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1, The Earth anti the Solar System: . ^ , j , . . ,
Milky Way and the solar system. Modern theories on t!ic origin of the Rnrth oihw planetary
bodies. Eiirtb"s orbital parainelers. Kcp)et"s laws of planelary molioa, GcoloBical Time Scale; Space
and time scales ol'processes in the solid. Earth, atmosphere and oceans. Radioactive isotopes and
their applications. Meteorites Chemical composition and the Primai7 di^frcrontiation of the earth.
.Basic principles of stratigraphy. Theories about the origin of life and the nature of fossil record.
Eartlf's gravity and magnetic fields and its thermal structure: Concept orGcoid and, spheroid.
Isostasy.

2 Earth Materials, Surface Features and Processes: Gross composition and physical properties of
iniporiam minerals and rocks; properties and'processes responsible for
and distribulloh of rocks and minernls in different units of the earth and differcm pir^ oflntlm.
Physiography of the Earth; weathering, erosion, transportation and deposition of Earth s material,
fonnatioii orsGiI,,sedimcnh! and sedimentary rocks; energy balance of the Earth s surface processes,
physiographic features and river basins in India

3. Interior cftbe Earth, Deformation and Tectonics . - . ■ , i
Basic concepts of seismology and inlcmal structure of the Earth. Physico-chemical and seism
properties of Earth"s interior. Concepts of .stress and stram. Beiiaviour of rocks under stress, Folds
joints and faults. Earthquakes - tiieir causes and measurement. Inlerplatc and mtniplate seismiciiy.
Paleomagnetisin, sea floor spreading and plate tectonics.

4; Oceans and Atmosplicrc , . i u i lainc

Hypsograplty of the continents and ocean floor -continental slielf. slope, rise and abyssal plains.
Physical and chemical properties ofsea walcr and liiclr spatial variations. Residence times
eiemciiis in sea water. Ocean currents, waves and tides, irnportnnt current systems, t ^
circulation and thei oceanic conveyor belt. Major water masses of the world .s ocean.s. Biolog c.
productivity in the oceans.

Motion of fluids, waves in atmospheric and oceanic systems. Atmospheric uirbiilcnce and
layer Slruclurc and chemical, composition of the atmosphere, lapse rale and stability, scale heig .
geopoicnlial, greenhouse gases and global warming. Cloud formalion
air- sea interactions on different space and time scales. Insolation and heat budget, radiation balance
cenera] circulation of the atmbsphcre aiid ocean. Climatic and sen level changes on different timef:ai;s GoupN o" .ysiom, B1 Nino Sou,hern Oscillaricn (ENSO). 0-'-'—
systems of India, - Monsoon system, cyclone and jet stream. Western disturbances and severe lo
convcctive systems, distribution of precipitation over India.

Marine and atmospheric poiiution, ozone depletion.



5. Environmental £fltttb Sciences
Properties oT water; Kyclrolqgical cycle; water resources and management. Energy resources, uses,
degradation, alternative .and managemciil; 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.
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I. GEOLOGY

1) MINERALOGV AND rETROLOGY;

Goncept of point group, space group, reciprocal lattice, diffruction and imaging. Concepts of ciysial
field theory and, mlneralbgical spcctroscopy. Lattice defects (point, lino and planar). Electrical,
magnetic and optical properties of minerals. Bonding and crystal structures ot common o.xides,
sulphides, and silicates. Transformation of minerals - polymorphism, polyiypism, and polysonialism.
Solid solution and oxsolution.

Strady-state^ geothemis. Genesis, properties, emplacement and crysiallization of magmas. Phase
equilibrium studies of suiiple systems, effect of volatilcs on melt equilibria. Magma -mixing, •
mingling and,-immisoibility.

Meiamorphic structures and textures;.isograds and fades. Mineral reactions with cotidcnsed phases,
solid solutions^ mixed volatile equilibria end thermobarpmetry. Metamorpliism of pcHtcs, mafic -ultra
mafic rocks and siliceous dolomites. Material transporl during mctamorphism. P-T-t path In regional
rnetamorpliic terrains,- plate tectonics and metamorpliism.

Petrogenelic aspects of important rook, suites of India, such a.-; the Dcccan Traps, layered intrasive
complexes, anortliosites, carbonatiies, charnockitcs, alkaline rocks, Kimberlites, ophiolitcs and
gtuniioids.

2) STRUCTURAL GEOLOGY AND GEOTECTONlCS!

Theory of stress and strain. Behaviour of rocks under stress. Mohr circle. Various states ot stress and
their reprcsciuaiion by Mohr circles. Different types of failure and sliding criteria. Geometry and
mechanics of fracturing and coridjiions for reactivation of prc-cxisling discontinuities. Gommon
types of finite strain ellipsoids, L-, L-S-, and S-lcctonic fabrics. Techniques of strain analysis.
Particle paths and flow patterns. Progressive strain history. Introduction to dofomiation mechanisms.
Role of fluids in deformation processes. Geometry and analyses of brittle-ductile and ductile shear
zones. Sheath folds. Geometry and mechanics of development of folds, boudins, foliations and
lineations. IntGrfcrcnce patterns of superposed fold. Fault-related folding. Gravity induced structures.
Tectonic features, of cxlcnsionaU, cpmpresiional-, and strikc-slip-lerrains and relevance to plate
boundaries, mantle plumes.
Himalnynn Orogeny; concept of super continent, their assembly and breakup.



3) PALBONTOLOGY AND ITS APPLIGATIONSs

Tiicorles on origin of life. Organie evolulion - Fuiictuaced Equilibrium and Phylclie Gradualism
models. Mass exlindlons and iheir causes. Application of fossils in age delermination and
correlation. Paleoecology, Life habitats and various ecosystems, Palcobiogeography. Modes of
preservation of fossils and taphonomic coiisiderotions. Types of microfossils. Environmental
significance of fossils and trace fossils. Use of microfossils in iritcrprclation of sea floor iccionism.
Application of micropalcontblogy in hydrocarbon exploration. Oxygen and Carbon isotope studies of
microfossils and llicir use in paleocennographlc and paleoclimatic interpretation. Important
invcncbratc fossils, vertebrate fossils, plant fossils and microfossils in Indian stratigraphy.

4) SEDIlVtENTOLOGY AND STRATIGRAPHY:

Classification of .sediments and sedimentary rocks ; elft.stic, volcanoclaslic and chemical.
Classification of elastic rocks. Flow regimes and processes of sediment transport Sedimentary
textures and structures. Sedimentary facics and environments, reconstruction of palcocnvironmenls.
Formation and evolution ofsedimcntary basins. Diagenesis ofsiliciclasiic and carbonate rocks.

Recent developments In siraligraphic classificatioti. Code of straiigrophic nomenclature -
Stratotypes, Global Boundary Straiotype Scclions and Points (GS.5P). Litliostratigraphic,
chronoslraligraphio and bioslraligrophic subdivisions. Methods of startigraphic coaelalion including
ShaW's Graphic correlation. Concept of sequence stratigraphy. Rales of sediment accumulation,
unconformities. Facies concept in Stratigraphy - \Valihcr"s law. Melhods for palcogcographic
reconstruction. Earth"s Ciiinaiic History. Phancrozolc stratigraphy of India with reference to Ihe type
areas— their correlation with equivalent formatioiw In other regions. Boundary problems in Indian
Phanerozoio sirdtigrapliy.

5) M.ARINE GEOLOGY AND PALEOCEANOGRAPUY:

Morphologic and tectonic domains of the ocean floor. Structure, composition and mccimnism of tlie
forrnation of oceanic crust, hydrcthermal vents-. Occnn margins nnd their significance. Occau
Circulation, Corlolis cfTcct and Ekman spiral, convergence, divei^encc and upwetling, El Nino.
Indian Ocean Dipole thermohailne circulation and oceanic coriveyor bell. Formation of Bottom
waters; major water masses of the world"s occuns. Oceanio sediments: Factors coniroIHng the
deposition and distribution of oceanic sediments; geochronology of oceanic sedinicnts, diagenelic
changes in oxic and anoxic environments. Tectonic evolulion of the ocean basins. Mineral resources.
Paleoceanograpiiy — Approache.s to palcoceanographic reconstructions; various proxy indicators for
palcoceDnograpliie interpretation. Reconstruction of monsoon variability by using marine proxy
records Opening and closing of ocean gateways and their effect on circulation and climate during the
Cenozoic. Sea level [)rocc.sscs and Sea level cliangcs.

Melhods of paled Sea Surface temperature. Quantifications.

6) GEOCHEMISTRY:

Atomic Structure and properties of elements, (he Periodic Table; ionic substitution in minerals;
Phase rule and its applications in petrology, thermodynamics of reactions involving pure phases,
ideal and non-ideal solutions, and fluids; equilibrium and distribution coefficients. Nucieation and
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difftision processes In-igneous, mctamorphic and sedimentsry envlronmwils, rcdox reactions and Eh-
pH diagrams and Iheir appHcallons, Mineral/mineral assemblages as „scnsors" of ambient
environments. Geochcmical suidics of aerosols, surracc-, marine-, and ground waters. Radioactive
decay schemes and. their application to geochronology and pelrogcncsis. Stable isotopes and their
application to earth^systcm processes; geochemical dirferenliatioii ofthe earth; geochemical cycles.

7) ECONOMIC GEOLOGY:

Magmali'c, iiydrothcrina! and surface processes of ore foriiiaiion. Metallogeny and its relation to
crustal evolution; Active orc-forming system.s, methods of mincrQl deposit studies including ore
microscopy, fluid inclusions and isotopic sysicmatics; ores and mctamorphism- cause and effect
relationsliips. Geological setting, ciiamctcrislics, and genesis of ferrous, base and nohic metals.
Origin, migration and entrapment of petroleum; properties of source and reservoir rocks; structural,
slratigraphic and combinaLlon traps. Methods of petroleum exploration. Concepts of pctropliysics,
Petroliferous ba.sin.s of India. Origin of peat,, lignite, bitumen and antiiracitc. Classlflcalion, rank and
grading of coal; coal petrography, coal resources of India. Gas hydraies and coal bed metlianc.
Nuclear and nou'Convcntional energy resource.^.

8) PRECAMBRIAN GEOLOGY AND CRUSTAL EVOLUTION:

Evolution of lithosphcrc, liydrosphorc, atmosphere, biosphere, and cryosphere;, lilhological,
gcochemicql and stratigraphic characteristics of granite - greenstone and granuliie bclLs. Stratigraphy
H[uJ gcoclironolpgy of the cratonic nuclei, mobile belts and Prolcrozolc sedimentary basims of India.
Life in Precambrian. Precambrian-Cambrian boundary'with special reference to India.

9) QUATERNARY GEOI.OGY:

Defmition of Quaternary. Quaternary Stratigraphy - Oxygen Isotope stratigniphy, bioslratigraphy
and magnetoslratigraphy. Quaternary climates - glaciai-inlcrglucial cycles, cusuiiic changes, proxy
indicators of paleoonvironmental/ paleoclimatic changes, - land, ocean and cryosphere (ice core
studies). Responses ofgeotnorphic systems to.ciimalc, sea level and tectonics on variable time scales
in the Quaternary, Quaternary dating methods, -radiocarbon, Uranium series. Luminescence, Amino-
acid. Quaternary slraligraphy of India- continental records (nuvlal, glacial, aeoiian, palacusols and.
durlcrusl); marine records; conlinenlal-marlne correlation of Quaternary record.
Evolution of man and Slonc Age enltures. Plant and animal life in relation to glacial and intcrglacia)
cycles during Quaternary.

Tectonic geoinorphology, neotectcnics, active tectonics and their applications to natural hazard
assessment.

]0)(I)APPLIED GEOLOGY:

(i) Remote Sensing and CIS: Elements of photogrammetry, elements of pholo-inlerpreialion,
electromagnetic speorrum, emission range, film and imagery, sensors, geological inlerprctaiioiG of
air photos and imageries. Global positioning systems. GIS- data structure, allribule data, thematic
layers and <jiiery analysis.



(ii) Engineering Geology: Engineering properties of rocks and physical characteristics of building
stones, concretes and other aggregates. Geological investigations for conslnicllon of darns, bridges,
highways and tunnels. Remedial measures. Mass movements with special emphasis on landslides and
causes of hillslopc insiabilitj'. Seismic deslgn of buildings.

(Ill) Mineral Exploraliou: Geological, geophysical, goochemica) and geobolanical methods of
surface and sub-surfaco exploration on different scales. Sampling, assaying and evaluation of mineral
deposits.

Qv) Hydrogcologyir Groundwatcr, Darcy"s law. hydrologlcal characteristics of aquifer.s, hydrologicai
cycle. Precipitalibn, cvapciranspiration and innitration processes. Hydrologicai classification of
water-bearing formations. Fresh and salt-water relationships in coastal and inland areas. Groandwater
exploration and water pollution. Groundwatcr regimes in India,

(lir) PHYSICAL GEOGRAPHY

1) Gcomorphology: Concepts in geomorphology. Hisloricel and process Geoniorphology.
Lundforms in relation to climate, rock type, structure and tectonics. Processes - weathering,
pedogenesis, mass movement, erosion, transportation and deposition, Qeomorphic processes and
iandforms- nuvial. glacial, eclian, coastal and karsi. River forms and processes - stream flow, stage-
discharge relationship; hydrograpli.s and flood frequency analysis. Submarine relief. Gcomorphology
and topographic iinnlysls Including DEM, Environmental change- causes, effects on processes and
Iandforms. Exira-tcrresirial gcomorphology.

2) Climatology: Fundmnental principles of climatology. Eanh"s radiation balance; latitudinal and
seasonal variation of insolation, temperature, pressure, wind bells, humidity, cloud formation and
prccipilatlon, water balance. Air masses, monsoon, Jet streams, tropical cyclones, and ENSO.
Classification ofclimates—Koppen".s and Thornihwaltc"s scheme ofclassificaLion. Climate change.

3) Bio-gcogruphy; Blcmctils of biogeography with-spccial reference to India; environment, habitat,
plant-animal association; v:oo-geography ofliidia; Diomcs, elemunts of plant geography, distribution
of forests and major plant communities. Distribiilioh of mnjor animal communities. Conservation of
forests. Wildlife sanctuaries and porks.

4) Environnicnta) Geography: Man-land relationship. Resources - renewable and non-renewable.
Natural and man-made hazards - drouglils, floods, cyclones, earthquakes, landslides, tsunamis.
Ecological balance, environmental pollution and deterioration.

5) Geography'of India: Physiogrdphy, drainage, climnle, soils and natural resource.-! - the Himalaya.
Ganga-BrahmapiUra Plains, and peninsular India Prccambrinn sliield, the Gondwana rifl basins,
Deccari Plateau, indlRn climalclogy with special rcfcrctice to seasonal distribution and variation of
leniperalurc, humidity, wind and precipitation; Climate zones of India. Agricultural geography of
India. Population - its di^ribulion and characteristics. Urbanizulion and migration. Environmental
problems and issues.



(IV)GEOPnYSICS

1) Signal Processing: Conlinuous and discrete signals; Fourier series; auio and cross corrclutions,
linear time invariant systems with dclcrrninistic and random inputs; band limited signal and sajnpling
iheorem; Fourier and Fast Fourier transforms; Z-transform; convolution; Fillers: discrete and
continuous, recunivei noii-rccursive, optimal and inverse filters; dcconvolution; fractal analysis.

2) Field theory: Nwlonian potential; Laplace and Poisson"s equations; Greeri"s Theorem; Gauss'*
law; Continuation integral; equivalent straturn; MaxwelC's equations and clcclromagnclic theory;
Cisplacomcnt potential, l-lelmhot2**s theorem and seismic wave propagation.

3) NumericaJ analysis and inversion: Numerical dirferentiation and Integration, finite element, and
finite dilTerence techniques; Simpsoh"s rules; Gauss" quadrature formula; initial value problems;
pattern recognition in Geophysics. Well posed and ili-poscd problems; method of least squares;
direct search and gradient methods; generalized Inversion techniques; singular value decomposition;
global pplimization.

4) Gruvily and Magnetic fields of the onrth: Nonnal gravity field; Clairaul"s theorem; Sh.ipe of the
earth; deflection of the vertical, geoid, free-air, Bougucr and isosuiiic anomalies, isostatic models for
local and regional compensation. Geomagnetic field, secular and Irousienr varmiions and (fieir
theories; palacomagnctism, construction of polar wandering curves.

5) Plate Tectonics aud Geodynamicsj Marine magiiclic nnoniaiies, sea floor spreading; mid-
oceanic ridges and gcodynamics; plate tectonics hypothesis; plate boundaries and seismlciiy. Heat
flovv mechanisms, thermal meddling of earth.corc-inanlle convsciion and mantle plumes.

6)Scisin()logy Elastic theory; Seismomctry: short period, long period, broad band and strong
riiotion; elements of eartliquake seismology; seismic sources: faulting source, double couple
hypothesis, seismic- moment tensor, focal mechanism and fault plane solutions; seismic gaps;
seismolevlonics.and structure of the eanh; Himalayan and .<:(able eomtncntai region earthquakes,
reservoir induced scismicily; seismic hazards; earthquake prediction, travel time residuals, velocity
anomalies, seismic tomography.

7) Gravity and Magnetic Methods: Gravimclers and magnetometers; data acquisition from land, air
and ship: corrections and reditclion of anomalies; ambiguity; rcgiona] and re.sidiiai separation;
coniinualion and derivative calculations; interpretation of anomalies of simple geometric bodies,
single pole, sphere, horizontal cylinder, sheet, dyke and fnult. Forward modelling and inversion of
arbitrary shaped bodies and 2-D, 3-D intcnaces, Interpreialions In frequency domain.

8) Electrical and, Electromagnetic Methnds; Electrical proHllng and .sounding, typical sounding
curves, pscudo-scctioni?; resistivity transform and direct huerprelalion; induced polnrization mctljod.s.
Electromagnetic field techniques; elliptic polarization, in-phase and out of phase components,
horizunlal and. vertical loop methods; interpretation; VLF (very low frequency); AFMAG (Audio
frequency magnetic) methods; and contral frequency sounding; transient electromagnetic mciliods;
fTiagncio-iellurto method; geomagnetic depth sounding.

9) Seismic MBtliocU: Generalized Sncif's Law; Ray tiicory; reflection, refraction, diffraction;
Zocppritz"s equation; seismic energy sources; detectors; seismic noises and noise profile analysis;
seisnric data recording; reduction to a datum and weathering corrections; Inicrj^reiatlon of refrnction



and reflection data; GDP/CMP; velocity analysis, F-K. filtering, stacking, dccoiivoiulion, mlgralion
before and aflcr Slack; bright spot analysis; wavelet processing; jidenuQlion studies, shear waves,
AVO; VSP; introduction to 3D scismics; seismic stratigraphy.

10) .Well logging: Open hole, cased hole and production logging; Eicclrical logs; lateral, latero.
induction, temperature, S.P; porosity logs; sonic, density,- neutron; natural gamma; determination of
formation factor, porosity, permeability, density, water saturation, lithology; logging while drilling.

CV)METEOUOLOGY

1) Clinialology: Same as under Geography

2) Physical Meteorology: Thermal structure of the atmosphere and its cornposilion. Radiation: basic
Laws - Raylcigh and Mie scattering, multiple scattering, radiation from the sun, solar constant, eflcct
oT clouds, surface'and planetary albedo. Emission and absorption of terrestrial radiation, radiation
windows, radiative transfer,. Grcenliouse effect, net radiation budget; TliBrmod>iiamics of dry and
moist aln specific gas. constanl, Adiabalic and isocniropic processes, entropy and enthalpy. Moisture
variables, virtual temperature; Clausius - Clapcyron equation, ndiabatic process of moist air;
therinddynamic diagrams: Hydrostatic equilibrium: Hydrostalic equation, variation of pressure with
height, geopolential, standard atmosphere, Bltlmctry. Vertical stability of the atmosphere: Dry and
moist air parcel and slice methods. Tropical convection. Atmospheric npiics - visibility - opilca)
phenomenon - rtiinbows, haloes, corona, ginrg, mirage.

3) Atmospheric Electricity: Fair weather electric field in the atmosphere and potential gradients,
ionization in the atmosphere. Electrical fields in ihtinderstonns, theories of thunderstorm
eleclriflcation - Structure of lightening flash-mechanism of carlh-aimosphcric change baiance-rolc of
Uiiinderstroms.

4) Cloud Physics: Cloud classification, condensation nuclei, growth of cloud drops and ice-crystals,
precipitation mechanisms: Bergeron, Findclsen process, coalescence process - Precipitation of wann
and mixed clouds, artificial precipitatioit, hail suppression, fog and cloud - dlRsipaiion, radar
observation of clouds and precipitation, radar equation, rain drop spectra, radar echoes of hail storm
and tornadoes, radar observation of hurricanes, measurements of rain fall by radar.

5) Dynamic Meteorology; Basic eqitations and fundamental forces: Pressure, gravity, centripetal and
Corolis forces, continuity equation in Cartesian and isobaric coordinates. Momentum equation
Cartesian and spherical coordinates; scale analy.sis, incrliul flow, geosLrophic and gradient winds,
thermal wind. Divergence nnd verticnl moilon Rossby, Richardson, Reynolds and Froude numbers.
Circulation, vorticity and divergence; Bjerkncse circulation theorem and applications, vorticiiy and
divergence equations, scale analysis, potential vorticiiy, stream function and velocity poienlial.
Atmospheric turbulence: Mixing length Iheory, 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, borotropjc and baroclinic instabilities. Atmospheric Energetics:
Kinetic, potential and internal energies - convcnsioii of potential and inlemal energies into kinetic
energy, available potential energy.



6) Numerical Wea(hcr Prediction: compulatioiia) iiislahility, filtering ofsound and gravity waves,
filtered forecast equations, barotropic and equivalent barolropic models, two parameter baroclinic
model, relaxation method. Muhi-layor primitive equation models. Short, medium and long range
weather prediction. Objective anQly.sis; Ihillalizatibn of the data for use in weather prediction models;
data assiiniiatlon techniques, application of satellite in NWP (Numerical Weather Prediction) and
remotely sensed data.

7.) General Circulation nnd Climate Modelling: Observed zonally symmetric circulations,
meridional circulation models, mean meridional and eddy trnnsporl of momentum and energy,
angular momentum and energy budgets; v.onally 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 osciliolion) and
sunspoi cycles. Basic principles of general clrculction modelling; grid-point and spectral GGMs; role
of the ocean in climate modelling; inlcranaual variability of ocean fields (SST, svinds, circulation,
etc.) and its relationship with monsoon, concepts ofocean-atmosphere coupled models.

S) Synoptic Meteorology: Weather ob-servations and transmission, synoptic charts, analysis of
surface, upper air another derivniive chart, stream-lines, isotachs and contour atialysis; lilt and slope
of pressure/weather sy.stcms with height. Synoptic weather forecasting, prediction of \\'ealher
elements such as rain, maximum and minimum temperature and fog; hazardous weather elements
like ihundcrstorms, dustslorms, lomaciocs. Tropical njeteorology: Trade wind inversion, ITCZ;
monsoon trough tropical cyclones, (heir structure and development theory; monsoon depressions;
tropical easterly jet stream; low level jets, Somali jet, wave.s in easterlies; western disturbances; SW
and NE mon.soons; synoptic fcature.s associated with onset, withdrawal, break active and weak
monsoohs and their prediction. Air masses and fronts: sources, origin and classification of air
ma.sscs; and fronts, frontogcncsis and ftontolysis; .structure of cold nnd warm fronts; weather systems
associated with fronts. Extra-tropical synoptic scale features: jet streams, cxtratropical cycione.s and
anticyclones.

9) Aviation Meteorology: Role of meteorology in aviation, wealher hazards associated with take off
cruising and landing, innight- Icing, turbulence, visibility, fog, clouds, rain, gusts, wind shear and
tininderstonns, nowcnsting and very short range forecasting.

10) Satellite Meteorology; Meccorologlcal satellites - Polar orbiting nnd gcosialianary saielliics,
visible and infrared radiometers, miiltlscanner rndiomeiers; identification of synopiio systems, fag
and sandstorms, detection of cyclones, estimation of SST, cloud top icmperanircs, winds nnd rainfall:
tcmperalureand humidity soundings.

fVI) OCEAN SCfENCES

1) Physical Oceanography: T-S diagrams; mixing processes in the oceans; characteristics of
important water massc.s.
Wind generated waves in the oceons; their characteristics; shallow and deep water waves.
Propagation, refraction, and reflection of waves. Wave spectrum, principles of wave forecasting.

Tide-producing rorce.s and their magnitudes; prediction of tides by the harmonic method; tides and
tidal currents in shallow seas, estuaries and rivers. Factors influencing coastal processes;
transTormation of waves in shallow water; eHticls of slratification; effect oF bottom friction,
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phenomena of wavo reflection, refraction .and dintaolion; breakers and surf; littoral currents; wave
action on sediments - movement to boach material; rip currents; beach stability, ocean beach
n'ourishrnenl; harbour resonance; seiches; isunami; interaction of svavcs and structure.
Estuaries: classification and nomenclnlure; tides in estuaries; cstuorine circulation and mixltig; depth
— averaged and breadth averaged models; sedimentation in estuaries; salinity Intrusion in estuaries,
effect of slTatlflcnlidn; coostul pollution; mixing and dispersal of pollufnnts in estuaries and near«
shore areas; coastal zone management.
TIic global wlnd systom; action of wind on ocean surface; Ekmnn"s tlteory; Svcrdrup, Siommcl and
Munk"s tlieorles; upwelling and sinking with special reference to the Indian ocean. Inertial currents;
divergences and convergences; geoslrnpliic nioiion; barotropic and baroclinic conditions; oceanic
eddies, relationship between density, pressure and tiynamic lopogruphy; rclmivc and slope currents.
Wind driven coastal currents; typical scales of motion in the ocean.
"Characteristics of the global conveyor belt circulation and its causes.
Fortnalion of subtropiwil gyres; western boundar)' currents; equatorial current systems; El Nino;
monsoonal winds and currents over the North Indian Ocean; Somali current; southern ocean.
Upwelling process in the Arabian Sea.

2) Chemical Oceanpgrnphy: Composition of semvaler - Classincation of eieiiicnls ha.scd on their
distribution; major and minor elements, their behavior and dieinical exchanges across interfaces and
residence times in scawater.

Element chemistry In atypical conditions-estuaries, liydrothcrmal vents, anoxic basins, HNLC
waters, sediment pore fluid and anthropogenic inputs.
Chemical and biological interactions - Ionic inicracllons; biochemical cycling of nutrients, trace
metals and organic matter. Air-sea exchange of important biogonic dissolved gases; carbon dioxide-
carbonate system; alkalinity and control ofpH; biological pump.

Factors affecting sedimentary deposits-CaCOj, Silicate, Manganese nodules, phosphorites and
massive single deposits.

3) Geological Oceanography: Same topics as under subhead "Marine Geology & palco-
oe e anoaru oh

ill

4) Biological Oceanography; Classification of the marine environment and marine organisms.

Physiorchemical factors affecting marine life - light, temperature, salinity, pressure, nutrients,
dissolved gases; adaptation and biological processes.

Primary and secondary production; factors controlling phytoplankion and zocplankton abundance
and diversity; nekton and fisiierics oceanography; benlhic organlsrn.s; constal^ marine commumties
and community ecology - estuaries, coral reefs and mangrove communities, deep-sea ecology
including liydrotlicrmal vent communities.

Energy flow and mineral cycling - energy irQiisfer and transfer efTiciencies through different trophic
levels; food webs including the microbial loop. . . . .
Human impacts on marine communities; impacts ofciiniate change on marine biodiversity.
Impact ofpollulion oninarinectwironmenis including fisheries.


