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Background

The M. Sc. (Atmospheric Science) Course was intteduby the University of Pune, as a
separate Course vide Circular No 266 of 2005. Wais a self-supporting course.

Atmospheric Science is recognized as a subjediif@c. degree for the UGC/CSIR NET.

Eligibility conditionsfor M.Sc. (Atmospheric Science)

e Any B.Sc./ B.E./ B.Tech. Both Physics and Mathensatshould be subjects at
graduation.

e Minimum percentage of Marks Grade requirement

The candidates should have obtained in aggregéte ®tarks or 3.5 GPA on a 6 point
scale or 5.5 GPA on a 10 point scale.

A relaxation of 5 % marks or 0.5 GPA on a 10 peudle or 0.3 GPA on a 6 point scale
will be considered for reserved candidates whalarriciles of Maharashtra.

Admission rulesfor M.Sc. (Atmospheric Science)
e Ten students will be admitted to each of thesesasithrough entrance examination.

e Reservation of seats will be as per the rules a¥éinity of Pune.

Examination

e A student will have to complete a total of 100 a®details of which are given in the
enclosed course structure

e Each credit will be for 20 marks. 10 marks for thomous assessment and 10 marks for
final assessment.

e Continuous assessment can be done through Semitssighments/ Oral test/ Written
test.

* The final assessment for theory courses will bthenform of written examination for
the whole course.

Backlogs
e The student has to clear at least 50% of the &radithe first year before he can be

allowed to take admission for the second year esurdf the university changes these
rules, then the rules in force will be applicable.
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If the student has a backlog subject then he/shencprove the continuous assessment
marks of that subject only when that subject imtpeaffered in a particular semester
and he/she will be required to register for thaject.

If a particular subject is discontinued or not offit then the student will have to
register for an alternative subject of equal numifecredits in consultation with the
Head of Department.

M. Sc (PPPR)

M.Sc. (PPPR) students from the Indian Institut@mipical Meteorology (IITM), Pune
will be admitted as laid down in the MOU betweenvénsity of Pune and IITM. A
maximum of 10 students may be admitted and theskests will be considered as
sponsored students.

In addition to the sponsored students, anothéudests will be admitted to the M.Sc.
(PPPR) from the recognized institutes through #ewritest. Reservation of seats for
these 6 seats will be as per rules of the UniweddiPune.

The number of courses to be taken, rules of passiveggrades and the number of
attempts etc. for M.Sc. (PPPR) students are afseaboby the university.

Following are the compulsory courses for the M(8&PR) students.

AS-04-T Fundamentals of Earth Sciences
AS-05-T Physical Meteorology

AS-06-T Dynamic Meteorology |

AS-09-T Synoptic Meteorology and Climatology

The remaining courses which are required for cotimqgehe M.Sc. (PPPR)
theory can be chosen from the list of theory cauiggeen on page 4.
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M. Sc (Atmospheric Science)

List of Coursesand Structure

Course No. CourseTitle
AS-01-T | Mathematical, Statistical and Numerical NMats- |
AS-02-T | Mathematical, Statistical and Numerical Methods- Il
AS-03-T | Fundamentals of Physics
AS-04-T | Fundamentals of Earth Sciences
AS-05-T | Physical Meteorology
AS-06-T | Dynamic Meteorology |
AS-07-T | Dynamic Meteorology I
AS-08-T | Meteorological Instruments and Observational Temgines
AS-09-T | Synoptic Meteorology and Climatology
AS-10-T | Cloud Physics and Atmospheric Electricity
AS-11-T | Numerical Weather Prediction
AS-12-T | Climate Sciences
AS-13-T | Atmospheric Chemistry and Air Pollution *

AS-14-T | Space Meteorology *
AS-15-T | Solar Physics *
AS-16-T | Agricultural Meteorology *
AS-17-T | Aviation Meteorology *
AS-18-T | Satellite & Radar Meteorology *

AS-19-L | Laboratory Course |
AS-20-L | Laboratory Course Il
AS-21-P | Project Work |
AS-22-P | Project Work I

T- Theory; L- Lab work; P- Project

All courses, except Project | & Il are of 5 cred®soject | & Il are of 10 credits each.

Each Credit is of 15 hours in the form of Lectur&storials/ Seminars/ Contact hours.

* Optional Courses (One course each fdraBid 4' Semesters)
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Detailed Syllabusfor M.Sc (Atmospheric Science)

| AS01-T: Mathematical, Statistical and Numerical Methods- | |

Mathematical methods (3 credits)

Properties of matrices: Vector spaces, linear dégere and independence, basic properties,
basis and rank of a matrix, symmetric and skew sgtrim} Hermitian and Skew Hermitian,
orthogonal and unitary matrices, homogeneous amdhomogeneous linear simultaneous
eguations and their consistency, Eigenvalues agdnEvectors, Cayley-Hamilton theorem and
its applicationsvarious techniques for computation of inverse ofrioes to find solutions of
non-homogeneous equation, Eigen-values and Eigeiorgeof symmetric as well as non-
symmetric matrices and their applications.

Complex analysis: Differentiable and analytic fiimies, singularity, Taylor's series, Laurent
series, calculus of residue, contour integration,

Vector calculus: gradient, divergence, curl, lineegral, surface integration, Green’s theorem,
Gauss divergence theorem and Stokes' theorem.

Differential Equations: ordinary and Partial Di#etial Equation, classification of differential
equations.

Statistical methods (1 credit)
Measures of central tendency and dispersion, manscatter diagram, least squares method.
Regression equation, coefficients of correlatiod #eir significance, partial and multiple

correlations and their applications, tests of digance, Students’- t, Chi square tests,
ANOVA.

Numerical Methods (1 credit)
Finding roots of Algebraic and Transcendental Eguat by Bisection, Regula Falsi and
Newton — Raphson’s methods, Finite difference sdsgimterpolation: Newton’'s Forward and

Backward Difference, Sterling’s interpolation anaigtange’s Interpolation.

Numerical Integration: Trapezoidal rule, Simpsaly8 and 3/8 rule. Gaussian quadrature.

| AS-02-T: Mathematical, Statistical and Numerical Methods- 11 |

Mathematical Methods (2 credits)

Transforms: Fourier series, Fourier transforms,vobrtion, inverse Fourier transforms and
their applications in solving boundary and initralue problems. Fast Fourier Transforms
Special Functions: Legendre polynomial, Hermite ypomial, Laguerre polynomial,
introduction to Bessel functions.

Pageb of 22



Statistical Methods (1 credit)

Probabilty and statistics: theory of probability darprobability distribution, binomial
distribution and random walk, Poisson and Gausdistnibution and gamma distribution, t-and
chi-square distribution.

Numerical Methods (2 credits)
Numerical solutions of Simultaneous Algebraic Egquet. Generation of random number,
Monte-Carlo technique.

Concept of finite element method, solution of oedindifferential equation, Euler method,

Taylor series, Runge Kutta method, solution ofiphdifferential equations, elliptic equations.
Approximation of function by cubic spline, harmomicalysis, spectral analysis, use of filters.

Booksfor AS-01-T & AS-02-T

=

. Partial differential equations of Mathematichygpics, Vol. 1 by A.N. Tychonov
and A.A. Samarski (S. Radding Holdenday Inc.)

. Numerical Analysis - the mathematics of compytiiol. 1 and 2, W.A. Watson,
T. Philipson and P.J. Oates (Edward Arnoldlieation).

. Time Series Analysis and Forecasting O.D. Asale(Butterworths Publication)

. Numerical Methods in Engineering by Mario Glv@dore and M.L. Baran.

. Applied Mathematics for Scientists and Engindr®ipes

. Partial Differential Equations by Ralston andfWi

. Numerical Methods used in Atmospheric Models WRBARP-17.

. Dynamic Meteorology and Numerical Weather Prsaicby G.J. Haltiner and
R.T.Williams, John Wiley and sons,

9. Numerical Analysis by Shastri

N
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| AS-03-T: Fundamentals of Physics |

Classical Mechanics (1 credit)

Basic Principle of Classical Mechanics,Lagrangiad Blamiltonian Formalism, Conservation
Theorems and Symmetry Properties. Central Force Bady Problems, Rotating Frame of
Reference, Effect of Coriolis Force, Small Oscitiat, Rigid Body Motion, Eulerian Angles,
Wave Motions: Wave Equation, Phase Velocity, Gr¥ighocity, Dispersion, Special Theory
of Relativity,Lorentz Transformation.

Quantum Mechanics (1 credit)

Wave Particle Duality, Heisenberg’'s UncertaintynBiple, Schrodinger Equation, Particle in
Box, Harmonic Oscillator, Potential Barrier, Hydesg Atom, Orbital Angular Momentum,
Angular Momentum Algebra, Spin, Addition of Angul&omentum, Time independent
Perturbation

Atomic and Molecular Physics (1 credit)
Quantum States of an Electron in an Atom, Hydrogtam Spectrum, Spin Orbit Coupling,
Fine Structure, Spectroscopic Terms and SelectialesdR LS and JJ Coupling, Zeeman,
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Paschen Beck and Stark Effects ,X-rays, ComptoacEfPrinciples of ESR, NMR, Emission
and Absorption Spectroscopy, Rotational and Vibral Spectra, Raman Spectra,

Electrodynamics (1 credit)

Basic principles of electrostatics and mangetasgattaraday’s Law, Maxwell’s displacement
current, Maxwell’s equations, Scalar and vectoeptals, Gauge Invariance, Wave Equations,
Poyntings Theorem ,Conservation Laws.

Electronics (1 credit)

Physics of Semiconductor, Physics of P-N Junct@mer Diode, Transistor, OR,AND,NOT
Gates, Feed back Amplifiers, Operational Amplifiargl its Applications, Digital Ic’s, NAND,
NOR and XOR Gates, Flip flops, Counters ,Decodensoders.

Books:

. Classical Mechanics By Rana Joag

. Classical Mechanics By Herbert Goldstein

. Classical Mechanics: systems of particles anaili@anian dynamics By Walter Greiner

. A Text Book Of Quantum Mechanics By Mathews Vatekan

. Introduction to Quantum Mechanics By Henrik $mit

. A Textbook of Quantum Mechanics By Arora M.G

. Atomic and Molecular Spectra by Rajkumar

. Atomic Physics By Wolfgang. Finkelnburg, GeoEyeBrown

. Inroduction to Electrodynamics by Griffiths

10. Classical electrodynamics By T. Tsang

11. Integrated Electronics : Analog and Digitalddit and System by Jacob Millman,Christos
C Halkias

12. An Introduction to Electronics By J. (John) Wand

OCoO~NOOUID WNPE

| AS-04-T: Fundamentals of Earth Sciences |

Fundamentals of Atmospheric Sciences (1 credit)

Elementary concepts of weather and climate; eanthrslationship; structure and composition
of the atmosphere; Atmospheric pressure, tempesawind, relative humidity, solar and
terrestrial radiation, clouds, different forms ofegipitation; diurnal variation of surface
pressure and variation of pressure with heightrndilvariation of surface temperature and
variation of temperature with height; Categorizatiof wind: squall, land and sea breeze,
katabatic and anabatic winds, winds associated stillms, gustiness, gale, Beaufort scale,
Buys-Ballot's law, geostrophic wind; basic ideageheral circulation.

Fundamentals of Earth Sciences (2 credits)

Earth as a planet of the solar system: origin amdrmal structure, physical and chemical
characteristics of the internal zones, crustal $ygachaean shields and Cratons, heat flow
and temperature gradient. Types of rocks, majorstitmient minerals and their (chemical)

composition, stability of minerals, climatic beleffect of climate on processes of weathering
and erosion, sediment cycle, radioactive mineraigl aating methods, palaeoclimate,
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guaternary ice age, factors affecting sea levd, Isgel changes, with reference to India.
Geological time scale; Space and time scales algss®es in the solid Earth.

Geomagnetism, magneto-stratigraphy, palaeomagnettsmvection current, geodynamics,
continental drift, sea floor spreading, plate teats, drift of the Indian subcontinent; belts of
compressional and tensional stres&szsic concepts of seismology and internal structdirdhe
Earth, seismicity and volcanism, subduction zone, Benipfine and island arcs, polar
wandering, permanence of continents and ocean dasiternal structure, constitution and
magnetism of planetary bodieSoncepts of stress and strain. Behaviour of rocideu stress;
Folds, joints and faults. Earthquakes — their causeasurement and prediction. Himalayan and
stable continental region earthquakes, reservaiudgad seismicity; seismic hazards; earthquake
prediction.

Fundamentals of Ocean Sciences (2 credits)

Dimension of the oceans, geographical featurestiosfmporal variations of temperature,
salinity, density and oxygen. Formation and classiion of water masses. T-S diagram.
Water masses of the ocean, mixing processes ioctens.

General aspects of Ocean currents and circulatioportant current systems, thermohaline
circulation and the oceanic conveyor belt, Coria@ifect and Ekman spiral. Convergence,
divergence, upwelling and sinking. Biological protuity in the oceans, General circulation
of ocean.

Ocean waves, their generation and propagation, Wgaherated waves and their
characteristics; shallow and deep water waves.d@atmpn, refraction, and reflection of waves.
Wave spectrum, principles of wave forecastistprm surges and tsunamis, Tides and tide
generating forces. prediction of tides by the harmanethod; tides and tidal currents in
shallow seas, estuaries and rivers.

Oceanic boundary layer : Sea surface temperatueedvilayer, Thermocline, Upwelling,
Penetration of Solar Radiation, Turbidity, Wavewe® and Currents induced by wind, Kelvin
and Rosshy waves — Fresh water flux- Salinity wenmain the vertical.

Sverdrup, Stommel and Munk’s theories; upwelling aimking with special reference to the

Indian ocean. geostrophic motion; barotropic anedaic conditions; oceanic eddies, Wind

driven coastal currents; typical scales of motionthe ocean. Characteristics of the global
conveyor belt circulation and its causes. Equatarurrent systems; monsoonal winds and
currents over the North Indian Ocean; Somali currémdian Ocean Dipole.

Booksfor ATM-04-T
1. Atmospheric Sciences: An introductory Surveyliyl. Wallace and P.V. Hobbs,
Academic Press.
. Atmosphere, Weather and Climate by R.J. Bard/RuG. Chorley (Methuen Publication)
. General Climatology by Critchfield
. An Introduction to Meteorology by S. Pettersen
. The Monsoons by P.K. Das ( National Book Trustja)
. Tropical Meteorology by T.N. Krishnamurti
. Tropical Meteorology by H. Reihl (McGraw-Hill ).
. Tropical Meteorology ( Revised Edition)Vol 1,2,by G.C. Asnani
. Planet Earth- Cosmology, geology and the ewvarudif life and environment,
A. Emilianic, Cambridge University Press.

OCoO~NOULPE,WN
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10. Encyclopedic Dictionary of Applied Geophysigéeriff R.E., Society of exploration
geophysics, USA.

11. Isostasy and Flexure of lithosphere, Watts Ad&mbridge University Press.

12. Earthquakes, Bolt B.A., W. H. Freeman and CamgpBlew York.

13. Manual of Geology (Vol. | and Il), Dana J.D., Akaslep Publishing House.

14. A text book of general & engineering Geologypra D.S., Mohindra Capital
Publishers.

15. Earths Deep Interior by D.J. Crossley

16. The Oceans, their Physics, Chemistry and GeBaxtogy by H.U. Sverdrup

17. Principles of Physical Oceanography by G. Neum& WJ Pierson, Jr.

18. Descriptive Physical Oceanography by G Dietrich

19. Physical Oceanography Vol | & Il by A. Defant

20. Ocean Currents by G. Neumann

21. Principles of Ocean Physics by J.R. Apel, Acaidd’ress.

22. Atmospheric Ocean Dynamics A.E. Gill, Academiess.

| AS-05-T: Physical Meteorology |

Equation of state for dry and moist air, Humiditgr&@meters, Virtual Temperature, Laws of
thermodynamics, Entropy, Potential Temperature,u®®se adiabatic Process, Equivalent
Temperature, Equivalent Potential Temperature, Sdlsu— Clapeyron Equation, Hydrostatic
equation and its application, Stability and Indighi Thermodynamic Diagrams: o, —
diagram, Emagram, T¢ gram. Uses of thermodynamic diagrams, Precit&dhter Vapor,
Rate of Precipitation, Role of Convective AvailaBletential Energy (CAPE) and Convective
Inhibition Energy (CINE) in thunderstorm developrhen

Radiative Transfer in the Atmosphere- Temperatdrthe Sun and spectral distribution of
solar radiation, long wave radiation, black bodgdiation, budget of radiation energy.
Passage of solar radiation through the athmgp Atmospheric Windows, emissivity,

Absorption spectra of atmospheric gases, opyictlick and thin approximations, aerosol
scattering. Terrestrial radiation and its passtgeugh the atmosphere. Rayleigh and Mie
scattering.

Booksfor ATM-05-T

1. Introduction to Theoretical Meteorology By 3Hess,

3. Physical Meteorology By H.G. Houghton.

4. Atmospheric Sciences: An introductory Survey Bi. Wallace and P.V. Hobbs,
Academic Press.

5. An Introduction to Atmospheric ThermodynamicsA. Tsonis , Cambridge

6. Physical Meteorology by J.C. Jhonson

7. An Introduction to Atmospheric Radiation ByIK. Liou , Academic Press.

| AS-06-T: Dynamic Meteorology -I |

Fundamentals (3 credits)

Continuum Hypothesis, Lagrangian and Eulerian faofeeferences, velocity
potential, stream function, two dimensional poi@rftows, Bernoulli’'s equation.
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Equations of motion in spherical co-ordinates, tintaframe, Coriolis force, quasistatic
approximation. Energy and angular momentum conmsigtef quasi-static
approximations, Scale Analysis, Rossby number, fdattio-ordinate System,
Trajectory and Stream lines Blatons Equation, kaddrflow- Geostrophic Flow, Inertial
Flow, Cyclostrophic Flow and Gradient Flow. Equasaf continuity in spherical and
cartesian co-ordinates. Thermodynamic energy emua@iressure as vertical co-ordinate
and Basic equations in Isobaric Coordinates. Géredavertical co-ordinates.
Differential Properties of wind Fields Translatiddiyergence, Rotation and
Deformation., Differtial equation for stream linésrtical Variation of Winds Thermal
Wind , veering and backing, hodograph KinematicBm&ssure Fields: Intensification
and Weakening: Deepening and Filling.

Basic equations: inertial and non-inertial framegsgure gradient force, gravitational force,
viscous forcecentripetal and Corolis forcegquation of motion in rotating coordinates, in
tangential local coordinate system, in sphericalrdmate system and in isobaric coordinate
system, scale analysis of the equation of motioernhodynamic energy equation and equation
of continuity, vertical velocity. Geopotential, egotential surface, hydrostatic equation and
hydrostatic equilibrium.

Circulation and vorticity (2 credits)

Circulation, vorticity, divergence, Stokes Theorddnergence Theorem , Circulation
theorems — Kelvin’s Theorem and Bjerknes Theorethagplications of Circulation
theorems — Sea Breeze and Land Breeze; General&ion. Solenoidal Vector,
Barotropic and baroclinic fluids. Helmholtz theoréwon split of horizontal wind vector.
Vorticity and divergence equations, Scale AnalyBeance Equation, split of vorticity
and divergence equations into rotational and itiatal terms.

| AS-07-T: Dynamic Meteorology -1 |

Atmospheric Instability, Perturbation Theory & Atmospheric waves (2 credits)

Atmospheric Instabilities: Dynamical Instabilti€arotropic Instability, Baroclinic
Inertial instability, Necessary condition of Bamic and Baroclinic instability.
Combined Barotropic and Baroclinic Instability. Kl - Helmholtz Instability.

Perturbation Theory, Wave motion in general, Atniesfc waves, Phase velocity, Group
Velocity, Dispersion, Sound waves, Gravity wavegriial Waves Rossby waves,
Haurwitz Rossby waves, Mountain waves, Lee wavegidhary planetary waves.
Momentum and energy transports by waves in thebotal and the vertical. Log-
Pressure Coordinate System, Equatorial Beta plapeokimation. Atmospheric Kelvin
and Mixed Rossby Gravity Waves.

General Circulation (1 credit)
Observed zonally symmetric circulations, meridiotiatulation models, mean meridional and
eddy transport of momentum and energy, angular maume and energy budgets; zonally
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asymmetric features of general circulation; stagddddies; east-west circulations in tropics,
Maintenance of zonally mean circulation and eddi¢slker circulation.

Basic principles of general circulation modellirggid-point and spectral GCMs; role of the
ocean in climate modelling; interannual variabildf ocean fields (SST, winds, circulation,
etc.) and its relationship with monsoon, conceptscean — atmosphere coupled models.

Atmospheric Boundary Layer (2 credits)

Structure, evolution and properties of atmosphbaandary layer. Convective, neutral and
stable boundary layers. Surface boundary layeracienistics. Eddy transport of heat, moisture
and momentum, Mixing length theory. Boundary laygbulence.

TKE Budget, stability concepts, Richardson numi@shukhov length. Governing equations
in planetary boundary layer, closure problem. Ekmager. Internal boundary layer,
Techniques for evaluation of turbulent fluxes ofomentum, heat and water vapour. Surface
energy balance.

Booksfor AS-06-T & AS-07-T
. An Introduction to Dynamic Meteorology By JIRolton, Academic Press.
. Dynamic Meteorology By Askel Wiin Nelson, WMO [Bligation.
. Introduction to Theoretical Meteorology By SHess,
. Dynamic and Physical Meteorology By G.L. Haltiaed F.L. Martin,
Mc Graw Hill.
5. Ceasless Wind by Dutton
6. Weather Forecasting Vol | and Il by S. Pettersen
8. The Physics of the Atmosphere by Houghton
9
1
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. Tropical Meteorology by T.N. Krishnamurti
0. The Physics of Monsoons R.N. Keshava MurthyMrfshankar Rao,
Allied Publishers, 1992.
11. Tropical Meteorology - ( Revised Edition)Vollland 11l By G.C. Asnani,
12. The Monsoons by P.K. Das ( National Book Trlrstja)
13. Atmospheric Waves by Tom Beer
14. A course on Dynamic Meteorology, by N. Pandshn
15. The Atmospheric Boundary Layer By R.M. StewdrMO-523.
16. Micro meteorology By O.G. Sutton.
17. Micrometeorology by S.P. Arya, Academic Press
18. Atmospheric Boundary Layer Flows: Their Struetand Measurement. By J. C. Kaimal
and J. J. Finnigan, Oxford University Press.

| AS-08-T: Meteorological | nstruments and Observational Techniques |

Surface and Upper Air Observations (2 credits)

General principles of surface meteorological meame@nts, accuracy requirements, siting of
an observatory, exposure requirements, observatigmacedures. standard times of
observations. Conventional and self recording mmessents of pressure, temperature,
humidity, wind speed and direction, sunshine daratiradiation, precipitation, visibility,
clouds, soil temperature and soil moisture, evapmra Measurement of sea surface
temperature and other ocean parameters.
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Upper air pressure, temperature, humidity andidwmeasurements: pilot balloons,
radiosonde, dropsonde, ozonesonde, radiometersdaB&sonde

Surface based Remote Sensing observations (2 credits)

Working principle and applications of LIDARS, SODARWeather RADARS, Wind Profiler,
radio-acoustic sounding systems (RASS), DoppleaddST Radar, Microwave radiometer.

Fundamentals of Satellite Meteorology (1 credit)

Satellite orbits and attitude: principles of satellmotion, Kepler's laws, orbital elements,
satellite attitude and its control, types of orptdar and geostationary, earth- and sun-
synchronous, orbit optimization, viewing geometaynch vehicles and spacecrafts.

Meteorological satellites, multi-scanner radiomei@nd their applications in the observation of
weather parameters.

Books:

1. Probing the atmospheric boundary layer ,By .éhschow

2. Instruments and Techniques for probing the apimesc boundary layer
By D.H. Lenchow.

. Guide to Meteorological Instruments and methibobservation WMO-8,

. Meteorological Instruments By W.E.K.Middletand A.F. Spilhaus,

. Applications of Remote Sensing to AgrometeorglByg F.Toselli, (Kluwer)

. Radar Meteorology by L.J. Batton

. Theory of Satellite Orbit in the Atmosphere bipnéHele

. Weather Satellite by L.F. Hubert

. Meteorological Satellite by W.K. Widger

10. Satellite Meteorology - WMO Technical Notes N84 and 153.

11. Satellite Meteorology, by R.R. Kelkar
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| AS-09-T: Synoptic Meteorology and Climatology |

Synoptic Meteorology & Climatology (3 credits)

Introduction to synoptic meteorology, scales of thea systems, synoptic weather
observations, network of observatories; surfac@eumir and special observations; satellite
and radar observations.

Rrepresentation and analysis of fields of metegiold elements, synoptic charts, analysis of
surface and upper air charts, stream-lines, isetasid contour analysis; tilt and slope of
pressure/weather systems with height. Synoptic veeatorecasting, prediction of weather
elements such as rain, maximum and minimum temperaand fog; hazardous weather
elements like thunderstorms, duststorms, tornadoes.

Extra-tropical meteorology: air masses- charadiesisprediction and modification; fronts and

frontolysis, Margule’s formula, structure of coéthd warm fronts and polar-front theory.
Extra-tropical cyclones and anti-cyclones, westksturbances, frontal and baroclinic models,
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Jet stream: polar front jet, sub-tropical jet, toap easterly jet, polar night jet, characteristic
features of various jet streams, theories of foromatveather development, cloud and clear air
turbulence (CAT).

Definition of climate, physical factors of climatearth-sun relationship, ecliptic and equatorial
plane, rotation of the earth, seasons, climatidrots1 Physical climatology: solar radiation,
terrestrial radiation, heat, energy and water lwaarevaporation and evapotranspiration.
Climatic classification: Methods of Koppen.

Radiation climatology of the earth's atmospheregggphical and seasonal distribution of
incoming solar radiation, outgoing radiation, neadiation, terrestrial heat balance.
Geographical and seasonal distributions of tempe¥apressure, wind, evaporation, humidity,
fog, clouds, precipitation and thunderstorms. \éattidistribution of temperature and winds.

Latitudinal distribution of surface temperatureggsure, wind, cloudiness and rainfall in
January and July; upper air climatology during eirand summer. Climate of the continents:
Asia, Africa, Australia, Europe, North America aBduth America, Arctic and Antarctic.

Indian climatologyClimate zones of Indigyressure, wind, temperature and rainfall distriouti
during the four seasons. Western disturbances thogderstorm, hail, cold waves, subtropical
jet stream, south-west and north-east monsoonyactten of low and high latitude
disturbances.

Tropical Meteorology (2 credits)

Tropical Meteorology: Hadley cell, trade winds, atprial trough, tropical convection, tropical
precipitation and its spatial and temporal varmatid CZ, easterly waves, convective systems,
tropical cyclones-their structure and developme@tay's parameter, CISK, waves in
equatorial atmosphere, tropical easterly jet stream

Pre-monsoon: cyclonic storms, tracks, and freq@sndog, dust-storms, nor'westers, heat
waves, pre-monsoon thunderstorms.

Monsoon: SW and NE monsoons; monsoon over Asiatralissand Africa; monsoon trough,
onset and advance of monsoon, active and breakaoonstrong and weak monsoon, synoptic
features associated with onset, withdrawal, breefivea and weak monsoons and their
prediction. monsoon trough, Tibetan anti-cyclonésbore vortices and trough, low level jet,
Mascarene high, monsoon depression, mid-tropospbgcione, floods and draughts, westerly
disturbances and their influence on monsoonal laticun, withdrawal of monsoon.

Post monsoon: cyclonic storm- tracks, frequencytheast monsoon circulation and rainfall.

Madden-Julian oscillation(MJO), Elnino and South®&scillation (ENSO), quasi-biennial
oscillation (QBO).

Books:

1. Tropical Meteorology Vol. | & Il by G.C. Asnani

2. Synoptic Meteorology by M.Kurz

3. WMO Training Manuals for class | & 1l, WMO (Pudztions)
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4. Climates of South Asia by G.B. Pant & K. Rupalkum

5. IMD Forecasting Manuals and Reports, IMD (Pudilmns)

6. General Climatology by H.J. Critchfield

7. An introduction to climate by G.T. Trewartha

8. Physical Climatology by W.D. Sellers

9. World Survey of Climatology by H.E. Landsbergl(E

10. World Climatology — An Environmental Approach hG. Lockwood
11. Survey of Climatology by J.F. Griffiths & D.NDriscoll

12. South West Monsoon by Y.P Rao

13. Monsoon Meteorology by C.P. Chang & T.N. Krigturti

14. Cloud Dynamics by R.A. Houze Jr.

15. Tropical Cyclones, their evolution structurel &ffect by R.A Anthes
16. Meteorology over the Tropical Oceans by D.Bah

17. Mesoscale atmospheric circulations by B.W. Adkin

18. El Nino, La Nina and the Southern OscillatigndaS. Philander

| AS-10-T: Cloud Physics and Atmospheric Electricity |

Cloud morphology

Warm Cloud Microphysics (Homogeneous and Heterogeseaucleation, Kohler theory,
CCN, Collision and Coalescence Process, Formafioair).

Cold Cloud Microphysics (Ice Nucleation, Hail fortiwa, Bergeron-Findeisen Process.)

Structure and Dynamics of different cloud systerSballow layer clouds, Nimbostratus,
Cumulus clouds, Thunderstorms and Tornadoes, Ideale convective systems, Clouds in
Hurricanes and cyclones, Orographic Clouds.

Cloud Seeding experiments.

lons and electrical conductivity, Fair weather #ietty, Electrical currents in the atmosphere,
Global Electric Circuit.

Electrical structure of storms, Theories and expernits on Cloud Electrification.
Lightning discharges and mechanism,

Lightning Electric fields, lightning location sysbe.

Upward lightning and sprites.

Nitrogen fixation by lightning.

Books:

Cloud Physics, By R. R. Rogers

Cloud Dynamics, By Robert A. Houze

Atmospheric Sciences: Introductory Survey, By JWallace and P. V. Hobbs
Microphysics of Clouds and Precipitation, By H.HFRuppacher and J. D. Klett
The Physics of Clouds, By B. J. Mason

A Short Course in Cloud Physics, By M. K. Yau.

Lightning, By M. A. Uman

The Electrical Nature of Storms, By McGorman ansiR

9. Atmospheric Electricity, By J. A. Chalmers

N~ WNE
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10. The Earth’s Electrical Environment, National AcageRress, USA

11.  Atmospheric Electrodynamics, By H. Volland

12. CRC Handbook on Atmospherics, Ed. H. Volland

13.  Lightning: Physics and Effects, By Vladimir A. Rakand M. A. Uman

| AS-11-T: Numerical Weather Prediction |

Numerical weather prediction 3 credits

Historical Background, Filtering of sound and gtgvivaves, Finite difference schemes,
Explicit, Implicit and Semi Implicit Schemes, CFLitria and Stability Analysis, Staggered
grid, Nonlinear Instability and Aliasing, Arakawacbbian, Relaxation methods, Barotropic
Model, Equivalent Barotropic Model, Two level Baliaec Model, Primitive Equation Models
in sigma coordinate system, Spectral and finitenel® models, Boundary Conditions and time
integration.

Parameterization & data assimilation 2 credits

Parameterization of subgrid scale processes-bamicepts, Cumulus Parameterization, radiation
parameterization and PBL parameterization; Objectinalysis and InitializatieBasic Concepts.
Data assimilation techniques, application of si¢e#ind remotely sensed data in NWP.

Books:

1. An introduction to Dynamic Meteorology by J.Roltdén, Academic Press.

2. Numerical Methods used in Atmospheric Models WHBARP Series No.17

3. Numerical Weather Prediction and Dynamic Mettagy by G.J. Haltiner and R.T.
Williams, (John Wiley and Sons, New York)

4. Parameterization of subgrid scale processes WAWBP, Series No. 8.

5. Numerical Weather Prediction by P.D. Thompson

| AS-12-T: Climate Sciences |

Climate Change & Variability (2 credits)

Overview of the climatic history of the earthorlg term changes (Climate of Past century,
past millennium, past glacial period). Methods efedmining past climate. Possible causes of
climate change- External (Milankovitch variatiordg®olar activity) and Internal (natural and
anthropogenic General idea of internal dynamical processeb@Btmosphere, oceanic
processes, Cryospheric processes, land procesaes hpact on climat&reenhouse gases
and global warmindpasic radiation processes. Climate feedback mesmani

Climate predictability, future climate, potenti@rnsequences, International efforts to minimize
climate change and their effects. Indian scenario.

Climate variability and forcings; feedback processew frequency variability.

Climate Modélling (2 credits)

Definition of Climate Models, Simple climate modél— D & 1 — D climate models, Energy
balance models and sensitivity studies, Radiatiav@otive model. Two dimensional climate
model. General Circulation Climate Models- Dynamasl Physics of General Circulation
Climate Model.Coupled ocean-atmosphere systeir;sea interaction omifferent space and

time scalesSimple Ocean-Atmosphere coupled models.
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Seminar: Recent developments in Climate Research (1 credit)

Books:

1. Physical Climatology by W.D. Sellers

2. Foundation of Climatology by E.T. Stinger

3.Climate-Past, Present and Future Vol-l1 and ILaynb

4. An Introduction to Climate by G.W. Threwartha

5.The nature and causes of climate change by Gedeailtikaf and Davies
6. Science of Climate Change IPCC, Cambridge

7. IPCC assessment reports

8.Climate of South Asia by G.B. Pant and Rupa Kumar

9. Climate System Modelling by Trenberth K.E.

10.The Physical Basis of Climate and ClimateModgHiWMO-GARP, No. 16
11. Three Dimensional Climate Modelling by Washargand Parkinson.
12.Climate Modelling Primer Henderson Sellers ara=Mffie

| AS-13-T: Atmospheric Chemistry and Air Pollution |

Atmospheric Chemistry (3 credits)

Evolution of the earth’s atmosphere. Nitrogen, logén halogen, sulfur, carbon-containing

compounds in the atmosphere, other atmospherictitgrgs. Oxygen and carbon budgets.

Half-life, residence time and renewal time of cheais in the atmosphere, spatial and temporal
scales of variability. Present chemical compositadnthe atmosphere close to the earth’s
surface and their variation with height, units fohemical abundance. Chemical and

photochemical processes, Tropospheric chemicaksychrbon cycle, nitrogen cycle, sulphur

cycle. sulphur in the stratosphere

Total amount of ozone, Geographical and tempeaigations of total ozone, Measurement
techniques. Photochemical theory of ozone. @@ of the ozone layer, sources and sinks
of tropospheric and stratospheric ozone, Man'su@nfte on stratospheric o0zone,

chlorofluorocarbons. ozone and UV-radiations. Utpbed stratospheric ozone, Umkehr
effect, anthropogenic perturbations to stratospheric ozbeteorological processes affecting

tropospheric and stratospheric ozone, Ozone dstnuoy NO. Antarctic ozone hole.

Atmospheric aerosols: Concentration and size, gsyum@nd transformation, residence times of
aerosols, geographical distribution and atmospheffiects. Stratospheric aerosols. Overview
of different aerosol measurement techniques. Atime@sp transport behavior, Aerosol
Dynamics: Nucleation, Condensation and Coagulatadiation Properties.

Air pollution (2 credits)

Natural and anthropogenic pollution, Sources ofiagogenic pollution, primary and
secondary pollutants. Atmospheric effects- smoigl &n, visibility. Air pollution
measurements. Ambient air quality standards,bil8taof atmosphere and its influence on
pollutant dispersion, Effects of source cguafation, Plume rise, Line sources, Area
sources. Air Quality Modelling - Lagrangian dadlerian modeling concepts, Gaussian

Pagel6 of 22



Plume model for continuous sources, Point, lane Area Sources; Receptor Modelling and
source apportionment; Recent advances in aiufpai modelling.

Books:

1. Introduction to Atmospheric Chemistry by P.V.liths

2. Atmospheric Chemistry and Physics : From Airléran to Climate Change
by John H. Seinfeld, Spyros N. Pandis

3. Chemistry of the Upper and Lower Atmosphere aybRra J. Finlayson-Pitts, Jr.,
James N. Pitts.

4. Chemistry of Atmospheres by Richard P. Wayne.

5. Air Pollution Meteorology and Dispersion. byF&l Arya

6. Micrometeorology, by O.G.Sutton

7. Atmospheric Diffusion. by F.Pasquill

8. Plume Rise, by Briggs.G.A

9. First Principles of Meteorology and Air Pollutidoy Mihalis Lazaridis

10. Aerosol Technology: Principles, Behavior & Ma@snents of Airborne particles,
By W.C. Hinds, Wiley, NY 1982
11. Smoke Dust and Haze, by S.K. Friedlander, Qixtdmiv. Press, 2000.

| AS-14-T: Space Meteorology |

Earth as a magnet: magnetic field of the eartlpsphere, Van-Allen radiation belts,
plasmasphere, magnetosphere

Sun as a magnet: solar corona / solar wind, solgutige phenomena, filament eruptions, solar
flares shocks & energetic particles, types of sefad (slow & fast), Co-rotating Interaction
regions (CIRs), coronal holes, Coronal Mass EjestiiCMES), techniques of observations of
CMEs, CME models, observational signatures.

Space Weather studies: Propagation of CMEs inRheddium, ICMESs, magnetic clouds,
estimation of arrival time of CMEs, interplanetagintillations, interaction of solar wind with
earth's magnetosphere, magnetic reconnection, ggmwna storms.

Implications of Space weather effects: Effect aielite electronics, satellite charging, satellite
drag, heating of the neutral atmosphere, auroeatrét currents in the ionosphere, plasma
irregularities, induced currents on the groundg@fbn radiowave propagation, effect on
communications and navigational outages, effectgower grids, Space Radiation Protection.

Solar Effects on Stratosphere.

Books:
1. Space Weather: Physics and Effects, By Volker Bethamd I.A. Dagliz, Springer.
2. Solar Terrestrial Environment: Introduction to Gease, By J.K. Hargereaves,
Cambridge University Press.
3. Introduction to Space Physics, By Margaret G. Kgeael and Christopher T. Russell,
Cambridge University Press.
4. Sun, earth and Sky, By Kenneth Lang, Springeragerl
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5. Secrets of the sun, By Ronald Giovanelli, Cambridgerersity Press.

6. Beginners guide to Sun, By Peter Taylor and Nanegdfickson, Kalmbach
Publishing Company.

7. Atmospheric Environment by T. Beer

| AS-15-T: Solar Physics |

Composition and structure of sun, Solar interizat aeismology, Sunspots and solar rotation,
Solar Cycle,

Magnetically controlled solar phenomena, Magneslds in solar interior and flux emergence.
Photosphere, Chromospheres and Coronae

Solar Flares and Coronal Mass Ejections

Solar Corona and Solar Wind - Optical, radio anth)(-data

Sun in radio wavelength- solar radio bursts, neteems

Sun in X-ray wavelength-

Data from recent satellites: GOES, SOHO, STERH®D Setc.

Books:
1. Solar System Astrophysics, By J. C. Brandt and PH@dge
2. The Magnetic Field of the Earth, By Roland T. MigrMichael W. McElhinny, Phillip L.
Mcfadden, A.P.
3. Earth’s Magnetospheric Process, Ed. B. M. McCorracReidel Publishers
4. Physics of the Magnetosphere, Eds. R. L. Corowllan T. McCaulley and H. Radosky,
D. Reidel Publishers
5. Solar System Plasma Physics, Vol. |, Il and llIsE@. F. Kennel, L. J. Lanzenrutti and
E. N. Parker
Solar Terrestrial Physics, Ed. E. R. Dyer, D. ReRIgblishers.
Physics and Chemistry of Solar System, By JoHre®is
The Sun by Michael Stix.
. Lectures on Solar Physics by H.M. Antia, A. Bhatmadp. Ulmschneider
10 Physics of Solar Corona by Markus Aschwanden
11.Sun from Space by Kenneth R. Lang
12.Dynamic Sun by B.N. Dwivedi
13.The sun and Heliosphere as an Integrated sysie® Poletto & S.T. Suess

© 00N

| AS-16-T: Agricultural Meteorology |

Influence of weather and climate on agriculturepdmant agro-meteorological parameters,
their diurnal and seasonal variations and theie roi plant growth, evaporation and
evapotranspiration, soil temperature and soil moést Concept of Growing Degree Days
(GDD), agromet observation networks, Application$ Bemote sensing techniques.
Importance and scope of Agricultural Meteorology.

Agricultural droughts — classification, floods, hailew, frost Protection against weather

hazards; shelter belt and windbreaks, frost prmtectrrigation. Effect of weather elements on
the outbreak and spread of diseases and pestsastirgy of pests and diseases.
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Agroclimatic classifications, Rainfall Climatolodyr Agricultural planning, Effect of rainfall
aberration on crops, Dependence of agriculturadlgeton in India on monsoon, agricultural
season of India, sowing dates, Moisture Availapilitdex (MAI), agroclimatic normals for
field crops. Drought monitoring and planning

Meteorological factors affecting crops; photoswsil, photosynthetically active radiation
(PAR), influence of CO2 concentration variationsphrotosynthesis, Effects of temperature
and moisture in plant growth. damage due to fregt@mperature and high temperature for
crops, soil temperature and crop yield, Soil moestwater stress and plant development.

Crop yield forecast model, modeling crop growth anafduction. Agricultural weather
services, agrometeorological forecasting. Impattdimate change and variability on
agricultural crops and production, adaptation.

Books

1. Agrometeorology: Principles and Applicationgddimate Studies in Agriculture.
By Harpal S. Mavi and Graeme J. Tupper

2. Food Products Pregsn Imprint of The Haworth Press, Inc., New York

3. Hand book of Agricultural Meteorology. Edited byhn .F.Griffiths

4. Drought Management on Farmland by J.S Whitmé&ilewer Academic Publisher

5. Introduction to Agrometeorology by H.S.Mavi

| AS-17-T: Aviation Meteorology |

Meteorological organization for aviation in Indlaternational Civil Aviation
organization, Meteorological broadcasts for aertinalpurposes,
Meteorological support for Air traffic services;

* Pilot briefing and flight documentation, Aviatioreather forecast and warning services,

Aviation weather codes and practices

» Elements of air navigation and pressure patteindlyAltimeter setting Procedures. QFE,
QFF and QNH

* Effects of weather on aircraft flights: Aircraft@dents and their investigations.

» Detection of Low Level Wind Shear, Microburst, Girsint, Turbulence (eddy dissipation
rate) and Icing probability

* Preparation of meteorological documentation fdrginf

* Preparation of METAR, SPECI and TREND, TAF and SIEMorecasts

* Interpretation of meteorological Radar data fomatieh applications

* Interpretation of weather satellite data for ustin applications

 Preparation of a Significant weather chart from atinal model forecast

outputs received on internet

Books:

1. Handbook of aviation meteorology. Meteorologi©diice, Great Britain
2. Meteorology and Flight: A Pilot's Guide to WeathTom A. M. Bradbury
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3. Manual of Aviation Meteorology, Airservices Atadta, 2007
4. Aviation Weather, FAA Guide

| AS-18-T: Satellite & Radar Meteorology |

Satellite M eteor ology
Remote Sensing, Principles of Remote Sensing, Agipdin in Meteorology, Introduction to
Satellite Meteorology including Orbital Mechanics.)

» Meteorological Satellites, Polar Orbiting, Geosta#iry satellites, Current and future
meteorological satellites of the world. Payloadsveteorological Satellites, NOAA,
INSAT -3D, Metop.

* Processing of data from Imagers, INSAT Meteorolabigata Processing System (IMDPS).
Generation of images in various channels. Retrseeohineteorological products from the imager
data including water vapor. Atmospheric motion vest Sea Surface Temperature and Upper
Troposphere Humidity (UTH), Outgoing Long wave Rattin (OLR), Quantitative Precipitation
Estimates (QPE), Rainfall, Fog, Minor atmosphednstituents/aerosols/ Fire /smoke,
Enhancement techniques, Gray scales, Pseudo Qudges.

* Principles of Sounding, Processing of data fromalrgfd and Microwave Sounders. Retrieval of
products from sounder, Vertical temperature, hutyiaind ozone profiles. Interpretation of
Satellite images of various channels and identificeof typical clouds and weather systems from
cloud imageries, use of various satellite derivestipcts, satellite Bulletin and its interpretation.
Tropical cyclone, its identification and gradingngsDvorak’s technique.

Radar M eteor ology

Radar principles.

Doppler Radar, Wind profiler, MST Radar, LIDARS

Scattering of microwaves by precipitation / pretapng particles. Scattering by a sphere,
Scattering by rain and ice crystals.

Minimum detectable power, receiver noise, radaagéqu for a point target, part played

by various parameters in the radar equation. Reglaation for an extended target.
Practical importance of radar set constants andsiti@ cross section. Effect of wavelength,
wave lengths commonly used. Types of scans usegather radar, their merits.

Classification of radar echoes.

Convective and stratiform types, bright band ecbmflightening, tornadoes, squall
lines.Study of severe storms and cyclones,

Measurement of rate and amount of precipitaticiecebf circular polarization,

use of circular polarization in weather radar resfganon-precipitating / precipitation
echoes, super-refraction, limitations of weatheara

Elementary ideas of cloud physics. Drop size digtion in various types of rain.
Relation between drop size, terminal velocity, &fteain fall and radar echo intensity.
Study of Disdrometer and its application.

Doppler radar
Doppler radar principles and its limitations. Dagapbrinciple of velocity measurement,
unambiguous velocity and range. Doppler dilemmac8pm width. Introduction to
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DWR (Physical visualisation/inspection), RAINBOW rkstation.
Principles of dual polarized doppler radar. Advgetaover conventional doppler radar techniques.

Radar base products and derived products

Introduction to reflectivity products and theirli#tation. Detection of turbulence, shear, gust
front, microburst, and tornado, , icing hail prothi&pand hail size, determination and tracking,
TC structure, intensity, rainfall distribution aather parameters, inputs for storm surge
prediction

Books

1. Radar Observation of the Atmosphere By Bati&73),

2. Polarimetric Doppler Weather Radar By Bringil @handrasekar (2001), ,
Cambridge Press

3. Doppler Radar and Weather Observations By DoarakZrnic (1984, 1993), ,
Academic Press

4. Radar in Meteorology, Atlas (1990), AMS (Battdamorial volume)

5. Radar and Atmospheric Science: A Collection sgdys in Honor of David Atlg2003),AMs

6. Theory of Satellite Orbit in the Atmosphere by Kidgle

7. Numerical Analysis by Shastri

8. Weather Satellite by L.F. Hubert

9. Meteorological Satellite by W.K. Widger

10. A guide to Earth Satellite by D. Fishlock

11. Advances in Satellite Meteorology by Vinnicher{&oralik

12. Satellite meteorology by Henri W. Brandli

13. Satellite Meteorology - WMO Technical Notes N84 and 153.

14. Satellite Meteorology, by R.R. Kelkar

| AS-19-L: Laboratory Coursel |

Computer Programming and Numerical Analysis (4 credits)

FORTRAN fundamentals: integer constant, floatingnpaconstant, variables, arithmetic
operator, relational operator, FORTRAN arithmetind a&xpression, input/output and format
statements, declaration and initialization, branghand looping, Arithmetic IF, Logical IF,

Unconditional GO TO, Computed GO TO, DO statembiasting of DO Loops, Dimension

Statement, arrays, multi-dimensional arrays, fumgj sub-programs and subroutines.

Numerical Analysis (Any Eight)
. Solution of algebraic and transcendental equodtioNewton- Raphson’s method
. Numerical Integration by Trapezoidal and Simps&tule
. Numerical Interpolation methods
. Finite difference methods to find first and setalerivative
. Generation of Random Numbers by multiplicatisagruence method
. Numerical Integration by Monte Carlo technique
. Fitting of straight lines by Least square method
. Computation of Correlation Coefficients
. Problems related to test of significance
10. Solution of simultaneous non-homogeneous eausti
11. Solution of ordinary differential equations Rynge-Kutta Method

O©CoOo~NOURA,WNE
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12. Computation of Harmonic Analysis of a givendiseries.
13. Computation of geostrophic wind and geostropbiticity.

Chart Analysis 1 credit

Analysis of Weather Charts (Surface and upperdigome typical synoptic situations over
India (Any Two).

a) Monsoon b) Western Disturbance c) Tropical Gyel

| AS-20-L: Laboratory Coursell |

Computationsin Dynamic Meteorology (3 credits) Any Six.

. Computation of CAPE and CINE with radiosondeadat

. Computation of divergence and vorticity by fendifference technique.

. Computation of vertical velocity using equatafrcontinuity.

. Five point and Nine point Arakawa Jacobian Sahem

. To determine stream function from geopotentedtf using Relaxation method.
. Subjective analysis of geopotential height.

. Objective analysis of geopotential height.

. Computation of apparent heat source and moistoke

. To determine the relation between SST anomalySamface Pressure over
Arabian Sea for Pre and Post Monsoon condition.

O©CO~NOULPE,WNBE

Thermodynamic Diagrams (1 credit)

1. Plotting and analysis of Tephigram , estimawbh.CL, CCL, LFC, EL, height of the base
and top of the cloud and precipitable water.

2. Study of the instability of the atmosphere amedasting of thunderstorms using
Tephigram.

3. Analysis of vertical section and vertical tinexgon.

M eteor ological observations and analysis (1 credit)

Setup of automatic weather station and collectiotiata using datalogger; Analysis of surface
weather data to understand temporal variation @itinex parameters at different scales.

| AS-21-P: Project Work | & AS-22-P: Project Work Il |

Project works | & Il have to be taken up durid@nd 4" semesters and it can be done at the
University/ Research Institute/ Industry and Orgations dealing with work related to
Atmospheric Sciences.

The projects will be evaluated at the end '8fdd 4" semesters as follows:
At the end of & and 4" semester, student will be required to submit getdReport to the

university. The project report will be evaluatedthg guide for 4 credits. The student will have
to give a Viva-voce examination which will be evatied for 6 credits by two examiners.
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