
 

 
1. The Earth and the Solar System: 

 
Milky Way and the solar system. Modern theories on the origin of the Earth and other planetary 
bodies. Earth‟s orbital parameters, Kepler‟s laws of planetary motion, Geological Time Scale; Space 
and time scales of processes in the solid Earth, atmosphere and oceans. Radioactive isotopes and 
their applications. Meteorites Chemical composition and the Primary differentiation of the earth. 
Basic principles of stratigraphy. Theories about the origin of life and the nature of fossil record. 
Earth‟s gravity and magnetic fields and its thermal structure: Concept of Geoid and, spheroid; 
Isostasy. 
 
2. Earth Materials, Surface Features and Processes: 
 
Gross composition and physical properties of important minerals and rocks; properties and 
processes responsible for mineral concentrations; nature and distribution of rocks and minerals in 
different units of the earth and different parts of India. Physiography of the Earth; weathering, 
erosion, transportation and deposition of Earth‟s material; formation of soil, sediments and 
sedimentary rocks; energy  balance of the Earth‟s surface processes; physiographic features and 
river basins in India 
 
3. Interior of the Earth, Deformation and Tectonics 
 
Basic concepts of seismology and internal structure of the Earth. Physico-chemical and seismic 
properties of Earth‟s interior. Concepts of stress and strain. Behaviour of rocks under stress; Folds, 
joints and faults. Earthquakes – their causes and measurement. Interplate and intraplate seismicity. 
Paleomagnetism, sea floor spreading and plate tectonics. 
 
4. Oceans and Atmosphere 
 
Hypsography of the continents and ocean floor –continental shelf, slope, rise and abyssal plains. 
Physical and chemical properties of sea water and their spatial variations. Residence times of 
elements in sea water. Ocean currents, waves and tides, important current systems, thermohaline 
circulation and the oceanic conveyor belt. Major water masses of the world‟s oceans. Biological 
productivity in the oceans. 
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Motion of fluids, waves in atmospheric and oceanic systems. Atmospheric turbulence and boundary 
layer. Structure and chemical composition of the atmosphere, lapse rate and stability, scale height, 
geopotential,  greenhouse gases and global warming. Cloud formation and precipitation processes, 
air- sea interactions on different space and time scales. Insolation and heat budget, radiation 
balance, general circulation of the atmosphere and ocean. Climatic and sea level changes on 
different time scales. Coupled ocean-atmosphere system, El Nino Southern Oscillation (ENSO). 
General  weather systems of India, - Monsoon system, cyclone and jet stream, Western disturbances 
and severe local convective systems, distribution of precipitation over India. Marine and 
atmospheric pollution, ozone depletion. 
 
5. Environmental Earth Sciences 
 
Properties of water; hydrological cycle; water resources and management. Energy resources, uses, 
degradation, alternatives and management; Ecology and biodiversity. Impact of use of energy and 
land on the environment. Exploitation and conservation of mineral and other natural resources. 
Natural hazards. Elements of Remote Sensing. 
 

ADVANCED 
 
1) Climatology: Fundamental principles of climatology. Earth‟s radiation balance; latitudinal and 
seasonal variation of insolation, temperature, pressure, wind belts, humidity, cloud formation and 
precipitation, water balance. Air masses, monsoon, Jet streams, tropical cyclones, and ENSO. 
Classification of climates – Koppen‟s and Thornthwaite‟s scheme of classification. Climate change. 
 
2) Physical Meteorology: Thermal structure of the atmosphere and its composition. Radiation: basic 
Laws - Rayleigh and Mie scattering, multiple scattering, radiation from the sun, solar constant, effect 
of clouds, surface and planetary albedo. Emission and absorption of terrestrial radiation, radiation 
windows, radiative transfer, Greenhouse effect, net radiation budget; Thermodynamics of dry and 
moist air: specific gas constant, Adiabatic and isoentropic processes, entropy and enthalpy, Moisture 
variables, virtual temperature; Clausius – Clapeyron equation, adiabatic process of moist air; 
thermodynamic diagrams: Hydrostatic equilibrium: Hydrostatic equation, variation of pressure with 
height, geopotential, standard atmosphere, altimetry. Vertical stability of the atmosphere: Dry and 
moist air parcel and slice methods. Tropical convection. Atmospheric optics - visibility - optical 
phenomenon - rainbows, haloes, corona, glarg, mirage. 
 
3) Atmospheric Electricity: Fair weather electric field in the atmosphere and potential gradients, 
ionization in the atmosphere. Electrical fields in thunderstorms, theories of thunderstorm 
electrification - Structure of lightening flash-mechanism of earth-atmospheric change balance-role of 
thunderstroms. 
 
4) Cloud Physics: Cloud classification, condensation nuclei, growth of cloud drops and ice-crystals, 
precipitation mechanisms: Bergeron, Findeisen process, coalescence process – Precipitation of warm 
and mixed clouds, artificial precipitation, hail suppression, fog and cloud – dissipation, radar 
observation of clouds and precipitation, radar equation, rain drop spectra, radar echoes of hail storm 
and tornadoes, radar observation of hurricanes, measurements of rainfall by radar. 
 
5) Dynamic Meteorology: 
 
Basic equations and fundamental forces: Pressure, gravity, centripetal and Corolis forces, continuity 
equation in Cartesian and isobaric coordinates. Momentum equation Cartesian and spherical 
coordinates; scale analysis, inertial flow, geostrophic and gradient winds, thermal wind. Divergence 



and vertical motion Rossby, Richardson, Reynolds and Froude numbers. Circulation, vorticity and 
divergence; Bjerknese circulation theorem and applications, vorticity and divergence equations, 
scale analysis, potential vorticity, stream function and velocity potential. Atmospheric turbulence: 
Mixing length theory, planetary boundary layer equations, surface layer, Ekman layer, eddy 
transport of heat, moisture and momentum, Richardson criterion; Linear Perturbation Theory: 
Internal and external gravity waves, inertia waves, gravity waves, Rossby waves, wave motion in the 
tropics, barotropic and baroclinic instabilities. Atmospheric Energetics: Kinetic, potential and internal 
energies – conversion of potential and internal energies into kinetic energy, available potential 
energy. 
 
6) Numerical Weather Prediction: computational instability, filtering of sound and gravity waves, 
filtered forecast equations, barotropic and equivalent barotropic models, two parameter baroclinic 
model, relaxation method. Multi-layer primitive equation models. Short, medium and long range 
weather prediction. Objective analysis; Initialization of the data for use in weather prediction 
models; data assimilation techniques, application of satellite in NWP (Numerical Weather Prediction) 
and remotely sensed data. 
 
7) General Circulation and Climate Modelling: Observed zonally symmetric circulations, meridional 
circulation models, mean meridional and eddy transport of momentum and energy, angular 
momentum and energy budgets; zonally asymmetric features of general circulation; standing eddies; 
east-west circulations in tropics: climate variability and forcings; feedback processes, low frequency 
variability, MJO Madden-Julian oscillation), ENSO, QBO (quasi-biennial oscillation) and sunspot 
cycles. Basic principles of general circulation modelling; grid-point and spectral GCMs; role of the 
ocean in climate modelling; interannual variability of ocean fields (SST, winds, circulation, etc.) and 
its relationship with monsoon, concepts of ocean – atmosphere coupled models. 
 
8) Synoptic Meteorology: Weather observations and transmission, synoptic charts, analysis of 
surface, upper air another derivative chart, stream-lines, isotachs and contour analysis; tilt and slope 
of pressure/weather systems with height. Synoptic weather forecasting, prediction of weather 
elements such as rain, maximum and minimum temperature and fog; hazardous weather elements 
like thunderstorms, duststorms, tornadoes. Tropical meteorology: Trade wind inversion, ITCZ; 
monsoon trough tropical cyclones, their structure and development theory; monsoon depressions; 
tropical easterly jet stream; low level jets, Somali jet, waves in easterlies; western disturbances; SW 
and NE monsoons; synoptic features associated with onset, withdrawal, break active and weak 
monsoons and their prediction. Air masses and fronts: sources, origin and classification of air 
masses; and fronts, frontogenesis and frontolysis; structure of cold and warm fronts; weather 
systems associated with fronts. Extra-tropical synoptic scale features: jet streams, extratropical 
cyclones and anticyclones. 
 
9) Aviation Meteorology: Role of meteorology in aviation, weather hazards associated with take off 
cruising and landing, inflight – icing, turbulence, visibility, fog, clouds, rain, gusts, wind shear and 
thunderstorms, nowcasting and very short range forecasting. 
 
10) Satellite Meteorology: Meteorological satellites – Polar orbiting and geostationary satellites, 
visible and infrared radiometers, multiscanner radiometers; identification of synoptic systems, fog 
and sandstorms, detection of cyclones, estimation of SST, cloud top temperatures, winds and 
rainfall: temperature and humidity soundings. 

 


