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Space Technology 

 

1. Chinese 'Artificial Sun' Experimental Fusion Reactor 
China's Experimental Advanced Superconducting Tokamak (EAST), also known as 'Artificial Sun' 
experiment, has set a new record, where it achieved a plasma temperature of 216 million 
Fahrenheit (120 million C) for 101 seconds.  
 
Why is this significant?  
It is believed that the temperature at the core of the Sun is 15 million C, which also means that 
the temperature produced by (EAST) is nearly seven times that of the Sun.  
● It is a significant step in the country’s quest to unlock clean and limitless energy, with minimal 

waste products.  
 
What is EAST?  
● The mission mimics the energy generation process of the sun.  
● The reactor consists of an advanced nuclear fusion experimental research device located in 

Hefei, China.  
● It is one of three major domestic tokamaks that are presently being operated across the 

country.  
● The EAST project is part of the International Thermonuclear Experimental Reactor (ITER) 

facility, which will become the world’s largest nuclear fusion reactor when it becomes 
operational in 2035.  

The ITER project includes the contributions of several countries, including India, South Korea, 
Japan, Russia and the United States.  
 
How does the ‘artificial sun’ EAST work?  
It replicates the nuclear fusion process carried out by the sun and stars.  
● For nuclear fusion to occur, tremendous heat and pressure are applied on hydrogen atoms 

so that they fuse together.  
● The nuclei of deuterium and tritium — both found in hydrogen — are made to fuse together 

to create a helium nucleus, a neutron along with a whole lot of energy.  
● Here, fuel is heated to temperatures of over 150 million degrees C so that it forms a hot 

plasma “soup” of subatomic particles.  
● With the help of a strong magnetic field, the plasma is kept away from the walls of the 

reactor to ensure it does not cool down and lose its potential to generate large amounts of 
energy. The plasma is confined for long durations for fusion to take place.  

 
Why is fusion better than fission?  
While fission is an easier process to carry out, it generates far more nuclear waste.  
● Once mastered, nuclear fusion could potentially provide unlimited clean energy and very 

low costs.  
 
Like fission, fusion also does not emit greenhouse gases and is considered a safer process with 
lower risk of accidents.  
 
Which other countries have achieved this feat?  
China is not the only country that has achieved high plasma temperatures. In 2020, South Korea’s 
KSTAR reactor set a new record by maintaining a plasma temperature of over 100 million degrees 
Celsius for 20 seconds.  
 

2. Neutrinos 
Scientists have shown that the geometry of space-time can cause neutrinos to oscillate.  

http://www.insightsonindia.com/
https://en.m.wikipedia.org/wiki/Experimental_Advanced_Superconducting_Tokamak
https://www.google.com/amp/s/www.space.com/amp/17137-how-hot-is-the-sun.html
http://nuclearconnect.org/know-nuclear/science/nuclear-fusion
https://www.iter.org/
https://www.energy.gov/ne/articles/fission-and-fusion-what-difference#:~:text=Fission%20occurs%20when%20a%20neutron,amount%20of%20energy%20is%20released.
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What are neutrinos?  
Detected for the first time in 1959, neutrinos are the second most abundant particles in the 
world, after photons, or the light particle.  
Neutrinos are mysterious particles, produced copiously in nuclear reactions in the Sun, stars, 
and elsewhere.  
They also "oscillate"-- meaning that different types of neutrinos change into one another.  
● Probing of oscillations of neutrinos and their relations with mass are crucial in studying the 

origin of the universe.  
 
Sources:  
Neutrinos are created by various radioactive decays; during a supernova, by cosmic rays striking 
atoms etc.  
 
Features of neutrinos:  
1. Neutrinos interact very weakly with everything else – trillions of them pass through every 

human being every second without anyone noticing.  
2. A neutrino’s spin always points in the opposite direction of its motion.  
3. It is now generally believed that the phenomenon of neutrino oscillations requires neutrinos 

to have tiny masses.  
 
Need for studying:  
Studying this will aid scientists’ understanding of the origins of the universe since some neutrinos 
were formed during the Big Bang, others continue to be formed as a result of supernova 
explosions or because of nuclear reactions in the Sun.  
 

http://www.insightsonindia.com/
https://www.scientificamerican.com/article/what-is-a-neutrino/#:~:text=A%20neutrino%20is%20a%20subatomic,are%20incredibly%20difficult%20to%20detect.
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3. Baikal-GVD (Gigaton Volume Detector) 
Russian scientists recently launched one of the world’s biggest underwater neutrino telescopes 
called the Baikal-GVD (Gigaton Volume Detector) in the waters of Lake Baikail, the world’s 
deepest lake situated in Siberia.  
 
About Baikal- GVD:  
● It 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.  
● It seeks to study in detail the elusive fundamental particles called neutrinos and to possibly 

determine their sources.  
 

http://www.insightsonindia.com/


 

www.insightsonindia.com                                                          6                                                                      InsightsIAS 

INSTA PT 2021 EXCLUSIVE PART-2 (SCIENCE AND TECHNOLOGY) 

NOTES 
4. NASA’s missions to Venus  
The last US probe to visit the planet was the Magellan orbiter in 1990.  
Now, NASA has announced two new missions to Venus. These two sister missions both aim to 
understand how Venus became an inferno-like world, capable of melting lead at the surface.  
These include:  

1. Davinci+:  
The Davinci+ (Deep Atmosphere Venus Investigation of Noble gases, Chemistry, and Imaging) 
mission will:  
● Measure the planet's atmosphere to gain insight into how it formed and evolved.  
● Determine whether Venus ever had an ocean.  
● Return the first high resolution images of the planet's "tesserae" geological features (These 

features could be comparable to continents on Earth).  
 

2. Veritas (Venus Emissivity, Radio Science, InSAR, Topography, and Spectroscopy):  
This mission will map the planet's surface to understand its geological history and investigate how 
it developed so differently than Earth.  
● It will use a form of radar to chart surface elevations and discover whether volcanoes and 

earthquakes are still happening.  
 
Other missions to Venus:  
1. Previously, an ESA-led mission to Venus called ‘Venus Express’ (2005-2014) focussed on 

atmospheric research and pointed to volcanic hotspots on the planet’s surface.  
2. The first spacecraft to Venus was the Soviet Union’s Venera series, followed by NASA’s 

Magellan Mission that studied Venus from 1990-1994.  
3. As of now, Japan’s Akatsuki mission is studying the planet from Orbit.  
 
About Venus is already in Geography Part-2 Module. 
 

5. European Space Agency’s EnVision mission to Venus 
European Space Agency (ESA) has selected EnVision as its next orbiter that will visit Venus 
sometime in the 2030s.  
 
What is EnVision?  
1. EnVision is an ESA led mission with contributions from NASA.  
2. It will be launched on an Ariane 6 rocket, the spacecraft will take about 15 months to reach 

Venus and will take 16 more months to achieve orbit circularisation.  
3. Objectives: To study the planet’s atmosphere and surface, monitor trace gases in the 

atmosphere and analyse its surface composition. A radar provided by NASA will help to image 
and map the surface.  

 
Why are scientists interested in studying Venus?  
Earth and Venus have evolved so differently from each other even though they are roughly of the 
same size and composition. Venus is the hottest planet in the solar system because of the heat 
that is trapped by its thick cloud cover.  
With such missions, scientists seek to address the following questions:  
1. What history did Venus experience to arrive at this state and does this foretell Earth’s fate 

should it, too, undergo a catastrophic greenhouse effect?  
2. Is Venus still geologically active?  
3. Could it have once hosted an ocean and even sustained life?  
4. What lessons can be learned about the evolution of terrestrial planets in general, as we 

discover more Earth-like exoplanets?  
 

http://www.insightsonindia.com/
https://www.nasa.gov/
https://sci.esa.int/web/cosmic-vision/-/esa-selects-revolutionary-venus-mission-envision
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6. Parker Solar Probe 
During a brief swing by Venus, NASA’s Parker Solar Probe detected a natural radio signal that 
revealed the spacecraft had flown through the planet’s upper atmosphere. This was the first 
direct measurement of the Venusian atmosphere in nearly 30 years.  
 
Findings:  
Like Earth, Venus sports an electrically charged layer of gas at the upper edge of its atmosphere, 
called the ionosphere. This sea of charged gases, or plasma, naturally emits radio waves.  
 
Implications:  
This discovery confirms that Venus’ upper atmosphere undergoes puzzling changes over a solar 
cycle, the Sun’s 11-year activity cycle.  
● This marks the latest clue to untangling how and why Venus and Earth are so different.  
 
Background:  
Born of similar processes, Earth and Venus are twins: both rocky, and of similar size and structure. 
But their paths diverged from birth. Venus lacks a magnetic field, and its surface broils at 
temperatures hot enough to melt lead.  
 
About Parker Solar Probe is already covered in previous Science and Technology Module 
 

7. Why is NASA sending water bears, baby squid to the International Space 
Station? 

Nasa has sent glow-in-the-dark baby squids and about 5,000 tardigrades, also called water bears, 
to the International Space Station.  
● They were part of the 22nd SpaceX cargo resupply mission.  
 
Objectives of these new experiments:  
1. To help scientists 

design improved 
protective measures 
for astronauts going 
on long-duration 
space travel.  

2. To understand how 
beneficial microbes 
interact with 
animals, potentially 
leading to 
breakthroughs in 
improving human 
health on Earth.  

 
Why send microbes?  
Microbes play a crucial 
role in the normal 
development of animal tissues and in maintaining human health, and the research will allow 
scientists to have a better understanding of how beneficial microbes interact with animals when 
there is a lack of gravity.  
● In the human body, microorganisms contribute to a variety of functions, including digestion, 

developing the immune system and detoxifying harmful chemicals. A disruption in our 
relationship with these microbes can lead to disease.  

 

http://www.insightsonindia.com/
https://www.nasa.gov/
https://www.genome.gov/news/news-release/Microbes-in-us-and-their-role-in-human-health-and-disease#:~:text=Bacteria%20in%20our%20gut%20are,reduce%20these%20important%20signaling%20molecules.
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What is the International Space Station?  
● A space station is essentially a large spacecraft that 

remains in low-earth orbit for extended periods of 
time.  

● The ISS has been in space since 1998.  
● It is a result of cooperation between the five 

participating space agencies that run it: NASA 
(United States), Roscosmos (Russia), JAXA (Japan), 
ESA (Europe), and CSA (Canada).  

● The ISS circles the Earth in roughly 93 minutes, 
completing 15.5 orbits per day. 

● ISS is a modular space station (habitable artificial 
satellite) in low Earth orbit.  

● The ISS serves as a microgravity and space environment research laboratory in which scientific 
experiments are conducted in astrobiology, astronomy, meteorology, physics, and other 
fields.  

 

8. Crew-2 mission 
Four astronauts were launched to the International Space Station (ISS) from Florida as part of a 
collaboration between NASA and SpaceX under the Commercial Crew Program.  
● The mission is called Crew-2 and is the second crew rotation of the SpaceX Crew Dragon and 

the first with international partners.  
 
What will Crew-2 do at the ISS?  
● Members of the mission conduct microgravity studies, investigate food physiology meant to 

study the effects of dietary improvements on immune function and the gut microbiome and 
how those improvements can help crews adapt to spaceflight.  

● Their central focus during this time will be to continue a series of Tissue Chips in Space 
studies. Tissue Chips are small models of human organs that contain multiple cell types that 
behave similarly to the human body. According to NASA, these chips can potentially speed up 
the process of identifying safe and effective drugs and vaccines.  

 
What is the Commercial Crew Program?  
● The main objective of this program is to make access to space easier in terms of its cost, so 

that cargo and crew can be easily transported to and from the ISS, enabling greater scientific 
research.  

● Through this program, NASA plans to lower its costs by sharing them with commercial 
partners such as Boeing and SpaceX, and also give the companies incentive to design and 
build the Commercial Orbital Transportation Services (COTS).  

 
Background:  
Boeing and SpaceX were selected by NASA in September 2014 to develop transportation systems 
meant to transfer crew from the US to the ISS.  
 

9. China's Space Station 
Shenzhou-12 manned spaceship has successfully docked with China's space station core module 
Tianhe and entered the orbital capsule.  
 
About China's Space Station:  
● The new multi-module Tiangong station is set to be operational for at least 10 years.  
● Tianhe is one of three main components of what would be China’s first self-developed space 

station, rivalling the only other station in service – the ISS.  
● Tianhe will act “the management and control hub of the space station”. 

Russia’s space agency is planning to 
launch its own orbital station in 2025.  
 
Background:  
Russia is considering withdrawing 
from the International Space Station 
programme to go it alone.  
● Russia lost its monopoly for 

manned flights to the ISS in 2020 
after the first successful mission 
of U.S. company Space X.  

http://www.insightsonindia.com/
https://www.nasa.gov/mission_pages/station/main/index.html
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● The space station will operate in low-Earth orbit at an altitude of 340-450 km above Earth's 

surface.  
 
Significance of the space station:  
1. The low orbit space station would be the country's eye from the sky, providing round the 

clock bird's-eye view for its astronauts on the rest of the world.  
2. It shall aid China's aim to become a major space power by 2030.  
 
Concerns:  
China's space station will be equipped with a robotic-arm over which the US has raised concerns 
for its possible military applications.  
● The Concern is that this technology "could be used in a future system for grappling other 

satellites".  
 
Other space stations:  
● The only space station currently in orbit is the International Space Station (ISS).  
● So far, China has sent two previous space stations into orbit- the Tiangong-1 and Tiangong-2 

were trial stations.  
● India is planning to launch its own space station by 2030.  
 

10. China rocket debris falls in Indian Ocean near Maldives 
Debris from the last stage of China’s Long March rocket that had carried a key component of its 
under-construction space station fell into the waters of the Indian Ocean west of the Maldives 
recently.  
The Long March-5B Y2 rocket was carrying the Tianhe module. 
 
Concerns and issues:  
● The re-entry of the rocket, described by astrophysicists as the fourth-largest uncontrolled 

reentry in history, had evoked concerns in recent days about possible damage should it have 
fallen on land.  

● It had been criticised by the National Aeronautics and Space Administration (NASA) in the 
U.S. for “failing to meet responsible standards”.  

● Few expected the debris to harm humans, mainly due to most of it burning up in the 
atmosphere, as well as the fact that large parts of the Earth are covered by oceans and 
massive land areas lie uninhabited.  

 

11. China's Zhurong Mars rover 
China's Zhurong rover has driven for 509 meters on the surface of Mars.  
● The Zhurong rover has been working on the red planet for 63 Martian days. A Martian day is 

roughly 40 minutes longer than a day on Earth.  
 
Background:  
● China's Tianwen-1 mission, consisting of an orbiter, a lander, and a rover, was launched on 

July 23, 2020.  
● The lander carrying the rover landed in the southern part of Utopia Planitia, a vast plain on 

the northern hemisphere of Mars, on May 15, 2021.  
 
Yinghuo-1 mission:  
This is not the first time China has attempted to send a spacecraft to Mars. Nearly ten years ago, 
the country launched the Yinghuo-1 mission, which ultimately failed after the spacecraft burnt 
while still in the Earth’s atmosphere after the Russian rocket that was carrying it failed in flight.  
 
What Next?  

http://www.insightsonindia.com/
https://www.nasa.gov/mission_pages/station/main/index.html
https://www.google.com/amp/s/www.space.com/amp/china-mars-rover-zhurong-parachute-photos
https://www.google.com/amp/s/www.orfonline.org/research/chinas-tianwen-1-lands-rover-on-mars/
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If ‘Zhurong’ is deployed without a hitch, China will become the first country to successfully orbit, 
land and offload a rover during its maiden Mars mission.  
 
Which other countries have managed to send rovers to Mars?  
Apart from China, only the United States has been able to deploy rovers to study the surface of 
the Red Planet.  
1. The first successful landing was made by NASA in July 1976, when the Viking 1 rover touched 

down on Mars.  
2. Shortly after that, Viking 2 arrived on the Red Planet.  
3. In the decades that followed, the US successfully sent the Opportunity and Spirit rovers to 

explore Mars.  
4. Most recently, in February this year, NASA’s Perseverance rover landed at the Jezero Crater 

on the Red Planet, after which it resumed work to look for signs of past life.  
 

12. Hubble Space Telescope 
• The Hubble Space Telescope is a large telescope in space. NASA launched Hubble 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.  

• Expanding the frontiers of the visible Universe, the Hubble Space Telescope looks deep into 
space with cameras that can see across the entire optical spectrum from infrared to 
ultraviolet.  

• The Hubble Space Telescope makes one orbit around Earth every 95 minutes.  
 
Achievements:  

• It has helped in discovering the moons around Pluto.  

• Evidence regarding the existence of black holes has emerged based on the observations 
through Hubble.  

• The birth of stars through turbulent clouds of gas and dust have also been observed.  

• The hubble telescope made observations of six galaxies merging together.  

• On Februry 11, 2021, the Hubble made observations of small concentrations of black holes.  
 

13. Nasa’s InSight lander 
Nasa’s InSight lander has recorded over 500 quakes to date on Mars since its touch down on the 
Red Planet in November 2018.  
● The two recent quakes of 

magnitude 3.3 and 3.1 
originated in a region called 
Cerberus Fossae.  

● These findings support the idea 
that the planet is seismically 
active.  

 
About InSight Mission:  
● InSight is part of NASA’s 

Discovery Program.  
● It will be the first mission to 

peer deep beneath the Martian 
surface, studying the planet’s 
interior by measuring its heat 
output and listening for 

http://www.insightsonindia.com/
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marsquakes, which are seismic events similar to earthquakes on Earth. 

● It will use the seismic waves generated by marsquakes to develop a map of the planet’s 
deep interior. 

 
Significance of the mission:  
● The findings of Mars’ formation will help better understand how other rocky planets, 

including Earth, were and are created.  
● InSight would delve deep beneath the surface of Mars, detecting the fingerprints of the 

processes of terrestrial planet formation, as well as measuring the planet’s “vital signs”: Its 
“pulse” (seismology), “temperature” (heat flow probe), and “reflexes” (precision tracking).  

InSight seeks to answer one of science’s most fundamental questions: How did the terrestrial 
planets form? 
 

14. NASA’s Perseverance mission has extracted oxygen on Mars 
A device aboard the rover was able to produce oxygen from the thin Martian atmosphere for the 
first time.  
● It promises hope for future crewed missions that can rely on this technology for astronauts to 

breathe and return to Earth.  
 
Composition of Martian Atmosphere:  
On Mars, carbon dioxide makes up ~96% of the gas in the planet’s atmosphere. Oxygen is only 
0.13%, compared to 21% in Earth’s atmosphere.  
 
How did Perseverance produce oxygen on Mars?  
The Mars Oxygen In-Situ Resource Utilization Experiment (MOXIE) produced 5 grams of oxygen 
from carbon dioxide in the Martian atmosphere, enough for an astronaut to breathe for 10 
minutes.  
● Like a tree on Earth, MOXIE inhales carbon dioxide and exhales oxygen.  
● To produce oxygen, MOXIE separates oxygen atoms from carbon dioxide molecules. It does so 

by using heat at a temperature of around 800 degrees Celsius.  
● In the process, it also produces carbon monoxide as a waste product, which it releases in the 

Martian atmosphere.  
 
About MOXIE:  
● A technology demonstrator, MOXIE is designed to generate up to 10 grams of oxygen per 

hour, and is placed inside the Perseverance rover.  
● It is the size of a car battery, weighing 37.7 pounds (17.1 kg) on Earth, but just 14.14 pounds 

(6.41 kg) on Mars.  
● Over the next two years, MOXIE is expected to extract oxygen nine more times.  
 
Why is producing oxygen on the Red Planet so important?  
Oxygen supply on Mars is essential for crewed missions to Mars– not just for astronauts to 
breathe but for rockets to use as fuel while coming back to Earth.  
● As per NASA, for four astronauts to take off from Mars, a future mission would require 

around 7 metric tons of rocket fuel and 25 metric tons of oxygen– around the weight of an 
entire space shuttle.  

● In contrast, astronauts living and working on Mars would require far less oxygen to breathe, 
maybe around one metric ton.  

● Thus, it will be an enormous challenge to haul the 25 metric tons of oxygen from Earth to 
Mars for the return journey, and that their job would become significantly easier if the 
liquified oxygen can be produced on the Red Planet.  

 

http://www.insightsonindia.com/
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15. Polar-Areas Stellar-Imaging in Polarisation High-Accuracy Experiment 

(PASIPHAE) 
Polar-Areas Stellar-Imaging in Polarisation High-Accuracy Experiment (PASIPHAE) is an 
international collaborative sky surveying project.  
● Scientists aim to study the polarisation in the light coming from millions of stars.  
 
Background:  
Polarization is a property of light that 
represents the direction that the light wave 
oscillates.  
 
How will the survey be carried out?  
1. The survey will use two high-tech optical 

polarimeters to observe the northern and southern skies, simultaneously.  
2. It will focus on capturing starlight polarisation of very faint stars that are so far away that 

polarisation signals from there have not been systematically studied.  
3. The distances to these stars will be obtained from measurements of the GAIA satellite.  
4. By combining these data, astronomers will perform a maiden magnetic field tomography 

mapping of the interstellar medium of very large areas of the sky using a novel polarimeter 
instrument known as WALOP (Wide Area Linear Optical Polarimeter).  

 
Significance of the project:  
The theory is that a small fraction of CMB radiation emitted during the universe's rapid 
inflationary phase should have its fingerprints on a specific kind of polarisation, known technically 
as B-mode signals. These B-modes are theorised to have arisen as a result of powerful 
gravitational waves seen during inflation.  
However, these signals have been difficult to isolate because of the enormous amounts of 
polarised radiation in our own Milky Way, caused by large dust clouds that fill the galaxy.  
● In essence, PASIPHAE endeavours to ascertain the effect of these obstacles, so we can, 

ultimately, learn how things played out in the early universe.  
 

16. Chandrayaan-2 
Chandrayaan-2, hovering over the Moon, has found new developments on the hot outermost 
layer of the bright star known as Corona. These include:  
1. Abundances of magnesium, aluminium and silicon in the solar corona.  
2. Around 100 microflares were observed, providing new insights about coronal mass heating.   
 
Reasons behind coronal heating problem:  
The corona emits ultraviolet, X-rays and consists of ionised gas at temperatures exceeding 2 
million degrees Fahrenheit, while just 1,000 miles below, the surface known as the photosphere 
simmers at just 10,000 degrees Fahrenheit. This mysterious difference in temperatures is called 
the coronal heating problem.  
● As per the latest findings, the high temperatures could be due to strong magnetic fields 

present above the Sunspots (dark patches seen in visible images of the Sun).  
 
Chandrayaan-2 Mission:  
The Chandrayaan-2 mission, which was lost after it hard landed on the dark side of the Moon in 
2019, remains active in the form of its orbiter hovering over the Moon.  
Scientists used the Solar X-ray Monitor (XSM) onboard Chandrayaan-2 in September 2019 to 
study the Sun.  
● The primary objective of Chandrayaan 2 was to demonstrate the ability to soft-land on the 

lunar surface and operate a robotic rover on the surface.  

http://www.insightsonindia.com/
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● The mission consisted of an Orbiter of the Moon, Vikram (after Vikram Sarabhai) - the 

lander and Pragyan (wisdom) - the rover, all equipped with scientific instruments to study 
the moon.  

 

17. CHIME telescope 
Scientists with the Canadian Hydrogen Intensity Mapping Experiment (CHIME) Collaboration 
have assembled the largest collection of fast radio bursts (FRBs) in the telescope’s first FRB 
catalogue.  
 
Why is this significant?  
While catching sight of an FRB is considered a rare thing in the field of radio astronomy, prior to 
the CHIME project, radio astronomers had only caught sight of around 140 bursts in their scopes 
since the first FRB was spotted in 2007.  
 
What are FRBs?  
● FRBs are oddly bright flashes of light, registering in the radio band of the electromagnetic 

spectrum, which blaze for a few milliseconds before vanishing without a trace.  
● These brief and mysterious beacons have been spotted in various and distant parts of the 

universe, as well as in our own galaxy.  
● Their origins are unknown and their appearance is highly unpredictable.  
 
About the CHIME project:  
1. It is a large stationary radio telescope in British Columbia, Canada.  
2. The telescope receives radio signals each day from half of the sky as the Earth rotates.  
3. The telescope has no moving parts and observes half of the sky each day as the Earth turns.  
4. CHIME is a partnership between the University of British Columbia, McGill University, the 

University of Toronto and the Canadian National Research Council's Dominion Radio 
Astrophysical Observatory.  

 

18. SpaceX’s Starship 
Serial number 15 (SN15), a prototype of the futuristic Starship rocket developed by Elon Musk’s 
SpaceX company, was able to launch and successfully land recently, heralding a new era in space 
exploration for NASA.  
 
Background:  
The latest successful landing is a relief for NASA and SpaceX, as four previous prototypes of 
Starship had failed to do so.  
 
What is Starship?  
● It is a full-scale, stainless steel, bullet-shaped rocketship 

built by SpaceX.  
● The spacecraft has been described as a game-changer for 

space travel, being a fully reusable transportation system 
for crew and cargo to the Earth’s orbit, Moon and Mars.  

● SpaceX has described Starship as “the world’s most 
powerful launch vehicle” with an ability to carry over 100 
metric tonnes to the Earth’s orbit.  

 
Significance of the latest development:  
Reusability is at the heart of making interplanetary travel accessible, SpaceX believes, since a 
majority of the launch cost is attributed to the expense of building a rocket that is ultimately 
designed to burn up during re-entry.  
 

http://www.insightsonindia.com/
https://chime-experiment.ca/en
https://www.google.com/amp/s/amp.cnn.com/cnn/2021/06/09/world/fast-radio-bursts-chime-scn/index.html


 

www.insightsonindia.com                                                          14                                                                      InsightsIAS 

INSTA PT 2021 EXCLUSIVE PART-2 (SCIENCE AND TECHNOLOGY) 

NOTES 
Potential Applications:  
● Starship can deliver satellites further and at lower marginal costs than Falcon vehicles and it 

can ferry both cargo and crew to the International Space Station (ISS).  
● Once developed, Starship is also expected to help carry large amounts of cargo to the Moon, 

for human spaceflight development and research.  
● Beyond the Moon, the spacecraft is being designed for carrying crew and cargo for 

interplanetary missions as well. 
 
NASA’s Artemis mission:  
● Recently NASA chose SpaceX to build a lander for its Artemis programme, which plans to send 

humans to the Moon in this decade.  
● The vehicle, which is based on Starship, will carry the next man and the first woman to land 

on the Moon.  
● With the Artemis programme, NASA aims to demonstrate new technologies, capabilities and 

business approaches that will ultimately be needed for the future exploration of Mars.  
 

19. Space debris 
Aiming to develop a method to predict collision from space debris, Indraprastha Institute of 
Information Technology (IIIT), Delhi, has received research funding from the National Super 
Computing Mission (NSM), implemented by the department of science and technology (DST).  
● The project titled ‘Orbit computation of Resident Space Objects for Space Situational 

Awareness’ has to be completed in two years.  
 
What is Space Debris?  
Space debris poses a global threat to the continued use of space-based technologies that support 
critical functions like communication, transport, weather and climate monitoring, remote sensing.  
● Predicting collision probability from these space objects is crucial from the national security 

perspective as well as for the protection of public and private space assets of Indian origin.  
 
Amount of space debris in space:  
The real amount of space debris is said to be between 500,000 and one million pieces as current 
sensor technology cannot detect smaller objects. They all travel at speeds of up to 17,500 mph 
(28,162 kmph) fast enough for a relatively small piece of orbital debris to damage a satellite or a 
spacecraft.  
 
Significance of the Project:  
Outcome of this project will directly support the Indian space sector, valued at $7 billion (Rs 
51,334 crore) by providing an operationally flexible, scalable, transparent and indigenous collision 
probability solution.  
 
Netra:  
To safeguard its space assets from space debris, Isro had set up a dedicated Space Situational 
Awareness (SSA) Control Centre named “Netra” in Bengaluru last December.  
● Netra’s key objective is to monitor, track and protect the national space assets and function 

as a hub of all SSA activities.  
● Only the US, Russia and Europe have similar facilities in place to track space objects and share 

collision warnings.  
 

20. Aditya-L1 Support Cell 
Aditya-L1 Support Cell is a community service centre that has been set up to bring all data on 
board India’s first dedicated solar space mission to a single web-based interface.  
● It is a joint effort of Indian Space Research Organisation and Aryabhatta Research Institute 

of Observational Sciences.  

http://www.insightsonindia.com/
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● It will allow every interested individual to perform scientific analysis of the data.  
 
About Aditya- L1 mission is already covered in previous Science and Technology module.  
 

21. Small Satellite Launch Vehicle (SSLV) 
• The Small Satellite Launch Vehicle (or SSLV) is a small-lift launch vehicle being developed by 

the Indian Space Research Organisation (ISRO) with payload capacity to deliver 500 kg 
(1,100 lb) to low Earth orbit (500 km (310 mi)) or 300 kg (660 lb) to Sun-synchronous 
orbit (500 km (310 mi)) for launching small satellites. 

• The first space launch from Small Satellite Launch Vehicle (SSLV), built by ISRO and marketed 
by the state-owned New Space India Limited (NSIL), is yet to happen. It is expected by end of 
2021. 

 

22. Dwarf Planet 
• According to the definition adopted by the International Astronomical Union (IAU) in 2006, a 

dwarf planet is, "a celestial body orbiting a star that is massive enough to be rounded by its 
own gravity but has not cleared its neighboring region of planetesimals and is not a satellite.  

• In essence, the term is meant to designate any planetary-mass object that is neither a planet 
nor a natural satellite that fits two basic criteria.  

• For one, it must be in direct orbit of the sun and not be a moon around another body.  

• Second, it must be massive enough for it to have become spherical in shape under its 
own gravity. And, unlike a planet, it must have not cleared the neighborhood around its 
orbit. 

The five best-known dwarf planets are Ceres, Pluto, Makemake, Haumea, and Eris.  
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Defence Technology 

 

1. Agni-P (Prime) missile 
● It is new-generation nuclear-capable 

ballistic missile.  
● It was successfully test-fired by the 

Defence Research and Development 
Organisation (DRDO).  

● Agni-P is a new-generation advanced 
variant of Agni class of missiles. It is a 
canisterised missile with range 
capability between 1,000 and 2,000 
km.  

● Canisterisation of missiles reduces the time required to launch the missile while improving its 
storage and mobility.  

The longest of the Agni series, Agni-V, an Inter-Continental Ballistic Missile (ICBM) with a range 
of more than 5,000 km, has already been tested several times and validated for induction.  
 

2. How Israel’s Iron Dome intercepts rockets? 
Recently, rockets fired from Gaza were intercepted by the Israeli Iron Dome air defence system. 
What is Iron Dome?  
● Deployed in 2011, it is a 

short-range, ground-to-
air, air defence system 
that includes a radar and 
Tamir interceptor missiles 
that track and neutralise 
any rockets or missiles 
aimed at Israeli targets.  

● It is used for countering 
rockets, artillery & 
mortars (C-RAM) as well 
as aircraft, helicopters 
and unmanned aerial 
vehicles.  

● Its success rate is over 
90%.  

 
How does it work, and what 
makes it so effective?  
● The Iron Dome has three 

main systems that work 
together to provide a 
shield over the area 
where it is deployed, 
handling multiple threats.  

● It has a detection and 
tracking radar to spot any 
incoming threats, a battle management and weapon control system (BMC), and a missile 
firing unit.  

● It is capable of being used in all weather conditions, including during the day and night.  
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What kind of systems does India have?  
● India has got S-400, which caters to the three threats (rockets, missiles and cruise missiles). 

But they have much longer range. S400 has to cater to shooting down missiles, aircraft in 
some 300 to 400 km range.  

● At the moment, India has Akash short-range surface-to-air missiles, and Russian systems 
including Pechora.  

 

3. Python-5 
● DRDO conducts maiden trial of Python-5 Air to Air 

Missile.  
● Python is a family of air-to-air missiles (AAMs) built 

by the Israeli weapons manufacturer Rafael 
Advanced Defense Systems.  

● Python 5 can engage enemy aircraft from very 
short ranges and near beyond visual range.  

 
 

  

http://www.insightsonindia.com/


 

www.insightsonindia.com                                                          18                                                                      InsightsIAS 

INSTA PT 2021 EXCLUSIVE PART-2 (SCIENCE AND TECHNOLOGY) 

NOTES 
Technologies / New Discoveries 

 

1. 5G technology 
● 5G is the next generation of mobile broadband that will eventually replace, or at least 

augment 4G LTE connection. 
 
Features and benefits of the 
5G technology:  
1. Operate in the millimeter 

wave spectrum (30-300 
GHz) which have the 
advantage of sending 
large amounts of data at 
very high speeds.  

2. Operate in 3 bands, 
namely low, mid and high 
frequency spectrum.  

3. Reduced latency will 
support new applications 
that leverage the power of 5G, the Internet of Things (IoT), and artificial intelligence.  

4. Increased capacity on 5G networks can minimize the impact of load spikes, like those that 
take place during sporting events and news events.  

 
India’s National Digital Communications Policy 2018 highlights the importance of 5G.  
 
What are the potential health risks from 5G?  
To date, and after much research performed, no adverse health effect has been causally linked 
with exposure to wireless technologies.  
● Tissue heating is the main mechanism of interaction between radiofrequency fields and the 

human body. Radiofrequency exposure levels from current technologies result in negligible 
temperature rise in the human body.  

● As the frequency increases, there is less penetration into the body tissues and absorption of 
the energy becomes more confined to the surface of the body (skin and eye).  

Provided that the overall exposure remains below international guidelines, no consequences for 
public health are anticipated.  
 
What are the international exposure guidelines?  
Two international bodies produce exposure guidelines on electromagnetic fields. Many countries 
currently adhere to the guidelines recommended by:  

1. The International Commission on Non-Ionizing Radiation Protection.  
2. The Institute of Electrical and Electronics Engineers, through the International Committee 

on Electromagnetic Safety.  
These guidelines are not technology-specific. They cover radiofrequencies up to 300 GHz, 
including the frequencies under discussion for 5G.  
 
International efforts- International Electromagnetic Fields (EMF) Project:  
WHO established the International Electromagnetic Fields (EMF) Project in 1996. The project 
investigates the health impact of exposure to electric and magnetic fields in the frequency range 
0-300 GHz and advises national authorities on EMF radiation protection.  
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2. Cabinet approves 5 MHz spectrum for Railways 
The Union Cabinet has approved the allotment of 5 Mhz spectrum in the premium 700 MHz band 
to the Railways for captive use in areas of public safety and security services.  
Benefits:  
1. With this spectrum, the Railways will introduce Long-Term Evolution (LTE)-based Mobile 

Train Radio Communication (MTRC) on its routes.  
2. This will help prevent train accidents and reduce delays by enabling real-time interaction 

between the Loco Pilot, Station Master and the Control Centre.  
3. This will also enable the Railways to take up Internet of Things (IoT)-based remote 

monitoring, particularly of coaches, wagons and locos, and monitor live feeds of CCTV 
cameras in the coaches.  

LTE (Long-Term Evolution) is a fourth-generation (4G) wireless standard that provides increased 
network capacity and speed for cellphones and other cellular devices compared with third-
generation (3G) technology.  
 

3. Internet through LEO satellites 
OneWeb, which is a Low Earth Orbit (LEO) satellite communications operator, has launched its 
next batch of satellites. These would be a part of OneWeb’s 648 LEO satellite fleet.  
 
About OneWeb's LEO internet programme:  
● Using LEO satellites OneWeb seeks to offer connectivity across the UK, Alaska, Northern 

Europe, Greenland, the Arctic Seas and Canada.  
● It calls this programme the ‘Five to 50’ service of offering internet connectivity to all regions 

north of 50 degrees latitude.  
 
What are the benefits of LEO satellites based internet?  
1. LEO satellites are positioned around 500km-2000km from earth, compared to stationary orbit 

satellites which are approximately 36,000km away.  
2. As LEO satellites orbit closer to the earth, they are able to provide stronger signals and faster 

speeds than traditional fixed-satellite systems.  
3. Because signals travel faster through space than through fibre-optic cables, they also have the 

potential to rival if not exceed existing ground-based networks.  
 
Challenges:  
LEO satellites travel at a speed of 27,000 kph and complete a full circuit of the planet in 90-120 
minutes. As a result, individual satellites can only make direct contact with a land transmitter 
for a short period of time thus requiring massive LEO satellite fleets and consequently, a 
significant capital investment.  
 
Potential:  
LEO satellite broadband is preferable in areas that cannot be reached by fibre and spectrum 
services. The target market will therefore be rural populations and military units operating away 
from urban areas.  
 
Are there any other similar projects?  
OneWeb’s chief competitor is Starlink, a venture led by Elon Musk’s SpaceX. 
 

4. AmbiTAG 
● AmbiTAG is India’s first indigenous temperature data logger for cold chain management.  
● It is an Internet-of-Things (IoT) device that records real-time ambient temperature during the 

transportation of perishable products, vaccines and even body organs and blood.  
● Developed by IIT Ropar.  
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5. SWASTIIK Technology 
• With water-borne diseases majorly contributing to India’s disease burden, the CSIR-National 

Chemical Laboratory (CSIR-NCL) at Pune has come up with a new technique for disinfecting 
water by using natural oils. 

• Disinfection of water is essential for removing pathogenic microorganisms that are 
responsible for causing a number of water-borne diseases. However, the common drawbacks 
of chemical methods of disinfection, such as chlorination, include the formation of harmful 
or carcinogenic by-products". 

• "SWASTIIK", which involves boiling of a liquid as a result of pressure reduction (cavitation) 
and also uses natural oils having antimicrobial properties. 

• This technology can eliminate harmful bacteria, including antibiotic-resistant strains, 
economically.  

• The technique used—hydrodynamic cavitation—combines chemistry, biology, and chemical 
engineering, along with natural resources in the form of natural oils and plant extracts. 

 

6. 2-DG oral drug 
● Dr Reddy's Laboratories has announced the commercial launch of drug 2-deoxy-D-glucose (2-

DG).  
● It is an anti-Covid drug developed by the Defence Research and Development Organisation 

(DRDO).  
● The drug is approved for emergency use as an adjunct therapy to the standard of care in the 

treatment of coronavirus patients in hospital settings.  
 

How does it work?  
● The 2DG drug comes in powder form in the sachet, which is taken orally by dissolving it in 

water. It accumulates in the virus-infected cells and prevents virus growth by stopping viral 
synthesis and energy production.  

Impact: Its selective accumulation in virally infected cells makes this drug unique. The drug 
reportedly reduces a patient's average recovery time by two and a half days and oxygen demand 
by up to 40 per cent.  
 

7. Device to diagnose dengue within an hour 
Researchers at the Indian Institute of Technology Delhi have developed a handheld Surface 
Enhanced Raman Spectroscopy (SERS)-based platform for early diagnosis of dengue and also 
gives dengue test results within one hour (rapid diagnosis).  
● The research work was funded by IMPRINT India programme of the Ministry of Education.  
 
Need for early diagnosis:  
Early diagnosis of dengue is the key to prevent deterioration of a patient’s health. However, 
conventional diagnostic tools like nucleic acid detection using Reverse Transcriptase Polymerase 
Chain Reaction (RT-PCR) is a time-taking process and it also 
requires expensive equipment and reagents for the diagnosis 
of dengue.  
 
What is SERS?  
It is a surface-sensitive technique that enhances Raman 
scattering by molecules adsorbed on rough metal surfaces or 
by nanostructures such as plasmonic-magnetic silica 
nanotubes.  
 

8. ‘Whitest ever’ paint that can reflect 99 per cent of sunlight 
US engineers have created what they are calling the whitest paint yet.  
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How was it created?  
The ultra-white paint is made up of barium sulphate, which makes it more white.  
● The paint can keep surfaces 19 degrees Fahrenheit cooler than their ambient surroundings at 

night. It can also cool surfaces 8 degrees Fahrenheit below their surroundings under strong 
sunlight during noon hours.  

● This paint may be the closest equivalent to the blackest black paint called “Vantablack” that 
is able to absorb up to 99.9 per cent of visible light.  

 
 
 

Events / Celebrations 
 

1. National Technology Day 
India celebrates May 11 as ‘National Technology Day’.  
● The day, which was first observed on 11 May, 1999, aims to commemorate the scientific and 

technological achievements of Indian scientists, engineers.  
● Theme this year is “Science and Technology for a Sustainable Future”.  
 
Significance:  
● It is the day India successfully tested nuclear bombs in Pokhran on May 11, 1998. India 

successfully test-fired its Shakti-1 nuclear missile in operation called Pokhran-II, also 
codenamed as Operation Shakti.  

● On the same day, India performed a successful test firing of the Trishul Missile (surface to air 
short range missile) and had test flown the first indigenous aircraft – ‘Hansa – 3’.  
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Government Initiatives / Departments 

 

1. Deep Ocean Mission 
The Union Cabinet approved the Deep Ocean Mission.  
 
About the Mission: 
The mission proposes to explore the deep ocean similar to the space exploration started by ISRO 
about 35 years ago. 
The focus of the mission will be on deep-sea mining, ocean climate change advisory services, 
underwater vehicles and underwater robotics related technologies. 
● The Ministry of Earth Sciences (MoES) will be the nodal Ministry implementing this multi-

institutional mission.  
 
Key Components of the mission:  
1. A manned submersible will be developed to carry three people to a depth of 6,000 metres in 

the ocean with a suite of scientific sensors and tools. An Integrated Mining System will be 
developed for mining polymetallic nodules at those depths in the central Indian Ocean.  

2. Development of Ocean Climate Change Advisory Services.  
3. Development of a component for searching deep sea flora and fauna, including microbes, and 

studying ways to sustainably utilise them.  
4. The next component is to explore and identify potential sources of hydrothermal minerals 

that are sources of precious metals formed from the earth’s crust along the Indian Ocean mid-
oceanic ridges.  

5. It has a component for studying and preparing detailed engineering design for offshore Ocean 
Thermal Energy Conversion (OTEC) powered desalination plants.  

6. The final component is aimed at grooming experts in the field of ocean biology and 
engineering. This component aims to translate research into industrial applications and 
product development through on-site business incubator facilities.  

 
Significance: 
● The mission will give a boost to efforts to explore India’s vast Exclusive Economic Zone and 

Continental Shelf. 
● The plan will enable India to develop capabilities to exploit resources in the Central Indian 

Ocean Basin (CIOB). 
 
Potential: 
India has been allotted 75,000 square kilometres in the Central Indian Ocean Basin (CIOB) by UN 
International Sea Bed Authority for exploration of poly-metallic nodules. 
● CIOB reserves contain deposits of metals like iron, manganese, nickel and cobalt. 
● It is envisaged that 10% of recovery of that large reserve can meet the energy requirement 

of India for the next 100 years. 
 
What are PMN? 
Polymetallic nodules (also known as manganese nodules) are potato-shaped, largely porous 
nodules found in abundance carpeting the sea floor of world oceans in deep sea. 
Composition: Besides manganese and iron, they contain nickel, copper, cobalt, lead, 
molybdenum, cadmium, vanadium, titanium, of which nickel, cobalt and copper are considered to 
be of economic and strategic importance.  
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Biotechnology 

 

1. Monoclonal antibodies 
An experimental monoclonal antibody cocktail, REGEN-COV2, has been found to be a life-saving 
treatment for some of the most severely affected Covid-19 patients, results of a clinical trial in the 
UK have shown.  
● However, such therapies are expensive because they are difficult to make and take a lot of 

time.  
 
The two monoclonal antibody therapies — Itolizumab and Tocilizumab were facing shortages 
during second wave of Covid-19. 
 
What are Monoclonal antibodies?  
They are artificially created antibodies that aim to aid the body’s natural immune system.  
They target a specific antigen — a protein from the pathogen that induces immune response.  
 
How are they created?  
Monoclonal antibodies can be created in the lab by exposing white blood cells to a particular 
antigen.  
To increase the quantity of antibodies produced, a single white blood cell is cloned, which in turn 
is used to create identical copies of the antibodies.  

● In the case of Covid-19, scientists usually work with the spike protein of the SARS-CoV-2 
virus, which facilitates the entry of the virus into the host cell.  

 
Need for monoclonal antibodies:  
In a healthy body, the immune system is able to create antibodies — tiny Y-shaped proteins in 
our blood that recognise microbial enemies and bind to them, signalling the immune system to 
then launch an attack on the pathogen.  
However, for people whose immune systems are unable to make sufficient amounts of these 
antibodies, scientists provide a helping hand- using monoclonal antibodies.  
 
History:  
The idea of delivering antibodies to treat a disease dates as far back as the 1900s, when Nobel-
prize winning German immunologist Paul Ehrlich proposed the idea of a ‘Zauberkugel‘ (magic 
bullet), a compound which selectively targets a pathogen.  

● From then, it took eight decades of research to finally arrive at Muromonab-CD3, the 
world’s first monoclonal antibody to be approved for clinical use in humans.  

● Muromonab-CD3 is an immunosuppressant drug given to reduce acute rejection in 
patients with organ transplants. 

 
Applications:  
Monoclonal antibodies are now relatively common. They are used in treating Ebola, HIV, psoriasis 
etc.  
 

2. HTBt cotton 
The illegal cultivation of herbicide-tolerant (HT) Bt cotton has seen a huge jump. 
 
What is allowed?  
Bt cotton remains the only GM crop allowed to be cultivated in the country.  
Developed by US giant Bayer-Monsanto, it involves insertion of two genes viz ‘Cry1Ab’ and 
‘Cry2Bc’ from the soil bacterium Bacillus thuringiensis into cotton seeds.  
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● This modification codes the plant to produce protein toxic to Heliothis bollworm (pink 

bollworm) thus making it resistant to their attack. The commercial release of this hybrid was 
sanctioned by the government in 2002.  

 
What is HTBt Cotton?  
This variety (HtBt) involves the addition of another gene, ‘Cp4-Epsps’ from another soil bacterium, 
Agrobacterium tumefaciens. Farmers claim that the HtBt variety can withstand the spray of 
glyphosate, a herbicide that is used to remove weeds, and thus it substantially saves them de-
weeding costs.  
 
What the law says?  
● Legally, sale, storage, transportation and usage of unapproved GM seeds is a punishable 

offence under the Rules of Environmental Protection Act 1989. Also, sale of unapproved 
seeds can attract action under the Seed Act of 1966 and the Cotton Act of 1957.  

● The Environmental Protection Act provides for a jail term of five years and a fine of Rs 1 lakh 
for violation of its provisions, and cases can be filed under the other two Acts.  

 

3. What is gain of function?  
The term ‘gain of function research’ has recently cropped up in the debate about the origins of 
the Covid-19 pandemic.  
 
What is Gain-of-function Research?  
● ‘Gain of function’ is a field of research focused on growing generations of microorganisms, 

under conditions that cause mutations in a virus.  
● These experiments are termed ‘gain of function’ because they involve manipulating 

pathogens in a way that they gain an advantage in or through a function, such as increased 
transmissibility.  

● Such experiments allow scientists to better predict emerging infectious diseases, and to 
develop vaccines and therapeutics.  

 
How is it carried out?  
Gain of function research may use genetic engineering or serial passaging. 

1. Genetic engineering involves ‘editing’ the genetic code to modify the virus in a way 
predetermined by the scientists. 

2. Serial passaging involves allowing the pathogen to grow under different circumstances 
and then observing the changes.  

 
Issues related to the research:  

1. Gain-of-function research involves manipulations that make certain pathogenic microbes 
more deadly or more transmissible.  

2. There is also ‘loss-of-function’ research, which involves inactivating mutations, resulting 
in a significant loss of original function, or no function to the pathogen.  

3. Gain-of-function research reportedly carries inherent biosafety and biosecurity risks and 
is thus referred to as ‘dual-use research of concern’ (DURC).  

Serial passaging involves allowing the pathogen to grow under different circumstances and then 
observing the changes.  
 
How is it regulated in India?  
All activities related to genetically engineered organisms or cells and hazardous microorganisms 
and products are regulated as per the “Manufacture, Use, Import, Export and Storage of 
Hazardous Microorganisms/Genetically Engineered Organisms or Cells Rules, 1989”.  

● In 2020, the Department of Biotechnology issued guidelines for the establishment of 
containment facilities, called ‘Biosafety labs’.  
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● The notification provides operational guidance on the containment of biohazards and 

levels of biosafety that all institutions involved in research, development and handling of 
these microorganisms must comply with.  

 
 
 

Miscellaneous 
 

1. Rare earths minerals (REM) 
What are rare earth minerals? 

• The rare earths minerals (REM) are a set of seventeen metallic elements. These include the 
fifteen lanthanides on the periodic table in addition to scandium and yttrium that show 
similar physical and chemical properties to the lanthanides. 

• The REMs have unique catalytic, metallurgical, nuclear, electrical, magnetic and luminescent 
properties. While named ‘rare earth’, they are in fact not that rare and are relatively 
abundant in the Earth’s crust. 

 
Strategic importance of REM 

• Its usage range from daily use 
(e.g., lighter flints, glass polishing 
mediums, car alternators) to high-
end technology (lasers, magnets, 
batteries, fibre-optic 
telecommunication cables). 

• Even futuristic technologies need 
these REMs (For example high-
temperature superconductivity, 
safe storage and transport of 
hydrogen for a post-hydrocarbon 
economy, environmental global 
warming and energy efficiency 
issues). 

• Due to their unique magnetic, 
luminescent, and electrochemical properties, they help in technologies perform with 
reduced weight, reduced emissions, and energy consumption; therefore, give them greater 
efficiency, performance, miniaturization, speed, durability, and thermal stability. 

 
Heavy dependence on China for REM 

• In 2019, US imported 80% of its rare earth minerals from China. 

• European Union (EU) gets 98% of its supply from China. 

• India has the world's fifth-largest reserves of rare earth elements, nearly twice as much as 
Australia, but it imports most of its rare earth needs in finished form from its geopolitical 
rival, China. 

 
India has granted government corporations such as Indian Rare Earths Limited (IREL) a monopoly 
over the primary mineral that contains REEs. However, IREL accounts for only a minuscule fraction 
of the world’s production. 
 

2. US' Digital Millennium Copyright Act 
The Union Minister for Electronics and Information Technology was locked out of his Twitter 
account for an hour allegedly over a notice received for violation of the US’ Digital Millennium 
Copyright Act (DMCA) 1998.  
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What is the Digital Millennium Copyright Act?  
It is a law passed in the US and is among the world’s first laws recognising Intellectual Property 
(IP) on the internet.  
● The DMCA oversees the implementation of two 1996 treaties signed by World Intellectual 

Property Organisation (WIPO) member nations- the Copyright Treaty and the Performances 
and Phonograms Treaty.  

● Both the treaties require member nations and signatories to provide in their respective 
jurisdictions, protection to IP that may have been created by citizens of different nations who 
are also co-signatories to the treaty.  

● It also obligates that signatories to the treaty ensure ways to prevent circumvention of the 
technical measures used to protect copyrighted work.  

● It also provides the necessary international legal protection to digital content.  
 
Who can generate a DMCA notice and how are they sent to companies or websites?  
1. Any content creator of any form, who believes that their original content has been copied by 

user or a website without authorisation can file an application citing their intellectual 
property has been stolen or violated.  

2. In the case of social media intermediaries like Facebook, Instagram or Twitter, content 
creators can directly approach the platform with a proof of them being original creators.  

3. Since these companies operate in nations which are signatories to the WIPO treaty, they are 
obligated to remove the said content if they receive a valid and legal DMCA takedown notice.  

 
What is WIPO and how does it ensure protection of content on the internet?  
● The World Intellectual Property Organization (WIPO) is one of the 17 specialized agencies of 

the United Nations.  
● It was created in 1967 “to encourage creative activity, to promote the protection of 

intellectual property throughout the world.”  
● As of date, 193 nations across the world, including India, are members of WIPO.  
 
Intellectual Property:  
● It is a category of property that includes intangible creations of the human intellect, and 

primarily encompasses copyrights, patents and trademarks.  
● It also includes other types of rights, such as trade secrets, publicity rights, moral rights, and 

rights against unfair competition.  
 

3. Intellectual property waiver for Covid-19 vaccines 
The United States has announced support for waiving intellectual property protection for Covid-
19 vaccines.  
● The US will pursue “text-based negotiations” on the waiver at the World Trade Organization 

(WTO).  
 
What are Text-based negotiations?  
They involve negotiators exchanging texts with their preferred wording and then thrashing out a 
consensus on the working — a fairly long-drawn affair.  
 
What does the intellectual property waiver for Covid-19 vaccines mean?  
The IP waiver might open up space for production of Covid vaccines with emergency use 
authorisations (EUA) — such as those developed by Pfizer, Moderna, AstraZeneca, Novavax, 
Johnson & Johnson and Bharat Biotech — on a larger scale in middle-income countries.  
● Most production is currently concentrated in high-income countries; production by middle-

income countries has been happening through licensing or technology transfer agreements.  
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What was the earlier proposal from India and South Africa?  
In October 2020, India and South Africa had asked the WTO to waive certain conditions of the 
Trade Related Aspects of Intellectual Property Rights (TRIPS) Agreement that could impede 
timely access to affordable medical products to combat Covid-19.  
● The countries had asked the TRIPS Council to recommend, “as early as possible”, a waiver on 

the implementation, application and enforcement of four sections in the second part of the 
agreement.  

● These sections — 1, 4, 5, and 7 — pertain to copyright and related rights, industrial designs, 
patents, and the protection of undisclosed information.  

 
What are patents and IP rights?  
A patent represents a powerful intellectual property right, and is an exclusive monopoly granted 
by a government to an inventor for a limited, pre-specified time. It provides an enforceable legal 
right to prevent others from copying the invention.  
 
Patents can be either process patents or product patents:  
1. A product patent ensures that the rights to the final product is protected, and anyone other 

than the patent holder can be restrained from manufacturing it during a specified period, 
even if they were to use a different process.  

2. A process patent enables any person other than the patent holder to manufacture the 
patented product by modifying certain processes in the manufacturing exercise.  

 
Patent regime in India:  
India moved from product patenting to process patenting in the 1970s, which enabled India to 
become a significant producer of generic drugs at global scale, and allowed companies like Cipla 
to provide Africa with anti-HIV drugs in the 1990s.  
● But due to obligations arising out of the TRIPS Agreement, India had to amend the Patents 

Act in 2005, and switch to a product patents regime across the pharma, chemicals, and 
biotech sectors.  

 

4. Zeolite 
● National carrier Air India began the first of its “zeolite cargo flights” with the government of 

India having commenced the process of importing zeolite from across the world for use in 
medical oxygen plants.  

● The government has appointed the Defence Research and Development Organisation 
(DRDO) as the charterer for these consignments.  

 
Use of Zeolite in medical oxygen plants:  
The technology being developed by the DRDO uses the pressure swing adsorption process and 
molecular sieve zeolite in oxygen generation.  
● Zeolites are used as adsorbent material.  
● An oxygen concentrator uses Zeolites to adsorb atmospheric nitrogen and then vents out the 

nitrogen. This leaves oxygen gas remaining to be used for patients.  
● In high pressure, the surface area of zeolites increases and thus is capable of adsorbing large 

quantities of nitrogen.  
 
Pressure Swing Adsorption:  
Pressure swing adsorption (PSA) is a technology used to separate some gas species from a 
mixture of gases under pressure.  
● PSA operates at near-ambient temperatures.  
● Specific adsorbent materials (e.g., zeolites, activated carbon, molecular sieves, etc.) are used 

as a trap, preferentially adsorbing the target gas species at high pressure.  
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What are Zeolites?  
Zeolites are microporous, three dimensional crystalline solid of aluminium silicate. Zeolites have 
small openings of fixed size in them which allow small molecules to pass through them easily but 
larger molecules cannot pass through them; that is why they are sometimes called molecular 
sieve.  
● Zeolites are either formed naturally or can be synthesized.  
 
Properties Of Zeolites:  
● Zeolites are very stable solid under different environmental conditions. The melting point of 

zeolite is very high, i.e.1000oC.  
● They are insoluble in water or other inorganic solvents.  
● They do not undergo oxidation in the presence of air.  
● Zeolites which are rich in alumina are attracted to polar molecules like water whereas zeolite 

rich in silica are attracted towards nonpolar molecules.  
● Since zeolites are not reactive and are obtained from naturally occurring minerals, therefore, 

they do not have any harmful environmental effects; although skin contact or inhalation may 
have a carcinogenic effect.  

 

5. Dipcovan 
The Defence Institute of Physiology and Allied Sciences (DIPAS), a laboratory of Defence Research 
and Development Organisation (DRDO), has developed a Covid-19 antibody detection kit called 
'Dipcovan'.  
 
About Dipcovan:  
● The Dipcovan kit can detect both spike as well as nucleocapsid (S&N) proteins of SARS-CoV-2 

virus with a high sensitivity of 97 % and specificity of 99%.  
● The kit has a shelf life of 18 months.  
● It has been developed in association with Vanguard Diagnostics Pvt Ltd.  
● The antibody detection kit is approved by the Indian Council of Medical Research (ICMR) in 

April 2021.  
 
Antibody:  
● Antibody, also called immunoglobulin is a protective protein produced by the immune system 

in response to the presence of a foreign substance, called an antigen.  
● Antibodies recognize and attack onto antigens in order to remove them from the body.  
 

6. Ultraviolet (UV) Radiation 
• Ultraviolet (UV) is a type of light or radiation naturally emitted by the Sun. It covers a 

wavelength range of 100-400 nm. The human visible light ranges from 380–700 nm. 

• UV is divided into three bands: UV-C (100-280 nm), UV-B (280-315 nm) and UV-A (315-400 
nm). 

• UV-A and UV-B rays from the Sun are transmitted through our atmosphere and all UV-C is 
filtered by the ozone layer. 

• UV-A rays can penetrate the middle layer of your skin or the dermis and can cause aging of 
skin cells and indirect damage to cells’ DNA. UV-C radiation from man-made sources has been 
known to cause skin burns and eye injuries. 

• UV-C radiation (wavelength around 254 nm) has been used for decades to disinfect the air in 
hospitals, laboratories, and also in water treatment.  
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