16 districts in Rajasthan have been diagnosed
with silicosis. Over 200 of them have lost their lives during the last three years.
The State government at present offers the relief of Rs.1 lakh to the people diagnosed with silicosis and Rs.3
lakh to the next of kin of those who succumb to the disease. The Pneumoconiosis Board issues certificates to
the patients, making them eligible for the government’s financial assistance.
C-section use doubled in India between 2005 and 2015
What is C section?
C-section, also known as cesarean delivery, is a procedure in which a birth doctor delivers an infant through
an incision in the mother's abdomen and uterus.
The surgery is not without risk for mother and child, and is associated with complications in future births
What was in the news?
The number of babies born in India through caesarean section increased from 9% in 2005-6 to 18.5% in 201516.
In addition, C-section use almost doubled worldwide between 2000 and 2015.
In India, C-section use went up from 9% of births in 2005-6 to 18.5% in 2015-16.
The South Asia region has seen the most rapid increase in use (6.1% per year), with C-section being
underused in 2000 but being overused by 2015 (increasing from 7.2% of births via C-section to 18.1%).
Sharp drop in tobacco smoking in India
Why in news?
According to a WHO report, smoking tobacco in India
The Global Adult Tobacco Survey (GATS) is a
has dropped down to 11.5% in 2005 from 19.4% in
global standard for systematically monitoring
2000.
adult tobacco use (smoking and smokeless) and
Important findings of the report
tracking key tobacco control indicators.
The percentage is expected to drop down further to
In India, the first round of GATS was first
9.8% by 2020 and 8.5% by 2025. Although the
implemented in 2009-10 (GATS 1) and the
reduction is insufficient to meet globally agreed
second round was implemented in 2016-17
targets aimed at protecting people from death and
(GATS 2).
suffering from cardiovascular and other nonThe Ministry of Health and Family Welfare
communicable diseases (NCDs).
Tobacco usage causes cancer, lung diseases, heart (MoHFW) designated Tata Institute of Social
Sciences (TISS) as the implementing agency for
diseases and stroke. The Global Adult Tobacco Survey
carrying out the second round of GATS in India.
revealed a serious lack of knowledge of the multiple
health risks associated with tobacco. In China, over
60% of the population was unaware that smoking could cause heart attacks.
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Tobacco usage has decreased more slowly in low- and middle-income countries than high income countries
because control policies in such countries are influenced by lobbying from tobacco industries.
The report covered tobacco usage only in smoking form, but tobacco is also used in chewing form in India.
More than 3/4 tobacco users consume it in chewing form.
ISRO telemedicine nodes for soldiers in high-altitude areas
A brief on Telemedicine Programme
The Telemedicine Programme of ISRO is an innovative
During winter months, many of the remote
process of synergising benefits
of
Satellite posts are cut off for several months because of
communication technology and information technology
adverse terrain and extreme weather, making
with Biomedical Engineering and Medical Sciences to
emergency evacuation near impossible.
deliver the health care services to the remote, distant and
Communication through satellite-enabled
telemedicine nodes will be a paradigm shift in
underserved regions of the country.
the delivery of lifesaving health care till the
ISRO telemedicine facility connects the remote District
weather clears up and movement is possible.
Hospitals/Health Centres with Super Specialty Hospitals
in the cities, through INSAT Satellites for providing
expert consultation.
the Development and Educational Communication Unit (DECU) of ISRO and Ministry of Health & Family
Welfare (MoH&FW), Govt. of India have signed a Memorandum of Understanding (MoU) to work jointly
towards effective utilisation of ISRO’s satellite based Telemedicine network.
Satellite based Telemedicine facility
A Satellite based Telemedicine facility was set up at Sheshnag area, located at an elevation of around 13,000
feet in the Kashmir valley.
It is an effort to deliver best healthcare services to residents and lakhs of pilgrims who pass through remote
areas near the Holy Amarnath caves.
The Sheshnag telemedicine node consists of a Very Small Aperture Terminal (VSAT) System,
videoconferencing equipment, telemedicine software along with medical diagnostic instruments like ECG
machine and X-Ray scanner.
Siachen Telemedicine Node
Integrated Defence Staff of the Defence Ministry and the Indian Space Research Organisation (ISRO) signed
a memorandum of understanding to set up telemedicine nodes in critical places across the country.
It is a major effort to improve emergency medical support to soldiers posted in high-altitude areas, especially
for Siachen.
Under the MoU, ISRO will establish 53 more nodes in the first phase over and above the existing 20, in
various establishments of the Army, Navy and Air Force across the country.
A universal flu vaccine identified
A brief on influenza
Influenza, or flu, is a contagious respiratory infection caused by
several flu viruses that infect the nose, throat and lungs.
Influenza is challenging for scientists to study because there are
hundreds of strains that are classified into four main categories:
A through D, though D is not known to infect people. Influenza
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flu
vaccines
provide
temporary protection against the flu.
This is why they need to be updated
every year.
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A virus is the group that most commonly causes illness in humans and is the source of all of the major
influenza pandemics in modern history.
What are hemagglutinin (HA) and neuraminidase (NA)?
The surface proteins that combine in different ways to create an assortment of influenza virus type A strains
are called hemagglutinin (HA) and neuraminidase (NA). Hemagglutinin enables the flu virus to enter a human
cell and initiate infection; neuraminidase allows newly formed flu viruses to exit the host cell and multiply
throughout the body.
Why creating to flu is extremely difficult?
Every year, the strain that affects humans is different, and so it is difficult to develop the perfect vaccine.
Additionally, drugs that target viruses are difficult to create, because many viruses work by getting into your
body and making your body do the work of making more viruses.
A search for universal flu vaccine
A candidate vaccine was created using the hemagglutinin (HA) stalk of the flu virus. It was able to elicit
protective responses against a conserved region that offers broad protection.
DNA metabarcoding reveals herb-specific diet of pikas
What is DNA metabarcoding?
DNA metabarcoding infers the species composition of an
environmental sample by amplifying, sequencing, and
analysing target genomic regions. It differs from DNA
barcoding in the use of high-throughput sequencing. This
technique allows for DNA sequencing of bulk samples
without a prior step of specimen sorting. With DNA
metabarcoding we can identify organisms down to various
taxonomic levels.
DNA metabarcoding can be used even when DNA is
degraded. Therefore, it is possible to analyse taxa diversity in samples such as soil, faeces, or sediments.
A brief on Pika species
The pika is a small-sized mammal that is found across the Northern Hemisphere. Despite their rodent-like
appearance, pikas are actually closely
related to rabbits and hares. Pikas are most
commonly identified by their small, rounded
body and lack of tail.
Pikas prefer the colder climates and are
generally found in mountainous regions and
rocky areas where there tend to be fewer
predators.
Pikas are solitary animals and are found
inhabiting piles of rocks close to meadows
where there is little in the way. Pikas are
herbivorous animals and the pika therefore
has a diet based on vegetation.
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What was in the news?
Reserachers collected 172 pika faeces (pellets) from five locations in Uttarakhand including the Nandadevi
Biosphere Reserve. In the laboratory, they used a method known as DNA ‘metabarcoding’, which helps
identify the DNA of plant species in animal faeces.
Royle’s pika found in India's Himalayas survive almost entirely (97% of its diet) on C3 plants. These specific
plants grow better only in cold, wet conditions.
What is the implication of this findings?
Currently, there is no dearth of C3 plants available for the pikas that are distributed widely between 2,4005,000 metres in the Himalaya. However, pikas could be affected if climate change reduces the distribution of
C3 plants that the mammals feed almost entirely on.
A fungus that cripples immune system
A brief on Aspergillus fumigatus
Aspergillus fumigatus is an opportunistic fungal pathogen. The spores of this fungus, called conidia, are
found widely in the environment and it is thought that we inhale several conidia daily. When we inhale
conidia, resident immune cells in our lungs phagocytose and destroy them − preventing them from causing an
infection.
Alveolar macrophages in the lung are the primary line of defence against conidia.
What was in the news?
The fungus can threaten the lives of people with a compromised immune system, such as AIDS patients or
people who are immunosuppressed following an organ transplantation.
It was discovered how the fungus knocks out the immune defences therby enabling a potentially fatal fungal
infection to develop.
Gliotoxin
Gliotoxin is a sulfur-containing mycotoxin produced by several species of fungi, especially those of marine
origin.
Gliotoxin possesses immunosuppressive properties that may suppress and cause apoptosis in certain cells of
the immune system.
Mini human placenta may help prevent reproductive disorders
A brief on placenta
The placenta is a large organ that develops during pregnancy. It is attached to the wall of the uterus. The
umbilical cord connects the placenta to your baby.
Blood from the mother passes through the placenta, filtering oxygen, glucose and other nutrients to the baby
via the umbilical cord. The placenta also filters out substances that could be harmful to the baby and removes
carbon dioxide and waste products from the baby’s blood.
What was in the news?
Many pregnancies fail because the embryo does not implant correctly into the lining of the womb (uterus) and
fails to form a placental attachment to the mother.
Mini-placentas are created by the scientists in the laboratories. It is an example for organoids (mini-organs).
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The mini placentas can help in
Providing a window into early pregnancy
Transforming our understanding of reproductive disorders such as still-birth and miscarriage
Can be used for screening the safety of drugs

Artificial skin could give ‘superhuman’ perception
What is an artificial skin?
Artificial skin is a synthetic (laboratory produced) substitute for human skin intended to improve the quality
of the lives of severely burned patients. The idea behind making this artificial skin is to help burn patients feel
heat, cold, pressure and vibration.
The fibroblast cells (important cell for structural framework in anima tissues) and collagen (a protein that
connects all cells together in animal tissues) are used to make the artificial skin.
What was in the news?
Researchers from University of Toronto developed a sensor that could mimic the sensing properties of skin.
The sensor is made of a silicone tube. This tube is enveloped in a copper wire and is filled with a fluid made
from the nanoparticles of iron oxide.
How it senses?
The iron nanoparticles produce an electric current by rubbing motion inside the silicone tube. The current is
then picked up by the copper wire as a signal. When this tube experiences pressure by a hit, the nanoparticles
move and the electric signal changes.
The sound waves and magnetic fields have the ability to change these signals. Also, the movement by a
person can alter these signals. Thus, there is a difference between the electrical signals produced when a
person is running, walking, swimming or jumping.
Scientists ‘sew’ with just sound waves
What is an acoustic tweezer?
Acoustic tweezers are the tools that use sound waves to manipulate bioparticles ranging from nanometer-sized
extracellular vesicles to millimeter-sized multicellular organisms.
How acoustic tweezer works?
It works through the acoustic radiation force. The acoustic radiation force is a force remotely exerted inside
the medium as the ultrasound propagates. It allows to push or pull, for instance in tissue, from a distance
What was in the news?
Scientists from the University of Bristol in the UK and Universidad Publica De Navarra in Spain used sound
waves to levitate and manipulate multiple objects simultaneously for the first time, using the system to “sew”
a thread into a piece of fabric.
It can also simultaneously control the 3D movement of up to 25 of these spheres in air.
They used ultrasound waves (more than 20,000 hz) which humans cannot hear.
What are the potential applications?
It could be used to acoustically stitch up internal injuries or deliver drugs to target organs.
Comparison between optical tweezers and acoustic tweezers
Acoustic tweezers have similar capabilities to optical tweezers, the 2018 Nobel prize winner, which uses
lasers to trap and transport micro-particles.
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Lasers only travel through transparent media, making them tricky to use for applications within biological
tissue. On the other hand, ultrasound is routinely used in pregnancy scans and kidney stone treatment as it can
safely and non-invasively penetrate biological tissue.
In addition, acoustic devices are 100,000 times more power efficient than optical systems.
Carbon microneedles - Low-cost and painless injections
What are microneedles?
Microneedles are tiny needles and are usually ranges in
millionths of a metre (μm). They are designed to infuse
medications transdermally (through the skin) and relatively
painlessly during clinical applications.
Microneedles are designed to be applied to the skin like a
patch. When pressed onto the skin surface, the needles are able
to cross the very outermost layer of the skin, which then
creates microscopic pores, allowing the medicine to enter the body.
What was in the news?
Researchers from Indian Institute of Technology (IIT) Kharagpur already had developed a microneedle using
the photosensitive polymer (SU-8). But that microneedle was not hard enough and biocompatible.
Now, they modified it using a simple process of extreme heating(pyrolysis). This produced glassy carbon
needles which were almost 300 times stronger than the original ones. Since it was made of carbon it was also
biocompatible.
The newly created microneedles are 400 micrometer long and did not break or bend when force was applied.
How split-sex insects and birds are helping science
What is gynandromorphism?
It is a condition when an organism has both male
and female characteristics. A gynandromorph can
have bilateral asymmetry—one side female and one
side male.
Notable
gynandromorphic
organisms
are
butterflies, moths, other insects and many species
of bird.
How sex is determined in the animal kingdom?
Mammals have X and Y chromosomes, birds and
The left and right sides of a gynandromorphic chicken
insects have Z and W, and some reptiles can
change their sex depending on temperature, or a combination of temperature and sex chromosomes.
How gynandromorph forms?
How gynandromorphs are born at all still remains a mystery. For birds, the most likely explanation is that a
female makes an unusual double-nucleus egg cell, one with a Z chromosome and one with a W chromosome,
and each is fertilized by a Z sperm, making some cells ZZ and others ZW in the same individual.
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Is gynandromorph possible in humans?
The same process is very unlikely to happen in mammals. Female mammals naturally have two of the same
sex chromosomes, and the instant a mammalian egg and sperm fuse, dramatic changes prevent the entry of a
second sperm.
Implications of the research
The research on sex genes has implications for treating human diseases that seem to vary by gender. Obesity,
metabolic syndrome, autoimmune disease, Alzheimer’s, even ageing differs by sex
It proves that sex chromosomes plays a role in causing sex differences in the diseases.
Zombie cells
What are they?
Zombie cells (also called as senescent cells) are the cells that have
aged and lost its function in the body. Senescent cells normally
destroy themselves via a programmed process called apoptosis, and
they are also removed by the immune system; however, the immune
system weakens with age, and increasing numbers of these
senescent cells escape this process and build up.
Impact of zombie cells
Senescent cells do not divide or support the tissues of which they are
part. Iinstead, they emit a range of potentially harmful chemical
signals that encourage nearby cells to enter the same senescent state.
By the time people reach old age, significant numbers of these
senescent cells have accumulated in the body, causing inflammation
and damage to the surrounding cells and tissue. These senescent
cells are one of the hallmarks of aging and a key process in the
progression of aging.
A new class of drugs known as senolytics focuses on the
destruction of these stubborn “death-resistant” cells from the
body in order to reduce inflammation and improve tissue
function. New research proposes to remove some of these
senescent cells in order to promote healthy longevity.

Nanowires that mimic neurons developed
What are nanowires?
Nanowires are less than 100 nanometers in diameter and can be as small as 3 nanometers.
Typically, nanowires are more than 1000 times longer than their diameter. This massive difference in the
length to diameter ratio means than nanowires are often referred to as 1-dimensional materials.
This leads to unique properties that are not seen in the bulk materials, such as Quantum Mechanical Effects.
What are memristors?
Memristor is a semiconductor that joins a capacitor, resistor and inductor to make a fourth new kind of
element. Memristive devices possess many favourable properties for electronics.
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They can be scaled down to sub-10 nm feature sizes,
Retain memory states for years, and
Switch with nanosecond timescales
Can offer long write–erase endurance
Can be programmed using low current levels (on the order of nanoamperes).
What was the news?
Scientists have developed a nanowire that functions similar to a biological nerve cell.
Important features of the nanowire
The nanowire device is made from zinc oxide crystals. It can inherently process and even store information,
as well as being extremely small and energy efficient,
The component is able to both save and process information, as well as receive numerous signals in parallel.
Its potential applications
It could be used to build bioinspired "neuromorphic" processors, able to take over the diverse functions of
biological synapses and neurons.
WHO releases new global classification of diseases
What is International Classification of Diseases?
The International Classification of Diseases (ICD) is the international standard diagnostic tool for
epidemiology, health management and clinical purposes. The ICD is published by the WHO and used
worldwide for
morbidity and mortality statistics,
WHO defines gaming disorder as
reimbursement systems, and automated decision support in
pattern of gaming behaviour (videohealth care.
or
digital-gaming)
The ICD is revised periodically and in 2018, released its new gaming
characterized by impaired control over
International Classification of Diseases (ICD-11).
gaming, increased priority given to
Some important features of ICD-11
gaming over other activities to such
For the first time, ICD-11 is completely electronic and has a
extent that gaming takes precedence
much more user-friendly format.
over other interests and daily activities.
ICD-11 will be presented at the World Health Assembly in May
It also includes continuation or
2019 for adoption by Member States, and will come into effect
escalation of gaming despite occurrence
on 1 January 2022.
of negative consequences. For its
The new ICD-11 also reflects progress in medicine and
diagnosis, behaviour pattern must be of
advances in scientific understanding.
sufficient severity to result in
Gaming disorder has been added to the section on addictive
significant impairment in personal,
disorders.
family,
social,
educational,
The new ICD also includes new chapters,
occupational or other important areas of
1. one on traditional medicine: although millions of
functioning and normally have been
evident for at least 12 months.
people use traditional medicine worldwide, it has never
been classified in this system.
2. Another new chapter on sexual health brings together conditions that were previously categorized in
other ways (for instance gender incongruence was listed under mental health conditions) or described
differently.
The World Health Organisation (WHO) has classified gaming addiction as mental health disorder in its
International Classification of Diseases (ICD) 11. This is as per draft of new document that was released in

© Smart Leaders IAS

www.smartleadersias.com

Science and Technology

67

December 2017. This classification will be used by health professionals across the globe to uniformly
diagnose and classify risks for addictive gaming behaviour.
Definition of gaming addiction
Mental health experts and psychiatrists believe that internet and gaming addiction though affecting small
population now, has become emerging psychological malady and it is likely to be major mental health
problem in the coming years. The Diagnostic and Statistical Manual (DSM) of Mental Disorders-V, a
diagnostic bible for mental health professionals published by American Psychiatric Association already has
classified gaming disorder as mental health condition. Nearly 7% of population studied for gaming and
internet addiction have exhibited depressive symptoms, somatisation and anxiety, including behavioural
changes and sleep disturbances.
Global fight on malaria stalled
What was in the news?
As per the WHO World Malaria Report 2018, India
According to the WHO,
is the only high-burden country moving in a positive
Approximately 70% of the world’s malaria burden
direction, with Odisha emerging as the best
is concentrated in 11 countries - 10 in sub-Saharan
performing state in its fight against Malaria.
Africa (Burkina Faso, Cameroon, Democratic
Important findings of the report
Republic of the Congo, Ghana, Mali, Mozambique,
The report reveals a plateauing trend in the number
Niger, Nigeria, Uganda and United Republic of
of people affected by malaria globally, eg. in 2017,
Tanzania) and India.
there were an estimated 219 million cases of malaria
Most malaria cases reported in 2017 were in
compared to 217 million in 2016. But in the
Burkina Faso, Cameroon, the Democratic Republic
previous years, the number of people contracting
of the Congo, Ghana, India, Mali, Mozambique,
malaria globally had seen steadily falling, from 239
Niger, Nigeria, Tanzania and Uganda.
million in 2010 to 214 million in 2015.
Five countries accounted for nearly half of the
Foreign funding to some of the most affected
cases: Nigeria (25%), DR Congo (11%),
countries has declined, in certain instances by more
Mozambique (5%), and India and Uganda with 4%
than 20 percent for every individual at risk of
each.
contracting the disease.
Malaria occurs in 91 countries but about 90% of the
cases and deaths are in sub-Saharan Africa. A considerable proportion of people at risk of infection are not
being protected, including pregnant women and children in Africa.
The disease killed more than 4 lakh people last year, the majority of them children under five in Africa.
Another constraint in fighting malaria has been mosquitoes building up resistance to some insecticides.
However, the number of countries nearing continuous elimination grew to 46 in 2017 from 37 in 2010
including countries such as Ethiopia, India, Pakistan and Rwanda recording “substantial” declines in malaria
cases.
China and El Salvador are two countries where malaria had long been endemic with no local transmission of
malaria reported in 2017.
As per the WHO, Paraguay in 2018 became the first country in American continent to receive this status in 45
years.
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India’s case
India has been identified as the top country marking maximum progress in reducing malaria cases among the
11 highest burden countries. It registered a 24 per cent decrease in 2017 compared to 2016.
However, the report suggests that 1.25 billion Indians still remain at the risk of getting diagnosed with
malaria.
Non-communicable diseases top killers in South-East Asia: WHO
What are non-communicable diseases?
Noncommunicable diseases (NCDs), also known as chronic diseases, tend to be of long duration and are the
result of a combination of genetic, physiological, environmental and behaviours factors.
The main types of NCDs are cardiovascular diseases (like heart attacks and stroke), cancers, chronic
respiratory diseases (such as chronic obstructive pulmonary disease and asthma) and diabetes.
NCDs disproportionately affect people in low- and middle-income countries where more than three quarters
of global NCD deaths – 32million – occur.
What was in the news?
Non-communicable diseases (NCDs) — mainly cardiovascular diseases, chronic respiratory diseases, diabetes
and cancer — continue to be the top killers in the South-East Asia Region.
Non-communicable diseases such as diabetes, cancer and heart disease, are collectively responsible for over
70% of all deaths worldwide, or 41 million people.
WHO issues new international standard for music devices
What was the news?
The World Health Organization (WHO) and the International Telecommunication Union (ITU) issued a new
international standard for the manufacture and use of musical devices. The aim behind the move is to prevent
young people from going deaf.
How they developed the standards?
The standard for safe listening devices was developed under WHO’s “Make Listening Safe” initiative by
experts from WHO and ITU over a two-year process, drawing on the latest evidence and consultations with a
range of stakeholders, including experts from government, industry, consumers and civil society.
Why there is a need for such standards?
Nearly 50 per cent of people aged 12-35 years — or 1.1 billion young people — are at risk of hearing loss due
to prolonged and excessive exposure to loud sounds, including music they listen to through personal audio
devices.
It is suggested that half of all cases of hearing loss can be prevented through public health measures.
Important aspects of the standards
Sound allowance” function: software that tracks the level and duration of the user’s exposure to sound
as a percentage used of a reference exposure.
Personalised profile: an individualized listening profile, based on the user’s listening practices, which
informs the user of how safely (or not) he or she has been listening and gives cues for action based on
this information.
Volume limiting options: options to limit the volume, including automatic volume reduction and
parental volume control.
General information: information and guidance to users on safe listening practices, both through
personal audio devices and for other leisure activities.
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WHO prescribes ‘aerobics 150’ to stay fit
What is an aerobics 150?
It is a World Health Organisation (WHO) prescribed 150 minutes of weekly physical activity.
Why WHO prescribed physical activity?
Physical inactivity levels are rising in many countries with major implications for the prevalence of noncommunicable diseases (NCDs) and the general health of the population worldwide.
Physical inactivity is estimated to be the main cause for approximately 21%-25% of breast and colon cancers,
27% of diabetes and approximately 30% of ischaemic heart disease burden.
Physical activity provides young people opportunities for self-expression, building self-confidence, social
interaction and integration.
What are its recommendations?
Aerobic activity should be performed in bouts of at least 10 minutes duration.
For adults - they should increase their moderate-intensity aerobic physical activity to 300 minutes per week,
or engage in 150 minutes of vigorous-intensity aerobic physical activity per week, or an equivalent
combination of moderate- and vigorous-intensity activity.
For children - should accumulate at least 60 minutes of moderate- to vigorous-intensity physical activity
daily.
Quadrivalent influenza vaccine
What is quadrivalent flu vaccine?
The quadrivalent flu vaccine is designed to protect against four
different flu viruses; The quadrivalent vaccine will contain four
influenza virus strains - two A subtypes (H1N1 and H3N2) and two B
subtypes (Victoria and Yamagata).
The viruses used in the vaccine are killed and this eliminates the
possibility of the virus in the vaccine itself causing infection.
Why was quadrivalent flu vaccine developed?
For years, flu vaccines were designed to protect against three different
flu viruses (trivalent vaccines). Trivalent vaccines include an influenza A (H1N1) virus, an influenza A
(H3N2) virus and one influenza B virus. Adding another B virus to the vaccine aims to give broader
protection against circulating flu viruses.
Its availability in India
Despite the high number of infections and mortality each year, India does not have in place a national policy
for influenza immunisation.
Pregnant mothers, children aged below five and young people with asthma, cardiovascular disease, diabetes
and high blood pressure are at a greater risk of infection and death. The Ministry of Health issues only H1N1
vaccination guidelines for different vulnerable groups including healthcare workers.
The quadrivalent vaccine was approved by DGCI in 2018. It will be available as single dose pre-filled
syringe.
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Eat - Lancet Commission: global healthy diet plan
What was the context?
The Eat-Lancet Commission released a global healthy diet plan for the growing global population and for
sustainable food systems that will minimise damage to our planet. The new diet could avert 10.9-11.6 million
premature deaths a year.
Why there is a need for such diet plan?
According to the commission,
The current food systems of the world are not only faulty but also a major contributor to climate
change.
According to estimates, globally more than 800 million people suffer from hunger.
Further, almost 2 billion people are consuming faulty unhealthy diet accounting for up to 11 million
avoidable deaths per year.
Further, food is the single strongest lever to optimise human health and environmental sustainability
on Earth.
Planetary Healthy Diet Plan of EAT-Lancet Commission
The Planetary diet Plan includes 2 aspects including healthy diet plan and safe food systems.
1. Healthy Diet Plan
A dramatic reduction in the consumption of meat and dairy and a sharp increase in plant-based
foods.
High amount of vegetables, fruits, whole grains, legumes, nuts, and unsaturated oils, with very
moderate amounts of seafood and poultry.
No or very low quantities of red meat, processed meat, added sugars, refined grains and starchy
vegetables.
The daily requirement of an average adult of 2500 calories should involve
❖ 800 calories from whole grain (rice, wheat or corn)
❖ 204 calories from fruits and vegetables
❖ 30 calories from red meat (beef, lamb or pork).
2. Safe Food Systems
Apart from optimal nutrition plan, safe food systems should involve sustainable food production that are
characterized by
No usage of additional land
Safeguarding existing biodiversity
Reducing consumptive water use.
Substantially reducing nitrogen and phosphorus pollution
Attaining zero carbon dioxide emissions
Checking the increase in methane and nitrous oxide emissions.
Astana Declaration
A brief on Alma-Ata Conference
It is an International Conference on Primary Health Care (PHC) held in Almaty (formerly Alma-Ata),
Kazakhstan in 1978.
It was the first international declaration underlining the importance of primary health care. The primary health
care approach has since then been accepted by member countries of the World Health Organization (WHO) as
the key to achieving the goal of "Health For All" but only in developing countries at first.
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Astana Declaration
In 2018, 40 years after the Alma-Ata Conference, a follow up conference
was held at Astana, Kazakhstan. About 120 countries, including India,
shared their commitment to PHC for all.
The declaration endorsed a new declaration emphasizing the critical role of
primary health care around the world. The declaration aims to refocus
efforts on primary health care to ensure that everyone everywhere is able
to enjoy the highest possible attainable standard of health.
The declaration also touches upon the crucial aspect that PHC should not
function in vacuum and there has to be cohesion between all tiers of healthcare so that the services given to
patients are not limited. The declaration also takes into cognizance the growing threat of lifestyle and noncommunicable diseases. The declaration asks all member states to make “bold political choices” for health
across sectors.
The Nobel Prize in Chemistry 2018
Who were recognized?
The Nobel Prize in Chemistry 2018 was divided
One half awarded to Frances H. Arnold "for the
directed evolution of enzymes",
The other half jointly to George P. Smith and Sir
Gregory P. Winter "for the phage display of peptides
and antibodies."
What is referred as ‘directed evolution’?
Directed Evolution is a general term used to describe various
molecular biology techniques that mimic natural selection and In nature, evolution takes place over eons: A slow
accumulation of adaptations gradually produces new
are extremely useful for protein engineering.
traits and species. But evolution can also happen on a
These techniques involve randomly introducing mutations at small and fast scale in the laboratory
the genetic level followed by selection for the desired
characteristics at the protein level.
A brief on their contribution
Enzymes produced through directed evolution are used to manufacture everything from biofuels to
pharmaceuticals. Antibodies evolved using a method called phage display can combat autoimmune diseases
and in some cases cure metastatic cancer.
The Nobel Prize in Physics 2018
Who were recognized?
The 2018 prize was awarded "for groundbreaking inventions in the field of laser physics"
One half to Arthur Ashkin for the optical tweezers and their application to biological systems
The other half jointly to Gérard Mourou and Donna Strickland for their method of generating highintensity, ultra-short optical pulses.
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What are optical tweezers?
Optical Tweezers use light to manipulate microscopic
The basic principle behind optical tweezers
objects as small as a single atom. The radiation pressure
is the momentum transfer associated with
from a focused laser beam is able to trap small particles.
bending light.
Most frequently, optical tweezers are built by modifying a
Light carries momentum that is proportional
standard optical microscope.
to its energy and in the direction of
Applications of optical tweezers
propagation. Any change in the direction of
To trap dielectric spheres, viruses, bacteria, living
light, by reflection or refraction, will result
cells, organelles, small metal particles, and even
in a change of the momentum of the light.
strands of DNA. Confinement and organization
If an object bends the light, changing its
(e.g. for cell sorting)
momentum, conservation of momentum
tracking of movement (e.g. of bacteria)
requires that the object must undergo an
equal and opposite momentum change. This
Application and measurement of small forces
gives rise to a force acting on the object.
Altering of larger structures (such as cell
membranes).
Two of the main uses for optical traps have been the study of molecular motors and the physical properties of
DNA.
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Harvesting ocean wave energy
A brief on ocean wave energy
Ocean can produce two types of energy: thermal energy from the sun's heat, and mechanical energy from the
tides and waves.
Wave Energy, also known as Ocean Wave Energy, is another type of ocean based renewable energy source
that uses the power of the waves to generate electricity. Unlike tidal energy which uses the ebb and flow of
the tides, wave energy uses the vertical movement of the surface water that produce tidal waves.
Some of the kinetic (motional) energy in the wind is transformed into waves once the wind hits the ocean
surface. Wind energy ultimately forms due to solar energy and its influence on high and low pressure. This is
the reason why wave as well as wind power are considered renewable energy sources.
Ocean wave energy in India
The most attractive locations are the Gulf of Cambay and the Gulf of Kachchh on the west coast where the
maximum tidal range is 11m and 8m. The Ganges Delta in the Sunderbans in West Bengal also has good
locations for small scale tidal power development.
Why it was in the news?
Chinese researchers developed a new structure that concentrates water waves without reflecting them back
from the shore to improve the efficiency of ocean wave energy.
Another aspect of this development is the possibility of using this device to lessen the impact of tsunami
waves.
Worlds first hydrogen powered train
What is a fuel cell?
A fuel cell is a device that converts chemical potential energy (energy stored
in molecular bonds) into electrical energy. A PEM (Proton Exchange
Membrane) cell uses hydrogen gas (H2) and oxygen gas (O2) as fuel. The
products of the reaction in the cell are water, electricity, and heat.
How it works?
The heart of the cell is the proton exchange membrane. It allows protons to
pass through it virtually unimpeded, while electrons are blocked. So, when
the H2 hits the catalyst and splits into protons and electrons (remember, a
proton is the same as an H+ ion) the protons go directly through to the
cathode side, while the electrons are forced to travel through an external
circuit. Along the way they perform useful work, like lighting a bulb or
driving a motor, before combining with the protons and O2 on the other side
to produce water.
What was in the news?
World first hydrogen-powered and zero-emission passenger train named as Coradia iLint was unveiled in
Germany. The locomotives was built by the French train-maker firm, Alstom. It entered into regular service
from September 17 2018 and operates on a 62 mile stretch of line in northern Germany.
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Some important features
The new Coradia iLint, nicknamed Hydrail, will be the first of two in a growing network of quiet,
zero-emission trains operating on Germany's railways.
The trains can run for around 620 miles (1,000 km) on a single tank of hydrogen, similar todiesel
trains.
It can carry up to 300 passengers with seats for 150, boasting a top speed of 140 km/h (87 mph), and
has acceleration and braking performances similar to the diesel-powered Coradia Lint 54.
Some advantages and disadvantages
Hydrogen trains are equipped with fuel cells that produce electricity by combining hydrogen with
oxygen, a process that leaves steam and water as the only emissions
This makes the cells a promising energy source that produces zero emissions and very little noise.
Excess energy is stored in ion-lithium batteries on board the train
Though they remain pricey than the diesel train, hydrogen fuel cells have advantages over batteries.
Instead of recharging, it can easily be refueled like a gas or diesel engine
And because train schedules are highly predictable, it's easier to build refueling infrastructure
The locomotives are also eco-friendly
The only disadvantage is that they are more expensive than the fossil fuel-based trains, but are cheaper to run.
New battery may help cut carbon emissions
A brief on lithium batteries
Lithium batteries are primary batteries that have metallic lithium as an anode.
They stand apart from other batteries in their high charge density (long life) and high cost per unit. Lithium
batteries are widely used in portable consumer electronic devices, and in electric vehicles ranging from full
sized vehicles to radio controlled toys.
What was the news?
Researchers at Massachusetts Institute of Technology (MIT) have developed a new battery made from lithium
metal, carbon and a novel electrolyte.
The carbon is derived from the carbon dioxide trapped from the emissions of coal fired thermal stations.
What are the disadvantages of using CO2?
The development of lithium-carbon-dioxide batteries is a growing aspect with increasing interest from
industries. In this type of batteries, the carbon dioxide gas is used as a reactant during discharge.
However, carbon dioxide has low reactivity because of which metal catalysts often need to be used. Not only
are these metal catalysts expensive, but their functions aren’t understood well which makes reactions difficult
to control.
Novel 'bionic mushrooms' to produce electricity
What are bionics?
Bionics is the science of constructing artificial systems that have some of the characteristics of living systems.
What was the news?
Scientists, including those of Indian origin, created a bionic device that generates green power.
It was done by 3D-printing clusters of cyanobacteria and placing graphene nanowires on an ordinary white
button mushroom.
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Who and how electricity is produced?
Cyanobacteria used in the set up is responsible for producing the current. It produces the current through its
photosynthetic process.
The mushrooms essentially serve as a suitable environmental substrate with advanced functionality of
nourishing the energy-producing cyanobacteria.
Some more info
The amount of electricity these bacteria produce can vary depending on the density and alignment with which
they are packed: the more densely packed together they are, the more electricity they produce.
‘Inkjet’ Solar Panels
What are Perovskites solar cells?
A perovskite is a material that has the same crystal structure as the mineral calcium titanium oxide.
Because of their unique crystal makeup, perovskites often display a number of interesting properties,
including superconductivity, giant magnetoresistance, and ferroelectricity.
These easily synthesized materials are considered the future of solar cells, as their distinctive structure makes
them perfect for enabling low-cost, efficient photovoltaics. They are also predicted to play a role in next-gen
electric vehicle batteries, sensors and lasers.
What was the news?
A Polish physicist and businesswoman Olga Malinkiewicz developed a novel inkjet processing method for
perovskites. It enables the production of solar panels under lower temperatures, thus sharply reducing costs.
Before this invention, the process was complicated and required ultra-high temperatures, so only materials
that could withstand extreme heat — like glass — could be coated with perovskite cells.
Panel suggests measures to tackle crisis in stressed thermal power projects
What was the news?
The High-Level Empowered Committee (HLEC) set up by Government of India in July 2018 came out with
its report on stranded thermal power projects.
The Committee has assessed the landscape of these stranded assets and identified the various reasons that
have contributed to the current scenario.
This report focused on 34 thermal power stations, totalling to a capacity of 40 gigawatt (GW), which are
entirely fuelled by coal and lignite.
What are the reasons behind power sector crisis?
Institutional challenges related to the issue have contributed to the problem.
Against the 12th Plan year target of capacity addition requirement of 88 GW, the production surpassed
with 99 GW. This excess availability made plants to perform below their rated capacities.
Debt burden of the distribution utilities and the financial stress on banks/financial institutions as well
as promoters and bidders.
Erratic coal supply and the uncertainty of coal supplies due to scrapping of mine auctions by the
Supreme Court.
HLEC recommended solutions
1. Coal Supply
Coal supply is an inter-ministerial issue, whereby the ministries for coal and railways have been
requested to work out mechanisms to address short-term issues of supply.
Linking coal supply to power plant efficiency to incentivise better, newer and more efficient assets.

© Smart Leaders IAS

www.smartleadersias.com

76

Prelims Current Affairs - 2019

2. Shutting inefficient Plants
Old plants operating way past their lifetime are less efficient in resource utilization, have higher
emission profiles and are also expensive due to swift recovery of renovation costs that keep adding on
to them.
Closing down of old, inefficient thermal power units make for good economics and good
environmental sense.
3. Addressing financial risks
authorizing NTPC or any other agency to act as an aggregator for power purchases, which can
subsequently be sold to distribution utilities.
4. Easing Clearances
Any new owner of a power plant should not be subjected to these challenges of obtaining clearances
and signing agreements again.
5. Gas-based thermal power: Not on Priority
Revive gas power plants is important and serves good purpose as natural gas is a relatively cleaner
fuel with lesser emissions. However, gas supply will continue to remain a problem for several
reasons.
Priority of supply of natural gas has always been lopsided to fertiliser industry, which uses natural gas
as raw material and has a strong government presence and control. The political economy of gas
supply and pricing will be heavily determined by this emerging consumer base as well.
Even if imported, the lack of sufficient LNG storage terminal capacity and subsequent pipeline
capacity will ensure that things remain more of the same in the near future.
Ancient pigment can boost energy efficiency
What is the dye used?
Egyptian blue is a dye derived from calcium copper silicate. It was developed
by Egyptians thousands of years ago and were routinely used on ancient
depictions of gods and royalty.
The colour held utmost importance for them; they associated it with the sky
and the river Nile.
Previous studies have shown that when Egyptian blue
absorbs visible light, it then emits light in the near- Though white is the most conventional and
effective choice for keeping a building cool by
infrared range.
reflecting sunlight and reducing energy use for
What was the news?
air conditioning, building owners often require
Berkeley Lab found that the pigment can boost energy
non-white colours for aesthetic reasons.
efficiency by cooling rooftops and walls and could also
enable solar generation of electricity via windows.
The pigment also has a fluorescence 10 times stronger than previously thought.
Used on windows tinted with the Egyptian blue, photovoltaic cells on the edges can convert the fluoresced
near-infrared energy to electricity.
Why reflecting sunlight is essential?
Reflective roofs and walls can cool buildings and cars
This reduces the need for air conditioning and mitigates the urban heat island effect
By reflecting the sun's rays back to space, these cool materials also release less heat into the
atmosphere, thus cooling the planet and offsetting the warming effects of substantial amounts of
greenhouse gas emissions.
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Summit Supercomputer
What was the news?
The United States of America has unveiled the most powerful supercomputer – Summit. It has overtaken the
record of China's Sunway TaihuLight (Summit would be seven times fast).
Summit is capable to make 200, 000 trillion calculations per second, which is twice as fast as Sunway
TaihuLight
Some unique features of the Summit
Summit has been built by IBM and operated by U.S. Department of Energy’s (DoE) Oak Ridge National
Laboratory.
The computer was designed for artificial intelligence operations and can be used to power research into
health, physics and climate modeling, among other domains.
Scientists have used Summit to run the first exascale scientific calculation
‘iPal’ robot
A brief on iPal
It is a humanoid robot offering education and company for lonely children. It was unveiled at the Consumer
Electronics Show Asia in Shanghai in 2018.
Capabilities of iPal
It stands as tall as a five-year-old, moves and dances on wheels and its eyes keep track of its charges through
facial recognition technology.
Parents can also remotely talk to and monitor the children through the iPal.
It speaks two languages, gives math lessons, tells jokes and interacts with children through the tablet screen in
its chest.
DAiSEE (Dataset for Affective States in E-Environments)
What is DAiSEE?
It is the first multilabel video-classification dataset for recognising boredom, confusion, frustration and
engagement. It helps to understand the user engagement in online interactions which is important in many
contexts such as online shopping, advertising, e-learning and healthcare.
How it was constructed?
DAiSEE was built by IT Hyderabad using crowd-voting method.
In the study, people were invited to voluntarily participate in an experiment whether they would watch certain
videos and then respond to a questionnaire.
The researchers used a crowd-voting method to annotate the dataset, and the best possible answers were
picked using a statistical aggregation method.
Quantum computers have an edge over classical ones
What are quantum computers?
A quantum computer is a type of computer that uses quantum mechanics. The secret to a quantum computer’s
power lies in its ability to generate and manipulate quantum bits, or qubits.

© Smart Leaders IAS

www.smartleadersias.com

78

Prelims Current Affairs - 2019

Today's computers use bits—a stream of electrical or optical pulses representing 1s or 0s (binary
computation). Quantum computers, on the other hand, use qubits, which are typically subatomic particles
such as electrons or photons.
Qubits have some quirky quantum properties that mean a connected group of them can provide way more
processing power than the same number of binary bits. One of those properties is known as superposition and
another is called entanglement.
What is superposition?
Qubits can represent numerous possible combinations of 1 and 0 at the same time. This ability to
simultaneously be in multiple states is called superposition.
What is entanglement?
Researchers can generate pairs of qubits that are “entangled,” which means the two members of a pair exist in
a single quantum state. Changing the state of one of the qubits will instantaneously change the state of the
other one in a predictable way. This happens even if they are separated by very long distances.
What is quantum supremacy?
It’s the point at which a quantum computer can complete a mathematical calculation that is demonstrably
beyond the reach of even the most powerful supercomputer.
India ranks third in research on artificial intelligence
What was the news?
An analysis by research agency Itihaasa ranked India third in the world in terms of high quality research
publications in artificial intelligence (AI).
In this assessment, US lead the race followed by China and India.
However, when parsed by another metric ‘citations’— or the number of times an article is referenced — India
ranked only fifth and trailed the United Kingdom, Canada, the U.S. and China.
India’s national think-tank, the NITI Ayog, June (2018) released a discussion paper on the transformative
potential of AI in India that said the country could add $1 trillion to its economy through integrating AI into
its economy.
MagicScroll
What is the device?
MagicScroll is a rollable touch-screen tablet. It is designed to capture the flexible screen model of ancient
scrolls in a modern-day device.
The device comprises a high-resolution 7.5-inch 2K resolution flexible display that can be rolled or unrolled
around a central, 3D-printed cylindrical body containing the device’s computerised inner-workings.
Spiking Neural Network Architecture (SpiNNaker)
What is Spiking Neural Network Architecture?
They are artificial neural network models that more closely mimic natural neural networks.
Neurons in the Spiking Neural Network do not fire at each propagation cycle but rather fire only when a
membrane potential reaches a specific value. This is an intrinsic quality of the neuron related to its membrane
electrical charge. When a neuron fires, it generates a signal which travels to other neurons which, in turn,
increase or decrease their potentials in accordance with this signal.
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What was the news?
SpiNNaker is the world's largest neuromorphic supercomputer designed and built to work in the same way as
human brain which was switched on for the first time.
The project was initially funded by the Engineering and Physical Sciences Research Council and is now
supported by the European Human Brain Project.
The newly formed million-processor-core 'Spiking Neural Network Architecture' or 'SpiNNaker' machine is
capable of completing more than 200 million actions per second, with each of its chips having 100 million
transistors.
How SpiNNaker is different from traditional computers?
Supercomputer SpiNNaker is unique because, unlike traditional computers, it doesn't communicate by
sending large amounts of information from point A to B via a standard network.
Instead, it mimics the massively parallel communication architecture of the brain, sending billions of small
amounts of information simultaneously to thousands of different destinations.
Its potential applications
One of its fundamental uses is to help neuroscientists better understand how our own brain works.
The human brain supercomputer also has simulated a region of the brain called the Basal Ganglia -- an area
affected in Parkinson's disease, meaning it has massive potential for neurological breakthroughs in science
such as pharmaceutical testing.
The power of SpiNNaker has even recently been harnessed to control a robot, the SpOmnibot.
Virus used to speed up modern computers
What was the news?
Scientists have successfully used a virus to engineer a better type of memory in computers.
They used the virus M13 (a bacteriophage that infects bacteria) for the purpose.
How the virus helped the process?
The study explains that a key way in which faster computers can be achieved is through the reduction of the
millisecond time delays that usually come from the transfer and storage of information between a traditional
random-access memory (RAM) chip.
RAM is fast but expensive and volatile meaning it needs power supply to retain information and hard drive
which is nonvolatile but relatively slow.
What is phase-change memory?
Phase-change memory can be as fast as a RAM chip and can contain even more storage capacity than a hard
drive. This memory technology uses a material that can reversibly switch between amorphous and crystalline
states.
How the new chip was made?
The traditional process of making tiny wires can reach a temperature of around 720 K, a heat that causes a
binary-type material to separate.
For the first time in history, the re-searchers showed that by using the M13 bacteriophage—more commonly
known as a virus—a low-temperature construction of tiny germanium-tin-oxide wires and memory can be
achieved.
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AntBot
What was the news?
Researchers from the French National Center for Scientific Research (CNRS) developed the first walking
robot that can explore its environment and find its way home without GPS or mapping.
The researchers took inspiration from desert ants, which are extraordinary solitary navigators.
How ants navigate their way back?
Ants use polarised light and ultraviolet radiation to locate themselves in space. Cataglyphis desert ants in
particular can cover several hundreds of metres in direct sunlight in the desert to find food, then return in a
straight line to the nest, without getting lost.
Some features of AntBot
It is equipped with an optical compass used to determine its heading by means of polarised light, and by an
optical movement sensor directed to the Sun to measure the distance covered.
It weighs 2.3 kg and has six feet. It is capable of increased mobility, allowing it to move in complex
environments, precisely.
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NUCLEAR ENERGY
Monju Reactor
Following the Japanese government’s decision in December 2016 to scrap the infamous Monju prototype fast
breeder reactor (FBR) in Tsuruga City, Fukui prefecture, work has started to remove fuel assemblies from a
sodium-filled storage tank. Once all these assemblies have been placed in a water-filled pool, removal of
assemblies from the reactor itself will begin.
The JAEA (Japan Atomic Energy Agency) had submitted a detailed plan to decommission Monju, in line
with the government’s basic policy, to the Nuclear Regulation Authority (NRA) in December 2017. The plan
comprises four stages. In the first stage, the agency will move all fuel to an on-site storage pool by 2022. In
the second and third stages, the liquid sodium coolant will be extracted from the reactor and related
equipment will be dismantled. The reactor building will be demolished and removed by the 2047 fiscal in the
final stage. The authority approved the plan in March 2018.
A key part of Japan’s nuclear energy programme, the 280 MWe Monju FBR began operations in 1994.
However, it was shut down only four months later after about 700 kilograms of liquid sodium leaked from the
secondary cooling loop. Although there were no injuries and no radioactivity escaped plant buildings, the
operator attempted to cover up the scale of the damage.
The reactor was eventually restarted in May 2010 but has not been operated since refuelling equipment fell
into the reactor vessel during a refuelling outage later that year. The equipment was subsequently retrieved
and replaced, but the NRA did not permit the reactor to restart. In November 2015, following concerns over
equipment inspections, the NRA determined that the JAEA was not competent to operate the reactor,
following which the decision to scrap it was taken by the government.
The JAEA said the sodium would be washed away from the removed assemblies before they were placed in
the new storage pool. The plan is to remove one assembly a day, and the agency expects to move 100
assemblies from the storage tank to the pool by the end of this year.
It also plans to start extracting some 760 tonnes of sodium from the reactor’s secondary cooling system by the
year end. This will be placed in the storage tank for later disposal. Some 960 tonnes of sodium from the
reactor and the primary circuit will be removed at a later stage. Work to remove the 370 fuel assemblies from
Monju’s sodium-filled core is scheduled to begin next year. The decommissioning of Monju will take 30
years and cost more than $3.7 billion, according to government estimates.
Nuclear Pasta
A team of scientists has calculated the strength of
material deep inside the crust of neutron stars and
found it to be the strongest known material in the
universe.
Matthew Caplan at McGill University and his
colleagues from Indiana University and the
California Institute of Technology ran the largest
computer simulation ever conducted on neutron
star crusts and became the first to describe how
these break.
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Neutron stars are born after supernovas, an implosion that compresses an object the size of the sun to about
the size of a city, making them “a hundred trillion times denser than anything on the earth”. Their immense
gravity makes their outer layers freeze solid, making them similar to the earth with a thin crust enveloping a
liquid core.
This high density causes the material that makes up a neutron star, known as “nuclear pasta”, to have a unique
structure. Below the crust, competing forces between the protons and neutrons cause them to assemble into
shapes such as long cylinders or flat planes, which are known in the literature as “lasagna” and “spaghetti”,
hence the name “nuclear pasta”. Together, the enormous densities and strange shapes make nuclear pasta
incredibly stiff.
Thanks to their computer simulations, which required 2 million hours’ worth of processor time or the
equivalent of 250 years on a laptop with a single good GPU, Caplan and his colleagues were able to stretch
and deform the material deep in the crust of neutron stars.
Their results are valuable for astronomers who study neutron stars. Their outer layer is the part we actually
observe, so they need to understand that in order to interpret astronomical observations of these stars. The
findings, accepted for publication in Physical Review Letters, could help astrophysicists better understand
gravitational waves such as those detected last year when two neutron stars collided. Their new results even
suggest that lone neutron stars might generate small gravitational waves.
Chernobyl gets solar power park
Ukraine launched a park of photovoltaic panels at the former Chernobyl power plant as the country seeks to
use solar power to give the scene of the world’s worst nuclear disaster a new lease on life. The $1.2-million,
one-megawatt plant is located just a hundred metres from a giant metal dome sealing the remains of the
nuclear power plant that suffered a catastrophic meltdown in 1986.
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SPACE
MACS1149-JD1
What is MACS1149-JD1?
It is a galaxy that is one of the farthest known galaxies from Earth.
They are 13.28 billion light years away.
What is redshift and blueshift?
Both redshift and blueshift is an explanation for Doppler effect.
The principle states that if a light (or sound) source is moving away
from a given point, its wavelengths will be lengthened. Conversely,
if an object emitting light or sound is moving toward that point, its
wavelengths will be shortened.
Blueshift occurs when a celestial object is moving closer to Earth.
Redshift occurs when a celestial object is moving farther away from Earth.
Why it was in news?
The discovery implies that stars in MACS1149-JD1 formed at an unexpectedly early stage in the age of the
universe. The new observations also break the record for detecting the most distant known source of oxygen.
How they confirmed?
The team confirmed the distance of the galaxy through observations undertaken with the Atacama Large
Millimetre/Submillimetre Array (ALMA) and the European Southern Observatory’s (ESO’s) Very Large
Telescope (VLT).
Detection of oxygen
The detection of oxygen indicates that a previous generation of stars had already formed and died at an even
earlier time. Oxygen is only created in stars and then released into the gas clouds in galaxies when those stars
die. This is an exciting discovery as this galaxy is seen at a time when the universe was only 500 million years
old and yet it already has a population of mature stars.
Atacama Large Millimetre/Submillimetre Array
The Atacama Large Millimeter (ALMA) is an astronomical interferometer located
in the Atacama Desert of northern Chile.
It has 66 radio telescopes and observe electromagnetic radiation at millimeter and
submillimeter wavelengths.
The array has been constructed on the 5,000 m (16,000 ft) elevation on Chajnantor plateau.
This location was chosen for its high elevation and low humidity, factors which are crucial to
reduce noise and decrease signal attenuation due to Earth's atmosphere.
ALMA is expected to provide insight on star birth and detailed imaging of local star and
planet formation.
ALMA
is
an
international
partnership
among Europe,
the United
States, Canada, Japan, South Korea, Taiwan, and Chile.
ALMA began scientific observations in the second half of 2011. The array has been fully
operational since March 2013.

© Smart Leaders IAS

www.smartleadersias.com

84

Prelims Current Affairs - 2019
European Southern Observatory
The European Southern Observatory was established in 1962. It is composed and supported
by eleven countries from the European Union plus Switzerland and designed as
an intergovernmental research organization for ground-based astronomy.
ESO has built and operated some of the largest and most technologically
advanced telescopes.
These include the 3.6 m New Technology Telescope, an early pioneer in the use of active
optics, and the Very Large Telescope (VLT), which consists of four individual 8.2 m
telescopes and four smaller auxiliary telescopes which can all work together or separately.

Cold Atom Laboratory (CAL)
What is CAL?
It is a multiuser facility dedicated to the
study of fundamental laws of nature
using ultracold quantum gases in
microgravity. The facility is located in
U.S. science lab in the International
Space Station. It is first of a kind
facility in space.
It is designed to advance scientists'
ability to make precision measurements
of gravity, probing long-standing
problems in quantum physics (the study
of the universe at the very smallest
scales), and exploring the wavelike
nature of matter.
Why cold atoms are attractive?
Cold atoms are atoms where its
temperature is maintained close to
absolute zero (0 K).
When
cooled
to
microkelvin
temperatures, a gas of atoms takes on
quantum properties. In flowing through
a narrow channel, for example, atoms
act as waves able to interfere with one
another. In addition, cold-atom interactions can be tuned to mimic a wide variety of other quantum systems,
often greatly simplifying the study of subtle phenomena. Examples include so-called topological insulating
solids, which conduct current only at their surfaces, and the ring-like flows of superfluids used in
ultrasensitive rotation detectors.
Why it was in the news?
NASA's Cold Atom Laboratory started producing ultracold atoms known as Bose-Einstein condensates.
What is Bose-Einstein Condensate?
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When a group of atoms are reduced in their temperature very close to absolute zero, they behave like a single
giant atom called as ‘Bose-Einstein Condensate’. In the Earth conditions, BEC have a very low stability. But
in the microgravity conditions, BECs will have a lifespan of up to 20 seconds.
Oumumamua
What is Oumuamua?
Oumuamua is the first interstellar object discovered in the solar
system in October 2017. It was discovered using the PanSTARRS telescope at the Haleakala Observatory, Hawaii.
Oumuamua was first considered as a comet but later confirmed
to be an interstellar asteroid.
Its unique features
It has a reddish tinge similar to that of a comet and has an
extremely eccentric orbit.
It was referred as an asteroid because
It does not have both gas and dust surrounding
It does not have any characteristic tail (this is characteristic feature for comets.
Why it was in news?
Oumuamua is moving away from the sun faster than expected. This is significant because Sun has an
enormous impact on the asteroid and could effectively slow it down.
The gain in speed is small and ‘Oumuamua is still slowing down because of the sun’s gravity but not as fast
as predicted by physics.
Why they move faster than expected?
Oumuamua is outgassing material from its surface due to solar heating. The thrust from this ejected material
is believed to provide the small but steady push that is sending it hurtling out of the solar system. Such
outgassing is typical of comets and contradicts the previous classifications.
Decommissioning of Proton Rocket
What is Proton rocket?
It is a Russian workhorse rocket first launched in 1965.
It is an expendable launch system used for both commercial and Russian government space launches. Proton
was originally conceived as a rocket to fly two-person crews around the moon.
Its launch capacity to low earth orbit (LEO) is about 22.8 tonnes and to geostationary transfer orbit (GTO)
about 6.3 tonnes.
Why it was in news?
Roscosmos announced that the production of the Proton booster will cease production The Angara rocket,
which has made just two test flights back in 2014,
Why this decision was taken?
The decision to retire it immediately is perhaps driven by a string of recent failures, largely due to technical
oversight and management problems, and the emerging stiff competition from low-cost alternatives such as
SpaceX’s Falcon.

© Smart Leaders IAS

www.smartleadersias.com

86

Prelims Current Affairs - 2019

Which one will replace it?
The Proton will retire by 2030 and replaced by the Angara rocket. Angara is currently under development and
has undergone only two test flights since 2014. The Angara rocket has made just two test flights back in 2014
and will be produced in a new factory in Omsk, a city in Siberia.
“Sausage” galaxy
What is Milky Way Galaxy?
A galaxy is a large group of stars, gas, and dust bound
Gaia is a space observatory of the European
together by gravity. The Milky Way is a large barred
Space Agency (ESA), launched in 2013.
spiral galaxy. It is named as Milky Way because it appears
Its mission is to construct the largest and
as a milky band of light in the sky when seen in a dark
most precise 3D space catalog ever made,
background.
totalling approximately 1 billion astronomical
What is Sausage Galaxy?
objects, mainly stars, but also planets,
comets, asteroids and quasars among others.
It is so-called because of the characteristic sausage shape
of the population. It is a dwarf galaxy that existed in the
past.
Why it was in news?
The Milky Way and a smaller “Sausage” galaxy collided around 10 billion years ago. The collision reshaped
the structure of Milky way galaxy in its early history, creating both its inner bulge and its outer halo.
The dwarf did not survive the impact and its debris is now part of our galaxy.
How it was discovered?
The past collision is discovered by tracing the path of stars of the present Milky Way galaxy by the Gaia
satellite.
A merger to measure expansion of the universe
What is neutron star?
It is a remnant of a massive star forming after a supernova explosion.
When stars four to eight times as massive as the sun
Gravitational waves are 'ripples' in the fabric of
explode in a violent supernova, their outer layers can
space-time caused by some of the most violent
blow off, leaving behind a small, dense core that
and energetic processes in the Universe.
continues to collapse. Gravity presses the material in on Albert Einstein predicted the existence of
itself so tightly that protons and electrons combine to
gravitational waves in 1916 in his general
make neutrons, yielding the name "neutron star."
theory of relativity.
What is black hole?
Black holes are volumes of space where gravity is
extreme enough to prevent the escape of even the fastest moving particles. Not even light can break free,
hence the name 'black' hole.
Why it was in news?
When neutron star and black hole merges, it creates massive gravitational waves that can be studied. This is
an ideal way to measure how fast the universe is expanding.
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What are monster galaxies?
They are considered to be the ancestors of the huge elliptical galaxies. It helps to pave way for understanding
the formation and evolution of such galaxies.
Characteristics of monster galaxies
A unique characteristic of monster galaxies (or starburst galaxies as they are also called) is that they form
stars at a startling pace 1,000 times higher than the star formation in our galaxy.
What researchers found?
COSMOS-AzTEC-1 is a monster galaxy. It is unusual that the clouds throughout the galaxy are very unstable.
The gas in COSMOS-AzTEC-1 will be completely consumed in 100 million years, which is 10 times faster
than in other star forming galaxies.
Hubble Space Telescope
What is Hubble Space Telescope?
The Hubble Space Telescope is a space telescope launched in 1990. It was built by the United States space
agency NASA, with contributions from the European Space Agency. Hubble is the only telescope designed to
be serviced in space by astronauts.
Earth’s atmosphere alters and blocks the light that comes from space. Hubble orbits above Earth’s
atmosphere, which gives it a better view of the universe than telescopes have at ground level.
Images taken by Hubble have helped scientists estimate the age and size of the universe. Scientists believe the
universe is almost 14 billion years old. It also has detected black holes, discovery of dark energy and gammaray bursts.
Why it was in news?
BUFFALO survey was begun by the Hubble Space Telescope to study six massive galaxy clusters.
BUFFALO Survey
Beyond Ultra-deep Frontier Fields and Legacy Observations (BUFFALO) is an astronomical survey that will
observe six massive galaxy clusters and their surroundings.
BUFFALO’s main mission is to investigate how and when the most massive and luminous galaxies in the
universe formed and how early galaxy formation is linked to dark matter assembly.
Hubble space telescope is back in action
NASA’s famed Hubble Space Telescope has returned to normal operations and completed its first science
observations after a failed orienting tool forced engineers to put it in safe mode recently.
ProtoDUNE
What is ProtoDUNE?
They are prototype neutrino detectors built at CERN
(Switzerland) and will be hosted by the Department
of Energy’s Fermi National Accelerator Laboratory,
USA. It is the first time CERN is investing in
infrastructure and detector development for a
particle physics project in the United States.
The DUNE detector located in South Dakota will
hold 70,000 metric tons of liquid argon.
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The ProtoDUNE detectors located at Fermilab, Chicago will contain about 800 metric tons of liquid argon.
ProtoDUNE is a rehearsal for DUNE not only in its technical orchestration but also in the coordination of
human activity.
The international project involves dozens of experimental groups coordinating around the world.
It will come online in the mid-2020s.
Where it will be located?
The project involves observing neutrinos using two detectors separated by 1300 kilometers—one at Fermilab
outside Chicago and a second one a mile underground in South Dakota at the Sanford Underground Research
Facility.
Mission objectives
Its aim is to unlock the mysteries of neutrinos, the most abundant (and most mysterious) matter
particles in the universe.
It will look for differences in behavior between neutrinos and antineutrinos, which could give us clues
as to why the visible universe is dominated by matter.
It will also watch for neutrinos produced when a star explodes, which could reveal the formation of
neutron stars and black holes and will investigate whether protons live forever or eventually decay.
Observing proton decay would bring us closer to fulfilling Einstein’s dream of a grand unified theory.
How it functions?
When neutrinos enter the detectors and smash into the argon nuclei, they produce charged particles. Those
particles leave ionization traces in the liquid, which can be seen by sophisticated tracking systems able to
create three-dimensional pictures of otherwise invisible subatomic processes.
Neutrino detector prototype operational
Muon are the elementary subatomic particle similar
What is mini-Iron Calorimeter (mini-ICAL)?
The mini-Iron Calorimeter (mini-ICAL) detector is to the electron but 207 times heavier.
a prototype of the ICAL detector to come up at the
It has two forms, the negatively charged muon and
India-based Neutrino Observatory (INO) at
its positively charged antiparticle.
Pottipuram in Theni district.
Muons are the most numerous energetic charged
It was set up at the Inter Institutional Centre for
particles at sea level.
High Energy Physics, Madurai.
Important features
A muon is relatively unstable, with a lifetime of
only 2.2 microseconds before it decays by the weak
Though it was a prototype of the ICAL, this
force into an electron and two kinds of neutrinos.
detector would only be detecting muons and not
neutrinos. This is mainly because of the
interference from the cosmic microwave radiation.
The mini-ICAL weighs about 80 tonnes and is roughly 600 times smaller than the 51 kilo tonnes ICAL.
The mini-ICAL detector has 10 layers of glass Resistive Plate Chamber (RPC), which act as sensors and are
stacked in between 11 iron plates of 4 metre x 4 metre size. The iron plates are magnetised by passing
electricity through copper coils wound around.
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Kepler-1625b-i – an exomoon
What is exomoon?
The exomoon is a moon orbiting a planet outside the solar system.
The moon has been designated as Kepler-1625b-i
Why it was in news?
it can be the first known moon to orbit an exoplanet. It was observed
by NASA’s Kepler telescope.
The exomoon is as big as Neptune and orbits a gas-giant planet
roughly the size of Jupiter (called Kepler-1625b) which in turn orbits
a star called Kepler-1625.
How the exomoons are imaged?
Exomoons cannot be imaged directly. It can be observed by a method called as ‘planetary transit method’.
What is planetary transit method?
This method detects distant planets by measuring the minute dimming of a star as an orbiting planet passes
between it and the Earth. The passage of a planet between a star and the Earth is called a "transit." If such a
dimming is detected at regular intervals and lasts a fixed length of time, then it is very probable that a planet
is orbiting the star and passing in front of it once every orbital period.
Kepler-1625b-i
Kepler-1625b-i is estimated to be only 1.5 per cent the mass of Kepler-1625b, which itself is several times the
mass of Jupiter. This mass-ratio is similar to the earth-moon system. In the case of earth-moon and PlutoCharon systems, the moons are thought to be created through dust left over after rocky planetary collisions.
However, Kepler-1625b and its possible satellite are gaseous. So the moon may have formed through a
different process. Kepler-1925b orbits its parent star at a distance similar to the sun-earth distance. However,
since both are gaseous, they would be unsuitable for life.
WASP-127b
What it is?
It is an exoplanet orbiting its star, WASP-127.
What are its unique features?
It is a gas giant.
It is 1.4 times the size of Jupiter, but only 20 percent dense in comparison to it.
It has a surface temperature of 1,127 degrees Celsius, and it takes around four days to orbit its star
It is highly likely that it contains water because of the presence of heavy concentration of metals.
The exoplanet atmosphere is filled with sodium, potassium and lithium. Even the planet's star is full of
lithium.
James Webb Telescope
The James Webb Space Telescope is scheduled to launch in 2020 and may help in exploring whatever is
hidden under the "clear, metallic skies" of WASP-127b.
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Decommissioning of Kepler Space Telescope
What is Kepler Space Telescope?
It is a space observatory launched by NASA in 2009.
It is dedicated to finding planets outside our solar system with a particular focus on finding planets that might
resemble Earth.
Why it was in news?
In October 2018, NASA retired after it ran out of fuel.
International Linear Collider (ILC)
What is ILC?
The ILC is a proposed particle accelerator whose mission is to carry out research about the fundamental
particles and forces that govern the universe.
It would complement the Large Hadron Collider (LHC) at CERN which discovered the Higgs boson in 2012.
ILC Project
The ILC project has been developed by an international collaboration over three decades. They conceived it
as the machine to lead the era of particle physics at the Terascale [at the teraelectronvolt (TeV), or thousand
billion electronvolts, energy scale] with the Higgs particle as the centrepiece. [At the LHC, currently protons
are made to collide head-on with a total energy of 13 TeV.]
Jupiter moon Io
What was the news?
A previously undiscovered volcano was
found on the south pole of Io, Jupiter’s
moon.
It was found out by the NASA’s Juno
Spacecraft.
Jupiter - signs of water
NASA scientists have detected signs of
water above the planet’s deepest clouds.
The pressure of the water combined
with the measurements of carbon
monoxide implies that Jupiter has more
oxygen than the Sun.

Jupiter has 53 named moons and another 26 awaiting official
names. Combined, scientists now think Jupiter has 79 moons.
NASA’s Juno spacecraft was launched on August 5, 2011
and arrived at Jupiter on July 2016.
Its principal goal is to understand the origin and evolution of
Jupiter.
As the solar system’s primary example of a giant planet,
Jupiter can also provide critical knowledge for understanding
the planetary systems being discovered around other stars.

Hayabusa2 probes Asteroid Ryugu
What is Ryugu?
Ryugu is a near-Earth asteroid and a potentially hazardous asteroid of the Apollo group.
It is a primitive carbonaceous near-Earth asteroid.
Why it is to be studied?
Ryugu is expected to preserve the most pristine materials in the Solar System, a mixture of minerals, ice, and
organic compounds that interact with each other. The studies of Asteroid Ryugu is expected to provide
additional knowledge on the origin and evolution of the inner planets and, in particular, the origin of water
and organic compounds on Earth and all relevant to the origin of life on Earth.
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What is Hayabusa 2?
Hayabusa 2 was launched in 2014 by the Japanese space agency, JAXA. It is an asteroid sample-return
mission.
It is the successor of Hayabusa which had returned asteroid samples in 2010.
It arrived at Ryugu in 2018 and would survey the asteroid Ryugu for a year and a
half during which time it will also collect samples. The mission plan is expected to
depart in December 2019 and return the samples to Earth in December 2020.
Why it was in news?
The Hayabusa 2 probe successfully settled into an observation position 20 km above the Ryugu asteroid.
In addition, it dropped a pair of MINERVA-II micro-rovers on the Ryugu asteroid. It was the first time that
moving, robotic observation device have been successfully landed on an asteroid. The rovers will take
advantage of Ryugu’s low gravity to jump around on the surface travelling as far as 15 metres while airborne
and staying in the air for as long as 15 minutes to survey the asteroid’s physical features with cameras and
sensors.
Evidence of water discovered in 17 asteroids
What was the news?
Earth is the only planet in the solar system where the
AKARI infrared satellite of JAXA detected
presence of water on the planet surface has been confirmed.
evidence of water in 17 asteroids for the
first time.
However, scientists are not yet sure how our Earth acquired
AKARI satellite was launched in 2006 and
its water. Recent studies have shown that other celestial
ended operations in 2011.
bodies in our solar system have, or used to have, water in
What is its importance?
some form. Asteroids are considered to be one of the
candidates that brought water to Earth.
This discovery will contribute to our
understanding of the distribution of water
in our solar system, the evolution of asteroids, and the origin of water on Earth.
Why infrared observation is necessary?
Infrared wavelengths contain characteristic spectral features of various substances, such as molecules, ice, and
minerals, which cannot be observed at visible wavelengths. Therefore, it is indispensable to observe at
infrared wavelengths for the study of solar system objects.
Artificial meteors
Objective
Japan Aerospace Exploration Agency (JAXA) conducted initial experiment for celestial show called
“shooting stars on demand” service over Hiroshima early 2020. It is considered as the world’s first artificial
meteor shower.
Physical Make-up and Working
JAXA launched small Eplison 4 rocket containing seven micro satellites developed by StartUp AEL Co. Ltd.
ALE Co. Ltd aims to target “whole world” with its products and plans to build stockpile of shooting stars in
space which can be delivered across world.
The micro-satellites payload contains 400 tiny chemical balls which glows brightly as it moves through
atmosphere simulating meteor shower. Such chemical balls would shine for several seconds before they are
completely burnt well before reaching earth.
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There is possibility to simulate multi-colored flotilla of shooting star through tinkering the chemical
ingredients in balls to change colors.
Cosmic particle accelerators
What are cosmic rays?
Cosmic rays are energetic, subatomic particles that arrive from outside the Earth's atmosphere.
Cosmic rays arrive with a variety of energies. At the lowest energies, cosmic radiation is very common.
These particles originate from sources close to Earth such as the Sun.
Ultra-High-energy Cosmic Rays (UHECRs) have energies above 1018 (billion billion) eV and have been
sporadically detected on earth since the 1960s, though their sources have remained uncertain.
Active Galactic nuclei
Many galaxies have very bright nuclei, so bright that the central region can be more luminous than the
remaining galaxy light. These nuclei are called active galactic nuclei. Much of the energy output of AGNs is
of a non-thermal (non-stellar) type of emission, with many AGN being strong emitters of X-rays, radio and
ultraviolet radiation
Active Galactic nuclei as a source of ultra-high energetic cosmic ray
The mysterious UHECRs could be produced from active galactic nuclei (AGNs).
Hippocamp moon
What it is?
"Hippocamp" is a horse-headed, fish-tailed creature
It is most recently discovered moon of Neptune.
in Greek mythology. The moniker, which has been
It lies about 65,400 miles (105,250 kilometers) from
approved by the International Astronomical Union,
its parent planet and completes one orbit every 23
is in keeping with naming conventions for the
hours or so.
Neptune system, which demand an association with
It is the smallest of Neptune's 14 known moons,
Greco-Roman mythology and the sea.
estimating its diameter to be no greater than 12 miles
(19 km).
How it could have been formed?
Neptune’s tiny, mysterious moon may be a ‘chipped-off piece’ from a larger moon as a result of collision
with a comet that took place billions of years ago. NASA’s Hubble Space Telescope had discovered
Hippocamp in 2013.
First phase of new radio sky survey
What is LOFAR?
LOFAR is a low-frequency radio astronomy array that uses a new approach to obtain a breakthrough in
sensitivity for astronomical observations at radio-frequencies below 250 MHz.
It is located in the Netherlands. It was completed in 2012 by ASTRON, the Netherlands Institute for Radio
Astronomy and its international partners, and operated by ASTRON's radio observatory, of the Netherlands
Organisation for Scientific Research.
A radio emission from clusters of galaxies, which are ensembles of hundreds to thousands of galaxies, occurs
when two clusters merge. This emission comes from particles that are accelerated during the merger.
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Why it was in news?
A Team of more than 200 astronomers from 18 countries, including India (Pune University), has published
the first phase of a major new radio sky survey using the Low Frequency Array (LOFAR) radio telescope.
The survey has revealed hundreds of thousands of previously undetected galaxies, shedding new light on
many research areas.
Benefits of Radio astronomy
Radio astronomy is the study of celestial objects that give off radio waves.
Radio telescopes provide alternative views to optical telescopes, they can detect invisible gas, and can reveal
areas of space that may be obscured with cosmic dust.
Interstellar Mapping and Acceleration Probe (IMAP)
What is a heliosphere?
It is the region surrounding the Sun and the entire solar
system that is filled with the solar magnetic field and
the protons and electrons of the solar wind.
Outside the heliosphere, the interstellar medium exists.
This is basically the dust and gas that travels
throughout the galaxy (the matter/energy existing
between solar systems).
What are Lagrangian points?
Lagrange Points are positions in space where the
gravitational forces of a two body system like the Sun
and the Earth produce enhanced regions of attraction and repulsion. These can be used by spacecraft to reduce
fuel consumption needed to remain in
Termination Shock
position.
Blowing outward, solar wind travels at an average speed
Lagrange points are named in honor of
Italian-French mathematician Josephy- ranging from 300 to 700 kilometers per second until it reaches
the termination shock. At this point, the speed of the solar wind
Louis Lagrange.
drops abruptly as it begins to feel the effects of interstellar
Of the five Lagrange points, three are
wind.
unstable and two are stable. The
Heliosheath
unstable Lagrange points - labeled L1, The heliosheath is the outer region of the heliosphere, just
L2 and L3 - lie along the line beyond the termination shock, the point where the solar wind
connecting the two large masses. The
slows abruptly, becoming denser and hotter. The solar wind
stable Lagrange points - labeled L4 and piles up as it presses outward against the approaching wind in
interstellar space.
L5 - form the apex of two equilateral
triangles that have the large masses at Heliopause
The boundary between solar wind and interstellar wind is the
their vertices.
heliopause, where the pressure of the two winds are in balance.
What is IMPA?
This balance in pressure causes the solar wind to turn back and
The Interstellar
Mapping
and
flow down the tail of the heliosphere.
Acceleration
Probe (IMAP) is Bow shock
a heliophysics mission of NASA. It will
As the heliosphere plows through interstellar space, a bow
be launched in 2024.
shock forms, similar to what forms as a ship plowing through
the ocean.
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It aims to simultaneously investigates two important and coupled topics in the heliosphere:
The acceleration of energetic particles and
Interaction of the solar wind with the local interstellar medium.
The IMAP spacecraft will be placed in Sun-Earth L1 Lagrangian point.
IMAP also continuously broadcasts real-time in-situ data that can be used for space weather prediction.
Why it was in news?
NASA’s Interstellar Mapping and Acceleration Probe (IMAP) mission will help researchers better understand
the boundary of the heliosphere. NASA is targeting 2024 for the launch of a new mission to learn more about
the generation of cosmic rays in the heliosphere. The spacecraft will be positioned about 1.5 million
kilometres away from Earth towards the Sun at what is called the first Lagrange point or L1.
Ghost particle
What are Ghost particles?
Neutrinos area commonly referred as ghost particles.
A neutrino is a subatomic particle that is very similar to an electron but has no electrical charge and a very
small mass. Neutrinos are one of the most abundant particles in the universe. They have very little interaction
with matter. This is why they are referred as ghost particles and they are extremely difficult to detect and
observe.
Why it was in news?
For the first time, scientists have been able to trace the origins of a neutrino that traveled 3.7 billion lightyears to Earth. It was found by sensors deep in the Antarctic ice in the IceCube detector.
The IceCube detector became operational at the South Pole in 2010. Largely funded by the National Science
Foundation, as well as contributions from around the world, IceCube was built to detect high-energy
neutrinos.
In 2013, IceCube discovered the first neutrinos with higher energy from beyond our galaxy.
KATRIN—the Karlsruhe Tritium Neutrino Experiment
It is presently being assembled at Tritium Laboratory Karlsruhe on the KIT Campus North site in Germany.
The international KATRIN Collaboration consists of more than 150 scientists, engineers, technicians and
students from 12 institutions in Germany, the United Kingdom, the Russian Federation, the Czech Republic
and the United States.
KATRIN measures the neutrino mass in a model-independant way via ultrahigh precision measurements of
the kinematics of electrons from beta-decay.
NASA’s Mars Rover Opportunity
What is Mars Rover Opportunity?
Mars Exploration Rover – B and nicknamed "Oppy" was launched in 2003 by
NASA under Mars Exploration Rover program. It landed in 2004 in the region of
Meridiani Planum of Mars.
Why it was in news?
The National Aeronautics and Space Administration (NASA) announced that its
Mars Mission, Opportunity has come to an end. This marked the conclusion of the
15-year saga. The decision to end the mission was made after all the efforts to
restore contact with the Opportunity Mars rover didn’t yield desired results.
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Opportunity was the second rover
Opportunity was the second of the twin Mars Exploration Rovers to land on Mars in January 2004. The other
one was Spirit probe.
Spirit’s mission ended in May 2011 after travelling eight kilometres and Opportunity had logged 45
kilometres before losing contact in June 2018.
Mars may have hosted life form before earth
Black Beauty Meteorite
It is a Martian meteorite found in the Moroccan desert in 2011. The approximate age of the meteorite is 4.4
billion years old.
Nicknamed Black Beauty, it is an example of breccia, which means that it is made up of different kinds of
rocks that were mixed and fused together by heat (sintered).
Why it is of interest now?
Crust formation is an important step in the development of
Mars is thought to have a dense metallic core
terrestrial planets. The Black beauty was a part of Mar’s
with a radius of about 1,800 km, consisting
crust and its study can reveal valuable information about
the crust formation, water and life on the pre-historic primarily of iron, nickel and sulphur. The core
is surrounded by a largely dormant mantle —
Mars.
some 1,500 km thick — made mainly of
What was in the news?
silicon, oxygen, iron and magnesium.
There are two main models for the formation of planets.
1. It occurs in stages, with small dust particles
coalescing into “planetesimals” — rock fragments ten to 100 km in diameter — that collide to form
planetary embryos, and then planets, over a time scale of 50 to 100 million years.
2. According to a more recent model, planetary growth unfolds more quickly and is fuelled by so-called
“pebble accretion”, the layered accumulation of particles measured in centimetres and metres that are
loosely bound with gases.
The scientists measured the zircon minerals present in the meteorite by analyzing the lead decaying from
uranium trapped in zircon.
The study revealed that,
Mars’s primary crust formation which is the end product of planet formation happened much faster
than previously thought. They determined that the Mars’ outer layer hardened 4.547 billion years ago,
only 20 million years after the birth of the Sun.
The results indicate that Mars could have had an environment with oceans, and potentially life, much
earlier than Earth.
Other news related to Mars
NASA’s curiosity rover
NASA’s Curiosity rover has found new evidence preserved in rocks on Mars that suggests that the planet
could have supported ancient life. It has also found evidence for methane in the Martian atmosphere that
could hold a clue for current life on the red planet.
Curiosity drilled into sedimentary rocks known as mudstone from four areas in Gale Crater. This mudstone
gradually formed billions of years ago from silt that accumulated at the bottom of the ancient lake.
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While commonly associated with life, organic molecules, which contain carbon and hydrogen and may also
include oxygen, nitrogen, and other elements, can also be created by non-biological processes and are not
necessarily indicators of life.
Rocks are more porous
Rocks on Mars are more porous and less compacted than scientists expected. Researchers, who measured the
density of rocks in Gale Crater on Mars, concluded that the layers are more porous than thought.
NASA picks ancient Martian river delta for rover landing
Jezero Crater is an ancient river delta chosen as the
The Mars 2020 rover mission is part of
landing site for the non-crewed Mars 2020 rover
NASA's Mars Exploration Program.
mission. The delta is a good place for evidence of life to
The Mars 2020 mission addresses high-priority
be deposited and then preserved for the billions of years
science goals for Mars exploration, including
that have elapsed since this lake was present.
key questions about the potential for life on
Mars 2020 will use the same sky crane landing that
Mars. The mission takes the next step by not
successfully delivered NASA’s unmanned Curiosity
only seeking signs of habitable conditions on
rover to a location called Gale Crater on Mars back in
Mars in the ancient past, but also searching for
2012.
signs of past microbial life itself.
NASA’s InSight Mars explorer
InSight, short for Interior Exploration using Seismic Investigations is a robotic lander designed to study the
deep interior of the planet Mars.
It is the first outer space robotic explorer to study in-depth the "inner space" of Mars: its crust, mantle, and
core.
Studying Mars' interior structure answers key
What are SmallSats?
questions about the early formation of rocky planets
The size and cost of spacecraft vary depending on
in our inner solar system - Mercury, Venus, Earth,
the application. Small spacecraft (SmallSats)
and Mars - more than 4 billion years ago, as well as
focus on spacecraft with a mass less than 180
rocky exoplanets. InSight also measures tectonic
kilograms. Even with small spacecraft, there is a
activity and meteorite impacts on Mars today.
large variety of size and mass that can be
InSight landed in a region called "Elysium Planitia," differentiated.
in 2018 centered at about north and east longitude. As
Minisatellite, 100-180 kilograms
the name indicates, the landing site is a flat, smooth
Microsatellite, 10-100 kilograms
Nanosatellite, 1-10 kilograms
plain close to the equator.
Picosatellite, 0.01-1 kilograms
Mars Cube One (MarCO) CubeSats
Femtosatellite, 0.001-0.01 kilograms
MarCO-A and B were launched along with Insights
What are CubeSats?
Mars lander while they are in the Mars orbit.
CubeSats are a class of nanosatellites that use a
The CubeSats are nick named as EVE and WALL-E
standard size and form factor. The standard
were used as technology demonstrators for
CubeSat size uses a "one unit" or "1U" measuring
experimental radios and antennas, providing an
10x10x10 cms and is extendable to larger sizes.
alternate way for engineers to monitor the landing.
NASA sets record with ‘supersonic’ parachute for Mars 2020 mission
The supersonic parachute was a test experiment conducted from the Black Brant IX sounding rocket and its
began its dive back through Earth's atmosphere.
It will play a key role in landing its state-of-the-art Mars 2020 rover. The parachute was made of nylon,
Technora and Kevlar fibre.
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The parachute deployed at 1.8 Mach speed within four-tenths of a second. It is the fastest inflation in history
of a parachute this size and created a peak load of almost 70,000 pounds of force.
Nuclear-powered ‘tunnelbot’
A brief on Europa – Jupiter’s moon
Europa is one of the Galilean moons of Jupiter, along with Io, Ganymede and Callisto. Europa is the smallest
of the four but it is one of the more intriguing satellites.
The surface of Europa is frozen, covered with a layer of ice, but scientists think there is an ocean beneath the
surface. The icy surface also makes the moon one of the most reflective in the solar system.
Why is it hard to study?
Estimates of the thickness of the ice shell range between 2 and 30 kilometers. This is a major barrier any
lander will have to overcome in order to access the underlying water for looking biosignatures representative
of life on Europa.
What is tunnelbot?
It is a concept study for a nuclear-powered "tunnelbot" that can penetrate the ice shell and reach the top of
Europa's ocean while carrying devices and instruments that can be used to search for signs of life or extinct
life.
The researchers considered two designs for the bot: one powered by a small nuclear reactor, and the other
powered by General Purpose Heat Source bricks radioactive heat source modules designed for space
missions. Heat from both these sources could be used to melt the ice shell.
James Webb Space Telescope
What is JWST?
The James Webb Space Telescope is a space telescope considered to be the successor to the Hubble Space
Telescope. The JWST is being developed by NASA—with significant contributions from the Canadian Space
Agency and the European Space Agency.
The James Webb Space Telescope will be launched on an Ariane 5 rocket by 2021. It will be place in L2 orbit
between the Sun and Earth. This has been a popular spot for several other space telescopes, including the
Herschel Space Telescope and the Planck Space Observatory.
It will focus on four main areas
First light in the universe
Assembly of galaxies in the early universe
Birth of stars
Birth of protoplanetary systems, and planets (including the origins of life.)
Japan to test mini ‘space elevator’
What it is?
It is the world’s first experiment to test small prototype of space elevator in space by using two mini satellites.
The test equipment will be launched by Japan’s space agency on board of H-2B rocket from southern island
of Tanegashima.
How it can be done?
In this experiment, two ultra-small cubic satellites developed by Shizuoka University Faculty of Engineering
will be used for demonstration of space elevator technology. Each satellite measures 10 centimeters each side.
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Roughly 10-meter-long steel cable will be employed to connect twin
satellites. The pair of satellites will be released from International Space
Station (ISS) and container acting like elevator car will be moved on cable
connecting satellites using motor. The movement of motorised elevator
box will be monitored with cameras in the satellites.
Space elevator
The idea of space elevator was first proposed in 1895 by Russian scientist
Konstantin Tsiolkovsky after he saw Eiffel Tower in Paris and later it was
revisited nearly century later in novel by Arthur C. Clarke.
It uses the balancing action between gravitational force (inward facing)
and centrifugal force (outward facing) so that an object anchored to Earth
can be held in place.
There is a point between earth and space where the gravitational tug and
centrifugal force are perfectly balanced against each other. That's called
the 'geosynchronous equatorial orbit.'
Beyond the floating structure occupying this point — at the other end of
the line — would be a weight. The combination of this weight and the
centrifugal force of the weight pulling on the other end of this line would keep the 'elevator' line in place.
China aims to outstrip NASA with super-powerful rocket
What is Long March-9 rocket?
The Long March 9 is a Chinese super-heavy carrier rocket that is currently in study. It is planned for a
maximum payload capacity of 140,000 kg to LEO, 50,000 kg to Lunar Transfer Orbit or 44,000 kg to Mars.
This compares to the 20 tonnes deliverable by Europe’s Ariane 5 rocket or the 64 tonnes by Elon Musk’s
Falcon Heavy. It would also outstrip the 130 tonnes of NASA’s Space Launch System, which is due to
become operational in 2020.
Its first flight is expected in 2030. The proposed design would be a three-staged rocket. It is currently in the
initial design phase with two versions: one with liquid fuel boosters, and one with solid fuel boosters. The
liquid boosters may use kerosene / liquid oxygen engines with 500 T thrust.
Chinese lunar rover named as ‘Yutu 2’
Yutu 2 or Jade Rabbit
China has named their lunar rover as ‘Yutu 2’. The rover is part of China Chang’e-4
lunar probe. It was successfully deployed to carry out a string of experiments on the
unexplored far side of the moon. It would also analyse soil and rock samples for
minerals, apart from activating.
China’s lunar probe is part of its ‘Made in China-2025’ project, which focuses on
advanced technology, including space applications. The mission sent the first panoramic image of its landing
site recently, showing the grey moonscape it is exploring and the track marks left by the rover in the lunar
soil. Chang’e-4 landed in the Von Karman Crater within the South Pole-Aitken Basin. The basin is the largest
and deepest impact crater in the solar system.
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Cotton sprout in moon to perish in cold
A cotton seedling that sprouted on the moon has been left to die as China’s historic lunar lander continues a
freezing night-time nap that will last as long as two earth weeks. The Chinese space agency announced that
the seed had germinated inside a special canister aboard the Chang’e-4 probe, after the spacecraft on January
3 made the first-ever landing on the far side of the moon.
BeiDou
The BeiDou Navigation Satellite System (BDS) is a Chinese satellite navigation system. It consists of two
separate satellite constellations. The first BeiDou system, officially called the BeiDou Satellite Navigation
Experimental System and also known as BeiDou-1, consists of three satellites which since 2000 has offered
limited coverage and navigation services, mainly for users in China and neighboring regions. Beidou-1 was
decommissioned at the end of 2012. On 27 December 2018, BeiDou Navigation Satellite System started to
provide global services.
Feihong-98
China has successfully tested the world’s largest unmanned transport drone which can carry a payload of 1.5
tonnes. A commercial drone Feihong-98 (FH-98) developed and modified by the China Academy of
Aerospace Electronics Technology made a test flight in the Baotou site in north China.
Maritime surveillance system
Why in news?
ISRO and its French counterpart CNES has sealed an agreement
The two agencies have put up two
to set up a joint maritime surveillance system in the country.
The two nations will explore putting up a constellation of low- climate and ocean weather monitoring
satellites Megha-Tropiques (of 2011)
Earth orbiting satellites.
and SARAL-AltiKa (2013) that is
The Indo-French pact for maritime surveillance system is a
considered a model.
follow-up of a broader agreement signed in March 2018 during
French President Emmanuel Macron’s state visit to India.
The agreement is a first step to set up a surveillance system where ISRO and CNES will launch a series of
satellites and set up ground stations that will be used for maritime domain awareness. The network of
satellites will help detect, identify and track ships in the Indian Ocean in order to safeguard the Indian waters
from pirates and hostile ships.
Oceansat-3-Argos Mission
The system will be augmented with the launch of Oceansat-3-Argos mission in 2020 along with a joint
infrared Earth-observation satellite. These will identify and track movement of ships globally – and in
particular those moving in the Indian Ocean region where France has its Reunion Islands.
BepiColombo - Joint mission for Mercury
Why in news?
BepiColombo is a planned European-Japanese mission to Mercury. It successfully launched on Oct. 19, 2018.
The mission includes a carrier spacecraft called the Mercury Transfer Module (MTM) – which supplies
electrical power during interplanetary cruise – and two separate orbiters. The European Space Agency's
spacecraft is the Mercury Planet Orbiter (MPO) and the Japanese Aerospace Exploration Agency's spacecraft
is the Mercury Magnetospheric Orbiter (MMO).
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The spacecraft will take about seven years to get to Mercury, using several gravity assists from other planets
along the way. It will fly by Earth and Venus in 2020, Venus in 2021 and Mercury itself between 2021 and
2025. These flybys will slow down the spacecraft enough to be captured by Mercury's gravity in December
2025.
Mission objectives
The MPO will study the surface and internal composition of the planet and the MMO will study Mercury’s
magnetosphere i.e. the region of space around the planet that is influenced by its magnetic field.
The mission would help scientists not only understand how the planet had formed, but also give more
information generally about the solar system's formation.
SpaceIL
SpaceIL is an Israeli organization, established in 2011, that
was competing in the Google Lunar X Prize to land a
spacecraft on the Moon.
What was in the news?
Beresheet probe is the SpaceIL's lunar lander launched from
Cape Canaveral on a used SpaceX Falcon 9 rocket in 2019.
It was launched along with an Indonesian communications
satellite and a U.S. Air Force satellite.
Beresheet carries a time capsule of digital records and an instrument to study the moon's magnetic field. If the
spacecraft touches down safely, it will mark the first moon landing for Israel and the first for a privately
funded organization from anywhere.
Astronomers confirm key theory of relativity
What was the news?
The astronomers claimed that they had for the Two objects exert a force of attraction on one another
first time confirmed a prediction of Albert
known as "gravity." Sir Isaac Newton quantified the
gravity between two objects when he formulated his
Einsten’s theory of general relativity. It was by
three laws of motion. The force tugging between two
observing the gravitational effects of a
bodies depends on how massive each one is and how
supermassive black hole on a star moving by it.
far apart the two lie.
The European Southern Observatory, whose
Albert Einstein, in his theory of special relativity,
Very Large Telescope in Chile was used to
determined that the laws of physics are the same for
make the observations.
all non-accelerating observers, and he showed that
How it was confirmed?
the speed of light within a vacuum is the same no
Researchers from the GRAVITY consortium
matter the speed at which an observer travels. As a
led by the Max Planck Institute for
result, he found that space and time were interwoven
Extraterrestrial Physics chose the supermassive
into a single continuum known as space-time. Events
that occur at the same time for one observer could
black hole, Sagittarius A*, in the centre of the
occur at different times for another.
Milky Way.
Black holes are so dense that their gravitational
pull can trap even light, and the supermassive Sagittarius A* has mass four million times that of sun, making
it the biggest in galaxy.
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Astronomers followed the S2 star as it recently passed close to the black
hole at a speed in excess of 25 million km/hour.
They then calculated its velocity and position using a number of
instruments and compared it with predictions made by Einstein that the
light would be stretched by the gravity, in an effect called gravitational
redshift.
Newtonian physics doesn’t allow for a redshift.
What is gravitational redshift?
Einstein’s theory of general relativity predicts that the wavelength of
electromagnetic radiation will lengthen as it climbs out of a
gravitational well. Photons must expend energy to escape, but at the
same time must always travel at the speed of light, so this energy must
be lost through a change of frequency rather than a change in speed. If the energy of the photon decreases, the
frequency also decreases. This corresponds to an increase in the wavelength of the photon, or a shift to the red
end of the electromagnetic spectrum – hence the name, gravitational redshift.
Cosmic rays from massive star system may reach earth
Why it is difficult to trace the cosmic rays?
It is known that cosmic rays with energies greater than one billion electron volts (eV) comes to earth from
beyond our solar system. However, because these particles — electrons, protons and atomic nuclei, all carry
an electrical charge — they veer off course whenever they encounter magnetic fields. This scrambles their
paths and masks their origins.
What was the news?
Eta Carinae is a luminous star in the night sky. It was found to be accelerating particles to high energies, some
of which may reach the earth as cosmic rays.
A brief on Eta Carinae
Eta Carinae is located about 7,500 light-years away in the southern constellation of Carina, is famous for a
19th century outburst that briefly made it the second-brightest star in the sky.
The system contains a pair of massive stars whose eccentric orbits bring them unusually close every 5.5 years.
Both stars drive powerful outflows called stellar winds in the form of cosmic rays.
How it was observed?
NuSTAR launched in 2012 under NASA Small Explorer (SMEX) mission.
The NuSTAR (Nuclear Spectroscopic Telescope Array) mission has deployed the first orbiting telescopes to
focus light in the high energy X-ray (3 - 79 keV) region of the electromagnetic spectrum.
NASA probe nearing interstellar space
What is interstellar space?
The vast stretches of space that fall between the illuminated regions where stars sit, is what is known as
Interstellar Space. It can be the space between stars but also can refer to the space between galaxies.
What is Voyager 2 probe?
Voyager 2 is a space probe launched by NASA on August 20, 1977, to study the outer planets. It is a part of
the Voyager program launched 16 days before its twin, Voyager 1. It took longer to reach Jupiter and Saturn
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but enabled further encounters with Uranus and Neptune. It is the only spacecraft to have visited either of
these two ice giant planets.
Once Voyager 2 exits the heliosphere, it will become the second human-made object, after Voyager 1, to
enter interstellar space.
Why it was in news?
NASA’s Voyager 2 probe is approaching interstellar space and has detected an increase in cosmic rays that
originate outside our solar system.
How Voyager 2 detected?
The probe’s Low-Energy Charged Particle instrument has detected a increase in higher-energy cosmic rays. In
May 2012, Voyager 1 experienced an increase in the rate of cosmic rays similar to what Voyager 2 is now
detecting. That was about three months before Voyager 1 crossed the heliopause and entered interstellar
space.
How the interstellar space can be confirmed?
The increase in cosmic rays is not a definitive sign that the probe is about to cross the heliopause. The fact
that Voyager 2 may be approaching the heliopause six years after Voyager 1 is also relevant, because the
heliopause moves inward and outward during the Sun’s 11-year activity cycle.
Parker Solar Probe
A brief on the probe
It is a NASA robotic spacecraft launched in 2018 and
currently en route to probe the outer corona of the Sun.
In October 2018, the spacecraft became the closest ever manmade object to the Sun. The previous record of 26.55 million
miles from the Sun's surface was set by the Helios 2
spacecraft in 1976.
The mission is named after astrophysicist Eugene Parker, 91,
the physicist who first theorised the existence of the solar
wind in 1958. It is the first space craft to be named after a living person. It also holds a memory card
containing more than 1.1 million names submitted by the public to travel with the spacecraft to the Sun.
Goal of Parker Solar Probe
The goal for the Parker Solar Probe is to make 24 passes through the corona during its seven-year mission. By
coming closer to the Sun than any spacecraft in history, the unmanned probe’s main goal is to unveil the
secrets of the corona, the unusual atmosphere around the Sun. This will help scientists in predicting when a
disturbance in the solar wind could hit Earth.
The probe is protected by an ultra-powerful heat shield that is just 4.5 inches (11.43 centimetres) thick. The
heat shield is built to withstand radiation equivalent to up to about 500 times the Sun’s radiation on Earth.
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Radio telescope captures clear view of black hole
What is Square Kilometre Array?
The Square Kilometre Array (SKA) project is an international effort to build the world’s largest radio
telescope, with eventually over a square kilometre (one million square metres) of collecting area.
The SKA will eventually use thousands of dishes and up to a million low-frequency antennas that will enable
astronomers to monitor the sky in unprecedented detail and survey the entire sky much faster than any system
currently in existence.
Both South Africa’s Karoo region and Western Australia’s Murchison Shire were chosen as co-hosting
locations for many scientific and technical reasons, from the atmospherics above the sites, through to the
radio quietness, which comes from being some of the most remote locations on Earth.
Why it was in news?
South Africa formally unveiled a super radio telescope, a first phase of what will be the world’s largest
telescope in a project to try to unravel the secrets of the universe. The 64-dish MeerKAT telescope in the
remote and arid Karoo region of South Africa will be integrated into a multi-nation Square Kilometre Array
(SKA). A panorama captured by the MeerKAT telescope showed “the clearest view yet” of the black hole at
the centre of the Milky Way Galaxy.
Not in operation fully
When fully operational, the SKA telescope will be 50 times more powerful than any other telescope in the
world. The telescope will be the largest of its own kind in the world with image resolution quality exceeding
the Hubble Space Telescope by a factor of 50 times. Expected to be fully up and running by 2030, the SKA
will comprise a forest of 3,000 dishes over an area of a square kilometre.
Physicists observe decay of Higgs boson
What is Higgs boson?
In 1964, the British physicist Peter
Higgs wrote a landmark paper
hypothesizing why elementary
particles have mass. He predicted
the existence of a three-dimensional
"field" that permeates space and
drags on everything that trudges
through it. Some particles have
more trouble traversing the field
than others, and this corresponds to
them being heavier. If the field —
later dubbed the Higgs field —
really exists, then Higgs said it must
have a particle associated with it:
the Higgs boson.
Large Hadron Collider (LHC)
facility in the CERN campus discovered the Higgs boson in 2012.
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Why it was in news?
According to Standard Model, a Higgs boson particle will decay into fundamental particles called bottom
quarks (b quarks).
Scientists witnessed the prediction in 2018 of Higgs boson decaying into tiny bits called “bottom quarks”.
Blood moon 2018
Why in news?
The Super Blood Moon combined with a lunar eclipse (where the Sun, the Earth and a brighter, much larger
Moon lined up together) had occurred in 2018. The Moon appeared blood red in colour, nearly 30% brighter.
What is Supermoon?
A Supermoon is a phenomenon that occurs when, a full or new Moon coincides with a Moon that is nearing
its minimum distance (perigee) to Earth. The Moon takes an elliptical orbit around Earth, which means that
the average distance between the two changes from as much as 405,000km
(its apogee) to as low as 363,000km at the perigee.
When the Supermoon occurs?
The Supermoon occurs when the Moon is at its closest to the Earth. Tthe
phenomenon can make the Moon appear larger by nearly 14% larger than
its usual visible size.
Why Supermoon is in Blood red colour?
During a total lunar eclipse, white sunlight hitting the atmosphere on the
sides of the Earth gets absorbed and then radiated out (scattered). That is, the atmosphere filters out (scatters
away) most of the blue-colored light and what’s left is the orange and red coloured light. This red coloured
light passes through our atmosphere without getting absorbed and scattered, before the atmosphere bends it
(refracts it) back out, projecting indirect, reddish light on to the Moon. The reddish light projected on the
Moon is dimmer than the full white sunlight that the Moon typically reflects back to us. That’s because the
light is indirect and because the red-coloured wave lengths are only part of what makes up the white light
from the Sun that the Moon usually receives.
Space station reports leak
What was the issue discovered?
A leak was found at the International Space Station in 2018.
The fracture was found on the Soyuz ship that brought astronauts to the ISS in June 2018 for a six-month
mission and docked with the space station. The fracture was patched from the inside
Soyuz spacecraft
The Soyuz (saw-yooz) is a Russian spacecraft. The Soyuz carries people and supplies to and from the space
station. The Soyuz can also bring people back to Earth. Russia is a big country. Russia helps the United States
run the International Space Station. Other countries also help with the space station. But only Russian
spacecraft carry people to it right now.
ICESat 2 - NASA to measure melting ice
What is Ice, Cloud and land Elevation Satellite-2
ICESat-2 is short for Ice, Cloud and land Elevation Satellite-2. It will orbit Earth carrying a photon-counting
laser altimeter, ATLAS (Advanced Topographic Laser Altimeter System)
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This instrument will measure height by determining how long it takes photons to travel from the spacecraft to
Earth and back.
Each pulse will release about 20 trillion photons. The laser will measure the slope and height of the ice, not
just the area it covers The new laser will fire 10,000 pulses of green light in one second, compared to the
original ICESat which fired 40 times a second
With this incredibly fast pulse rate, ATLAS can take measurements every 2.3 feet (0.7 metres) along the
satellite's ground path.
ICESat-2 will also survey heights of the world's forests, lakes, urban areas, cloud cover and more, adding a
detailed third dimension to flat images of Earth from space.
Objective behind launching ICESat-2
The mission will provide insight into Earth's frozen regions -- the Cryosphere -- which is rapidly changing
with our warming climate.
Melting glaciers and polar land ice contribute to rising sea levels.
Shrinking sea ice changes Earth's energy budget and can modify ocean circulation patterns that buffer climate
extremes.
With ICESat-2's frequent and precise measurements of elevation, scientists will be able to see where ice is
flowing, melting or growing and can investigate the global impacts of these changes.
In forested areas, height information will help researchers calculate how much carbon is stored in trees.
ICESat 1
The first ICESat was launched in 2003 and ended in 2009. It revealed that sea ice was thinning, and ice cover
was disappearing from coastal areas in Greenland and Antarctica.
The launch of ICESat-2 marks the first time in nearly a decade that NASA has had a tool in orbit to measure
ice sheet surface elevation across the globe.
The mission is meant to last three years but has enough fuel to continue for 10, if mission managers decide to
extend its life.
Glitch puts NASA’s Chandra telescope in ‘safe’ mode
What was the news?
NASA’s Chandra X-Ray Observatory went into safe mode as a result of a possible gyroscope failure.
During the safe mode, scientific observations are interrupted. The orientation of the spacecraft is changed so
that the solar panels get maximum sunlight.
What do gyroscopes do?
In order to make precise observations of objects in space, pointing the telescope to an object and holding it
steady is important. This job is done by the gyroscopes and steering devices called reaction wheels.
The gyroscopes help control the telescope’s pointing while scientists are observing the objects in space.
Further when the telescope needs to be re-pointed to another object, the gyroscopes sense this and pass this
message to the computer control system. The control system then a command to give the reaction wheels a
“push” or “spin.”
A brief on Chandra X-Ray Observatory
The temperatures in various objects in space like starts, galaxies, supernova, blackhole etc are extremely high
to the order of 106 to 108 Kelvin. Atoms in such a high-temperature gas move so fast that when they collide,
they emit X-ray photons of very high energy and very short wavelengths less than 10 nm.
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Thus to study hot objects like inside of a star, supernova, centers of galaxies etc X-Ray telescopes are
necessary.
Further the X-ray photons in such short wavelengths do not enter earth because the earth’s atmosphere is
opaque to them. Thus X-ray telescopes designed to detect these photons must be placed in orbit above earth’s
atmosphere.
X-ray astronomy took a quantum leap forward in 1999 with the launch of NASA’s Chandra X-ray
Observatory.
Chandra is named after the Indian- American astrophysicist Subrahmanyan Chandrasekhar.
UAE to send two astronauts to space
Why in news?
The United Arab Emirates has selected its first two astronauts to go on a
mission to the International Space Station. The new astronauts are Hazza alMansouri and Sultan al-Neyadi. The UAE has its sights set on space with a
programme worth 20 billion dirhams ($5.4 billion).
Hope mission
The oil-rich Gulf nation has already announced plans to become the first
Arab country to send an unmanned probe to orbit Mars by 2021, naming it
“Hope”. The astronaut programme would make the UAE one of only a handful of states in the Middle East to
have sent a person into space.
Metal organic framework (MOF) Spacesuits may protect microbes in space
Why in news?
Scientists have developed “spacesuits” for bacteria that may allow the microbes to survive space
environments that would otherwise kill them.
The protective suits pair live bacteria with light-absorbing semiconductors in order to capture carbon dioxide
and convert it into chemicals that can be used by industry or, someday, in space colonies. The system,
developed by researchers’ mimics the photosynthesis in plants.
About the bacteria
The hybrid system captures CO2 and light to make a variety of carbon compounds, depending on the type of
bacteria. The bacteria used in the experiment are anaerobic, which means they can live in environments
without oxygen. The suit a patchwork of mesh-like pieces called a metal-organic framework is impermeable
to oxygen and reactive oxygen molecules, like peroxide, that shorten bacteria’s lifespan. With the MOF suits,
the bacteria lives five times longer at normal oxygen concentrations 21% by volume than without the suits.
Ultima Thule - Meet the ‘snowman’ floating in space
What is New Horizons mission?
The New Horizons is an interplanetary space probe launched by the U.S.-based National Aeronautics and
Space Administration (NASA) in January 2006. Its primary mission is to perform a flyby of dwarf planet
Pluto in the Kuiper Belt.
In 2015, the probe made a flyby of Pluto. Post this, scientists at NASA adjusted its course in such a way that
it could make a close encounter with Ultima Thule in Jan 1, 2019.
What is the objective of the Ultime Thule flyby?
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Ultima Thule or 2014 MU69 was discovered using the Hubble Space Telescope in 2014. Scientists were
searching for an object in the Kuiper Belt that the spacecraft could study after Pluto and they selected Ultima
Thule as it could be reached using the remaining fuel on the probe. New Horizons came within 3,500 km of
Ultima Thule, three times closer than the spacecraft’s encounter with Pluto.
The objectives of the flyby include studying the
geology and morphology of Ultima Thule and
The Kuiper Belt is a ring of icy objects, that
surveying its environment to detect moonlets, comas
begins near the orbit of Neptune and continues
beyond Pluto. The Kuiper Belt Objects (including
(a coma is a cloud of particles surrounding the
Ultima Thule) are thought to be remnants left
nucleus of a comet), or rings, if any.
over from the formation of the solar system.
What do we know about Ultima Thule?
Besides Pluto, Eris, Makemake and Haumea are
Ultima Thule is a small lump of rock and dirty ice
the other known dwarf planets in this belt.
that orbits the sun in the Kuiper Belt.
It is approximately 33 km long with a rotation period
of about 15 hours. It is very dark, reflecting only about 10 percent of the light that strikes it. It is red in colour.
The object is shaped like a bowling pin or a snowman, elongated with two lobes.
How did Ultima Thule form?
Ultima Thule is a contact binary. Contact binary is any solar system body composed of two bodies that have
gravitated towards each other until they touch each other or merge to share their gaseous envelopes.
Scientists say that Ultima Thule probably formed from small particles in the original solar disk of gas and
dust. They might have come together at such a gentle speed that they are sort of resting on each other,
forming the bi-lobed object visible today. Scientists named the larger lobe Ultima and the smaller one –
Thule.
Why is this flyby important?
The flyby will not only throw light on Ultima Thule and the Kuiper Belt, but also on the solar system.
Hovering in the cold outer reaches of the solar system, the object is preserved in its pristine, prehistoric state,
allowing scientists to take a look into the distant past, to know more about the formation of the solar system
Dark matter can be moved around
Why in news?
Scientists have found that as a result of star formation in galaxies, the mysterious dark matter, believed to
make up most of the mass of the universe, can be heated up and moved around. The findings provide the first
observational evidence for the effect known as ‘dark matter heating’, and give new clues as to what makes up
dark matter.
Dark Matter
Unlike normal matter, dark matter does not interact with the electromagnetic force. This means it does not
absorb, reflect or emit light, making it extremely hard to spot. In fact, researchers have been able to infer the
existence of dark matter only from the gravitational effect it seems to have on visible matter. Dark matter
seems to outweigh visible matter roughly six to one, making up about 27% of the universe.
Dark energy makes up approximately 68% of the universe and appears to be associated with the vacuum in
space. It is distributed evenly throughout the universe, not only in space but also in time – in other words, its
effect is not diluted as the universe expands. The even distribution means that dark energy does not have any
local gravitational effects, but rather a global effect on the universe as a whole. This leads to a repulsive force,
which tends to accelerate the expansion of the universe.
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Dark Matter Heating
When stars form, strong winds can push gas and dust away from the heart of the galaxy. As a result, the
galaxy’s center has less mass, which affects how much gravity is felt by the remaining dark matter. With less
gravitational attraction, the dark matter gains energy and migrates away from the center, an effect called dark
matter heating.
Scientists found that galaxies that stopped forming stars long ago had higher dark matter densities at their
centers than those that are still forming stars today. This supports the theory that the older galaxies had less
dark matter heating.
Brightest comet set to pass by Earth
Why in news?
In Dec 2018, 46P/Wirtanen (a comet) passed very close to the Earth (just 11,586,350 kilometers) away. That's
among the 10 closest comet approaches that have occurred since 1950 and the 20th closest approach of a
comet dating as far back as the ninth century A.D.
Researchers determined that around the time of its closest approach to Earth, called perigee, 46P/Wirtanen
was become as bright as third magnitude, which is bright enough to be glimpsed with the unaided eye.
A brief on 46P/Wirtanen
Comet 46P/Wirtanen was one of three comets discovered by astronomer Carl Wirtanen at Lick Observatory in
1948.
It is also a member of the Jupiter "family" of comets — comets with relatively short orbital periods of 20
years or less, with aphelia (their farthest point from the sun) near the orbit of Jupiter.
HAZMAT (Habitable Zones and M dwarf Activity across Time) programme
What the programme is about?
It is a NASA programme where Hubble telescope is made to observe stars for violent flares that may make
planets orbiting it uninhabitable by affecting their atmospheres.
The goal of the HAZMAT programme is to help understand the habitability of planets around low-mass stars.
“M dwarf” is the astronomical term for a red dwarf star — the smallest, most abundant and longest-lived type
of star in our galaxy. HAXMAT is an ultraviolet survey of red dwarfs at three different ages: young,
intermediate, and old.
What was found?
It was found that the flares from the youngest red dwarfs are 100 to 1,000 times more energetic than when the
stars are older. This younger age is when terrestrial planets are forming around their stars.
However, young red dwarfs are active stars, producing ultraviolet flares that blast out so much energy that
they could influence atmospheric chemistry and possibly strip off the atmospheres of these fledgling planets.
The observing programme detected one of the most intense stellar flares ever observed in ultraviolet light.
Dubbed the “Hazflare,” this event was more energetic than the most powerful flare from our Sun ever
recorded.
Geminid Meteor Shower 2018
Why in news?
Geminid meteor shower 2018, a celestial phenomenon that takes place in December every year, can be
witnesses at its peak on December 13 and 14, 2018. The meteor shower will be visible from all across the
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globe, including India, though it is more prominent in the Northern Hemisphere of the Earth. The Geminid
meteor shower happens when Earth passes through a massive trail of debris of 3200 Phaethon, which is an
Apollo Asteroid.
About the Geminid Meteor Shower
NASA says the showers will be more frequent or slightly more than one minute in places with darker and
clearer skies. In suburbs though, showers will be around 30 to 40 per hour. Given this is a meteor shower, it
will be hard to see this in cities due to light pollution. Those who can should ideally head out away from the
suburbs to watch the meteor shower. Once the Moon sets, the meteors will be more clearly visible. People are
advised to find the darkest place around and get their eyes accustomed to the dark. Any kind of light,
including smartphones will hamper the experience.
Dawn mission to asteroid belt
What was in the news?
NASA’s pioneering Dawn spacecraft which orbited the
Hydrazine
two largest objects in the asteroid belt has run out of fuel,
Hydrazine is a molecule of two singly-bonded
ending a historic 11-year mission.
nitrogen atoms and four peripheral hydrogen
Why it was decommissioned?
atoms. In its anhydrous form, it is a colourless,
toxic irritant and sensitiser, which damages
The spacecraft ran out of hydrazine, the fuel that enables
the central nervous system, producing
the spacecraft to control its pointing. Thereby it missed
symptoms as extreme as tumours and seizures.
scheduled communications sessions with NASA’s Deep
Space Network.
Dawn can no longer keep its antennae trained on Earth to communicate with mission control or turn its solar
panels to the Sun to recharge.
What were its achievements?
Dawn also reinforced the idea that dwarf planets could have hosted oceans over a significant part of their
history and potentially still do.
Dawn will remain in orbit for at least 20 years, and engineers have more than 99% confidence the orbit will
last for at least 50 years
New space industry - servicing satellites on orbit
Why in news?
A new space infrastructure and civil Space at a company called Space Systems
Loral (SSL) is planning to service two to three dozen satellites in a distant
geostationary orbit, some 36,000 km from the earth.
SSL unmanned spacecraft will be able to latch onto a satellite to inspect it,
refuel it, and possibly even repair it or change components, and put it back in
the correct orbit.
About the spacecraft
It as “equivalent to a AAA servicing truck in geostationary orbit.” Intelsat, which operates 50 geostationary
satellites, signed a contract with Space Logistics (SSL) for its Mission Extension Vehicle (MEV). When it
launches in 2019, the spacecraft will attach itself to a broken down satellite, and reposition it in its correct
orbit. The MEV will stay attached and use its own engine to stay in orbit.
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Since 2008, France has required satellite operators to take steps to “deorbit” their spacecrafts by programming
them to re-enter the earth’s atmosphere in 25 years so that they burn up. When it comes to satellites in
geostationary orbits, their end-of-life option is to go farther from the earth to a “graveyard orbit” 200 miles
(300 kilometers) further away.
Astroscale
A small Japanese company founded in 2013, Astroscale, is developing a system to approach and capture
space debris and broken satellites. Airbus’s future “Space Tug,” planned for 2023, is being built to grab old
satellites and push them down to 125 miles (200 kilometers) above Earth so they burn up. The number of
satellites in space has already risen 50 percent in five years.
Significance
On-orbit servicing could help cut down on the perplexing problem of mounting space debris. Of the 23,000
space objects counted by the U.S. military, just 1,900 are active satellites. The rest includes nearly 3,000
inactive satellites, 2,000 pieces of rockets and thousands of fragments produced by two key events:
• the deliberate missile explosion of a Chinese satellite in 2007
• and the 2009 collision of an Iridium satellite with an ageing Russian one
Since 2008, France has required satellite operators to take steps to “deorbit” their spacecrafts by programming
them to re-enter the earth’s atmosphere in 25 years so that they burn up.
Scientists discover largest known structure of early universe
What was the news?
A team of scientists at the European Southern Observatory (ESO) have detected the largest protogalaxy
supercluster named as Hyperion. In Ancient Greek mythology, Hyperion was a colossal titan who fathered
Helios, the Sun.
It is the most extensive collection of galaxies ever registered in the early days of the universe.
What are superclusters?
Supercluster is a group of galaxy clusters typically consisting of 3 to 10 clusters and spanning as many as
200,000,000 light-years. They are the largest structures in the universe.
A brief on Hyperion
Hyperion has a calculated mass more than one million billion times that of the Sun, making it the largest and
most massive structure to be found so early in the formation of the universe.
It is like 5,000 galaxies of the Milky Way.
Its distance from earth means astronomers are viewing it as it was created just over two billion years after the
Big Bang, which gave rise to the universe about 13.8 billion years ago. Hyperion is a sixth of the age of the
universe
How it was Hyperion detected?
Hyperion was detected using the Visible Multi-Object Spectrograph (VIMOS. The VIMOS instrument can
measure the distance to hundreds of galaxies at the same time. The spectrograph is hosted by the Chile-based
Very Large Telescope.
The instrument makes it possible to map the position of galaxies within the forming supercluster in three
dimensions.
This is the first time that such a large structure has been identified at such a high redshift, just over two billion
years after the Big Bang.
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Scientists have found evidence of methane rainfall on Titan
Why in news?
Scientists have found evidence of methane rainfall on the north
pole of Titan, the largest moon of Saturn, using data from
the Cassini spacecraft. The rainfall would be the first indication of
the start of a summer season in Titan’s northern hemisphere.
The researchers identified a reflective feature near Titan’s north
pole on an image taken in June 2016 by Cassini’s near-infrared
instrument, the Visual and Infrared Mapping Spectrometer. The reflective feature covered about 46,332
square miles and did not appear on images from previous and subsequent Cassini passes.
Cassini Mission
The Cassini mission was collaboration between NASA, Europe agency and Italian space agency. It was
launched in October 1997. The purpose of the spacecraft is to study the planet Saturn and its system,
including its rings and natural satellites.
Saturn’s rings are younger than thought
Why in news?
Scientists said that a calculation of the mass of
Four planets in the Solar System have rings. They are
the rings based on gravitational measurements
the four giant gas planets Jupiter, Saturn, Uranus, and
of the planet collected by Cassini indicated
Neptune.
they formed between 100 million and 10
Saturn has by far the largest ring system.
The rings around Jupiter, Uranus, and Neptune are much
million years ago in roughly the final 2% of
smaller, darker, and fainter than the rings of Saturn.
Saturn’s current age.
The findings challenge the notion favoured by
some astronomers that the rings developed soon after Saturn formed about 4.5 billion years ago along with the
other planets, including the earth.
Saturn’s Rings
Saturn’s rings are made up of billions of particles ranging from grains of sand to mountain-size chunks. It is
composed predominantly of water-ice.
There are actually many rings—maybe 500 to 1000. There are also gaps in the rings.
Saturn losing its iconic rings rapidly
What was the news?
Saturn's rings are gradually lost in the form of a rain
of ice particles and drawn into the Saturn by its
gravity.
How it was discovered?
It
was
discovered
when
Cassini
was
decommissioned in 2017 by plunging it into the
Saturn’s atmosphere resulting in atmospheric reentry
burning.
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Cassini is a joint project between NASA, the
European Space Agency and Agenzia Spaziale
Italiana (the Italian space agency).
Cassini was the first dedicated spacecraft to look
at Saturn and its system.
It was launched in 1997.
Its mission ended in 2017 when Cassini's
trajectory took it into Saturn's upper atmosphere
and it burned up in order to prevent any risk of
contaminating Saturn's moons, which might
have offered habitable environments to
stowaway terrestrial microbes on the spacecraft.
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What was predicted?
Saturn’s rings are being pulled in by the planet’s gravity after becoming subject to Saturn’s magnetic field –
which turn them into a dusty “ring rain” in Saturn’s upper atmosphere.
At this rate, the Saturn's rings are likely to disappear in the next 100 million years.
Saturn's ring system appears to be in the middle of its lifetime.
NASA captures images of supersonic waves
What are Sonic booms?
A loud explosive noise caused by the shock wave from an aircraft or other
object travelling faster than the speed of sound.
What was the news?
NASA has captured unprecedented photos of the interaction of shockwaves
from two supersonic aircraft, part of its research into developing planes that
can fly faster than sound without thunderous “sonic booms”.
When an aircraft crosses that threshold around 1,225 km per hour at sea level it produces waves from the
pressure it puts on the air around it, which merge to cause the ear-splitting sound. In an intricate manoeuvre
by pilots at NASA’s Armstrong Flight Research Center in California, two supersonic T-38 jets flew just 30
feet apart below another plane waiting to photograph them with an advanced, high-speed camera.
NASA orbiter spots water molecules moving around the dayside of moon
Why in news?
NASA’s Lunar Reconnaissance Orbiter (LRO) has observed water molecules moving around the dayside of
Moon. Lyman Alpha Mapping Project (LAMP) the instrument aboard LRO measured sparse layer of
molecules temporarily stuck to the Moon’s surface, which helped characterise lunar hydration changes over
the course of a day.
It is an advance that could help us learn about the accessibility of water that can be used by humans in future
lunar missions.
Uses of lunar water
Lunar water can potentially be used by humans to make fuel or to use for radiation shielding or thermal
management, if these materials do not need to be launched from Earth, that makes these future missions more
affordable.
Source of Moon’s surface water
Scientists had hypothesised that hydrogen ions in the solar wind may be the source of most of the moon’s
surface water. As a result, when the moon passes behind the earth and is shielded from the solar wind, the
‘water spigot’ should essentially turn off. However, the water observed by LAMP does not decrease when the
moon is shielded by the earth and the region influenced by its magnetic field, suggesting water builds up over
time, rather than ‘raining’ down directly from the solar wind.
How is lunar water bound to surface materials?
Water molecules remain tightly bound to the regolith until surface temperatures peak near lunar noon.
Molecules thermally desorb and can bounce to a nearby location that is cold enough for the molecule to stick
or populate the moon’s extremely tenuous atmosphere or exosphere, until temperatures drop and the
molecules return to the surface.
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A brief on Lunar Reconnaissance Orbiter (LRO)
LRO is a NASA mission to the moon within the Lunar Precursor and Robotic Program (LPRP) in preparation
for future manned missions to the moon and beyond (Mars). LRO is the first mission of NASA’s `New Vision
for Space Exploration’ in 2004 in sending more robot and human explorers beyond Earth orbit.
The objectives of LRO are to:
• Identify potential lunar resources.
• Gather detailed maps of the lunar surface.
• Collect data on the moon’s radiation levels.
• Study the moons polar regions for resources that could be used in future manned missions or robotic
sample return missions.
• Provide measurements to characterize future robotic explorers, human lunar landing sites and to
derive measurements that can be used directly in support of future Lunar Human Exploration
Systems.
NASA’s OSIRIS-REx probe to asteroid Bennu
Why in news?
NASA’s first mission to visit a near-Earth asteroid, the OSIRIS-REx, has executed the first of a series of
exercises to slow down the spacecraft’s speed to put it on course for its scheduled arrival at the asteroid
Bennu.
OSIRIS-REx
OSIRIS-Rex stands for Origins, Spectral Interpretation, Resource Identification, Security-Regolith Explorer.
It was launched in 2016 for studying 101955 Bennu, a carbonaceous asteroid.
It is NASA’s first asteroid sampling mission i.e. it will survey surface, collect sample and deliver it safely
back to Earth. It will regularly observe area around the asteroid to search for dust plumes and natural satellites
and study its light and spectral properties. It will return to Earth after collecting some of its gravels by 2023. It
will capture 60 grams dirt and debris from surface of asteroid using its robotic arm without landing i.e. by
hovering like hummingbird stirred up by nitrogen gas thrusters and then to Earth for detailed analysis of the
collected samples.
Bennu
Bennu is near-Earth carbonaceous asteroid about the size of a small mountain in the Apollo group. It was
discovered in September 1999 by the LINEAR Project. It orbits close to Earth’s path around the Sun. It is one
of the oldest asteroids known to NASA. It is carbon-rich asteroid and believed to be the type of asteroids that
may have chemical building blocks of life, along with lots of water.
It is potentially hazardous asteroid and there is very slight chance it could strike into Earth in the late 22 nd
century.
VISIONS-2 - NASA rocket to image Earth’s leaky atmosphere
Why in news?
NASA launched a sounding rocket to understand how the Earth’s atmosphere is slowly leaking into space.
Understanding atmospheric escape on Earth has applications all over the Universe – from predicting which far
off planets might be habitable, to piecing together how Mars became the desolate, exposed landscape it is
today.
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VISIONS-2
The VISIONS-2 mission, short for Visualizing Ion
Outflow via Neutral Atom Sensing-2 was launched The auroras are formed when energetic
through a sounding rocket. It will be launched from electrons, accelerated in the electric and
magnetic fields in near-Earth space, crash
Svalbard – a remote archipelago off the northern coast of
into and excite atmospheric gases, which
Norway where dayside aurora can be found.
emit bright hues of red, green, and yellow
A sounding rocket makes brief, targeted flights into space
as they relax back to a lower energy state.
before falling back to Earth just a few minutes later.
These electrons also create a cascade of
Sounding rockets are unique among scientific spacecraft
havoc in the process, including driving
for their superior dexterity. They can be carted to remote
electric currents that heat the upper
locations, where they are aimed and shot into short-lived atmosphere in patches.
events – like the sudden formation of the aurora borealis –
at a moment’s notice.
The role for aurora borealis in atmospheric escape
The aurora is considered to be the fundamental driver in the process of atmospheric escape. Atmospheric
escape is the loss of planetary atmospheric gases to outer space.
How aurora causes atmospheric escape
Scientists had long thought that oxygen, weighing in at 16 times the mass of hydrogen, was too heavy to
escape Earth’s gravity. However, near-Earth space is teeming with much more Earth-borne oxygen than
anyone had expected.
In some cases, that heating is sufficient to give stray oxygen atoms enough energy to escape.
VISIONS-1, the current mission’s precursor, launched from the Poker Flat Research Range in Alaska in 2013,
where they studied oxygen outflow from aurora that form on Earth’s night side, the part of the planet that is
temporarily pointed away from the Sun.
Astronomers puzzled by ‘cow’ in the sky
Why in news?
Astronomers across the world are puzzled by a new phenomenon a very bright celestial object seen close to
the very small galaxy CGCG 137-068. The Fast-brightening spot, initially thought to be a bright transient
astronomical event lying close to the galaxy CGCG 137-068, was spotted by the ATLAS telescope.
Named AT2018cow, the transient was soon given the nickname ‘cow’. It was initially thought to be a nova,
later analysis showed that it was more like a broad line supernova of the type Ic. AT2018cow’s fast rise time
and high luminosity are unprecedented for a supernova. Hence it seems like nothing that was known before.
India’s observations:
India is keeping an eye on the mysterious transient AT2018cow using the 2-metre Himalayan Chandra
Telescope (HCT) at Hanle, Ladakh. The HCT observations indicate that the transient is steadily fading in all
optical bands. Although spectroscopic features indicate a tentative similarity with broad line Ic supernovae, its
true nature remains a puzzle
What is Type Ic Supernova?
Type Ic supernova is caused by the explosion of an extremely massive star which has lost its outer layers of
hydrogen and helium.
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Indian Astronomical Observatory (IAO)
The Indian Astronomical Observatory (IAO), is located near Leh in Ladakh, India, has one of
the world’s highest sites for optical, infrared and gamma-ray telescopes.
It is operated by the Indian Institute of Astrophysics, Bangalore.
It is currently the third highest optical telescope in the world, situated at an elevation of 4,500
meters (14,764 ft).
The Observatory has two active telescopes: Himalayan Chandra Telescope (HCT) and a High
Altitude Gamma Ray Telescope (HAGAR).
The Himalayan Chandra Telescope is a 2.01 meters (6.5 feet) diameter optical-infrared
telescope named after India-born Nobel laureate Subrahmanyam Chandrasekhar.

Type Ia supernovae
Origin
Type Ia supernovae originate from the thermonuclear explosion of a white dwarf star - the dead core left over
by a Sun-like star after it exhausts its nuclear fuel.
Material must be added to the white dwarf from a companion star to trigger the explosion, but the nature of
the companion star and how the fuel is transferred has long been debated. One possibility is that this
additional light seen during the supernova’s early times could be from the exploding white dwarf colliding
with the companion star.
Understanding of the cosmos
Type Ia supernovae are fundamental to our understanding of the cosmos. Their nuclear furnaces are crucial
for generating many of the elements around us, and they are used as cosmic rulers to measure distances across
the universe. Despite their importance, the actual mechanism that triggers a Type Ia supernova explosion has
remained elusive for decades.
ASASSN-18bt
ASASSN-18bt (also known as SN 2018oh) is a Type Ia supernova. NASA’s Kepler space telescope was
simultaneously able to take complementary data of this event.
ASASSN-18bt is the nearest and brightest supernova yet observed by Kepler, so it offered an excellent
opportunity to test the predominant theories of supernova formation.
New gamma ray telescope will better observe explosion of stars
Why in news?
It is a four-metre telescope located in Hanle in Ladakh. It will be able to operate in bright environment like
twilight hours and moon-lit nights, unlike traditional ones that operate only in dark hours of the night.
It will be the second such telescope to be available globally. The first one is in La Palma in Canary Islands set
up jointly by Switzerland and Germany in 2011. Indian astronomers would soon be able to observe and
monitor spectacular celestial events like explosion of stars, falling of matter into black holes and collision of
extraterrestrial objects better.
Who developed this?
Researchers at Tata Institute of Fundamental Research (TIFR) and Bhabha Atomic Research Centre (BARC)
are developing a new gamma ray telescope.
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Features of the telescope
It used pixels made of what are called Geiger-mode avalanche photo-diodes (G-APDs), while conventional
telescope cameras are based on photomultiplier tubes (PMTs). G-APDs need a much lower operation voltage,
are more robust and have higher photon detection efficiency. They can be operated during strong moon light
and are ideal for a gamma ray telescope.
Where it located?
The new telescope will be located near the High Altitude Gamma Ray (HAGAR) array at Hanle in Ladakh
which houses the Indian Astronomical Observatory operated by Indian Institute of Astrophysics, Bengaluru.
It will work in tandem with MACE (Major Atmospheric Cerenkov Experiment) - a 21-metre diameter gamma
ray imaging telescope which is also under installation at Hanle. While MACE will operate in discovery mode
looking at candidate sources of gamma ray or very faint objects, the new telescope will keep an eye on
blazars. Whenever there is any flaring activity in any of them, it will alert MACE which will then shift its
focus to the active blazer.
Gamma rays provide the best window to study what are called the non-thermal universe.
Cosmic rays
Cosmic rays form an important component of the non-thermal universe. It is thought that remnants of
supernova explosions accelerate cosmic rays with energies at the lower end of the cosmic ray spectrum and
that higher energy cosmic rays could be accelerated in active galactic nuclei. Gamma rays are also produced
when charged particles are accelerated to such high energies through different processes. Thus, the study of
the gamma ray emissions from various celestial objects is expected to give a clue regarding the origin of
cosmic rays and insights into the emission regions and emission processes in these sources.
Upgraded Vikas engine with more thrust will boost ISRO rockets
What was the news?
The high-thrust version of Vikas engine was qualified after a ground test lasting 195 seconds (over three
minutes).
The high-thurst Vikas engine was developed as part of ISRO’s plans to have GSLV launches with heavier
payloads in GSLV Mk2 and GSLV Mk 3, when stabilised, will have huge international demand.
A brief on Vikas Engine
The next generation Vikas engine is developed by the Liquid Propulsion Systems Centre (LPSC) at
Mahendragiri, TN. The high-thrust Vikas engine will improve the payload capability of PSLV, GSLV and
GSLVMk-III launch vehicles.
The main beneficiary of the high-thrust Vikas engine is said to be the heavy-lifting GSLV-Mark III launcher.
ISRO expects GSLV-Mark III to now put 4,000-kg satellites to space. The Vikas engine is used in
Second stage of the light lifting PSLV.
Second stage and the four add-on stages of the medium-lift GSLV;
Twin-engine core liquid stage of Mk-III.
Its impact
All three satellite launch vehicles of ISRO- PSLV, GSLV and GSLV MK3, are set to add muscle to their
spacecraft lifting power in upcoming missions with the improved the thrust of the Vikas engine that powers
all of them.
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What it means - Impact assessment?
The improved engine would give a significant advantage in terms of enhancing payload capability. The
improvement gives a 6% increase in thrust. Consequently 70 kgs of additional payload gain is achieved.
Therefore with high-thrust Vikas engines cryogenic upper stage will be loaded with enhanced propellants of
15 tonnes instead of current 12.8 tonnes. This will also enhance the thrust, with 9.5 tonne thrust compared to
the present 7.5.
The higher payload capacity means powerful rockets.
This is because putting 4 tonne payload carrying communication satellites in geostationary orbit are much
needed in the age of Internet of Things and communication technology revolution the world is witnessing.
This also helps in powering the rocket for Chandrayaan-2 that is scheduled this year.
ISRO ropes in 3 partners
Why in news?
The Indian Space Research Organisation (ISRO) has roped in three partners to assemble 27 satellites over the
next three years.
Three partners
Recently in Bengaluru, its nodal satellites division URSC (U.R. Rao Satellite Centre) signed separate threeyear contracts with
• Alpha Design Technologies P Ltd and its six consortium members;
• defence public enterprise Bharat Electronics Ltd; and
• Tata Advanced Systems Ltd, Hyderabad.
Each partner will work with the URSC to produce three small to medium satellites each year, or a total of 27
spacecraft by July 2021. About 50 members from each partner will separately work with URSC engineers to
complete the project. The Alpha-plus consortium includes small and medium-sized companies. The space
agency launches three types of satellites for communication, Earth observation and navigation.
Chandrayaan-2
Indian Space Research Organisation (ISRO) will most likely launch Chandrayaan-2, the country’s second
mission to the Moon in the month of February.
Chandrayaan-2 mission
The features of the Chandrayaan-2 mission are: Chandrayaan-2 mission is a totally indigenous venture
comprising of an orbiter, a lander and a rover. There would be a controlled descent and the lander would softland on the lunar surface at a specified site and deploy a rover. The rover would then move around the landing
site on the lunar surface in a semi-autonomous mode as decided by the ground commands.
The rover will observe the lunar surface and send back the data. This data will be useful for analysis of the
lunar soil. The payloads will collect scientific information on lunar topography, mineralogy, elemental
abundance, lunar exosphere and signatures of hydroxyl and water-ice. The 3,290-kg Chandrayaan-2 will orbit
the Moon and perform the objectives of remote sensing the moon.
Accomplishments of Chandrayaan-1
India’s first lunar probe Chandrayaan-1 was launched by the ISRO in October 2008 and operated till August
2009. The Chandrayaan-1 had confirmed the magma ocean hypothesis, which stated that the moon was once
completely molten. In its ten-month orbit around the moon, Chandrayaan-1 had detected titanium and had
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confirmed the presence of calcium. Chandrayaan-1 had gathered the most accurate measurements yet of
magnesium, aluminium and iron on the lunar surface.
Indian telescope spots distant radio galaxy
Most distant Radio Galaxy found
Astronomers have used an Indian telescope to discover the most distant radio galaxy ever known, located at a
distance of 12 billion light-years. The galaxy, from a time when the universe was only 7% of its current age
was found using the Giant Metrewave Radio Telescope (GMRT) in Pune.
About GMRT
GMRT is an array of thirty fully steerable parabolic radio telescopes of 45-metre diameter. It is operated by
the National Centre for Radio Astrophysics. The distance to this galaxy was determined using the Gemini
North telescope in Hawaii and the Large Binocular Telescope in Arizona.
Radio Galaxies
The galaxy is perceived as it looked when the universe was only a billion years old. This also means that the
light from this galaxy is almost 12 billion years old. It is very surprising how these galaxies have built up their
mass in such a short period of time. Bright radio galaxies harbour supermassive black holes. It is amazing to
find such objects as early in the history of the universe; the time for these supermassive black holes to form
and grow must have been very short.
Black hole at the centre
Radio galaxies are very rare objects in the universe. They are colossal galaxies with a supermassive black
hole in their centre that actively accretes gas and dust from its surroundings. This activity initiates the launch
of high-energy jet streams, which are capable of accelerating charged particles around the supermassive black
hole to almost the speed of light. The discovery of such galaxies at extremely large distances is important for
our understanding of the formation and evolution of galaxies.
ISRO set to launch its TV channel
Why in news?
The Indian Space Research Organisation is planning to launch a TV channel to promote scientific temper in
the country.
Key Activities
As a part of Dr.Vikram Sarabhai centenary celebrations, ISRO is planning various outreach activities in the
field of space education. A dedicated TV Channel called ISRO TV has been planned to showcase space
applications, developments and science issues. The TV channel planned for launch next year will be broadcast
in regional languages. ISRO is also planning to publish an exclusive magazine regarding developments at the
Space Agency. It will organise training camps for the students from class 8 to 10 to help them make their own
small satellite. Two new Space Technology Research Centers are planned in Jammu and Tripura. Like
NASA, ISRO will soon open its spaceport, Sriharikota launch centre, for public watch. In order to attract
contributions from outside, ISRO is planning to set up Six incubation centres for startups in the field of
space technology.
In honor of Dr. Vikram Sarabhai
With an initial outlay of Rs. 50 crore, ISRO is planning various activities to commemorate the centenary
celebration of Dr. Vikram Sarabhai. In his honor, ISRO will name its first Indian moon landing spacecraft as
‘Vikram’. ‘Vikram’ will be onboard Chandrayaan-2 mission scheduled in January 2019. A chair each at
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Cambridge University, Gujarat University and Massachusetts Institute of Technology (MIT), would be set up,
for giving awards, scholarships and fellowships. ISRO in association with International Astronautical
Federation will also organize a series of 100 lectures across the country by experts.
About Dr. Vikram Sarabhai
• Sarabhai was born on August 12, 1919.
• He is remembered as the founding father of the Indian space programme.
• Sarabhai was the first chairman of ISRO.
• He set up the Physical Research laboratory in Ahmedabad in 1947.
• Sarabhai established first rocket launching station in India at Thumba near Thiruvananthapuram.
• He also established a space centre at Thiruvananthapuram. Thus it is called Vikram Sarabhai Space
Centre today.
• He was instrumental in establishing Indian Institute of Management (IIM), Ahmedabad.
Chandrayaan-1 data confirms presence of ice on Moon
Ice Deposits on Moon
NASA Scientists have found frozen water deposits in the darkest and coldest parts of the Moon’s polar
regions using data from the Chandrayaan-1 spacecraft that was launched by India 10 years ago. The ice
deposits are patchily distributed and could possibly be ancient. At the southern pole, most of the ice is
concentrated at lunar craters, while the northern pole’s ice is more widely, but sparsely spread.
Moon Mineralogy Mapper (M3)
M3, aboard the Chandrayaan-1 spacecraft, launched in 2008 by the Indian Space Research Organisation
(ISRO), was uniquely equipped to confirm the presence of solid ice on the Moon. Scientists used data from
NASA’s Moon Mineralogy Mapper (M3) instrument to identify three specific signatures that definitively
prove there is water ice at the surface of the Moon.
Importance of the discovery
Previous observations indirectly found possible signs of surface ice at the lunar South Pole, but these could
have been explained by other phenomena, such as unusually reflective lunar soil. Learning more about this
ice, how it got there, and how it interacts with the larger lunar environment will be a key mission focus for
NASA and commercial partners, as humans endeavour to return to and explore the Moon. This brings scope
for presence of surface water accessible as a resource for future expeditions to explore and even stay on the
Moon.
ISRO launches two U.K. satellites
Why in news?
ISROs PSLV-C42 lifted off for the launch of two satellites from the United Kingdom – NovaSAR and S1-4
from the Satish Dhawan Space Centre. The PSLV-C-42 is the lightest version of the PSLV flying in its corealone version without the six strap-on motors. The two satellites, owned by Surrey Satellite Technology Ltd
(SSTL) were placed in a circular orbit around the poles, 583 km from Earth. The commercial arm of ISRO,
Antrix Corporation earned more than Rs. 220 crore on this launch.
NovaSAR
The NovaSAR is a technology demonstration mission designed to test the capabilities of a new low cost Sband SAR platform. It will be used for ship detection and maritime monitoring and also flood monitoring,
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besides agricultural and forestry applications. The S1-4 will be used for environment monitoring, urban
management, and tackling disasters.
ISRO to tap small cities for innovations
Why in news?
The Indian Space Research Organisation (ISRO) launched a space technology incubation centre in Tripura
capital Agartala. It is the first of six such centres planned nationally to build capacity in new locations. More
such space research activities will be splashed in a big way across small cities to tap their talent and include
them in the space footprint. The incubation centre will be located in the National Institute of Technology,
Agartala.
Objectives of this program
• It was time high technology programmes reached the remote northeast India.
• The space agency’s new Capacity Building Programme directorate will invest Rs. 2 crore in
incubation facilities in Jalandhar, Bhubaneswar, Tiruchi, Nagpur and Indore.
• The centres will bring out prototypes and innovations for ISRO in electronics, propulsion and others.
• Domestic industry should increase the production of critical electronics items needed in space and
other programmes, as 75% of it is now imported. Indian space market offers big opportunity to
industry as it is estimated to grow to $1.6 billion by 2023.
ISRO setting up launch pad for Gaganyaan mission
Why in news?
The ISRO is setting up a third launch pad at Sriharikota to undertake the Gaganyaan manned space flight
programme. In addition, ISRO is scouting for a location on the western sea coast near Gujarat to set up
another launch pad for Small Satellite Launch Vehicles (SSLV).
Third launch pad
ISRO presently has two launch pads, which are already full. A third launch pad is being set up for the human
space flight. ISRO will use its GSLV Mk-III launch vehicle, which can carry the heavier payload of the
Gaganyaan, and this will take off from the new launch pad. In addition to the third launch pad at Sriharikota,
ISRO is also scouting for a new location near Gujarat for the SSLV.
Small Satellite Launch Vehicles (SSLV)
ISRO is developing the SSLV to offer affordable launch options for smaller satellites through Antrix, the
space agency’s commercial arm. ISRO currently piggybacks smaller satellites on the PSLV and GSLV along
with bigger satellites. The SSLV is expected to reduce the launch time as well as cost less to launch small
satellites, which are much in demand. ISRO have evaluated several locations of which the first two SSLV
launches will take place from Sriharikota. After that they will move to the new location.
Gaganyaan
ISRO has begun work on the manned mission in 2004. Many of the critical technologies required for human
spaceflight have already been validated through various tests. These include Space Capsule Recovery
Experiment, Crew Module Atmospheric Re-Entry Experiment and Pad Abort Test.
Union Cabinet approved
The Union Cabinet approved the ambitious Gaganyaan programme, which will send three Indian astronauts to
space for up to seven days by 2022 at a cost of Rs. 10,000 crore. As part of the programme, two unmanned
flights and one manned flight will be undertaken. The first human space flight demonstration is targeted to be
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completed within 40 months of the sanction date. Prior to this, two unmanned flights in full complement will
be carried out to gain confidence. The Indian Space Research Organisation (ISRO) has developed the launch
vehicle GSLV MK-III, which has the necessary payload capability to launch a three-member crew module in
low earth orbit.
ISRO invites foreign ‘riders’ to Venus
Why in news?
The Indian Space Research Organisation (ISRO) has taken its first step towards its mid-2023-planned mission
to Venus by issuing an announcement of opportunity (AO) to the international space community to propose
their scientific payloads to be carried on the mission.
Announcement of Opportunity
This AO for space-based experiments to study Venus is open to international scientists from various space
agencies, research laboratories, academic institutions and universities. This AO has a specific objective to
identify important science experiments that complements overall science from the suite of pre-selected
proposals from India on ISRO’s Venus mission.
About the payload
The payload capacity of the proposed satellite to be launched by ISRO is likely to be about 100 kg with 500W
of power. It plans to study the planet from an elliptical orbit that is closest to Venus at 500 km and 60,000 km
at the farthest end which is likely to be reduced gradually, over several months to a lessen the satellite’s
farthest point from Venus while in an elliptical orbit, depending on the final spacecraft configuration.
Proposers are expected to be currently involved in planetary exploration studies, the development of science
instruments for space, and willing to develop space-worthy experiments, besides having access to associated
facilities for test and instrument calibration. ISRO has identified broad research interests in Venus, which
include the following:
• Researching the planet’s surface/subsurface features and re-surfacing processes.
• Its atmospheric chemistry, dynamics and composition variations.
• Interaction with solar radiation/solar wind.
GSAT-29 has a perfect launch
Why in news?
Concerns over Cyclone Gaja, the country’s heaviest satellite to be carried on board an indigenous rocket were
successfully launched into Geosynchronous Transfer Orbit (GTO). GSLV Mk III is a three-stage heavy lift
launch vehicle developed by the Indian Space Research Organisation (ISRO). Two massive boosters with
solid propellant constitute the first stage, the core with liquid propellant form the second stage and the
cryogenic engine completes the final stage.
About GSAT 29
GSAT-29 is a multiband, multi-beam communication satellite, intended to serve as test bed for several new
and critical technologies. Its Ku-band and Ka-band payloads are configured to cater to the communication
requirements of users including those from remote areas especially from Jammu & Kashmir and NorthEastern regions of India. In addition, the Q/V-Band communication payload onboard is intended to
demonstrate the future high throughput satellite system technologies. Geo High Resolution Camera will carry
out high resolution imaging. Optical Communication Payload will demonstrate data transmission at a very
high rate through optical communication link.
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What special with this launch?
The success of GSLV MkIII-D2 marks an important milestone in Indian space programme towards achieving
self-reliance in launching heavier satellites. The success of this flight also signifies the completion of the
experimental phase of GSLV Mark III. With declaring GSLV MKIII operational, Chandrayaan-2 and
Gaganyaan missions will be launched by this heavy-lifter.
GROWTH-India telescope’s first science observation
Why in news?
The 0.7 m GROWTH-India telescope at the Indian Astronomical Observatory located in Hanle, Ladakh, has
made its first science observation which is a follow-up study of a nova explosion. Novae are explosive events
involving violent eruptions on the surface of white dwarf stars, leading to temporary increase in brightness of
the star. Unlike a supernova, the star does not go on to die but returns to its earlier state after the explosion.
First science observation
The GROWTH-India telescope was commissioned six months ago soon after which it saw first light, on the
night of June 12. The telescope has been taking readings since then, and this is the first ‘follow-up’ work. The
celestial object was first noticed by a different group which saw the nova explosion.This recurrent nova,
named M31N-2008, has been observed to erupt several times, the most recent eruption happening in
November 2018. Recurrent nova systems are interesting because they are candidates for progenitors of Type
Ia supernovae. The observations were made in different optical bands. The nova was seen to decline rapidly in
brightness, by 1 – 1.5 magnitudes in the span of 2 days.
Robotic eye
The telescope is potentially fully robotic and can operate on its own, but the way these readings were taken
has only partly used its potential for automation. The group sitting in IIT Bombay worked through
Bengaluru’s IIAP to control the telescope. While the IITB-IIAP link was through regular internet connection,
the one from IIAP to the telescope in Ladakh was through a satellite link. A typical professional telescope has
a field of about 0.1 square degrees. This telescope has a field that is five to six times larger. It can ‘slew’ or
move its focus from one part of the sky to another in just about 10-15 seconds and its camera can view stellar
objects that are thousands to millions of light years away.
Threefold goals
The GROWTH-India telescope is part of the Global Relay of Observatories Watching Transients Happen. Its
goals are threefold:
➢ Search for explosions in the optical regime whenever LIGO group detects a Binary Neutron Star
merger
➢ Study nearby young supernova explosions.
➢ Study nearby asteroids.
Transient phenomena such as supernovae are important parts of time-domain astronomy which is a lessexplored frontier in astronomy. Such an explosion is when the inner material of the star is thrown out. There
is no other way we can actually see what is inside a star.
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ISRO’s imaging satellite HysIS
Why in news?
HysIS, the country's first hyperspectral imaging satellite for advanced earth observation, is slated for launch
from Sriharikota. About 30 small satellites of foreign customers will be ferried on the PSLV launcher,
numbered C-43. They will go into an orbit different from that of HysIS.
Clearer images
A hyperspectral imaging camera in space can provide well-defined images that can help identify objects on
earth far more clearly than regular optical or remote sensing cameras. The technology will be an added
advantage in watching over India from space across sectors including defence, agriculture, land use and
mineral exploration. The new ‘eye in the sky’ can be used to even mark out a suspect object or person on the
ground and separate it from the background with applications in transborder infiltration etc.
Goal of HysIS
The primary goal of HysIS is to study the Earth’s surface in visible, near-infrared and shortwave infrared
regions of the electromagnetic spectrum. HysIS will be ISRO's first full-scale working satellite with this
capability. While the technology has been around, not many space agencies have working satellites with
hyperspectral imaging cameras as yet.
5.8-tonne GSAT-11 ready for launch
Why in news?
India’s heaviest and most advanced satellite GSAT-11 was recently launched from the Guiana Space Centre
at Kourou in French Guiana.
GSAT- 11
GSAT-11 is ISRO’s heaviest satellite ever built and weighs about 5854 kilograms. It was launched
onboard Ariane-5 launch vehicle from French Guiana. ISRO has revealed that the satellite will be initially
placed in the Geosynchronous Transfer Orbit and will be later raised to Geostationary Orbit. It will be using
the Liquid Apogee Motor which will be onboard the satellite. GSAT-11 is part of ISRO’s new family of highthroughput communication satellite (HTS) fleet that will drive the country’s Internet broadband from space to
untouched areas. According to ISRO, GSAT-11’s multiple spot beam coverage — 32 in Ku band and eight in
Ka bands — will deliver an improved service of 16 gbps over the Indian region and nearby islands. The
satellite will also have VSAT Terminals which basically will ensure that it can handle large capacity platform
to support a huge subscriber base.
How does it work?
GSAT-11 will use a ‘multi-spot’ approach to maximize its coverage area in the Indian mainland and islands a
far superior communication technology than existing INSATs and GSATs. In a first for a satellite built by
ISRO, GSAT-11 will carry a next-generation I-6K bus (communication satellite hub) to provide services in
two widely-used wavelengths for telecommunications: the Ku- and Ka-bands. This makes GSAT-11 three to
six times more powerful than any of ISRO’s (and India’s) satellite roster today. It will provide up to 14
Gigabit/s in both voice and video broadband services anywhere in the Indian mainland or islands over its 15year lifespan, according to ISRO. The satellite has 32 Ku-band transponders and 8 Ka-band hubs on board.
The Ku- and Ka-bands are different frequencies of microwaves in the electromagnetic spectrum.
Why is it important?
GSAT-11 will bring far greater speeds (16 Gbps of it, no less) and capacity to meet growing demand for
mobile and internet in households, businesses, and public organisations. Large parts of rural areas still remain
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untouched by the scope of commercial telecom today — something GSAT-11 is designed to change. Under
Digital India’s BharatNet project GSAT-11 will boost access to voice and video streaming in most, if not all,
of rural India. With India moving fast towards implementing ‘Smart Villages and Cities’, they can be
efficiently linked through a large communication satellite.
ISRO’s GSAT-7A to add muscle to Air Force
Why in news?
Military communication satellite GSAT-7A to be launched on December 19 is expected to add a new spacebased dimension to the way Indian Air Force interlinks operates and communicates with its aircraft as they fly
and with command centres on ground.
Primarily for IAF
Although all Indian communication satellites offer capacity to the armed forces, GSAT-7A will be the first
one built primarily for the IAF. It qualitatively unify its assets and improve combined, common intelligence
during operations. About 70% of it would be for the Air Force and the rest for the needs of the Army. The
ground force’s Army Aviation Corps operates many helicopters, uses UAVs and will acquire fixed wing
aircraft in future all for surveillance and rescue missions. The satellite using Ku band will enable superior real
time aircraft-to-aircraft communication; and between planes that are in flight and their commanders on the
ground. It would enhance by many times the coverage now provided by ground communication systems such
as radars and stations of the Army. Out-of-sight and remote areas where ground infrastructure and signals are
difficult would get into the critical information loop.
Last mission of 2018
The GSAT-7A/GSLV-F11 mission will wrap up the 2018 calendar year for the ISRO. The GSLV-F11 space
vehicle will release it to an eventual geostationary orbit about 36,000 km from Earth. In 2018, ISRO launched
GSAT-11 on December 5 on a European vehicle from Kourou. GSAT-29 on November 14 on its GSLV-MK
III vehicle from Sriharikota, and the ill-fated GSAT-6A on March 29 from Sriharikota.
GSLV-F11
The GSLV-F11 is ISRO’s fourth generation launch vehicle with three stages. The launch vehicle, which is in
its 13th flight, has injected GSAT-7A into a Geosynchronous Transfer Orbit (GTO). In its Mk-II version, the
GSLV with the indigenous cryogenic stage carried on board its heaviest satellite that weighed 2,250 kg, from
the second launch pad of the Satish Dhawan Space Centre, SHAR.
IISER team develops method to simulate Sunspot Cycle
Why in news?
IISER Kolkata have developed a way of predicting the intensity of activity in the next solar cycle
(approximately from 2020 to 2031) using data spread over the last 100 years.
Sunspots
Sunspots are temporary phenomena on the Sun’s photosphere that appear as spots darker than the surrounding
areas. They are regions of reduced surface temperature caused by concentrations of magnetic field flux that
inhibit convection. Sunspots usually appear in pairs of opposite magnetic polarity. Astronomers have
observed sunspots on the surface of the sun for nearly 400 years. It is known that sunspots follow a cyclic
pattern of growing in number and disappearing in approximately 11 years, known as the sunspot cycle or the
sun’s activity cycle. We are currently in the 24th sunspot cycle since the observation began in 1755.
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IISER Model of Sunspot
The researchers have simulated the behaviour of the sun using magnetic field evolution models and
observational data. They simulate solar activity, and using inputs from observed data from one cycle, predict
the behaviour of the sun over the next cycle, about ten years in advance. Comparing their simulations with
recorded data from 1913 to present, they show a remarkable agreement in most cases. Using the same
method, they predict solar activity over the next cycle, about ten years into the future. IISER’s sunspot
simulation states that the sun’s activity would not dip during the next cycle, but it would be similar to the
current cycle, perhaps even stronger. They expect the cycle to peak around 2024.
Impact of Sunspots
Solar missions will be very important for the understanding of the long-term variations of the sun and its
impact on our climate which is one of the science objectives of Aditya mission. The forecast will be also
useful for scientific operational planning of the Aditya mission.
Space Weather
Space Weather refers to the effect of radiation, particle flux and magnetic flux in the region around the sun.
During extreme events, space weather can affect electronics-driven satellite controls, communications
systems, air traffic over polar routes and even power grids. Earth’s Climate other reason sunspots are
interesting is the belief that they are correlated with climate on earth. A lot of the research in this area focuses
on predicting the way the next sunspot cycle will shape up – whether the sun will be extremely active and
produce many sunspots or not.
ENSO
ENSO occurs at irregular interval between 3 and 7 years causing global climate system variation. Considering
this event occurs periodically, it might be triggered by the 11-years of solar cycle as an energy source. In this
case, the solar activity is represented by the variability of the periodical Sunspot. Changes in the rate of
heating and the amount of solar energy package are presumed to be the cause of the ENSO phenomenon.
Upcoming Sunspot and expected impacts
There have been predictions that the next cycle (cycle 25) will show reduced sunspot activity. There have
even been speculations that the sun may be heading towards a period of prolonged low activity – what solar
physicists describe as a ‘Maunder-like minimum’. The Maunder minimum refers to a period from 1645 to
1715 where observers reported minimal Sunspot activity the number of sunspots reduced by a factor of nearly
1,000, over a period of 28 years. This has led to speculation of an imminent Maunder-like grand minimum
and cooling global climate. During this and other such periods of low activity, some parts of Europe and
North America experienced lower-than-average temperatures.
Cosmic ray trail in Tirunelveli
Why in news?
EGRL (Equatorial Geophysical Research Laboratory) Located at a distance of 11 km from Tirunelveli, spread
over an area of more than 35 acres, is a regional centre of the Indian Institute of Geomagnetism (IIG),
Mumbai. A multi-disciplinary centre with instruments to measure the Earth’s magnetic field variations and
various atmospheric parameters, the facility has been continuously monitoring the Earth’s near-space
environment for over 25 years now.
Winds are variable
Winds in the upper atmosphere too are highly variable. Understanding what causes those variable winds has
been a primary focus of study at EGRL. Lower atmospheric disturbances like severe weather events can have
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their signatures in the upper atmosphere, too. They are trying to establish the teleconnection between distant
regions of the atmosphere and their impact on regions up to 100 km height and beyond.
Why Tirunelveli?
Tirunelveli is in close proximity to both the geomagnetic and geographic equator. When experimental
activities at the centre first commenced in 1991, the geomagnetic equator passed right through the city. When
winds blow, electric currents are expected to be produced in the electrically charged upper layers of the
atmosphere across the geomagnetic field. Over Tirunelveli and the adjoining regions, where the geomagnetic
field is horizontal the current flowing primarily in the east–west direction would be enhanced. Scientists call
this current ‘Equatorial Electrojet’.
Secondary cosmic ray study
Another major experimental facility recently set up at EGRL is meant to monitor secondary cosmic rays.
When the cosmic rays from supernovae, colliding galaxies and spinning black holes enter the Earth’s
atmosphere, they lose their energies through collisions with our atmospheric molecules and produce a cascade
of subatomic particles known as secondary cosmic rays. There is a significant anti-correlation between solar
activity and the intensity of the cosmic rays. There is also a debate about whether secondary cosmic rays can
trigger earthquakes and volcanic activity.
Answers from Antarctica
IIG routinely operates magnetometers in the Indian stations in Antarctica, namely, Maitri and Bharati. The
importance of monitoring the geomagnetic field over Antarctica is that it is the polar region where the
magnetic fluxes are dense and where the Sun’s particle effects are first felt on Earth. Whenever the Sun’s
activity becomes violent for example, during a solar flare or during episodes of coronal mass ejections the
Earth’s magnetic field would readily encounter energetic particles. A chain of events takes place in the
Earth’s electromagnetic environment following a solar event resulting in electrical currents at high altitudes
and heating of the upper layers of the atmosphere over Antarctica. Such intense overhead currents are
responsible for ground-induced currents that can create havoc for the underground telecommunication lines
and electrical power grids.
IIG also operates a suite of instruments at Antarctic stations to understand the impact of the disturbances on
the Sun on the Earth’s environment. Besides the traditional magnetometers, IIG also operates induction coil
magnetometers to sense the extreme low-frequency signals produced by global thunderstorm/lightning
activity. Antarctic continent is free from local or regional lightning activity. The Indian Antarctic stations are
thus ideal sites to monitor global fluctuations in lightning activity. Monitoring the electromagnetic signatures
simultaneously from Indian continental landmass and the Antarctic enables the scientists to understand the
hidden teleconnections between the polar and equatorial regions.
Chandrayaan findings help to reveal mystery on plasma particles
Why in news?
A study using observations from Chandrayaan 1 mission has found how plasma particles from the solar wind
make their way into the Moon’s night side, filling up the wake region, long thought to be devoid of plasma
particles. This has significance in understanding bodies like the Moon which do not have global magnetic
fields.
Plasma environment
In recent times, there has been a huge interest in understanding the plasma environment of the Moon, which is
generated mainly by its interaction with the solar plasma wind flowing towards it from the Sun. This plasma
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wind consists of charged particles such as protons and is partly absorbed by the side of the Moon facing the
sun. The rest of the solar plasma wind incident on the Moon flows around it, but leaves a wake (a void) on the
side not facing the sun (the night-side of the Moon).
Moon missions found evidence
Earlier, it was believed that this wake was devoid of any particles. But recent
Moon missions such as Chandrayaan-1, Kaguya, Chang’e-1 and Artemis have
found evidence of refilling of near lunar wake (heights of 100 km to 200 km
above the lunar surface on the night side) with solar wind protons. The
interaction between the Moon and the solar plasma is a topic of interest now
because understanding it can help us study any celestial body which has no
atmosphere or global magnetic field, such as asteroids and some planetary satellites.
ISRO tastes first success of 2019
Why in news?
ISRO’s PSLV C-44 successfully places military satellite Microsat-R in orbit. Microsat-R, an imaging
satellite, meant for military purposes has been launched from Polar rocket PSLV C44. Microsat-R released
into a 274-km polar sun synchronous orbit. Microsat R along with Kalamsat and 10cm cubesat were released
into the orbit with PSLV C-44 rocket. PSLV-C44 is four stage rocket and new variant of the PSLV, called the
PSLV-DL. In the previous PSLV launch on November 29, PSLV-C43 had successfully launched India’s
HysIS as well as 30 customer satellites from abroad. ISRO is working on a new launch vehicle meant for
smaller satellites – SSLV (small satellite launch vehicle).
Major Feature of Mission
It is the first time, the ISRO placed a satellite Microsat-R in a lower orbit, at around 274 kms from earth.
Usually, PSLVs were launched without any strap-ons (boosters) or were equipped with six strap-ons fixed
around the rocket, but the ISRO, for the first time, used only two boosters for the mission.
Kalamsat
• Kalamsat was the lightest ever satellite to be launched by India.
• Kalamsat is an experimental satellite for studying the communication system of nano satellites, which
can be useful in many fields, predominantly disaster management.
Project Bharat
Why in news?
CMB stands for Cosmic Microwave Background, and the scientific space project CMB-Bharat has been
presented as a proposal to ISRO and is under consideration.
CMB-Bharat
CMB-Bharat is a proposal for comprehensive next generation Cosmic Microwave Background (CMB)
mission in international collaboration with major Indian contribution. This referred to quantum gravitational
waves, which are different from what LIGO detectors had observed that were classical in nature.
What is CMB?
The cosmic microwave background (CMB) is thought to be leftover radiation from the Big Bang, or the time
when the universe began. As the theory goes, when the universe was born it underwent a rapid inflation and
expansion. The universe is still expanding today, and the expansion rate appears different depending on where
you look. The CMB represents the heat left over from the Big Bang. It is invisible to humans because it is so
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cold, just 2.725 degrees above absolute zero (minus 459.67 degrees Fahrenheit, or minus 273.15 degrees
Celsius). This means its radiation is most visible in the microwave part of the electromagnetic spectrum.
Team Indus hitches a ride to the moon with NASA
Why in news?
The privately funded Team Indus is now part of a U.S. consortium that NASA has shortlisted to potentially
fly scientific and commercial cargo to the moon over the next 10 years. In early November, Team Indus
joined the consortium led by Orbit Beyond, a new space transportation company. For now it is the only Indian
element in the NASA lunar scheme and has been tasked with doing “lander engineering”.
Team Indus
The homegrown Team Indus, founded around 2011, was already developing spacecraft and landing systems
while contending for a $ 30-million global lunar landing and roving competition. The prize was initiated by
Google Lunar XPrize in 2007 but lapsed in January this year when the handful of contenders were not found
ready for the trip. The U.S. space agency plans to resume lunar landing probes unmanned at first around
2019-20.
Lunar contracts
On November 29, the agency named nine industry partners as eligible to bid for its high value lunar contracts
in the coming years. Among them are startups (similar to TeamIndus), who are bidding on their own; and
established defence and aerospace names such as Lockheed Martin.
Cislunar contest
The new and evolving “cislunar” (lunar-orbit) contest is tough as eight other small and big aspirants (other
than Orbit Beyond) are also eligible to bid for contracts. Announcing the eligible bidders, NASA said its
prospective Commercial Lunar Payload Services [CLSP] contracts are indefinite delivery, indefinite quantity
contracts with a combined maximum contract value of $ 2.6 billion during the next 10 years.
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World’s fastest water heater
Why in news?
Scientists at the Centre for Free-Electron Laser Science (CFEL, have
used a powerful X-ray laser to heat water from room temperature to
100,000°C in less than a tenth of a picosecond (millionth of a
millionth of a second).
What research says?
The researchers used the X-ray free-electron laser Linac Coherent
Light Source (LCLS) at the SLAC National Accelerator Laboratory
in the U.S. to shoot extremely intense and ultra-short flashes of Xrays at a jet of water. The experimental set-up, which can be called the world’s fastest water heater, produced
an exotic state of water, from which researchers hope to learn more about the peculiar characteristics of water.
The observations also have practical use for the probing of biological and other samples with X-ray lasers.
The findings have been reported in the Proceedings of the National Academy of Sciences (PNAS).
The energetic X-rays punch electrons out of the water molecules, thereby destroying the balance of electric
charges. So, suddenly the atoms feel a strong repulsive force and start to move violently. In less than 75
femtoseconds (millionths of a billionth of a second) or 0.000 000 000 000 075 seconds, the water goes
through a phase of transition from liquid to plasma.
But while the water transforms from liquid to plasma, it still remains at the density of liquid water, as the
atoms didn’t have time to move significantly yet. This exotic state of matter is not found naturally on the
earth. It has similar characteristics as some plasmas in the sun and the gas giant Jupiter, but has a lower
density. Meanwhile, it is hotter than the earth’s core.
Carbon dating does not give right age
The age of plants and objects
Archaeologists use radiocarbon dating to determine the age of plants and objects
containing organic material by using the properties of radiocarbon, a radioactive isotope of
carbon (14C).
Why in news?
Research by Cornell University archaeologists shows that commonly accepted radiocarbon
dating standards can miss the mark, thus calling historical timelines into question.
What research says?
Sturt Manning and colleagues have found variations in the radiocarbon cycle at certain
periods of time, affecting frequently cited standards used in archaeological and historical
research in the southern Levant region, which includes Israel, southern Jordan and Egypt. These offsets of up
to 20 years in the calibration of precise radiocarbon dating could be related to climatic conditions. Premodern
radiocarbon chronologies rely on standardised Northern and Southern Hemisphere calibration curves to obtain
calendar dates from organic material. These standard calibration curves assume that radiocarbon levels are
similar and stable everywhere across each hemisphere. Cornell researchers have questioned these
assumptions.
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Radiocarbon levels vary through the year, and we also know that plants typically grow at different times in
different parts of the Northern Hemisphere. The researchers measured a series of carbon-14 ages in southern
Jordan tree rings, with calendar dates between 1610 and 1940. They found that contemporary plants growing
in the southern Levant show an average offset in radiocarbon age of about 19 years compared with the current
Northern Hemisphere standard calibration curve.
Scholars working on the early Iron Age and biblical chronology in Jordan and Israel are doing sophisticated
projects with radiocarbon age analysis, which argue for very precise findings. This becomes the timeline of
history. But our work indicates that their fundamental basis is faulty they are using a calibration curve that is
not accurate for this region.
Applying their results to previously published chronologies, the researchers show how even the relatively
small offsets they observe can shift calendar dates by enough to alter ongoing archaeological, historical and
paleoclimate debates. The work should prompt a re-examination of the timeline of the archaeology and early
history, particularly of the southern Levant through the early biblical period.
Shape-shifting mercury isotopes
Why in news?
Using an unprecedented combination of experimental nuclear
physics and theoretical and computational modelling
techniques, scientists working at the Isotope mass Separator
On-Line facility (ISOLDE) nuclear physics experimental
facility at CERN, the Geneva-based European Organisation
for Particle Physics, have revealed the true nature of the
alternating odd-even shapes of exotic mercury isotopes.
Experiment
The experiment has demonstrated and explained the unique behaviour of mercury isotopes, where the shapes
of the nuclei keep shifting between that of a football and a rugby ball.
Isotopes
Isotopes are forms of an element that contain the same number of protons in their nuclei but
different numbers of neutrons.
The properties of different isotopes can be exploited in a variety of ways, including archaeological and
historical dating and radiation medicine. Stable isotopes have an optimal neutron-proton ratio. However, as
the number of neutrons decreases or increases, the isotope nucleus becomes unstable and its shape must
change for stability. This means it will spontaneously transform itself towards a stable isotope of another
element through radioactive decay. Isotopes with extreme neutron-proton ratios are typically short-lived,
making them difficult to produce and study in the laboratory. ISOLDE at CERN is the only facility in the
world where a wide range of exotic isotopes can be studied.
Earliest experiments
In one of the earliest experiments conducted in ISOLDE about 40 years ago, the dramatic nuclear shape
staggering in the chain of mercury isotopes was seen for the first time. That result showed that although most
of the isotopes with neutron numbers between 96 and 136 have spherical nuclei, those with 101, 103 and 105
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neutrons have strongly elongated nuclei, the shape of rugby balls. This dramatic result was, however, difficult
to believe.
New experiment
This new experiment used laser ionisation spectroscopy, mass spectrometry and nuclear spectroscopy
techniques to take a closer look at how, why and when these quantum phase transitions take place. The
researchers not only reproduced the results of the historic experiment (observing isotopes up to mercury 181),
they also produced and studied four additional exotic isotopes (atomic mass 177-180); they also discovered
the point at which the shape staggering ceases and mercury isotopes return to normal isotope behaviour.
Several theories have been advanced to describe what was happening, but none has been able to explain the
behaviour convincingly.
What may be the difficulty?
Due to the extreme difficulty in producing such exotic nuclei, as well as the computational challenge of
modelling such a complex system, the reasons for this shape staggering phenomenon remained unclear. Only
now, with the development of new ISOLDE’s Resonance Ionisation Laser Ion Source have scientists been
able to examine the nuclear structure of these isotopes.
Supercomputers used to calculate
Using one of the world’s most powerful supercomputers, theorists in Japan performed the most ambitious
nuclear shell model calculations to date and have been able to explain the shape staggering effect
theoretically. The calculations show that both nuclear shapes are possible for each mercury isotope,
depending on whether it is in the ground or excited state, but most have a football-shaped nucleus in their
ground state. The surprise is that the elongated rugby ball shape as the ground state for three of the isotopes.
Bees can understand the concept of zero
Why in news?
Bees can grasp the concept of zero. They are the first insects to join the short list of animals — parrots,
dolphins, primates and man — that can comprehend this advanced concept.
What scientists found?
A team of scientists in Australia and France made the discovery by luring bees to a wall containing white
squares, each with a different number (from two to five) of black shapes. Using simple conditioning
experiments such as rewarding the “less than” group with food for flying towards the display with fewer
items, they ‘trained’ the bees on “greater than” and “lesser than” concepts.
Number training
They then introduced two numbers the bees hadn’t yet seen in their training: one and zero. The bees were
consistently able to distinguish zero as lower than one. The bees were more accurate when zero was presented
with a more distant number choice: a trait also seen in humans. The study raises the question of how a species
that differs so much from humans with fewer than one million neurons in its brain, compared to a human’s
86,000 million neurons can share such a complex skill. Even several ancient human civilisations lacked the
understanding of zero, a concept that is thought to have originated in India around the 5th century.
New tricks
If bees can perceive zero with a brain of less than a million neurons, it suggests there are simple efficient
ways to teach artificial intelligence new tricks. The experiments and analyses seem quite robust and the
findings add to several impressive capabilities of bees such as time memory [associating the time of the day
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with food resources available outside their hives] and communication of navigational information through
dance behavior.
Common ant pollinates rare wild jamun
Bees might be the most well-known pollinators, but researchers have found that common white-footed ants
are the best pollinators of a rare evergreen tree in the southern Western Ghats. Syzygium occidentale is a
small, wild jamun tree that grows mostly along the banks of the River Periyar in Kerala. It is categorised as
‘vulnerable’ by the International Union for the Conservation of Nature. The survival of such a species is
crucial, depending on the fruits it produces, which is only possible if pollinators fertilize its flowers first.
Now, polyethylene plastic with antibacterial properties
Why in news?
Silver nanoparticles embedded on clay have now been successfully
dispersed inside plastic to create new antimicrobial films, filaments and
can also be moulded into other plastic items. Silver nanoparticleembedded plastics were found to have greater than 99% antibacterial
activity against common bacterial pathogens like Escherchia
coli and Staphylococcus aureus. Silver nanoparticles of about 10
nanometre size were deposited on clay particles of about 200-300
nanometre length. Inorganic clay found in volcanic sites called Montmorillonite was used. Silver
nanoparticles have a tendency of agglomeration or clumping due to high surface area, so they provided clay
as a platform for the silver to sit on.
Clay-silver compound
The clay–silver compound, containing 10% silver, was then loaded into the high density polyethylene plastic
using a melt compounding method. The clay is inorganic and highly hydrophilic, whereas our plastic is
organic, hydrophobic and nonpolar. They are highly incompatible. So we use a compatibilizer, which gives
the required adhesion between the two phases. Also, inside the twin screw extruder machine, the necessary
speed, temperature and time gives uniform mixing and the silver-clay is well embedded inside the plastic.
Films and filaments
They then converted the newly formed silver–clay–plastic nanocomposite into films, filaments and also
moulded these into specimens and checked the antibacterial property. The films and filaments showed higher
activity than the moulded ones. In the moulded ones, they found that the antimicrobial silver was not
available on the surface leading to the reduction in activity. But when the concentration of silver–clay
complex was increased from 3% to 5%, the moulded ones also showed excellent activity against the two
pathogens.
The team also tried other metal ions like zinc and copper in the place of silver. Silver has a high reduction
potential, meaning it can quickly go from silver ions to silver nanoparticles without the need of any external
reducing agent. These silver nanoparticles interact with the bacterial cell wall and also generate oxidative
stress inside the cell, thus killing it.
The content of silver is very low in these nanocomposite plastic so no toxicity to human cells. Further, they
checked the biocompatibility of the plastic with human skin and blood in vitro. In vivo tests are in progress
and they hope that the new plastic can find a wide range of applications in the biomedical field and also in
commodity items where this antimicrobial property can be an added advantage.
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Scientists develop stealth sheet to escape infrared cameras
American researchers have developed a stealth sheet that can help objects and people to hide from infrared
cameras. Less than 1 mm in thickness, the sheet absorbs approximately 94% of the infrared light it
encounters, which means that warm objects beneath the cloaking material become almost completely invisible
to infrared detectors.
Eggshell used to generate electricity
Why in news?
Scientists from the Indian Institute of Technology (IIT) Kharagpur have used eggshell proteins to develop
tiny devices that can harvest electricity from body movements, and could power wearable sensors and devices
in future.
Properties of eggshell
Proteins found in eggshell membranes have piezoelectric properties, which under mechanical stress produce
electricity. The uniqueness of our work lies in the novelty of utilising egg shell membrane directly as efficient
piezoelectric material.
World’s oldest biological colour found
Why in news?
Scientists have discovered the oldest color in the geological record- the bright pink pigment aged 1.1 billion
years old. The bright pink pigments are the molecular fossils of chlorophyll that were produced by ancient
photosynthetic organisms inhabiting an ancient ocean that has long since vanished.
Where it is extracted?
The ancient pigment was extracted from marine black shales of the Taoudeni Basin in Mauritania, West
Africa.
Paleo-rivers predated Harappans by 35,000 years
Why in news?
A recent study on the direct dating of sediments extracted from paleochannels close to Harappan sites in the
region of Sutlej-Yamuna interfluves by a team of scientists from the Physical Research Laboratory,
Ahmedabad and CNRS, France, indicate that these rivers changed their course nearly 35,000 years before the
Harappans came to settle there.
Scientific Evidence
The study now provides scientific evidence that contradicts the suggestions on Harappans flourishing on the
banks of the mythical Vedic rivers, Sarasvati and Drishadvathi. These studies provide evidence that these
rivers changed their course much before the time of Harappan settlement about 5,000 years ago.
The discovery of several hundred Harappan sites in the Sutlej-Yamuna interfluves led archaeologists to infer
that like other ancient civilizations, Harappans too flourished on the banks of mighty rivers. Presence of
ephemeral rivers Ghaggar-Hakra and Chautang in this area led people to suggest that these were vestiges of
the once-mighty glacial rivers on whose banks the Harappan civilizations was established. This gained
popularity when a paleo-channel (ancient remains of rivers) was discovered in this region.
A ballpark analysis of Harappan site per unit time indicated that the number of settlements to be supported
(by a large river) was too few and the need to invoke a mighty river was somewhat misplaced. For over three
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decades many papers were written but this premise was not tested scientifically using modern dating
techniques till now.
Settlement patterns
This study analysed the distribution of Harappan sites along the two main rivers in the region the Indus,
which is perennial, and the Ghaggar-Hakra, which is ephemeral; examined the mineralogy of river sediments
to establish their source and dated the entire sediment succession of the region using dating techniques to
establish the event chronology of the evolution of the region.
Conclusion
The authors conclude thus: “Settlement patterns and other analyses suggest that factors other than perennial
rivers dictated Harappan’s settlement” and that, “major change in the river dynamic occurred between 24,00045,000 years ago (most likely around 40,000-45,000 years ago), and since 25,000 years the landscape has not
changed significantly. This study implies that so-called paleo-river features are far too old to be associated
with Vedic times. This inference is also buttressed by the evidence of water harvesting techniques of
Harappans, the cropping patterns suggesting their dependence on seasonal monsoon rather than the constant
supply of water.
Helium turns 150
Why in news?
Helium was discovered 150 years ago in 1868 by French
astronomer Pierre Janssen during a solar eclipse using
spectroscope.

•
•
•
•

Helium
Helium is the second-lightest and second most common element in the universe after
hydrogen gas.
Helium belongs to the group of noble gases that occupy the far right hand side of the periodic
table.
It is the most unreactive (inert) element in the periodic table.
Low chemical reactivity is due to a stable electron arrangement (filled outer shell of
electrons).

Helium in our solar system
Helium is a major component of Sun’s atmosphere. It is not abundant on earth because Earth’s gravity is not
strong enough to hold a light element like helium. Helium is a major component of the gas giants like Jupiter
and Saturn as they are bigger planets with stronger gravity.
Helium on Earth
Helium was discovered on Earth inside cleveite which is a uranium-based mineral. Helium is mostly trapped
beneath the surface of the earth in radioactive rocks of uranium and thorium. As uranium and thorium decay,
they release alpha particles which are nothing but helium nucleus. These alpha particles mop up electrons and
make helium.
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Important properties of Helium
Helium is a very stable element being chemically inert and nonreactive. It is nonflammable and
nonpoisonous. Most importantly, it boils at 4.2 Kelvin, or minus 268 degrees Celsius which is the lowest
temperature possible in the universe. No other element can remain a liquid at these temperatures.
Electrochemical sensor detects dopamine, paracetamol
Why in news?
A team from Jawaharlal Nehru Centre for Advanced Scientific Research has come up with a nanocomposite
material made of platinum-doped cerium oxide and cuprous oxide that works efficiently in electrochemical
cells to detect their levels, in combination, in spiked human urine and serum samples.
Neurotransmitters
Neurotransmitters transmit signals from one neuron to another; dopamine is one such which is responsible for
reward-motivational behaviour, among other things. When not present in the right amount, it can lead to, for
example, Parkinson’s disease. Paracetamol is a drug commonly used to treat pain and fevers; however, if
present above a critical concentration, this can affect the sympathetic nervous system. Dopamine levels have
been known to be affected by long-term use of paracetamol. Thus, it is useful to know the levels of these two
chemicals in the body simultaneously.
Experiment
To detect the concentration of an analyte, electrochemical methods measure the potential and current in an
electrochemical cell containing the analyte. In this case, the analytes to be detected are dopamine and
paracetamol. The electrochemical cell used by the researchers had three electrodes: the working electrode
consisting of the nanocomposite material (platinum doped cerium oxide and cuprous oxide); the counter
electrode (platinum wire) and reference electrode (silver-silver chloride).
The need for the electrodes made of nanocomposite arises because, if instead, a bare electrode were used,
several problems could arise, such as a low potential gap between analytes and interference with other
biomolecules, to mention just two. Therefore, the researchers modified the surface of the electrode with the
given nanocomposite material. Chemically modified electrodes are highly preferred due to their large surface
area, reversible redox activity, high surface oxygen mobility, chemical inertness, bio-compatibility, nontoxicity and applicability over a wide range of areas.
Cerium oxide
In recent times, the use of cerium oxide–doped graphene nanocomposites has been in vogue. This is mainly
due to the electrochemical properties of cerium oxide. The cerium oxide nanoparticles have dual oxidation
states of cerium and this delivers catalytic properties, leading to their action as a radical scavenger on the
surface. This facilitates oxidation of dopamine and paracetamol. In this, the researchers innovated by adding
platinum to the nanocomposite. Introducing platinum has great significance due to the high electrocatalytic
activity, outstanding conductivity, adsorption capabilities and biocompatibility in electrochemical sensors.
Cuprous oxide
While in its bare form, cuprous oxide, too, has good electrocatalytic activity towards oxidation of
biomolecules, its use is limited by its dispersion on the unmodified electrodes. The peak potential of
dopamine and paracetamol is fixed at 160 mV and 360 mV, respectively. Peak current increases linearly with
concentration of dopamine and paracetamol. The performance of electrode using platinum doped cerium
oxide and cuprous oxide is better than the cerium oxide–graphene material.
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ICMR recommends vaccine for lions
Why in news?
The Indian Council for Medical Research (ICMR) has confirmed that the Canine Distemper Virus (CDV) was
responsible for lion deaths in the Gir forest of Gujarat and recommended that the remaining lions be
vaccinated to prevent further outbreaks.
What they found?
Though 21 lions reportedly died between September and October, the Pune-based ICMR-NIV found CDV
responsible for the death of 5 Asiatic lions in Gir. The genetic sequence of the virus was compared to
available CDV sequences and it was found to be related to the East African strains. Administering a vaccine
at best, could protect unaffected animals. CDV causes a highly contagious and life-threatening disease in
dogs. It also affects different wild carnivores viz., wolves, foxes, raccoons, red pandas, ferrets, hyenas, tigers,
and lions. The prevalence of this virus and its diversity in wildlife of India has not been studied. Considering
the threat posed by CDV, ICMR has requested the Government of India to take immediate steps to save the
Gir lions, which are heading towards extinction. As a precautionary measure, 300 shots of CDV vaccine have
been imported from the U.S. ICMR has also recommended that the animals should be placed in 2-3 different
sanctuaries.
Ancient rocks in India give clues to early life
Cambrian Explosion
It refers to the sudden appearance in the fossil record of complex animals with
mineralized skeletal remains 541 million years ago. Researchers have found
the oldest clue to the mystery of animal life in ancient rocks and oils dating
back at least 100 million years before the famous Cambrian explosion of
animal fossils. Researchers at the University of California tracked molecular
signs of animal life, called biomarkers, as far back as 660-635 million years
ago during the Neoproterozoic era. In ancient rocks and oils from India, Oman,
Siberia, they found a steroid compound produced only by sponges, which are among the earliest forms of
animal life.
Biomarkers: Clues of early life
The research looked for distinctive and stable biomarkers that indicate the existence of sponges and other
early animals, rather than single-celled organisms that dominated the earth for billions of years. The
biomarker identified, a steroid compound named 26-methylstigmastane (26-mes), has a unique structure that
is currently only known to be synthesized by certain species of modern sponges called demosponges. This is
the first evidence that demosponges, and hence multicellular animals, were thriving in ancient seas at least as
far back as 635 million years ago. This adds among the earliest forms of animal life existed in that period.
Aim, shoot for a citizen-science repository of Indian mammals
Why in news?
Scientists from the National Centre for Biological Sciences (NCBS), Bangalore have come up with a new
citizen-science repository on Indian mammals, called Mammals of India (MaOI).
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About Mammals of India (MaO)
It is an online, peer- reviewed, freely-accessible portal which aims to develop individual
species pages for all Indian mammals with information on identification, variation,
distribution, breeding and non-breeding ecology and species conservation. Over time, these
observations will be reviewed by subject experts and uploaded on the website.

MaOI is a part of the Biodiversity Atlas (India project).
Under the project, a popular citizen-science
website
on
butterflies
of
India www.ifoundbutterflies.org had got to 55,000
reference images in eight years. Under the same
project websites dedicated Moths of India, Cicacds
of India, Odonatas of India (dragonflies and
damselflies), Reptiles of India, Amphibians of
India and Birds of India are operational.
Significance of MaOI
So far, there was no portal exclusively for
mammals, so these photographic records will help
in having distribution map of mammals in the
country. The photographs will not only help gather
information on the distribution of the various
species but also interactions between different
species of mammals, like predation and
mutualism. Researchers believe that this initiative will also make more information available about lesser
known mammals of the country. In one month, this citizen-science initiative has seen photographs of rare
species such as Red Serow from Manipur, Lynx (a species of wild cat from Jammu and Kashmir), Asian
Golden Cat from Arunachal Pradesh and Binturong/ bear cat, from Arunachal Pradesh being shared for the
benefit of researches and public alike.
World's smallest optical gyroscope developed
Why in News?
Scientists have developed the world’s smallest optical gyroscope - a device that helps vehicles, drones and
handheld electronic devices know their orientation in 3D space.
Objectives
This device helps vehicles, drones, and wearable and handheld electronic devices know their orientation in
three-dimensional space. It is 500 times smaller than the current state-of-the-art device described in the
journal Nature Photonics. The new gyroscope achieves improved performance by using a new technique
called "reciprocal sensitivity enhancement. “In this case, "reciprocal" means that it affects both beams of the
light inside the gyroscope in the same way. Inside the gyroscope, light travels through miniaturised optical
waveguides (small conduits that carry light).
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About fibre optic gyroscope
A fibre optic gyroscope (FOG) senses changes in orientation using the Sagnac effect, thus performing the
function of a mechanical gyroscope. Its principle of operation is instead based on the interference of light
which has passed through a coil of optical fibre, which can be as long as 5 km.
Significance
A FOG provides extremely precise rotational rate information, in part because of its lack of cross-axis
sensitivity to vibration, acceleration, and shock. Unlike the classic spinning-mass gyroscope, the FOG has no
moving parts and doesn't rely on inertial resistance to movement. This is one alternative to the mechanical
gyroscope. Because of their intrinsic reliability, FOGs are used for high performance space applications. The
FOG typically shows a higher resolution than a ring laser gyroscope.
Science’s ‘Breakthrough of 2018’
‘How DNA cues individual cells to grow’ could shed further light on ageing and healing?
The U.S. journal Science has termed new technologies that reveal how DNA cues individual cells to grow
through time as “Breakthrough of the Year”. Experts say these methods will transform science over the
coming decades, allowing an ever clearer picture of the processes behind ageing, healing, and disease.
Switching on genes
Just as a music score indicates when strings, brass, percussion, and woodwinds chime in to create a
symphony, a combination of technologies is revealing when genes in individual cells switch on, cueing the
cells to play their specialised parts.
Modern methods build on the 2002 Nobel Prize-winning work of John Sulston and colleagues, who mapped
the development of the roundworm Caenorhabditis elegans by painstakingly watching larvae mature cell by
cell through microscopes.
With today’s technologies, especially massively parallel DNA sequencing and advanced fluorescence
microscopy, the cells that comprise C. elegans have been mapped again using tag-analyze-assemble methods
based on gene expression patterns within each cell.
IIT Hyderabad uses recycled material to reduce virgin asphalt for roads
Two IIT Hyderabad professors and their graduate students have come up with an innovative material to lay
roads which reduces cost, is environmentally friendly and also stronger than asphalt roads. This material
reclaimed asphalt pavement (RAP) uses a mix of fly ash (a coal-combustion by-product) with reclaimed
asphalt concrete. It reduces use of virgin asphalt by about 30%.
Detecting ultralow levels of mercury in water
Why in news?
A team at Jawaharlal Nehru Centre for Advanced Scientific Research (JNCASR), Bengaluru, has found an
innovative way to develop a sensor that operates using Surface Enhanced Raman Spectroscopy and has high
sensitivity (60 X 10-18 M which is 0.01 parts per quadrillion), far better than other methods of detecting
mercury in water.
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Mercury
Mercury is a heavy metal that is predominant in the environment. It mixes with the
environment due to both natural (e.g. volcanic activity) and anthropogenic (e.g. electrical
appliances such as mercury lamps) activity.

What study shows?
Studies have shown that industrial effluents can have higher mercury levels than that allowed by the WHO
and Indian guidelines. With allowed levels of mercury in drinking water and effluents being in the range of 1–
10 microgram per litre, it becomes necessary to develop sensors that can measure mercury levels in water
with high sensitivity and selectivity. The small molecule — histidine conjugated perylene diimide (HPH) —
when dissolved in water shows green fluorescence under laser light. When water contaminated with mercury
is added to this solution, the fluorescence is absent, and the molecules form a hydrogel. This method can
detect only up to 5 nanomolar (0.1 parts per billion) of mercury in water. However, the sensitivity drastically
improves with a novel technique developed by the researchers.
In the new technology the small molecule is a bolamphiphile, because it has both hydrophilic (histidine) units
on the surface and hydrophobic (perylene) core units. The molecule has two arm-like projections on either
side of the core, one of which binds to the gold surface and the other is free pointing outwards. When mercury
contaminated water is added to this mixture, the mercury ions bind to the free ends. When subjected to Raman
spectroscopy, the response after mercury has bound to the particles is highly enhanced as compared to before
the binding of mercury. This gives a measurable optical response. Although the technique has been
demonstrated for water, it can come in useful for detecting mercury elsewhere too. This technique can be used
for any other sample, including biofluids or tissue extracts, wherein detection of such low concentration does
matter.
Scientists unearth Asia’s first fossil Dioscorea yam leaf
Why in news?
A quaint fossilised leaf is one of the most recent finds throwing light on
India’s past. The leaf fossil is the first of Dioscoreayams from Asia and
hints at a Gondwanan origin to these plants, claim scientists.
Findings
When scientists were leading a dig in the Eocene-era (38-56 million
years ago) Gurha lignite mine in Bikaner in western Rajasthan, they
obtained two well-preserved fossils of large leaves. The team identified it
as a species of Dioscorea, a kind of yam that grows as a herbaceous vine
in the humid tropics of India and other countries. They also used the
morphological features of the leaves venation and leaf shape to rule out
other plants that look very similar to it. When they compared it to the other Dioscorea fossils obtained from
Europe, Africa and America, they found it to be very distinct.
The team named their new find Dioscorea eocenicus: the first ever Dioscorea fossil recorded from Asia.
Currently, species of Dioscorea in India are found in the humid, tropical forests of the country. Based on this,
the team infer that such tropical forests must have flourished in this part of Rajasthan during early Eocene.
Other fossil plants observed in the mine also suggest this historical climate in the area, which is now dry and
consists of desert vegetation.
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The Table that defines chemistry turns 150
Why in news?
The majestic table of elements that hangs on the walls
of chemistry classrooms across the world has turned
150 years old in 2019. The United Nations General
Assembly and UNESCO have decided to celebrate
2019 as the “International Year of the Periodic Table
of Chemical Elements (IYPT2019)”.
Periodic Table and Mendeleev
The Periodic Table of Elements was written by Dmitri
Ivanovich Mendeleev on 17th February 1869.
Mendeleev was not the first one to create a table of elements. Earliest of such efforts was due to the father of
modern chemistry, Antoine Lavoisier in 1789 who classified them in terms of their properties. John Newlands
introduced the concept of octaves in chemistry, wherein properties repeat for every eighth element. There
were other attempts too. However, the proposal of Mendeleev was unique.
Mendeleev’s finding was that the elements, if arranged according to their atomic weights, exhibit an evident
stepwise variation of properties. Today, all the 118 elements are put in the periodic table based on the periodic
law. Mendeleev put emphasis on chemical properties. As a result, in a few cases systematically increasing
atomic weights did not match well with chemical properties. He hesitatingly placed tellurium before iodine
with a question mark, although tellurium is heavier than iodine. Today we know that his placing was indeed
justified.
The element 101 is named as Mendelevium (Md). Although narrowly missed the Nobel Prize of 1906, he
became one of the 15 scientists to be remembered with an element, a more illustrious recognition considering
that 181 have won a Nobel Prize in chemistry so far.
NIIST’s photoluminescent ink shows good photostability
Why in news?
Using a novel approach, researchers at the CSIR-NIIST, Thiruvananthapuram have formulated a fast-drying
fluorescent ink that retains over 70% photoluminescence intensity even at the end of one month. There was
26% drop in emission intensity within one hour of printing using the ink containing the fluorescent dye and
further drop of 2% in two hours. But no reduction in emission intensity was seen after three hours. They are
encapsulating the fluorescent dye — fluorescein — within double-layered silica nanospheres. Since encasing
the dye using a single layer of silica did not completely prevent dye leakage, the researchers used a second
layer for encapsulation. The silica nanospheres are 70-80 nanometres in size.
About Fluorescent ink
Fluorescent ink is used for a wide range of applications in domains such as anticounterfeiting, information
storage, bioimaging, smart packaging, and nanoelectronics. Retention of photoluminescence for prolonged
periods is a major challenge in fluorescent inks.
Benefits
As a result of the double-layered encapsulation, fluorescent dye is largely protected from dispersants, solvents
and binders present in the ink. So there is less likelihood of reduction in photoluminescence intensity through
dye leakage. Encapsulation of the dye in double-layered silica nanoparticles also prevents cluster formation.
The dye used without any encapsulation lacks photostability and the fluorescence completely decays within a
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couple of hours. The dried ink containing the dye is cream in colour under visible light but turns green when
exposed to ultraviolet light. When the UV light is cut, the dye immediately regains its original colour (cream).
The team used commercially available dye and is now working to encapsulate NIIST propriety dyes using the
same procedure. The propriety dyes have multiple emissions and so will help in increasing the security feature
of the ink.
Mariculture is as important for India as agriculture
Food Security at stake
About 37% of the area of the entire world is agricultural land, a third of which (about 11%) is used for crops.
And as the population of the world rises to 9.7 billion people in 30 years, the land available for crops will
reduce. Thus, there is an immediate need to try and improve the efficiency of food production. Experts predict
that agricultural yield must increase by 50% between now and 2050. How to do this is the question facing
agricultural scientists across the world.
What can be done to increase Productivity?
Genetic Engineering
One way of increasing productivity one such attempt is through the project RIPE (Realizing Increased
Photosynthetic Efficiency). It has shown in the model plant tobacco where the scientists could “engineer
photosynthesis” by increasing the expression of three genes involved in processing light. This increases the
tobacco yield by 20%. The team is trying to do the same genetic engineering method in other plants. One such
plant is cassava (also called sago or sabudana) whose roots are carbohydrate-rich is eaten as staple food in
parts of Andhra, Kerala and the hilly areas of Assam.
Another way that scientists are trying is to reduce what is called photorespiration in plants. Here the energy
and oxygen produced in the ‘light reaction’ of photosynthesis is drained by the plant to make “wasteful”
products in the ‘dark reaction’. It consumes carbohydrates and other food material, particularly when the
plant’s leaves close in order to reduce water loss by evaporation. If we can find ways to reduce this
photorespiration, edible food yields can go up.
Many of these research attempts involve the introduction of external genes and gene products into food crops.
These are opposed by group of people who do not want genetic engineering and genetically modified plants.
This is a curious situation where science finds ways to deal with genes so as to improve yields while
sociology opposes it based on worries about safety. A viable solution needs to be found, failing which food
production may not increase all to feed the ever growing population of the world.
Include seaweeds in our diet
The most efficient use of photosynthesis is actually not by land plants but by micro and macro algae, such as
seaweeds. These are the champions, contributing to about 50% of all photosynthesis in the world. Many of
them, notably those with dark green, red and brown colour, are edible. They are low-calorie and nutrientdense food items and eaten by people in most parts of South East Asia.
Seaweeds are rich sources of vitamins A and C, and minerals such as Ca, Mg, Zn, Se and Fe. They also have
a high level of vegetable proteins and omega 3 and 6 fatty acids. Best of all, they are vegetarian, indeed
vegan, and do not have any fishy smell, thus good and acceptable.
Seaweeds in India
About 844 seaweed species are reported from India, a country with a coast line of 7,500 km. While we have
63% of our land area for crop agriculture, we should not forget this vast coastal area, much of which breeds
seaweeds. The Central Salt and Marine Chemicals Research Institute (CSMCRI) at Bhavnagar, Gujarat has
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done pioneering work in the area. The seaweeds found in plenty, Ulva, Pyropia, Porphyra and Kappaphycus
are edible and that it will be good to cultivate them in large scale, as is done in countries like Japan. Of the
306 seaweeds in the Gulf of Mannar, 252 are edible.
Conclusion
India should embark on Mariculture as vigorously as Agriculture, given its 7,500 km-long coastal line.
Further, it does not require pesticides, fertilizers and water for irrigation, which is an added advantage. We
may “break in” through the use of seaweeds as pizza seasoning, in spice sachets, so that people get used to
them.
Cell based meat
Why in news?
The Maharashtra government and the Institute of Chemical Technology signed an agreement with U.S.-based
non-profit Good Food Institute to set up a Centre for Excellence in Cellular Agriculture. It can develop
commercial production methods to bring cell-based meat to the dining table at more affordable prices.

•
•

Cell based meant
Cell based meat, also called clean meat, synthetic meat or in vitro meat, is meat grown from
in vitro animal cell culture instead of from slaughtered animals.
It is a form of cellular agriculture.

How it is made?
Stem cells or progenitor cells are extracted from an animal. In a lab, under the right circumstances, cells can
divide, just like they do naturally. They have to be fed nutrients like salt, sugar and proteins. These come
from serums made from animal blood.
Potential benefits
The meat is slaughter-free and aims to bypass the problems of modern factory-farming, whether the
objections of cruelty to animals, infections of salmonella and e coli, or meat injected with multiple doses of
antibiotics. The performance of cell-based meat is an order of magnitude better than traditional meat when it
comes to land use and water use. To produce one calorie of chicken flesh, the bird is fed nine calories of input
which can be avoided.
Belle II: Chasing cousinly rivalry at the subatomic level
Why in news?
Belle II, a particle accelerator experiment located in Tsukuba, Japan, is a unique facility in the world. Here,
electrons and positrons (anti-electrons) collide to produce B mesons in order to study the breakdown of
symmetry in these decays. As an international collaboration involving 26 countries, Belle II has an Indian link
— a team led by physicists and engineers from the Tata Institute of Fundamental Research, Mumbai, have
built the fourth layer of the vertex detector.
Belle II Experiment
It is an experiment carried out by The High Energy Accelerator Research Organisation, Japan to study
violations of the standard model and dark matter. It has a highly sensitive particle detector which has better
sensitivity, higher than its predecessor, Belle. Belle II is an upgraded detector to allow the experiment to
record the enormous numbers of particle processes that are produced by the Super KEKB accelerator. The
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Belle II experiment will accumulate 50 times more data than the previous experiment, Belle, and pursue
violations of the symmetry between particles and anti-particles as well as new laws of physics. It is a grand
collaboration of around 700 scientists from 26 countries. Complementary to the direct search experiments
being carried out at the Large Hadron Collider in CERN, Belle-II will indirectly probe new physics using
intense electron-positron beams and a sensitive detector.
Contributions from India
Belle-II has a significant Indian participation both on experimental and theoretical sides. The fourth layer of
the six-layer, highly sensitive particle detector, which is at the heart of Belle-II, has been built by Indian
scientists. Scientists from the Indian Institutes of Technology (IITs) in Bhubaneswar, Chennai, Guwahati and
Hyderabad; the Institute of Mathematical Sciences (IMSc), Chennai; Punjab University; Punjab Agricultural
University; MNIT (Malaviya National Institute of Technology), Jaipur; IISER (Indian Institutes of Science
Education and Research) Mohali; and TIFR, Mumbai, are participating in this research.
World’s fastest camera can see light in slow motion
Why in news?
Scientists have developed what may be the world’s fastest
camera, which can capture 10 trillion frames per second
making it possible to ‘freeze time’ to see light in extremely
slow motion.
CUP
The extraordinary camera, builds on a technology called
compressed ultrafast photography (CUP). It’ll be useful in biomedical and materials research. The advance
may offer insight into as-yet undetectable secrets of the interactions between light and matter.
What are turbidity currents?
Why in news?
New discovery says that apart from just being sediment-laden seawater flowing over the seafloor, they also
involve large-scale movements of the seafloor itself.
What discovery says?
They are fast moving currents that sweep down submarine canyons, carrying sand and mud into the deep sea.
This discovery could help ocean engineers avoid damage to pipelines, communication cables, and other sea
floor structures. Turbidity currents are also important to petroleum geologists because they leave behind
layers of sediment that comprise some of the world’s largest oil reserves.
IIT Guwahati uses aloe vera to remove oil from water
Why in news?
Researchers have for the first time used a naturally occurring material aloevera gel which inherently has
superior oil repelling (oleophobic) property to separate oil from water. The researchers have only been
mimicking the structure of naturally existing materials such as fish scales to achieve super oleophobicity.
While conventionally the topography and chemistry of materials had to optimised to make them repel oil
extremely, the use of aloe vera gel–based coating modified with some molecules was sufficient to make the
surface of substrates extremely oil repelling.
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Aloe leaves
The team led by Dr. Uttam Manna from the Department of Chemistry at Indian Institute of Technology (IIT)
Guwahati used the thick gel contained in the leaves of aloe vera plant to convert a commercially available
porous material that is oil-loving (oleophilic) to become extremely oil-repelling by coating it with the gel.
Like a drop of water that nearly retains its spherical shape when placed on a lotus leaf, the commercially
available material coated with the gel exhibited high oil contact angle of about 150 degrees under water. The
greater the oleophobic nature of a surface the higher will be the contact angle and more spherical will be the
shape of the oil droplet.
The researchers found the gel by itself had superior oleophobicity with contact angle of 156 degree. Even
when subjected to extreme conditions such as exposure to boiling (100 degree C) water for 60 minutes and
liquid nitrogen (–196 degree C) for 24 hours the oleophobic nature of the gel was not compromised. The
oleophobicity of the gel remained intact when exposed to various chemically harsh conditions such as very
acidic (pH 1) and highly alkaline (pH 12) medium, artificial sea water and river water for 30 days.
Super-oleophobic
The researchers used the gel to coat a commercially available porous material that is inherently oleophilic
(oil-loving). Once coated, the material became extremely oil-repelling with contact angle of 151 degrees. The
super-oleophobicity remained intact even when exposed to severe chemical conditions (highly acidic and
alkaline water, artificial sea water and river water) but reduced a bit (146 degrees) when subjected to bending
and twisting. The oleophobicity reduced drastically to less than 100 degrees under severe physical abrasions
such as sand paper abrasion, knife scratching test etc.
Conclusion
The team directed its efforts to make the surface exhibit super-oleophobicity even after extreme physical
abuse. For that they used a small molecule (dipentaerythritol pentaacrylate or 5Acl) to bind to the coated gel.
About 99% of the gel is made of water, and amino acids and enzymes among other things make up the
remaining 1%. The amino acids and enzymes provide amine group which helps in binding (cross linkage)
with the small molecule. Post binding with the small molecule, the oleophobicity reduced to 138 degrees. Dr.
Manna says, “We increased the oleophobicity to 155 degrees by adding glucamine, which is hydrophilic, to
the coating”. The oil-repelling nature remained intact even when the material was stretched by 150% and bent
for about 1,000 times. Being porous and stretchable, the coated material acts a membrane to separate oil and
water. Since it is super-oleophobic (and therefore highly water-loving), the membrane allows water to pass
through it thus helping in separating oil from water.
Ten breakthroughs that made India proud
The title reflects the difficulty we face when trying to make a short list of achievements. There are many
others who would fit into this list and it is not intended as a comprehensive or complete list in any way.
Notable omissions include Narendra Karmarkar’s work in developing the first efficient algorithm for solving
linear programming problems, Salim Ali’s work in ornithology, C.V. Vishveshwara’s calculations of black
hole mergers and more recently Agarwal, Kayal Saxena’s method of primality testing. In any case, here is
presented a short account and a picture of some great work and some great people we need to feel good about
in science.
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Ramanujan (1887 – 1920) partitions of numbers
Srinivasa Ramanujan’s untamed genius has made him today a byword among all who
study mathematics. His brilliant work includes close to 3,900 results in the form of
identities and equations. It is impossible to select one work that shines above all, but
for ease of explanations, we can look at his derivation of the partition function in
number theory. Take a number, e.g. 4. It can be written in the following ways (0+4),
(1+3), (2+2), (1+ 2+ 1) and (1+1 +1+1). There are thus five partitions of the number 4.
As the magnitude of a number increases the size of its partitions grows, and it
becomes very difficult to count them. For many years people had tried to develop a
formula for counting partitions. In one major work Ramanujan and Hardy brought out was an expression that
gives the exact computation of partitions of an integer. Ramanujan was the first Indian scientist to be accepted
as a Fellow of the Royal Society, London, a top honour given by the British scientific establishment.
Meghnad Saha – Saha equation
Some people, when they enter the fray, bring in with them change, like a rush of air
when you open the doors on a windy day – Meghnad Saha was one such. He was
famous for his theory of stellar
ionization, which explained the origin of stellar spectra. According to a biography
posted in the Vigyan Prasar’s website, this was one of the most important
contributions made by an Indian to science in the 20th century. Whether it was in
teaching nuclear physics, setting up the country’s first cyclotron or building
Institutions, Meghnad Saha was a master at it. He was elected as a member of
parliament from south Calcutta constituency in 1952 as an independent candidate. He died in 1956 at the age
of 63.
CV Raman and the Raman effect
CV Raman won the Nobel prize in 1930 for his experiments in light scattering and
the phenomenon which came to be known as Raman effect in his honour. When light
is passed through a material, the photons in the beam excite the atoms of the sample.
When these photons re-emerge, they can have higher or lower energies than the
photons making up the original incident beam of light. This is because some of the
energy is either absorbed or added to by the interaction with the material. As a result,
the colour of the incident light can differ from the colour of the emergent light. This
effect is used as a way of probing the properties of materials depending on the way
they interact with light.
Norman Pogson — Discovery of Helium
Norman Pogson was a much decorated British astronomer who worked in the
Madras observatory, which was moved into Madras in 1792 and managed by the
British East India Company. Pogson discovered many small asteroids and observed
many comets, but the discovery he is famous for is that of the gas Helium. True to
its name which is derived from Helios meaning the sun, helium was discovered not
on earth but on the sun. Watching a solar eclipse from Machilipatnam on August 18,
1868, Pogson and his team spotted a bright yellow line in the solar spectrum and
attributed it to a new element. Later, confirming this, Norman Lockyer gave the
element its name as we now call it – helium.
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Ronald Ross — Documenting the malaria vector’s life-cycle
Ronald Ross was born in Almora in India. He won the Nobel prize in 1902 for
discovering how malaria is propagated by mosquitoes. In secunderabad, in 1897 he
used some 20 mosquitoes that he had cultured, and made them bite an infected
patient. After the blood meal, when he dissected the mosquitoes he found the larvae
in the guts of the mosquitoes. Further study confirmed that they were indeed the
malarial parasite. Later, in Kolkata, he experimented with bird models and
demonstrated how the parasite was transferred from an affected bird to a healthy one
by mosquitoes. This established the lifecycle of the parasite and the mode of
infection and forms the basis of many treatment procedures.
S.N. Bose – Bose-Einstein statistics
Satyendranath Bose (S.N. Bose) has made what is arguably one the most important contributions to
theoretical physics from India. He derived Planck’s law of black body radiation by
applying Einstein’s concept of photons to describe the radiation. His paper was
initially not accepted for publication. So he sent the article, along with a letter, dated
June 4, 1924, to Albert Einstein, requesting his help to
get it published in the journal Zeitschrift fur Physik. Einstein not only said he would
help Bose, but also translated the paper into German himself for the journal. Not just
this, he further generalized the concept of Bose and derived the theory of a quantum
theory of an ideal gas, giving rise to what is known today as the Bose-Einstein
statistics.
William Leishman – Kala Azar causative agent
Scottish pathologist and British Army medical officer William Boog Leishman
served in India in the early 1900s. In 1901, when examining the spleen of a patient
who had died of kala azar, he found some oval bodies, later identified as
Leishmania donovani, the protozoan that causes kala azar or visceral leishmaniasis.
It was Ronald Ross who ensured that the genus was named after William
Leishman. World Health Organization estimates that between 700,000 and
1000,000 get affected by this disease annually, resulting in 20,000 to 30,000 deaths.
Jagadish Chandra Bose — Plant sciences
Jagadish Chandra Bose (1858 – 1937) is popularly known as India’s first modern
scientist, though his contemporaries Prafulla Chandra Ray and mathematician
Srinivasa Ramanujan also merit this distinction. J.C. Bose made significant
contributions to chronobiology and concepts of circadian rhythms. He
demonstrated that plants, in response to external stimuli can produce electric
response similar to animals. According to a biography of JC Bose, published by
Vigyan Prasar, three of his research papers were published in The Electrician, an
important British periodical of those times, in 1895. These were perhaps the first
articles published by an Indian in a western scientific periodical.

© Smart Leaders IAS

www.smartleadersias.com

147

Science and Technology
Swami Manohar and others — The Simputer
Envisioned as a low-cost alternative to handheld computers in India, the Simputer
made a splash in the early 2000s. It was devised in order to bridge the digital divide,
but it did not succeed in taking off. Yet, it remains an important homegrown
development in computer manufacture. It was the brainchild of scientists from the
Indian Institute of Science – Vijay Chandru, Ramesh Hariharan, Swami Manohar,
Mark Mathias and V Vinay – and founding members Vinay Deshpande and
Shashank Garg.
S. Chandrasekhar — stellar dynamics
Subrahmanyam Chandrasekhar is best known for his definition of the
Chandrasekhar Mass Limit, which is approximately 1.4 times the mass of the sun. A
star having a mass lower than this limit would eventually evolve into a white dwarf.
If it had a mass higher than this, it would not stop with becoming a white dwarf but
would continue to collapse under its own gravity to perhaps becoming a neutron star
or a black hole. He was awarded the Nobel prize in 1983 along with John Fowler.

The significance of Arihant
India’s nuclear triad complete
India achieved a significant milestone in its strategic nuclear posture when it announced the completion of its
survivable nuclear triad by adding maritime strike capability to land and air-based delivery platforms for
nuclear weapons. With the country’s first nuclear ballistic missile submarine, INS Arihant, completing its
maiden “deterrence” patrol, India joined the select group of five — US, Russia, China, France and UK —
which can boast of this capability.
Importance of INS Arihant’s deterrence patrol
A deterrence patrol, as the term signifies, is meant to deter the adversary from conducting the first nuclear
strike, as a nuclear ballistic missile submarine provides India with an assured second-strike capability. The
success of INS Arihant gives a fitting response to those who indulge in nuclear blackmail. As a nation
committed to “no first use” (NFU), it is of critical importance that an adversary contemplating a nuclear (first)
strike should never be in doubt about the credibility of India’s nuclear deterrent and the assurance of a swift,
devastating response. Given the kind of transparency provided by satellites and other technical means, the
land-based legs of our nuclear triad (missile sites and air-bases) remain exposed to enemy attack. Once the
submarine disappears underwater, it becomes virtually impossible to locate and can remain on patrol for
months, with its ballistic missiles ready for launch on the PM’s orders. This is the kind of credibility that
Arihant and other submarines will provide to India’s nuclear deterrence in the future.
Some shortcomings still present
The issue of missile ranges from a submarine patrol area in mid-Bay of Bengal, Islamabad is 2,500 km, while
Beijing and Shanghai are over 4,000 km. Therefore, to target cities and nuclear forces deep inside China or
Pakistan, from a “safe haven”, India needs a submarine-launched ballistic missile (SLBM) of 6,000-8,000-km
range. The missile, reportedly, carried by the Arihant is the K-15, whose range falls below 1,000 km.
Lack of coordination
India has, so far, followed an unorthodox system, in which the National Command Authority (NCA) manages
the nuclear deterrent through a “troika” consisting of the Strategic Forces Command (SFC), the Department
of Atomic Energy and DRDO. While scientists are the custodians of nuclear warheads and help mate them
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with the SFC’s missiles and IAF fighter-bombers, the MoD and Raksha Mantri remain out of the loop. Since
Arihant and her sisters will carry “cannisterised” missiles, with pre-mated warheads, scientists have been
eliminated from the chain, with custody and control of weapons devolving on the submarine’s captain.
Although “fail-safe” electronic permissive action links (PAL) have been installed to ensure instant
compliance with an authorised “launch” command from the NCA, while preventing accidental launch,
structural and doctrinal changes are also urgently required.
Effective command and control structure
The Chairman Chiefs of Staff Committee (COSC) is, notionally, a key functionary in the nuclear command
chain, responsible to the PM for the functioning of the SFC. With the operationalisation of Arihant, his role
assumes greater criticality. Under existing rules, the appointment of chairman is tenable by the senior-most
service chief who may (depending on his retirement date) serve for durations, varying from 30 days to 18
months. He discharges this duty on a part-time basis, in addition to running his own service. No other nuclear
weapon state has such a farcical arrangement, and this impinges on the credibility of our deterrent. Given the
gravity and magnitude of his responsibilities, in the context of the nuclear triad, the Chairman COSC, in his
current avatar, needs to be urgently replaced either by a Chief of Defence Staff or a Permanent Chairman
COSC, with an independent charter and a fixed tenure.
Need of more submarines
The nuclear-reactors of our SSBNs will need re-fuelling (with fresh Uranium rods) every few years. The
process being a rather lengthy one, India would require an inventory of at least 3-4 SSBNs to maintain one on
deterrent patrol off each seaboard. A small force of nuclear attack submarines (SSN) would be required for
the protection of SSBNs and other roles. Thus, in a 50-60 year perspective, India should be looking at a
nuclear submarine force of 8-12 SSBNs and SSNs
INS Arihant’s role in Make in India
Apart from its strategic significance, the Arihant is a live manifestation of PM Modi’s “make in India” vision.
A number of major private-sector companies contributed to the Advanced Technology Vessel (ATV)
programme by mastering esoteric technologies to design and fabricate systems for the vessel. This Navymanaged DRDO project has also spawned a huge country-wide indigenisation process by which small and
medium industries, have contributed components manufactured to high precision and reliability
specifications.
Conclusion
India’s nuclear triad and its accessories are going to cost the nation trillions of rupees in the decades ahead. It
would be delusionary to imagine that a large military, and nuclear weapons, just by themselves, can assure
India’s security and bequeath “great power” status on it. A grand-strategic vision that integrates military
power with a national security doctrine will certainly achieve both.
China ropes in India as digital economy partner
Why in news?
As part of Beijing’s drive to cyber-connect with Eurasia. In tune with its rise as an Internet giant, China is
roping in India as a niche digital partner, as part of Beijing’s drive to cyber-connect with Eurasia — its new
frontier for trade and investments.
Conference
At a conference on defining common international standards for two-dimensional (2D) barcodes the gateways
for linking genuine buyers and sellers, as well as making digital payments by scanning QR codes India is
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already on board in this global exercise. Last November Zheng Chao, Executive Director of the Global
Unified Two-Dimensional Code Registration Management Centre (UTC), based in Beijing, signed a
“strategic cooperation” agreement on 2D coding with his Indian counterpart. As a result, UTC (India) was
formed. In China, there has been a growing awareness of India’s strengths in the pharmaceutical sector and
other areas. But the challenge is how to find genuine buyers and sellers. That is where 2D codes become
important to solve the problem by eliminating fraudulent buyers and sellers online, Only exports of Indian
pharmaceuticals and cotton are being funneled through the 2D coding route, though other items are likely to
be added in the future. Analysts say that China appears more inclined to source pharmaceuticals and agroproducts from India.
Mission Raksha Gyan Shakti
Why in news?
Raksha Mantri has launched ‘Mission Raksha Gyan Shakti’ which showcases salient inventions and
innovations achieved by DRDO, Defence PSUs and Ordnance Factories (OFs).
Mission Raksha Gyan Shakti
As part of the ongoing initiatives to enhance self-reliance in defence, the Department of Defence Production
has instituted a new framework titled ‘Mission Raksha GyanShakti’ which aims to provide a boost to the IPR
culture in indigenous defence industry. The Directorate General of Quality Assurance (DGQA) has been
entrusted with the responsibility of coordinating and implementing the programme. The event brought out
that the end objective of ‘Mission Raksha Gyan Shakti’ is to inculcate IP culture in Indian defence
manufacturing ecosystem. The IPR has emerged as a key ingredient of an ecosystem which stimulates
innovation and ingenuity.
Defense IPRs in India
An IP Facilitation Cell was established in April this year which has worked tirelessly to achieve ambitious
targets of training 10,000 personnel of OFB and DPSUs on IPR and to facilitate filing of at least 1,000 new
IPR applications. This has resulted in successful filing of Intellectual Property Right (IPR) applications.
India building 20,000-strong network to take on challenges of mighty supercomputers
Why in news?
This year, a supercomputer from India took 39th position in the TOP500 list, the highest-ever position
achieved by the country. And, if an ambitious project by the Centre goes as planned, within the next five
years, an army of 20,000 technology experts from India will form one of the world’s strongest human
networks to handle the challenges of supercomputers. The Indian Express explains India’s strategy to amp up
its presence in the world of supercomputers, and the challenges in its way.
National Supercomputing Mission (NSM)
Launched in 2015, NSM is the only dedicated programme launched to boost India’s supercomputing capacity.
The Rs 4,500-crore, seven-year-long programme is spearheaded by the Centre for Development of Advanced
Computing (C-DAC) and Indian Institute of Science (IISc), under the Department of Science and Technology
(DST) and Ministry of Electronics and Information Technology (MeitY). As part of the programme, a
network of over 70 supercomputers will be installed in multiple national-level research and academic
institutions. These machines will be part of the National Supercomputing grid over the National Knowledge
Network (NKN), which will have wide-scale applications in the fields of climate modelling, weather
prediction, aerospace engineering, computational biology, molecular dynamics, atomic energy simulations,
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national security and defence applications, seismic analysis, disaster prediction and management,
computational chemistry, big data analytics, finance and more. By March next year, the first three
supercomputers under NSM will be operational at Banaras Hindu University (IIT), Indian Institute of Science,
Education and Research (IISER),Pune and IIT-Kharagpur.
Largest trained manpower for supercomputers
Under NSM, the long-term plan is to build a strong base of 20,000 skilled persons who will be equipped to
handle the complexities of supercomputers. They will be trained over the next five years and will become one
of the largest ever dedicated human resource bases equipped to use these mighty computers. Several IITs and
NITs, along with the C-DAC, are presently conducting courses and training sessions for the mission, and
about 2,000 people have already been trained.
PARAM Shavak is one such machine that has been deployed to provide training. So far, 2,000 people have
been successfully trained and over 100 courses are being conducted for this purpose. PARAM Shavak, which
is best suited for research or academic institutions, will soon switch to using advanced computational facilities
for research purposes.
How India fares in the world of supercomputers
Presently, Pratyush, installed at the Indian Institute of Tropical Meteorology (IITM), Pune, is the fastest
supercomputer in India and ranks 39th in the world. Launched in January 2018, it is the fourth fastest High
Performance Computer (HPC) dedicated to climate modelling in the world. Its peak capacity is 4 Petaflops in
compute, it has 9 Petabytes of storage capacity and 30 Petabytes of archival capacity.
According to the latest TOP500 list of fastest supercomputers in the world, India has four systems among the
world’s fastest 500 systems. Mihir, ranked 66th, has been installed at the National Centre for Medium Range
Weather Forecasting (NCMRWF), New Delhi. Two other systems, ranked 206th and 497th, are presently
operating at a software company and at IITM, respectively. Though India may not be at par with the US or
China when it comes to supercomputers, experts feel that India is definitely among the top ranking countries,
and is at par with Russia and some European countries. In collective capacity building terms, India’s
supercomputers offer a wide range of applications and usage.
Key challenges and future plans
The biggest challenge for India, according to tech experts, is limited funding. Even though India took its first
steps in supercomputer programming during the late 1980s, it made slow progress in the following three
decades. Limited investments and delayed release of funds slowed things down further. This is one of the
main reasons why India, which has the capacity to build a world-class system, has never reached the top
position in the rankings. Only 10 per cent of its total budget for NSM has been released at the end of three
years. While India’s stronghold is in the field of software development, it has to depend on imports to procure
the hardware components required for building supercomputers.
But the situation is changing, with India now venturing into design, manufacture and assembly of hardware
components. This will not only cut down import costs, it will also ensure that while assembling
supercomputers, applications are tailored to address problems that are specific to India.
Indian Navy inducts first Deep Submergence Rescue Vessel
Indian Navy inducted its first Submarine Rescue System with Deep Submergence Rescue Vessel (DSRV)
along with associated equipment at western naval dockyard in Mumbai, Maharashtra (west coast of India). It
is first of the two non-tethered DSRVs ordered by Indian Navy. With this, India joined select list of
international navies (US, Russia, Japan, South Korea, China, Singapore UK, Sweden and Australia). Its
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induction will enhance Indian Navy’s operational capabilities for search, locate and provide assistance to
downed or disaster-struck or distressed submarines at high sea.
Deep Submergence Rescue Vessel (DSRV)
The vehicles are developed by Scotland-based JFD, a part of James Fisher and Sons Plc In March, 2016. JFD
had won the contract of 193 million pounds for supply of two sets of non-tethered DSRV and 25 years of
maintenance. These DSRVs are third-generation system, considered to be most advanced system currently in
operation globally. It is capable of undertaking rescue from a disabled submarine up to 650 metres depth. It is
operated by a crew of three, can rescue 14 personnel from disabled submarine at time. DSRVs complete with
associated kit in y away conguration, can be crucial in quickly locating submarines through vast expanse of
sea and can be mobilised by air and water for rapid rescue. It can be deployed at short notice for providing
assistance to submarines in distress. Indian Navy two DSRVs will be based on West and East Coast of India
respectively. The first DSRV will be operated and deployed by crew of Indian Navy’s newly formed
Submarine Rescue Unit (West) from its base in Mumbai. The second DSRV is out for delivery and is
expected to reach Visakhapatnam soon. It will be operational by April 2019.
Background
Indian Navy currently operates 16 submarines of Sindhughosh, Shishumar and Kalvari classes as well as
nuclear powered submarines. The operating medium and nature of operations undertaken by submarines
expose them to high degree of inherent risk. In such eventuality, traditional methods of search and rescue at
sea are ineffective for disabled submarine in deep waters. To overcome this capability gap Indian Navy has
acquired third generation, advanced Submarine Rescue System considering of Non-tethered Deep
Submergence Rescue Vehicle (DSRV) and its associated equipment.
Navy to helm centre on maritime security
Why in news?
The Navy to inaugurate the Information Fusion Centre (IFC) for the Indian Ocean Region (IOR)
Need of such Agreements
Such multilateral agreements are necessitated due to the large traffic in the Indian Ocean which cannot be
entirely monitored by any one nation. To contain growing influence of China in Indian ocean.
About IFC-IOR
The IFC has been established at the Navy’s Information Management and Analysis Centre (IMAC) in
Gurugram. A single point centre linking all the coastal radar chains to generate a seamless real-time picture of
the nearly 7,500-km coastline. Through this Centre, information on “white shipping”, or commercial
shipping, will be exchanged with countries in the region to improve maritime domain awareness in the Indian
Ocean. Though the proposed fusion centre is independent of IONS, it will have members from IONS and
Indian Ocean Littoral states. With the launch of the IFC, involved nation now have the option of positioning
liaison officers at the IFC. Due to lack of Infrastructure presently, information exchange at the Centre would
be initially undertaken by virtual means, telephone calls, faxes, e-mails and video conferencing.
Significance
It will help in strengthening maritime security in the region and beyond and help India to overcome growing
Chinese influence in the Indian Ocean. IFR-IRO would ensure that the entire region is benefited by mutual
collaboration and exchange of information and understanding the concerns and threats which are prevalent in
the region.
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IAF plane takes to the air on blended bio-fuel
Why in news?
For the first time, an An-32 transport aircraft of the Indian
Air Force (IAF) flew with blended bio-jet fuel
produced from Jatropha oil. Blended bio-jet fuel produced
from Jatropha has the dual benefit of reducing the carbon
footprint as well as usage of fossil fuels. With this
discovery, India had thus joined a league of select nations
to have “developed, tested and certified” a single step
Hydroprocessed Renewable Jet (HRJ) process to convert
non-edible oil into biofuel for use on military aircraft.
Biofuel Technology
Bio-jet fuel technology was developed by the Indian Institute of Petroleum (IIP) under the Council of
Scientific and Industrial Research (CSIR) in 2009 and tested between 2011 and 2013. Bio jet fuel can be
produced from animal fat, used cooking oil, waste dairy fat, sewage sludge, etc. The oil needs to have a
freezing point below -47 degrees so it doesn’t freeze at altitudes at which planes fly, should not catch fire on
ground when being transferred into a plane, must have the same density as aviation turbine fuel, have a
certain calorific value and should not choke the filters. It is also 1.8% more energy dense as compared to
Aviation Turbine Fuel and is, therefore, more efficient. A lower Sulphur content causes less wear and tear.
Challenges
Availability and supply chain – IAF would require over 3,000 Kilo Liters of bio-fuel annually just for
operating the AN-32 fleet with a 10% mix. Lack of Policy – Policy intervention to incentive the entire supply
chain, from production of the crops to its distribution is absent Jatropha Production – Inedible oil seeds like
jatropha have low per acre productivity and there is a need to use biotechnology to enhance yields.
IAF shows its mastery in ‘airlift’
Why in news?
In an evaluation of the rapid airlift capability of the Indian Air Force at times of war and natural disasters, the
Western Air Command (WAC) airlifted a record 463 tonnes of load from Chandigarh to airfields and dropzones in the Ladakh region in a single wave.
This was accomplished with a fleet of 16 fixed-wing transport aircraft, including the heavy-lift C-17 Globe
master and Il-76 and the medium-lift An-32. All aircraft were loaded, and took off from the Chandigarh
airbase early in the morning. The entire wave was accomplished in little less than six hours.
The WAC is entrusted with the air maintenance of India’s northern region, and under normal circumstances, it
airlifts close to 3000 tonnes of load a month.
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Indian Air Force
In the year 1932 started as an auxiliary of the British Air Force, in 1945 it became part of the
British Royal Air Force. After India getting Independence it became Indian Air Force (IAF).
IAF was effective right from the first campaign which was in 1948 where Pakistan intruded
into J&K. The IAF played a very critical role. In 1962 Indo-China war air power was not
used. So the loss was ours. In 1965 Indo-Pakistan war air power was used with little less
coordination, but they played an effective role. In 1971 India had complete air superiority
because we have 12 to 14 F 86 Sabre’s which made a difference. In East Pakistan (now
Bangladesh) there are many tributaries of small rivers. Crossing these rivers was a
problematic area. This was overcome by the IAF, providing a huge amount of helicopter
support. In 1999 Kargil war, there was effective use of air power. This was first time in the
history of air power that weaponry was delivered from high altitudes and with accuracy. No
other air force in the world had done before which was a tremendous achievement for IAF.

Navy on a major capability upgrade
Why in news?
Against the backdrop of increasing responsibilities in the Indian Ocean Region (IOR) with the rising Chinese
presence, the Indian Navy has embarked on a major capability upgrade. On an average, 35 Navy ships were
deployed every day.
Exercises
The Navy has undertaken 113 port calls including operational turnarounds this year and has participated in 21
exercises including the Indra series with Russia. Operational requirements have significantly gone up with the
Navy ensuring the presence of at least one major ship at all critical choke points in the IOR under its missionbased deployments and increased military-to-military engagement with friendly nations as part of India’s
defence diplomacy in which the Navy is at the forefront.
Ships and submarines
As on today, 32 ships and submarines are presently under construction in Indian shipyards. These include the
Indigenous Aircraft Carrier (IAC) Vikrant, Project-15B destroyers, Project-17A stealth frigates, P-28 antisubmarine warfare (ASW) corvettes, offshore patrol vessels (OPV) and Scorpene class submarines. In
addition, government approval has also been accorded for 56 ships and six submarines.
The 56 ships are in various stages of procurement and include replacements for existing platforms as well as
new additions. Construction activity will be spread over a decade. These include next generation frigates and
destroyers, four stealth frigates from Russia, four landing platform decks (LPD), 16 shallow water craft, 12
mine sweepers, five fleet support ships (FSS), four survey vessels and two diving support vessels. All this
comes against the backdrop of China increasing its presence and establishing permanent facilities in the IOR.
Admiral Lanba stated that China deployed six to eight warships in the IOR at any given time. The force
enhancements were contingent on increased budgetary allocation which has not seen a major increase over the
last few years.
India, Russia discuss measures to boost joint production in defence
Why in news?
India and Russia agreed to extend bilateral cooperation on defence joint-venture (JV) manufacturing projects
at meeting of the India-Russia Governmental Commission on Military Technical Cooperation (IRIGC-MTC).
Both the countries in IRIGC-MTC meeting discussed a wide range of issues relating to defence equipment,
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industry and technological engagement between India and Russia as well as after-sales support, upgradation
of military equipment of Russian origin.
Private firm’s involvement in manufacturing process
Major focus was on expanding military to military and defence industrial engagement. India’s Interest – India
is keen on moving forward with joint production under Make in India. This includes allowing Indian
companies, both Defence Public Sector Undertakings (DPSU) and private sector, to manufacture spares of
Russian systems in India. Eventually India is keen that its companies supply components and spares to export
to third world countries.
Military to military cooperation
Revised Inter-Governmental Agreement on restructuring the existing IRIGC-MTC was signed to enhance
military to military engagement and rationalize the functioning of the joint commission. Joint manufacturing
of the AK-103 Assault Rifles has also been discussed to replace the indigenously made INSAS rifles now
used by the military. The two countries have already signed a bilateral road map on defence cooperation in
June 2017 for enhancing joint exercises and resumption of training exchanges.
India also asked Russia to increase the Indian components in the Kamov-226T helicopter. India has agreed
to buy 200 Kamov 226T helicopters to replace the ageing Cheetah and Chetak helicopters. Recently, despite
the pressure from U.S India has already signed deal for supply of S-400 Triumph anti-aircraft missile
systems and construction of Project 11356 frigates. An additional institutional Working Group headed by
Chief of Integrated Defence Staff to the Chairman Chiefs of Staff Committee (COSC) and Deputy Chief of
the Main Operational Directorate of General Staff of Armed Forces of Russian Federation would also be set
up under the expanded commission
Significance
Logistic supply agreements will allow warships and aircraft to refuel and refurbish, improving the endurance
of the Navy and Air Force. Since the lack of spares parts has become a major cause of concern for the Indian
military, the new agreement will certainly enhance the strength of India defense sector.
Laser pioneers win Physics Nobel
Why in news?
The 2018 Nobel Prize for Physics has been awarded to Arthur Ashkin, Gérard Mourou and Donna
Strickland for their groundbreaking inventions in the field of laser physics.
Highlights
Donna Strickland of Canada became the first woman to win the Nobel Physics Prize in 55 years and the third
woman ever to win a Nobel physics prize. Besides Arthur Ashkin of the USA became the oldest Nobel
Laureate. While Ashkin won the the prize for ‘Optical tweezers and its application in biology’, Strickland and
Mourou won the prize for their joint effort in devising a technique called ‘Chirped-pulse amplification’.
Optical Tweezers and its applications in biology
Ashkin’s discovery was that a laser beam can act as Optical tweezers. Optical tweezers basically involves
trapping of extremely small particles in the order of sizes of tens of microns to tens of nanometers. Thus
optical tweezers have applications in modifying and manipulating extremely small organisms like viruses,
bacteria, besides individual cells and atoms. Thus optical tweezers significant to biophysicists, who measure
the forces involved in biological processes inside a living cell. They are also used to study how forces affect
large biological molecules such as DNA.
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How does it work?
It is seen that the forces generated by laser beams can trap tiny dielectric particles in air or water. The
scattering of light pushes the particles in the direction of beam propagation. Thus if two beams are
propagating in the opposite direction they will stop a particle from moving along the axis of propagation.
When a laser is propagated in a medium with particles like (cells in aqueous solution) the particle with a
greater refractive index was drawn to the centre of the beam creating an effect called optical trap. Further this
optical trap effect was seen even when instead of two beams only one laser beam was propagated. This came
to be known as optical tweezers capable of trapping particles ranging in size from tens of nanometres to tens
of microns.
Chirped-pulse amplification
As mentioned above Strickland and Mourou won the prize for their joint effort in devising a technique called
‘Chirped-pulse amplification’. This technique is widely used by physicists in creating high-energy laser
pulses. Thus CPA currently lies at the heart of most high-powered laser facilities in the world.
Significance of CPA
Conventionally when a laser beam is amplified from a nano joule to petawatt energy level, it lost the optical
property. That is the laser becomes non-linear. This simply means to amplify the laser beam to high intensity
the length of the laser also had to be increased. (Non-Linear) Thus to keep the intensity of laser pulses without
increasing its length, laser systems had to be very large and expensive. This problem was solved by CPA.
CPA involves amplification of the pulse of laser beam from low-energy to high-energy pulse. Using CPA, the
scientists created a short but high- intensity laser pulses. CPA picks a laser beam from a laser source with a
small amount of energy about a nanojoule. This is amplified to a factor of about 10^12 to get a high-powered
petawatt beam without producing non-linear effects. This keeps the optical property of the laser intact even
when amplified to high-energy beams. Applications of CPA include laser eye surgery and laser micromachining where high-energy laser beams are used.
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