Chapter-3: Atmosphere

1. Composition of Atmosphere

_ , The atmosphere’s composition
The atmosphere is a mixture of

gases surrounding the Earth, held by

gravity.
Other permanent gases

. gt & TRY 30T It Neon (Ne): 0.0018%
agHSeT T g . Helium (He): 0.0005%
fsroT %—’ El ) F ST Nitrogen (Ny) //

Hydrogen (H,): trace
Xenon (Xe): trace

Argon (Ar): 0.93%

BT gl (78.08%)

Variable gases

Water vapor (H,0): 0-4%

Carbon dioxide (CO,): 0.038%

Methane (CH,): 0.00017%

Nitrous oxide (N,0): trace

Ozone (03): trace

Chlorofluorocarbons
(CFCs): trace
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Main Gases / §&J I

e Nitrogen (N:): ~78.08% — Needed for plant growth (via nitrogen cycle).
aATSgrotet (N2): ~78.08% — Glti T Feftr & feIw 3Taeges (ATSelstel Tsh SaRT)|

e Oxygen (O:): ~20.95% — Essential for respiration & combustion.
3TFHTSTT (02): ~20.95% — 2T T &gl o [T ETH |

e Argon (Ar): ~0.93% — Inert gas.
3T (Ar): ~0.93% — ATSHa 3|

° Car(bon dioxide (CO:): ~0.04% — Important for photosynthesis; greenhouse gas.
e SBATFATSS (CO:2): ~0.04% — TR HLATUT o TolT ITaRTH; MA13H 314 |

e Others: Neon, Helium, Methane, Krypton, Ozone Hydrogen, Water vapour.

31 AT, Sifore, #9eT, Rhcele, 3o, gIS3Iole], STeldrsy |

e Dust, salt, smoke, pollen act as condensation nuclei.
&el, TTHP, Y377, TIIThUT HEleTol HT137eh T hId Il o |

Water vapour varies (0—4%) — source of clouds, rain, weather phenomena.

STATSY (0—4% ) F&oldl 38T § — SGel, auT, HIGH HI g3 &l HROT|

2. Structure of Atmosphere

The atmosphere is divided into five main layers based on temperature.
dTIHATET & YR W AYHS Sl 9T HET Wil H el AT 8|
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THE EARTH'S ATMOSPHERE

=

By Shankar Sir 2



Hemantra.com

(i) Troposphere (813753 d)

e Lowest layer; average height: 8 km at poles, 18 km at equator. Top = Tropopause

All weather phenomena occur here.

e Temperature decreases with height (~6.5°C per km) aka Lapse rate.
e Contains ~75% of total atmospheric mass.

o T fATrell I, AT Fa1g: Yol 9X 8 Fohall, speyr Ya@m W) 18 fhail|
o T3 HTH Fr geaATT TEr g g |

o TS & TTY dTYHTA gedT g (~6.5°C ufa fhe)|

o Tl AYHSAIY GeTHTST T ~75% eI gl ¢ |

(ii) Stratosphere (GAATIHS)

e Extends from ~18 km to 50 km.
e Contains ozone layer — absorbs harmful UV rays.

e Ideal for flying aircraft (stable weather).

e ~18 eI T 50 ﬁwfraaﬂréﬁgéﬂ
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o 3G R Hi[E, St gTfenRen UV ot &t 3raen e &eel &1

o T 33 & AT 3ugerd (B Higa)|

(iii) Mesosphere (HET HUS)

e 50 km to ~80 km.

Coldest layer of the atmosphere.

Meteors burn up here.

50 Tt ¥ ~80 foreT d=n|
A T Y S 1|

3¢hIU TG STelahY oS¢ &l SATar & |

(iv) Thermosphere (dM9&Hs)

e 80 km to ~700 km.

e Temperature rises sharply due to absorption of solar radiation.
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Contains ionosphere — reflects radio waves; auroras occur here.

e 80 fordlY & ~700 fohalt TTh|

A TATROT & HFRATOT & ATIATT Toll J Tl 8|

ITTAEHRR Alsfg — IS e it orafeld aar §; 3R 781 g &

(v) Exosphere (sfg#3e)

e QOutermost layer; merges with outer space (~700 km onwards).
e \Very thin air; mainly hydrogen & helium.
o Y g W I 31aReT H e AT & (~700 faredt & 3man) |

o 3T Yol T, ALA: BISSIolel d BHAAH|

3. Weather & Climate

Weather
The atmospheric condition of a place at a specific time, including temperature, humidity, rainfall, wind, etc.

forelt 1o o AIHSNY BT (S ATIHATH, 3o, I, TdeT 3Tie) T Thdl [ay F#g 9x goie|

Climate
The average weather conditions of a place over a long period (usually 30+ years).

Rt TUTeT & Sreepifole (3TN WX 30+ W) 3iad Fig o1 guie|
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Differences between Weather & Climate / BT 3R STordryg #

Weather /| A9 Climate / STorarg
Short-term Long-term average
qE AT T & & BT § o AT ah
Measured in Measured in
hours/days decades/centuries

Factors Affecting Climate / STorarg a1 FeNfdcl el aTel R

1. Latitude (378T72r)
o Places near the Equator — hotter; near poles — colder.
o ALY TWT & I TUTT — 1H; ¢l & IrF — 3|

2. Altitude (3TT3)

o Higher altitude — lower temperature (~6.5°C drop per 1 km).
o 3if8d FA8 — A ATIHATT (~6.5°C 9T 1 Tha)|

3. Distance from Sea (g ¥ g{)

o Coastal areas — moderate climate (maritime influence).
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o Interior areas — extreme climate (continentality).
o TERT &1 — HJfold STelary; A& &1 — THA Selary|
4. Ocean Currents (FgRITRIY ¢RIT)

o Warm currents — raise temperature; cold currents — lower temperature.

o IH YRV — ATYHT FoTcl &; 8 YRV — ATIHT Terel 8 |

5. Relief / Topography (FIcl&0)
o Mountains act as barriers to winds, cause rain shadow effect.
o Ydd a1y JaTg i Ushd &, TN-SAT &7 Tl g |

6. Winds & Pressure Systems (9d<1 U4 &Il YUTTell)

o Monsoon winds, trade winds, cyclones affect rainfall & temperature.
o HATHeA Idel, AR YT, Tshald I8N & ATTHTET I THTTA F:c ¢ |
7. Vegetation & Soil (3=7¢afd ta fAed)

o Forested areas — cooler & more humid; barren areas — hotter & drier.

o Tof &1 — 33 d 3Tg;; TR &1F — ITH g Yh |
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Heat Budget & Temperature (FSAT Hdelel T dTTHT)

e Insolation from Sun; albedo = reflectivity; clouds & ice have higher albedo.

T AfRoT; 37e1sr = Wiade &7HdT; S g g 7 3edrsr 31fee|

e Terrestrial radiation at night — cooling; greenhouse gases trap long-wave heat.

T 7 T R_AfFIT - 35F; MAe3T H ErefaRer AT shdT B

° Inverswn of temperature: air near ground cooler than above (calm, clear nights; valleys; subsidence).

cTdTeldciel: HcTg & U 381, 39X a1 a1y (2ATcl, |1 Ict; T, IeRIE0T) |

e Adiabatic lapse rates: Dry ~10°C/km, Saturated ~4-9°C/km (moisture dependent).
dT9eT: s ~10°C/fHhaT, Ted ~4-9°C/fhaT|

40%
Radiated
from H,0,
ozone, CO,

Scattered

RELEEN (ncoming solar 20%

,"" o Il‘mﬁl radiation Radiated
100% o from clouds
0

Absorbed by air,
H,0, ozone,
clouds, dust

Absorbed by
ozone, cloud

Reflected
by surface 47%

Conduction
Latent heat

Longwave radiatic
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4. Pressure Belts & Winds (GT&f 9col d df2ae Tdsi)

A. What is Pressure Belt?

Pressure belts of the Earth are regions dominated by high or low atmospheric pressure. These belts alternate
across the planet and are created by the uneven heating of the Earth’s surface by the sun.

gl i g1 AfedT 3T AT fole=T argAS Ny gTe arel &7 8 | F 91l QU I8 W Tohloci 3l H Bicil & X SeTehl TAATOT
m?raamtr%ﬁrﬁruds & AT §G T I gleT & HROT & &

The type of pressure in a belt directly determines its typical weather:

e Low-Pressure Belts: As air rises, it cools and condenses, forming clouds and precipitation. These zones
are associated with unstable, rainy, and cloudy weather.

o<1 g1 9T (Low-Pressure Belts): 318 € §aT 39 334! &, Ig da! 3R HUT 81 Ad! &, Toad ST
de1dt ¢ 3R an gle §1 & a1 31T, asf arer 3R arergerd Atas @ 53 81 &

e High-Pressure Belts: Sinking air warms and dries out, preventing cloud formation. These zones are
associated with stable, clear, and dry weather.

3= g1 4fedr (High-Pressure Belts): #Td 33l 3 &aT 318 3iR S &1 SIdl &, ST STeell o [3#ToT 3l
Uehcll §1 & 817 TFAT, A 3N ook AFHA A 3 eI |

Intertropical Convergence Zone (ITCZ) is a belt of low atmospheric pressure that circles the Earth near the
equator. The ITCZ is not stationary; it migrates north and south of the equator, following the sun's most direct
rays throughout the year.

37 3SUTh feae T TRTOT &17 (ITCZ) mwir@%wq%ﬁéﬁammwﬁmmwmaﬁrﬁﬁ(belt)%l
%%ﬁmﬁg%%@a&ﬁ@m@%%ﬁwmﬁwmw@%mmm R
T gl
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B. Pressure Belts of the World

Due to Earth’s rotation and differential heating, there are 7 pressure belts:

trz?ﬂ%avﬁ?rsmmmtrésw7aaqtﬁmaa?ﬁ%
1. Equatorial Low Pressure Belt (ITCZ or

Doldrums) (0°) §HET o=t e i M ~
" - Pq}ar Eas‘terhes NS b
2. Sub-Tropical High Pressure Belts (~30° N & Subpolor Low Pressure
S) e Westerlies
3. Sub-Polar Low Pressure Belts (~60° N & S) b Subtropical High Pressure Zone Xy
/ 'IZ - / . /
N / JTropical Easterlies/ /
. o ¥ 4 4 "4 ¥
4. Polar High Pressure Belts (90° N & S) aaﬁzra B = Equatorial Low Pressure Zone N

3 2 3 ® L3 K
N \ N

\ ; ! . \ \
Tropical Easterlies’\ \
\ \ \

g Subtropical High Pressure Zone e

. . Westerlies
C. Winds & Their Types:
. : _ A Subpolor Low Pressure 4@
Definition: Large-scale horizontal movement of air o T Pdlar Easterlies ,

from high pressure to low pressure. S gy

TRHTNT: 3T g1d &7 & Tt gTey &7 ol 3R arg &l
93 Y\ )X &fasT 9ag|

Coriolis force: deflects right in N-hemisphere, left in S-hemisphere; zero at equator.

PR ef: 3R A 1T, gfEior & 917, favyad w 2|

By Shankar Sir 10



Hemantra.com

1. Planetary Winds (II§ 9dsi) — Permanent winds caused by Earth’s rotation & pressure belts:

e Trade Winds (carq1Re 9dai): Blow from Sub-Tropical High to Equatorial Low (NE in Northern
Hemisphere, SE in Southern Hemisphere).

3UISUTeRTEaHI 3T S1e U ALY {WIY o¥e<T Te ol 3 d6dl & (3.3elre 7 NE, &.3Meirel # SE)|

e Westerlies (3fa#T 9del): From Sub-Tropical High to Sub-Polar Low (~30°-60° latitudes).
3 g9 § 39 e g1 dsh (~30°-60° 31T |

e Polar Easterlies (i,rqﬁ?:r gal 9del): From Polar High to Sub-Polar Low.
Wﬁﬁﬁﬂ%ﬂ“ﬁﬁﬁﬁl

2. Seasonal Winds (F#T gas)

e Change direction with seasons — e.g., Monsoon in

South Asia. Polar
Jet Stream
o HI3 F ATy feRr seeld § — S, gfeyor vRar & Subtropical
wl Jet Stream

3. Jet Streams and Local Winds (3ic $TRTU g TATHT Tdei)

e Jet streams: narrow, fast (~100-300 km/h) near
tropopause; Subtropical Westerly Jet (STJ), Polar
Front Jet (PFJ).
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o ST URIV: Heh{l el ERTY; IUISUT UiREHT Sie, ¢ T Sie |

e Local winds: Land & Sea
Breeze, Loo, Chinook,

Mistral. L I . d
o 3TTEIUT: TYell T THLT AR, ocal vvinds
o, Toreeh, fATeren
y. e Levant
=R %t Eaar Norwester
e ha «} Karaburan
4. Variable Winds (Rail qaei) Jyme Bora
. Berg
e Winds whose direction & Black roller
speed change frequently Chinook
(e.g., Cyclones, Pharpars T sameny
Anticyclones). Fohn etc

o T3 gaat &1 feem iR aifa
IR-9R SGeldl & (ST, Tshdld,
gfcshard) |
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5. Cyclones, Anticyclones & Monsoons

A. Cyclones (dshdld)

A large, low-pressure system with inward-spiralling winds that rotate anti-clockwise in the Northern
Hemisphere and clockwise in the Southern Hemisphere. . . .
Tk TaeTer faF=T-a1a Jue, %ﬂﬁmmﬁsﬂiu@?ﬁgéaﬁﬁ%—amﬁmﬁmamﬁ
gfaromad|

-]

CROSE ¢eCTION oF TROPILAL NeLowe
-—;-(.OULM.W .

—_—
—F G pars
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Types:
1. Tropical Cyclones (3SUTsh{eatid TshdTd)

o Form over warm oceans (= 27°C sea .
temperature). Cyclone Anticyclone

o Examples: Cyclone Fani, Cyclone Amphan.

o I WHE (2 27°C) W aAS & Qb )

2. Temperate / Extra-tropical Cyclones (F&fidrsor ﬁx V(\, 7
= s
\
o Form in mid-latitudes due to interaction of — A
warm & cold air masses. ﬁ
o HEYH HeTRM H a1 3N S ag & fAeled § Feicd 24 H H

Low-pressure area High-pressure areas

B. Anticyclones (Ifddshard)

A high-pressure system with outward-spiralling winds that
rotate clockwise in the Northern Hemisphere and anti-clockwise in the Southern Hemisphere.

Ueh 3TI-GIS JoTTel, TSIee §aTt STex 1 3R Gacl §% S8l & — 3.0y H Gfatonac, &.3Neme 3 ararad|

e \Weather is generally clear, dry, and stable.

depositpl\otos
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o FIEH A AT, Yook A R B &

C. Monsoons (A1)

Definition: Seasonal reversal of winds due to differential heating of land and sea.

TRHTNT: 37fA 3N e & IHATT 19 & HROT Taeil 2l HFHAT TR TR |

Indian Monsoon: ITCZ northward shift, land—sea thermal contrast, Himalaya barrier, Somali Jet & TEJ support;
onset around early June (Kerala), retreat from Sept—Oct (NW first).

ITSERISTS ITRIHA, TYA-THG AT A, AT 30y, FATeN Sie T TEJ; T ST o YRFH (Hel), arawr
-3¢, (T8 3TR- qaH)]

Western Disturbances (mid-latitude westerlies) — winter rain/snow in NW India.

i f3ener — 3a-9fRad 9RT & MNaewreieT auT/Gaurd]|

6. Temperature and Heat Zones
1. Torrid Zone (3SUTehfestT): Between Tropic of Cancer & Tropic of Capricorn—hottest.
2. Temperate Zones (F&fTAISUT Sfeaer): Between tropics and polar circles.

3. Frigid Zones (it shfeee): Arctic & Antarctic circles—coldest.
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Temperate Zone
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7. Environmental Issues and Misc.

e Global Warming (472 dT9gef®): Rise in Earth’s mean temperature due to greenhouse gases
(mainly CO., methane).

Greenhouse Gases absorb & re-emit infrared radiation and keep Earth warm.

Gas Hindi Name Exam Source Examples

CO. GAGES @Qﬂuﬁﬂ@ Factories, vehicles, respiration
CH, Hidq Paddy fields, animals, landfill
N,O lgcH &Tdﬁl‘is Fertiliser, vehicles, industries
O, 35T Smog, upper atmosphere

H.O (vapor) ulel diYg Evaporation, transpiration
CFCs/HFCs FARITAR BTe ACs, fridges, sprays

Water vapor is Earth's most abundant greenhouse gas. Water vapor’s unique greenhouse role is
as a "feedback gas". Amplifies warming (positive feedback), rather than causes it.
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e Climate Change (STefarg gRade): Long-term shifts— rise temperature, melting glaciers, alters
rainfall, storms, sea levels.

e Ozone Depletion (3i1SileT &7): Thinning ozone layer (mainly by CFCs).
The ozone layer absorbs 97% to 99% of the sun’s dangerous UV-B radiation

e Air Pollution (arg 9¢¥UT): Sources—industries, vehicles, crop burning.

Aurora (92T f83): Seen near poles due to solar winds (Northern = Aurora Borealis, Southern = Aurora
Australis).
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Instruments & Units (39hI0T T EFIISHQW)

Pressure: barometer, unit hPa (hectopascal) / mb (millibar) 1 mb = 1 hPa

(mean sea-level = 1013.25 hPa).
are: SRIAIEY, 518 hPa/mb (G-Il 1 = 1013.25 hPa)|

Wind: anemometer (speed), wind vane (direction).

gaeT: TaATHTET (39T), gaeteelt (feem)|

Humidity: hygrometer, psychrometer; Rain: rain gauge.
. . . I

’ b
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