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1. INTRODUCTION TO EARTH AS A SYSTEM
Life on Earth is powered by a constant flow of energy and matter. The Sun is the primary source of energy. Earth's hot interior and chemical reactions in air, water, and rocks also drive the flow of energy and matter.
Earth is studied as one interconnected SYSTEM made up of five interacting 'spheres'. A change in one sphere causes changes in others — this is the systems thinking approach.

The Five Spheres of Earth
	Sphere
	What it includes
	Indian Examples

	Geosphere
	Solid rocks, soil, landforms, Earth's interior
	Deccan Plateau, Thar Desert

	Hydrosphere
	All liquid water — oceans, rivers, lakes, groundwater
	Ganga-Brahmaputra river system

	Cryosphere
	Solid water — ice and snow
	Himalayan glaciers, Ladakh snow, polar ice

	Atmosphere
	All air surrounding the Earth
	Cleaner air in mountains and forests

	Biosphere
	All living organisms and their habitats
	Mangroves, forests, farms, ocean plankton, coral reefs



	MNEMONIC TO REMEMBER THE 5 SPHERES:
"Gorgeous Hippos Can Act Brilliantly"
G = Geosphere  |  H = Hydrosphere  |  C = Cryosphere  |  A = Atmosphere  |  B = Biosphere



How Spheres Interact — Key Examples (NCERT Activity 13.1 Concepts)
1. Less snowfall in winters → less water in lakes in summer → less grass for animals
1. Warmer Arabian Sea water → more evaporation → fluctuations in southwest monsoon → floods in some regions, drought in others (disrupts Hydrosphere)
1. Rise in atmospheric temperature → accelerates melting of Himalayan glaciers (Cryosphere) → sea level rise → threatens coastal cities like Mumbai & Chennai
1. Sea level rise → habitat loss in low-lying areas → disrupts ecosystems (Biosphere)
1. If a large forest is cleared → less transpiration → less local rainfall → reduced river flow
	KEY PRINCIPLE:
A disturbance in ONE sphere leads to changes in ALL OTHER spheres. All five spheres are deeply interconnected.




2. UNEVEN HEATING OF THE EARTH
2.1 Solar Radiation & Electromagnetic Spectrum
Solar radiation is the MAIN source of energy on Earth. It travels as Electromagnetic (EM) waves — these do NOT need a medium to travel (unlike sound waves which are mechanical waves and DO need a medium).
Speed of EM waves (light): 3 × 10⁸ ms⁻¹ (in vacuum)

The Electromagnetic Spectrum
The entire range of EM radiation is called the Electromagnetic Spectrum. Types arranged from shortest wavelength (highest frequency, highest energy) to longest wavelength (lowest frequency, lowest energy):
	Type
	Wavelength
	Key Fact

	Gamma Rays
	Shortest
	Highest energy — harmful; filtered by upper atmosphere

	X-Rays
	Very short
	Harmful; filtered by upper atmosphere

	Ultraviolet (UV)
	100–400 nm
	Mostly absorbed by ozone layer; causes skin cancer

	Visible Light
	Medium
	Reaches Earth's surface; drives photosynthesis

	Infrared (IR)
	Longer
	Warms Earth's surface; causes greenhouse effect

	Microwaves
	Long
	Very little energy to warm Earth significantly

	Radio Waves
	Longest
	Lowest energy; carry very little heat



	IMPORTANT: About 99% of the Sun's energy falls within UV + Visible + IR range.
These three types shape Earth's climate and support life.


What happens to each type of radiation:
1. UV Rays: Mostly ABSORBED by the ozone layer in the stratosphere → protects life + heats stratosphere
1. Visible Light: Reaches Earth's surface → drives PHOTOSYNTHESIS (primary food source) + warms land & water
1. Infrared (IR): Warms Earth's surface → Earth re-radiates it → greenhouse gases TRAP this outgoing heat → keeps Earth warm
1. Gamma & X-rays: Filtered by upper atmosphere (good — they are harmful)
1. Microwaves & Radio waves: Very little energy contribution to warming

UV Rays — Special Notes (Ready to Go Beyond)
1. Wavelength range: 100 nm to 400 nm (1 nm = 10⁻⁹ m)
1. Much HIGHER energy than visible light
1. Prolonged exposure: damages eyes & skin, increases cancer risk
1. Protection: UV-protective glasses + sunscreen recommended
1. Useful applications: killing germs in water purifiers, powering fluorescent lights

Insolation & Solar Constant
	Term
	Definition
	Value

	Insolation
	Amount of Sun's radiation reaching Earth's surface
	Up to ~1 kWm⁻² (clear sky)

	Solar Constant
	Average solar energy per unit time per unit area perpendicular to Sun's rays at TOP of atmosphere
	≈ 1.4 kWm⁻² (1400 J s⁻¹ m⁻²)



	WHY Insolation < Solar Constant?
Because some solar energy is absorbed and scattered by gases, clouds, and dust particles in the atmosphere BEFORE reaching Earth's surface.


Example 13.1 — NCERT Solved Problem (Important for Exams!)
	Q: How much solar energy will be received by a 1 m² area in one hour, if insolation = 1 kWm⁻²?
Solution: E = Intensity × Area × Time
E = 1 × 1000 J s⁻¹ m⁻² × 1 m² × 3600 s
E = 3,600,000 J = 3.6 × 10⁶ J
This equals: energy to melt 5 kg of ice + heat water to 100°C = 1 unit of household electricity!


India and Solar Energy — Anna Mani (Bridging Science and Society)
1. Anna Mani: India's pioneering atmospheric scientist
1. Mapped solar insolation across India in the 1950s
1. Published Solar Radiation Over India (1982) with S. Rangarajan — India's first insolation atlas
1. Her work showed India's VAST solar energy potential
1. India's location in tropical/sub-tropical regions → receives abundant sunlight throughout the year
1. Even a fraction of the Thar Desert covered with solar panels could supply India's electricity needs!


2.2 Interaction of Solar Radiation with Earth's Surface
Differential Heating of Surfaces
1. Different materials absorb heat differently under sunlight
1. Land heats up FASTER than water
1. DARK surfaces: absorb more sunlight → heat up MORE (e.g., dark roads)
1. LIGHT coloured surfaces: reflect more → remain COOLER (e.g., white walls)
1. Dark coloured clothes feel hotter than white ones in summer — same principle
1. All objects also RADIATE heat (re-radiation) — concrete houses feel hot at night in summer
1. Traditional mud/wooden wall houses: less re-radiation → cooler in summer (natural wisdom!)

Albedo — Definition & Concept
	DEFINITION: Albedo is the fraction of solar radiation REFLECTED by a surface.
(The word 'albedo' comes from Latin meaning 'whiteness')

	Material
	Albedo Value
	Effect

	Snow
	0.80 – 0.90 (HIGH)
	Reflects most light → polar regions very COLD

	Ice
	0.50 – 0.70 (HIGH)
	Reflects a large amount → cold regions

	Crushed rock
	0.25 – 0.30 (MEDIUM)
	Moderate absorption

	Light coloured soil
	~0.25 (MEDIUM)
	Moderate heating

	Black soil
	LOW
	Absorbs more → warmer

	Ocean water
	LOW
	Absorbs more solar radiation → relatively warmer



	RULE: High Albedo → Cooler (reflects more) | Low Albedo → Warmer (absorbs more)


Urban Heat Island Effect (Threads of Curiosity — Exam Favourite!)
1. Cities are WARMER than surrounding rural areas, especially in summer and at night
1. Reason: Steel, concrete, brick, asphalt → absorb solar radiation + retain heat + re-radiate it
1. This re-radiated heat warms cities MORE than rural areas
1. Effect: Increased energy demand for air conditioning → stresses urban ecosystems
1. Rural areas & forests: vegetation provides SHADE + TRANSPIRATION → stay cool naturally
1. Lesson: Human land use alters local climate!
2.3 Latitude and Earth's Shape
Earth is SPHERICAL. This means Sun's rays strike different latitudes at different angles.
	Region
	Angle of Sun's Rays
	Area Covered
	Temperature

	Equatorial regions
	Nearly vertical / steep
	Smaller area
	Relatively WARM throughout the year

	Polar regions
	Very slanted / oblique
	Much larger area
	Much COLDER



1. Earth's spherical shape + tilt of Earth's axis → seasons + changing day length
1. Solar radiation is NOT evenly distributed across the globe
1. This UNEVEN HEATING drives global winds and ocean currents
2.4 Role of the Atmosphere
Composition of Atmosphere
	Gas
	Percentage

	Nitrogen (N₂)
	78%

	Oxygen (O₂)
	21%

	Argon, CO₂, Water vapour, others
	~1%



Layers of the Atmosphere (Very Important for Exams!)
	Layer
	Height
	Key Features
	Temperature Trend

	Troposphere
	0–12 km
	ALL weather phenomena occur here; heated from Earth's surface; clouds form here; aircraft fly here
	Decreases with height (~6.5°C/km)

	Stratosphere
	12–50 km
	Ozone layer located here; absorbs UV rays; calm layer (no vertical mixing)
	INCREASES with height

	Mesosphere
	50–80 km
	Meteors burn up here
	Decreases with height

	Thermosphere
	80–600 km
	Very thin; satellite orbits here
	Increases with height

	Exosphere
	600 km+
	Outermost layer; merges into space
	—



	IMPORTANT: Outer space begins at ~100 km above Earth's surface.
EXAM TRICK: The troposphere height is MAXIMUM above the equator and LOWEST above polar regions.


Two Crucial Roles of Atmosphere in Protecting Life:
Role 1 — Absorbs incoming radiation: Ozone layer blocks harmful UV rays; clouds and gases absorb some sunlight before it reaches Earth's surface.
Role 2 — Traps outgoing heat: Earth absorbs sunlight → re-radiates as infrared → greenhouse gases (CO₂, CH₄, water vapour) ABSORB this → prevents heat from escaping to space.
	WITHOUT the atmosphere: Earth would be TOO COLD for life!
EXCESS CO₂ from human activities → enhanced greenhouse effect → global warming → Earth could become uninhabitable!


Venus vs Mercury (Interesting Exam Fact!)
	Venus is HOTTER than Mercury, even though Mercury is CLOSER to the Sun!
Reason: Venus has a thick atmosphere → uncontrolled greenhouse effect → traps enormous heat.


Ozone Layer — Why Is It So Important? (Threads of Curiosity)
1. Ozone layer acts as a PROTECTIVE SHIELD, absorbing harmful UV radiation
1. CFCs (Chlorofluorocarbons) — used in old refrigerators & aerosol sprays — destroy ozone molecules
1. Result: Ozone hole formed over ANTARCTICA in late 20th century
1. Increased UV radiation harms living organisms and ecosystems
1. Solution: Montreal Protocol — global agreement to reduce CFC use → ozone layer is now SLOWLY RECOVERING
1. This shows the POWER of international scientific cooperation!
K.R. Ramanathan — Indian Scientist (Meet a Scientist)
1. Climbed to 18,000 feet in the Himalayas in 1934 to measure ozone levels
1. Discovered ozone levels were LOWER than expected
1. His work laid the foundation for understanding UV absorption with altitude and pollution
1. Later led early monsoon forecasting efforts in India


3. UNEVEN HEATING CAUSES WIND AND OCEAN CURRENTS
3.1 Local Winds — Valley and Mountain Breezes
	BASIC PRINCIPLE: Wind blows from HIGH pressure to LOW pressure. Pressure differences are mainly caused by UNEVEN HEATING by the Sun.

	Breeze
	When?
	What happens?
	Direction

	Valley Breeze
	During the DAY
	Mountain slopes face Sun → heat up faster than valley floor → air over slopes becomes warm → RISES → creates LOW pressure → cool air from valley moves UP the slope
	Valley → Up the slope

	Mountain Breeze
	After SUNSET / Night
	Mountain slopes LOSE heat faster → become cooler → air becomes cool and DENSE → flows DOWN into valley floor
	Slope → Down into valley



1. Experienced in: Shimla, Dehradun, and other Himalayan valleys
1. These local winds influence weather, agriculture, and daily life in mountainous regions
1. Help regulate temperature, moisture, and support soil & crop health
3.2 Planetary Winds
Uneven heating between equator and poles creates belts of HIGH and LOW pressure across the planet. This drives planetary-scale winds.
	Latitude / Region
	Pressure Belt
	Why?

	0° (Equator)
	EQUATORIAL LOW pressure
	Intense heating → warm air RISES

	30° N & S
	SUB-TROPICAL HIGH pressure
	Rising equatorial air cools → becomes dense → SINKS

	60° N & S
	SUB-POLAR LOW pressure
	Surface air from 30° moves toward poles → meets cold polar air → RISES

	90° N & S (Poles)
	POLAR HIGH pressure
	Very low temperature → cold dense air SINKS



	EARTH'S ROTATION EFFECT:
Earth's rotation causes planetary winds to be DEFLECTED from their straight paths:
• Northern Hemisphere → deflected to the RIGHT
• Southern Hemisphere → deflected to the LEFT


3.3 Ocean Currents
What are Ocean Currents?
	Ocean currents are the CONTINUOUS MOVEMENT of large masses of ocean water.


Factors causing Ocean Currents:
1. Planetary winds (drag surface water via friction)
1. Differences in TEMPERATURE (warm water less dense, cold water denser)
1. Differences in SALINITY (low salinity = less dense = stays at surface; high salinity = denser = sinks)
1. ROTATION of Earth (deflects water masses)
1. Distribution of LAND MASSES (block and redirect currents)
Gyres:
1. Earth's rotation deflects ocean water → forms large circular patterns called GYRES
1. Northern Hemisphere: rotate CLOCKWISE
1. Southern Hemisphere: rotate COUNTER-CLOCKWISE
Role of Ocean Currents:
1. Transport HEAT from equator towards poles → reduce temperature differences across planet
1. Example: North Atlantic Drift (extension of Gulf Stream) → keeps northwest European ports ICE-FREE in winter even at high latitudes
1. Support HUMAN ACTIVITIES: trade and commerce
1. Support MASSIVE ECOSYSTEMS by transporting nutrients
Warm vs Cold Water Movement:
1. WARM equatorial water: travels over the SURFACE toward poles
1. COLD & DENSE polar water: slowly flows back toward equator through DEEPER ocean levels
India's Scientific Contributions — IITM Pune
1. Indian Institute of Tropical Meteorology (IITM), Pune runs advanced computer models
1. These models couple atmosphere, oceans, land, and ice to simulate the Indian monsoon
1. Use data from: satellites, buoys in Indian Ocean, and stations in Antarctica
1. Goal: improve seasonal forecasts + study how global warming may change monsoon rainfall patterns


4. BIOGEOCHEMICAL CYCLES
	DEFINITION: The cyclic movement of matter and energy between the ABIOTIC (non-living) and BIOTIC (living) components of Earth is called a BIOGEOCHEMICAL CYCLE.
'Bio' = living organisms | 'Geo' = Earth/rocks/soil | 'Chemical' = chemical elements


Living organisms constantly exchange matter and energy with air, water, soil, and rocks. This ensures essential nutrients (carbon, nitrogen, oxygen) are RECYCLED and remain available to support life.
1. Biogeochemical cycles make nutrients available to living organisms
1. They sustain life, regulate climate, and balance ecosystems
1. There is a dynamic relationship between different ecosystems — interconnectedness helps ecosystems RECOVER from disturbances
4.1 The Water Cycle
Key Terms in Water Cycle:
	Term
	Meaning

	Evaporation
	Liquid water → water vapour (from oceans, rivers, lakes)

	Transpiration
	Water released by plants as vapour through leaves

	Condensation
	Water vapour → liquid water droplets (forms clouds)

	Precipitation
	Water falling from clouds as rain, hail, or snow

	Infiltration
	Water seeping into the soil and rocks

	Groundwater
	Water stored underground in rocks/soil

	Run off
	Water flowing over the land surface back to the ocean



The Water Cycle Process (Step by Step):
1. Water EVAPORATES from oceans, rivers, lakes
1. Water vapour CONDENSES to form clouds
1. Water falls as PRECIPITATION (rain, hail, snow)
1. Some flows back to ocean as RUN OFF
1. Some seeps underground — INFILTRATION → GROUNDWATER
1. Water dissolves minerals from soil and rocks → transported to oceans → supports marine life
How Climate Change Affects the Water Cycle (VERY IMPORTANT):
	Effect of Climate Change
	What happens

	Warmer atmosphere holds MORE moisture
	Heavier rains in some areas (e.g., intensified monsoons), droughts elsewhere

	Melting glaciers
	More water in rivers → rising sea levels in the long run → threatens coastal cities (Mumbai, Chennai)

	Intense rainfall bursts
	More runoff → soil erosion; less infiltration → reduced groundwater recharge → difficult to sustain agriculture



	The water cycle links ALL FIVE SPHERES:
Cryosphere (glaciers) → Hydrosphere (rivers, oceans) → Atmosphere (moisture) → Geosphere (soil erosion) → Biosphere (crops, fisheries)


4.2 The Carbon Cycle
Carbon forms the BACKBONE of life. Every protein, carbohydrate, fat, and DNA molecule contains carbon.
Where Carbon is Found (Reservoirs):
1. Atmosphere: as CO₂ gas
1. Biosphere: in plants and animals (bodies)
1. Geosphere: as carbonate rocks and fossil fuels (coal, oil)
1. Hydrosphere: as dissolved CO₂ and marine shells
	FASCINATING FACTS:
• Carbon = ~49% of dry weight of living organisms
• 71% of global carbon is found in OCEANS — they regulate CO₂ in the atmosphere
• The atmosphere holds only about 1% of total global carbon!


Two Carbon Cycles — Fast vs Slow:
	Feature
	Fast Carbon Cycle
	Slow Carbon Cycle

	Time scale
	Days to years
	Millions of years

	Key process
	Photosynthesis + Respiration
	Burial → Fossil fuel formation

	How carbon moves
	Plants absorb CO₂ → photosynthesis → animals eat plants → death → decomposition → CO₂ back to air
	Dead organisms buried → converted to coal/oil/gas → burned → CO₂ released quickly

	Ocean role
	Ocean absorbs CO₂ → carbonate/bicarbonate ions → phytoplankton use for photosynthesis; marine organisms form shells → sink to ocean floor
	Carbon stored for long periods at ocean floor



The Keeling Curve — Atmospheric CO₂ Data (Fig. 13.14):
1. Atmospheric CO₂ has risen by about 35% since 1960
1. From 315 ppm (1960) to 420 ppm (2025)
1. ppm = parts per million
1. The SAWTOOTH pattern: seasonal dips from yearly plant growth in Northern Hemisphere absorbing CO₂
1. This is an UNPRECEDENTED rise in human civilisation's history!
Effects of Excess CO₂:
1. Intensifies the greenhouse effect → global warming
1. Melting of glaciers and Arctic sea ice
1. Rising sea levels
1. More extreme weather conditions
1. In India: more intense monsoons (warmer air holds more moisture), threats to agriculture
1. Excess CO₂ absorbed by oceans → ocean water becomes MORE ACIDIC → threatens plankton and coral reefs
1. Warmer ocean water REDUCES ocean's capacity to absorb CO₂ (less effective carbon sink)
4.3 The Nitrogen Cycle
	Nitrogen is ESSENTIAL for synthesis of proteins and nucleic acids in ALL living organisms.
Largest reservoir: ATMOSPHERE (about 78% N₂ gas)
PROBLEM: N₂ gas is very NON-REACTIVE — plants and animals CANNOT use it directly.
It must be CONVERTED to soluble compounds (like ammonia, nitrate) first.


Steps of the Nitrogen Cycle:
	Step
	Process
	Organisms Involved
	Transformation

	1. Nitrogen Fixation
	N₂ gas from atmosphere converted to ammonia
	Rhizobium (root nodules of legumes), Azotobacter (soil), Lightning
	N₂ → NH₃ (ammonia)

	2. Nitrification
	Ammonia converted to nitrite, then nitrate
	Nitrosomonas (NH₃ → NO₂⁻), Nitrobacter (NO₂⁻ → NO₃⁻)
	NH₃ → NO₂⁻ → NO₃⁻

	3. Assimilation
	Plants absorb nitrates from soil; animals get N by eating plants/animals
	Plants and Animals
	NO₃⁻ → plant proteins

	4. Ammonification
	Decomposers break down dead organisms → return ammonia to soil
	Bacteria and Fungi (decomposers)
	Organic N → NH₃

	5. Denitrification
	Nitrates converted back to N₂ gas — completes the cycle
	Pseudomonas (bacteria)
	NO₃⁻ → N₂



	MNEMONIC for Nitrogen Cycle steps: "Five Neat Ants Always Dance"
Fixation → Nitrification → Assimilation → Ammonification → Denitrification


Haber-Bosch Process (Ready to Go Beyond — Exam Important!)
1. Most nitrogen today is fixed ARTIFICIALLY via the Haber-Bosch process
1. Makes ammonia from atmospheric nitrogen → produces most fertilisers used today
1. Called 'Bread from Air' — revolutionised agriculture, enabled India's Green Revolution, fed billions
1. More than half the nitrogen atoms in the HUMAN BODY come from the Haber-Bosch process!
1. Energy intensive: uses ~1-2% of global energy
1. Overuse of fertilisers: has DEGRADED soil and water (e.g., eutrophication)
4.4 The Oxygen Cycle
1. Oxygen: about 21% of atmosphere as free O₂ gas
1. Essential component of biological molecules: carbohydrates, proteins, nucleic acids, fats
1. Also exists in combined forms: metal oxides, minerals (Earth's crust), CO₂ (air)
Key Processes in Oxygen Cycle:
	Process
	Direction
	Description

	Respiration
	CONSUMES O₂
	Plants and animals use O₂ → release CO₂

	Combustion
	CONSUMES O₂
	Burning fuels uses O₂ → releases CO₂

	Photosynthesis
	PRODUCES O₂
	Plants use sunlight + water + CO₂ → glucose + O₂

	Oxide formation
	CONSUMES O₂
	Oxygen reacts with metals and minerals in Earth's crust



	BALANCE: Consumption (respiration + combustion) ↔ Production (photosynthesis)
This circulates oxygen between atmosphere, land, oceans, and living organisms — sustaining all life!


What if photosynthesis stopped? → No O₂ production → O₂ in atmosphere would be depleted by respiration and combustion → All aerobic life would eventually die!


5. HUMAN IMPACT ON EARTH'S PROCESSES
5.1 Disruption of Carbon Cycle
1. Burning fossil fuels + deforestation → SATURATE natural carbon sinks (forests & oceans)
1. Excess CO₂ → intensifies greenhouse warming → global warming → disrupts carbon cycle
1. Excess CO₂ absorbed by oceans → ocean acidification → threatens plankton & coral reefs
1. Warmer ocean water → reduced capacity to absorb CO₂ (less effective carbon sink)
5.2 Disruption of Nitrogen Cycle — Eutrophication
	EUTROPHICATION: When overuse of fertilisers adds excessive nitrogen (via nitrates) to rivers and lakes → causes widespread algal blooms → algae deplete oxygen → fish die.
Result: Threatens water bodies and coastal fisheries.


5.3 Effects of Deforestation
1. Decreased photosynthesis (less CO₂ absorbed)
1. Reduced transpiration → decline in LOCAL RAINFALL
1. Altered surface ALBEDO (land reflects differently without trees)
1. Without tree roots → increased SOIL EROSION
1. Habitat destruction → decline in BIODIVERSITY (species lose natural homes)
5.4 Air Pollution — Ground Level Smog
1. Vehicular emissions react with sunlight → ground level SMOG
1. Also forms ground level OZONE — harmful for health (unlike stratospheric ozone which is protective!)
1. These pollutants make city air UNHEALTHY
	IMPORTANT DISTINCTION:
Ozone in STRATOSPHERE = GOOD (blocks UV rays, protects life)
Ozone at GROUND LEVEL = BAD (forms in smog, harmful to health)


5.5 International Agreements
	Agreement
	Purpose
	Success Level

	Montreal Protocol
	Reduce use of CFCs → recover ozone layer
	SUCCESSFUL — ozone layer now slowly recovering

	Kyoto Protocol
	Countries reduce CO₂ emissions
	Less successful

	Paris Agreement
	Countries reduce CO₂ emissions / limit warming to 1.5°C
	Less successful



5.6 What Can We Do? (Individual + National Actions)
1. INDIA: Planted billions of trees, expanded solar and renewable energy, promoted sustainable farming
1. INDIVIDUALS: Save water, food, and energy; reduce waste; reuse and recycle materials
1. Switch to renewable energy (solar, wind)
1. Sustainable farming practices — avoid overuse of fertilisers
Mission LiFE (Threads of Curiosity)
1. Mission LiFE = Lifestyle for Environment
1. India-led global initiative introduced at UN Climate Change Conference (2021)
1. Encourages mindful, eco-friendly lifestyles
1. Traditional practices and ancient Indian texts have long recognised Earth as interconnected system
1. Highlights: individual + community actions can build a SUSTAINABLE FUTURE


6. COMMON MISTAKES & IMPORTANT DISTINCTIONS
	COMMON MISTAKE
	CORRECT UNDERSTANDING

	UV rays in stratosphere are harmful
	UV rays that REACH Earth's surface are harmful. The ozone layer ABSORBS them, protecting life.

	All ozone is bad
	Stratospheric ozone = protective. Ground-level ozone (in smog) = harmful.

	Sound waves are like EM waves
	Sound waves are MECHANICAL (need a medium). EM waves travel through vacuum.

	Higher albedo = warmer surface
	Higher albedo = MORE reflection = COOLER surface. LOWER albedo = warmer.

	Insolation = Solar Constant
	Solar Constant is at TOP of atmosphere. Insolation is what actually REACHES Earth's surface (less than solar constant due to atmospheric losses).

	Troposphere is the same height everywhere
	Troposphere height is MAXIMUM above equator and LOWEST above poles.

	Nitrogen gas can be used by plants directly
	Plants CANNOT use N₂ directly. It must be FIXED (converted to ammonia/nitrate) first.

	Denitrification removes all nitrogen from soil
	Denitrification returns N₂ to atmosphere, but new fixation continuously replenishes soil nitrogen — it's a CYCLE.

	More CO₂ is always better for plants
	While plants need CO₂, EXCESS CO₂ causes global warming, ocean acidification, extreme weather — overall HARMFUL.

	Eutrophication just means 'too many plants'
	Eutrophication = algal bloom due to excess nitrates → oxygen depletion → fish die.






7. ASSERTION-REASONING & CASE-STUDY CONCEPTS
7.1 Assertion-Reasoning Practice
	Q1: Assertion (A): Venus is hotter than Mercury despite being farther from the Sun.
Reason (R): Venus has a thick atmosphere that causes an uncontrolled greenhouse effect.
Answer: BOTH A and R are true, and R is the correct explanation of A.

	Q2: Assertion (A): Polar regions are colder than equatorial regions.
Reason (R): Sun's rays strike the poles at very oblique angles, spreading energy over a larger area.
Answer: BOTH A and R are true, and R is the correct explanation of A.

	Q3: Assertion (A): Without the atmosphere, Earth would be too cold to support life.
Reason (R): The greenhouse gases in the atmosphere trap outgoing infrared radiation from Earth's surface.
Answer: BOTH A and R are true, and R is the correct explanation of A.

	Q4: Assertion (A): The troposphere is the most important layer of the atmosphere for living organisms.
Reason (R): All weather phenomena like rain, storms, and winds occur in the troposphere.
Answer: BOTH A and R are true, and R is the correct explanation of A.

	Q5: Assertion (A): Snow-covered regions remain cold.
Reason (R): Snow has very HIGH albedo, meaning it reflects a large proportion of incoming solar radiation.
Answer: BOTH A and R are true, and R is the correct explanation of A.


7.2 Case Study Concepts
	CASE: A farmer near a lake over-uses chemical fertilisers for 3 years. The lake water gradually turns green, fish start dying, and the water starts smelling bad. Nearby fishermen lose their livelihood.
What is happening? → Eutrophication
Mechanism: Excess nitrates from fertilisers → algal bloom → algae consume all oxygen → oxygen depletion → fish die → water body destroyed.
Which biogeochemical cycle is disrupted? → Nitrogen cycle (+ water cycle, oxygen cycle)

	CASE: A large forested mountain area is cleared for construction. Within a few years, a nearby river runs dry in summer. Soil erosion increases. The local area becomes hotter.
Explain using Earth system concepts:
• Less trees → less transpiration → less local rainfall → river dries up (Biosphere → Hydrosphere)
• No tree roots → soil erosion increases (Biosphere → Geosphere)
• Changed albedo + less shade + no transpiration → local area gets hotter (Biosphere → Atmosphere)




8. QUICK REVISION SHEET — ONE PAGE SUMMARY
A. Five Spheres at a Glance
	Sphere
	Type
	Example

	Geosphere
	Solid Earth
	Deccan Plateau, Thar Desert

	Hydrosphere
	Liquid water
	Ganga river, oceans

	Cryosphere
	Solid water (ice/snow)
	Himalayan glaciers

	Atmosphere
	Air
	Nitrogen 78%, Oxygen 21%

	Biosphere
	Life
	Forests, coral reefs, plankton



B. Key Formulae & Values
	Solar Energy Received: E = Intensity × Area × Time
Speed of light (EM waves): 3 × 10⁸ ms⁻¹
Solar Constant: ≈ 1.4 kWm⁻² = 1400 Js⁻¹m⁻²
Max Insolation at surface: ~1 kWm⁻² (clear sky)
Albedo = fraction of solar radiation reflected by a surface (0 to 1 scale)
Troposphere temperature decreases at ~6.5°C per km
UV wavelength: 100–400 nm (1 nm = 10⁻⁹ m)


C. Important Bacteria in Nitrogen Cycle
	Bacteria
	Process
	Transformation

	Rhizobium (legume roots)
	Nitrogen Fixation
	N₂ → NH₃

	Azotobacter (soil)
	Nitrogen Fixation
	N₂ → NH₃

	Nitrosomonas
	Nitrification step 1
	NH₃ → NO₂⁻

	Nitrobacter
	Nitrification step 2
	NO₂⁻ → NO₃⁻

	Pseudomonas
	Denitrification
	NO₃⁻ → N₂



D. Atmospheric Layers Summary
	Layer
	Height
	Key Feature

	Troposphere
	0–12 km
	Weather occurs; temp decreases with height

	Stratosphere
	12–50 km
	Ozone layer; temp increases with height

	Mesosphere
	50–80 km
	Meteors burn here; temp decreases

	Thermosphere
	80–600 km
	Satellites; temp increases

	Exosphere
	600+ km
	Outermost; merges with space



E. Comparison: NCERT Activities
	Activity
	What is Observed
	Concept Learnt

	Activity 13.1
	Snow melts → becomes lake water; less snowfall → less lake water → less grass
	Spheres are interconnected; disturbance in one affects others

	Activity 13.2
	Finding albedo values of different materials (snow, ice, soil, ocean water)
	High albedo = cooler; low albedo = warmer




	Q10. Describe how a rise in global temperature would affect the cryosphere, hydrosphere, and biosphere.
Answer: Cryosphere: Glaciers and polar ice melt faster → reduced snowpack. Hydrosphere: More water in rivers initially → eventually rivers reduce; sea levels rise → flooding of coastal areas (e.g., Mumbai, Chennai). Biosphere: Habitat loss for coastal organisms; coral bleaching; disruption of monsoon patterns → crop failures; species migration or extinction. All five spheres are interconnected — a change in one triggers cascading changes in all others.






9. IMPORTANT KEYWORDS GLOSSARY
	Term
	Definition

	Albedo
	Fraction of solar radiation reflected by a surface

	Ammonification
	Decomposers convert dead organisms → ammonia

	Assimilation
	Plants absorb nitrates; animals eat plants

	Atmosphere
	Layer of air surrounding Earth held by gravity

	Biogeochemical cycle
	Cyclic movement of matter/energy between biotic and abiotic components

	Biosphere
	All living organisms and their habitats on Earth

	CFCs (Chlorofluorocarbons)
	Human-made chemicals that destroy ozone; used in old fridges/aerosols

	Cryosphere
	Solid water — glaciers, snow, polar ice

	Denitrification
	Bacteria convert nitrates back to N₂ gas

	Electromagnetic spectrum
	Full range of EM radiation from gamma rays to radio waves

	Eutrophication
	Excess nutrients cause algal bloom → oxygen depletion → fish die

	Geosphere
	Solid part of Earth — rocks, soil, landforms, interior

	Greenhouse gases
	CO₂, CH₄, water vapour — trap outgoing heat

	Gyre
	Large circular ocean current pattern

	Hydrosphere
	All liquid water — oceans, rivers, lakes, groundwater

	Insolation
	Solar radiation actually reaching Earth's surface

	Nitrogen fixation
	Conversion of N₂ gas to usable ammonia (NH₃)

	Nitrification
	Conversion of ammonia to nitrite then nitrate by bacteria

	Ocean currents
	Continuous movement of large masses of ocean water

	Ozone hole
	Thinning of ozone layer over Antarctica due to CFCs

	Photosynthesis
	Plants use CO₂ + water + sunlight → glucose + O₂

	Solar constant
	Average solar energy per unit area at top of atmosphere (~1.4 kWm⁻²)

	Transpiration
	Water released by plants through leaves as vapour

	Troposphere
	Lowest atmosphere layer (0–12 km); all weather occurs here

	Urban Heat Island Effect
	Cities warmer than rural areas due to heat absorption by buildings/roads





10. TOP 10 MOST IMPORTANT EXAM QUESTIONS
	Q1. What are the five spheres of the Earth? Briefly describe each with an Indian example.
Answer: Geosphere (solid rocks — Deccan Plateau), Hydrosphere (liquid water — Ganga river), Cryosphere (ice/snow — Himalayan glaciers), Atmosphere (air — 78% N₂, 21% O₂), Biosphere (life — coral reefs, forests).

	Q2. What is albedo? How does it affect the temperature of a surface? Give two examples.
Answer: Albedo is the fraction of solar radiation reflected by a surface. High albedo (like snow: 0.80–0.90) → surface stays cool; Low albedo (like black soil) → surface absorbs more heat → warmer.

	Q3. Why do polar regions receive less solar energy than equatorial regions even though they face the same Sun?
Answer: Earth is spherical. Sun's rays strike the equator at near-vertical angles (concentrated on small area → more energy per unit area). At poles, rays strike at very oblique angles (spread over larger area → less energy per unit area). Hence polar regions are colder.

	Q4. Describe the layers of the atmosphere. Which layer has all weather phenomena and why?
Answer: Five layers: Troposphere (0–12 km), Stratosphere (12–50 km, ozone layer), Mesosphere, Thermosphere, Exosphere. The TROPOSPHERE has all weather because it is heated from Earth's surface, temperature decreases with height (warm air at bottom rises, drives winds, storms, clouds). Its height is max over equator and minimum over poles.

	Q5. Explain how mountain breeze and valley breeze are formed.
Answer: Valley Breeze (Day): Mountain slopes face Sun → heat up faster → warm air rises → low pressure → cool valley air moves up slope. Mountain Breeze (Night): Slopes lose heat faster → cool, dense air flows down into valley. Experienced in: Shimla, Dehradun, Himalayan valleys.

	Q6. Explain the nitrogen cycle. Name the bacteria involved at each step.
Answer: (1) Fixation: Rhizobium, Azotobacter convert N₂ → NH₃. (2) Nitrification: Nitrosomonas (NH₃ → NO₂⁻), Nitrobacter (NO₂⁻ → NO₃⁻). (3) Assimilation: plants absorb NO₃⁻; animals eat plants. (4) Ammonification: bacteria/fungi decompose dead matter → NH₃. (5) Denitrification: Pseudomonas converts NO₃⁻ → N₂.

	Q7. How does excess CO₂ affect the carbon cycle and Earth's climate?
Answer: Excess CO₂ (from burning fossil fuels, deforestation) → enhanced greenhouse effect → global warming → melting glaciers, rising sea levels, extreme weather. Also: oceans absorb excess CO₂ → ocean acidification → threatens marine life (plankton, coral reefs). In India: more intense monsoons, changing rainfall patterns threatening agriculture.

	Q8. What is eutrophication? How is it related to the nitrogen cycle?
Answer: Eutrophication is the widespread growth of algae (algal bloom) in water bodies due to excess nitrogen (from agricultural fertilisers entering rivers/lakes). Algae grow excessively → deplete oxygen → fish die → ecosystems destroyed. It is caused by disruption of the NITROGEN CYCLE (excess nitrates) and threatens water bodies and coastal fisheries.

	Q9. What is the ozone hole? What caused it and how is it being addressed?
Answer: The ozone hole is the thinning of the ozone layer over Antarctica, caused by CFCs (chlorofluorocarbons) from refrigerators and aerosol sprays destroying ozone molecules faster than they form. This allows harmful UV radiation to reach Earth → damages organisms + ecosystems. Solution: Montreal Protocol — global agreement to reduce CFC use → ozone layer is now slowly recovering.
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