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Science and Technology is one of the most scoring — and most misunderstood — areas of the
UPSC syllabus. Prelims typically draws 10-15 questions from this section, spanning everyday
science from NCERTs, space missions, defence developments, biotechnology, and the digital
initiatives of the government. Unlike static subjects, S&T questions reward conceptual clarity: if
you understand how a rocket works, why the sky is blue, or what CRISPR does, you can answer

questions even on missions and technologies launched after your last revision.

UPSC Hub * Free UPSC Study Material

Page 4 of 41



These 50 topics cover the complete S&T syllabus: everyday science and NCERT foundations,

space, defence, nuclear and emerging technologies, and biotechnology, health, IT and
government initiatives. Every topic has a quick-revision table plus exam-oriented notes — what it
is, why it matters, the key facts, and exactly how UPSC tests it. Use the table of contents below to

jump straight to any topic.
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Part I: Everyday Science & NCERT Foundations

1. Motion, Force & Gravitation

Key fact Detail

Newton's laws  First — inertia; second — F = ma; third — every action has an equal and opposite
reaction

Gravitation F = Gmym,/r?% acceleration due to gravity (g) = 9.8 m/s? on Earth's surface

Escape velocity = About 11.2 km/s from Earth — the speed a rocket needs to leave Earth's gravity
permanently
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Weight vs mass Mass is constant everywhere; weight (mg) changes with gravity — zero in free fall or deep space

What it is: Motion describes how objects change position, and force is what changes motion. Newton's three laws are
the foundation: an object keeps doing what it is doing unless a net force acts (inertia), force equals mass times
acceleration (F = ma), and forces always come in action-reaction pairs. Universal gravitation says every two masses
attract each other with a force proportional to their masses and inversely proportional to the square of the distance
between them. This single law explains why apples fall, why the Moon orbits Earth, and why tides rise — and it is the
physics behind every rocket launch and satellite orbit.

Why it matters: Gravitation is not abstract — it decides whether a satellite stays in orbit, how a rocket escapes Earth,
and why astronauts float. Space news is really applied gravitation: geostationary orbits, Lagrange points, and lunar
gravity assists all follow from Newton's law. In daily life, friction (the force opposing motion) lets us walk and drive,
while inertia explains why seatbelts are necessary. UPSC frames these concepts through real-world phenomena rather
than numerical problems, so understanding the physical intuition matters far more than memorising formulas.

Key facts: Earth's escape velocity is about 11.2 km/s; the Moon's is only about 2.4 km/s, which is why it cannot hold an
atmosphere. Objects weigh slightly less at the equator than at the poles because of Earth's rotation and its oblate
shape. Satellites in low Earth orbit move at roughly 7.8 km/s and are in continuous free fall — that is why everything
inside floats. Newton published the Principia in 1687; Einstein later refined gravitation into general relativity, which
GPS satellites must correct for daily.

How UPSC tests it: Expect conceptual one-liners: why a satellite does not fall despite gravity, why weight varies
between the equator and poles, or what escape velocity means. Statement-based questions often mix inertia, action-
reaction pairs and everyday examples. In space-related current affairs, the physics of orbits and gravity assists (used
by missions like Chandrayaan and Mangalyaan) connects directly back to this chapter.

2. Work, Energy & Power

Key fact Detail

Work Force x displacement in the direction of force (W = F-s); unit is the joule

Energy forms Kinetic (Yamv?), potential (mgh), plus chemical, electrical, nuclear and thermal energy
Conservation law Energy can neither be created nor destroyed — only converted from one form to another
Power Rate of doing work (P = W/t); unit is the watt; 1 horsepower = 746 watts

What it is: In physics, work is done only when a force moves an object along the direction of the force — holding a
heavy bag while standing still does no physical work. Energy is the capacity to do work, and it exists in many
interconvertible forms: a raised stone has gravitational potential energy, a speeding car has kinetic energy, and a
battery stores chemical energy. Power measures how fast work is done — a more powerful engine does the same
work in less time. The conservation of energy is physics' most reliable law: in any closed system, the total energy stays
constant, so every energy "source" is really an energy converter.

Why it matters: Every energy debate — coal versus solar, petrol versus electric vehicles, nuclear versus renewables —
is really a debate about converting stored energy into useful work, and about the losses in each conversion. Efficiency
(useful output + input) explains why no machine can be 100% efficient and why the second law of thermodynamics
limits heat engines. For UPSC, this chapter underpins the entire energy section: solar panels convert light to electricity,
batteries store chemical energy, and hydrogen is an energy carrier rather than a source.

Key facts: The joule is the SI unit of both work and energy; the kilowatt-hour (1 kWh = 3.6 million joules) is the
commercial unit of electrical energy on your electricity bill. A bullet has high kinetic energy because velocity is squared
in the formula — doubling speed quadruples energy. Hydroelectric dams convert the potential energy of stored water
into electricity. James Watt's name lives on in the watt, the unit of power.



How UPSC tests it: Questions are conceptual: which energy transformations occur in a solar panel, a microphone or a
battery, and why efficiency is always below 100%. Statement questions may test the conservation law or distinguish
energy from power. This foundation also unlocks Mains answers on renewable energy policy and India's energy
transition, where conversion efficiency is the core technical constraint.

3. Light: Reflection, Refraction & Optical Instruments

Key fact Detail

Reflection Angle of incidence equals angle of reflection; plane mirrors form virtual, erect images

Refraction Light bends when crossing media of different density — the basis of lenses and fibre optics

Total internal Light trapped inside a denser medium beyond the critical angle — used in optical fibres and diamonds'
reflection sparkle

Dispersion A prism splits white light into seven colours (VIBGYOR); red bends least, violet most

What it is: Light is an electromagnetic wave (and, quantum-mechanically, a stream of photons) that travels at about 3
x 108 m/s in vacuum — the universe's speed limit. Reflection bounces light off surfaces according to the simple law
that the angle of incidence equals the angle of reflection, which is why mirrors work. Refraction bends light as it
crosses the boundary between media of different optical density, because light slows down in denser materials. When
light tries to leave a dense medium at a shallow angle beyond the critical angle, it reflects entirely — total internal
reflection — the physics that keeps signals trapped inside optical fibres.

Why it matters: Nearly all modern communication runs on total internal reflection through fibre-optic cables carrying
the internet. Lenses — camera, microscope, telescope, spectacles — are shaped pieces of glass engineered around
refraction. The blue sky (scattering of short wavelengths), the red sunset, rainbows, and the twinkling of stars are all
refraction and scattering phenomena that UPSC asks about directly as "everyday science". Optical instruments also
matter for astronomy: India's space observatories and ground telescopes are applications of these same laws.

Key facts: The sky is blue because air molecules scatter short blue wavelengths more strongly (Rayleigh scattering); at
sunrise and sunset, light travels a longer path and the blue is scattered away, leaving red. A mirage in deserts is
refraction through layers of hot air. Convex lenses converge light (used in cameras and magnifiers), concave lenses
diverge it (used in myopia correction). The human eye's lens focuses images on the retina; myopia, hypermetropia and
astigmatism are all focusing defects corrected by lenses.

How UPSC tests it: This is a classic Prelims hunting ground: blue sky, red sunsets, twinkling stars versus steady
planets, fibre optics, the principle behind a periscope or kaleidoscope, and which lens corrects which vision defect.
Statement-based questions combine reflection, refraction and scattering in everyday situations. Keep the
phenomenon-to-principle mapping sharp — that is exactly how the questions are framed.

4. Sound, Waves & Their Applications

Key fact Detail

Nature of sound A longitudinal mechanical wave — needs a medium; travels fastest in solids, slowest in gases

Speed of sound About 343 m/s in air at 20°C; about 1,480 m/s in water
Frequency ranges Infrasound (<20 Hz), audible (20 Hz-20 kHz), ultrasound (>20 kHz)

Applications SONAR uses ultrasound echoes; medical ultrasound imaging; bats and dolphins navigate by echolocation

What it is: Sound is a mechanical wave of compressions and rarefactions travelling through a medium — which is why
there is no sound in the vacuum of space. Unlike light (a transverse electromagnetic wave), sound particles vibrate
along the direction the wave travels. Its loudness depends on amplitude, its pitch on frequency, and its speed on the



medium's density and elasticity — sound races through steel far faster than through air. Waves in general carry energy
without carrying matter: ripples, earthquakes (seismic waves) and light all follow wave mathematics, differing in what
exactly oscillates.

Why it matters: Ultrasound above human hearing is a workhorse technology: medical scans image unborn babies,
SONAR maps the ocean floor and detects submarines, and industrial testers find cracks in metal. Infrasound from
earthquakes and volcanoes is monitored for early warning. The Doppler effect — the change in pitch of a siren as it
passes — is the same principle astronomers use to measure how fast galaxies recede (redshift). Noise pollution,
measured in decibels, is an environment and health issue that UPSC treats under both science and ecology.

Key facts: Humans hear 20 Hz to 20 kHz; dogs and bats hear ultrasonic frequencies. The decibel scale is logarithmic —
a 10 dB increase means ten times the intensity. Echo-based distance measurement (send a pulse, time the return)
underlies SONAR, medical ultrasound and even the radar principle. The speed of sound in air rises with temperature.
Noise above about 85 dB over long periods damages hearing; the WHO sets community noise guidelines.

How UPSC tests it: Expect questions on why sound needs a medium, the frequency bands and their uses, the
principle of SONAR and ultrasound, and the Doppler effect in everyday and astronomical contexts. Statement
qguestions often pair wave types (transverse vs longitudinal) with examples. Applications — medical, defence, disaster
warning — are the favourite angle for framing current-affairs-linked questions.

5. Electricity, Magnetism & Electromagnetism

Key fact Detail

Ohm's law V = IR — current through a conductor is proportional to the voltage across it

ACvs DC Alternating current (household supply) vs direct current (batteries); India uses 230V, 50 Hz AC
Electromagnetic induction = A changing magnetic field induces current — the principle of generators and transformers

Electromagnetism Electricity and magnetism are two faces of one force; moving charges create magnetic fields

What it is: Electric current is the flow of charge — in metals, electrons — driven by voltage, with resistance opposing
the flow (Ohm's law: V = IR). Magnetism arises from moving charges: a current-carrying wire generates a magnetic
field, and conversing the two, a changing magnetic field through a coil induces an electric current — electromagnetic
induction, discovered by Faraday. This single discovery powers the modern world: spin a coil in a magnetic field and
you generate electricity (generators); feed current into coils and you get motion (motors); wrap coils around an iron
core and you get transformers that step voltage up or down.

Why it matters: The entire electricity grid is electromagnetic induction at scale — thermal, hydro and nuclear plants
all spin turbines attached to generators. Transformers make long-distance transmission efficient by stepping voltage
up (reducing current and thus line losses) and stepping it down for safe home use. Electric motors drive everything
from fans to metro trains, and the EV revolution is essentially the motor winning over the engine. Understanding AC
versus DC explains why Edison lost the "war of currents" to Tesla's AC system for grid supply.

Key facts: India supplies 230 volts at 50 Hz AC to homes. Fuses and MCBs protect circuits by breaking them when
current exceeds safe limits. A dynamo on a bicycle is a small generator using induction. Electromagnets (temporary,
switchable) power cranes, MRI machines and maglev trains, unlike permanent magnets. The unit of current is the
ampere, of resistance the ohm, of charge the coulomb.

How UPSC tests it: Classic questions cover Ohm's law, the difference between AC and DC, why transformers are used
in transmission, and the principle behind generators versus motors. Statement questions often test which device uses
which principle. This chapter also grounds the energy and EV topics later in this file — electric vehicles, power grids
and renewable integration all rest on electromagnetism.



6. Heat, Thermodynamics & Their Applications

Key fact Detail

Heat vs temperature Heat is energy in transit; temperature measures the average kinetic energy of particles

Modes of transfer Conduction (solids), convection (fluids), radiation (no medium needed — how the Sun heats Earth)
First law Energy is conserved — heat added equals work done plus change in internal energy
Second law Entropy increases; heat flows from hot to cold; no engine can be 100% efficient

What it is: Heat is thermal energy flowing from a hotter body to a colder one, while temperature is just the measure
of how hot something is. Heat moves in three ways: conduction through direct contact (a metal spoon heating in tea),
convection through moving fluids (hot air rising, sea breezes), and radiation through electromagnetic waves that need
no medium (sunlight crossing space). Thermodynamics is the rulebook: the first law says energy is conserved in every
heat-work conversion, and the second law says disorder (entropy) always increases — heat engines can never convert
all heat into work, and refrigerators must consume work to move heat uphill.

Why it matters: Steam turbines in coal and nuclear plants, petrol and diesel engines, refrigerators, air conditioners
and heat pumps are all thermodynamics in action — the second law sets the hard ceiling on their efficiency. Climate
science is heat transfer at planetary scale: the greenhouse effect is radiation physics, and ocean currents are
convection. Everyday phenomena — why a pressure cooker cooks faster (higher boiling point under pressure), why
deserts are hot by day and cold by night (low specific heat of sand), how sweating cools the body (evaporation) — are
favourite UPSC illustrations.

Key facts: Water's unusually high specific heat moderates coastal climates. Black surfaces absorb and radiate heat
best (why solar cookers are black inside, and why desert clothing is often light-coloured). A refrigerator moves heat
from inside to outside using work input — it does not "create cold". Absolute zero (—273.15°C) is the theoretical
temperature floor where molecular motion stops. The Celsius-Kelvin conversion is K =°C + 273.15.

How UPSC tests it: Expect everyday-science questions: pressure cookers, desert clothing, sea versus land breezes,
why fans cool us (they do not cool air — they speed evaporation), and the modes of heat transfer in given situations.
The laws of thermodynamics appear as statements to evaluate. This chapter feeds directly into climate, energy and
nuclear topics elsewhere in the notes.

7. Matter, Atoms, Molecules & the Periodic Table

Key fact Detail

Atomic structure Protons and neutrons in the nucleus; electrons in shells — atomic number = number of protons
Isotopes Same element, different neutron count (e.g. carbon-12 vs carbon-14 used in dating)

Periodic table Mendeleev's table arranged by atomic mass; the modern table is arranged by atomic number
Key groups Alkali metals (Group 1, highly reactive), noble gases (Group 18, inert), halogens (Group 17)

What it is: Everything material is built from atoms: a dense nucleus of protons and neutrons, orbited by electrons
arranged in shells. The number of protons — the atomic number — defines the element; change the neutron count
and you get isotopes of the same element, some stable, some radioactive. Molecules form when atoms share or
transfer electrons. The periodic table organises all known elements so that elements in the same column share
chemical behaviour — because they have the same number of electrons in their outermost shell, which governs how
they react. Mendeleev's genius was leaving gaps for undiscovered elements and predicting their properties.

Why it matters: The periodic table is chemistry's map: it predicts reactivity, so metallurgists, battery engineers and
nuclear scientists all navigate by it. Radioactive isotopes power nuclear reactors (uranium-235), medical imaging and



cancer therapy (cobalt-60), smoke detectors (americium-241) and archaeological dating (carbon-14). Understanding
atomic structure also explains the periodic trends — why reactivity increases down Group 1, why noble gases refuse to
react, and why the same element can appear as diamond or graphite.

Key facts: Hydrogen (atomic number 1) is the lightest and most abundant element in the universe. Carbon-14 dating
works for organic remains up to about 50,000 years old. Uranium-235 is fissile — it sustains the chain reaction in
reactors — while uranium-238 is fertile. Dmitri Mendeleev published his table in 1869; Henry Moseley later reordered
it by atomic number. The heaviest naturally occurring element is uranium (92).

How UPSC tests it: Prelims asks about isotopes and their applications, the difference between atomic number and
mass number, why noble gases are inert, and Mendeleev versus the modern table. Statement questions frequently
pair an isotope with its use (carbon-14, cobalt-60, iodine-131). This is the gateway chapter for nuclear energy,
radiometric dating and materials science questions later in the syllabus.

8. Chemical Bonding & Chemical Reactions

Key fact Detail

Ionic bond Transfer of electrons — e.g. common salt (NaCl); conducts electricity when molten or dissolved

Covalent bond Sharing of electrons — e.g. water, methane, diamond; generally poor conductors
Reaction types Combination, decomposition, displacement, double displacement, oxidation-reduction (redox)

Oxidation Loss of electrons (or gain of oxygen); reduction is the gain of electrons — they always occur together

What it is: Atoms bond to achieve stable electron configurations, usually by filling their outermost shell. In ionic
bonding, one atom donates electrons and another accepts them, creating oppositely charged ions that attract — table
salt is the classic example. In covalent bonding, atoms share electron pairs, building molecules from water to DNA.
Chemical reactions rearrange these bonds: elements combine, compounds decompose (often with heat), more
reactive elements displace less reactive ones, and oxidation-reduction reactions shuttle electrons — rusting,
respiration, batteries and combustion are all redox processes. Balancing a chemical equation is simply enforcing the
conservation of mass.

Why it matters: Batteries are controlled redox reactions; corrosion (rusting of iron) is uncontrolled oxidation that
costs economies billions; photosynthesis and respiration are the redox reactions that sustain life. Fertilisers, cement,
steel, plastics and medicines are all manufactured chemistry — industrial processes are just scaled-up reactions. The
reactivity series (potassium down to gold) predicts which metals displace others and which corrode easily, guiding
everything from construction to coinage. UPSC connects bonding to material properties: why diamond is hard, why
salt dissolves, why metals conduct.

Key facts: Rusting needs both oxygen and moisture — which is why oiling, painting or galvanising (zinc coating)
prevents it. Electrolysis of water yields hydrogen and oxygen in a 2:1 volume ratio. Hydrogen bonding gives water its
unusual properties — high boiling point, surface tension, and ice floating. Catalysts speed reactions without being
consumed; enzymes are biological catalysts. The pH-relevant reactions (neutralisation) are covered in the next topic.

How UPSC tests it: Questions test bond types in common substances, the reactivity series order, examples of each
reaction type, and redox identification (which species is oxidised). Everyday applications — rusting prevention,
electroplating, batteries — are the preferred framing. Keep one example per reaction type ready; that is usually
enough for the statement-based format.

9. Acids, Bases, Salts & pH Scale

Key fact Detail

pH scale 0-14; below 7 acidic, 7 neutral, above 7 basic (alkaline); each unit is a 10x change in H* concentration




Common acids HCI (stomach acid), H,SO, (batteries), citric acid (citrus fruits), acetic acid (vinegar)
Common bases NaOH (soap-making), Ca(OH), (whitewash), NH; (cleaning agents), Mg(OH), (antacids)

Indicators Litmus (red in acid, blue in base), phenolphthalein, methyl orange, turmeric, universal indicator

What it is: Acids release hydrogen ions (H*) in water and taste sour; bases release hydroxide ions (OH") and feel
slippery. The pH scale compresses hydrogen-ion concentration into a 0-14 range where each whole-number step
means a tenfold change — so pH 3 is ten times more acidic than pH 4. When acids and bases react, they neutralise
each other to form salt and water. Salts are everywhere: common salt seasons food, washing soda cleans, baking soda
leavens and deodorises, and plaster of Paris sets broken bones and makes statues. Indicators like litmus reveal acidity
by changing colour.

Why it matters: The human stomach uses hydrochloric acid to digest food, and antacids are mild bases that
neutralise excess acidity — a direct everyday application. Soil pH decides which crops thrive, and farmers add lime to
acidic soils; acid rain (pH below about 5.6) damages monuments like the Taj Mahal and aquatic life. Blood pH is tightly
held near 7.4 — small deviations are life-threatening, which is why buffers matter in physiology. Industrial chemistry,
from fertilisers to soap, is largely acid-base chemistry at scale.

Key facts: Pure water is neutral at pH 7. Gastric juice sits around pH 1.5-3.5; blood at 7.35-7.45. Tooth decay begins
when mouth pH drops below 5.5, which is why basic toothpaste helps. Baking soda (sodium bicarbonate) is
amphoteric-ish in kitchen use — it reacts with both acids and heat to release CO,. Acid rain forms when sulphur
dioxide and nitrogen oxides from fossil fuels dissolve in rainwater.

How UPSC tests it: High-yield one-liners: pH values of common substances, which indicator turns which colour,
antacid chemistry, and why acid rain harms marble monuments. Statement questions may test the logarithmic nature
of the pH scale or neutralisation products. The soil-pH and acid-rain angles connect this chapter to agriculture and
environment questions.

10. Metals, Non-Metals, Alloys & Metallurgy

Key fact Detail

Metal properties  Lustrous, malleable, ductile, sonorous; good conductors of heat and electricity

Key alloys Steel (iron + carbon), brass (copper + zinc), bronze (copper + tin), stainless steel (iron + chromium + nickel)
Metallurgy steps = Concentration of ore - roasting/calcination - reduction - refining

Reactivity series = K> Na>Ca>Mg>Al>Zn>Fe>Sn>Pb>Cu>Ag>Au

What it is: Metals are elements that lose electrons easily, giving them their characteristic shine, malleability
(hammered into sheets), ductility (drawn into wires) and conductivity. Non-metals do the opposite — they gain
electrons, and are usually brittle insulators. Alloys are mixtures of metals (sometimes with non-metals) engineered for
better properties: adding a little carbon to iron makes steel far stronger than pure iron, chromium makes stainless
steel rust-resistant, and zinc with copper gives brass. Metallurgy is the industrial art of extracting metals from ores —
concentrating the ore, driving off impurities by heating, reducing the metal oxide to metal, and refining it to purity.

Why it matters: Civilisation's ages are named after metals — stone, bronze, iron — because material capability
defined each era. Today, steel underpins construction and infrastructure, copper wiring carries electricity, aluminium
lightens aircraft and packaging, and rare metals enable electronics. India's mineral wealth (iron ore, bauxite,
manganese) feeds directly into its industrial policy and the "Make in India" push. Corrosion of metals costs a
measurable share of GDP, making metallurgy and protective coatings an economic issue, not just a chemical one.

Key facts: Gold and silver are the most malleable and ductile metals; mercury is the only metal liquid at room
temperature; tungsten has the highest melting point. Aluminium, though abundant in the Earth's crust, is extracted by
electrolysis (the Hall-Héroult process) because it is too reactive for carbon reduction. Brass is used for musical



instruments and fittings; bronze for statues and medals. Galvanisation coats iron with zinc, which corrodes
preferentially and protects the steel beneath.

How UPSC tests it: Expect alloy-composition questions (brass vs bronze vs steel), the reactivity series order, properties
distinguishing metals from non-metals, and metallurgical steps. Statement questions often link an alloy to its use. The
strategic angle — critical minerals, rare earths, and India's import dependence — connects this chapter to current
economic and security debates.

11. Carbon, Hydrocarbons & Everyday Organic Chemistry

Key fact Detail

Covalent bonding Carbon forms four covalent bonds (tetravalent) and bonds with itself — catenation

Allotropes Diamond (hardest natural substance), graphite (soft, conducts electricity), fullerene, graphene
Hydrocarbons Compounds of carbon and hydrogen: alkanes, alkenes, alkynes; fuels like methane, LPG, CNG, petrol

Functional groups = Alcohols (-OH), acids (-COOH), aldehydes, ketones, esters — define organic families

What it is: Carbon is special because it forms four strong covalent bonds and chains with itself almost endlessly
(catenation), creating the millions of organic compounds — from fuels to DNA. Its allotropes show how arrangement
changes everything: diamond's rigid 3D lattice makes it the hardest natural material, while graphite's slippery layers
make it a lubricant and pencil lead, and a single layer of it — graphene — is a Nobel-winning wonder material.
Hydrocarbons (carbon plus hydrogen) are the fuels of civilisation: methane (natural gas), LPG, CNG, petrol and diesel
are all hydrocarbon mixtures, and functional groups like -OH and -COOH turn hydrocarbons into alcohols, acids and
the molecules of life.

Why it matters: Fossil fuels are hydrocarbons, so energy policy, climate change and pollution are all organic
chemistry in disquise — burning hydrocarbons releases CO,, and incomplete combustion produces deadly carbon
monoxide. Plastics are long hydrocarbon chains (polymers); their persistence in the environment is the plastic-
pollution crisis. Soaps and detergents are organic molecules with water-loving and oil-loving ends that trap grease.
Understanding functional groups also unlocks biochemistry: sugars, proteins and fats are organic molecules built
from the same carbon toolkit.

Key facts: Graphene (isolated 2004; Nobel 2010) is a single atomic layer of carbon — stronger than steel, an excellent
conductor, with applications from batteries to sensors. Diamond does not conduct electricity (no free electrons) but
graphite does. Ethanol (C;HsOH) is the alcohol in beverages and a biofuel additive; methanol is toxic. Saturated
hydrocarbons (alkanes) burn with a clean blue flame; unsaturated ones give sooty flames. CNG is mainly methane —
cleaner-burning than petrol or diesel.

How UPSC tests it: Classic questions cover diamond vs graphite properties, graphene's significance, hydrocarbon
fuels and their uses, and why carbon monoxide is poisonous (it binds haemoglobin more strongly than oxygen).
Statement questions may test functional groups or polymer examples. The fuel-and-plastic angles connect this
chapter to environment and energy questions in both Prelims and Mains.

12. Cell: Structure, Organelles & Cell Division

Key fact Detail

Cell theory All living things are made of cells; the cell is the basic unit of life (Schleiden, Schwann, Virchow)

Key organelles Nucleus (control centre), mitochondria (powerhouse), ribosomes (protein synthesis), chloroplasts
(photosynthesis)

Cell division



Mitosis (growth and repair — two identical cells); meiosis (gamete formation — four cells, half the
chromosomes)

Plant vs animal Plant cells have a cell wall, chloroplasts and a large central vacuole; animal cells do not
cell

What it is: The cell is the smallest unit of life — every plant, animal and microbe is built from cells. A typical animal cell
has a nucleus holding DNA (the instruction manual), mitochondria burning glucose to release energy (the
powerhouse), ribosomes assembling proteins, and a membrane controlling what enters and exits. Plant cells add a
rigid cellulose wall, chloroplasts that capture sunlight, and a large vacuole storing water and nutrients. Cells multiply
by division: mitosis produces two genetically identical cells for growth and repair, while meiosis halves the
chromosome number to make sperm and egg cells, restoring the full set at fertilisation.

Why it matters: Every disease story starts at the cellular level — cancer is uncontrolled mitosis, anaemia is defective
red blood cells, and mitochondrial defects cause inherited disorders. Vaccines, antibiotics and gene therapy all target
cellular processes. Stem-cell medicine, cloning and CRISPR (covered later in this file) are manipulations of the cell's
own machinery. For UPSC, the cell chapter is the foundation of the entire biology half: digestion, immunity, genetics
and biotechnology all assume you know what a cell is and what its parts do.

Key facts: Robert Hooke coined "cell" in 1665 after seeing cork under a microscope; Leeuwenhoek first saw living
cells. Human red blood cells lack a nucleus (more room for haemoglobin); nerve cells are among the longest cells in
the body. Mitochondria have their own small DNA, inherited only from the mother — evidence they were once free-
living bacteria. The human body has about 30 trillion cells across roughly 200 types.

How UPSC tests it: Standard questions ask organelle functions (which organelle is the powerhouse, where proteins
are made), the difference between mitosis and meiosis, and plant-versus-animal cell features. Statement questions
often test who discovered what or the number of chromosomes involved. This is pure NCERT territory — Class 8 and 9
science cover it, and UPSC lifts questions almost directly from there.

13. Human Body: Digestion, Circulation & Respiration

Key fact Detail

Digestion Mouth = oesophagus — stomach (HCl + pepsin) = small intestine (absorption via villi) = large intestine
Circulation Double circulation: heart pumps blood to lungs and body; arteries carry oxygenated blood, veins return it
Respiration Breathing (in lungs) vs cellular respiration — glucose + oxygen — energy + CO, + water

Blood components = RBCs (haemoglobin, oxygen), WBCs (immunity), platelets (clotting), plasma (transport medium)

What it is: The digestive system breaks food into absorbable molecules: chewing and salivary amylase start in the
mouth, stomach acid and pepsin digest protein, and the small intestine — with bile from the liver and enzymes from
the pancreas — completes digestion, absorbing nutrients through finger-like villi into the blood. The circulatory
system then delivers them: the heart's double circulation sends blood to the lungs for oxygenation and around the
body for delivery, with arteries, veins and capillaries as the plumbing. Respiration has two meanings — breathing
moves air in the lungs, while cellular respiration burns glucose with oxygen inside mitochondria to release the ATP
energy that powers everything.

Why it matters: Most health questions in UPSC trace back to these systems: diabetes is a failure of insulin regulation
of blood glucose, hypertension is a circulation problem, anaemia is an RBC/haemoglobin problem, and ulcers involve
stomach acid. Nutrition policy (mid-day meals, anaemia programmes) assumes knowledge of digestion and
absorption. First aid — why CPR works, how bleeding stops — is applied circulatory physiology. Air pollution questions
link to respiration: PM2.5 particles penetrate deep into the lungs and even the bloodstream.

Key facts: The small intestine is about 6-7 metres long, maximising absorptive surface through villi. The heart beats
about 100,000 times a day; the left ventricle has the thickest wall because it pumps to the whole body. Haemoglobin's



iron binds oxygen; carbon monoxide binds the same site far more strongly, causing poisoning. The universal blood
donor is O negative; AB positive is the universal recipient. Breathing rate rises during exercise because muscles need
more oxygen and produce more CO,.

How UPSC tests it: High-frequency questions cover digestive enzymes and their sites of action, the path of blood
through the heart, blood group compatibility, and the difference between breathing and cellular respiration. Health-
scheme questions (anaemia, diabetes) in current affairs assume this background. Draw the flow paths once —
digestion route, circulation route — and the statement questions become easy.

14. Nutrition, Vitamins & Deficiency Diseases

Key fact Detail

Macronutrients Carbohydrates and fats (energy), proteins (growth and repair) — needed in large amounts

Micronutrients Vitamins and minerals — needed in tiny amounts but essential; deficiencies cause disease
Fat vs water soluble A, D, E, K are fat-soluble (stored in the body); B-complex and C are water-soluble (need regular intake)

Key deficiencies A — night blindness; D — rickets; B1 — beriberi; C — scurvy; iron — anaemia; iodine — goitre

What it is: Nutrition is the science of what the body needs from food. Macronutrients — carbohydrates, fats and
proteins — supply energy and building material in bulk: roughly 4 kcal per gram for carbs and protein, 9 for fat.
Micronutrients — vitamins and minerals — are needed in milligrams but run critical machinery: vitamin A maintains
vision, D builds bone with calcium, C builds immunity and collagen, the B-complex drives energy metabolism, iron
carries oxygen in haemoglobin, and iodine runs the thyroid. Deficiency diseases are the body's distress signals when
any of these run out — night blindness, rickets, beriberi, scurvy, anaemia and goitre are the classic textbook list.

Why it matters: India fights a double burden: undernutrition (stunting, wasting, anaemia — tracked by NFHS surveys)
alongside rising obesity and diabetes. Government programmes — POSHAN Abhiyaan, anaemia Mukt Bharat, mid-day
meals, iodised salt, vitamin A supplementation — are direct applications of this chapter. Fortification (adding iron, folic
acid, vitamin D to staples) is a current policy debate. For UPSC, nutrition links science to governance: every health and
food-security question in GS-II and GS-III assumes you know what a balanced diet contains and what deficiencies do.

Key facts: Vitamin C (ascorbic acid) cannot be stored — deficiency causes scurvy, historically the sailors' disease cured
by citrus. Excess fat-soluble vitamins (A, D) can be toxic because the body stores them. Kwashiorkor is protein
deficiency; marasmus is overall energy deficiency. lodised salt prevents goitre and cretinism. Roughage (fibre) aids
digestion though it provides no nutrients; water, often forgotten, is the most essential nutrient of all.

How UPSC tests it: This is among the most repeated areas: match the vitamin to its deficiency disease, identify fat-
versus water-soluble vitamins, and link nutrients to government programmes. Statement questions often test which
deficiency causes which symptom. Health-survey data (NFHS) and scheme questions in current affairs build directly on
these facts.

15. Plant Physiology: Photosynthesis & Transport

Key fact Detail

Photosynthesis 6CO, + 6H,0 = (light/chlorophyll) CsH1,06 + 60, — converts solar energy into chemical energy
Site Chloroplasts, using the green pigment chlorophyll; stomata on leaves exchange gases
Transport Xylem carries water and minerals upward; phloem carries food (translocation) both ways

Transpiration Water loss from leaves creates the pull that draws water up from roots



What it is: Photosynthesis is the planet's master energy transaction: green plants trap sunlight with chlorophyll and
use it to convert carbon dioxide and water into glucose and oxygen. Almost every food chain and every fossil fuel
begins with this reaction. Plants then move materials through two pipeline systems — xylem vessels carry water and
dissolved minerals upward from roots, powered largely by transpiration pull (evaporation from leaves creating
suction), while phloem distributes the manufactured sugars from leaves to roots, fruits and growing tips. Stomata, the
tiny pores on leaves, manage the trade-off between taking in CO, and losing water.

Why it matters: Agriculture is applied plant physiology: irrigation, fertiliser and crop choice all manipulate
photosynthesis and transport. The oxygen we breathe is photosynthesis' by-product, and forests' carbon absorption
makes them central to climate policy. Transpiration explains why deforestation alters rainfall — fewer trees means less
atmospheric moisture recycling. Plant hormones (auxins, gibberellins, cytokinins) regulate growth and are the basis of
agricultural growth regulators. Tissue culture and vegetative propagation — key biotech applications — exploit plant
cells' totipotency.

Key facts: Chlorophyll absorbs red and blue light most strongly and reflects green — hence leaves look green. The
rate of photosynthesis rises with light intensity and CO, up to a saturation point. Xylem transport is mostly passive
(transpiration pull and root pressure); phloem translocation needs energy. Desert plants open stomata at night (CAM
photosynthesis) to save water. Respiration in plants occurs day and night, while photosynthesis needs light — at the
compensation point the two balance.

How UPSC tests it: Standard questions cover the photosynthesis equation, the roles of xylem and phloem, what
stomata do, and why transpiration matters. Statement questions often test factors affecting photosynthesis or
compare plant and animal transport. The agriculture and environment angles — irrigation, deforestation and rainfall,
carbon sequestration — make this a crossover chapter for GS-III.

16. Genetics, DNA, RNA & Heredity

Key fact Detail

DNA structure Double helix of nucleotides (A-T, G-C base pairs); discovered by Watson and Crick in 1953
Central dogma DNA - RNA - protein: genes are transcribed to RNA, then translated into proteins
Mendel's laws Law of segregation and law of independent assortment — the foundation of heredity
Human genome 46 chromosomes (23 pairs); Human Genome Project completed in 2003

What it is: DNA is the molecule of heredity — a double helix whose sequence of four bases (A, T, G, C) encodes the
instructions for building and running an organism. Genes are DNA segments that code for proteins, and the central
dogma describes the information flow: DNA is transcribed into messenger RNA, which ribosomes translate into
proteins — the molecules that actually do the work. Gregor Mendel discovered the laws of inheritance by crossing pea
plants: each parent contributes one of each gene pair (segregation), and different traits assort independently.
Humans carry 46 chromosomes in 23 pairs, one set from each parent, which is why children resemble but never
duplicate their parents.

Why it matters: Genetics underpins modern medicine (genetic testing, gene therapy, pharmacogenomics),
agriculture (hybrid seeds, GM crops) and forensics (DNA fingerprinting). Genetic disorders — haemophilia, sickle-cell
anaemia, Down syndrome (trisomy 21) — are direct applications of chromosome and gene logic. The Human Genome
Project's completion in 2003 launched the genomic era, and CRISPR gene editing (a later topic) is simply a tool for
rewriting DNA. For UPSC, this chapter is the gateway to all biotechnology questions.

Key facts: A always pairs with T, and G with C — the complementary pairing that lets DNA copy itself. RNA is single-
stranded and uses uracil instead of thymine. Sex is determined by X and Y chromosomes: females XX, males XY.
Mutations are changes in DNA sequence — most harmless, some harmful, a few useful (the raw material of evolution).
Rosalind Franklin's X-ray crystallography was crucial to discovering the double helix.



How UPSC tests it: Frequent questions cover base pairing, the central dogma sequence, Mendel's laws, chromosome
numbers, and the significance of the Human Genome Project. Statement questions often test DNA versus RNA
differences. This chapter is prerequisite for the biotechnology topics (rDNA, CRISPR, stem cells) — UPSC increasingly
asks them as a linked set.

17. Evolution, Classification & Microorganisms

Key fact Detail

Natural selection Darwin's mechanism: organisms with advantageous traits survive and reproduce more (1859, On the
Origin of Species)

Five-kingdom Whittaker: Monera, Protista, Fungi, Plantae, Animalia
classification

Microbe types Bacteria (some useful, some pathogenic), viruses (not truly living — need host cells), fungi, protozoa

Useful microbes Curd and bread fermentation, antibiotics (from fungi/bacteria), nitrogen fixation by Rhizobium

What it is: Evolution explains life's diversity: Darwin's natural selection says that within any population, individuals
vary, and those with traits suiting the environment survive and reproduce more — over generations, populations
change, and over eons, new species emerge. The fossil record, comparative anatomy and now DNA evidence all
confirm common descent. To organise this diversity, Whittaker's five-kingdom system groups life into Monera
(bacteria), Protista (mostly single-celled eukaryotes), Fungi, Plantae and Animalia. Microorganisms — bacteria, viruses,
fungi, protozoa — are mostly invisible but run the planet: decomposing waste, fixing nitrogen, fermenting food, and
occasionally causing disease.

Why it matters: Antibiotic resistance is evolution in real time — bacteria evolve under drug pressure, which is why
AMR (a later topic) is a crisis. Vaccines work because immunity is an evolved system. Agriculture depends on nitrogen-
fixing bacteria and mycorrhizal fungi; industry depends on fermentation. Disease control requires knowing your
enemy: antibiotics kill bacteria but not viruses, which is why they are useless against colds and flu. Biodiversity
conservation — the variety evolution produced — is a core environment topic that starts here.

Key facts: Viruses are not considered living: they cannot reproduce or metabolise without hijacking a host cell, and
they are far smaller than bacteria. Penicillin, the first antibiotic, came from the Penicillium fungus (Fleming, 1928).
Rhizobium bacteria in legume root nodules convert atmospheric nitrogen into plant-usable forms. Pasteurisation kills
pathogens in milk by heating; fermentation by yeast produces alcohol and CO, (bread rises on the gas). Lichens are
symbiotic partnerships of fungi and algae.

How UPSC tests it: Questions cover Darwin's theory and evidence for evolution, the five kingdoms, differences
between bacteria and viruses, and useful versus harmful microbes. The antibiotics-don't-work-on-viruses point is a
perennial favourite. Nitrogen fixation and fermentation examples link this chapter to agriculture and industry
questions.

Part II: Space, Defence, Nuclear & Emerging Tech
18. ISRO: History, Organisation & Major Milestones

Key fact Detail

Founded 1969 by Vikram Sarabhai (the father of India's space programme); INCOSPAR set up in 1962

First satellite Aryabhata, launched 1975; first indigenous launch vehicle success — SLV-3in 1980

Headquarters Bengaluru; comes under the Department of Space; launch site at Sriharikota (SHAR)



Workhorse PSLV, operational since the 1990s, famous for reliability and commercial launches

What it is: The Indian Space Research Organisation is India's civilian space agency, born from Vikram Sarabhai's
conviction that space technology must serve development — communication, weather forecasting, resource mapping
— rather than prestige alone. From the humble INCOSPAR sounding-rocket days at Thumba, ISRO built indigenous
capability step by step: the Aryabhata satellite in 1975, the SLV-3 launch success in 1980 under A.PJ. Abdul Kalam's
project leadership, the workhorse PSLV from the 1990s, and then the leap to planetary missions — Chandrayaan,
Mangalyaan, Aditya-L1. It operates under the Department of Space, launching from the Satish Dhawan Space Centre
at Sriharikota.

Why it matters: ISRO is the rare Indian institution that is both a development agency and a global technology brand
— its frugal-engineering reputation ("jugaad" done rigorously) made Mangalyaan cheaper than many Hollywood
films. Its satellites underpin governance: INSAT for communication and broadcasting, IRS for remote sensing, NavIC
for navigation, and meteorological satellites for cyclone warnings that have saved countless lives. Commercially,
ISRO's launch services earn foreign exchange, and the 2020s space reforms opened the sector to private players. In
Mains, ISRO is the go-to example of state-led technological capability.

Key facts: The Department of Space was created in 1972, with ISRO under it. Thumba Equatorial Rocket Launching
Station was India's first launch site, chosen near the magnetic equator. ISRO's Mars Orbiter Mission made India the
first country to reach Mars on its maiden attempt. The organisation runs centres across India — VSSC
(Thiruvananthapuram) for launch vehicles, URSC (Bengaluru) for satellites, SAC (Ahmedabad) for payloads. National
Space Day is celebrated on 23 August, marking the Chandrayaan-3 landing.

How UPSC tests it: Prelims loves founding facts — year, founder, first satellite, first launch vehicle, headquarters,
launch site. Statement questions often test the sequence of milestones. Mains asks about ISRO's development role,
the commercialisation reforms, and space as an instrument of diplomacy and national power. Keep the milestone
timeline (1962-1969-1975-1980-2008-2013-2023) memorised as one chain.

19. Chandrayaan-1, 2 & 3

Key fact Detail

Chandrayaan-1 India's first Moon mission; its Moon Impact Probe and NASA instrument confirmed water molecules on
(2008) the Moon

Chandrayaan-2 Orbiter succeeded and still operates; the Vikram lander was lost during descent

(2019)

Chandrayaan-3 Soft-landed near the lunar south pole on 23 August 2023 — India became the 4th country to soft-land
(2023) on the Moon

Payloads Pragyan rover studied lunar soil; the mission confirmed sulphur and searched for water ice

What it is: Chandrayaan ("moon craft") is India's lunar exploration programme, executed in three increasingly
ambitious steps. Chandrayaan-1 (2008) was an orbiter that mapped the Moon and delivered one of planetary science's
landmark findings — definitive evidence of water molecules on the lunar surface. Chandrayaan-2 (2019) attempted a
soft landing with the Vikram lander and Pragyan rover; the lander was lost in the final descent, but the orbiter
survived and continues high-resolution mapping. Chandrayaan-3 (2023) returned with a lander-rover-only design, no
orbiter, and achieved what its predecessor could not: a soft touchdown near the Moon's south pole, a region prized for
its suspected water-ice deposits in permanently shadowed craters.

Why it matters: The south pole landing put India in an elite club — only the erstwhile USSR, the US and China had
soft-landed before — and did so at a fraction of typical mission costs, reinforcing ISRO's frugal-engineering brand.
Scientifically, confirming water ice would transform lunar exploration: water means drinking water, breathable oxygen
and rocket fuel (split into hydrogen and oxygen) for future missions. Strategically, the Moon's south pole is contested



real estate in the new space race, with the US-led Artemis Accords (which India signed in 2023) shaping the rules. The
missions also demonstrated the value of learning publicly from failure.

Key facts: Chandrayaan-3 landed on 23 August 2023, now observed as National Space Day. The Pragyan rover's
spectrometers confirmed the presence of sulphur and several elements in lunar soil. Chandrayaan-1 carried
instruments from NASA and ESA, making it a model of international collaboration. The south pole was chosen because
its shadowed craters may hold water ice undisturbed for billions of years. ISRO used a failure-based redesign for
Chandrayaan-3 — wider landing legs, more fuel margin, and a simplified architecture.

How UPSC tests it: Expect direct factual questions — launch years, what each mission achieved, the landing date, why
the south pole matters. Statement questions often test which mission found water and which lander was lost. Mains
questions ask about the scientific, strategic and economic significance of lunar exploration and what Chandrayaan-3
signals about India's space capabilities. This is core current-affairs S&T — revise it with the latest mission status.

20. Mangalyaan (MOM) & Gaganyaan

Key fact Detail

Mangalyaan launch November 2013; entered Mars orbit in September 2014 — first-attempt success, a world first
Cost fame Completed at a famously frugal budget, far below comparable NASA missions

Gaganyaan India's first crewed space mission — 3 astronauts to low Earth orbit; in advanced testing

Test milestone TV-D1 crew-escape abort test succeeded in October 2023

What it is: The Mars Orbiter Mission — Mangalyaan — was ISRO's audacious interplanetary debut: launched in
November 2013, it reached Mars orbit in September 2014, making India the first country to succeed on its maiden
Mars attempt and the first Asian nation to reach Martian orbit. Gaganyaan is the other bookend of ambition: India's
first human spaceflight programme, which will carry three astronauts to low Earth orbit aboard an indigenous crew
module launched by a human-rated LVM3 rocket. Before risking crew, ISRO is validating every safety system — the TV-
D1 test in October 2023 successfully demonstrated the crew escape system that would pull astronauts away from a
failing rocket.

Why it matters: Mangalyaan proved that deep-space exploration was within India's technological and financial reach,
supercharging ISRO's global reputation and inspiring a generation. Gaganyaan is a bigger leap: human spaceflight
demands life-support, crew escape, re-entry and recovery systems — mastering them puts India in the tiny club of
nations (US, Russia, China) with independent crewed capability. The programme spins off technologies for medicine,
materials and robotics, and it anchors India's long-term roadmap: a national space station (Bharatiya Antariksh
Station) and a crewed lunar landing are the stated next horizons.

Key facts: Mangalyaan operated far beyond its planned six-month life, serving for years. Its payloads studied the
Martian atmosphere, methane and surface features. Gaganyaan's crew module work includes uncrewed test flights, a
humanoid robot (Vyommitra) flying first, and astronaut training with international cooperation. The mission was
originally targeted around 2022 and has been rescheduled as testing proceeds — a normal pattern for crewed
programmes where safety dominates scheduling.

How UPSC tests it: Prelims asks launch/orbit-insertion dates, the first-attempt distinction, and Gaganyaan's objective
and test milestones. Mains questions examine what human spaceflight capability means for India's strategic
autonomy and technology ecosystem. Keep Mangalyaan (robotic, 2013-14) and Gaganyaan (crewed, in testing) clearly
separated — questions sometimes probe exactly that distinction.

21. Aditya-L1, Astrosat & Recent Space Missions

Key fact Detail




Aditya-L1 Launched September 2023; India's first solar observatory, stationed at Lagrange point L1
Lagrange point L1 A gravitationally stable spot 1.5 million km from Earth toward the Sun — uninterrupted solar viewing
Astrosat India's first dedicated astronomy satellite (2015); observes ultraviolet, optical and X-ray bands

XPoSat Launched January 2024; studies X-ray polarisation from black holes and neutron stars

What it is: After the Moon and Mars, ISRO turned its instruments toward the Sun and the deep sky. Aditya-L1,
launched in September 2023, is India's first space-based solar observatory: it travelled to Lagrange point L1, a location
about 1.5 million km sunward where the gravities of the Sun and Earth balance, letting the spacecraft hover with an
uninterrupted view of the Sun. Its seven payloads study the solar corona, solar wind and coronal mass ejections — the
eruptions that trigger geomagnetic storms on Earth. Astrosat (2015) was India's first multi-wavelength space
telescope, observing the same cosmic objects simultaneously in ultraviolet, optical and X-ray light. XPoSat (January
2024) added X-ray polarimetry — measuring the orientation of X-rays from black holes and neutron stars.

Why it matters: Solar storms can knock out satellites, power grids and communications — Aditya-L1's data feeds
space-weather forecasting that protects exactly the infrastructure modern India depends on. Astrosat put India on the
global astronomy map, contributing to studies of black holes, star formation and distant galaxies at a fraction of
Hubble-class costs. These science missions signal a maturing programme: ISRO is no longer only about applications
(communication, remote sensing) but also about fundamental discovery, which builds scientific human capital and
international collaboration.

Key facts: L1 is one of five Lagrange points where gravitational forces balance; the SOHO spacecraft also observes the
Sun from L1. Aditya-L1's Visible Emission Line Coronagraph studies the solar corona — the Sun's outer atmosphere,
mysteriously hotter than its surface. Astrosat's Ultra-Violet Imaging Telescope produced notable results on star-
forming galaxies. XPoSat made India only the second country with a dedicated X-ray polarimetry mission after NASA's
IXPE.

How UPSC tests it: Expect questions on what Aditya-L1 studies, what a Lagrange point is, and what Astrosat and
XPoSat observe. The space-weather angle (solar storms affecting satellites and grids) is a favourite Mains linkage.
Keep the mission-objective-instrument mapping clean: Aditya-L1 = Sun, Astrosat = multi-wavelength astronomy,
XPoSat = X-ray polarisation.

22. Launch Vehicles: PSLV, GSLV & LVM3

Key fact Detail

PSLV Polar Satellite Launch Vehicle — the reliable workhorse since the 1990s; famous for commercial launches
GSLV Geosynchronous Satellite Launch Vehicle — uses an indigenous cryogenic upper stage
LVM3 ISRO's heaviest rocket; launched Chandrayaan-2 and 3; will launch Gaganyaan's crew

Cryogenic engine = Burns liquid hydrogen and oxygen at extremely low temperatures — high efficiency, hard to master

What it is: A launch vehicle is a rocket system that delivers satellites to orbit, and ISRO's fleet evolved in stages of
ambition. The PSLV, flying since the 1990s, became legendary for reliability — it launched Chandrayaan-1 and
Mangalyaan and set a record by deploying 104 satellites in one flight (2017). The GSLV was built to lift heavier
communication satellites to geostationary orbit, and its indigenous cryogenic upper stage — burning supercooled
liquid hydrogen and oxygen — was the technology India was once denied and then mastered itself. The LVM3
(formerly GSLV MKk III) is the heavy-lifter: it launched Chandrayaan-2 and Chandrayaan-3 and its human-rated version
will carry Gaganyaan astronauts.

Why it matters: Independent launch capability is strategic autonomy in space — without it, India would depend on
foreign rockets for its satellites, as it once did. The PSLV's commercial success made India a preferred budget launch



provider, earning revenue and goodwill among developing nations. Cryogenic mastery closed a technology-denial
chapter and proved the value of indigenous R&D under sanctions. Looking ahead, ISRO is developing reusable launch
technology (the RLV programme) and a next-generation heavy rocket, because launch cost is the decisive factor in the
coming era of mega-constellations.

Key facts: Solid stages use solid propellant (simple, powerful); liquid stages are throttleable; cryogenic stages are the
most efficient. The GSLV's cryogenic stage development faced technology denial in the 1990s, delaying the
programme — a case study in self-reliance. SSLV (Small Satellite Launch Vehicle) targets the small-satellite market with
quick turnaround. Reusable launch vehicle tests (RLV-TD, landing experiments) aim to cut costs the way SpaceX's
Falcon 9 did.

How UPSC tests it: Classic questions match each vehicle to its capability and notable launches, ask what a cryogenic
engine burns, and why reusability matters. Statement questions often test PSLV versus GSLV roles. The technology-
denial history of cryogenics is a Mains-ready example of self-reliance under sanctions.

23. Satellites: NavIC, Remote Sensing & Communication

Key fact Detail

NavIC India's 7-satellite regional navigation constellation — desi alternative to GPS

Remote sensing IRS/Cartosat/Resourcesat series — mapping, agriculture, disaster management
Communication INSAT/GSAT series — TV broadcasting, telephony, telemedicine, tele-education

Orbits LEO (low, fast) for remote sensing; GEO (36,000 km, fixed over equator) for communication

What it is: Satellites are classified by job. Navigation satellites like NavIC — India's seven-satellite regional system —
broadcast timing signals that receivers convert into position, giving India an independent alternative to America's GPS
for strategic and civilian use. Remote-sensing satellites (the IRS, Cartosat and Resourcesat families) photograph Earth
in multiple wavelengths for crop estimation, groundwater mapping, urban planning, forest cover assessment and
disaster response. Communication satellites (INSAT/GSAT) sit in geostationary orbit 36,000 km up, appearing fixed
over one spot — ideal for beaming TV, telephone and data across the subcontinent. Meteorological satellites
(INSAT-3D/3DR) track cyclones and monsoons.

Why it matters: Navigation autonomy is national security: during the Kargil conflict, India was denied GPS data, and
NavIC is the direct answer — missiles, ships and aircraft now have an Indian positioning source. Remote sensing
underpins governance from crop insurance to border monitoring, and India's cyclone-warning improvements
(dramatically fewer deaths since the 1999 Odisha cyclone) rest on satellite meteorology. Communication satellites
took television, telemedicine and tele-education to remote districts. Satellite data is also diplomacy — India shares
imagery and disaster support with neighbours.

Key facts: NavIC covers India and about 1,500 km beyond; it offers standard and restricted (encrypted, strategic)
services. Cartosat imagery has sub-metre resolution for detailed mapping. GSAT satellites carry Ku- and Ka-band
transponders for high-throughput communication. The South Asia Satellite (GSAT-9), gifted to neighbours, is space
diplomacy in orbit. Geostationary orbit slots and frequencies are coordinated internationally through the ITU.

How UPSC tests it: Expect questions on NavIC's satellite count and coverage, which series does what (IRS vs INSAT vs
GSAT), and the difference between LEO and GEO. The Kargil-GPS backstory is a favourite Mains anecdote for strategic
autonomy. Application-based statements — which satellite type serves which governance function — are the standard
Prelims format.

24. Space Reforms: IN-SPACe, NSIL & Space Policy 2023

Key fact Detail




IN-SPACe Created 2020 — single-window regulator and promoter for private space activity

NSIL NewSpace India Limited (2019) — ISRO's commercial arm for launch services and technology
transfer

Indian Space Policy Defines roles: ISRO focuses on R&D; private firms can build rockets and satellites

2023

Private milestones Skyroot's Vikram-S (2022) — first private Indian rocket launch; Agnikul, Pixxel and others rising

What it is: Until 2020, India's space programme was a government monopoly; the reforms opened it to private
enterprise. IN-SPACe (Indian National Space Promotion and Authorisation Centre), created in 2020, is the single-
window agency that authorises, regulates and promotes private space activity — from building rockets to operating
ground stations. NSIL (NewSpace India Limited, 2019) is the commercial arm that markets ISRO's launch services and
transfers its technologies to industry. The Indian Space Policy 2023 formalised the division of labour: ISRO
concentrates on research, deep-space missions and strategic programmes, while private companies are free to build
launch vehicles, satellites and applications.

Why it matters: The global space economy is worth hundreds of billions of dollars, and India wants a far bigger share
than its current sliver — private players bring speed, capital and risk appetite that a government agency cannot.
Startups like Skyroot (whose Vikram-S became India's first privately built rocket launch in 2022), Agnikul (3D-printed
engines) and Pixxel (hyperspectral imaging satellites) show the ecosystem taking shape. The reforms also mirror a
global trend — NASA's commercial crew and cargo programmes proved that private firms can deliver. For Mains, this is
a textbook case of deregulation done right: clear roles, a real regulator, and strategic functions retained by the state.

Key facts: IN-SPACe is headquartered in Ahmedabad. Private firms can now use ISRO's launch and test facilities. The
policy allows private constellation-building and satellite communication services, subject to authorisation. Foreign
direct investment norms for the space sector were liberalised to attract capital. The reforms aim to grow India's space
economy manifold by the early 2030s, with targets publicly discussed in the trillion-rupee scale.

How UPSC tests it: Prelims asks what IN-SPACe and NSIL are, when they were created, and what the 2023 policy
permits. Statement questions often test the ISRO-versus-private division of roles. Mains questions invite comparison
with NASA's commercial model and ask whether the reforms can deliver jobs, startups and strategic depth. This is
high-priority current affairs — update it with the latest private launches.

25. Missiles of India: Agni, Prithvi, BrahMos & Akash

Key fact Detail

Agni Ballistic missiles; Agni-V is intercontinental-range (5,000+ km), canisterised and road-mobile

series

BrahMos Supersonic cruise missile — India-Russia joint venture; among the world's fastest

Akash Indigenous surface-to-air missile for air defence; also exported
IGMDP Integrated Guided Missile Development Programme (1983) under A.P,J. Abdul Kalam — Prithvi, Agni, Akash, Nag,
Trishul

What it is: India's missile arsenal grew from the Integrated Guided Missile Development Programme launched in 1983
under A.PJ. Abdul Kalam. The Prithvi is a short-range ballistic missile; the Agni series stretches from medium to
intercontinental range, with Agni-V (5,000+ km, canisterised for quick launch) giving India true long-range deterrence
and MIRV-capable follow-ons in testing. BrahMos, the India-Russia joint venture, is a supersonic cruise missile —
flying low and fast, nearly impossible to intercept — now deployed across the Army, Navy and Air Force with extended-
range and air-launched versions. Akash is the indigenous surface-to-air system shielding vital assets from aircraft and
missiles, and Nag is the anti-tank guided missile.



Why it matters: Missiles are the delivery arm of deterrence: without them, a nuclear arsenal is theoretical. The Agni
series underwrites India's no-first-use posture with credible second-strike capability; BrahMos gives conventional
precision strike across domains; Akash-type air defence is the shield. The programme's evolution from technology
denial to exports (BrahMos to the Philippines, Akash interest abroad) mirrors India's journey from sanctioned importer
to arms exporter. Missile tests are also diplomacy — NOTAM announcements and test schedules are watched closely
by neighbours and major powers.

Key facts: Ballistic missiles follow an arcing trajectory (like a thrown stone, mostly unpowered flight); cruise missiles
fly level like aircraft, powered throughout. Canisterised missiles (Agni-V) launch faster and hide better than open-rail
ones. India's missile ranges are calibrated to its threat perceptions — Agni-V covers all of Asia. The Defence Research
and Development Organisation (DRDO) leads missile development, with production increasingly involving private
industry.

How UPSC tests it: Expect match-the-missile-to-type-and-range questions, the IGMDP's year and leader, and what
BrahMos's joint-venture status is. Statement questions often test ballistic versus cruise distinctions. Defence current
affairs — new tests, exports, air-defence inductions — should be revised close to the exam; this chapter gives you the
framework to place each news item.

26. Fighter Aircraft, Submarines & INS Vikrant

Key fact Detail

INS Vikrant Commissioned September 2022 — India's first indigenous aircraft carrier

INS Arihant Indigenous nuclear-powered ballistic-missile submarine (SSBN) — completes the nuclear triad
Tejas Indigenous Light Combat Aircraft by HAL/ADA; inducted into the IAF

Rafale French multi-role fighter inducted from 2020; adds long-range strike capability

What it is: An aircraft carrier is a floating airbase that projects power far beyond a country's shores — INS Vikrant,
commissioned in September 2022, is India's first indigenously designed and built carrier, joining INS Vikramaditya to
give the Navy two-carrier capability. Beneath the waves, INS Arihant is India's nuclear-powered ballistic-missile
submarine: nuclear propulsion lets it stay submerged for months, and its ballistic missiles complete India's nuclear
triad (land, air, sea delivery). In the skies, the indigenous Tejas light combat aircraft flies alongside imported Rafales,
Sukhoi-30MKIs and the upgraded MiG and Mirage fleets, while the AMCA programme aims at a fifth-generation
stealth fighter.

Why it matters: The sea-based leg of the triad is the most survivable — a hidden submarine guarantees retaliation
even after a first strike, which is the core logic of deterrence. Carriers matter because India's security interests span
the Indian Ocean, through which most of its trade and energy flows; a carrier group is how a navy shapes events far
from home. The Tejas programme, despite its long gestation, built an aerospace ecosystem — design capability,
supply chains, testing infrastructure — that the AMCA and future drones will inherit. Every platform choice is also an
indigenisation audit: import, licence-build, or design at home.

Key facts: A nuclear triad means delivery from land-based missiles, aircraft and submarines — India completed its
triad with Arihant's deterrence patrol in 2018. Conventional submarines (like the Scorpene-class Kalvari boats built at
Mazagon Dock) run on diesel-electric power and must surface or snorkel periodically. The Navy also operates P-8I
maritime patrol aircraft for anti-submarine warfare. Carrier battle groups include destroyers, frigates, submarines and
supply ships as escorts.

How UPSC tests it: Questions cover which ship/submarine/aircraft is which — Vikrant (indigenous carrier), Arihant
(SSBN), Tejas (indigenous fighter) — plus commissioning/induction years. The nuclear-triad concept is a favourite.
Statement questions often test indigenous versus imported status. Defence acquisitions and commissioning news
should be slotted into this framework during current-affairs revision.



27. India's Three-Stage Nuclear Programme

Key fact Detail

Architect Homi ). Bhabha — the programme's visionary; the Department of Atomic Energy founded 1954

Stage 1 Pressurised Heavy Water Reactors (PHWRs) burn natural uranium, producing plutonium
Stage 2 Fast Breeder Reactors breed more fissile material (plutonium-239, uranium-233) than they consume
Stage 3 Thorium-based reactors — exploits India's vast thorium reserves for long-term energy security

What it is: Homi Bhabha designed India's nuclear programme around a hard constraint: India has little uranium but
some of the world's largest thorium reserves (in Kerala's monazite sands). The three-stage plan converts that
constraint into a strategy. Stage one uses Pressurised Heavy Water Reactors fuelled by natural uranium to generate
power while producing plutonium-239 as a by-product. Stage two feeds that plutonium into Fast Breeder Reactors,
which "breed" more fissile material than they consume — including uranium-233 from thorium blankets. Stage three
will run on uranium-233/thorium fuel, unlocking centuries of energy from domestic thorium. Each stage's waste
becomes the next stage's fuel.

Why it matters: The programme is energy independence in its purest form — a path to large-scale, carbon-free
baseload power from minerals India actually owns. It also built the scientific base (BARC, IGCAR) behind both civilian
power and the strategic programme. The fast-breeder stage is technologically among the hardest in nuclear
engineering, which is why the Prototype Fast Breeder Reactor at Kalpakkam is watched worldwide. For Mains, the
three-stage programme is the classic example of long-horizon, mission-mode science policy — conceived in the 1950s,
still being executed.

Key facts: The Department of Atomic Energy was established in 1954; BARC (Trombay) is the premier research centre.
India demonstrated reprocessing capability early — the basis of the closed fuel cycle the programme needs. Thorium
itself is not fissile; it is fertile, converted to fissile uranium-233 inside reactors. The programme's civilian nature is
safequarded by separating civilian and military facilities under the 2006 separation plan.

How UPSC tests it: Expect questions on the three stages in order, what each stage's fuel is, why thorium matters to
India, and Bhabha's role. Statement questions often test which stage produces plutonium or what a breeder reactor
"breeds". This is foundational — the 123 Agreement, nuclear safety and energy-policy questions all assume it.

28. Nuclear Power, Safety & the 123 Agreement

Key fact Detail

Pokhran tests 1974 ("Smiling Buddha") — peaceful nuclear explosion; 1998 (Pokhran-II) — declared nuclear-weapon state

123 Agreement  India-US civil nuclear deal; NSG waiver followed in 2008, ending nuclear trade isolation
Safety law Civil Liability for Nuclear Damage Act, 2010 — operator liability with supplier recourse

Regulator Atomic Energy Regulatory Board (AERB); post-Fukushima stress tests conducted on Indian plants

What it is: India tested a nuclear device in 1974 ("Smiling Buddha," described as a peaceful nuclear explosion) and five
more in 1998 (Pokhran-II), declaring itself a nuclear-weapon state — triggering sanctions and three decades of
nuclear-trade isolation. The India-US civil nuclear agreement (the "123 Agreement," after the US Atomic Energy Act
section) and the 2008 NSG waiver ended that isolation: India could now import uranium fuel and reactors while
keeping its strategic programme outside safeguards. On safety, the Civil Liability for Nuclear Damage Act (2010)
channels liability to the operator with a right of recourse against suppliers — a provision foreign vendors found
contentious — and the AERB regulates plant safety, conducting post-Fukushima reviews of all Indian reactors.



Why it matters: The deal was India's biggest post-Cold War diplomatic achievement: a non-NPT state won exceptional
access to nuclear commerce on the strength of its non-proliferation record. It unlocked fuel imports that raised
capacity factors at existing plants and enabled collaborations like Kudankulam (Russian reactors) and the planned
Jaitapur project (French EPRs). The liability law remains the deal's unfinished business — its supplier-recourse clause
deterred foreign reactor sales. Safety debates intensified after Fukushima (2011), shaping public acceptance of new
plants at sites like Kudankulam and Kovvada.

Key facts: The NSG (Nuclear Suppliers Group) waiver was granted in September 2008 after intense diplomacy. India
maintains a voluntary moratorium on nuclear testing and a no-first-use doctrine. The Prototype Fast Breeder Reactor
at Kalpakkam represents stage two of the indigenous programme. NPCIL operates India's civilian reactors; uranium
fuel imports come from countries like Kazakhstan, Canada and Australia under the post-waiver regime.

How UPSC tests it: Questions cover the Pokhran years, what the 123 Agreement and NSG waiver enabled, and the
liability law's key feature. Statement questions often test the separation plan or the no-first-use doctrine. Mains
questions ask whether the deal delivered on its promise, or examine nuclear energy's role in clean-energy and climate
commitments.

29. Artificial Intelligence & the IndiaAI Mission

Key fact Detail

What Al is Machines performing tasks needing human-like intelligence — learning, reasoning, perception, language

IndiaAl Mission = Approved 2024 — compute capacity, datasets, startups, skilling and safe-Al pillars
NITI strategy National Strategy for Artificial Intelligence (2018) — "#AIforAll" approach

Key risks Bias, deepfakes, job displacement, data privacy, concentration of compute power

What it is: Artificial Intelligence refers to computer systems that learn from data and perform tasks — recognising
speech and images, translating languages, predicting outcomes, generating text and art — that once required human
intelligence. Modern Al runs on machine learning, where models improve with more data and computing power; the
large language models behind chatbots are one prominent family. The IndiaAl Mission, approved in 2024, is the
government's umbrella programme: building shared GPU compute capacity for researchers and startups, creating the
IndiaAl Datasets Platform, funding Al startups, skilling workers, and promoting safe and trusted AL It builds on NITI
Aayog's 2018 National Strategy for AL, which framed the national approach as "#AIforAll" — Al for social good and
inclusive growth.

Why it matters: Al is a general-purpose technology like electricity — it will reshape every sector from agriculture
(crop advisories) to healthcare (diagnostics) to governance (chatbots, fraud detection). For India, Al offers a chance to
leapfrog: digital public infrastructure plus Al can deliver services at population scale. But the risks are equally large —
biased models that discriminate, deepfakes that poison elections and trust, job displacement in services, and the
concentration of Al power in a few global firms. Regulation is the live global debate: the EU's Al Act takes a risk-based
approach, while India has leaned toward innovation-friendly, use-case regulation so far.

Key facts: Generative Al (text, image and video generation) exploded into public awareness in 2022-23. India's Al
compute push includes empanelling GPU providers to offer subsidised compute to startups and researchers. Al
applications already live in India include crop-yield prediction, tuberculosis detection from X-rays, and language
translation across the 22 scheduled languages (Bhashini mission). Global Al safety summits (Bletchley 2023, Seoul
2024) began building international norms.

How UPSC tests it: Expect questions on what the IndiaAl Mission covers, the #AlforAll framing, and Al's applications
versus risks. Statement questions often test definitions (narrow vs general Al, machine learning vs deep learning).
Mains loves this topic: Al's impact on jobs, governance, elections and ethics is tailor-made for GS-III and Essay. Keep
one Indian example per sector ready.



30. Quantum Computing & the National Quantum Mission

Key fact Detail

Qubit The quantum bit — can be 0, 1, or both at once (superposition), enabling massive parallelism

National Quantum Mission Approved 2023, outlay of about 6,000 crore (2023-31)
Targets 50-1,000 qubit quantum computers, quantum communication, sensing and materials

Key principles Superposition, entanglement, quantum tunnelling — no classical analogue

What it is: Quantum computing exploits quantum mechanics — the physics of the very small — to compute in ways
classical computers cannot. A classical bit is 0 or 1; a qubit can be in a superposition of both, and entangled qubits
correlate in ways that let quantum machines explore vast solution spaces simultaneously. This promises
breakthroughs in drug discovery (simulating molecules), optimisation (logistics, finance), and materials science. The
National Quantum Mission, approved in 2023 with an outlay of roughly ¥6,000 crore through 2031, aims to build
intermediate-scale quantum computers (50-1,000 physical qubits), develop quantum communication networks,
quantum sensors and quantum materials — placing India among the handful of nations with a full-stack national
guantum programme.

Why it matters: Quantum is the next strategic technology race after Al and semiconductors — the country that
masters it gains advantages in cryptography, defence sensing and scientific discovery. The flip side is the
cryptographic threat: a powerful quantum computer could break today's RSA encryption, which is why quantum-safe
cryptography and quantum key distribution (unhackable communication using quantum physics) are mission pillars.
Quantum sensors can detect submarines, underground structures and minute gravitational changes — a defence and
exploration asset. Like AI, quantum concentrates power, so early national investment is about not being left behind.

Key facts: ISRO demonstrated free-space quantum communication (quantum key distribution) over distance, a
building block for satellite-based quantum networks. DRDO and academic labs (IISc, TIFR, IITs) lead research. Globally,
the US, China and the EU run the largest quantum programmes; "quantum supremacy" — a quantum machine solving
a problem no classical supercomputer practically can — was claimed in 2019. Decoherence (qubits losing their
quantum state) is the central engineering challenge.

How UPSC tests it: Expect questions on what a qubit is, the mission's outlay and objectives, and why quantum
threatens current encryption. Statement questions often test superposition and entanglement basics. The strategic-
technology framing — quantum as the next Al-like race — makes this strong Mains material on self-reliance and
technology policy.

31.5G, 6G & Telecom Technology

Key fact Detail

5G launch Commercial 5G services launched in India in October 2022

What 5G brings ~10x faster speeds, ultra-low latency, massive device connectivity (IoT)
Spectrum Auctioned by the government; 5G uses mid-band and mmWave frequencies

6G vision Research underway globally; India's Bharat 6G Vision targets leadership by 2030

What it is: 5G is the fifth generation of mobile networks, a step-change from 4G: speeds roughly ten times faster,
latency (response delay) cut to milliseconds, and the capacity to connect millions of devices per square kilometre —
the foundation for the Internet of Things. It runs on new spectrum bands auctioned by the government, with mid-
band offering the best speed-coverage balance. India launched commercial 5G in October 2022, with rapid rollout
across cities. Beyond 5G, research has begun on 6G — expected to integrate Al natively, use terahertz frequencies and



connect the physical and digital worlds more deeply — and India released its Bharat 6G Vision aiming for a leadership
role by 2030.

Why it matters: 5G is industrial infrastructure, not just faster video: remote surgery, autonomous vehicles, smart
factories, precision agriculture and real-time governance all need its low latency and reliability. The rollout also carries
strategic weight — the global debate over equipment vendors (notably Huawei) made telecom a national-security
issue, and India's push for indigenous 5G stacks (C-DoT's technology) is part of the self-reliance drive. Spectrum
auctions are major fiscal events, and the digital divide question — who gets 5G first, cities or villages — is a live
inclusion debate.

Key facts: Latency on 5G can fall below 10 milliseconds versus ~50 ms on 4G. Network slicing lets operators carve
virtual dedicated networks for specific uses (e.g. emergency services). India's 5G rollout used both non-standalone (on
4G core) and standalone architectures. The Telecommunications Act, 2023 replaced the colonial-era Telegraph Act,
modernising the legal framework. BSNL's 4G/5G rollout with indigenous technology is a public-sector milestone.

How UPSC tests it: Questions cover the launch year, what distinguishes 5G technically, spectrum auction basics, and
the security angle of telecom equipment. The Bharat 6G Vision and the indigenous-stack push are current-affairs
hooks. Mains questions link 5G to Digital India, industrial competitiveness and strategic autonomy.

32. Semiconductors & the India Semiconductor Mission

Key fact Detail

What chips are Silicon-based integrated circuits — the brains of all modern electronics

India Semiconductor Mission Launched 2021; incentive outlay of about ¥76,000 crore for fabs and design

Why fabs are hard Multi-billion-dollar plants needing ultra-pure water, stable power and deep expertise
Design strength India already designs chips for global firms; manufacturing is the missing piece

What it is: Semiconductors — microchips etched onto silicon wafers — are the foundation of the digital age: every
phone, car, missile and server runs on them. Making them is among humanity's most complex manufacturing feats,
concentrated in a few places (notably Taiwan). India launched the India Semiconductor Mission in 2021 with about
¥76,000 crore in incentives to attract chip fabrication plants (fabs), display fabs, and compound-semiconductor and
packaging units, while building on India's existing strength in chip design — Indian engineers already design chips for
the world's biggest firms. The strategy spans the full stack: manufacturing incentives, the Design Linked Incentive
scheme for startups, and workforce skilling.

Why it matters: The global chip shortage of 2020-22 showed that semiconductors are strategic goods — car plants
idled worldwide for want of chips. For India, domestic fabs mean supply security for defence, telecom and automotive
electronics, plus a shot at the high-value manufacturing jobs the economy needs. The geopolitics is stark: US-China
technology competition has made chip supply chains a great-power contest, and India's mission positions it as a
trusted alternative manufacturing base. Success would replicate the electronics-manufacturing momentum seen in
mobile phones under the PLI scheme — a linkage worth making in Mains answers on our economy notes page.

Key facts: A modern fab costs $10-20 billion; only a handful of companies (TSMC, Samsung, Intel) make leading-edge
chips. Chipmaking needs enormous quantities of ultra-pure water and uninterrupted power — site selection criteria
UPSC may probe. Tata's fab and packaging projects with partners mark the first serious manufacturing bets. The DLI
scheme supports 100+ domestic chip-design startups. Gallium nitride and silicon carbide (compound semiconductors)
target EV and power-electronics applications.

How UPSC tests it: Expect questions on the mission's year and outlay, why fabs are difficult, and India's design-
versus-manufacturing position. Statement questions often test what semiconductors are made of and where they are
used. Mains frames it as industrial policy: can India replicate East Asia's manufacturing success, and what are the
water, power and skill constraints?


https://dev-danisocail.pantheonsite.io/indian-economy-important-topics/

33. Drones, Robotics & Their Regulation

Key fact Detail

Drone Rules Liberalised Drone Rules, 2021 — fewer permissions, digital sky platform

Drone categories Nano, micro, small, medium, large — by weight; different rules apply

Key uses Agriculture spraying, SVAMITVA land mapping, disaster relief, defence surveillance
PLI for drones Production-linked incentive scheme for drones and components (2021)

What it is: Drones — unmanned aerial vehicles — range from toy quadcopters to military-grade surveillance and
combat systems. India liberalised their regulation with the Drone Rules, 2021, replacing a permission-heavy regime
with categories by weight, a Digital Sky platform for approvals, and designated green/yellow/red zones for flying.
Applications have exploded: the SVAMITVA scheme maps rural land with drones, agricultural drones spray pesticides
precisely, and the armed forces induct surveillance and loitering-munition drones. A PLI scheme for drones and
components (2021) backs domestic manufacturing, and robotics — from industrial arms to surgical robots — rides the
same automation wave.

Why it matters: Drones are dual-use technology: the same platform that maps a village can surveil a border — or, in
the wrong hands, smuggle contraband or attack installations, as cross-border incidents have shown. Regulation must
therefore balance innovation with security, privacy and airspace safety. Economically, drones promise a precision-
agriculture revolution (less pesticide, higher yield) and new logistics models (medical-supply delivery to remote areas).
Militarily, recent conflicts worldwide have shown cheap drones reshaping warfare — a lesson India's defence planners
are absorbing through indigenous programmes and emergency procurements.

Key facts: Nano drones (under 250 g) face the lightest regulation. The Digital Sky platform is the single window for
drone permissions. "Drone Shakti" and Kisan Drones promote agricultural use with subsidies. Counter-drone systems
are being developed for security at borders and sensitive installations. India aims to be a global drone hub by 2030,
per official statements. Robotics process automation is separately transforming services and manufacturing.

How UPSC tests it: Questions cover the Drone Rules' year and key features, drone categories, and major applications
like SVAMITVA. Security concerns (smuggling, airspace violations) are favourite Mains angles. Statement questions
may test what Digital Sky is or which weight class faces which rules. Keep the innovation-versus-security balance as
your analytical frame.

Part III: Biotech, Health, IT & Government Initiatives
34. Biotechnology: rDNA, Genetic Engineering & Bt Crops

Key fact Detail

rDNA technology Cutting DNA with restriction enzymes and joining fragments with ligase to create recombinant DNA

Genetic engineering  Inserting desired genes into organisms — e.g. insulin-producing bacteria, Bt cotton
Bt cotton India's only commercially cultivated GM crop; carries a Bacillus thuringiensis gene toxic to bollworms

Bt brinjal Cleared by GEAC but placed under moratorium in 2010 — still not commercially grown

What it is: Biotechnology uses living systems to make products — from ancient fermentation to modern gene
manipulation. Recombinant DNA (rDNA) technology is the core tool: molecular scissors called restriction enzymes cut
DNA at precise points, and ligase pastes fragments together, letting scientists move a gene from one organism into
another. Genetic engineering applies this to create GM organisms — bacteria engineered to produce human insulin,
or cotton carrying a bacterial gene (from Bacillus thuringiensis) that makes a protein toxic to bollworm pests. Bt



cotton, approved in India in 2002, remains the country's only commercially cultivated GM crop; Bt brinjal was cleared
by regulators but placed under an indefinite moratorium in 2010.

Why it matters: GM crops sit at the intersection of food security, farmer income, biodiversity and trade — one of
UPSC's richest debate topics. Supporters cite Bt cotton's role in raising yields and cutting pesticide use; critics raise
concerns about seed monopolies, pest resistance and ecological effects. Beyond crops, rDNA technology produces
life-saving medicines (insulin, hepatitis B vaccine, clotting factors), and India's biotech industry is a significant exporter
of vaccines and biosimilars. Regulation — the GEAC's role, field-trial norms, labelling debates — is where science
meets governance.

Key facts: The Genetic Engineering Appraisal Committee (GEAC), under the Environment Ministry, approves GM
releases. India is the world's largest Bt cotton grower by area. Golden Rice (vitamin-A enriched) and DMH-11 mustard
(GM mustard) illustrate the pipeline and the controversy — DMH-11's environmental release approval has faced legal
challenges. Insulin was the first rDNA drug (1982). Cartagena Protocol on Biosafety governs transboundary movement
of GM organisms.

How UPSC tests it: Expect questions on rDNA tools (restriction enzymes, ligase, vectors), which GM crop is cultivated
in India, and the Bt brinjal moratorium year. Statement questions often test the GEAC's role or Cartagena Protocol
basics. Mains demands the balanced debate: weigh yield and income gains against ecological and socioeconomic
concerns, with Bt cotton as the central case study.

35. CRISPR & Gene Editing

Key fact Detail

What CRISPRis A precise gene-editing tool adapted from bacterial immunity — "molecular scissors" guided by RNA

Nobel Prize Chemistry Nobel 2020 to Emmanuelle Charpentier and Jennifer Doudna
How it works Guide RNA directs the Cas9 enzyme to a DNA target, which it cuts; the cell's repair introduces the edit
Applications Treating genetic diseases, editing crops, engineering disease-resistant mosquitoes

What it is: CRISPR-Cas9 is a gene-editing system borrowed from bacteria, which evolved it as an immune defence that
remembers and cuts invading viral DNA. Scientists repurposed it into programmable molecular scissors: a guide RNA
molecule leads the Cas9 enzyme to an exact DNA sequence, Cas9 cuts it, and the cell's own repair machinery seals the
break — introducing a deletion, correction or new gene at that spot. Compared with older genetic-engineering tools,
CRISPR is cheaper, faster and far more precise, which is why it won the 2020 Chemistry Nobel for Emmanuelle
Charpentier and Jennifer Doudna just eight years after the landmark paper.

Why it matters: CRISPR turns gene therapy from concept to clinic: the first CRISPR-based treatment for sickle-cell
disease was approved in 2023, and trials target blindness, cancer and HIV. In agriculture, gene-edited crops (which
may avoid GM regulation in some jurisdictions since no foreign DNA is added) promise disease resistance and better
nutrition. But germline editing — changes inherited by future generations — raises profound ethical questions,
sharpened by the 2018 case of gene-edited babies in China. India is building CRISPR research capacity while its
regulators grapple with where gene editing sits in the biosafety framework.

Key facts: Somatic editing (non-inherited, e.g. treating a patient's blood cells) is widely accepted; germline editing is
restricted or banned in most countries. SDN-1 and SDN-2 gene-edited plants (small edits, no foreign DNA) face lighter
regulation than transgenic GM crops in several countries, including India's evolving guidelines. CRISPR diagnostics
(like FELUDA, developed by CSIR-IGIB) detect pathogens rapidly. Off-target effects — cuts at unintended sites —
remain the key safety concern.

How UPSC tests it: Questions cover what CRISPR does, the Nobel year and laureates, and the somatic-versus-
germline distinction. Statement questions often test the bacterial origin or compare CRISPR with conventional GM
technology. Mains invites the ethics debate: therapeutic promise versus designer-baby fears, and how India should
regulate gene editing. This is a high-probability topic — keep it current.



36. Stem Cells, Cloning & Regenerative Medicine

Key fact Detail

Stem cells Unspecialised cells that can divide and differentiate into specialised cell types
Types Embryonic (pluripotent), adult/tissue-specific, and induced pluripotent stem cells (iPSCs)
Cloning Dolly the sheep (1996) — first mammal cloned from an adult cell via nuclear transfer
Therapeutic cloning Creating embryonic stem cells for treatment — distinct from reproductive cloning
What it is: Stem cells are the body's raw material — unspecialised cells that can both copy themselves and

differentiate into specialised types like muscle, nerve or blood cells. Embryonic stem cells are pluripotent (can become
any cell type), adult stem cells are multipotent (limited to their tissue family), and induced pluripotent stem cells
(iPSCs) are adult cells reprogrammed back to pluripotency — a breakthrough that won the 2012 Nobel. Cloning by
somatic cell nuclear transfer (used for Dolly the sheep in 1996) creates a genetic copy of a donor; therapeutic cloning
aims to grow patient-matched tissues for treatment, while reproductive cloning (making a whole organism) is banned
nearly everywhere.

Why it matters: Regenerative medicine — growing replacement tissues, repairing spinal injuries, treating Parkinson's
and diabetes with lab-grown cells — is stem cells' great promise, and bone-marrow transplants (a stem-cell therapy)
already save lives routinely. iPSCs let researchers model diseases and test drugs on patient-specific cells without the
ethical baggage of embryos. The ethics remain live: embryo destruction, human cloning bans, and unproven "stem-
cell therapies" sold by dubious clinics. India's guidelines (through ICMR and DBT) permit research under oversight
while prohibiting reproductive cloning.

Key facts: Umbilical cord blood banking preserves newborn stem cells for potential future use. iPSCs were created by
Shinya Yamanaka (Nobel 2012) using four transcription factors. Therapeutic cloning uses the same nuclear-transfer
technique as Dolly but stops at the blastocyst stage to harvest stem cells. Mesenchymal stem cells are being trialled
for conditions from arthritis to COVID-related lung damage. India's National Guidelines for Stem Cell Research (2017,
ICMR-DBT) govern the field.

How UPSC tests it: Questions cover stem-cell types and their potency, what Dolly demonstrated, and the therapeutic-
versus-reproductive cloning distinction. Statement questions often test iPSC basics or cord-blood facts. The ethics-
and-regulation angle — what India permits and prohibits — is the Mains hook. Keep the science-to-policy chain clear:
capability, medical promise, ethical line, Indian regulation.

37.Vaccines & India's Universal Immunisation Programme

Key fact Detail

UIP launch 1985 — among the world's largest immunisation programmes; covers 12+ vaccine-preventable
diseases

Mission Launched 2014 to reach unvaccinated and partially vaccinated children

Indradhanush

Polio milestone India certified polio-free in 2014 — a landmark public-health victory

How vaccines work Expose the immune system to weakened/inactivated pathogens or their parts, building memory

What it is: Vaccines train the immune system without causing the disease: they present a weakened or inactivated
pathogen (or just its proteins or genetic instructions, as in mMRNA vaccines) so the body builds antibodies and memory
cells that respond rapidly on real exposure. India's Universal Immunisation Programme, launched in 1985, is among
the world's largest — delivering free vaccines against diseases including tuberculosis (BCG), polio, diphtheria,



pertussis, tetanus, measles, hepatitis B and newer additions like rotavirus and pneumococcal vaccines. Mission
Indradhanush (2014) and its Intensified rounds target the last-mile children missed by routine coverage, and India's
2014 polio-free certification remains the programme's crowning achievement.

Why it matters: Immunisation is public health's best buy — a few rupees of vaccine prevents lakhs in treatment costs
and countless deaths. India's COVID-19 vaccination drive (CoWIN platform, 200+ crore doses) showcased digital-health
infrastructure at population scale and made India the "pharmacy of the world" narrative concrete through Vaccine
Maitri exports. Cold-chain logistics, vaccine hesitancy and equitable last-mile delivery are the operational challenges
UPSC probes. For Mains, UIP is the model case of a successful centrally sponsored health scheme — and of Centre-
state coordination.

Key facts: Edward Jenner pioneered vaccination with cowpox against smallpox (1796); smallpox was eradicated
globally in 1980. India's UIP vaccines are manufactured largely domestically (Serum Institute, Bharat Biotech). The
measles-rubella campaign aims at elimination targets. eVIN (Electronic Vaccine Intelligence Network) digitised cold-
chain monitoring. Pulse Polio rounds continue to guard against importation of the virus.

How UPSC tests it: Expect questions on UIP's launch year, Mission Indradhanush's objective, the polio-free year, and
how different vaccine types work. Statement questions often test which diseases UIP covers. Mains asks about last-
mile delivery challenges, hesitancy, and what the COVID drive teaches for future health missions. Link this to the
nutrition chapter — immunisation plus nutrition is the child-health package.

38. TB, Malaria & Vector-Borne Disease Programmes

Key fact Detail

TB in India India has the world's highest TB burden; National TB Elimination target set for 2025 (global target 2030)
TB treatment DOTS strategy; drug-resistant TB (MDR/XDR) needs longer, costlier regimens
Malaria Caused by Plasmodium parasites, spread by Anopheles mosquitoes; diagnosed by RDT/microscopy

Vector-borne set =~ Malaria, dengue (Aedes), chikungunya, kala-azar, filariasis, Japanese encephalitis

What it is: Tuberculosis — caused by the bacterium Mycobacterium tuberculosis, spread through air — is India's
biggest infectious-disease burden, and the country carries the world's largest share of cases. Treatment follows the
DOTS strategy (directly observed therapy), but drug-resistant strains (MDR and XDR-TB) need longer, more toxic
regimens. India set an ambitious elimination target of 2025, five years ahead of the global 2030 goal. Malaria, caused
by Plasmodium parasites transmitted by Anopheles mosquitoes, has declined sharply through bed nets, indoor
spraying and rapid diagnostics. The vector-borne family also includes dengue and chikungunya (Aedes mosquitoes),
kala-azar (sandflies), filariasis and Japanese encephalitis.

Why it matters: These diseases concentrate among the poor — TB thrives on malnutrition, crowding and delayed
care — making them equity issues as much as medical ones. The Nikshay portal tracks every TB patient digitally, and
the Nikshay Poshan Yojana pays nutritional support directly to patients — a model of DBT in health. Drug resistance is
the gathering storm: incomplete treatment breeds resistant strains, linking TB control to the AMR crisis. Climate
change expands vector ranges, so dengue and malaria are also climate-health questions. For Mains, disease
programmes test your grasp of last-mile governance.

Key facts: BCG vaccine (given at birth under UIP) protects children against severe TB. India developed indigenous
molecular diagnostics (TrueNat) for rapid TB detection. The RTS,S/ASO1 (Mosquirix) malaria vaccine — the first
approved — is being rolled out in Africa. Kala-azar elimination targets focus on Bihar, Jharkhand, UP and West Bengal.
Private-sector notification of TB cases is mandatory in India.

How UPSC tests it: Questions cover the 2025 TB target, DOTS, which mosquito spreads which disease, and
programme names (Nikshay, Mission Indradhanush linkages). Statement questions often test pathogen-vector-
disease matching. Mains asks why TB persists despite a cure, or how climate change reshapes vector-borne disease
maps. Keep the disease-vector-programme triads memorised.



39. Antimicrobial Resistance (AMR)

Key fact Detail

What AMR is Microbes evolve to survive drugs designed to kill them — antibiotics stop working
India's plan National Action Plan on AMR (NAP-AMR), 2017 — One Health approach

Drivers Overuse and misuse of antibiotics in humans, livestock and agriculture; poor sanitation
Global frame WHO's Global Action Plan (2015); AMR is a top-10 global public-health threat

What it is: Antimicrobial resistance occurs when bacteria, viruses, fungi and parasites evolve mechanisms — enzymes
that destroy drugs, pumps that expel them, altered targets — to survive the medicines designed to kill them. It is
evolution in fast-forward, driven by selection pressure: every unnecessary antibiotic course kills susceptible microbes
and leaves resistant ones to multiply. India faces a severe AMR burden, driven by over-the-counter antibiotic sales,
incomplete treatment courses, heavy antibiotic use in poultry and livestock growth, and hospital infection-control
gaps. The National Action Plan on AMR (2017) adopts a One Health approach — recognising that human, animal and
environmental health are one connected system.

Why it matters: AMR threatens to reverse a century of medical progress: routine surgeries, cancer chemotherapy and
organ transplants all depend on effective antibiotics to prevent infections. Resistant infections already Kkill lakhs
globally each year, with projections of far worse by 2050 if unchecked. For India, AMR endangers both public health
and the pharmaceutical industry's reputation. The policy response spans prescription regulation (Schedule H1 for
certain antibiotics), surveillance networks, hospital stewardship programmes and curbs on antibiotic growth-
promoters in animal feed. It is also a classic collective-action problem — no country can solve it alone.

Key facts: The WHO published its Global Action Plan on AMR in 2015; India's NAP-AMR followed in 2017. Colistin — a
last-resort antibiotic — faced restrictions in animal feed after resistance genes (mcr-1) spread globally. India's AMR
surveillance network tracks resistance patterns across labs. The "Red Line" campaign marked antibiotic strips to
discourage self-medication. New-antibiotic development has stalled globally because antibiotics are less profitable
than chronic-disease drugs — a market failure UPSC may probe.

How UPSC tests it: Expect questions on what AMR is, the NAP-AMR year, the One Health concept, and major drivers.
Statement questions often test which practices accelerate resistance. Mains frames AMR as a governance challenge:
regulation versus access (restricting antibiotics must not deny the poor treatment), and the need for global
coordination. Link it to the evolution chapter — AMR is natural selection in action.

40. AYUSH & Traditional Knowledge Systems

Key fact Detail

AYUSH Ayurveda, Yoga, Unani, Siddha, Homoeopathy — Ministry of AYUSH created in 2014

TKDL Traditional Knowledge Digital Library — documents traditional medicine to block biopiracy patents
Biopiracy wins India revoked foreign patents on turmeric, neem and basmati using TKDL evidence

WHO centre WHO Global Centre for Traditional Medicine established in Jamnagar, Gujarat

What it is: AYUSH covers India's traditional medicine systems — Ayurveda, Yoga, Unani, Siddha and Homoeopathy —
brought under a dedicated Ministry in 2014 (earlier a department since 2003). These systems rest on centuries of
documented practice: Ayurveda's dosha theory and herbal pharmacopoeia, Siddha's Tamil tradition, Unani's Greco-
Arab lineage. The Traditional Knowledge Digital Library (TKDL) digitised this knowledge in patent-compatible formats
so examiners worldwide can see "prior art" — blocking the biopiracy patents that once claimed turmeric's healing



properties or neem's pesticidal uses. The WHO's Global Centre for Traditional Medicine at Jamnagar gives the field
multilateral legitimacy.

Why it matters: Traditional medicine is healthcare access for millions — AYUSH practitioners staff rural health
systems, and the National AYUSH Mission funds infrastructure and colleges. Economically, the herbal and wellness
industry (ayurvedic products, yoga tourism) is a growing export story. But UPSC also expects the critical lens: evidence
standards for traditional claims, quality control of herbal drugs (heavy-metal contamination cases), and the
integration debate — how AYUSH and modern medicine coexist without quackery or cross-prescription. The TKDL
model itself is studied globally as a defensive-protection strategy for traditional knowledge.

Key facts: India won the turmeric patent revocation at the USPTO (1997) and the neem patent challenge at the
European Patent Office — landmark biopiracy victories. The International Day of Yoga (21 June) was adopted by the
UN in 2014 on India's proposal. Pharmacopoeia commissions set quality standards for ASU (Ayurveda, Siddha, Unani)
drugs. Ayushman Bharat's Health and Wellness Centres include AYUSH services. Sowa-Rigpa (Tibetan medicine) was
later recognised within the fold.

How UPSC tests it: Questions cover AYUSH's full form, the ministry's creation year, what TKDL does, and the famous
biopiracy cases. Statement questions often test the Jamnagar WHO centre or Yoga Day. Mains asks about integrating
traditional medicine into public health — benefits, evidence gaps and regulatory needs. This chapter bridges health,
IPR and culture — a useful crossover.

41. Digital India & E-Governance

Key fact Detail

Launched Digital India programme, 2015 — digital infrastructure, governance on demand, digital empowerment
Three visions Digital infrastructure as utility; governance and services on demand; digital empowerment of citizens
Key platforms DigiLocker, UMANG, MyGov, e-Hospital, e-Courts, GeM portal

Connectivity BharatNet aims to connect gram panchayats with broadband

What it is: Digital India, launched in 2015, is the umbrella programme for transforming India into a digitally
empowered society and knowledge economy. Its three vision areas are: digital infrastructure as a core utility
(broadband highways, mobile connectivity, public internet access), governance and services on demand (smoothly
integrated online services, digitally signed documents, real-time DBT), and digital empowerment of citizens (digital
literacy, digital resources in Indian languages, digital platforms for participatory governance). The delivery vehicles are
familiar platforms: DigiLocker for paperless documents, UMANG for unified mobile governance, MyGov for citizen
engagement, GeM for government procurement, and BharatNet for rural broadband.

Why it matters: Digital India is the operating system of modern Indian governance — DBT savings, CoWIN's
vaccination scale, and faceless tax assessment all run on it. It attacks corruption's favourite hiding places: discretion,
opacity and physical queues. But the digital divide is the counter-narrative — rural connectivity gaps, low digital
literacy among the elderly and poor, and language barriers mean digitisation can exclude even as it empowers. Data
privacy, platform reliability and the state's growing digital footprint (surveillance concerns) complete the debate. For
Mains, Digital India is the master example for e-governance questions across GS-II.

Key facts: DigiLocker documents are legally valid under the IT Act framework. The JAM trinity (Jan Dhan-Aadhaar-
Mobile) is Digital India's delivery backbone. CSCs (Common Service Centres) provide assisted digital access in villages.
The National e-Governance Plan (2006) was Digital India's predecessor. India Stack (covered next) is the deeper
platform layer beneath these services.

How UPSC tests it: Questions cover the launch year, the three vision areas, and what major platforms do. Statement
questions often test BharatNet's objective or the JAM trinity. Mains asks for a critical assessment: achievements versus
the digital divide, and e-governance's role in transparency and accountability. Keep one success and one challenge
ready for balanced answers.



42. Aadhaar, UPI & the India Stack

Key fact Detail

Aadhaar 12-digit biometric ID by UIDAL; Aadhaar Act passed in 2016 as a money bill
UPI Unified Payments Interface by NPCI, launched 2016 — instant bank-to-bank mobile payments
India Stack Layered digital public infrastructure: identity, payments, data-sharing layers

Landmark ruling Puttaswamy (2017) — privacy is a fundamental right; Aadhaar verdict (2018) upheld it with limits

What it is: Aadhaar is the world's largest biometric ID system — a 12-digit number backed by fingerprints and iris
scans, issued by UIDAI and given legal backing by the Aadhaar Act of 2016. UPI (Unified Payments Interface), built by
the National Payments Corporation of India and launched in 2016, lets any two bank accounts transact instantly via
mobile, free and interoperable — the engine of India's digital-payments revolution. Together with layers like eKYC,
eSign, DigiLocker and the Account Aggregator framework for consented data sharing, they form the India Stack:
population-scale digital public infrastructure on which private innovation builds. The Supreme Court's Puttaswamy
judgment (2017) declared privacy a fundamental right, and the 2018 Aadhaar verdict upheld the scheme while striking
down mandatory private-sector use.

Why it matters: Aadhaar-enabled DBT plugged massive subsidy leakages by deduplicating beneficiaries; UPI made
India the world's largest real-time payments market and a model other countries now study. The Stack approach —
public rails, private apps — is India's distinctive digital-development export. But concerns persist: exclusion errors
(biometric failures denying rations), the surveillance potential of a universal ID, and data-breach risks. The balance
between welfare efficiency and privacy rights is one of the defining governance debates of the decade, and UPSC
examines it from both the polity and technology angles.

Key facts: Over 1.3 billion Aadhaar numbers have been issued. UPI processes billions of transactions monthly — the
scale dwarfs most national systems. The Supreme Court barred private companies from mandatorily demanding
Aadhaar (2018). eKYC cut customer-onboarding costs for banks and telecom dramatically. India's DPI model is
showcased in G20 and bilateral digital partnerships.

How UPSC tests it: Expect questions on the Aadhaar Act year, what UPI does and who built it, the layers of India Stack,
and the Puttaswamy and Aadhaar judgments. Statement questions often test DBT-JAM linkages. Mains invites the full
debate: inclusion versus exclusion, efficiency versus privacy, and whether the Stack model can travel abroad. This is
among the highest-weightage current S&T-cum-polity topics.

43. Cybersecurity & the DPDP Act, 2023

Key fact Detail

DPDP Act, 2023 Digital Personal Data Protection Act — India's first comprehensive data-privacy law

Key principles Consent-based processing, purpose limitation, data minimisation, breach notification
CERT-In Indian Computer Emergency Response Team — the national cybersecurity incident agency
IT Act, 2000 India's primary cyber law — covers hacking, data theft, intermediary liability

What it is: As India digitised, it became a prime cyber target — ransomware on hospitals, phishing on UPI users, and
state-sponsored attacks on critical infrastructure. Cybersecurity is the practice of defending systems, networks and
data: CERT-In coordinates national incident response, sectoral agencies guard power grids and banks, and the IT Act,
2000 (amended 2008) criminalises hacking, data theft and cyber-terrorism. The Digital Personal Data Protection Act,
2023 filled the biggest gap — a comprehensive privacy law requiring companies to process personal data only with



consent, for stated purposes, with minimal collection, breach notification duties and penalties for violations, overseen
by a Data Protection Board.

Why it matters: Data is now an economic asset and a national-security surface: breaches expose citizens to fraud,
and attacks on power or banking systems can paralyse a country. The DPDP Act rebalances power toward individuals
— with rights to access, correct and erase their data — while businesses face real compliance costs. Cross-border data
flows, government exemptions for security, and the independence of the Data Protection Board are the live debates.
For Mains, cybersecurity links technology to sovereignty: digital borders need defending like physical ones, and data
localisation versus free flow is a trade-and-diplomacy question.

Key facts: The DPDP Act replaced the earlier data-protection Bill iterations (2019, 2022 drafts). CERT-In's 2022
directions mandate six-hour incident reporting by companies. The IT Rules, 2021 govern social-media intermediaries
and content takedowns. Globally, the EU's GDPR (2018) is the benchmark privacy regime. Critical Information
Infrastructure is protected under the NCIIPC's mandate.

How UPSC tests it: Questions cover the DPDP Act's year and core principles, CERT-In's role, and what the IT Act
covers. Statement questions often test data-principal rights or breach-notification duties. Mains asks about balancing
innovation, privacy and security — and India's position in global data-governance debates. Update this with the Act's
implementation rules as they are notified.

44. Supercomputers & the National Supercomputing Mission

Key fact Detail

NSM launch National Supercomputing Mission, 2015 — MeitY and DST jointly; C-DAC executes

PARAM series India's indigenous supercomputer line by C-DAC — from PARAM 8000 (1991) to PARAM Rudra/Shivay
Measure Speed in FLOPS (floating-point operations per second); petaflop = 10" operations/second

Origin story PARAM was born after the US denied India a Cray supercomputer in the 1980s

What it is: Supercomputers are machines that perform quadrillions of calculations per second, measured in FLOPS —
essential for weather forecasting, drug discovery, aerospace design, nuclear simulations and Al training. India's
supercomputing story began with technology denial: when the US refused to sell a Cray supercomputer in the 1980s,
C-DAC built PARAM 8000 (1991) indigenously. The National Supercomputing Mission (2015), run jointly by MeitY and
DST with C-DAC executing, aims to install dozens of supercomputers across academic and research institutions — the
PARAM Shivay, PARAM Shakti, PARAM Brahma and PARAM Rudra systems — built increasingly with indigenous
components including the Rudra server platform.

Why it matters: Compute power is now a strategic resource — whoever has it leads in Al, climate modelling and
advanced R&D. The NSM democratises access: instead of a few elite labs, researchers across India get HPC time for
monsoon modelling, genomics and materials science. The mission also builds the domestic hardware ecosystem
(processors, interconnects, cooling) that feeds into the semiconductor ambitions. For Mains, PARAM is the twin of the
cryogenic story — denial converted into self-reliance — and the NSM is an example of mission-mode institution
building.

Key facts: The TOP500 list ranks the world's fastest supercomputers; the exascale era (10" FLOPS) began with the US
Frontier system. India's monsoon forecasts from IITM Pune run on HPC systems. C-DAC is headquartered in Pune. The
NSM's later phases emphasise indigenous processors and a national knowledge network linking the machines.
Quantum computing (an earlier topic) is the post-supercomputer frontier, not a replacement.

How UPSC tests it: Questions cover the NSM's launch year and executing agency, what FLOPS measures, and the
PARAM denial backstory. Statement questions may test which institutions are involved. The self-reliance narrative
makes this a useful Mains example alongside space and nuclear technology-denial stories.



45. CSIR, DRDO, DBT: India's S&T Institutions

Key fact Detail

CSIR (1942) Council of Scientific & Industrial Research — 37+ labs; Shanti Swarup Bhatnagar founded it
DRDO (1958) Defence R&D Organisation — missiles, radars, LCA support; under the Defence Ministry
DBT (1986) Department of Biotechnology — biotech research, vaccines, stem-cell guidelines

DST (1971) Department of Science & Technology — policy, funding, INSPIRE and survey programmes

What it is: India's science architecture rests on mission agencies and research councils. CSIR (1942), founded by
Shanti Swarup Bhatnagar, runs 37-plus laboratories spanning aerospace (NAL), genomics (IGIB, which built the
FELUDA CRISPR test), drugs (CDRI, IICT) and leather to oceanography — its mandate is industrial research. DRDO
(1958), under the Defence Ministry, develops missiles, radars, electronic warfare systems, combat vehicles and
supports the Tejas programme. DBT (1986) funds biotechnology — vaccines, genomics, stem-cell research — while
DST (1971) is the policy and funding department behind the INSPIRE scholarships, national surveys and the S&T policy
process. ICMR leads medical research; ICAR leads agricultural research.

Why it matters: These institutions are where Indian science actually happens — and where its weaknesses show:
modest R&D spending (below 1% of GDP), the lab-to-market gap, and bureaucratic rigidities versus the agility of
startups. Their successes (missiles, vaccines, the Green Revolution via ICAR) and criticisms (DRDO's delays, CSIR's
commercialisation record) are standard Mains fodder. The Anusandhan National Research Foundation (ANRF, via the
2023 Act) is the new attempt to fix research funding — pooling public and private money and directing it
competitively, on the lines of the US NSF.

Key facts: The Shanti Swarup Bhatnagar Prize is India's top science award, given by CSIR. DRDO's marquee successes
include the Agni and Prithvi missiles, the Akash air-defence system and the LCA's flight-control systems. DBT runs the
Biotechnology Industry Research Assistance Council (BIRAC) for startups. The ANRF Act, 2023 subsumed the Science
and Engineering Research Board (SERB). National Science Day (28 February) marks C.V. Raman's 1928 discovery of the
Raman Effect.

How UPSC tests it: Expect founding years, mandates and parent ministries for each body — a classic matching
exercise. Statement questions often test which lab did what (IGIB-FELUDA, NAL-aerospace). Mains asks for a critique
of India's research ecosystem: funding, autonomy, industry linkage and the ANRF fix. Keep the year-body-mandate
table memorised.

46. Science, Technology & Innovation Policy (STIP)

Key fact Detail

Policy lineage 1958 (Nehru's Scientific Policy Resolution) —» 1983 - 2003 - 2013 - draft STIP 2020

1958 resolution Nehru's resolution made scientific temper a national commitment

STIP 2013 First to add "innovation" — "science, technology and innovation for the people"

Draft STIP 2020 Decentralised, evidence-informed, inclusive — one nation, one subscription; gender equity focus

What it is: India has articulated its science vision through five policy statements. The 1958 Scientific Policy Resolution
— Nehru's personal imprint — committed the new republic to scientific temper and state-led science. The 1983
Technology Policy added technology's social role; 2003 brought science and technology together; 2013 added
innovation explicitly ("science, technology and innovation for the people"). The draft STIP 2020 proposed a more
decentralised, evidence-informed and inclusive architecture: a National STI Observatory for data-driven policy, "One



Nation, One Subscription" for journal access, stronger industry-academia linkage, and explicit attention to equity —
gender, region and language — in the research ecosystem.

Why it matters: Policy statements reveal how the state sees science's purpose — from nation-building (1958) to
inclusive innovation (2020). The persistent gap between policy ambition and outcomes (R&D stuck below 1% of GDP,
weak private-sector research) is exactly what Mains questions probe. STIP 2020's decentralisation idea — states and
clusters shaping their own innovation agendas — connects to cooperative federalism. The "scientific temper" phrase
from 1958 (enshrined as a fundamental duty in Article 51A(h)) still appears in questions on superstition,
misinformation and public understanding of science.

Key facts: Article 51A(h) makes developing scientific temper a fundamental duty. The draft STIP 2020 went through
public consultation — itself a novelty in Indian science policymaking. Previous policies were criticised for top-down
formulation and weak implementation tracking. The ANRF (2023 Act) partly implements the funding-reform ideas.
Globally, most advanced economies spend 2-4% of GDP on R&D; India's share has hovered around 0.6-0.7%.

How UPSC tests it: Questions cover the policy years and what each added (1958 — scientific temper; 2013 —
innovation; 2020 draft — decentralised and inclusive). Statement questions often test Article 51A(h). Mains asks why
Indian R&D underperforms despite strong policy rhetoric — funding, industry linkage, and institutional reform are the
standard answer pillars.

47. Intellectual Property: Patents, GI Tags & Section 3(d)

Key fact Detail

Patents Act, 1970 Process patents only for drugs; product patents introduced in 2005 to comply with TRIPS

Section 3(d) Bars patents on mere new forms of known substances — the anti-evergreening clause (Novartis/Glivec,
2013)

Gl tags Geographical Indications — Darjeeling Tea was India's first; protects region-linked products

Compulsory Government can authorise generic production in public interest — used for Nexavar (2012)

licence

What it is: Intellectual property rights balance rewarding inventors against public access. India's Patents Act (1970)
famously allowed only process patents for pharmaceuticals — letting Indian firms reverse-engineer drugs by new
processes and build the generic-drug industry that supplies affordable medicines worldwide. WTO's TRIPS agreement
forced product patents from 2005, but India built in safeguards: Section 3(d) denies patents for minor modifications of
known substances (the anti-"evergreening" clause upheld in the 2013 Novartis-Glivec Supreme Court verdict), and
compulsory licensing lets the government authorise generic production in the public interest (used for the cancer
drug Nexavar in 2012). Geographical Indication tags protect products tied to a region — Darjeeling Tea was India's
first GI tag — covering handicrafts, textiles and foods.

Why it matters: The patent regime is why India is the "pharmacy of the developing world" — affordable generics for
HIV, TB and cancer flow from the 1970 Act's design and the 3(d) safeguard. But it is also a permanent friction point
with the US and EU pharmaceutical lobbies, who call India's regime weak — a live trade-diplomacy issue. GI tags
protect artisan livelihoods (Banarasi silk, Kanchipuram sarees, Kolhapuri chappals) and support rural economies and
tourism. For Mains, IPR is the classic innovation-versus-access debate, spanning health, agriculture (plant varieties)
and traditional knowledge.

Key facts: The Controller General of Patents administers the regime under the DPIIT. India grants patents for 20
years. The Protection of Plant Varieties and Farmers' Rights Act (2001) gives farmers rights over seeds — a distinctive
Indian balance. GI tags are administered under the 1999 Act (in force 2003). India remains on the US Special 301
Priority Watch List over IP concerns — a fact Mains answers can cite.

How UPSC tests it: High-yield questions cover Section 3(d) and the Novartis verdict year, the 1970-versus-2005 patent
distinction, the first GI tag, and the Nexavar compulsory licence. Statement questions often test what each IP



instrument protects. Mains frames the access-versus-innovation tension, especially for medicines — keep the Glivec
and Nexavar cases ready as evidence.

48. Nanotechnology, Lasers & Everyday Tech

Key fact Detail

Nanoscale 1-100 nanometres; a nanometre is a billionth of a metre — materials behave differently at this scale

Laser Light Amplification by Stimulated Emission of Radiation — coherent, monochromatic, directional light
Nano applications  Targeted drug delivery, water purification, stain-resistant fabrics, stronger composites

Laser applications  Barcode scanners, eye surgery (LASIK), fibre-optic communication, missile guidance, holography

What it is: Nanotechnology engineers matter at 1-100 nanometres — the scale of molecules — where gold changes
colour, materials grow enormously stronger per weight, and huge surface areas make catalysts hyperactive.
Applications already surround us: nanoparticles in sunscreens and stain-resistant fabrics, nano-filters for water
purification, and targeted drug-delivery systems that carry chemotherapy directly to tumours. Lasers produce light
with extraordinary order — a single wavelength, in phase, in a tight beam (Light Amplification by Stimulated Emission
of Radiation) — unlike ordinary light's jumble. That coherence makes lasers the tool for eye surgery, barcode
scanning, fibre-optic signalling, precision cutting and holography.

Why it matters: Nanotech is a platform technology for the century's hard problems: cheap clean water (nano-
membranes), better batteries and solar cells (nanostructured electrodes), and precision medicine. India's Nano
Mission funds research and centres of excellence. Lasers underpin both civilian life and defence — from LiDAR
mapping to directed-energy weapons research. The cautionary side matters too: nanoparticle toxicity and
environmental fate are poorly understood, raising the same regulate-while-innovating dilemma as biotechnology. For
UPSC, these are compact, high-yield "what is it and what is it used for" topics.

Key facts: The term "nanotechnology" was popularised by Eric Drexler; Richard Feynman's 1959 talk "There's Plenty of
Room at the Bottom" is its conceptual origin. Carbon nanotubes are among the strongest known materials by weight.
Theodore Maiman built the first working laser in 1960. Masers (microwave predecessors) enabled atomic clocks.
India's Nano Mission operates under DST.

How UPSC tests it: Expect definition questions (what counts as nano, what LASER stands for) and application-
matching — which technology is used in eye surgery, water purification or drug delivery. Statement questions often
test scale facts (a nanometre's size). These topics are usually asked as crisp one-liners, so keep the definition-plus-two-
applications format.

49. Solar, Green Hydrogen & Battery Technologies

Key fact Detail

Solar cells Photovoltaic effect — silicon cells convert sunlight directly to electricity

Green hydrogen = Hydrogen made by electrolysing water with renewable electricity; National Green Hydrogen Mission, 2023
ISA International Solar Alliance, launched 2015 — headquartered in India (Gurugram)

Batteries Li-ion dominates; India pushes domestic cell manufacturing via PLI (ACC scheme)

What it is: Solar photovoltaic cells exploit the photovoltaic effect — photons knocking electrons loose in silicon to
generate current — and India, with its high insolation, has made solar the cheapest new power source in many
regions. Green hydrogen goes further: using renewable electricity to electrolyse water into hydrogen and oxygen
creates a storable, transportable clean fuel for steel, fertilisers, shipping and heavy transport — sectors electricity



cannot easily decarbonise. The National Green Hydrogen Mission (2023) targets large-scale production capacity with
incentives. The International Solar Alliance (2015, headquartered in Gurugram) aggregates solar demand across sun-
rich nations. Batteries — overwhelmingly lithium-ion today — store the intermittency out of renewables and power
the EV transition; India's ACC (Advanced Chemistry Cell) PLI scheme seeks domestic gigafactories.

Why it matters: This triad is India's energy-transition hardware: solar for cheap electrons, hydrogen for hard-to-
electrify sectors, batteries for storage and mobility. Energy security is the strategic dividend — every solar megawatt
and hydrogen tonne displaces imported oil and coal. The economics are now favourable: solar tariffs fell below coal in
many auctions, making the transition a financial as well as climate choice. Challenges remain — land for solar parks,
water for electrolysis, lithium and cobalt supply chains for batteries, and grid integration of intermittent power. For
Mains, this is the core of GS-III energy and climate answers.

Key facts: Hydrogen is an energy carrier, not a source — making it "green" depends on the electricity used (grey
hydrogen from natural gas dominates today). Electrolysers split water using electricity; costs are the key barrier. ISA's
"One Sun, One World, One Grid" vision proposes transnational solar grids. Perovskite solar cells are the high-efficiency
technology to watch. Battery costs fell roughly 90% over the 2010s, enabling the EV boom.

How UPSC tests it: Questions cover the photovoltaic effect, what makes hydrogen "green", the Green Hydrogen
Mission's year, and ISA's headquarters. Statement questions often test hydrogen colours (green/grey/blue) or battery-
chemistry facts. Mains links the triad to climate commitments, energy security and industrial policy — keep the
opportunity-versus-constraint structure ready.

50. How to Prepare S&T Current Affairs for UPSC

Key fact Detail

Core sources One newspaper's science page + PIB releases + ISRO/DBT/DST updates

Method For each news item: what it is, which topic on this page it belongs to, why it matters

Static first Master these 50 topics before chasing daily news — news only makes sense on a static base
Practice Solve previous-year S&T questions to learn UPSC's framing — see our PYQ papers page

What it is: S&T current affairs is not a separate syllabus — it is these 50 topics meeting the news. The method is
simple: maintain this page as your static base, then file every science news item under its topic. A new ISRO launch
goes under launch vehicles or satellites; a DBT announcement under biotechnology; a new vaccine under
immunisation; an Al regulation story under the IndiaAl topic. For each item, note three things: what happened (the
fact), which static concept it illustrates (the link), and why UPSC might ask it (the angle). PIB press releases, ISRO
mission pages and the science pages of one good newspaper are sufficient sources — you do not need five.

Why it matters: Roughly half of S&T questions in recent Prelims papers have a current-affairs trigger — a mission
launched, a programme announced, a Nobel awarded — but the question itself tests the underlying concept. Students
who only read news drown in facts; students who only read static books miss the triggers. The filing method solves
both: news becomes revision of static topics rather than a separate burden. It also builds Mains-ready examples —
every GS-III answer on technology, health or energy is stronger with a 2024-26 Indian example attached.

Key facts: Keep a running one-page log of the year's major S&T events: space missions, mission-mode programmes
(quantum, AI, semiconductors, green hydrogen), health campaigns, and global prizes (Nobels). Revise the log
monthly, not daily — daily S&T news is mostly noise. In the final three months, convert the log into statement-style
self-questions. Previous-year papers show UPSC's favourite framings: mission-objective matching, programme-year-
agency triads, and concept-behind-the-news questions.

How UPSC tests it: This topic is meta — it is not asked directly, but it determines whether you convert preparation
into marks. Prelims rewards the filer: when a question on XPoSat or the Quantum Mission appears, you will have both
the fact and the concept. Mains rewards the linker: technology questions expect you to connect programmes to
outcomes. Treat current affairs as the seasoning, these 50 topics as the meal.


https://dev-danisocail.pantheonsite.io/upsc-previous-year-papers/

5 Revision Tips for Science & Technology

1. Build the static base before chasing news. NCERT Classes 6-10 science plus these 50 topics cover 80% of S&T
questions. News items are just illustrations of these concepts — without the base, every mission or programme
is an isolated fact you will forget.

2. Learn every topic as a mechanism, not a definition. UPSC asks how things work: how a cryogenic engine
burns fuel, how CRISPR cuts DNA, how UPI moves money. If you can explain the mechanism in three sentences,
the statement-based questions answer themselves.

3. Maintain one running page of the year's S&T events. Missions, programme launches, agency milestones,
Nobel prizes — one line each, filed under the relevant topic from this page. Revise it monthly; convert it into self-
made statement questions in the last three months.

4. Separate the fact layer from the debate layer. Years, agencies, full forms and mission objectives are Prelims
ammunition; the ethics of gene editing, the privacy-versus-efficiency debate in Aadhaar, and the self-reliance
narrative are Mains material. Revise each layer with the right technique.

5. Revise with the tables in the final month. Each quick-revision table on this page compresses a topic into 4
facts — exactly the density Prelims statements are built from. Cover the right column, recall the detail, and move
on.

Frequently Asked Questions

1. How many questions come from Science & Technology in UPSC Prelims?

Typically 10-15 questions in General Studies Paper I, though the exact count varies yearly. The spread covers everyday
science (NCERT-based), space and defence developments, biotechnology and health, and digital initiatives. Because
the questions are concept-driven rather than formula-driven, this is one of the highest return-on-effort sections — a
strong NCERT base plus current awareness converts directly into marks.

2. Which NCERT books should I read for the S&T syllabus?

NCERT Science textbooks for Classes 6-10 are the non-negotiable core — most everyday-science questions are lifted
almost directly from them. Class 11-12 Physics, Chemistry and Biology are useful selectively (not cover to cover):
prioritise chapters on optics, electricity, genetics and human physiology. Our booklist page lists the exact books with
how-to-use notes for each subject.

3. Do I need a science background to score well in S&T?

No. UPSC tests conceptual understanding, not derivations or numerical problem-solving — there are no formula-
based calculations in the paper. Humanities students routinely score well by learning the mechanisms (how things
work) and the standard fact sets (missions, programmes, agencies). The 50 topics on this page are written exactly for
that approach: no prior science background assumed.

4. How should I handle the current-affairs part of S&T?

File every science news item under one of the 50 topics on this page — a new ISRO mission under space, a DBT
announcement under biotech, an Al policy story under emerging tech. Note what happened, which static concept it
illustrates, and why UPSC might ask it. One newspaper's science page plus PIB releases is enough; revise your log
monthly rather than drowning in daily updates.


https://dev-danisocail.pantheonsite.io/books-required-for-upsc/

5. Is S&T important for Mains as well?

Yes — GS Paper III explicitly includes science and technology developments and their applications. Mains questions
ask about the ethics of gene editing, Al's impact on employment and governance, India's space and nuclear
programmes, and digital initiatives like Aadhaar and UPI. The "why it matters" paragraphs on this page are written to
double as Mains answer material, and S&T examples strengthen essays on technology, development and ethics.

6. Should I memorise all the mission dates and programme years?

Memorise the landmark ones — the dates UPSC repeats: ISRO's founding (1969), Chandrayaan-3's landing (23 August
2023), Mangalyaan (2013-14), Pokhran tests (1974, 1998), the 123 Agreement/NSG waiver (2008), Digital India (2015),
UPI (2016), and the recent missions (Quantum 2023, IndiaAlI 2024, Green Hydrogen 2023). For the rest, knowing the
sequence and the decade is usually enough — UPSC tests significance more often than exact dates.



