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1. COVID-19 Vaccination in India

• COVID-19 vaccination drive will begin on Jan 16


✓  Priority given to healthcare and frontline workers (around 3 crore), followed by those above 50 

years of age and the under-50 population groups with co=morbidities (27 crore).


✓  People with active infection or associated symptoms not advised to come to vaccination camps. 

They may seek vaccine 14 days after symptoms abate.


✓  Taking vaccine is entirely voluntary


• India has approved two vaccines — Covishield and Covaxin — for emergency use


✓Both are two-dose vaccines. 


✓Both are easy to store as they require to be kept at 2-8 degree Celsius. Most vaccines commonly 

used in India are kept at this temperature range.


CoWIN App


• Covid Vaccine Intelligence Network is repurposed from the e-VIN platform that will provide realtime 

information of vaccine stocks, their storage temperature and individualised tracking of beneficiaries. 


• Currently self-registration is not allowed on the application.


• At a later stage of implementation’, Co-WIN will also be available as an application or as a website in 

multiple Indian languages so that beneficiaries can access it to keep track of their own progress and 

be connected organically to the system, if questions were to arise. It will also be a tool for others to 

“register” for a vaccine once the first line of targeted beneficiaries is cleared.


Covishield


• Developed by Oxford University scientists in collaboration with pharmaceutical company 

AstraZeneca.


• Its trial in India undertaken by Serum Institute of India (SII). SII is also manufacturing the same for 

mass vaccination drive.


• Developed using the adenovirus that causes common cold infections among chimpanzees. Its genetic 

material is same as that of the spike protein of SARS-CoV-2 coronavirus. 


• It is developed using a weakened version of adenovirus. 


• Efficiency pegged at 70 per cent (far below than the vaccines developed by Pfizer-NBiotech and 

Moderna, but above the qualifying efficacy benchmark of 50 per cent set by several countries)


Covaxin


• Developed by Bharat Biotech in collaboration with ICMR.


• Trial is in final stage.


• Developed using dead coronavirus (inactivated vaccine). 


• No efficacy rate made public as of now.
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2. Nanotechnology

• It is the term given to those areas of science and engineering where phenomena that take place at 

dimensions in the nanometre scale are utilised in the design, characterisation, production and 

application of materials, structures, devices and systems.


• It involve the ability to see and to control individual atoms and molecules.


Applications


• It is being used in a big way in cell phones and computers.


• Has a great scope in medicine-


✓  Drug delivery mechanism.


✓  Nano nose to detect cancer by analysing breathing. 


✓  Artificial skin made through nanotechnology that leads to regeneration of natural skin.


✓  Bandage made of silver nano particles that cures burns.


• Solar energy fields.


• Space science.


• Nano laser in optical communication to transfer large data rapidly.


• Nanoscale nutrients for agricultural applications, food packaging, disease mechanisms and 

regenerative medicine, and nano toxicity.


Challenges


• Not very economical to serve the common man.


• Lack of optimal research by the academia. 


Nanotechnology and UPSC


Mains


• What do you understand by nanotechnology and how is it helping in health sector?


Preliminary 


• With reference to carbon nanotubes, consider the following statements: 


✓  They can be used as carriers of drugs and antigens in the human body.


✓  They can be made into artificial blood capillaries for an injured part of human body.


✓  They can be used in biochemical sensors.


✓  Carbon nanotubes are biodegradable. 


• With reference to the use of nanotechnology in health sector, which of the following statements is/

are correct?


✓Targeted drug delivery is made possible by nanotechnology.


✓Nanotechnology can largely contribute to gene therapy.
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• There is some concern regarding the nanoparticles of some chemical elements that are used by the 

industry in the manufacture of various products. Why?


✓They can accumulate in environment and contaminate water and soil.


✓They can enter the food chains.


✓They can trigger the production of free radicals.


3. Li-Fi (or Light Fidelity) 

• Prof. Harald Haas of the University of Edinburgh coined the term in 2011 


• Light-Fidelity is a new technology that uses light waves, instead of radio frequency waves, as a 

medium to carry data 


• An improvised LED bulb functions as a router 


✓Internet data flows in via the device into the bulb, and is carried by light waves and is received by a 

dongle-type device connected to a computer 


Why Li-Fi 


• Radio Frequency (RF) spectrum would not be enough considering the rate of growth of wireless data 

communication 


✓LiFi has access to a greater range of available frequencies as the visible light spectrum is 10,000 

times larger than the entire radio spectrum. The visible light spectrum covers frequencies from 

430,000 to 770,000 GHz and colors from near ultraviolet to near infrared. 


• Li-Fi overcomes the issues in traditional wireless communication, like the shortage of spectrum and 

network disruption because of interference 


• It transmits data at terabits per second speeds—more than 100 times the speed of Wi-Fi.  

in Li-Fi, anyone who has access to light can access the Internet. The system also allows users to move 

from one light source to another without losing their network connection 


• At night, the stream of photons can be reduced to a minimal level that won’t produce visible light but 

enough to carry data 


• Use of phosphorescent paint on the walls adds more noise to the signal and can be selectively used to 

restrict the Li-Fi usage 


✓Also, on absorbing light, phosphorescent paint remains in an excited state and continues to emit 

light even several hours after the original source of light has been switched off. This would mean 

that signal transmission can continue for hours even when light source has been turned off 


Benefits 


• Visible light spectrum is available in plenty, unlicensed and free to use 


• Double benefit of a bulb giving us light as well as internet access


• Low interference leads to very high data speed


• Li-Fi works under water as well 
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• Not harmful, unlike RF that can interfere with electronic circuitry


• Light won’t pass through walls, making eavesdropping nearly impossible


• LED illumination is already efficient and data transmission needs very little additional power 


• It can achieve about 1000 times data density of Wi-Fi, since light can be contained in an area 


• Data-heavy communication in short ranges 


• IoT 


✓Traffic lights can communicate to the vehicles and with each other. Vehicles having LED-based 

headlights and tail lamps can communicate with each other and prevent accidents by exchanging 

information. Also, through the use of Li-Fi, traffic control can be made intelligent and real-time 

adaptable 


✓Visible light being safer, they can also be used in places where radio waves can’t be used such as 

petrochemical and nuclear plants and hospitals 


Shortcomings 


• Can’t pass through opaque objects and needs line of sight for communication 


• Likely to face interference from external light sources such as sunlight and bulbs and obstructions in 

the path of transmission and hence may cause interruptions in communication 


• Initially, there will be high installation costs of visual light communication systems as an add-on to 

lighting systems.


UPSC & Li-Fi 


• With reference to visible light communication bracket VLC bracket close technology, which of the 

following statements are correct? 


✓VLC uses electromagnetic spectrum wavelength 375 to 780 nm 


✓VLC is known as long-range optical wireless communication 


✓VLC can transmit large amounts of data faster than Bluetooth 


✓VLC has no electromagnetic interference 


• With reference to Li-Fi, recently in the news, which of the following statements is/are correct? 


✓It uses light is the medium for high-speed data transmission 


✓It is a wireless technology under several times faster than Wi-Fi 


4. Einsteinium 

• It is the 99th element in the periodic table, named after Albert Einstein and discovered in 1952 in the 

debris of the first hydrogen bomb (the detonation of a thermonuclear device called “Ivy Mike” in the 

Pacific Ocean).


• Scientists have not been able to perform a lot of experiments with it because it is difficult to create 

and is highly radioactive. 
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• The most common isotope of the element is einsteinium 253 with a half-life of 20 days, and 

einsteinium-254 is one of the more stable isotopes of the element that has a half-life of 276 days. 


• Because of its high radioactivity and short half-life of all einsteinium isotopes, even if the element was 

present on Earth during its formation, it has most certainly decayed. This is the reason that it cannot 

be found in nature and needs to be manufactured using very precise and intense processes. 


• So far the element has been produced in very small quantities and its usage is limited except for the 

purposes of scientific research. 


• The elements is also not visible to the naked eye and after it was discovered, it took over nine years to 

manufacture enough of it so that it could be seen with the naked eye. 


• Since the element has no known uses, there isn’t any reason for making einsteinium. It’s an element 

without a role in life. 


5. Deficiency Diseases 
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6. Difference between Animal Cell and Plant Cell


Which of the following statements are correct regarding the general difference between plant and 

animals?


1. Plant cells have cellulose cell walls whilst animal cells do not.


2. Plant cells do not have plasma membrane unlike animal cells which do.


3. Mature plant cell has one large vacuole whilst animal cell has many small vacuoles.


3.1.Endocrine Glands 

• The endocrine system is a chemical messenger system comprising feedback loops of the hormones 

released by internal glands of an organism directly into the circulatory system, regulating distant 

target organs.
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3.2.Types of Covid - 19 Tests in India 

• India’s strategy to combat COVID-19 is ‘test, track and treat’ 


• RT-PCR tests are considered the most accurate method available for detection of the pathogen 


• Antibody tests are only for surveillance purposes, and can determine if a patient has previously had 

coronavirus 


• ICMR has advised antibody testing as “supplementary” to RT-PCR testing 


RT- PCR (Reverse Transcription-Polymerase Chain Reaction) Test 


• Requires nasal and throat swabs and are used to directly detect the presence of the virus rather than 

antibodies 


• Detects the virus’ RNA, which will be present in the body before antibodies form or symptoms of the 

disease are present 


• Test proceeds by converting RNA to DNA through ‘reverse transcription’, before detecting the virus 


• Time taken: three hours 


Rapid Antibody Tests 


• Antibody tests are fast, inexpensive, and can be used to gauge the extent of infection within a 

community 
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• Unlike RT-PCR, antibody tests require a blood sample to determine whether the human body has 

antibodies for coronavirus 


✓Antibodies are proteins produced by the body, and used by the immune system to identify and 

neutralise bacteria and viruses 


• Blood is then examined for two types of antibodies — IgM antibodies, which appear early in an 

infection, and IgG antibodies, which are more likely to show up later 


• ICMR has advised its use as sero-surveys on workers who have returned from other states, those who 

live in dense settings, people in containment zones, police and paramilitary personnel, among others 


• Time: 20-30 minutes 


Rapid Antigen Tests 


• Like RT-PCR, the rapid antigen detection test too, seeks to detect the virus rather than the antibodies 

produced by the body 


• Nasal samples are collected and tested for antigens, which are found in the SARS-CoV-2 virus 


✓An antigen refers to any toxin in the body that triggers an immune response. 


• Approved by ICMR for use in containment zones and healthcare settings 


• Time: 30 minutes 


TruNat Tests 


• Used for detecting tuberculosis and HIV, and works on the same principle as RT-PCR, but with smaller 

kit and faster results 


• TrueNat machine is chip-based, small and portable, and mostly runs on batteries. It detects the virus 

in nasal or oral swabs. The machines are equipped to detect the RdRp enzyme found in the virus RNA 


• Time: 60 minutes 


FELUDA(FNCAS9 Editor-Limited Uniform Detection Assay) Test 


• It uses CRISPR-Cas technology for detection of genes specific to SARS-CoV-2 virus 


• A protein called FnCas9 and a guide RNA(gRNA) which helps in recognising the viral genes is used 


• If the patient sample has the viral gene, this gRNA- FnCas9 complex binds to the gene and using a 

paper strip this binding can be visualised 


• Nasopharyngeal swab sample is collected to extract RNA 


3.3.Square Kilometre Array 

• Recently, the Square Kilometre Array Observatory (SKAO) Council held its maiden meeting and 

approved the establishment of the world’s largest radio telescope. 


• SKAO is a new intergovernmental organisation dedicated to radio astronomy and is headquartered in 

the UK. 


• At the moment, organisations from ten countries are a part of the SKAO. These include Australia, 

Canada, China, India, Italy, New Zealand, South Africa, Sweden, the Netherlands and the UK. 
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Radio Telescopes 


• Unlike optical telescopes, radio telescopes can detect invisible gas and, therefore, they can reveal 

areas of space that may be obscured by cosmic dust. 


• Significantly, since the first radio signals were detected by physicist Karl Jansky in the 1930s, 

astronomers have used radio telescopes to detect radio waves emitted by different objects in the 

universe and explore it. 


• According to NASA, the field of radio astronomy evolved after World War II and became one of the 

most important tools for making astronomical observations since. 


• The Arecibo telescope in Puerto Rico, which was the second-largest single-dish radio telescope in the 

world, collapsed in December 2020. 


Significance


• The telescope, proposed to be the largest radio telescope in the world, will be located in Africa and 

Australia whose operation, maintenance and construction will be overseen by SKAO. 


• The completion is expected to take nearly a decade at a cost of over £1.8 billion. 


• As per NASA, the telescope will accomplish its scientific goals by measuring neutral hydrogen over 

cosmic time, accurately timing the signals from pulsars in the Milky Way, and detecting millions of 

galaxies out to high redshifts. 


✓Scientists hope to address following concepts using this telescope 


✓the beginning of the universe, 


✓how and when the first stars were born, 


✓the life-cycle of a galaxy, 


✓exploring the possibility of detecting technologically-active civilisations elsewhere in our galaxy


✓  and understanding where gravitational waves come from. 


• Significantly, the development of SKA will use the results of various surveys undertaken using another 

powerful telescope called the Australian Square Kilometre Array Pathfinder (ASKAP), which is 

developed and operated by the country’s science agency CSIRO. 


• This telescope, which has been fully operational since February 2019 mapped over three million 

galaxies in a record 300 hours during its first all-sky survey conducted late last year. 
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• ASKAP surveys are designed to map the structure and evolution of the Universe, which it does by 

observing galaxies and the hydrogen gas that they contain. 


3.4.Doppler Weather Radar 


• Since this time, the modern weather radar has evolved and improved a great deal, incorporating 

better data retrieval methods and higher resolution data. 


• In fact, most modern weather radars are now pulse-Doppler radars, and are capable of detecting the 

motion of rain droplets in addition to the intensity of the precipitation. 


• Context: Union Ministry for Earth Sciences commissioned two of the ten indigenously built Doppler 

weather radars which will closely monitor the weather changes over the Himalayas. 


• Services of X-band Doppler radars at Mukteshwar in Uttarakhand and Kufri in Himachal Pradesh 

were virtually inaugurated on the 146th foundation day of the India Meteorological Department 

(IMD). 


• Covering the central and western Himalayas, these dual polarised radars will gather atmospheric 

variations and pick signals of extreme weather events. 


• Both Uttarakhand and Himachal Pradesh are highly prone to cloud bursts, landslides, heavy rain and 

snowfall. Timely weather forecasts and warnings would ensure the governments make advance plans 

and initiate rescue measures. 


How radar works? 


• The basics of radars is that a beam of 

energy, called radio waves, is emitted from 

an antenna. As they strike objects in the 

atmosphere, the energy is scattered in all 

directions with some of the energy 

reflected directly back to the radar. 


• The larger the object, the greater the 

amount of energy that is returned to the 

radar. That provides us with the ability to "see" rain drops in the atmosphere. 


Doppler Radar 


• Doppler radar systems can provide information 

regarding the movement of targets as well as 

their position. 


• Doppler Effect: The Doppler effect is the 

change in frequency of a wave in relation to an 

observer who is moving relative to the wave 

source. 
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• By measuring the shift (or change) in phase between a transmitted pulse and a received echo, the 

target's movement directly toward or away from the radar is calculated. 


• This then provides a velocity along the direction the radar is pointing, called radial velocity. 


• A positive phase shift implies motion toward the radar and a negative shift indicates motion away 

from the radar. 


Types of Radar 


• Doppler radar can be divided into several different categories according to the wavelength of the 

radar. The different bands are L,S,C,X,K. The names of the radars originate from the days of WWII. 


• X band radars operate on a wavelength of 2.5-4 cm and a frequency of 8-12 GHz. Because of the 

smaller wavelength, the X band radar is more sensitive and can detect smaller particles. 


• These radars are used for studies on cloud development because they can detect the tiny water 

particles and also used to detect light precipitation such as snow. 


Dual-Polarized Radar 


• While conventional radars emit and receive 

pulses in the horizontal direction, dual-

polarization radars go a step further and 

transmit and receive waves in the horizontal 

and in the vertical direction.


• This provides a more complete picture of 

t a r g e t s i n t h e a t m o s p h e r e , a l l o w i n g 

forecasters to differentiate between rain, 

snow/melting snow, and even hail. 
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3.5.Asteroid Impact Deflection Assessment (AIDA)


Method of Planetary defence 


• Blowing up the asteroid before it reaches Earth, 


• Deflecting it off its Earth-bound course by hitting it with a spacecraft (AIDA) 


• Joint mission of NASA & ESA 


• Deflect the orbit of the smaller body through an impact by one spacecraft. 


• NASA is building the Double Asteroid Impact Test (DART) spacecraft for this 


• DART spacecraft will be launch in 2021. It is planned to collide with the target in September 2022. 


• ESA’s contribution is a mission called Hera, which will perform a close-up survey of the post-impact 

asteroid 


• Flying along with DART will be an Italian-made miniature CubeSat, called LICIACube (Nanosatellite), 

to record the moment of impact. 


3.6.Nisar 

• NISAR short for NASA-ISRO Synthetic Aperture Radar


✓SAR refers to a technique for producing high-resolution images


✓The radar can penetrate clouds and darkness i.e., it can collect data day and night in any weather 


• It will detect movements of the planet’s surface as small as 0.4 inches over areas about half the size of 

tennis court 


• The satellite will be launched in 2022 from Sriharikota, India, into a near-polar orbit and will scan the 

globe every 12 days over the course of its three-year mission of imaging the Earth’s land, ice sheets 

and sea ice 


• NASA will provide one of the radars (L-band) for the satellite, a high-rate communication subsystem 

for science data, GPS receivers and a payload data subsystem 


• ISRO will provide the spacecraft bus (GSLV Mk-II), the second type of radar (called S-band radar), the 

launch vehicle and associated launch services 


• It is estimated to be the world’s most expensive Earth imaging satellite 


Primary Goals 


• Tracking subtle changes in the Earth’s surface. For e.g. impact on the ground when a lot of water is 

drawn from an underground aquifer 


• Spotting warning signs of imminent volcanic eruptions 


• Helping to monitor groundwater supplies and tracking the rate at which ice sheets are melting 


• Track changes in croplands, hazard sites and monitor crises such as volcanic eruptions 
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3.7.Helium Crisis for India 

• Helium is a colourless, odourless, tasteless, inert gas


• USA is the most important exporter of helium across the world and also the biggest store house 


• India consumes about 70 million cubic metres of helium per year 


News 


• US is now planning to switch off export of helium from 2021


✓India consumes helium for its needs and our industry stands to lose out heavily 


Applications 


• Magnetic resonance imaging (MRI) scans 


• Rockets


• Nuclear Reactors 


Sources 


• Present in natural gas 

Despite its rarity, it is concentrated in large quantities under the American Great Plains 


• In India 


✓Heating up monazite sand — small quantity obtained by Englishman Moris Travers in 1906 


✓Rajmahal volcanic basin around Bakreswar and nearby Tantloi 


 


3.8.Ultra Wideband Technology 

• Ultra Wideband is a fast, secure and low power radio protocol used to determine location with 

accuracy unmatched by any other wireless technology 


• It transmits data across short distances and precisely determines location by measuring how long it 

takes for a radio pulse to travel between devices 
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• A UWB transmitter sends billions of radio pulses across the wide spectrum frequency (3.1 and 10.6 

GHz) and a UWB receiver then translates the pulses into data 


• UWB achieves real-time accuracy because as it sends up to 1 billion pulses per second (about 1 per 

nanosecond) 


• In 2002 U.S. Federal Communications Commission (FCC) authorized the unlicensed use of UWB 


Applications 


• UWB saw limited use in military radars and was even briefly used as a remote heart monitoring 

system 


• Protect vehicles from unauthorized access via two-factor authentication 


• A UWB enabled car can detect the presence of its owner, verify his identity and ensure that the 

communication between two objects, such as a car and its keys, is denied if the distance between 

them goes beyond a pre-defined threshold 


3.9.Baikal  Covid

• Baikal-GVD (Gigaton Volume Detector) is one of the three largest neutrino detectors in the world 

along with the IceCube at the South Pole and ANTARES in the Mediterranean Sea 


• Mission: Study in detail neutrinos and 

determine their sources 


• Fundamental Particles 


✓Broadly, particles of matter that scientists 

know about as of now can be classified 

into quarks (including protons and 

neutrons) and leptons (electrons) — 5% of 

the universe 


✓Not much is known about the remaining 

95 per cent of the universe, which is 

classified by the authors into dark matter 

(27 percent) and the remaining 68 per 

cent of the universe of which scientists 

have “no idea” about yet 


• Neutrinos are fundamental particles, abundant in nature (second most abundant after photons) with 

about a thousand trillion of them passing through a human body every second. They carry no charge 

and do not interact with matter 


• One way of detecting neutrinos is in water or ice, where neutrinos leave a flash of light or a line of 

bubbles when they interact. To capture these signs, scientists have to build large detectors 


✓An underwater telescope such as the GVD is designed to detect high- energy neutrinos that may 

have come from the Earth’s core, or could have been produced during nuclear reactions in the Sun 
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