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FOREWORD

Sikkim University a central university established by Act of Parliament, has completed twelve years of its
establishment in Jul\2019.The duration of course, is not a long period in the institution building process but
certainly Sikkim University has become a new destination for higher learning in this short span.

One of the focused areas of the University since inception has been curriculum devel®perenhas been a
tradition of bringing in the best minds in academia from all over the country including people with lot of experiences
for developing curriculum for the course$ased in Sikkim University

Sikkim University has a standard policy of reviewing/ revising curriculum of all programmes after every three years.
Such revision is to bring in fresh ideas and recent trends in learning process and, we believe, it opens up a new vis
in learning and researchhe last revision/review of curriculum of all the programmes took place in 2017 under the
supervision of the Deans of School ¢fides.

The idea to print syllabi of all departments under each Schoaldy & to document the syllabus of each course for
future reference and to have an authentic version in circul@imsinitiative received instant encouragement from
Prof. Jyoti Prakasfiamang, Dean School of Life Sciences when he wasating as thé/ice-Chancellor and also
from the presen¥ice-Chancellor ProfAvinash Khare.

A lot of efforts have been put by Sh. Gagan Sen Chettri, UD&cademic Section in compiling, editing and
formatting under supervision of DBuresh KrGurung, Joint Registrakll Deans of Schools and the Head(s)/In-
chage(s) of all departments have taken pains in going through each and every word and making corrections in th
draft versions and also going through the final version. Sometimes even their help was sought in making correction:
It was therefore, possible to bring out the print version of the syllabi.

(T.K Kaul)
Registrar
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DEPARTMENT OF CHEMISTY

PG - M.Sc. Syllabus

Code Name of Paper Credits Marks
1st Semester
CHE-PG-C101 |Chemistry I 4 100
CHE-PG-C102 |Chemistry II 4 100
CHE-PG-C103 |Mathematics and Biochemistry 4 100
CHE-PG-C104 |Practicals I 4 100
2nd Semester
CHE-PG-C201 |Inorganic Chemistry 4 100
CHE-PG-C202 |Organic Chemistry 4 100
CHE-PG-0203 [Physical Chemistry 4 100
CHE-PG-C204 |Practicals II 4 100
3rd Semester
CHE-PG-0301 |Instrumental Techniques 4 100
CHE-PG-E3XY [Elective | 4 100
CHE-PG-E3XY (Elective I 4 100
CHE-PG-C304 |Practicals III 4 100
4th Semester
CHE-PG-E4XY (Elective III 4 100
CHE-PG-E4XY (Elective IV 4 100
CHE-PG-E4XY |[Elective Practical 4 100
CHE-PG-E404 |Project 4 100
TOTAL 36 1600
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SCHOOL OF PHYSICAL SCIENCES

Semester |
Chemistry | 4 credits
CHE-PG-C101
Unit I: Stereochemisty and bonding in Main group compounds

Valence Shell Electron Pair Repulsion model, stereochemical rules and explanation of the shapes of molecules a
ions of non-transition elements with 2-7 valence shell electron pé@ish Diagram. Bent rule and egetics of
hybridization.

HSAB: Classification of acids and bases as hard and soft; HSAB principle, theoretical basis of hardness and softnes
Lewis-acid base reactivity approximation; Group Characteristic of L&witss & Base (group 13, 14, 15, 16, 17
and s-block) donor and acceptor numbers, E and C equation; applications of HSAB concept.

Unit Il: Gr oup Theory and Symmetty of molecules

Group Theory: Definition of group, symmetrypoint groups, representation of grodfhelian group, Group
multiplication table, Groups, sub-groups and classes, Symmetry operations and symmetry elements, Point grou
classification and symmetry numpgchoenflies symbols. orthogonality theorem, irreducible representation, character
table, Point group symmetry and optical actiMitipole moment, vibrational spectroscopy and bonding.

Unit lll:  Aromaticity
Benzenoid and nonbenzenoid systems, antiaromaticity and non aromatic compounds.

Effects of $ructure on Reactivity: Hammett equation, Linear free@neglationships (LFER) and substituent and
reaction constantstraicture-activity relationshiplaft equation.

Aliphatic Nucleophilic Substitution at Saturated Carbon: Mechanism @neddschemistry of SN1, SN2, SNi, SN1

and SN2 reactions. Neighboring group participation. Classical and non classical carbodaiosactivity eiects

of substrate structure, solvenfesits, competition between SN1 and SN2 mechanisms. Phase transfer catalysis
ambident nucleophilicity , regioselectivity

Aromatic Electrophilic Substitutionthe Arenium ion mechanism, orientation and reactivity in monosubstituted
benzene rings, ortho/ para ratio. Ipso substitutiofecEbf substrates, leaving groups and solvent polarity on the
reaction.

Aromatic Nucleophilic substitutiosromatic SNAr SN1, SN2 and benzyne mechanisms. Reactivigctedf substrate
structure, leaving group, and attacking nucleophile.

Unit IV : Addition to Carbon—Carbon Multiple Bonds

Electrophilic, free-radical and nucleophilic mechanisms-Mechanistic ser@o&hemical aspects. Orientation
and reactivity Hydroboration and Michael reaction. mination reactiohse E1, E2 and E1cB mechanisms,
Orientation of the double bond. Hofmann versus Sdytefination, Pyrolytic syn-elimination- Chugaev and
Cope eliminations, Competition between substitution and elimination reactions.

NucleophilicAddition to Carbonyl Compounds
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M.Sc Chemistry

Hard and soft nucleophiles, addition to conjugated carbonyls; Competition between 1,2 and 1,4 addition, Meerwin
Pondorf Reaction, Cannizaro reaction, stetter reactilmiml condensation, Grignard reagent, alkyl lithium, Perkin
reaction, Benzoin condensation, Benzilic acid rearrange ity reaction,

References

1. Cotton, FA. andWilkinson, G 1999Advanced Inoganic Chemistry6th Edn., Johiwiley & Sons, New
York.

2. Huheeyd. E., 1993 In@yanic Chemistry4th Ed. Addison-Wesley Pub. Co., NeWork.

3. Drago, R. S., 1971 Physical Methods in ¢gamic ChemistryInternational EdnAffiliated East-Vést
Press, New Delhi.

4. Shrivet D. E andAtkins, R W., 1999 Inoganic Chemistry3rd Edn., ELBS, London.

5. Cotton, FA., Wilkinson, G and Gaus,.B., Basic Inoganic Chemistry3rd Edition, JohiWiley & Sons,
NewYork.

6. Greenhood, 1976, Spectroscopic properties ofjeraic and azanometallic compounds, Royal Society of
Chemistry

7. Lee, J.D. 1999 Concise Irganic ChemistryBlackwell Science.
8. Purcell K. Fand Kotz J. C., 1987 Inganic ChemistryW. B. Sauders Com. , Hong Kong.
9. Cotton, FA. 1990 Chemicalpplication of GroupTheory 3rd Ed,Wiley- Blackwell.

10. Smith M. B. and March, J. 2001 Marsi&dvanced Oganic Chemistry6th Edn, JohiViley & Sons, New
York.

11. Sykes, P1997A Guide book to Mechanism in @anic Chemistry6th Edition, Orient Longman Ltd., New
Delhi.

12. Fryhle, S. Oganic Chemistry8th Edition, Johiwiley & Sons, Newyork.

13. Clayden, J., Greeves, NWarren, S. an@lVothers, B 2000 Oganic chemistryOxford University Press
14. Bruice, Oganic Chemistry5th Edition, Pearson Education

15. Carey FA. and Sundbw R. J. 200Advance Oganic Chemistry; 5th Ed. Springer

16. Mukherjee S. M. and Singh, S.190 Reaction Mechanism inganic Chemistryist Edition, Macmillan
India Ltd., New Delhi.

17. Lowry T.H. and Richardson, K. S. 1998 Mechanism&melory in Oganic Chemistry3rd EditionAddison
—Wesley Longman Inc. (IS Edition)

18. Morrison R.T. and Boyd, R. N. 2003 @anic Chemistry6th Edition, Prentice- Hall of India, New Delhi.

19.Kalsi, P S. 1996 Qganic Reactions andheir Mechanisms, 1 Edition, NewAge International
Publication, New Delhi.

—SKKH\A UN|VERS|TY—
9



SCHOOL OF PHYSICAL SCIENCES

Chemistry Il 4 credits
CHE-PG-C102
Unit I: Metal-Ligand Bonding in Transition Metal Complexes

Crystal field splitting diagrams in complexes of low symmetry; Spectrochemical and
Nephelauxetic series; thermodynamic and structurfects; site selection in spinels, Jahelld@r distortions;
experimental evidence for metal-ligand orbital overlap; ligand field theotgcular orbital theory of octahedral
complexes, brief introduction tAngular Overlap Model. Electronic spectra ofansition Metal Complexes:
Spectroscopic ground states;g@r enegy level andTanabe-Sugano diagrams for transition metal complexes;
Chage transfer spectra; electronic spectra of octahedral and tetrahedrala@d{l)(11) complexes and calculation
of ligand-field parameters. Rusell-Saunders coupling fatates. Splitting of one-electron levels in an octahedral
environment. Correlation diagranThe method of descending symmesglection rules. Spectral transition
probability, vibronic coupling non-centrosymmetric complexes, polarization of allowed transitions.

UnitIl: Thermodynamics

Review of Laws offhermodynamics. Entropyree enagy and chemical potential. Partial molar properties and
their significance. Fugacity: its concept and determination. Properties of ideal solutions; non-ideal systems
deviations (negative and positive) from ideal behawmcess functions for non-ideal solutions, calculations of
partial molar quantities, determination of partial molar volume and partial molar enthalpy

Non equilibriumThermodynamicdhermodynamic criteria for non-equilibrium process, Entropy production and
entropy flow Entropy balance equations for heat flawemical reactions etdransformations of the generalized
fluxes and forces, Non equilibrium stationary states, Generalized flux and forces, Phenomenological equations
Onsager reciprocal relations, Principle of detailed balance, Electro kinetic phenomeunsimriElectric conduction,
Transport number and electrochemical cells, Irreversible thermo dynamic for biological systems

Unit Ill: Electr ochemistry

Theory of electrolytes, lon-electron theory; Debye Huckel Limiting kativity Coefficients, Metal/Electrolyte
interface: Outer Helmholtz Potential (OHP) and Inner Helmholtz Potential (IHP), potential profile across double
layer region, potential dérence across electrified interfac&usture of the double layer: Helmholtz-Perrin, Gouy-
Chapman (Poisson-Boltzmann equation), amermSmodels. Butle¥olmer equation under near equilibrium and
non- equilibrium conditions, exchange current dendiafel plot. Polarizable and non-polarizable interfaces.
Electrochemical cells and Batteries.

UnitIV:

Micelles and Macromolecules: Surface active agents and their classification, micellization, hydrophobic interaction
critical micellar concentration (cmc), factordeaiting cmc of surfactants, counter ion binding to micelles,
thermodynamics of micellization-phase separation and mass action models, solubilization, micro emulsions, revers
micelles. Polymers-definition, types of polymers, liquid crystal polymers. Molecular mass-number and mass average
molecular mass, determination of molecular mass (osmometepsity light scattering methods, Gel Permeation
chromatography).
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M.Sc Chemistry

Colloids: Multimoleculayrmacromolecular and associated colloidab#ity of collids.The zeta potential. Kinetic,

optical and electrical properties of colloids. Electrokinetic phenomena: Electrophoresis, electroosmosis, sedimentatio
potential and streaming potential. Donnan membrane equilibrium. Collodal quntum dots, Metal nanoparticles anc
magnetic nanoparticles. Size dependent optical and electrical properties. Supermagnetic limit.

References

1. Cotton, FA. andWilkinson, G 1999Advanced Inoganic Chemistry6th Edn., Johiwiley & Sons, New
York.

2. HuheeyJ. E., 1993 In@yanic Chemistrydth Ed. Addison-Wesley Pub. Co., NeWork.

3. Drago, R. S., 1971 Physical Methods in ¢gamic ChemistryInternational EdnAffiliated East-Vést
Press, New Delhi.

4. Shrivet D. E andAtkins, R W., 1999 Inoganic Chemistry3rd Edn., ELBS, London.

5. Cotton, FA., Wilkinson, G and Gaus,.B., Basic Inoganic Chemistry3rd Edition, JohiWiley & Sons,
NewYork.

6. Greenhood, 1976, Spectroscopic properties ofjenaic and azanometallic compounds, Royal Society of
Chemistry

7. Lee, J.D. 1999 Concise Irganic ChemistryBlackwell Science.
8. Purcell K. Fand Kotz J. C., 1987 Inganic ChemistryWW. B. Sauders Com. , Hong Kong.
9. Cotton, FA. 1990 ChemicaApplication of GroupTheory 3rd Ed,Wiley- Blackwell.

10. Bockris J.O’'M., and Reddy. K. N. 1998 Modern Electrochemisiiyol. 1 & Vol. 2AB, Second Edition,
Plenum Press, NeXork.

11. Castellan GW., Physical ChemistpAddison-Wesley Publishing CompanReading, MA.
12. Atkins, RW. , 2002 Physical Chemistreventh Edition, Oxford University Press, Néwvk.
13. Levine, I. N. 2002 Physical Chemistr" Edition ,Tata Mc Graw Hill Pub. Co. Ltd., New Delhi.

14.Ram J. Raja and Kuriacose, J.C. 1993 Kinetics and Mechanism of Cheanstmrmations,
MacMillan Indian Ltd., New Delhi.

15. Barrow, GM. Physical chemistrB8rd edn., international student edition, McGraw-Hill
16. Glasstone. S. 1940¢ext - book of physical 1940. Publish&¥an Nostrand.

17. Pilling M. J. and Seakins, /. 1995 Reaction Kinetics, Oxford University Press, 1995
18. Moore,W. J. 1972, Physical ChemistRrentice Hall College Div; 4th edition.

19. EngelT. and Reid R Physical Chemistryearson Education
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SCHOOL OF PHYSICAL SCIENCES

Mathematics and Biochemistry 4 credits
CHE-PG-C103

Unit I: Functions: Linear Quadratic, Cubic, Logarithmic, Exponential, Trigonometric, Hyperbolic.
Differential and integral calculus, limits, derivative, physical significance, basic rulefeo¢difation, maxima and
minima, applications in chemistrgxact and inexact d@rential, periodic functioaylor and McLaurin series,
curve sketching, partial dérentiation, rules of integration, definite and indefinite integrals.

Differential equations Separation of variables, homogeneous, exact, linear equations, equations of second ord
series solution method. Fourier series and analysis. Complex numbers. Laplace transformation.

UnitIl: Permutations, combinations and theory of probability distributions Binomial, Gaussian and Rieiskoas,
matrices and determinantgectors, dot, cross and triple products, introduction to matrix algebra, addition and
multiplication of matrices, inverse, adjoint and transpose of matrices, unit and diagonal matrices. Qarigtiks

Unitlll: Carbohydrates: Glycosides, Oligosaccharides and polysaccharides. Role of sugar in molecular recognitiot
NucleicAcids: RNA, DNA, base-pairing, double helical structure of DNA, Gene regulatory protein- Zinc finger
protein.

Aminoacids and ProteinBminoacids, peptide links and oligopeptides. Proteins: primsggondarytertiary and
guaternary structure of proteingri®ture, purification and denaturation of proteins.

Lipids and membranes: Lipids, fatty acids, Classification of lipids, self-association of lipids- micelles, reverse micelles
and membranes, transport of cations through membranes.

Unit IV : Metabolism and Energetics

Catabolic and anabolic processes, glycolysis, citric acid cycle and oxidative phosphorylation. Photosystems (PSI é
PSII).

Enzyme Enzyme kinetics and applications of enzymesgianc synthesis. Enzyme inhibitors and co- enzymes in
organics reactions. Drugs based on enzyme inhibition.

Metal ions in biological systems and their role in ion transport across the membranes (molecular mechanism) Oxygel
uptake proteins, cytochromes and ferredoxins. Oxygen uptake proteins: Hemoglobin, Myoglobin, hemerythrin anc
hemocyanin. Metal complexes in medicine. Chemotherapy

References
1. Mortimer R. G, Mathematics for Physical ChemistBisevier
2. Steiner E. 1996 The Chemical Maths Book, , Oxford University Press.
3. Daniels F, 1972 Mathematical Preparation for Physical ChemisticGraw Hill
4

Margenau, H and Murphy , ®1. 1956The Mathematics of Chemistry and Physics- van Nostrand, Princeton,
NJ.

5. NorrisA. C. Computational Chemistryohnwiley
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M.Sc Chemistry

10.

11.
12.
13.

14.

15.

PressW. H. ,Teukolsky S.A. Vetterling,W. T. and Flannery B..2996 Numerical Recipes in FORAN/
C by, Cambridge University Press, 2nd Ed.

Xavier , C. 2002 Fortran 77 and Numerical Methods b, Nge International,
Boas, M. L. Mathematical Methods in the Physical Scienf@sy; 2nd edition.
Stryer L., 2002 Biochemistpybth edition, Freeman & Co., NeYork.

Nelson D. L. and Cox M.M., 2002 Lehninger Principles of Biochemistry edition McMillan North
Publication.

Hughes M. N. , 1981 Inganic Chemistry of Biological Processes, Juliley.
Smith M.B., 1995 Qganic Synthesis, McGraw Hill Inc., NeYork.

Ariga K. and KunitakeT. 2006 Supramolecular Chemistry — FundamentalsApittations,
Springer

Crabtree R. H., @anometallics in @anic synthesi®/ol-1l — Organometallics ofransition Metals in
Organic Synthesis

Voet D.,Voet J.G and Pratt ®V., 1999 Fundamentals of BiochemistiphnWiley & Sons, NewYork
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SCHOOL OF PHYSICAL SCIENCES

Practicals | 4 credits
CHE-PG-C104
Inorganic Chemistry Experiments
A. OreAlloy and Commercial Produgtnalysis: (Any two)
Al Determination of Silica and Manganese in pyrolusite
A.2 Determination of Copper and iron from chalcopyrite.
A.3 Determination of iron from hematite by complexometric titration.
A.4  Determination of tin & lead from solder
A5 Determination of iron & chromium from mild steel.
A.6 Determination of copper and nickel from cupronickel.
A7 Determination of iron from hematite using WiAis spectrophotometer
A.8  Determination of phosphoric acid in soft drinks
A.9  Analysis of Cement

A.10 Determination of Flouride in toothpaste.

B. Preparation and Characterization of the following compounds (Any seven preparations are to be completed)
B.1.  Tris (oxalate) manganese (llI)

B.2  Tetrapyridinesilver (Il) peroxidisulphate

B.3.  Tris (acetylacetonato) iron (llI)

B.4  Bis (N,N-diethyldithiocarbamato) nitrosyliron (I)

B.5  Optical isomers of tris (ethylenediamine) cobalt (1) chloride

B.6  Linkage isomers of nitro and nitritopentamminecobalt (I11) chloride
B.7 Ferrocene or dibenzene chromium

B.8 Hydridochlorocarbonyl tris (triphenylphosphine) ruthenium (11)

B.9  Tris(2,2-bipyridine)ruthenium (1) perchlorate

B.10 [(p-(cymene)Ru(],

B.11. Tris (manganese (ll1)

B12. Copper(l)Thiourea complexes: [Cu(}}SO,.H,0
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M.Sc Chemistry

Characterization includes microanalysis, magnetic susceptibility and conductance measurements and infrare
UV-Visible, NMR spectroscopyRD and cyclic voltammetry studies.

Books Recommended:

1.

2
3.
4
5

10.

Elias,A. J., Collection of Interesting General Chemistry Experiments, Orient Longman.
A text book of Quantitative InganicAnalysis -A. |. Vogel

Experimental Inaganic Chemistry W. G Palmer

Synthesis and Characterization of lg@nic Compounds¥.L. Jolly, Prentice Hall.

Chemistry experiments for Instrumental Methods by Dofal&awyerWilliam R. Heineman & Jalice
M. Beebe , JohkViley & Sons 1984.

Experimental Physical Chemistry by Beter Matthews, Clarendon Press, 1985.

Modern Experiments for Introductory Chemistcpmpiled by Neidig andt&ttom 2¢ Edition Reprinted
from Journal of Chemical Education,1990.

Handbook of Inaganic Synthesis: @rauer
Inorganic Synthesis: R. B. King

Synthesis andechnique in Inaganic ChemistryA Laboratory Manual, Gregory Girolanfthomas B.
Rauchfuss and RobertAngelici. University Science Books.
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SCHOOL OF PHYSICAL SCIENCES

Semester ||
Inorganic Chemistry 4 credits
CHE-PG-C201

Unit I: Chemistry of non-transition elements Non-transition metal chemistr@ynthesis, PropertiestrGcture and
Bonding: Nitrogen, Phosphorous, Sulfaseudohalogen, Interhalogen and Xenon Compounds; Boranes, Carboranes,
Metallocarboranes, Borazines, Phosphazenes, Suiftogen compounds, silicates, silicones.

Isopoly and Heteropolcids and Salts
Synthesis, structural principles and applicatiol,aflb, Ta, Ct Mo andW polyacids
Unit Il : Kinetics and Mechanism of transition metal complexes

Enegy profile of reactions, discussion on general reactivity of metal complexes, inert and labile complexs,
different types of mechanisms (D,Aahd |). Techniques for experimental measurements of reaction rates, techniques
for fast reaction Substitution reactioAgplication of CFT mechanism of ligand substitution in octahedral complexes,
mechanism of isomerization and racemizatibmist mechanism of racemization, substitution reactions in square
planar complexes. Cis- and trandeefs.

Unit Ill; Electr on Transfer Reactions:

Mechanism of redox reactions with reference to metal complexes. Electron transfer reactions — outer sphere and inn
sphere, atom transfenduced electron transfer reactions, two electron transfer reactions, non complementary reactions
synthetic implications of electron transfer reactions, solid state electron transfer reactions. Electroprotic reactions
Marcus- Husch theoygorrelation between thermal and optical electron transfer reactions; identification of intervalence
transfer bands in solution

Unit IV : Metal Carbonyls

Metal carbonyls: Synthesis, structure and reactivity; bonding in metal carbonyls, variants of CO bridging, vibrational
spectra of metal carbonyls, principal reaction types of metal carbonyls. Low nuclearity (M3-M4) and high nuclearity
(M5-M10) carbonyl clusters. Metal-metal bonding(MO), skeletal electron coumiage-Mingos Lauher rule,
isolobal analogy Halide clusters of Nbla, Mo, W, Re. Synthesis, structure and bonding. Interstitial Clusters-
hydrides, carbides and nitrides.

References:
1. HuheeyJ. 1993 E. Ingranic Chemistrydth Edn.AddisonWesley Pub. Co., NeWork.
2. Cotton FA. andWilkinson, G 1999Advanced Inoganic Chemistry6th Edn., John#iley
& Sons, Newyork.

3. Crabtree, R.H. 198Bhe Oganometallic Chemistry of thigansition Metals, 1st Edn., JoRNiley & Sons,
NewYork.

4. Shriver , D. F andAtkins, P W. 1999 Inoganic Chemistry3rd Edn., ELBS, London.

—SH{KH\A UN|VERS|TY—
1

6



M.Sc Chemistry

5. Greenhood, 1976 Spectroscopic properties ofjaoic and aqanometallic compounds, Royal Society of
Chemistry

6. Cleydon, J., Greeves, NWarren, S. an@Volthers, P, 2001 Oganic Chemistry: Oxford

7. Collman, J. P, Hegedus, L. S., Norton J. R and Finke, Richar@d987 Principles andpplications of
Organotransition Metal Chemisiryst Edn., University Science Books, Mitklley, California.

8. Elschenbroich, Ch. and. Salzar 1991 OganometallicsA Cosize Introduction, 2nd Edn.,VCH
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SCHOOL OF PHYSICAL SCIENCES

Organic Chemistry 4 credits
CHE-PG-C202
Unit I: Pericyclic Reactions

Molecular orbital symmetryFrontier orbitals of ethylene, 1,3-butadiene, 1,3,5-hexatriene and allyl system.
Classification of pericyclic reactiongVoodward-Hofmann correlation diagrams. FMO and PMO approach.
Electrocyclic reaction; conrotatory and disrotatory motions 4n, 4n+2 and allyl systems. Cycloaddition; antrafacial
and suprafacial addition, 4n and 4n+2 systems, 2+2 addition of ketenes, 1,3 dipolar cycloadditions and cheleotrop
reactions. Sigmatropic Rearrangements; suprafacial and antrafacial shifts of H, sigmatropic shifts involving carbor
moieties, 3,3- and 5,5- sigmatropic rearrangements, Claisen, Copea@bpe rearrangements. Ene reaction.

Unit II: Reagents in Organic Synthesis

Use of the following reagents inganic synthesis and functional group transformations; complex metal
hydrides, Gilmars reagent, lithium dimethylcuprate, lithium diisopropylamide (LDA), dicyclohexylcarbodiimide,
1,3-dithiane (reactivity Umpoloung), trimethylsilyl iodide, tri-n-butyltin hydridlepdward and pervost hydroxylation,
osmium tetroxide, DDQ, selenium dioxide, Phase transfer catalysts, crown ethers and Merrifield resin,
Petersors synthesidyilkinson’s catalyst, Baker yeast.

Unit Ill: Heter ocyclic Chemistry

Synthesis and reactivity of furan, thiophene, pyrrole, pyridine, quinoline, isoquinoline and indole; Skraup
synthesis, Fisher indole synthesis.

Chemistry of Natural Productstr®&ture elucidation and biosyntheses Adaliods, Terpenoids, ®roids.
effects.TheAAc! and other pathways involving alkylto-oxygen bond cleavage. Introduct

and their treatments (Lindemann-Hinshelwood and Rice-Ragspié¢assel-Marcus [RRK], RRKM theory)
Experimental Methods: Enzyme kinetics, studies of fast reactions by flow method, relaxation method, flash photolysis
and NMR.Techniques: Flow techniques.

General consideration of gas and solution phase fast reactions: Gas phase and solution phase reactions, Reactior
microsecond and nanosecond scale, ultrafast reactions: reactions at picoseconds and femtoseconds scale.

Unit IV : Etherification, Hydr olysis of Esters and Photo Chemisyr

Evidence for tetrahedral intermediate in BAndAAc?mechanisms, steric and electronifeefs.TheAAcl1 and
other pathways involving alkylto-oxygen bond cleavage.

Introduction to various reactions in Photochemistry

References
1. Fleming, I. 1976 Frontier Orbital and gamic Chemical Reactions Jofiley,.
2. CarruthersW. 1990 Some modern Methods ofg@nic Synthesis Cambridge University Press.
3. GreeneT.W. 1999 Protective Groups in ganic SynthesigViley-VCH,.
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4. Smith M.B. and March, J. 2001 Marsidvanced Oganic Chemistrysth Edition, JohnWiley & Sons,
NewYork.

Joule JA. and Mills, K. Heterocyclic Chemistry: (4th Edjiley-Blackwell

Cleydon, J. , Greeves, NWarren, S. antVolthers, P2001 Oganic Chemistry: Oxford (2001)
Paquette LA. and BenjamitW. A. 1968 Modern Heterocyclic Chemistry By.A., Inc.,

Finar I. L. 1968 Qganic Chemistryol I, ELBS.

Gilchrist, T. R. 1989 Heterocyclic Chemistry

© ® N o O
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SCHOOL OF PHYSICAL SCIENCES

Physical Chemistry 4 credits
CHE-PG-0203
Unit I: Statistical Thermodynamics

Concepts of distribution, thermodynamic probability and most probable distribution. Ensemble averaging, postulate:
of ensemble averaging. Canonical and microcanonical ensembles, Boltzmann distribution of particles.

Partition function: translational, rotational and vibrational partition functions,thermodynamic properties of ideal
gases in terms of partition function.

Unit Il: Quantum Mechanics

Fundamentals: Review of essential mathematical concepts. Origin of the quantumRbstulates of quantum
mechanics and Schrddinger equation; its application on some model systems viz., free- particle and particle in a bo
tunneling, the harmonic oscillatahe rigid rotatgrand the hydrogen atoffihe variation theorem; linear variation
principle;

Approximation Methods: tationary perturbation theory for non-degenerate and degenerate systems with examples.
Variation method. Ground state of He atdfime-dependent perturbation theoRadiative transitions. Einstein
coeficients.

Atomic Sructure: Many electron wave functions. Pauli Exclusion principle. Helium adomic term symbols.
The self-consistent field method. Slatgpe orbitals.

GroupTheory Definition of group, symmetrgoint groups, representation of group, orthogonality theorem, irreducible
representation, character table, direct sum, direct product, derivation of projection operator

Unit Ill: Rotation and Vibration of Diatomic Molecules

Selection rulesA review of MWand IR spectroscop$ymmetry properties and nuclear spiieets. Raman &ct:
Rotational and vibration-rotational transitions. Polarization of Raman Vibeation of polyatomic molecules—
normal coordinates.

Electronic Spectroscopgbsorption and Emission of radiation. Selection rules. Line shapes and widths. Electronic
spectroscopy of diatomic molecules. Franck-Condon fdgtesociation and pre- dissociation. Rotational fine structure.
Lasers and Laser spectroscopy

Unit IV : Reaction Dynamics

Methods of determining rate laws, collision theory of reaction ra&gbenius equation and activated complex
theory Potential engyy surfaces. Unimolecular reactions and their treatments (Lindemann-Hinshelwood and Rice-
RamspagerKassel-Marcus [RRK], RRKM theory) Experimental Methods: Enzyme kinetics, studies of fast reactions
by flow method, relaxation method, flash photolysis and NM#hniques: Flow techniques.

General consideration of gas and solution phase fast reactions: Gas phase and solution phase reactions, Reactior
microsecond and nanosecond scale, ultrafast reactions: reactions at picoseconds and femtoseconds scale.
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Atkins, PW. 2002 Physical Chemistryth Edition, Oxford University Press, Néfrk.

Maczek A. StatisticalThermodynamics, Oxford University Press Inc., New

Reif, F 1985 Fundamental ot&istical andrhermal Physics McGraw Hill, International edition.
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Atkins PW. and Friedman, R. S, 1997, Molecular Quantum Mechanics 3rd Edition, OxfordRuebs.
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Brouard, M. 1998 Reaction Dynamics, Oxford University Press, Oxford.

10. Levine R.D. and Bernstein, R.B. 1987 Molecular Reaction Dynamics and Chemical

11. Reactivity Oxford University Press, Oxford.
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Practical Il 4 credits
CHE-PG-C204
Organic Chemistry Experiments
A. Extraction of Oganic Compounds from Natural Source (Any three)

A.1l. Isolation of cafieine, an alkaloid, from tea leaves.

A.2. Isolation of casein from milk (the students are required to try some typical colour reactions of proteins)
A.3. Isolation of lactose from milk (purity of sugar should be checketilltyand PC and Rf value reported.)
A.4. Isolation of nicotine dipicrate from tobacco.

A.5. Isolation of cinchonine from cinchona bark.

A.6. Isolation of piperine from black pepper

A.7. Isolation of lycopene from tomatoes.

A.8. Isolation of -carotene from carrots.

A.9 Isolation of oleic acid from olive ail (involving the preparation of complex with urea and separation of
linoleic acid.

A10. Isolation of eugenol from cloves.

A.11. Isolation of limonine from citrus rinds.

A.12 Extraction and identification of DNA from green peas and onions
B. Spectro-photometric (UV/VIS) Estimation8iiy Three)

B.1. Amino acids

B.2. Proteins

B.3. Carbohydrates

B.4. Cholesterol

B.5. Ascorbic acid

B.6  Aspirin
B.7. Caffeine
C. Synthesis of @anic compounds, purification and characterization by chemical analysis, -\RsUV

PL, NMR spectral analysis and mass spectral analysis: (Any three)
C.1. Synthesis of fluorescein, a classic fluorescent dye

C.2. Synthesis and chemiluminescence of luminol
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C.3.
C.4.
C.5.

C.6
c.7
C.8

Books

o oA woN

Diels-Alder reaction of anthracene and maleic anhydride

Aspirin synthesis: Conventional and with microwave assistance

Sand Meyeis reaction: p-Chlorotoluene from p-chlorotoluidine.

Cannizzaro reaction using 4-chlorobenzaldehyde

Preparation of 1,3,5 tribromobenzene from analine

Acetoacetic ester condensation

Recommended:

Elias, A. J., Collection of Interesting General Chemistry Experiments, Orient Longman.
AddisonAult Techniques and Experiments forg@nic Chemistry 6th Ed. University Science Books (1998).
Mann, F G & Saunders, B. C. Practical danic Chemistry 4th Ed. Orient Longmans (1990).
Vogel,A. |. Vogel's Textbook of Practical @anic Chemistry 5th Ed. (revised by

A.R. Tatchell et al.Wiley (1989) ISBN 0582-46236-3
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Semester lll
Instrumental Techniques 4 credits
CHE-PG-0301
Unit I: Chemical Instrumentation

Elementary Electronics, Simple integrated circuit, Semicondutover supplytransformeroperational amplifier

Lock-in amplifiers, Detectors (Oscilloscope and recorders), transducers, Rectifiers, Signal to noise ratio, Electroni
components (Resistors, capacitors, inductors, transistors), Measuring instruments for pressure, temperature, p
speed, flowcurrent and voltage. Fourier transformation.

Errors in ChemicaRhnalysis and gtistical Evaluation of Data: Systematic and random errors, accuracy and
precision, the correlation cdigient, Mean, Median and Modes, variance, standard deviation and significant figures.

Separation Methods: Principle of chromatograigssifications of chromatographyechniques of planar and
column chromatographyGas chromatographyigh-performance liquid chromatography

Unit II: UV -Visible Spectioscopy

Principles andApplications: dienes, polyenes, carbonyl compounds and &, a-unsaturated carbonyl compounds
Woodward Hofman rule and its application in aromatic compounds. Infrared Spectros¢itypgition modes.
Absorption frequency of common functional groups, electronic and stétgfefects of Hydrogen bonding.
Interpretation of IR spectra.

Raman Spectroscopy: Principles of Raman Spectroscopy and its comparison with IR

spectroscopyApplications of vibrational spectroscopy: Symmetry and sh&Bg#B,,AB,, modes of bonding in
ambidentate ligands.

Emission Spectroscopy: Principle and application of Fluorescence, phosphorescence, chemi- luminescen:

Mdssbauer Spectroscopy: Basic principle, conditions fisddauer spectroscq@pectral parameters (Isomer shift,
electric quadrupole interactions, magnetic interactions), temperature- depefefgnt sfructural deductions for
iron and tin complexes, miscellaneous applications.

Unit Ill: NMR Spectr oscopy

Principle, instrumentation and f#ifent techniques (continuous wave and Fourier transformed) of NMR spectroscopy
factors influencing chemical shifts of the spectra, anisofrgpn-spin interactions, coupling constant (J), spin-
decoupling, Nuclear Overhauserfdet (NOE),

classification ofAB, ABC, AMX andA B, type couplings, First order spectra, lanthanides shift reagent,

spin-spin and spin lattice relaxation proceségglications. Introduction to*C NMR, principles of decoupling,
Application of DEPTH-*HCOSY, HETCOR, NOESYROESY

Basic introduction to“F3* P NMR and heteronuclear coupling. Solid-state NMR:

Basic principles and applications. MRI basic. MRI Contrast agents.
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Electron Spin Resonance Spectroscopy: Basic principle, Hyperfine splittings (isotropic systems); the g-value and th
factors afecting thereof; interactionsfatting electron engres in paramagnetic complexes (Zero-field splitting and
Kramer's degeneracyAnisotropic efects (the g-value and the hyperfine coupling$)e EPR of triplet states;
Structural applications to transition metal complexes.

Unit IV : Other SpectroscopicTechniques

UV photoelectron spectroscqp¥-ray photoelectron spectroscopgSCA and Auger, EDX. Scanning electron
microscopy (SEM)Transmission electron microscopy (TEM), Scanning tunnelling microscopy (STMYamit
force microscopy (AFM). Cycliz/oltammetry Inductively coupled plasma emission spectroscopy (ICPGEA,
DSC, DTA and thermometric titration.

Mass Spectrometry: Introduction, ion production, fragmentation, factors influencing ion abundance, single and
multiple bond cleavage, rearrangements, cleavage associated with common functional groups, molecular ion pea
metastable ion peak, Nitrogen rule and interpretation of mass spdetragiiEotopes on the appearance of mass
spectrum, recognition of the molecular ion peak; lonization techniques (EA&)d F

Optical Rotatory Dispersion and Circular Dichroism. Linearly and circularly polarized lights; optical rotatory power
and circular birefringence, elipticity and circular dichroism; ORD and CotfentefFaraday and Kerrfetts

References

1. Strobel, H.A. 1973 Chemical Instrumentatio/ -SystematidApproach, 2nd EditiorAddisonWesley
Mass.

2. Skoog D.A., Holler B. and Niemari.A. , 1998 Principles of Instrumentahalysis, 5th Edition, Harcourt
Brace & Companyflorida.

3. Hollas, J. M. 2004 Modern Spectroscogyh edition, JohiWiley & Sons, Ltd., Chichester

4. Harris, R. K. 1986 Nuclear magnetic resonance spectroscopyWiddyand Sons Inc.,Nework, NY .
5. R.J.Abraham and J. Fishe andU®ftus, 1994, Introduction to NMR Spectroscopy Julitey

& Sons.

6. Ladd M. F C. and PalmerR. A. 1985 ®&ucture Determination by X-Ray Crystallography
Plenum, NY 2nd Ed.

7. Williams, D B. CarterC. B. 2008Transmission Electron Microscopi:Textbook for Materials Science
Springer

8. Sarid, D. 1991 Scanning Force Microscpith Applications to Electric, Magnetic andtomic Forces
New York, Oxford University Press

9. Chary K. V. R. and Govil, G2008 NMR in biological systems: from molecules to human, Springer
10. Pecsok, R. PShields, L. D. , Cairng. andWilliam, L.C. Mc, 1976, 2nd Edition, Joh#iley, NewYork.
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Practical Il 4 credits

CHE-PG-C304

Physical Chemistry Experiments

© ® N OO A WNREDO®NODUN®NE P
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Electrochemistry and Kinetics: (Any three)

Analysis of halide mixture by dérential potentiometry

Degree of hydrolysis of urea hydrochloride by kinetics method.
Equilibrium constant of KI +,["IKI , by distribution method.
Kinetics of the iodide-hydrogen peroxide clock reaction

An experiment to determine the egeof activation, Ea
Determination of the amount of calcium in milk powder by Bzdbmplexometry
Estimation of iodine in iodized common salt using iodometry
Determination of phosphoric acid in soft drinks

Antioxidant property offea (DPPH method).

Physical andAnalytical methods: (Any sevenExperiments based on
UV -Visible spectroscopy with application

Fluorescence Spectroscopy with application

Infrared Spectroscopy

EPR Spectroscopy

NMR Spectroscopy

Solvents dects in spectra

Differential Scanning Calorimetry

High Pressure Liquid Chromatography

Spectroscopy Instrumentation

Cyclic voltametry

Enzymetic reaction

Semiconductor materials (Quantum dots)

Metal Nanoparticles

Polymer

Magnetic nanoparticles

lonic liquids
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17 Liquid crystals

18 Optical materials

19 Carbon based nanomaterials

20 Paper and column chromatography of plant pigments

21 Acetylation of ferrocene and its purification by column chromatography
22 Ternary phase diagram

23 Determination of surface tension byfdiential capillary method.

24 Determination of molecular weight of a macromolecule by viscometry
25 Determination of molecular weight Mjctor Meyers method.

26 Cryoscopy and determination of degree of dissociation.

27 Determination of g-value by ESR method.

28 Analysis of a UV spectrum, Raman spectrum, IR spectrum, NMR spectrum and EPR spectrum.
Calculation of oscillator strength and transition moment.

29 Potentiometric titrations using the pH meter and determination of pl
30 Conductometric titrations and determination of dissociation constant
31 Determination of Phosphoric acid in soft drinks
Books Recommended:
1. Elias,A. J., Collection of Interesting General Chemistry Experiments, Orient Longman.

2. Daniels, F Williams, J.W., BenderP, Alberty, R.A., Cornwell, C. D. & Harriman, J. E. Experimental
Physical ChemistryMcGraw-Hill (1962).

3. Das & R. C. & Behera, B., Experimental Physical Chemi3agya McGraw-Hill Publishing Co. Pvt. Ltd.

(1993).

4. ShoemakeD. R, Garland, CW. & Nibler, J.W. Experiments in Physical ChemistiylcGraw- Hill: New
York (1996).

5. Day R.A., Jr & UnderwoodA. L. QuantitativeAnalysis 3rd Ed. Prentice-Hall India Pvt. Ltd.: New Delhi
(2977).

Burns, D.T. & RattenburyE. M. Introductory Practical Physical Chemistrydg2enon Press (1966)
Harris, D. C. Quantitative Chemicahalysis 6th EdW. H. Freeman & Co. (2002).

Willard, H. H., Merritt, L. L., Dean, A. & Settle, FA. (Eds.) Instrumental Methods Ahalysis - 7th Ed.,
Wadsworth Publishing (February 1988) ISBN 0534081428

9. EDTA Titrations —F.aschka
10. Experimental Physical Chemistry ByM. Halpern, 2nd Ed., Prentice Hall, 1997.
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Electives
Chemistry of Inorganic Materials 4 credits
CHE-PG-E301
Inorganic Chemistry Elective |
Unit- I: Solid State Chemistry:

Bonding in solids and Crystal egetic. Crystal classifications, Madelung constant and Latticeygri€lectronic
properties and Band theory of solids. Free electron model, Refinement to simple band theory- k-space and Brilloui
Zones, Band structure of metals, insulators and semiconductors, Intrinsic and extrinsic semiconductors, Dope
semiconductors, p-n junctions.

Unit- Il S tructur e of Solids

Crystal systems; Designation of crystal faces, lattice structures and unit cell;s BeaggX-ray difraction

by crystals; Close packing, radius ratio rules, calculation of some limiting radius tratituges of NaCL, KCL,

ZnS, CsCLand CaF: Stiochiometric and nonsstiochiometric defects, impurity defects, semi-conductors. Packing of
solids, Crystal structure of representative systems, Pervoskites, Silicates and Zeolites, Cements, Glasses, Quasicryst
Nanostructures.

Unit lll: Supramolecular Chemistry

Origin of supramolecular chemistry-"Chemistry beyond the molecules”. Concepts and terminology of supramolecular
chemistry Natural types of supramolecular interactions (Hydrogen bonding, v&iedds interaction, d-stacking,
CH—a0 interaction. supramolecular chemistry in gemic perspective. Inganic crystal engineering and design
principle of metal agganic framework (MOF)Application of MOFs in material science.

Unit IV : Metallomesogens and Inorganic Polymers

Basic concepts, types of meso-phases, synthetic strategies, characterization and applicaiang: Podymers:
Classification,Types of Inoganic Polymerization, Comparison witlganic polymers, Boron-oxygen and boron-
nitrogen polymers, silicones, coordination polymers, suiituogen, sulfurnitrogen-fluorine compounds, chalcogenide
clusters — binary and multi- component systems, homolytigamic systems.

References

1. Greenwood N. N. and. Earnsha#. 1997 Chemistry of the Elements!® ZEdn., Butterworth
Heinemann, London.

Lehn J. M., 1995 Supramolecular Chemis#§H, Weinheim.
Kahn O., 1993 Molecular MagnetismMCH, Weinheim.

Cotton, FA.Wilkinson, G, Murillo C. A. and Bochmann, M. , 2003dvanced Inaganic Chemistry
69" JohnWiley & Sons (Asia), Singapore.

Mark, J. E.Allcock, H. R. andMest, |R. 2004 Ingianic Polymers," Edition, Oxford University Press.
Huheey J. 1993 Inaganic Chemistrydth Edn.AddisonWesley Pub. Co., NeWork

Miessler GL.andTarr, D. A. 1999 Inoganic Chemistry2nd Edn., Prentice Hall International Inc., London.
Serrano, J. L. 1996 Metallomesogevi€H, Weinheim.
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Organometallic Chemistry 4 credits
CHE-PG-E302
Inorganic Chemistry Elective Il
Unit I: Complexes of 6- donor d-acceptor ligands:

(@) 06-bonded systems: metal-alkyls, -aryls and -hydrides, stapiléparation and reactivjtynetal- carbonyls,
metal-phosphines, metal-nitrosyls, metal-isocyanides: structures, reactivity and bonding, Metal-carbenes, meta
carbynes, Fischer carbenes, Schrock carbenes, complexes with N-heterocyclic carbenes, olefin metathesis

(b) d-Complexes of Unsaturated Moleculesugture, bonding and reactivity of alkene, alkyne, allyl, dienyl and
trienyl complexes; reactions with special referencedamic synthesis.

Unit II: Metal Carbonyls and Metal Clusters

Metal carbonyls: Synthesis, structure and reactivity; bonding in metal carbonyls, variants of CO bridging, vibrational
spectra of metal carbonyls, principal reaction types of metal carbonyls. Low nuclearity (M3-M4) and high nuclearity
(M5-M10) carbonyl clusters. Metal-metal bonding(MO), skeletal electron coumiade-Mingos Lauher rule,
isolobal analogy Halide clusters of Nbla, Mo, W, Re. Synthesis, structure and bonding. Interstitial Clusters-
hydrides, carbides and nitrides.

Unit Illl: Organometallic r eaction mechanism

Ligand ExchangeAssociative mechanism: Brookhart Polymerization Catalysts, 16 electron rule Dissociative
meachanism: Oxidative addition;, Reductive elimination; transmetallation: Suzuki- Miyaura, Migratory Insertion /
De-insertionAgostic interaction, &-Hydride Eliminatiowacker Oxidation, HecKrylation

Unit IV : Homogeneous & Heteogeneous Catalysis

Applications of oganometallics in @anic synthesis: C-C bond coupling reactions (Heck, Sonogashira, Suzuki),
reduction using transition metal hydrides, asymmetric hydrogenatikane isomerization; Hydrogenation;
Hydroformylation; Monsanto acetic acid proces&gne polymerization; Cross coupling reactions; Metathesis; C-H
activation and functionalization; Buchwald-Hartwig Reaction and Metathesis reaction, Oxidation of olefins;

References:
1. HuheeyJ. 1993 E. Inganic Chemistry4dth Edn.AddisonWesley Pub. Co., NeWork.
2. Cotton FA. andWilkinson, G 1999 dvanced Inaganic Chemistry6th Edn., Johndiley & Sons, Newyork.

3. Crabtree, R.H. 1988he Oganometallic Chemistry of thEransition Metals, 1st Edn., Johwiley &
Sons, Newrork.

Shriver , D. F andAtkins, R W. 1999 Inoganic Chemistry3rd Edn., ELBS, London.

5. Greenhood, 1976 Spectroscopic properties ofjaoic and aqanometallic compounds, Royal Society of
Chemistry

Cleydon, J. , Greeves, NWarren, S. antlVolthers, P, 2001 Oganic Chemistry: Oxford

Collman, J. P, Hegedus, L. S. , Norton J. R and Finke, Richar@987 Principles andpplications of
Organotransition Metal Chemisiryst Edn., University Science Books, Mitklley, California.

Elschenbroich, Ch. and. Salzar 1991 OganometallicsA Cosize Introduction, 2nd Edn.,VCH

9. Mehrotra, R. C. and SinghA,, 2004 Oganometallic Chemistryk UnifiedApproach, New age international
limited, 2@ Edition.
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Advanced topics in Organic Chemistry 4 credits
CHE-PG-E311:
Organic Chemistry Elective |
Unit: 1 Special topic in steeochemistry:

General consideration of molecular asymmetry and dissymni2étermination of Special chiralities- axial, planner
and helical chiralities, determination of their absolute configurations.

Topicities and relations, pseudo chirglipyochiral faces of carbonyl and alkenes. Meaning absolute and relative
stereo chemistry of a molecule. chemical transformation,

Shape and stability of various conformations of molecules f&frdiit ring sizes and containingfdiient functional
groups, conformation and reactivity in cyclohexanes and decalin systems. quasiracemates, dynamic stereochemis!
, atropisomerism of biphenyls.

Stereoselective synthesis: Bifent methods to introduce chirality or generate new chiral centres in a molecule.
Asymmetric synthesis using chiral substrate, chiral auxiliaries, chiral reagents and chiral catalysts with various
examplesAdvantages and disadvantages of each of these technip@gation of each of these techniques in
synthesis of various natural products.

Unit Il: Synthesis and mechanism of action of some new generation antibiotics.

New generation antibiotics/antibacterial agents: Synthesis and mechanism of action of (i) fluoroquinolones — norfloxacin
ciprofloxacin, O-floxacin, levofloxacin (ii) andIDS drugs -AZT, lamivadine (iii) antihypertensive agent — captopril

(iv) calcium channel blocker — amlodipine (v) gastric secretion inhibitor — omeprazole and its mechanism of action
(vi) drug for impotency — sildenafil and its mechanism of action.,

Unit lll: Synthesis and application of organic materials
Organic Materials: Synthesis of Fullerenes, Carbon nanotubes, graphenes and various conducting polyme
Conducting oganics - Conducting polymers. gamic superconductors.

Liquid crystals: mesomorphic behavipaptical properties of liquid crystals, display devicesgabic light emitting
diodes.

Unit IV : Green Chemisty and solid phase eactions

Green Chemistry: Overviewset of principles of green chemistgreen synthetic methods, catalysiganics
reactions in aqueous media, ionic liquids, supercritical fluids and under microwave radiations. Solvent from
organics reactions, solid phas@anics reaction and catalysis.

References:
1. Stereochemistry of @anic Compounds,.Eliel E.L. aidilen, S.H. Wiley Interscience, Nework, 1994

2. Stereochemistry of @anic Compounds. Principles aAgplications. D. Nasipuri. JohWiley & sons,
Chichester1991.
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3. Classics in &reoselective SynthesW4jley, Erick M. Carreira, Lisbet Kvaerno 2008

4. Sereoselective Synthesis inganic ChemistryAtta-ur-Rahman, Zahir Shah; Springérferlag Newyork,
1993

5. Stereoselective SynthesfsPracticaApproach, 2nd, Revised and Updated Edition; Mihaly Nogvsidy;
1994

6. Antibiotics: Tamgets, Mechanisms and Resistance; Claudio O. Gualerzi, Letizia Bedtilib, Fabbretti,
Cynthia L. PonWiley-VCH; 2013

7. Antibiotics: Challenges, Mechanisms, Opportunities; Christoph@aldh,T. Wencewicz; 2018SM Press;
2016

8. Carbon Nanotubes and RelateédiStures: Synthesis, Characterization, FunctionalizationApplications
Dirk M. Guldi, Nazario Martin WILEY-VCH Verlag GmbH & Co. KGaAWeinheim;Academic Press;
2010

9. Flat Panel Displayshdvanced Oganic Materials; S.M. Kelly; RSC Materials Monographkeg Royal
Society of Chemistry 2000

10. Conducting Polymers, Fundamentals #&mplications:A PracticalApproach; Prasanna Chandrasekhar;
Springer Science & Business, 2013

11. Green ChemistryAn IntroductoryText:, LancastemM. Royal Society of Chemistry; 2002
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Instrumental Techniques forOrganic Chemistry 4 credits
CHE-PG-E312
Organic Chemistry Elective Il
Unit | Fur ther topics in*H NMR Spectroscopy and®* CNMR Spectroscopy

'H NMR SpectroscopyChemical exchange, fett of deuteration, spin-spin coupling, (n+1) rule, complex spin-
spin interaction between two, three, four and five nuclei (first order spectra), fatgotimgfcoupling constant “J”,
classification of spin system lilkB, AX, AX2, ABX, AMX, ABC,A2B2. Spin decoupling, Factordedting coupling
constant, simplification of complex spectra, nuclear magnetic 4 double resonance, spin decoupling, contact shif
reagents, solventfetcts, nuclear overhausefesft (NOE), resonance of other niclei li#8*°F.

13 CNMR spectrometry: FINMR, Types of 13 CNMR Spectra : un-decouled, Proton decoupléde§iinance,
APT, INEPT, DEPT, chemical shift, calculations of chemical shifts of aliphatic, olefinic, alkyne, aromatic, hetero
aromatic and carbonyl carbons, factorfeding chemical shifts, Homo nucle&Q-*C) and Hetro nuclear
(**C-H) coupling constants

Unit Il Mass spectrometry and 2D NMR Techniques:

Mass Spectrometry: Instrumentation, various methods of ionization (field ionization, field desorption, SIMS,
FAB, MALDI), dif ferent detectors (magnetic analyZen cyclotron analyzeQuadrupoule mass filtaime of flight

(TOF). Rules of fragmentation of éifent functional groups, factors influencing ion abundance, single and multiple
bond cleavage, rearrangements, Nitrogen rule and interpretation of mass spiectia,isbtopes on the appearance

of mass spectrum, recognition of the molecular ion peak;

2D NMR Techniques: General idea about two dimensional NMR spectrogCopglation spectroscopy
(COSY)- Homo COSY(1H-1H), TOCSY, Hetero COSY(HMQC, HMBC and Hetero nuclear 2D resolved
spectroscopyNOESY and 2D-INADEQUAE experiments and their applications.

Hetero nuclear 2D resolved spectros¢cdp@ESY and 2D-INADEQUAE experiments and their applications.
Unit Il Mass spectrometry and 2D NMR Techniques:

Mass Spectrometry: Instrumentation, various methods of ionization (field ionization, field desorption, SIMS,
FAB, MALDI), dif ferent detectors (magnetic analyZen cyclotron analyzeQuadrupoule mass filtaime of flight

(TOF). Rules of fragmentation of éifent functional groups, factors influencing ion abundance, single and multiple
bond cleavage, rearrangements, Nitrogen rule and interpretation of mass spiectia,isbtopes on the appearance

of mass spectrum, recognition of the molecular ion peak;

2D NMR Techniques: General idea about two dimensional NMR spectrogCopglation spectroscopy
(COSY)- Homo COSY(1H-1H), TOCSY, Hetero COSY(HMQC, HMBC and Hetero nuclear 2D resolved
spectroscopyNOESY and 2D-INADEQUAE experiments and their applications.

Hetero nuclear 2D resolved spectros¢cdp@ESY and 2D-INADEQUAE experiments and their applications.
Unit lll: S tructur e elucidation through the application of UV IR, PMR, CMR, 2D NMR and Mass spectometry.

(Including reaction sequences)
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Unit IV : Molecular dyssemety and chiroptical properties

Linear and circularly polarized lights, circular birefringence and circular dichroism, ORD and CD curves, Cotton
effects, Faraday and Kerife€ts.The axial halo-ketone rule, Octent diagrams, Helicity and L®Rale.Application
of ORD and CD to structural and stereochemical problems.

Separation techniques:

Fundamental principles, thegigstrumentation and application of Gas-liquid chromatograpRi.C, Size Exclusion
chromatographyGC-MS, LC-MS, UPLC, HPTLC, lon Pair & lon Exchange Chromatography and Supercritical
Fluid Chromatography

References:

1. Introduction to Spectroscopy — D. L. PaviaviGLampman, GS. Kriz, 4th Ed. Cengage Learning, 2008.

2. Spectrometric identification of ganic compounds R. M. Silverstein X Webstey, David Kiemle David
L. Bryce; 8" Edition. JohrWiley and Sons 2014.

3. A Complete Introduction to Modern NMR Spectroscdpyger S. MacombgWiley, 1997

4. High-Resolution NMRechniques in @anic Chemistry 3rd Editiofimothy D.W Claridge Elsevier Science,
2016

5. Modern NMR Spectroscopg Guide for Chemists; Second Edition; Jeremy K. M. Sanders, Brian K. Hunter;
Wiley, 1993

6. Solving Problems with NMR Spectroscopyd EditionAtta-urRahman Muhammad Choudhatya-tul-
WahabAcademic Press, 2015

7. Eberhard Breitmaie&ructure elucidation by NMR in ganic chemistrnyA practical guidewiley, Chichester
2002

8. Guide to Fluorine NMR for @anic Chemists, 2nd Editiowilliam R. Dolbier, Jr.,Wiley, 2016

9. Organic $ructures from Spectra, Fifth Edition,[ Field, S $ernhell, J R Kalman JohkViley and Sons
Ltd. 2015

10. Organic Sructures from 2D NMR Spectra, L. D. Field, H. L. Ai, M. Magill

11. Phosphorus-31 NMR SpectroscopyConcise Introduction for the Syntheticganic and Qganometallic
Chemist, Olaf Kihl, Springer

12. Organic $ructure Determination Using 2-D NMR Spectroscapyroblem-Basedpproach Jdfrey H.
SimpsonAcademic Press, 2008

13. Introduction to Modern Liquid Chromatograpfwird Edition; Lloyd R. SnyderJoshep J. Kirkland, John
W. Dolan,A JohnWiley & Sons, Inc., Publication, 2010

14. Chiral Chromatographyrhomas E. Beesleiraymond RV. Scott,Wiley,

15. Mass SpectrometrPrinciples andpplications,Third Edition, Edmond de Hbofhann
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16. Mass Spectrometry in Medicinal Chemistry; KlaugVanner Geog Ho fner Wiley, 2007

17. ManMohan Srivastava, High-Performantkin Layer Chromatography (HPTLC) Springer Heidegper
Dordrecht London Nework, 2011

18. LC/MS Applications in Drug Development, Mike S. Lee, Dominic M. Desiderio, Nico

M. NibberingWiley Interscience, 2002
19. Ord and Cd in Chemistry and Biochemisttgt Edition, Pierre Crabb&cademic Press, 1972
20. Basic Gas Chromatograpt8nd Edition, Harold M. McNajidames M. MillerWiley, 2009

21. Practical Gas ChromatograpByComprehensive Reference Dettidditde, Katja, EngewaldMerner Springer
2014

22. Gas Chromatography and Mass Spectrométriyractical Guide, 2nd Edition, O. David Sparkman Zelda
Penton Fulton Kitsomcademic Press, 2Q1
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Nanochemistry 4 exdits
CHE-PG-E321

Physical/ Inorganic Chemistry Elective |

Unit |

Concept of length scale, de Broglie wavelength in a semicondigtton Bohr Radius, Quantum confinement,
Density of states he Fermi Enagy, FermiVelocity and Kubo gaphe Drude- Lorentz Model, Electron mean free

path in metals. Super paramagnetic limit in magnetic nanopartiti@se particle duality in ¢ Basic
crystallography unit cell, bravais lattice,Miller indices, planes, crystallographic directions, Single element
crystals (SC, FCC, BCC), diamond structure, Zinc blende, RocWsatizite, Spinel, Rutile, Perovskite, surface

to volume ratio, calculation of density using unit cell approach. Debye Scherrer equation. Concept of concentration
Determination of molar extinction cdigfient. Surface defects, Surface oxidation. Chemistry of small surfaces:
Curvature and neighboring-clyarefects on chemical reactivity and equilibria (pKa'edox potentials), Efct on

melting temperature.

Unit Il Nucleation and growth:

Classicallheory MonodispersityLamer Plot, Ostwald ripening, Digestive Ripening Homogeneous vs. heterogeneous
nucleation and applications of nanomateriAlsisotropic growth and shape control, Catalyzed (seeded) growth,
Nanocrystal doping, solid solutions awdgards rule. Non-classical growth. fétt of precursor reactivity and
stability on size. Unusual precursor kinetics in 11l1-V semiconductor nanocrystal formation.

Unit Ill: Synthesis and characterization

Basics of CVD, sol-gel, microemulsion, template and hydrothermal methods. Hot injection (Bawendi and Murray
method), heating up, lon-exchange, Doping, Influence of Precursor reactivity

Reaction kinetics and influence of reaction parameters on the synthesis of Cd883AR, FgO,, CH,NHPbCL,.
Synthesis and Finctionaisation of Carbon, Fullerenes and Graphenes.

Core/shell synthesis, SILAR. Purification techniques. Phase transfer: solid phase, solution phase. Surfac
functionliastion with small molecules, drugs, antibombil penetrating peptide, contrast agents. Role of Linkers.

Optical characterizatiorAbsorption and photoluminescence (BLPLE) spectroscopes, steady-state vs. fast
spectroscopydynamic light scattering.

Structural characterization: XROEM, AFM, Deviations between bulk and neanface crystal structures
Unit IV : Properties and application

Quantum dots: Colloidal quantum dots, Optical properties of II-VI (CdSee,CHTS), III-V (InPand InAs)

and IAVI (PbS and PbSe) colloidal quantum dots, Perovskites. Photostability of QDs in solution, thin film. Surface
passivation, Core/shell nanocrystals. Determination of band degplication in solar cell, LED and
bioimaging. Magnetic nanoaprticles: Single domain. Multiple domain. Superparamagnetism. Finfextsze ef

in magnetic nanoparticles, superparamagnetic limit, Neel-Brown expression, Blocking temperature. Properties o
FeO4 as MRIT2 contrast agenfpplication on biology and magnetic recording.
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Metal nanoparticles: Surface Plasmon resonanéelinanoparticles. Surface Plasmon resonance, Mie theory of
metal nanoparticlegpplication in biology Crystal structure of Co nanopatrticles. Carbon based materials: Properties
of C60, carbon nanotubes, fluorescence in carbon dots and fullerene. FRET

References

1. Kuno, M. Introductory Nanoscience, 20Taylor & Francis Group.

2. RigachA. L. (Editor), Semiconductor nanocrystal quantum dots: synthesis, assembly and applications

3. Klimov, V. I. Semiconductor and Metal Nanocrystals: Synthesis and Electronic and Optical Properties
(Optical Science and Engineering)

4. Thanh, N.TK. and Sayed, M\. 2012 El Magnetic Nanoparticles: From Fabrication to Clidipalications

5. Huck, W. T. and Huck,Wilhelm T. S. (Editor) Nanoscal&ssembly: Chemicalechniques

6. Dresselhaus, M. S, Dresselhaus, a8d Avouris, P SpringetVerlag. Carbon Nanotubes : Synthesis,
Structure, Properties, adgplications

7. Acklin, B. and Lautens, E. Magnetic Nanopatrticles: Properties, Synthesipithtions

8. Taurozzi, J. S 201 Nanoparticle-polymer composite membranes: Synthesis, characterization, and
environmental applications.

9. Karn, B. ColvinV. andAlivasatos, P2004 Nanotechnology and the Environment.

10. Zhou, B. Hermans, S., Somorjai,As (Editors )Nanotechnology in Catalydislumes 1 and 2
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Advanced Satistical Thermodynamics 4 credits
CHE-PG-E322
Physical Chemistry Elective IlI
Unit I: Statistical Mechanical ensembles Grand Canonical and othemsembles

Statistics of ideal classical and quantum systems: Ideal Bose system (Photons gas, Phonon gas, Helium Ga
superfluidity Ideal Fermi system, Ideal Gas (Monoatomic, Diatomic gases), Chemical Equilibria in gases, Electrons
in metals

Unit II: S tatistical Mechanics of Interacting systems:

Classical and Quantum — Calculation of partition function for low dengMitesnative derivation of van dé&vaals
equations, Cluster expansion for classical systems, Equation of state. Cluster expansion for quantuxfirsaistems
expansion of equation of state, Imperfect Bose Gas

Unit Il S tatistical Thermodynamics of Solids and liquids:

Hard sphere fluid, Born Green equation, Integral equation. liquid crystal, Florry-Higgins polymer solution theory
Einsteins theoryDebye theorySuperconductivity in metals, Ginzigetandau theory of uperconductivity

Unit IV : Phase transition and Non-equilibrium statistical thermodynamics

Ising model., Lattice gas, Mean field theoaanof transformation, Renormalization group thedrgngevin
equation, Fluctuation-dissipation theorem, Follanck equation, Onsagder regression hypothesis and time
correlation functions, response function.

References:

1. Hill T. L.,An Introduction to &tisticalThermodynamics: Dover Publications, N&ark

2. Chandler D. Introductioiio Modern $atistcal Mechanics: Oxford Universjtiyress, Nework
3. Reif F, Fundamentals oft&istical andlrhermal Physics, Levant Books, Kolkata
4

Sinha S. K., Introduction tot&istical Mechanics, Narosa Publishers
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Semester IV
Magnetochemistry 4 credits
CHE-PG-E401
Inorganic Chemistry Elective 11|
Unit I: Magnetochemistry-I:

Magnetic properties of substances, orbital and spin angular momentum of electrons, paramagnetic moment ar
magnetic susceptibilitfaramagnetic and diamagnetic materials, ferromagnetism, ferrimagnetism, antiferromagnetism,
magnetic permeabilitynagnetic susceptibilitynagnetization, classical theory of diamagnetism and paramagnetism,
diamagnetism and Pascal s constants, zero-field splitting, spin-orbit coupling. Determination of magnetic susceptibility
by these methods: GouyaradayNMR method and SQUID.

Unit Il: Magnetochemistry-II :

Magnetic properties and temperatureéThe curie and CurieWeiss law derivation of Curie lawMicrostates,

hole formalism, multiplet, multiplet width, Lande interval rule, magnetic moments feretit multiplet widths,

crystal field diagram, quenching of orbital contribution, high spin/low spin equilibAuatiferromagnetic interactions

in inorganic compounds: Mechanism like — direct interaction, superexchange interactions and elucidation with poly
nuclear metal complexes as well as oxide and halide salts of transition metals.

Unit I1l: Magnetochemistry-lil:

Ferromagnetism and Magnetic domains, Hysteresis, Molecular field (meagnetic sublattice, Ferrimagnetism,
Canting andVeak ferromagnetism Heisenbeand Ising model, Correlation of magnetic and structural properties.

Unit-1V : Magnetochemistry-IV

Magnetic materials, long range ordering, superparamagnetism, molecular magnets, metamagnetism, single che
magnet, magnetic ordering, magnetic behaviour of lanthanides and actinides, design of molecular magnets, physic
investigations and applications.

References
1. Cotton, FA. andWilkinson, G 1999Advanced Inaoganic Chemistry6th Edn., JohWiley & Sons, New
York.

HuheeyJ. E., 1993 Ingranic Chemistry4dth Ed. Addison-Wesley Pub. Co., NeWork.

Drago, R. S., 1971 Physical Methods in amic Chemistrylnternational 8 Edn. Affiliated East-Veést
Press, New Delhi.

Shriver D. E andAtkins, P W., 1999 Inoganic Chemistry3rd Edn., ELBS, London.

Cotton, FA., Wilkinson, G and Gaus,.B., Basic Inoganic Chemistry3rd Edition, Johiiley & Sons,
NewYork.

6. Greenhood, 1976, Spectroscopic properties ofjenaic and agyanometallic compounds, Royal Society of
Chemistry

7. Lee,J.D. 1999 Concise Irganic ChemistryBlackwell Science.

9. Purcell K. Fand Kotz J. C., 1987 Inganic ChemistriyW. B. Sauders Com. , Hong Kong. CottorA.F
1990 Chemicahpplication of Grouprheory 3rd Ed Wiley-Blackwell.
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Bio-Inorganic chemistry 4 credits
CHE-PG-E402
Inorganic Chemistry Elective 11|
Unit I: Role of alkali and alkaline earth metal ions in biological systems

A. Role of alkali metals ions: N&K* Pump, ionophores and crown ethefsansport of N&K* through
membranes.

B. Catalysis of phosphate transfer by #¥ign,

C. Regulatory role of Ca- muscle contraction

Unit Il: Heme Pr oteins

Hemoglobin, myoglobin, hemerythrin, hemocyanin Oxygen activation: Cytochrome P450, Cytochrome c oxidase.

Non-heme proteins: Copper Proteifigpe I, Il and Ill. Copper in cytochrome ¢ oxidase and in respiratory chain,
blue copper proteins

Unit lll: Pr oteins with reference to theiroxygenation and oxidase activity

Anti-oxidative functions, Nitrate and nitrite reduction (NO3- and NO2- reductase), Synthetic models of iron-sulfur
proteins, molybdo-enzymes — molybdenum cofactors (molybdenum-pterin complexes, nitrogen fixation through metal
complexation, nitrogenase, Photosynthesis (PS-l1 and PS-I1).

Unit IV : Metalloenzymes

Zinc enzymes- carboxypeptidase and carbonic anhydrase. Iron enzyme - catalases, peroxidase and cytochrome
450. Copper enzyme-superoxide dismutase. Molybdenum oxo-transferase enzyme- xanthine oxidase. Urease a
hydrogenase, and cyanocobalamine.

Metal ion storage and transport: Ferritin, transferritin, siderophores and metallothionein and hemosiderin.

Chemotherapeutic applications of metal complexes: Pt(ll), Pt(IV) complexes and Ru(ll), Ru(lll) complexes as
anticancer drug#u complexes as antiarthritis drugs

References
1. Hughes M. N., 1981 Inganic Chemistry of Biological Processes, 2nd Ed., JolleyM& Sons, Newrork.

2. KaimW. and Schwederski B., 1995 Bioiganic Chemistry: Inganic Elements in the Chemistry of Life,
An Introduction and Guid&/Viley, NewYork.

3. Lippard S. J. and BgrJ. M., Principles of Bioingranic ChemistryUniversity Science Books.

4. Bertini, I., Grey H. B., Lippard S. J. aMalentine, J. S. , 1998 Bioirganic ChemistryWiva Books Pvt.
Ltd., New Delhi.
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Advances in Organic Synthesis 4 credits
CHE-PG-E411
Organic Chemistry Elective llI
Unit | Various synthetic appioaches to drug discover:

Combinatorial synthesis, Diversity oriented syntheBi$al synthesis, their importance, utilities, advantages and
disadvantages.

Retrosynthetic analysis: Synthesis backwards, disconnections, synthons, choosing disconnections, functional grot
interconversion, two group disconnections, C—C disconnections,-doneptor synthons, natural reactivity and
umpolung.

Synthesis: Illustrative synthesis of complex natural products with relevant examples.
Unit Il Impor tant reaction and synthetic tools in organic synthesis:

Multi-component reactions: Ugi, Passerini, Biginelli and Mannich reactions; Click chemistry: criterion for click
reaction, Sharpless azides cycloadditions;

Coupling reactions: Suzuki, Heck, SonogashitiieSFukuyama, Kumada, Hiyama, Negishi, Buchwald-Hartwig,
Noyori, Reppe, Oxo process

Metathesis: Grubbs 1st and 2nd generation catalyst, Olefin cross coupling (OCM), ring closing (RCM) and ring
opening (ROM) metathesis, applications

Ring formation reactions: Pausan-Khand, gBen and Nazerov cyclizationyarious intramolecular
cycloaddition reactions (INC)

Unit Il Other important reactions:

Important named reactionafittig, HornerWordworth-Emmons, Shapiro, Bamforte8ens, McMurryJulia-lythgoe
and Peterson olefination reactiofganium-carbene mediated olefinatidiebbe, Petasis and Nysted reagent, Baylis
Hilman, Eschenmoséranabe fragmentation, Mitsunobu reaction.

Current trends in ganic synthesis: @anocatalysis, Photoredox catalysis. C-H activatioit. |V Photochemistry:
Quantum yields, intersystem crossing, photosensitization angyener transfer reactions.

Photochemistry of olefins and carbonyl compounds, photo oxygenation and photo fragmentation, Photochemistry ¢
aromatic compounds: isomerisation, additions and substitutions. Singlet molecular oxygen reactions. Patterno-Bucl
reaction, Di-pimethane rearrangement, Hofmann{flepfreytag reaction, Bartons reaction and Photo-Fries
rearrangement.,

References:

1. Combinatorial Chemistry: Froiftheory toApplication,Volume 26, Second Revised Editidvijli Bannwarth,
Berthold Hinzen;Wiley-VCH Verlag GmbH & Co. KGaA, 2006

2. Combinatorial Chemistry: Synthegisalysis, Screening; Gunther JuNGILEY-VCH Verlag GmbH, 1999
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10.

11.
12.
13.

14.

Diversity-Oriented Synthesis: Basics aqplications in Oganic Synthesis, Drug Discovergnd Chemical
Biology AndreaTrabocchiWiley, 2013

Diversity-oriented Synthesis Afkaloids for Chemical Genetic Screeniddexander MertonTaylor Harvard
University 2007

Organic chemistry; Clayden, J., Greeves, Wasren, S. andlVothers, B Oxford University Press, 2000

Multicomponent Reactions in @anic Synthesis; Jieping Zhu, QMfang, Mei-XiangNVang; Wiley- VCH
Verlag GmbH & Co. KGaA, 2015

Multicomponent Reactions: Concepts dqgblications for Design and Synthesis; RaquetBrrera, Eugenia
Marques-LopeaNiley, 2015

Advance Oganic Chemistry; 5th Ed. CareyA: and Sundbwg R. J.; Springer2007

StrategicApplications of Named Reactions inganic Synthesis; Laszlo Kurti Barbara Czakocademic
Press; 2005

Name Reactions and Reagents ig@hic Synthesis, Second Edition; Bradford Rundy Michael G
Ellerd, Frank GFavaloro, Jr; Johwiley & Sons, Inc., 2013

C-H BondActivation in Oganic Synthesis; Jie Jack Li; CRC Press 2015
C-HActivation; Jin-QuarYu, Zhangjie Shi; Springer; 2010

Photoredox Catalysis in @anic ChemistryMegan H. ShawJackTwilton, and DavidV. C. MacMillan J.
Org. Chem., 2016, 81 (16), pp 6898—-6926

Organic Photoredox Catalysis; Nath&nRomero, DavidA. Nicewicz; Chem. Rey 2016, 16 (17), pp
10075-10166
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Natural Products and Bio-Organic chemisty 4 credits
CHE-PG-E412
Organic Chemistry Elective IV
Unit I: Natural Pr oducts

Isoprene Rule, biogenesis and biosynthesis of representative examples. Retrosynthetic analysis of some typic
natural products.

Alkaloids: Sructure, synthesis, and stereochemistry of Narcotine and Quinine; synthesis and stereochemistry o
Morphine, lysegic acid and Reserpine.

Terpenoids: Camphpicongifolene Abietic acid, andaxol. Seroids: Cholesterafjldosterone and Cortisone.

Prostaglandins anthromboxanes: Introductionpmenclature of prostaglandarsl thromboxanes; approaches to
prostaglandin synthesis; cyclohexane precurooWard synthesis of PGF2a), bicycloheptane precursors (€orey’
synthesis of prostaglandins E and F) Oxygen Hetrocycles: Flavonoids, isoflavonoids and biosynthetic pathway:
Antioxidant properties of flavonoids.

Unit II: Organotransition Metal Chemistr y: Applications to Organic Synthesis

Electron counting, bonding, g@nometallic reaction mechanism; Homogeneous hydrogenatigan@netallics as
electrophiles; Synthetic applications of transition metal alkene comp&aeker oxidation. Synthetic applications

of complexes containing metal — carbon 6 bonds: Heck and related reactions, carbonylation reactions; Synthet
applications of transition metal carbene complexes: Fischer carbene, Schrock carbene, metathesisTgioloesses,
reagent, Zieglar — Natta reaction; Synthetic applications of transition metal alkyne complexes: Pauson — Khan
reaction, cyclooligomerisatioApplications of transition metal complexes in the synthesis of: cyclic enediynes, estrone
by Volhardt, clavicipitic acid by Hegedus.

Unit lll: Enzymes and Mechanism of EnzymeAction

Classification, isolation and purification. Methods of Enzyme analsis substrate reactions; Enzyme inhibition.
Mechanism of action of chymotrypsin, aldolase, alcohol dehydrogenase, and lysozyme.

Co-enzyme Chemistry: Cofactors as derived from vitamins; coenzymes, prosthetic groups, and apognmyones. S
and biological functions of coenzymethiamine Pyrophosphate, Pyridoxal

Phosphate, NADNADP*, FMN, FAD, lipoic acid, and vitamin B
Unit IV : Chemistry of Medicinally Impor tant Molecules

Bacterial and animal cells, antibacterial agents — mechanism with reference to a-lactam antibiotics; General methc
of synthesis of &-lactam ring: synthesis of penicillin, AAgephalosporin, 7-ACA; Morin — Jackson rearrangement;
Structure-activity relationship of penicillin. New generation antibiotics / antibacterial agents: Synthesis and mechanism
of action of (i) fluoroquinolones — norfloxacin, ciprofloxacin, levofloxacin (ii) &S drugs -AZT, lamivadine

(iii) antihypertensive agent — captopril (iv) calcium channel blocker —amlodipine (v) gastri¢/#aonats: $ructure

and synthesis o¥itamins A, C, Thiamine (B), Riboflavin (B), Pyrdoxine (B), Cobalamin (B,) andVitamin

D, Vitamin E, Biotin (H) and/itamin K.ion inhibitoromeprazole (vi) drug for Impotency-sidenafil etc.
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2. Voet D.Voet J.Gand Pratt CW1999 Fundamentals of BiochemistiphnWiley & Sons, Newyork .

3. Dugas H. and Penney C., 1981, Bigamic ChemistryA Chemicalpproach to EnzymaAction, Springer
Verlag, Newvork.

4. Apsimon J.W Total Synthesis of Natural Productl. 1-6, Wiley-Interscience Publications, New
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Solid-Sate Chemistry 4 credits
CHE-PG-E421
Physical Chemistry Elective |
Unit I: Solid state Chemistry
Basic Principles and applications

Solid Sate Reactions: General Principles, Experimental procedure, Co-precipitation a a precursor to solid-state
reactions, Kinetics of solid-state reactions, Crystallization of solutions, melts, glasses and gels. Preparation of thi
films (chemical, electrochemical and physical methods), Hydrothermal methods, Growth of single crystals:
Czochralski method, Bridgman antb&bager methods. Zone Melting. Reactions at solid surfaces.

Unit II: Phase transitions, electronic and magnetic poperties

PhaseTransitions:Thermodynamic and Bger's classification of phase transition, Kinetics of phase transition-
nucleation and growtA-T-T diagrams, Factors that influence kinetics of phase transition, Martensitic and order
disorder transitions.

Electronic Properties and Bamteory: Electronic structure of solids- band theBgfinement to simple band theory-
k-space and Brillouin Zones, Band structure of metals, insulators and semiconductors, Intrinsic and extrinsic
semiconductors, Doped semiconductors, p- n junctions. Concepts of thin film devices. feéldrafsistors,
photovoltaics, Light emitting diodes.

Magnetic Properties: Classification of materials. Magneflsqes, determination of magnetic susceptibi@yantum
theory of diamagnetism and paramagnetism. Cooperative phenomena. Magnetic domains. Hysteresis. Concepts
GMR, Solid Sate storage.

Unit lll: S tructural characterisation techniques

X- ray Diffraction: Diffraction of X-rays by crystalsthe Laue equations and Bragdaw Definitions related to
crystal structure. X-ray difaction experimentsThe powder method and the single crystal method. Reciprocal
lattice. Sructure factarSructure factor and intensityElectron density maps.

Electron difraction: Scattering intensity versus scattering angfierl equation, measurement technique, elucidation
of structure of simple gas phase molecules. Lowgnelectron difraction and structure of surfaces.

Neutron difraction: Scattering of neutrons by solids and liquids, magnetic scattering, measurement techniques
Elucidation of structure of magnetically ordered unit cells.

Solid Sate NMR: Differences between solid and liquid state NMR, comparison with XRD, Magie spinning,
Chemical shielding, J-coupling, Dipolar coupling, Quadrupolar coupling.

Unit IV : High-Tc Oxide Supeconductors

Structural features of cuprate superconductors. 1-2-3 and 2-1-4 cuprates; structure. Normal state properties: anisotro
and temperature dependence of electrical resistance.
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Superconductingstate: heat capacdityherence length, relation betweknand hole concentration in cuprates;
mechanism of superconductivity in cupratisplications of highlc- cuprates.

Non-linear materials: Second and third order non-linefces;, molecular rectifiers and frequency doublers;
unimolecular electronic devices. Photochromic materials; optical data storage, memory and switches.

References:
1. WestA.R. 2003 Solid gte Chemistry and itdpplications, JohnWiley and Sons, Singapore.
2. Azaroff L. V. 1977, Introduction to Solid3ata McGraw-Hill, New Delhi
3. MassaW. 2004 Crystal 8ucture Determination 2nd Ed. Springer Warren, B. E., 1990 X-Ray
Diffraction B Ed. Dover Publications (1990)
5. Sands, D.E 1994 Introduction to Crystallography , Reprint Dover Publiications.
6. Tinkham Michael, 2004 Introduction to Superconductivig&lition , Courier Dover Publications.
7. Rammakrishnant.V. and Rao C.N.R. 1999 Superconductivipday Orient Blackswan.
8. Ashcroft N.W. and Mermin N. D., 1976 Solid&e Physics, Brooks Cole Edition.
9. Keer H.V. 1993 Principles of the Solid&de, NewAge International.

10. Chakrabarty D.K., 2010 Solidte&Be Chemistry New Age Science lItd; "2Revised edition
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Advanced Quantum Chemistry 4 credits
CHE-PG-E422
Physical Chemistry Elective |
Unit I: Advanced Quantum Chemistry
Ab initio and Semi-empirical Methods for Closed Shell Systems:

Orbitals, Slater DeterminaniBhe Hartree-Fock Self-Consistent Field Methblde generation of Optimized orbitals,
KoopmansTheorem (The Physical Significance of Orbital Eyes),The electron correlation erggy Density matrix
analysis of the Hartree-Foélpproximation, Natural orbital§;he matrix solution of the Hartree- Fock Equations
(Roothaars equations). Density functional thegrime- Dependent Density functional theory

Semiempirical Molecular Orbital Methods | - Pl Electron Systefis HickelApproximation for Conjugated
HydrocarbonsThe PariseParrPople Method.Semiempirical Molecular Orbital Methods II

- All valence - Electron systemshe Extended Huckel Methotlhe CNDO Method.
Unit Il: Electr onic Sructur e of Linearand non linearMolecule

The Born-Oppenheimekpproximation, The MO - LCAOApproximation, The Hydrogen Molecule lon,Hj The
Hydrogen molecule, Molecular Configuration - Interactiohbe Valence Bond Methodihe stability of
chemical bond, Hellmann-Feynman theorem, Molecular Perturbation Calculations. Eledimectior& ofAH |
molecule: Methané&ymmonia andVater, Hybrid OrbitalsThe Ethylene and Benzene Molecules.

TheVirial Theorem and Chemical Bondirithe Hellmann-FeynmahheoremThe Electrostatic
Theorem.
Unitlll: Atom-Radiation Interaction

Electromagnetic field and its interaction with one-electron atoms, Spontaneous emission, Electric dipole approximatior
rotating-wave approximation {&A), density matrix approach, Line intensities, widths and shapes, Rabi Oscillations,
atomic coherence, Optical Bloch Equations, Photoionization, Scattering: Partial wave analysis, Phaleeshifts,
BornApproximation.

Unit IV : Quantum Computation & Information

Computer science, Quantum bithie EPR Paradox, BedlTheorem, Quantum algorithms, Quantum information
theory Quantum computers: Physical realization, Entropy and information.

References
1. Levine, I.N. 2000 Quantum ChemistBth edition, Pearson Educ., Inc. New Delhi.
2. Karplus M. and PorteR. N., 197(Atoms and Molecules, Benjamin, London.

3. Atkins PW. and Friedman, R.S., 1997 Molecular Quantum Mechanics, 3rd edition, Oxford University
Press. Oxford.
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10.

Pilar, Frank L. 1990 Elementary Quantum ChemisthEdition, Mc Graw-Hill Publishing Company

Mc Quarrie D.A. and Simon, J.D. , 1998, Physical ChemistiytolecularApproach, Viva Books, New
Delhi.

Murrell, J.N. ,. Kettle S./A andTedder J. M. , 1965ValenceTheory2nd edition, Johiiley, NewYork.
ChandraA.K. , 1994 Introductory Quantum Chemistdth edition,Tata McGraw Hill, New Delhi.

Pualing L. andWilson, E. B. , 1935 Introduction to Quantum Mechanics Apblications to
Chemistry McGraw Hill, NewYork.

B. H. Bransden and C. J. Joachain, 2003, Physics of atoms and mole€@diich, Pearson

R. Loudon, 2000The QuantunTheory of Light, 3 edition Oxford University Presd.1 Nielsen
and Chuang, 2000, Quantum Computation and Quantum Information, Cambridge University Press.
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c &k

2 o

e.

f.

Elective Inorganic Chemistry Practical 4 credits
CHE-PG-E403
Synthesis and characterization of the following (any five synthesis)
Pervoskite (bulk and nanopatrticles)
Prussian blue
HKUST-1, Cy(BTC), metal oganic framework
Metallic nanoparticles (Ni,Co and Cu)
Polyoxometallate (o andW)
Layered materials (), and FgO,)

Characterization techniques to be used for each experiments (wherever applicable) are XRBDFBNR, TGA/
DTA, SurfacéArea analysis (BET), Magnetic susceptibility measurements, Cyaliammetry ICP-MS and\AS.

2.

a.

b.

2 o

Analysis of known compounds (any two)

Cyclic voltammetry*H and®®* CNMR of Ferrocene

13 C-NMR and FTIR of iron carbonyls

TGA measurement of CugGH,0

Surface ligand analysis ByGA and FTIR of nanoparticles

Magnetic susceptibility measurements of Fe(agBxans method)
Assignment of absolute configuration using circular dichroism (CD)
Chemistry Communication Skills:

How to draw chemical structures- Use of CHEMDRAdow to write and draw equations (both chemical
and mathematical).

How to find compound related data in the literature?
Use and management of mined data- End note.

Use of spectral databases and how to report compound data and procedures. Use of other specialized databa:
CCDC, PDB, other nuclei NMR databases.

Data integrity and recording experiments in the lab notebook.

How to write new and views (reviews)? How to make presentation slides and present reviews to an audience
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References:
1. EliasA. J., Collection of Interesting General Chemistry Experiments, Orient Longman.
. Atext book of Quantitative InganicAnalysis -A. |. Vogel
. A Text Book of Quantitative InganicAnalysis-A. |. Vogel
Experimental Inganic Chemistry W. G Palmer
. S ynthesis and Characterization of gavic Compound$V.L. Jolly, Prentice Hall.

o U A W N

. Chemistry experiments for Instrumental Methods by DohaB8hwyeyWilliam R. Heineman & Jalice M.
Beebe , Johlwiley & Sons ,1984.

7. Experimental Physical Chemistry by Beter Matthews, Clarendon Press, 1985.
8. Handbook of Ingganic Synthesis: @rauer
9. Inorganic Synthesis: R. B. King

10. Synthesis andechnique in Inaganic ChemistryA Laboratory Manual, Gregory S. Girolariihomas B.
Rauchfuss and RobertAngelici. University Science Books.
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Elective Organic Chemistry Practical 4 credits
CHE-PG-E413
Organic Chemistry Experiments
B. Organic Special Practical: Part |

Preparation of ganic compounds by typicalganic reactions, purification and characterization of the product [by
re-crystallizationTLC, PLC, determination of Rf value as required, m.p/b.p.].

Characterization of ganic compounds by spectroscopic means.
B. Organic Special Practical: Part Il
Multistep Oganic Preparation. Extraction and Purification of Natural Products and Biomolecules

Books Recommended:

=

Elias,A. J., Collection of Interesting General Chemistry Experiments, Orient Longman.

2. AddisonAult Techniques and Experiments forganic Chemistry 6th Ed. University Science Books (1998).
3. Mann, E G & Saunders, B. C. Practical gamic Chemistry 4th Ed. Orient Longmans (1990).
4

. Vogel,A. |. Vogel's Textbook of Practical @anic Chemistry 5th Ed. (revised AyR. Tatchell et al.Wiley
(1989) ISBN 0582-46236-3
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Elective Physical Chemistry Practical 4 credits
CHE-PG-E423

Experimental Solid state and Nanomaterials

1. Synthesis and Characterization of Nanopatrticles (Metal, Spinel, Rutile, Zinc bléandeite Pervoskite )

2. Determination of Molar extinction cdéfient of Nanopatrticles.

3. Isolation and physical characterization of Fullerepe Qatural sources

4. Determination of size of nanopatrticles using-\Mig¢ spectrophotometer and X-Ray fdéfction

5. Determination of quantum yield of quantum dots.

6. Solution and solid state ligand exchange in nanoparticles. Computational

Physical

1. Writing and executing computational codes for the following —Radioactive P@t#r First-Order Reactions
etc.

2. Use of quantum mechanical software — Gaussian, MPQC — calculationgiesremolecules.
Coding MinimizatiomAlgorithms: LBFGS etc.

4. Numerical Methods Roots of Polynomials, Solution of Linear simultaneous equations, matrix multiplication
and inversion.

5. Numerical integration.

6. Statistical treatment of data, variance and correlations, Least square curve fitting.
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Each student has to carry out innovative research on a topic chosen by the student.

Project for M.Sc.Thesis
CHE-PG-E404

Course Objectives:

a)
b)
c)
d)

€)

Identification of the problem.

Literature review

Exposure to analytical techniques/software
Communication skills: Scientific writing, presentation

Scientific ethics

4 credits
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M.Phil/ Ph.D Coursework Syllabus

Code Name of Paper Credits Marks
CHE-RS-C101 Research methodology 4 100
CHE-RS-C102 Research Proposal Preparation 4 100
CHE-RS-E103 Advanced Topics in Organic Chemistry 4 100
CHE-RS-E104 Bio-Inorganic Chemistry 4 100
CHE-RS-E105 Computational Chemistry 4 100
CHE-RS-E106 Food Chemistry 4 100
CHE-RS-E107 INanoscience 4 100
CHE-RS-E108 Soil Chemistry 4 100
CHE-RS-E109 Strategies in Organic Synthesis 4 100
CHE-RS-E110 Supramolecular Chemistry 4 100

53
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SEMESTER |
Reseach Methodology
CHE-RS-C101
Unit I: Basic principles, health and safetyworking with liquids

Basic laboratory procedures, Principles of solution chemjdthand buker solutions. Principles of Green Chemistry
and its practices.

Making and recording measurements, S| units and their use, Scientific method and design of experiment
Project works.

Using graphs, presenting data in tables, fdntsolving numerical problems, Descriptive statistics,
choosing and using statistical tests, drawing chemical structures, chemometrics, error analysis

— standard deviation, variance and various methods of error analysis
Unit II: The Internet and World Wide Web

Internet resources for chemistaging spreadsheets, word processors, databases and other packages, finding an
citing information.

General aspects of scientific writing, writing essays, writing articles, communications and reviews for journals,
reporting practical and project work, writing literature surveys and revieganizing a poster displagiving an
oral presentation examination.

Unit lll: Meaning of r eseach problems

Sources of research problems, criteria / characteristics of a good research problem, errors in selecting
research problem.

Format of research proposal, individual research proposal and institutional proposal. Format of the research repol
style of writing the report, references and bibliography

Unit IV : General safety and operational rules

Safety equipments, personal protective equipments, compressed gasatdgtypractices for disposal of broken
glass wares, centrifuge safetyeated biomedical wastes. Egency response, Chemical spills, radiation spills,
biohazard spills, leaking compressed gas cylinders, fires, medicgemgraccident reporting.

Ethics and Human Interface: Essence, determinants and consequences of Ethics in human actions; dimensions
ethics; ethics in private and public relationships. Scientific and Professional ethics.

References:

1. Dean, J. R., Joneé, M., Holmes, D., Reed, RWeyers, J., and Jone&, 2002  Practical Skills in
Chemistry Pearson Education Ltd. [ Prentice Hall]

OSU safety Manual 1.01.
Kothari, C. R. Research Methodologgethods andechniques

Singh,A. K. Tests, Measurements and Research Methods in Behavioural Sciences:
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Reseach Proposal Peparation
CHE-RS-C102
Unit I: Pr esentation of scientific papers

Presentation of the recently well cited scientific research studies from journals of high impactdgatsrof the
presentation to be decided by students in consultation with teacheitentS should be presenting more than once in
different areas.

Unit Il & lll: Resear ch proposal

The students will write a detailed proposal of their research including a thorough review of literature on a topic of
their choice and present the same in a seminar at least 10 days before the End-Sem examination.

Unit IV : Presentation on Instrumentation techniques

This unit seeks to update studsithowledge about the various instrumentation techniques relevant to his/her research
work.

CHE-RS-E101:Advanced Physical Chemisty Unit I: Irr eversibleThermodynamics

Internal heat and entropy production; Relation of entropy production with Fluxes & Forces; Phenomenological equation
Onsager reciprocal relation; Prigogmedrinciple of minimum entropy production at non equilibrium stationary
state.

Unit Il: Molecular collisions

Scattering as a probe of collision dynamics, Potentiabgreerrface, Experimental techniques in reaction dynamics:
molecular beam and chemiluminescence techniques, trajectory calculations, state to state kinetics, some case stud

Unit lll: Lasers: its pr operties and applications in eaction kinetics

Techniques for the study of fast and ultrafast reactions: Flow and stooped flow technigue, relaxation techniqu
pump-probe technique , single photon counting and fluorescence up- conversion techniques, femtochemistry

Unit IV : Thermodynamics in Biochemistry (Fundamentals andApplications)

Biopolymers (Proteins, Enzymes, DNA, Carbohydrates); Biomembratrast(8e and Function§ctive transport

and passive transport, Multiple equilibria, Specific examples of multiple equiliiveiasport processes; General
features of transport processes; Optical systems for the study of transport processgan&étigssystems (Micelles,

Lipids. Cyclodextrins, Liquid crystals, Reverse micelles, coacervates, Proteins etc) their interactions and solution
properties. Preparation, Characterization Apglication of nanoparticles Surface and Biophysitethniques:

CD, SEM,TEM, EDAX, DLS, Gel Electrophoresis, RadioactivitXPS.

References
1. Prigogine, I. Introduction tdhermodynamics of Irreversible Processes.

2. Levine, R.D. and Bernstein, Chemical kinetics and dynamics Molecular Reaction Dynamics and Chemical
Reactivity Oxford

3. CantorC. R. Schimmel,.RR. Biophysical Chemistry: Parfllhe Conformation of Biological Macromolecules.

4. Cantor C. R. Schimmel,.RR. Biophysical Chemistry: Part Techniques for thet&dy of Biological $ucture
and Function

5. Cantor C. R. Schimmel,.RR. Biophysical Chemistry: Part IlThe Behavior of Biological Macrolmolecules
Somorjai, GA. Li, Y. Introduction to Surface Chemistry and Catalysis
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AdvanceTopics in Organic Chemistly
CHE-RS-E102
Unit I: AdvancedAnalytical Techniques
All advanced analytical techniques for structure determinations.
Unit II: Pr eparative techniques

Pyrolytic methods; chemical strategies, chemical vapour deposition; preparation of nanomaterials, 1 Blugipeit
Films. Fabrication of ordered nanostructuress.Composition and purity of materials. CondwgaimgseMetals
from molecules, chge transfer materials and conducting polymerga@ic superconductors. Fullerenes, Carbon
nanotubes and graphene.Molecular ferromagnets and ferroelectrics. Liquid crystals: mesomorphiclogiteabur
properties of liquid crystals, display devicesg@nic light emitting diodes.

Unit lll: Synthetic Medicinal chemistry

Methods of combinatorial chemistisolid phase synthesis, fdifent types of polymer supports, linkers, strategies of
library synthesis, characterization, diversity oriented synthesis, examples.

Unit IV : Stereoselective Synthesis of Enantiomerically ParDrugs
Biocatalyzed reactions, glycosidation reaction, antisense oligonucleotides
References

1. Silverstein, R. M. antMebsterF X. Introduction to Spectrometric identification ofanic compounds, 6th
Ed. JohrWiley and Sons.

MacomberR. SA Complete Introduction to Modern NMR Spectroscopy

Urger's Medicinal hemistr and Drug Discover V@lume Set

Williams, D.A., Foye,W. O. LemkeT. L. Foyes Principles of Medicinal Chemistry
Nadendla, R. R. Principles Of @anic Medicinal Chemistry

Wilson, C. O. Gisvold, O. Block, John, J. H., Beale, Mséah and Gisvold Textbook of Oganic Medicinal
and Pharmaceutical Chemistry

o o~ w Db
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Bio-Inorganic Chemistry
CHE-RS-E103
Unit I: The storage of ilon, zinc, coppeyvanadium, chromium, molybdenum, cobalt, nickel, and manganese
Transport of lron, Zinc, coppevanadium, chromium, molybdenum, and cobalt. Iron Biomineralization
Unit II: Biological Redox Components

Enegy Sorage and Release, Coupling Electfoansfers and Substradetivation. Electron- transfer rates: Self-
Exchange and Cross Reactions, Marthsory Cross reactions of blue copper proteins. Long-range electron
transfer in proteins. Modified Metalloproteins

Transport through membrandgiion and cation carriers; Coupled transport processes; Electron coupled transport;
Proton coupled transport; Light driven transpdrgnsport via transmembrane channels.

Unit lll: Biological Oxygen Carriers

Haemoglobin, hemocyanin, and hemerythrin. Redox chemistry of free molecular dioxygen. Geometry and electroni
structure of coordinated dioxygen. General aspects of chemistry of dioxygenwith iron, copper and cobalt. Othel
Ligands for Biological Oxygen Carriers: carbon monoxide, nitric oxide, Isocyanide and nitroso species

Iron-sulfur proteins and models. Multi-site redox enzymes: Hydrogenase and Nitrogenase. Biological nitroger
fixation. FeMo cofactor

Unit IV : Coordination, Inter calation and hydrogen bonding

Fundamental Reactions with Nucl@icids: redox and hydrolytic chemist#y case study: tris (phenanthroline) metal
complexes. Binding Interactions with DNFechniques to Monitor indinpplications of diferent metal complexes
that bind nucleic acids Natusause of

metal/nucleic-acid interactions.

Metal deficiency and diseaskoxic effects of metals, Metals used in diagnosis and chemothé&aage study of
cis-Platin.

References
1. Hughes, M. N. 1981, Inganic Chemistry of Biological Processes, 2nd Ed.Jolieyw
& Sons, Newyvork

2. Kaim,W. and Schwederski, B. 1995 Bioiganic Chemistry: Inganic Elements in the Chemistry of Life,
An Introduction and Guidé&/Viley, NewYork

3. Lippard, S. J. and BgrJ. M. 1994 Principles of Bioinganic ChemistryUniversity Science Books,

4. Bertini, ., Grey H. B., Lippard, S. J. andalentine, J. S. 1998 Bioinganic ChemistryNViva Books Pvt.
Ltd., New Delhi

5. Mukherjee, GN. and DasA. Elements of Bioinaganic Chemistry
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Computational Chemistry
CHE-RS-E104

Unit I: Monte Carlo, Molecular Dynamics simulationsand its applications to understanding of physical and
chemical transformations.

Methods based on Hartree-Fock, Configuration Interaction, Deriving one and two electron properties, Semi-
empirical methods, Coupled Cluster thedgnsity functional theorfyf DDFT. QM/MM methods

Unit II: Basic molecular biology

Basic principles of biochemistrgnegy conversion, enzymatic catalysis, and active transport, enzyme models, drug
design, computational modeling.

Unit Ill: Intr oduction to Classical Monte Carlo

Molecular Dynamics Simulation and Softwares - DLROEROMACS TOWHEE, NAMD.Introduction to Quantum
chemistry softwares — NwChem, Gaussiasudlization softwares¥MD, Povray

Unit IV : Computer programming languages

C++, FORRAN. Python, Shell scriptingVriting Monte Carlo, Molecular Dynamics codes for chemistry problems.
Parallel programming techniques like Open, MiP|

References
1. Pople, J.A. and Beveridge, D.L. 19&fproximate Molecular Orbitalheory McGraw Hill, NewYork

2. Parr R.G andYang,W. 1989 Density Functiondheory ofAtoms and Molecules, Oxford University Press,
Oxford

. LongmanA. L. 1996 Molecular Modelling, London.
. Hunt, R. and Shelley 1998 Computers and Common Sense, Prentice Hall, New Delhi
Rajaramany 1990 Computer Programming in Fortran-90 Prentice Hall, New Delhi
Dickson, T. R. 1968 Computer and Chemistry: introduction to programming and numerical methods
Detar D. E BenjaminW. A. Computer programs for chemistry 1968-1969 Nexk Vol. 1- 3
Jensen, FL999 Introduction to Computational ChemistighnWiley, NewYork.

© © N o 0 B~ W

Cramer D. Wiley, J. 2002 Computational Chemistry (Theories and Models), Yozl
10. Frenkel, D. and Smit, B. Understanding Molecular Simulation: Pdgorithms toApplications
11. Allen, M. P andTildsley, D. J. Computer Simulation of Liquids
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Food Chemistry

CHE-RS-E105
Unit I: Review of Proteins, Lipids and Carbohydrates
Sources. Physical properties, Chemical properties

Vitamins and Minerals: Diérent types of vitamins and its sources, vitamitadifty and Degradation; Ciérent
kinds of minerals and its sources;ferent Main elements, trace elements and some non essential elements; Minerals
in Food Processing

Unit II: Food Additives

Importance of additives, food colors, bases, anti-oxidant, thickening agents, humectants in our everyday life.
Unit lll: Food Contamination

Possibility of contamination of food with toxic compounds.

Classification ofToxic Compounds in Food; Food Safety and Regulations; Rules and Regulation Set for Food
Contamination

Unit IV : Alcoholic Beverage
Composition, processing, and kinds of alcoholic beverage Fermented food; determine the composition, processing
References

1. Belitz H.D. and Groschy. 1999 Food Chemistr2nd edition, Springer

2. Adams, M.R. and Moss, M.O. 2000 Food Microbiology Royal Society of Chemistry; 2nd edition

3. Damodaran, S., Parkin, K. L. and Fennema, O. R. Fenséfnad Chemistryrourth Edition (Food Science
andTechnology).

4. Lawley, R. and Curtis, L. and Davis. J. Food Safety Hazard Guidebook
6. Adams, M. Ensuring Safe Food: From Production to Consumption

7. Aguilera, J.M.; Simpson RWelti-Chanes, J.; Bermudeaguirre, D.; Barbosa-Canovas, . (&ditors)
Food Engineering Interfaces (Food Engineering Series).

8. Molecular Biological and Immunologic@kchniques andipplications for Food Chemists by Bert Popping,
Carmen Diaz-Amigo and Katrin Hoenicke.
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Nanoscience
CHE-RS-E106
Unit I: Intr oduction

Surface to volume ratio, crystal structures, basic properties. Length scale: de Broglie wavelength, Bohr radius
excitons, confinement regimé@he Fermi Engyy, Kubo Gap, the mean free path in metals,gihgrenegy. Size and
shape-dependent electrical, magnetic and optical properties of metal, metal oxide and semiconductor nanoparticle
Quantum size &ct, Superparamagnetism, Surface Plasmon resonance.

Unit II: Synthetic appr oaches

Top down and bottom up. Colloidal growth. Chemical synthesis, Cla3siealry MonodispersityLamer Plot,
Ostwald ripening, Digestive Ripening Homogeneous vs. heterogeneous nucleation and applications of nanomaterial
Anisotropic growth and shape control, Catalyzed (seeded) growth, Nanocrystal doping, solid soluliegseatid

rule. Non- classical growth. tefct of precursor reactivity and stability on size. Unusual precursor kinetics in [lI-V
semiconductor nanocrystal formation.

Functionalisation and basic characterisation of metal, metal oxide and semiconductor nanoparticles. Core-shell
multishell nanoparticles. Properties and synthesis of Carbon nanotubes, grapheme, fullerene. Recent advances
synthesis of new materials and their synthetic strategies. Characterization of nanomaterials.

Unit lll: Pr operties andApplication

Electrochemistry of colloidal nanoparticles.Band gap engineering in semiconductor nanocrystals, Carbon base
nanoparticles, self assembled nanostructétesn and molecule manipulatiopplication of nanoparticles in drug
delivery, biological imaging of cellular and subcellular structures, catalysis, sdrestgr cancer treatment,
photovoltaics, single molecule detection and LED. Introduction to nanotoxicology

Unit IV : Model problems forquantum wells, wires and dots

Density of states. Quantum mechanical review; wavefunction, Schrodinger equation, Ben#sonig- Penny
Model, metals, semiconductansulators; Interband transition.

References
1. Kuno, M. Introductory Nanoscience, 20Taylor & Francis Group.
2. RigachA. L. (Editor), Semiconductor nanocrystal quantum dots: synthesis, assembly and applications

3. Klimov, V. I. Semiconductor and Metal Nanocrystals: Synthesis and Electronic and Optical Properties (Optical
Science and Engineering)

4. Thanh, N.TK. and Sayed, MA. 2012 El Magnetic Nanoparticles: From Fabrication to Clidpglications
5. Huck, W. T. and Huck,Wilhelm T. S. (Editor) Nanoscal&ssembly: Chemicalechniques

6. Dresselhaus, M. S, Dresselhausa@Avouris, PSpringefVerlag. Carbon Nanotubes : Synthesigj&ure,
Properties, andpplications

7. Acklin, B. and Lautens, E. Magnetic Nanoparticles: Properties, Synthesipplichtions

8. Taurozzi, J. S 21 Nanoparticle-polymer composite membranes: Synthesis, characterization, and
environmental applications.

9. Karn, B. Colvin,V. andAlivasatos, P2004 Nanotechnology and the Environment.
10. Zhou, B. Hermans, S., Somorjai, A (Editors )Nanotechnology in Catalydislumes 1 and 2
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Soil Chemistry
CHE-RS-E107
Unit I: Soil-definition
Chemical composition, method of separation ofdiamic and aganic components of soil.

Clay minerals: X-ray difaction, Fourier synthesidrrangement of ions in a crystal lattice — correlation between
ionic radii and coordination numbBifferent types of clay minerals, identification, their structures and structural
formulas.W¢athering: genesis of clay minerals, processes and products of weathering. Packing of coordinate
units in a crystal lattice.Crystal structure of the silicates.

Unit Il: Humic acid, Fulvic Acid

Their genesis. tBuctures — molecular weight of theganic components, determination of high molecular
weights.Computer simulation of the structure of tlgaaic components.

Surface chaye, double layer theaddsorption/desorption: Langmuir adsorption isotherm. Derivation of the Langmuir
equation for lon-exchange Reactions in soils using statistical mechanics.Application and misapplication of the Langmui
equation to the soil adsorption phenomengeAeral treatment and classification of the Sd\disorption Isotherm.

Unit lll: Cation exchange capacity

Causes of cation exchange capaBibgitions of exchangeable cations.Rate and environment of exchange reactions.
Replaceability of exchangeable catiolsion exchange

Soil redox potential - Some practical implications
Unit IV : Soil Fertility - An overview

A Quantity/Intensity approach to ion availabiliBotassium Chemistry; Phosphorus Chemistry; Biogeochemistry of
soil nitrogen; Biogeochemistry of soil sulfur; Evaluation of fertility status; Pollution problems

References
1. McBride, 1994 Environmental Chemistry of Soils, Oxford
Tan, DekkerM. 1993 Principles of Soil Chemistry
Dixon andWeed, 1989 Minerals in Soil Environments, Soil Sci.
Sparks, 1989 Kinetics of Soil Chemical Proces&eademic Press
Wild and Longman, 1988 RusssllSoil Conditions and Plant Growth
Davis and Hayes Geochemical Processes at Mineral Surfanescan Chemical Soc.,
Harter Van Nostrand Reinhold, 198&Isorption Phenomena,
Sparks, 1986. Soil Physical ChemistBRC Press,
Bohn, McNeal, & O’Connor 1985 Soil Chemistdnd EdWiley Interscience.
Sposito, 1984The Surface Chemistry of Soils, Oxford Press.
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10. Lindsay 1979 Chemical Equilibria in SoilgViley Interscience,
11. Alexander 1977 Soil MicrobiologyWiley Interscience.
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Srategies in Organic Synthesis
CHE-RS-E108
Unit I: Umpolung

Reaction by Qganometallic Reagents, Sigmatropic Rearrangements, Pericyclic reactions, reactions of carbenes
Benzyne, Coupling reactions — Heck, Suzuki, and reldiitig, Tebbes, Petasis, Grubbs, Peterson reactions, Simmon-
smith reactions, radical reaction,

Hetero-atom alkylation or acylation, Nucleophilc substitution or addition by hereoatom nucleophiles, Mitsunobu
reaction, pericyclic reactions, nitrenes.

Unit Il: Reagents for Oxidation

Reduction, elimination, addition,gano silicon, aganotin reagents, gano boron, gano- phosprus, ganosulfuy
organoseleniumTitanium, Fluorinating agents, Important starting materials and intermediates

Unit lll: Methods of determining atr opisomerism

Biphenyls, quasiracemates, dynamic stereochenistigl chirality, planar chiralityhelical chiralitydetermination

of absolute configuration, Conformational analysis based on physical properties and chemical yshefpdtpf
small and medium ring,t&oselectivityAsymmetric synthesis using chiral pool, chiral auxiliaries, chiral reagents
and chiral catalysts

Unit IV : Retrosynthetic strategies

Transform-Basedt&tegies, Bucture-Goal Bategies,Topological &ategies, ®reochemicaltBategies, Functional
Group-Basedtgategies. Choosing one path over other: Consideration of yield, availability of synthone, mildness of
any reaction, Retrosynthesis and total synthesis of various natural products

References
1. CareyFA. and Sundbey, R.JAdvanced Oganic ChemistryFourth Edition, Pa/ and B
Clayden, Greeves,dlvren andVothers, Oganic Chemistry
March, J 8 Edition,Advanced Oganic Chemistry
Carruthers, -\WWSome modern methods ofjanic synthesis, Cambridge
Eliel, E. L. Sereochemistry of carbon compounds.

Fuhrhop, J.-H., Li, GCorey E. J. Oganic Synthesis: Concepts and Methods.

N o o~ e Dd

Organic Synthesis: Concepts, Methodgarttg Materials, 2nd Edition, Jjen-Hinrich Fuhrhop,
Gustav Penzlin

8. Wyatt, PWarren, SWorkbook for Oganic Synthesisthe DisconnectioApproach.
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Supramolecular Chemistry
CHE-RS-E109
Unit I: Quantification of non-covalent forces and medium dects

Host design; Preganization; Enthalpy and entropic contributions; Cooperativity and allostéeictefinduced fit;
Complexation selectivity

Introduction, Proteins and Foldamers: Single Molecule Self-AsseBiblghemical SelfAssembly Self-Assembly

in Synthetic Systems: Kinetic aiithtermodynamic Considerations, Self-Assembling Coordination Compounds, Self-
Assembly of Closed Complexes by Hydrogen Bonding, Catenanes and Rotaxanes, Helicates aAddéafibhés,
Molecular Knots

Unit Il: Lariat ethers and podands

Crown ethers, cryptands, calyx[n]arenes, cucurbit[n]urils, spherands; Selectivity of cationcomplexation; Macrocyclic,
macrobicyclic and templatefetts

Concepts in anion host design; Guanidinium-based receptgan@netallic receptors; Neutral receptors; Hydride
spongeAnticrowns; BiologicaAnion receptors

Binding by cavitands, cyclodextrins, cucurbit[n]urils, dendrimers, molecular clefts and tweezers, cyclophane Hosts
Unit lll: Catalysis by cation, anion and neutral receptors
Supramolecular metallocatalysis; Cocatalysis; Biomolecular and abiotic catalysis.

Biological Inspiration for Supramolecular Chemistiykali Metal Cations in BiochemistryPorphyrins and
TetrapyrroleMacrocycles, Supramolecular Features of Plant Photosynthesis,

Uptake andlransport of Oxygen by Haemoglobin, Enzymes and Coenzymes, Neurotransmitters and Hormones,
DNA.

Unit IV : Solid-Sate Host-Guest Compounds

Clathrate Hydrates, Urea antdioureaClathrates, Other Channel Clathrates, Hydroquinone, Phenol, ®@anpound
and the Hexahostt&tegy Tri-o-thymotide, Cyclotriveratrylene, Inclusion Compounds of the Calixarenes, Solid-
Gas and Solid-Liquid Reactions in Molecular Crystals.

Introduction, Supramolecular Photochemistnformation and Signals: Semiochemistry and Sensing, Molecule-
Based Electronics, Moleculanalogues of Mechanical Machines, Nonlinear Optical Materials.

References
1. Steed, JW. andAtwood, J. L. Supramolecular Chemistry JoNiley and Sons, Ltd.
2. Lehn, J.—M. Supramolecular Chemistry-Concepts and Perspe&fivels,

3. Schnider H.-J. andyatsimirsky A.K. Principles and Methods in Supramolecular Chemistry iley
and Sons, Ltd.
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Bianchi,A., James, K. B. and Garcia-Espana, E. Supramolecular Chemistry of &Milays,VCH.
Teikink, E. R.T. andVittal, J. J. Frontiers in Crystal Engineering.
Steed, JW. andAtwood, J. L. Encyclopedia of Supramolecular Chemistry

Cragg, PJ.A Practical Guide to Supramolecular Chemistry
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Steed, J.W., Turner D. R. andWallace, K. J. Core Concepts in Supramolecular Chemistry and
Nanochemistry
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DEPARTMENT OF COMPUTER APPLICATIONS

SYLLABUS FOR MCA

SEMESTER I
SUBJECT CODE | SUBJECT NAME CREDIT
MCA-PG-C101 Mathematics I 4
MCA-PG-C102 Principles of Management 4
MCA-PG-C103 Digital Logic 4
MCA-PG-C104 Programming using C 4
MCA-PG-L105 Digital Logic Laboratory 4
MCA-PG-L106 C Laboratory 4
Total Credits: 24
SEMESTER II
SUBJECT CODE | SUBJECT NAME CREDIT
MCA-PG-C201 Mathematics II 4
MCA-PG-C202 Computer Organization and Architecture 4
MCA-PG-C203 Operating System 4
MCA-PG-C204 Data Structure 4
MCA-PG-L205 Operating System Laboratory 4
MCA-PG-L206 Data Structure Laboratory 4
Total Credits: 24
SEMESTER III
SUBJECT CODE | SUBJECT NAME CREDIT
MCA-PG-C301 Strategic Management 4
MCA-PG-C302 Formal Language and Automata Theory 4
MCA-PG-C303 Object Oriented Programming using Java 4
MCA-PG-C304 Microprocessor and Microcontroller 4
MCA-PG-L305 Object Oriented Programming using Java Laboratory 4
MCA-PG-L306 Hardware Design Laboratory 4

Total Credits: 24

65

—S”(K”\A UN|VERS|TY—




SCHOOL OF PHYSICAL SCIENCES

SEMESTER IV
SUBJECT CODE | SUBJECT NAME CREDIT
MCA-PG-C401 Intellectual Property Rights & Professional Ethics 4
MCA-PG-C402 Database Management System 4
MCA-PG-C403 Advanced Web Programming 4
MCA-PG-C404 Software Engineering 4
MCA-PG-L405 Database Management System Laboratory 4
MCA-PG-L406 Advanced Web Programming Laboratory 4
Total Credits: 24
SEMESTER V
SUBJECTCODE | SUBJECTNAME CREDIT
MCA-PG-C501 Computer Networks 4
MCA-PG-D502 Minor Project 8
MCA-PG-1503 Internship Program 4
MCA-PG-E5XX Elective I 4
MCA-PG-E5XX Elective II 4
Total Credits: 24
SEMESTER VI
SUBJECT CODE | SUBJECT NAME CREDIT
MCA-PG-D601 Major Project 24
Total Credits: 24
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MCA (ComputeApplications)

LIST OF ELECTIVE 1
SUBJECT CODE | SUBJECT NAME CREDIT
MCA-PG-E504 Cloud Computing 4
MCA-PG-E505 Operation Research 4
MCA-PG-E506 Wireless Sensor Network 4
MCA-PG-E507 Compiler Design 4
MCA-PG-E508 Big Data Analytics 4
MCA-PG-E509 Real-Time System 4
MCA-PG-E510 Android Application Development 4
LISTOFELECTIVEII
SUBJECTCODE | SUBJECTNAME CREDIT
MCA-PG-E511 Digital Image Processing 4
MCA-PG-E512 Cryptography and Network Security 4
MCA-PG-E513 Computer Graphics 4
MCA-PG-E514 Internet of Things 4
MCA-PG-E515 Embedded Systems 4
MCA-PG-E516 Mobile and Wireless Network 4
MCA-PG-E517 Programming with Python and R Language 4

Abbr eviations: C-Core, L-laboratoryE-Elective, I-Internship

MCA-PG-D502 and MCA-PG-D601 (Minor ProjectandMajor Project)are designed to advocate the needs
of innovative technlcal contributions to the fields of computer science and applic@lierstudents studying in
semester® and &M are required to work forRroject on a topic assigned/approved under the supervision of
one or more SU faculty member

Minor Projectmight focus on critical reviews of recent advances on the assigned topic of computer science and
applications or interdisciplinary background with some novel contribution by the student.

Major Projectshall cater the implementation of the assigned topic on practical depending upon the work done
so far by the studenthe student may publish or communicate the findings of the work in journals or conferences.
The evaluation of thBajor Projectshould be monitored by the faculty time to tifike student has to defend
his/herMajor Projectin an open seminar
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In special circumstances, Department may allow the students to carryMajaheProject insidethe University
However Minor Projecshould be carried within University aihjor Project and Minor Projectmay not be
related.

MCA-PG-I503 (Internship): Students studying semestérghall be required to pursue at least 3 weeks internship
program in terms of Summer SchodtademicVisit/ ShortTerm Course/ Industryisit/ In House ProjecThe
credit may be included in next semester in form of marks in the subject.

Note: Project mentioned under the particular curriculum shall be mandatory and may include divisional marks
as per the decision made by the concerned faculty or Departmental committee.
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Mathematics | Credit: 4
MCA-PG-C101
UNIT | (15 Hrs)

Differential Calculus: Method of diferentiation, Diferentiation for first principles, Diérentiation of product,
Successive digérentiation, Diferentiation of implicit and parametric functions, Logarithmic and Partiakdiftiation,
Maxima and Minima.

UNIT Il (15 Hrs)

Integral Calculus: Sandard integration, Definite integr@pplication of integration, Substitution and partial
fraction, Integration by parts, Reduction, First ordefiedéntial equation, Homogeneousféitntiation, First order
and second order digrentiation, Partial diérential equation.

UNIT Il (15 Hrs)

Laplace Transform: Properties, Inverse T|. Solutions of dierential equations usingTL Solutions of
simultaneous di€rential equations usingiL

Fourier Series: Periodic functions of period 21, Non-Periodic functions of period 21, Even-odd function and half
range Fourier series, complex or exponential form Fourier series.

UNIT IV (15 Hrs)

Interpolation and Polynomial Appr oximation: Lagrange Polynomial, Divided D&rences, Hermite Interpolation
Numerical integration and d@rentiation:Trapezoidal rule, etc., Gaussian quadrature and#éefaurin formula.
Applied LinearAlgebra: Direct methods for solving linear systems, numerical factorizations, Eigenvalue problems.
IVP problems for ODE: Eulés, Taylor, Runge-Kutta, and multistep method&sislity.

Text Books:
1. Bird J, 2010, Engineering Mathematics, Elsevier
2. Grewal, B S, 2012, Higher Engineering Mathematics, Khanna publishers, 42 E.
3. Ramana, B/, 2006,Higher Engineering Mathematig$/H.
Reference Books:
1. Sastry S'S, 2012, Introductory Methods of Nume#gsallysis, PHI, 5E.

2. lyengar S RK, Jain MK, Jain R K, 2012, Numerical Methods for Scientific and Engineering Computation,
6E.
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Principles of Management Credit: 4
MCA-PG-C102
UNIT | (15 Hrs)

Intr oduction: Management: Concept, Nature, Importance; ManageAwtand Science, Management as a Profession,
Managemen¥'s Administration, Management Skills, Levels of Management, Characteristics of Quality Managers.
Evolution of Management: Early contributioriRylor and Scientific Management, FayoRdministrative
Management, Bureaucra¢yawthorne Experiments and Human Relations, Social Sygtenoach, Decisiomheory
Approach. Social Responsibility of Managers, Managerial Ethics.

UNIT Il (15 Hrs)

Planning and Organizing: Introduction to Functions of Management Planning: Nature, Scope, Objectives and
Significance of Plannin@ypes of Planning, Process of Planning, Barrierstedife Planning, Planning Premises
and Forecasting, Planning and Decision Making.

Organizing: Concept, @anizationTheories, Forms of @anizational 8ucture, Combining Jobs: Departmentation,
Span of Control, Delegation Aithority, Authority & ResponsibilityOrganizational 8ucture and Design/ertical
and Horizontal Dimensions

UNIT Il (15 Hrs)

Saffing, Directing and Motivation: Staffing: Concept, SystemApproach, Manpower Planning, Jémalysis,
Recruitment & Selectioraining & Development, Performandgpraisal

Directing: Concept, Direction and Supervision

Motivation: Concept, Motivation and Performance, Special Motivational techniques: Mxarggipation, reward
systems, Quality dNork Life, Job Enrichment & Morale Building.

UNIT IV (15 Hrs)

Leadership and Contmol: Leadership: Concept and Functions, Process and models of Leadership Development,
Contemporary views on LeadershIpansformational-fansactional, Charismaticidfonary leadership.

Controlling: ConcepfJypes of Control, Process amidchniques of Controlling.

Text Books:
1. Stoner Freeman, Gilbert J2009, Management, Prentice Hall of India, 6E.
2. Koontz HaroldWeihrich Heinz, 2008, Essentials of managem&aiia McGraw Hill, 5E.
3. Robbins, Coulter2008, Management, Prentice Hall of India, 9E.

Reference Books:

1. Robbins S.Rand Decenzo Davil, 2007, Fundamentals of Management: Essential Concepipplichtions
Pearson Education, 6E.

Weihrich H, Koontz H., 2008, ManagemeftGlobal and Entrepreneurial Perspective (Mc Graw Hill, 12E.
3. Luthans, Fred, 2008, @anizational BehaviouMcGraw Hill, 7E.
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Digital Logic Credit: 4
MCA-PG-C103
UNIT | (15 Hrs)

Data and numbersystemsBinary representation, Codes and their conversions: BCD, Octal, Hexadé&@@dl,
EBDIC, Gray Signed binary number representation withdnd 25 complement methods, Binary arithmetic

UNIT Il (15 Hrs)

Boolean algebraVenn diagram, logic gates and circuits, Minimization of logic expressions by algebraic method,
Kmap method and Quine Mc Clauskey method

Combinational circuits- addesubtractgrencoder, decoderomparatqmultiplexer de-multiplexerparity generator
etc.

UNIT 11l (15 Hrs)
Design of combinational cicuits: Programming logic devices and gate arrays

Sequential Circuits- Flip Flops, various types of Registers and counters and their design, IrregularSatenter
table and state transition diagram, sequential circuits design methodology

UNIT IV (15 Hrs)
Memory devices ROM, RAM, EPROM, EEPROM, etc.
Different types oA/D and D/Aconversion techniques
Different Logic familiesTTL, ECL, MOS and CMOS, their operation, design and specifications
Text Books:
1. Kohavi Z, 1978, Switching and FinifaitomataTheory 2nd ed., McGraw Hill, Nework.
2. Mcclusky E J, 1986, Logic Design Principles, Prentice Hall International, YW
3. Biswas, N N, 1994, Logic Desigrheory Prentice-Hall of India, New Delhi.
Reference Books:

1. FreedmarA D, Menon PR, 1975, Theory and Design of Switching Circuits, Computer Science Press,
California.

2. Bartee,T C, 1985, Digital Computer Fundamentals, 6E, McGraw Hill, Nevk.
3. Hayes, J, 1988, Computarchitecture and @anization, 2E, McGraw Hill.
4. Choudhury PP, 1994, Computer @anization and Design, Prentice Hall of India
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Programming using C Credit: 4
MCA-PG-C104
UNIT | (15 Hrs)

‘C’ Fundamentals:Evolution of programming languages, Characteristics ofrG¢tire of C program, C character
set, token in C, Dat&ypes in C, Constants, Keywords, Identifiarfariable and its declaration

Operators and ExpressionsArithmetic operators, Relational operators, logical operators, Increment and decrement
operators, Conditional Operators, Bit-wise operators, Special Opefasiggiment operatorArithmetic expressions
and its evaluation, Precedence of operators and associaliyadyconversions.

UNIT Il (15 Hrs)

Input and Output: Formatted input and Output: Decision making: Branching statements- if, if-else, else-if ladder
nested if, switch, conditional operatbooping Satements- while, do while, fakumps in loop- break, continue, and
goto.

Arrays: Arrays— One Dimensional and multidimensional arrays- Declaration, InitializatramysS Initialization,
Display, Sring manipulation functions, array of strings.

UNIT HI (15 Hrs)
Pointers: Pointers- declaration and initialization. Pointers Arndys, Pointer and strings, array of pointers.

User defined functions Basics of functions-function types, need for functions, elements and categories of functions,
passing parameter to a function, passing array and string to a function, Recursion, Scope rules, function pointer

UNIT IV (15 Hrs)

Structures, Unions and Dynamic Memdjocation: Sructures- definition, declaration and initialization, accessing
structure membeoperations on structure member and variaBleays of structures, array within structuréusture
within structure, Pointers to structures, Self-referential structures, Unions, Dynamic Mdinoagion and Linked
List.

File management in C: Introduction, Defining and opening a file, Closing a file, /0 operations on files, Error handling
during I/O operations, Random access to files, command beents.

Text Books:
1. Balagurusamyk, 2004, Programming BNSI C, Tata McGraw Hill.
2. Gottfried B S, 2006, Programming with C, Schaums’ Outline Series.
3. Kernighan BW, Ritchie D M, 1998The C Programming Language, Prentice Hall.
Reference Books:
1. Venugopal K R, Prasad S R, 2006, Masteringaa McGraw Hill.
2. KanetkarY, 2010, Let us C, BPB Publications.
3. Kanetkary, 2010, Pointer in C, BPB Publications.
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Digital Logic Laboratory Credit: 4
MCA-PG-L105

Intr oduction to basic gateYAND, OR, NOT XOR, XNOR, NOR etc.), Combinational circuit design (Adder
SubstractgrComparatqrDecodeyr Encoder Multiplexer, DeMultiplexer etc.), Sequential circuit design (various
types of Flip Flops, various types of Counters, various types of Registers etc).

Introduction to CAD languages (VHDWNerilog). Introduction to Programming of combinational and sequential

logic.

o g &> W

10.
11.

c.
d.

12.

C Laboratory Credit: 4
MCA-PG-L106
Write a C program to find the sum of individual digits of a positive integer

A Fibonacci sequence is defined as follows: the first and second terms in the sequence are 0 and 1. Subsequ
terms are found by adding the preceding two terms in the seqWMériteca C program to generate the firstn
terms of the sequence.

Write a C program to generate all the prime numbers between 1 and n, where n is a value supplied.by the ust
Write a C program to calculate the following Sum: Sum=1-x2/2! +x4/4!-x6/6!+x8/8!-x10/10!
Write a C program to find the roots of a quadratic equation.

The total distance traveled by vehicle in ‘' seconds is given by distance = ut+1/2at2 where ‘u’ and ‘a’ are the
initial velocity (m/sec.) and acceleration (m/sec?2).

Write C program to find the distance traveled at regular intervals of time given the valuemof‘a’ The
program should provide the flexibility to the user to select his own time intervals and repeat the calculations
for different values of ‘uand ‘a’.

Write a C program, which takes two integer operands and one operator form tperfisens the operation
and then prints the result. (Consider the operators +,-,*, /, % and use Stateinéht)

Write C programs that use both recursive and non-recursive functions

To find the factorial of a given integer

To find the GCD (greatest common divisor) of two given integers.

Write a C program to find both the ¢gast and smallest number in a list of integers.
Write a C program that uses functions to perform the following:

Addition of Two Matrices

Multiplication of Two Matrices

Write a C program that uses functions to perform the following operations:
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13.
14.

15.
16.
17.
18.

19.

20.

21.
22.

23.

24

25.
26.

To insert a sub-string in to given main string from a given position.
To delete n Characters from a given position in a given string.
Write a C program to determine if the given string is a palindrome or not

Write a C program that displays the position or index in the string S where theTshagins, or — 1 if S
doesnt containT.

Write a C program to count the lines, words and characters in a given text.

Write a C program to generate Pascafiangle.

Write a C program to construct a pyramid of numbers.

Write a C program to read in two numbers, x and n, and then compute the sum of this geometric progressior
T+X+X2+X3+..o e +Xn

For example: if nis 3 and x is 5, then the program computes 1+5+25+125.

Print x, n, the sum

Perform error checking. For example, the formula does not make sense for negative exponents —if n is les
than 0. Have your program print an error message if n<0, then go back and read in the next pair of number
of without computing the sumvre any values of x also illegal? If so, test for them too.

2's complement of a number is obtained by scanning it from right to left and complementing all the bits after
the first appearance of a Thus 25 complement of IL00 is 00100Write a C program to find the &’
complement of a binary number

Write a C program to convert a Roman numeral to its decimal equivalent.
Write a C program that uses functions to perform the following operations:
Reading a complex number

Writing a complex number

Addition of two complex numbers

Multiplication of two complex numbers

(Note: represent complex number using a structure.)

Write a C program which copies one file to anather

. Write a C program to reverse the first n characters in a file.

(Note:The file name and n are specified on the command line.)
Write a C program to display contents of a file.

Write a C program to mge two files into a third file(i.e., the contents of the first file followed by those of
the second are put in the third file)
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27.

28.

29.

30.

31.

32.

33.

34.
35.
36.
37.
38.
39.

Write C programs that uses non recursive function to search for a key value in a given list of integers using
Linear search

Write C programs that uses non recursive function to search for a key value in a given list of integers using
Binary search

Write C programs that implements the Selection sort method to sort a given array of integers in ascending
order

Write C programs that implements the Bubble sort method to sort a given array of integers in ascending
order

Write C programs that uses functions to perform the following operations
Create a single linked list of integers elements.
Traverse the above list and display the elements.

Write C programs that implementa8k (its operations) using singly linked list to display a given list of
integers in reverse order

Ex. Input 10 23 4 6. Output 6 4 23 10

Write C programs that implement Queue (its operations) using singly linked list to display a given list of
integers in same order

Ex. Input 10 23 4 6. Output 10 23 4 6

Write C program to implement linear regression algorithm.

Write C program to implement the polynomial regression algorithm.

Write C program to implement the Lagrange interpolation.

Write C program to implement the Newton- Gregory forward interpolation.
Write C program to implemeiifrapezoidal method.

Write C programs to implement Simpson method.
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Mathematics Il Credit: 4
MCA-PG-C201
UNIT | (15 Hrs)

Mathematical reasoning;propositions; negation disjunction and conjuction; implication and equivalence; truth tables;
predicates; quantifiers; natural deduction; rules of Inference; methods of proofs; use in program proving; resolutior
principle; application to PROLQG

UNIT Il (15 Hrs)

Set theory: Paradoxes in set theory; inductive definition of sets and proof by induction; Peono postulates; Relations;
representation of relations by graphs; properties of relations; equivalence relations and partitions; Partial ordering:
Posets; Linear and well-ordered sets.

UNIT Il (15 Hrs)

Graph Theory: elements of graph thegriguler graph, Hamiltonian path, trees, tree traversals, spanning trees;
Functions; mappings; injection and surjections; composition of functions; inverse functions; special functions; Peonc
postulates; pigeonhole principle; recursive function theory

UNIT IV (15 Hrs)

Definition and elementary properties of groups, semigroups, monoids, rings, fields, vector spaces and lattices
Elementary combinatorics; counting techniques; recurrence relation; generating functions.

Note: Sudents shall present solutions to the problems identified by the instructor
Text Books:

1. Liu CL, 2000, Elements of Discrete Mathematics, 2E, McGraw-Hill.

2. Rosen K H, 2003, Discrete Mathematics and applicationg,N3H,

3. Mott J L, Kandeh, BakerT P, 1986, Discrete Mathematics for Computer Scientists and Mathematicians, 2E,
PHI.

Reference Books:
1. SepherA. Wiitala, 1987, Discrete Mathemati@sUnified Approach, McGraw-Hill.

2. Trembly J PManohar R, 2004, Discrete Mathematic&duBture and applications to computer science,
McGraw-Hill.
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Computer Organization andAr chitecture Credit: 4
MCA-PG-C202
UNIT | (15 Hrs)

ProcessoiDesign:Addition of numbers — carry look-ahead and pre-carry vector approaches, carry propagation-free
addition Arithmetic: Multiplication- using ripple carry adders, carry save adders, redundant number system arithmetic,
Booth's algorithm. Division- restoring and non-restoring techniques, using repeated multiplication. Floating-point
arithmetic- IEEE 754-1985 format, multiplication and addition algorithms.

UNIT Il (15 Hrs)
ALU design, instruction formats, addressing modes

Control UNIT Design: Hardware control UNIT design, hardware programming language, microprogramming,
horizontal, vertical and encoded-control microprogramming, microprogrammed control UNIT design.

UNIT Il (15 Hrs)

Pipelining: Basic concepts, instruction and arithmetic pipeline, data hazards, control hazards and structural hazard:
techniques for handling hazards. Exception handling. Pipeline optimization techniques; Compiler techniques fot
improving performance.

Instruction-level parallelism: basic concepts, techniques for increasinguprscalasuper pipelined andLIW
processor architecturestray and vector processors.

UNIT IV (15 Hrs)

Hierar chical memoty technology: Inclusion, Coherence and locality properties; Cache memggnizations,
Techniques for reducing cache misd&sgual memory oganization, mapping and management techniques, memory
replacement policies.

Multiprocessor architecture: taxonomy of parallel architectures; Centralized shared- memory architecture:
synchronization, memory consistengyerconnection networks. Distributed shared-memory architecture. Cluster
computers.

Text Books:

1. Patterson A\, Hennessy J L, 2012, Computerganization and Desigitthe Hardware/Software
Interface, Elsevier

2. Hamachar CYranesic Z, Zaky S, 2002, Computerg@nization, McGraw Hill.
3. Hayes J P1988, Computeirchitecture and Qyanization, McGraw Hill.
Reference Books:

1. StallingsW, 2007, Computer @anization andrchitecture: Designing for Performance, Pearson Education.
HeuringV B, Jordan H F2008, Computer Systems Design &ndhitecture, Pearson Education.
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Operating System Credit: 4
MCA-PG-C203
UNIT | (15 Hrs)

Intr oduction to Operating System:Basic concepts of OS, Evolution of O§pe of OS: Simple Batch Systems,
Multi-programming Systemdime-Sharing Systems, and Characteristics of OS.

Processes and CPU scheduling: Process Concept, Process states, Process Control Block (PCB), Process schedt
: Long term, Medium term and Short term sched@greration on Processes, System calls, Cooperating Processes,
Inter process Communication (IPC).

UNIT Il (15 Hrs)

Scheduling: Scheduling criteria, Scheduling algorithms: First Come First Serve (FCFS), Shortest Job First (SJF),
Priority Scheduling, Shortest Remainifighe First (SRF), and Round Robin scheduling (RR).

Memory Management: Logical versus Physiddiress Space, Mapping of Logical to Physical address, Swapping,
Contiguous Memongllocation, Paging, Fragmentation: Internal and External and Memory allocation algorithms:
First Fit, Best Fit an@lVorst Fit.

UNIT Il (15 Hrs)

Virtual Memory: Demand paging, Page replacement, Page-replacement algorithms: First in First out (FIFO), Least
Recently used (LRU), and Optimal Page Replacement.

Process Synchronization: Concurrent Execution, Precedence graph, Critical-Section problem (CSP), Criteria fo
CSP; Solutions to CSP: Petersosodlution and Synchronization Hardware, Basics of Semaphores.

UNIT IV (15 Hrs)

Deadlocks:Deadlock characterization: Necessary conditions, Methods of Handling Deadlock, Deadlock Prevention,
DeadlockAvoidance: BankésAlgorithm, Deadlock Detection & Recovery from Deadlock.

Multiprocessor Operating Systeifrhe thread concept, Uses of threads, Lightweight processes, examples of threads
(POSIX).

Case studies on various OS: UNMIJNDOWS, RTOS, Distributed OS.
Text Books:
1. Silberschatz, Galvin, 1999, Operating System Concagdtition Wesley

2. Diatel H M, 2000, an Introduction to Operating Systéwaidition Wiley. Andrew S.Tanenbaum, Modern
Operating systems, PHI.

Reference Books:
1. Singhal M, Shivaratri N (2001 Advanced Concepts in Operating Systehada McGraw- Hill.
2. Prasad P B, Operating Systems, Scitech Publication.

3. StallingsW, 2012, Operating Systems-Internals and Design Principles, Pearson Education.
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Data Sructur e Credit: 4
MCA-PG-C204
UNIT | (15 Hrs)

Intr oduction and overview:Definition, Classification of data structures (Linear and Non-Linear), Operations on
data structures.

Preliminaries: Mathematical notations and functiohigiorithmic notations, control structures, Complexity of
algorithms, asymptotic notations for complexity of algorithnisng Processing: Definition t&ing Sings, Sring
asADT, Sring operations, word/text processing, Pattern Matching algorithms

UNIT Il (15 Hrs)

Sorting and Seaching Techniques: Bubble, Selection, Insertion, Shell sorts and Sequential, Bimaigxed
Sequential Searches, Interpolation, Binary Se@reb Sort, Heap sort, Radix sort.

Linked Lists: Representation of linked lists in memory-Operations on linked list (Insertion, Deletion, and
Display): Circular linked lists (Insertion, Deletion, Display), doubly linked linear list (Insertion, Deletion, Display):
Applications of linked linear lists.

UNIT Il (15 Hrs)

Stacks and QueuesConcepts, Operations, sequential and linked implementAjimtication of stacksTowers of
Hanoi, Infix, Prefix and Postfix expressions and Evaluation of postfix expression using stacks Queues Concepts
operations, sequential and linked implementation, Linear Queue (FIFO), Circular queues, and application of queue:

Trees: Binary trees, Complete Binary tr&é|. Tree, BTree, B+Tree, Binary Searchrees: Searching, Inserting and
deleting in Binary Searchrees,Traversals on a BS{in-order post-orderpre-order DFS, BFS)Application of
Trees.

UNIT IV (15 Hrs)

Hashing: HashingTechniques: Hash functiofiddress calculation techniques, Common hashing functions, Collision
resolution, Linear probing, Quadratic, Double hashing, Bucket hashing, Deletion and rehashing. Indexing.

Algorithm Design methods-Greedy method-applications-Kruski#gorithm for Minimum cost Spanning trees, Job
Sequencing with deadlines, Single Source Shortest path problem, Dynamic Programming method-applications-Orderin
matrix multiplications, Optimal Binary Sear@heesAll Pairs Shortest Paths (APSP) problem.

Text Books:
1. Lipschutz S, DatatBuctures, 2006, McGraw Hill Education
2. Samanta D, Classic Dat&r&tures, Second Edition,PHI.
3. T.H.Cormen, C. L. Leiserson, R. L. Rivest, and teir§ 2001, Introduction talgorithms, MIT Press,
4. J. Kleinbeg and ETardos, 20064lgorithm DesignAddison-Wesley
Reference Books:
1. Harry R. Lewis, Larry Denenbgy 1991, Data tBuctures and heir Algorithms, Harper Collins..
2. Gibbons, 1985Algorithmic GraphTheory Cambridge University Press.

3. Michael T. Goodrich and Robertdamassia, 20064Algorithm Design: Foundation®#nalysis, and
InternetExamples, JohWiley. R. Sedgewick, 200A|gorithms in C: Part 5AddisonWesley
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Operating System Laboratory Credit: 4
MCA-PG-L205
Operating System Laboratory comprises of following experiments:
Experiment 1

l. (a) Sudy of hardware and software requirements dediint Operating Systems available such as Open
source OS, Distributed OS, and Embedded OS etc.

Experiment 2

Il. Write C program to

@) Display process ID.

(b) Create process using fork () and return a parent ID.
Experiment 3 (CPU Scheduling Policies)

M. Implement CPU scheduling policies:

@) FCFS (Wth same arrival time for all processes).

(b) FCFS (Wth different arrival time for all processes).

() SJF (Wth same arrival time for all processes).

(d) SJF (Wth different arrival time for all processes) i.e. T¥R
(e) Priority scheduling.

® Round Robin (Mth same arrival time for all processes).
(9) Round Robin (Mth different arrival time for all processes).

Experiment 4 (ContiguousAllocation Techniques)

V. Implementation of Contiguous allocation techniques:
@) Best-Fit
(b) First-Fit

() Worst-Fit

Experiment 5 (Page Replacememlgorithm)

V. Implementation of Page Replacement techniques:
@) FIFO page replacement.

(b) LRU page replacement.

() Optimal page replacement.
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Experiment 6 (BankersAlgorithm)
VI. Implementation of Banké&Algorithm.

Experiment 7 (Semaphoe)

VII. Implementation of Producer Consumer problem using Semaphore.

Experiment 8 (ReadersNriters Problem, Dining Philosophets Problem)
VIIl.  Implementation of problems such as:

(@) Readershriters.

(b) Dining Philosophés.

Experiment 9 (Orientation with dif ferent types of OS)

VIIl.  Implementation of problems such as:

(@) Real-time OS.

(b) Distributed OS.
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Data Sructur e Laboratory Credit: 4
MCA-PG-L206
Laboratory Experiments
1. Write a program to calculate the factorial and Fibonacci series of given number using recursive function.
Write a program to use macros as an array and pointers.
Write a program to implement linear and binary search also find the location of its first occurrence
Write a program to sort the array in ascending/descending order using a) Quick sort geb3dvier

Write a Program to perform the basic Matrix operations like add, subtract muk#pigpose.

o ok~ wDbd

Write a program to create a linked list and to perform insert and delete operations (insert at beginning, at last
at any position and same for delete function)

~

Write a program to add two polynomials using a linked list.

8. Write a program to perform insert and delete operations in a circular linked list.

9. Write a program to perform operations on a stack (linked list and array implementation)
10. Write a program to solve the problem of towers of Hanoi with 3 pegs and N discs.

11. Write a program to perform operations on a circular queue (linked list implementation).

12. Write a program to implement string functions.

13. Write a program to convert the given infix expression into its postfix form.

14. Write a program to evaluate the postfix expression with a set of values.

15. Write a program to devise an expression tree for any given arithmetic expression.

16. Write a menu driven program to create binary tree and to perform insert and delete operations.

17. Write a menu driven program to create a binary search tree and to perform, ipa¥deter and postorder
traversals (recursive and non-recursive)

18. Write a program sort the array of N elements using Heap Sort.
19. Write a program to implement sorting and searching techniques.
20. Write a program which reads the record of a new employee and inserts the record into the file.

21. Design a linked list data structure to represent the node of an m-way seardhritedunctions like
Search_Mwaylnsert_Mway and Delete_Mway to perform search, insert and delete operations.

22. Write a program to delete a given ITEM from L search tred.
23. Write a C program to implement all the functions of a dictionary (ADT) using hashing.

24. Write a ¢ program to implement KrusksXlgorithm.
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Srategic Management Credit: 4
MCA-PG-C301
UNIT | (15 Hrs)

Intr oduction to Srategic Management: Define Srategy Srategic Management Process, Levels watggies:
Corporate, Business and Operational leVghes of &ategies: Functionaltfategies, H. R tategy Marketing
strategy Financial &ategy Operational Bategy

Formulation of &ategy and Bategic Implementation: Business Environment, Components of Environment,
Environmental Scanning\nalysis of $rategies and Choice ofr&tegy

UNIT Il (15 Hrs)

Business, Corporate and Global Bategies: Practices and Issues: Introduction to Corporate Restructuring, Need
for corporate restructuring and forms of corporate restructuring.

Evaluation of &ategicAlternativesTypes of &ategicAlternatives like PortfolicAnalysis and its techniques, SWOT
Analysis, Profit Impact of Markett@&tegy (PIMS).

UNIT Il (15 Hrs)

Cultur e of Organization: Management of teategies and Culturestr8tegies for Foreign Direct Investment and
InternationallTrade in India

New Emeging Srategies in Information Communicatidachnology (ICT): Concept of Outsourcingregegic Reasons
of growing Outsourcing in India.

UNIT IV (15 Hrs)

MIS: Meaning of Management Information system (MIS)atgic MIS, Characteristics ofr&tegic MIS System
and Barriers to Successful Developmentategic MIS System.

Business firms using Informatidechnology for creatingt@&tegicAdvantages: Reengineering Business Processes,
Virtual Company 8ategies, knowledge creating Company Egivey Srategies imfelecommunication Sector

Text Books:

1. Carpenter MA, SanderdV G Salwan P2004, ategic Managemend Dynamic Perspective - Concepts
and Cases, Dorling Kindersley (India) Pvt Ltd, Pearson Education.

2. BarneyJ B, HesterlyV S, 2008, Bategic Management and Competithavantage-Concepts, PHI Learning
Private Limited.

3. MichaelV B, 2009, Globalization, Liberalization antr&egic Management.

Reference Books:
1. Lomash S, Mishra R, 2005, Business Policy antt&egic Managemeritjkas Publishing House Pvt. Ltd.
2. David F R, 2008, ®ategic Management, Prentice Hall International.
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Formal Language andAutomata Theory Credit: 4
MCA-PG-C302
UNIT | (15 Hrs)

Intr oduction: Mathematical preliminarie|phabet, Grammars, Languages, Productions and Derivatamsition
functions, Transition graph;Transition table, Finitédutomata: Deterministic FinitAutomata (DR) and Non-
Deterministic Finite automata (M, Design of NIA and DA, NFA and its equivalence with ¥ Minimization of
FA, Regular set, Regular Expressions (RE), Regular GraniRegular LanguagesArand its equivalence with RE
and its design, Properties of Regular Languages, Pumping Lemma for Regular Languages.

UNIT Il (15 Hrs)

Context Free Languages (CFL) and Pushdowfutomata (PDA): Context-free grammars (CFG) and languages
(CFL), Simplification of CFGNormalization and Normal Forms: Chomsky Normal Form (CNF) and Greibach
Normal Form (GNF), Non-Deterministic Pushdosmtomata (NPDA) and equivalence with CHearsing, Parse
trees Ambiguity in CFG Deterministic Pushdowfutomata, and closure properties of CFLs, Parsing the CFG to
generate parse tree using any parser

UNIT HI (15 Hrs)
Context Sensitive LanguagesContext Sensitive Grammars (CSG) and Languages (CSL).

Turing MachinesThe basic model foFuring machines (TM)Turing-recognizable (recursively enumerable) and
Turing-decidable (recursive) languages and their closure prop&tigants ofTuring machines.

UNIT IV (15 Hrs)

Undecidability: Church-Tring thesis, UniversalTuring machine, the universal and diagonalization
languages, reduction between languages andsRleeorem, undecidable problems about languages.

Text Books:
1. Lewis H R, Papadimitriou C H, 1988, Elements of Theory of Computation, Pearson Educatiaia.

2. HopcroftJ E, Motwani R, Ullman J D, 2008, IntroductioAt@omatar heory Languages, and Computation,
Pearson Educatioksia.

3. Kozen D C, 1997Automata and Computabilitiyndegraduatelexts in Computer Science, Springer
Reference books:

1. Sipser M, 2012, Introduction to tAdeory of Computation, PWS Publishing.

2. Martin J, 2010, Introduction to Languages diné Theory of Computatiorifata McGraw Hill.
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Object Oriented Programming using Java Credit: 4
MCA-PG-C303
UNIT | (15 Hrs)

Intr oduction to UML: History; Goals;Tour of theViews, Diagrams, Model Elements and Mechanisms; Use case
modeling (use case diagrams, actors, relationships); Modeling classes (class diagrams, associations, generalizatic
dependencies, constraints).

Introduction to Java: Features of Java, Object Oriented Concepts, Lexical IssueBjdeatslariablesArrays,
Operators, Controltatements.

UNIT Il (15 Hrs)

Classes: Objects, Constructors, Overloading methodati& methods, Inner Classedrigg Class, Inheritance,
Overriding methods using supAbstract class.

Packages and I/Gsccess Protection, Importing Packages, Interfaces, Exception Handllirmy andThrows,
Thread, Synchronization, Runnable Interface, Deadlock: Suspending, Resuming and stopping threads, Multithreadin

UNIT Il (15 Hrs)

The Java Library: String Handling, Exploring java.lang, java.utithe Collections Framework, Utility Classes,
Input/Output: Exploring java.io, Exploring NIO, NetworkinheApplet Class, Event Handling.

Introducing theAWT: Working withWindows, Graphics, antiext, AWT Controls, Layout Managers, and Menus,
Images;The Concurrency Utilities, Regular Expressions.

UNIT IV (15 Hrs)

J2EE: Architectural overview J2EE database, JDBC objects, Understanding Java Server Pages, Enterprise
JavaBeans, containers and servers; entity vs. Session beans, XML deployment descriptors, Java Swing.

Sockets: Introduction to java sockets, Concurrent client-sdtgeative client-server
Text Books:
1. Cornell GHorstmann C S, 2012, Core Jadvanced Features, Pearson, 9E.
2. Naughton R, Schildt H, 2007, JaVhe Complete ReferencEMH, 8E.
3. Balagurusamy E, 2009, Programming with J&v&rimer TMH.
Reference Books:

1. Young B J, Maksimchuk R, Engel MW, Houston KA, Booch G Conallen J, 2008, Object-Oriented
Analysis and Design witApplications, Pearson.

2. Keogh J. 201, J2EeThe Complete ReferencéMH, 1E.
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Micr oprocessorand Microcontroller Credit: 4
MCA-PG-C304
UNIT | (15 Hrs)

Intr oduction: Historical background; ganization and architectural features of microprocessor and
microcontrollers; the instruction set: instruction format, addressing modes; assembly language programming witt
8085.Analysis of timing diagram of various Opcodes.

UNIT 11 (15 Hrs)

8085: Interfacing of memory devices (R/YWiemory ROM); Data transfer techniques; Memory mapped 1/O, 1/0O
mapped I/O; Interfacing with 8155 and 8255; interfacing of keyboard and display devices; Introduction to Programmable
interrupts (TRAPRST7.5, RST6.5, RST5.5, INTR) and DMAontrollers.

UNIT Il (15 Hrs)

Sudy and programming of advanced micocontroller: Arduino (AT Mega based), Raspberry Pi (ARM based) and
Intel Galileo (Intel® Quark SoC X1000 based). Concepts of FPGA boards. Introduction to Embedded C language
and programming.

UNIT IV (15 Hrs)

Accessoriesintroduction to sensors and transducarb, and D/AConverters, data acquisition systems, standard
interfaces - RS232, USB (A/B), RJ 45 etc.

Text Books:

1. KumarN S, Saravanan M, Jeevananthan S, 2010, Microprocessors and Microcontrollers, Oxford University
Gaonkar R, 2002, Microprocessrchitecture, Programming, ampplications with the 8085, Penram.
Banzi M, 201, Getting arted withArduino, Make, O’'Reilly

Reference Books:

1. Margolis M, 201, Arduino Cookbook, O'Reilly Richardson MWallace S, 2012, Gettingt&ted with
Raspberry Pi, O'Reilly

2. Hohl W, 2009,ARM Assembly Language: Fundamentals dieg¢hniques, CRC. Symes D, 20ARM
System Developés Guide: Designing and Optimizing System Software, MK.
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Object Oriented Programming using Java Laboratory Credit: 4
MCA-PG-L305
Laboratory Experiments

1. Write a Java Program to take and display the stusldetails to illustrate class, objects.

2. Write a Java Program to display multiplication table using arrays.

3. Write a Java Program to find the area, parameter of a circle and square using constructor

4. Write a Java Program to calculate the percentage of the students mark and grade their points to implemel
method overriding.

5. Write a Java Program to add and display the book details in the library using inheritance.

6. Write a Java Program to make a calculator implementing the concept of Exception Handling.

7. Write a Java Program to run three threads.

8. Write a Java program for sorting a given list of names.

9. Write a Java program to calculate the length of the string, to append a string, delete a string and to find

string at a given position usingrfdg Buffer class and its methods.
10. Design an applet to display your Bio-data.
11. Write a Java Program using applet for configuipglets by passing parameters.
12. Write a Java Program to credtdthmetic Math Calculator Usingpplet Class and Event Handling.
13. Write an applet program to design a smiley
14. Write a Java program to create frame that displays the student information.
15. Write a Java program using java controls to design a calculator
16. Write a Java Program using Graphics class:
i. Display basic shapes and fill them with colors.
ii. Setbackground and foreground colors.
17. Write a Java Socket programming to perform addition of two numbers.

18. Write a Java Servlet program to download a file and display it on the screen (a link has to be provided in html
when the link is clicked corresponding file has to be displayed on screen).

19. Write a JSProgram to print even and odd number

20. Write a JSHrogram to design a login page.
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Hardwar e Design Laboratory Credit: 4
MCA-PG-L306

Micr oprocessotLaboratory: Assembly language programming using 8085. Exercises to be done based on Delay
Stack, Subroutinéirithmetic, Interrupts etéAssembly language programming based on 8085 may be studied

On simulators as well as kits.

Micr ocontroller Laboratory: Introduction and familiarization withT Mega, ARM and Intel microcontrollers.

Project:Attention should be given oxrduino, Raspberry Pi, and Intel Galileo based application development like
sensor (temperature, flex, gyro, light, etc.), actuator (lcd, dc petepper motomrelay etc.). Priority should be
given on web based application developmé&ntroidAPPmay also be included while developing a system.
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Intellectual Property Rights & Professional Ethics Credit: 4
MCA-PG-C401
UNIT | (15 Hrs)

Intr oduction: Invention and Creativityntellectual Property (IP), Protection of IPR, Basic types of property: Movable
Property Immovable Property and Intellectual Property

IP Patents: Copyrights and related rigfitsde Marks and rights arising fromademark registration: Definitions,
Industrial Designs and Integrated circuits: Protection of Geographical Indications at national and International levels
Application Procedures.

UNIT Il (15 Hrs)

Indian Position VsWTO and Srategies Indian IPR legislations, commitmentsAtr O, Patent Ordinance and the
Bill, Draft of a national Intellectual Property Poli@resent against unfair competition.

Case $udies on: Patents, Copyright and related rightsade Marks, Industrial design and Integrated circuit,
Geographic indications, Protection against unfair competition.

UNIT Il (15 Hrs)

Senses of ‘Engineering Ethics’Variety of moral issuesTypes of inquiry , Moral dilemmas , Morautonomy ,
Kohlberg's theory Gilligan’s theory Consensus and Controversy , Professions and Professionalism, Professional
Ideals and/irtues, Uses of Ethicdlheories.

UNIT IV (15 Hrs)
Safety and Risk:Assessment of Safety and Risk — Risk Berfgiitlysis, Reducing Risk;he Government
Regulatots Approach to Risk

Responsibilities and RightsCollegiality and LoyaltyRespect foAuthority, Collective Bagaining, Confidentiality
Conflicts of Interest, Occupational Crime, Professional Rights, Employee Rights, Intellectual Property Rights (IPR)
Discrimination.

Note: Concern faculty shall provide the necessary information and demonstration if required to show how a Patent i
Filed in India orAbroad.

Text Books:
1. Subbaram N R, 1998, Handbook of Indian Patent Law and Practic&/is&anathan Printers and
Publishers.

2. Martin M, Schinzinger R, 2005, Ethics in Engineering, McGraw Hill.

3. Harris CE, Pritchard M S, Rabins M J, 2000, Engineering Ethics—Concepts andiGasgson  Learning.
Reference Books:

1. Fleddermann C D, 1999, Engineering Ethics, Prentice Hall, New Mexico.

2. Boatright J R, 2003, Ethics and the Conduct of Business, Pearson Education.

3. Seebauer E @arry R L, 2001, Fundamentals of Ethics for Scientists and Engineers, Oxford University
Press.
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Database Management System Credit: 4
MCA-PG-C402
UNIT | (15 Hrs)

Intr oduction: Database, Database Management System (DBMS), Database system environment, data abstractio
instances and schemas, DBMS featukdgantages of DBMS ovdrraditional File Processing System, Data Definition
Language (DDL), Data Manipulation Languages (DMAgtors on the scen&Vorkers behind the scene, Client-
ServerTwo-tier, Three-tier architecture, DBMS classifications.

Entity-Relationship model: Various components of ER diagram, mapping constraints, E-R diagram, reducing E-R
diagrams to tables.

UNIT Il (15 Hrs)

Relational model: Structure of a relational database, operation on relations, Salient feature of a query language,
Structured Query Language (SQL): Featukésjous DDLand DMLcommands.

Normalization: Pitfalls in RDBMS, Importance of Normalization, &adous Normal Forms based on Primary Key
Based on any Key: First Normal Form (1NF), Second Normal Form (dKF) Normal Form (3NF), Boyce-Codd
Normal Form (BCNF).

UNIT Il (15 Hrs)

Transaction: Transaction and System Concefisnsaction states, Desirable propertie$rahsactions (ACID),
Schedules and Recoverabilitpck-Based Protocols: Locks, Granting of Locks, &mwd phase locking protocol and
implementation of locking.

Importance of Databa3@ning and Query Optimization: Index selection and clustering, Importance of query processing,
equivalence of queries, cost Estimation for processing a,query

Brief Introduction to hierarchical and network model: Data description and tree structure diagram for hierarchical
model, retrieval and update facilities, and limitations.

UNIT IV (15 Hrs)

Object oriented model Nested relations, modeling nested relations as object model, extension of SQL, object definition
and query language (ODL, OQL), and object relational database model, storage and acces#\uiathddsabases,
advanced trigger structures, SQL extensions.

Distributed Database: Basidri&ture, Fragmentation algorithms, tradésdbr replication, query processing,
recovery and concurrency control; Multi-database systems; DesijeloDatabases.

Text Books:
1. Silberschat?, Korth H, Sudarshan S, 2010, Database System Concepts, McGraw-Hill.
2. Ramakrishnan R, 2003, Database Management Syst¢é@GR/McGraw-Hill.
3. Ullman J D, 1989, Principles of Database Systems, Galgotia.
Reference Books:
1. Elmasri R, Navathe S, 2008, Fundamentals of Database SyArdaisyn-W\esley
2. Desai B, 19904An Introduction to Database Systems, Galgotia.
3. Abiteboul S, Hull RVianuV, 1995, Foundations of Databastddison-W\esley
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AdvancedWeb Programming Credit: 4
MCA-PG-C403
UNIT | (15 Hrs)
Intr oduction: Overview and evolution of Internet programming and application tools.

Search Mechanisms: Search Engine, Craidehnology Filtering Technology Content based Searchiigent
TechnologyInternet Robot.

Markup Languages and: HTMLS5, JavaScript, XML and related concepts.
UNIT Il (15 Hrs)

Web Programming PHP: Features of PHPifhg, Objects, File handling, Database connecti@aphicsAJAX,
RSS feed.

UNIT Il (15 Hrs)

Web Programming Python: Features of Python: HTMintegration, &ing, Objects, , Functional Programming,
File handling, Regular Expression, Client Programming, Multi thread Programming, GUI programming, Database
connectivity

UNIT IV (15 Hrs)

Advance Internet applications:Data andVeb mining; e-commerce; Distributed Objects — component object model,
common object request broker architectMveb security

Text Books:
1. Jackson, 2007.¥bTechnologiesA Computer Science Perspective, Pearson, 2007.
2. Holzner S, 2007. Phgthe Complete ReferencEMH.
3. Murach J, 2008Andrea $eelman, Muracls Java Servlets and J3Rurachs, 2E.
4. Hoekman JrR, 2004. Java Servlet & J&®okbook, Schorr Pub.
Reference Books:

1. David L., Comer Douglas E., 2009. Internetworkifigh TCP/IP: Design, ImplementatioAnd Internals,
3E, Prentice Hall.

2. Pascal H, Markus K, Sebastian R, 2009. Foundations of Seriggtii€echnologies, Chapman and Hall/
CRC.

3. Jamsa K, 2002. Konrad King, HTM& Web DesignTMH Publications.
4. Hunter J, 2010William Crawford, Servlet Programming, O’'REIL
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Software Engineering Credit: 4
MCA-PG-C404
UNIT | (15 Hrs)

Intr oduction to Software Engineering:The software engineering discipline-evaluation and impact, Programs vs.
software productsyvhy study of software engineering, Emence of software engineering, Notable changes in
software development practice, Computer system engineering.

Software life cycle: Life Cycle Models: Classical waterfall model, Iterative waterfall model, Prototype model,
Evolutionary model, Spiral model, RAD model, comparison dédit life cycle models.

UNIT Il (15 Hrs)

Software Project Management: Responsibilities of project managé&roject planning, Metrics for project size
estimation, Project estimation techniques-Empirical estimation and Heuristic estimigtiiimg Eevel Estimation,
Putnams Model.

Software Requirements Specification: Contents amggdzation of the SRS Document, Functional Requirements,
Traceability Characteristics of a Good SRS Document. Case study on IEEE standard 830 for Software requiremen
specification (SRS).

UNIT HI (15 Hrs)

Design ConceptsCohesion and coupling, Control Hierarchy: Layering, Cowtibstraction, Depth and width, Fan-

out, Fan-in, Software design approaches, object oriented vs. function oriented design.

Function Oriented Design: Overview of SA/SD methodo]d&guctured analysis, Data flow diagram, Extending

DFD technique to real life systemdr&tured design, detailed design, Design review

Object Oriented Design: Key Concepts Unified Modelling Language (UML), UML Diagrams, Use Case Diagram,
Sequence Diagramgctivity Diagram, Sate Diagram and Class Diagram.

UNIT IV (15 Hrs)

Coding, Testing and Maintenance: Coding guidelines and standards, Block Begting White BoxTesting, Unit
Testing, Integration testing, System testing. Software Maintenance Models, estimation of maintenance cost.

Software reliability and quality management: Software reliability Satistical testing, Software qualjtgoftware
guality management system, ISO 9000, SEI capability maturity model, Personal software process (PSP), Six sigm:
Software quality & Metrics

Note: Each student should be given about 3-4 assignments on SRS, design, testing and allied protgesns. Dif
students should be asked to usédént tools.

Text Books:

1. Mall R, 2005, Fundamentals of Software Engineering, Prentice Hall of India.

2. Jalote P2005 An IntegratedApproach to Software Engineering, 3E, Narosa Publishing House.
3. Fairley R, 2006, Software Engineering Concepésa McGraw Hill.

Reference Books:

1. Pressman R S, 2005, Software Engineerngractitionets approach, McGraw Hill. Somerville, 2012,
“Software Engineering”, Pearson
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Database Management System Laboratory Credit: 4
MCA-PG-L405
EXERCISE 1
Title of the Exercise: DFA DEFINITION LANGUAGE (DDL) COMMANDS
AIM OF THE EXPERIMENT To practice and implement data definition language commands and constraints.

Q1. Create a table called EMP with the following structure.

Name Type

EMPNO NUMBER (6)
ENAME VARCHAR2 (20)
JOB VARCHAR2 (10)
DEPTNO NUMBER (3)
SAL NUMBER (7, 2)

Allow NULL for all columns except ename and job.
Q2:Add a column experience to the ENéble.
Q3: Modify the column width of the job field of EMP table.

Q4: Create dept table with the following structure.

Name Type

DEPTNO NUMBER (2)
DNAME VARCHAR2 (10)
LOC VARCHAR? (10)

DEPTNO as the primary key

Q5: create the EMP1 table with ename and empno; add constraints to check the empno value while entering (i.
empno > 100.

Q6: Drop a column experience from the EMP table.

Q7: Truncate the EMable and drop the dept table

EXERCISE 2

Title of the Exercise: DFA MANIPULATION LANGUAGE (DML) COMMANDS

AIM OF THE EXPERIMENT To study the various DMcommands and implement them on the database.

Q1: Insert a single record into dept table.
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Q2: Insert more than a record into EMP table using a single insert command.
Q3: Update the EMRable to set the salary of all employees to Rs15000/- who are work#t®Pas

Q4: Create a pseudo table employee with the same structure as the table EMP and insert rows into the table usi
select clauses.

Q5: Select employee name, job from the EMP table

Q6: Delete only those who are working as lecturer

Q7: List the records in the EMBble order by salary in ascending order

Q7: List the records in the EMBble order by salary in ascending order

Q8: List the records in the EMBble order by salary in descending order

Q9: Display only those employees whose deptno is 30.

Q10: Display deptno from the table employee avoiding the duplicated values.
EXERCISE 3

Title of the Exercise: DFA CONTROLLANGUAGE (DCL), TRANSACTION CONTROLLANGUAGE (TCL)
COMMANDS

AIM OF THE EXPERIMENT To study the various data language commands (DCL) and implements them on
the database.

Q1: Develop a query to grant all privileges of employees table into departments table.

Q2: Develop a query to grant some privileges of employees table into departments table.
Q3: Develop a query to revoke all privileges of employees table from departments table.
Q4: Develop a query to revoke some privileges of employees table from departments table.
Q5: Write a query to implement the save point.

Q6: Write a query to implement the rollback.

Q6: Write a query to implement the commit.

EXERCISE 4

Title of the Exercise: IN BUIL FUNCTIONS

AIM OF THE EXPERIMENT To perform nested Queries and joining Queries using B&thmand.
Q1: Display all the details of the records whose employee hame starts with ‘A'.

Q2: Display all the details of the records whose employee name does not starts with ‘A'.

Q3: Display the rows whose salary ranges from 15000 to 30000.
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Q4: Calculate the total and average salary amount of the EMP table.

Q5: Count the total records in the EMP table.

Q6: Determine the max and min salary and rename the column as max_salary and min_salary
Q7: Display the month between 1-jun-10 and 1-aug-10 in full.

Q8: Display the last day of that month in 05-Oct-09.

Q9: Find how many job titles are available in employee table.

EXERCISE 5

Title of the Exercise: NESTED QUERIEND JOIN QUERIES

AIM OF THE EXPERIMENT To perform nested Queries and joining Queries using Bdthmand.

Q1: Display all employee names and salary whose salary is greater than minimum salary of the company and job tit|
starts with ‘M".

Q2: Issue a query to find all the employees who work in the same fafuas
Q3: Issue a query to display information about employees who earn more than any employee in dept 1.
Q4: Display the employee details, departments that the departments are same in both the EMP and dept. [EQUIJOII

Q5: Display the employee details, departments that the departments are not same in both the EMP and dept. [NO|
EQUIJOIN]

Q6: Display the fudent name and grade by implementing a left outer join.

Q7: Display the tudent name, register no, and result by implementing a right outer join.
Q8: Display the tadent name register no by implementing a full outer join.

Q9: Write a query to display their employee names. [Self-Join]

Q10: Display the details of those who draw the salary greater than the average salary
EXERCISE 6

Title of the Exercise: PL/SQL

AIM OF THE EXPERIMENT To write various programs using PL/SQL.

EXERCISE 7

Title of the Exercise: Database connectivity using XAMBR/er or any other

AIM OF THE EXPERIMENT ToWrite a program in PHBr any other programming language to establish database
connectivity
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AdvancedWeb Programming Laboratory Credit: 4
MCA-PG-L406

Laboratory Experiments
1. Create a simple html file to demonstrate the use térdift tags.

a. Headings (h1to h6)

b.  Paragraph.

C Line Break.

d. Pre tag.

e.  Differentlogical style (<b>,<i>,<sub>,<sup>).

f. Listing tags.
2. Create a HTML paragraph to illustrate the use of following commands

a. Changing Direction ofext.

b.  Citation

c Abbreviations

d. Mark

e. Acronyms

f. Strong Text
3. To create an html file to link to dérent html page which contains images, tables, and also link within a page.
4. Create a registration form having the following elements.

a.  Submit button.

b.  Radio element.

c Text element.

d. Resetbutton.

e. Password.

f. Datalist.

g. Select.
5. Create an html file by applying the fdifent styles using inline, external & internal style sheets.
6. Write a javascript program to define user defined function for sorting the elements of an array
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10.
11.

12.

13.
14.

15.

16.
17.
18.
19.
20.
21.
22.

Write a javascript program to display time on your page.

Create an HTML page to explain the use of various predefined functions in a string and math object in
javascript.

Display calendar using javascript code by getting year from the user

Create a html registration form and validate the form using javascript code.

Write an XML file which will display the Book information which includes the following:
a) Title of the book

b)  Author Name

C) ISBN number

d)  Publisher name

e)  OEdition

f) Price

Write a Documentype Definition (DTD) to validate the above XMile. Display the XMLfile as follows.

The contents should be displayed in a talihe. header of the table should be in color GR¥ theAuthor

names column should be displayed in one color and should be capitalized and in bold. Use your own color:
for remaining columns. Use XML schemas XSL and CSS

Show how to use PHP to validate form data.

Write a PHRprogram to store current date ,time in a COOKIE and display the ‘last visitddterénd time
on the webpage upon reopening of the same webpage.

Install a database (Mysql or Oracle). Create a table which should contain at least the following fields: name,
password, email-id, phone number (these should hold the data from the registratioMfidteny. PHP
program to connect to that database and extract data from the tables and display them. Experiment wit|
various SQL queries. Insert the details of the users who register with the web site, whenever a new user click
the submit button in the registration page.

Write a python program to nge mails.

Write a python program to find hash of file.

Write a python program to find the resolution of a image.

Demonstration of preprocessing on dataset.

Demonstration of association rule on dataset using apriori algorithm.
Demonstration of classification rule on dataset using naive bayes algorithm.

Demonstration of clustering rule on dataset using simple k means .
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Computer Networks Credit: 4
MCA-PG-C501
UNIT | (15 Hrs)

Intr oduction: Introduction of network, topologyse of computer network, network hardware: LASN, MAN,
Wireless Network, Reference Models: ISO-OSI mot€Pmodel.

Physical layerTransmission media-Magnetic MediByisted Pair Coaxial pair Fiber Optics, Line coding and
multiplexing.

UNIT Il (15 Hrs)
Data link layer: Data link layer design Issue, Error Detection and correction, Elementary Data link protogol, S
and-WaitARQ, SlidingWindow, Go-back-n, Selective Rep&eRQ.

Mac sub layer: Multipl&ccess protocoALOHA, SlottedALOHA, CSMA protocols, Introduction to MAC Protocols:
802.3, 802.4, 802.5, 804 b/g/n.

UNIT Il (15 Hrs)

Network layer: Network Design Issue, Routing algorithm-introduction, optimality Principle, Shortest Path, Flooding,
DistanceVector Routing. Congestion Control Routing: General principle of Congestion control, leaky bucket algorithm,
Token BuckeAlgorithm.

TCP/IP: TCP/IP architecture, the Internet ProtocARP, DHCP and mobile IPInternet routing protocols:- RIP
OSPEBGR TCP/IPImplementation related case studies to be studied.

Transport layerTransport Services, Element of transport protodd¥;, UDR, TCP congestion control &imer
management.

UNIT IV (15 Hrs)
Application layer: DNS, SMTR POP3, FTPTELNET, HTTPS, SNMP
Network Security: Introduction to Cryptograpl@ertificates, Firewalls.

Wireless and mobile communicatidireless transmission, cellular radio, Gigabit dadabit technologyCDMA,
WCDMA.

Text Books:

1. StallingsW, 2007. Data and Computer Communication, Prentice Hall of India
2. Forouzan BA, 2007, Data Communication and Networking, McGraw-Hill.

3. Tanenbaurmd S, 2008, Computer Networks, Prentice Hall.

4. Comer D, 2006, Internetworking wit'CP/IR, Prentice Hall of Indiayol.1.

Reference Books:
1. StevensWV R, 201, TCP/IPlllustrated:The ProtocolYolume 1 Addison-Wesley
2. StallingsW, 2008, Cryptography and Network Security: Principles and Practice, PHI.
3. Koblitz N, 2008 A course in number theory and cryptogra@gringer
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Elective | Credit: 4
MCA-PG-E5XX

Cloud Computing Credit: 4
MCA-PG-E504

UNIT | (15 Hrs)

Data Centre foot prints & Concepts.

Intr oduction To cloud: Virtualization Conceptstypes ofVirtualization & its benefits, Introduction Marious
Virtualization OS such agmware, KVM etc, HA/DR usingirtualization, MovingyMs, SAN backend concepts .
UNIT Il (15 Hrs)

Cloud Fundamentals:Cloud Building Blocks, Understanding Public & Private cloud environments.

Cloud as laaS: Private Cloud Environment: Basics of Private cloud infrastructure, QRM cloud demo.
UNIT 11l (15 Hrs)

Public Cloud Environment: Understanding & explorinmazonWeb services, Managing and Creatirgazon
EC2 instances, Managing and Creatitmgazon EBS volume§ata Cloud details & demo.

Managing Hybrid Cloud environment.

Big Data, loT and Cloud.

UNIT IV (15 Hrs)

Setting up your own Cloud: How to build private cloud using open source tools, Understanding various cloud
plugins, setting up your own cloud environmexito provisioning, Custom images, integrating tools like Nagio,
Integration of Public and Private cloud.

Future directions: Cloud Domain and scope of work, Cloud as PaaS, SaaS, Cloud Computing Programmir
Introduction,Trends and market of cloud.

Note: Practice on available cloud platforms shall be done by the students. New architecture based cloud could b
designed.

Text Books:

1. Kavis M J, 2014Architecting the Cloud: Design Decisions for Cloud Computing Service Models (SaaS,
PaaS, & laaS)\iley.

2. Gonzales D, 2010, Cloud Computing Bibke:PracticalApproachTo Cloud Computing Security
CloudProblem3o BeAware of and More, Kindle E.

3. ErlT, 2013, Cloud Computing: Concepigchnology &Architecture, Prentice Hall.
Reference Books:

1. Nielsen L, 2014The Little Book of Cloud Computing, Kindle E.

2. Guy Bunker GThomson D, 2006, Delivering Utility Computing, JOWiley & Sons.

3. Reese 2009, Cloud\pplicationArchitectures, O'Reilly

4. Gillam L, 2010, Cloud Computing: Principles, Systems/Applications, Springer

—SKKH\A UN|VERS|TY—

99




SCHOOL OF PHYSICAL SCIENCES

Operation Reseach Credit: 4
MCA-PG-E505
UNIT | (15 Hrs)
Operations Reseath: Uses, Scope akpplications of Operation Research in managerial decision-making.

Decision-making envionments: Decision-making under certaintyncertainty and risk situations; Decision tree
approach and its applications.

UNIT Il (15 Hrs)

Linear programming: Mathematical formulations of LRIodels for product-mix problems; graphical and
simplex method of solving LProblems; sensitivity analysis; duality

Transportation problemVarious methods of finding Initial basic feasible solution and optimal solution.
Assignment modeAlgorithm and its applications.

UNIT HI (15 Hrs)
GameTheory: Concept of gamé&8wo-person zero-sum game; Pure and Mixedt8gy Games; Saddle Point; Odds
Method; Dominance Method and Graphical Method for solving Mixeedt8gy Game.

Sequencing Poblem: Johnsonglgorithm for n Jobs an@iwo machines, n Jobs aiitiree Machinesiwo jobs and
m - Machines Problems.

UNIT IV (15 Hrs)

Queuing Theory: Characteristics of M/M/lI Queue modélpplication of Poisson and Exponential distribution in
estimating arrival rate and service ra&pplications of Queue model for better service to the customers.

Replacement Poblem: Replacement of assets that deteriorate with time, replacement of assets which fail suddenly
Project Management. Rules for drawing the network diagkpplications of CPM and PERechniques in Project
planning and control; crashing of operations.

Text Books:
1. TahaH, 2008, Operations Researéim{ntroduction, Prentice-Hall.
2. Panneerselvam R, 2006, Operations Research, EEE.
Reference Books:
1. Kothari, 2009, QuantitativéechniquesVYikas.
2. KapoorV K, 2005, Operations Research, S. Chand.
3. Hiller F. and Leibermann.@., 2001, Operation Research, Holder Day Inc.

—SH{KH\A UN|VERS|TY—

100
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Wireless SensoNetwork Credit: 4
MCA-PG-E506
UNIT | (15 Hrs)
Motivation for a Network of Wireless SensoNodes and ItsApplications

Definitions and background; sensing and sensors-sensor classification, wireless sensor networks; applications
wireless sensor networks; Bafence betweeWSNs andAd Hoc Wireless Networks challenges and constraints-
enepy, self-management, wireless networking, decentralized management, design, constraintspteawitgllenges

NodeArchitecture and Operating System: sensing subsystem, the processor subsystem, communication interface
the IMote node architecture, operating systems - functional aspects, nonfunctional aspects; protgt@ses-T

UNIT 11 (15 hrs)
Physical Layer: Basic components, source encoding, channel encoding, modulation, signal propagation

MediumAccess Control : overviewvireless MAC Protocols - Carrier Sense Multipteess, MultipléAccess with
Collision Avoidance (MACA) and MACAV , MACA By Invitation, IEEE 802.1, IEEE 802.15.4 and ZigBee;
Characteristics of MAC Protocols in Sensor Networks, Contention-Free MAC Protocols, Contention-Based MAC
Protocols, Hybrid MAC Protocols

UNIT Il (15 Hrs)

Network Layer: overview categories of routing protocol, routing metrics, flooding and gossiping, data-centric
routing- sensor protocols for information via negotiation, directédsidn, rumor routing, gradient-based routing;
proactive routing-destination sequenced distance vexgitimized link state routing; on-demand routing-ad hoc on-
demand distance vectalynamic source routing; hierarchical routing, location-based routing

Node and Network Managementpower management- local power management, dynamic power management,
architectural overview; time synchronization- clocks and the synchronization problem, time synchronization in wireless
sensor networks, Sensor Database Challenges, In Nedggr&gation, andemporal Data.

UNIT IV (15 hrs)

Localization: overview ranging techniques, range-based localization- triangulation, GPS-based localization; range-
free localization- ad hoc positioning system (APS); event-driven localization

Security : Fundamentals of network secyrityallenges of security in wireless sensor networks, security attacks in
sensor networks, protocols and mechanisms for secilififE 802.15.4 and ZigBee security

Text Books:
1. DargieW, Poellabauer C, 2009, Fundamentalgoeless Sensor NetworkEheory and PracticaViley.
2. Zheng J, Jamalipodt, 2008, Wireless Sensor Network&:Networking Perspectivdyiley.
3. Zhao E Guibas L, 2010Wireless Sensor Network&n Information Processingpproach, Elsevier
Reference Books:
1. Karl H, Willig A, 2008, Protocols améirchitectures folireless Sensor Networkéliley.
2. FaludiR, 2006, BuildingVireless Sensor Networks, O'Reilly Publication.
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Compiler Design Credit: 4
MCA-PG-E507UNIT | (15 Hrs)

Intr oduction: Phases of compilation and overview Lexisablysis (scanner): Regular language, FiAiidomata,
Regular Expression, Regular Languages, Regular expression toAkitwiieata, Normalization, Scanner generator
(lex, flex).

UNIT Il (15 Hrs)

SyntaxAnalysis (Parser): Context-Free Language and Gramniarsh-dowiutomata, LL(1) grammar and top
down parsing, Operator grammaR (O), SLR (1), LR (1), LALR (1) grammars and bottom-up parsing, ambiguity
and LR parsing, LALR (1) parser generator (yacc, bison).

SemanticAnalysis: Attribute grammar Syntax Directed Definition (SDD), Syntax Directé€dhnslation (SDT),
Evaluation and flow of attribute in a syntax tree usinog down and Bottom up parser

UNIT HI (15 Hrs)
Symbol Table: Its structure, symbol attributes and Scope management.

Run-time environment: Procedure activation, parameter passing, value return, memory allocation, and scope
Intermediate Code Generatidmanslation of diferent language features,féifent types of intermediate forms.

UNIT IV (15 Hrs)

Code Improvement (optimization): Analysis: control-flow data-flow dependence etc.; Code improvement local
optimization, global optimization, loop optimization, peep-hole optimizationAgtthitecture dependent code
improvement: instruction scheduling (for pipeline), loop optimization (for cache memory) etc. Register allocation and
target code generation

Text Books:
1. AhoAYV, Sethi R, Ullman J D, 2007, Compilers: PrinciplEs;hniques andlools,Addison-Wesley
2. Scott M L, 2009, Programming Language Pragmatics, Elsevier
3. Appel AW, 2004, Modern Compiler Implementation in C/Java, Cambridge University Press.
4. Cooper K D,Torczon L, 201, Engineering a CompileElsevier

Reference books:
1. HolobA I, 1994, Compiler Design in C, Prentice-Hall.
2. Muchnik S S, 199 Advanced Compiler Design and Implementation, Elsevier

3. Allen R, Kennedy K, 2007, Optimizing Compilers for Mod@&mchitectures, Elsevier
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MCA (ComputeApplications)

Big DataAnalytics Credit: 4
MCA-PG-E508
UNIT | (15 Hrs)

Intr oduction to Big Data: Definition, Challenges in processing Big dalachnologies supported by Big data :
Hadoop Apache Pig, HIVE, HBase, Flume, Sqoop.

UNIT Il (15 Hrs)

Hadoop: History, Use cases of Hadoop, RDBMS. HadoopWhen to use and when not to use Hadoop.

UNIT Il (15 Hrs)

HDFS (Hadoop Distributed File System) Significance of HDFS in Hadoop, 5 daemons of Hadoop, Features of
HDFS, Data storage in HDFS&¢cessing HDFS.

UNIT IV (15 Hrs)

Map Reduce:Map reduce architecture, How Map reduce works, Developing map reduce, Map reduce programming
modules, creating input and output format in map reduce j

Note: Hands on experience Amazon EC2/Cloudera/open source shall be done by the studlgoisthms need to
be run on the cloud platforms.

Text Books:

1. SchonbegerV M, Cukier K, 2013, Big DataA RevolutionThatWill Transform How/\e Live,Work, and
Think, Kindle E.

2. Chellappan SAcharya S, 2015, Big Data aAdalytics (WIND), Wiley.
3. Kulkarni B Joshi S, Brown M S, 2016, Big Daaalytics, PHI.
Reference Books:

1. EMC Education Services, 2015, Data Science and BigAyatlytics: DiscoveringAnalyzing,Visualizing
and Presenting Datdiley.

2. ErlT, Kattakw, Buhler P2016, Big Data Fundamentals: Concepts Drivers: Concepts, Drivefsamuques,
PHI.
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Real-Time System Credit: 4
MCA-PG-E509
UNIT | (15 Hrs)

Intr oduction: Definition and concepts of 5, Issues in Redime Computing, Broad categories and characteristics
of RealTime (RT) systems, Rtasks classification, Modeling @fme constraintsTaskAssignment and Scheduling,
Mode changes and Fatiblerant Scheduling.

RealTime task scheduling: Basics oifl Rask scheduling, Rtask scheduling algorithms, Preemptivied®gorithms
(Earliest deadline first, RMA),t&tic priority scheduling protocols, Resource sharing amohJdgks, Priority
inversion, Priority inheritance protocol (PIP), HIECR Different types of priority inversion under B&eheduling
RT tasks in multiprocessor and distributed systems.

UNIT Il (15 Hrs)

Real Time Operating System:RTOS definition and characteristics, comparison with general-purpose OSs, light-
weight vs. heavy-weight FOSs, Commercial ROS: UNIXV, UNIX based ROS, R POSIX, R capabilities of
Windows NT Windows CE, Performance benchmarking &fFS.

RealTime communication : Characteristics ofT Rraffic, Models for trdic characterizationApplications
requiring R communication, Soft and hardl Rommunication in a LAN, Netwoikopologies, Fault tolerant
Routing, Fault Error containment Redundari@gunded access protocols for LANs, Performance comparison,
QoS framework, QoS models.

UNIT Il (15 Hrs)

Real Time databasesDefinition, , Real time vs General Purpose Databd3asisaction prioritiesTransaction
Aborts, Concurrency control issues, Disk Schedulilgprithms, Two phasépproach to improve Predictabiljty
Maintaining Serialization Consistencyommercial R databases.

UNIT IV (15 hrs)
Evaluation Techniques and Clock Synclonization

Reliability EvaluatioriTechniques, Software error models, Clock Synchronization, Faleltant Synchronization in
hardware and software.

Programming languages and tools

Programming Languages amdols, Desired language characteristics, Data typing, Corttuait8Bres, Facilitating
Hierarchical Decomposition, Packages, Programming Environments, Run time support.

Text Books:

1. Mall R, 2007, Realime SystemsTheory and Practice, Pearson Education, 2E.

2. LiuJW, 2004, Realime systems, Pearson Education, 5E.

3. Laplante P2008, Realime Systems Design ardhalysis, Prentice Hall, 3E.

4. Klein M H, RalyaT, 1994, Practitiones Handbook for Realihe Analysis, KluwerdAcademic Publishers, 2E.
Reference Books:

1. Gomaa H, 2007, Software Design Methods for Concurrent and Real-time Systielison-Wesley

2. Bennett S, 1998, Redime Computer Control An Introduction, Prentice Hall of Indiallworth ST, Zobel
R N, 1987, Introduction to real time software design, Macmillan, 2E.
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Andr oid Application Development Credit: 4
MCA-PG-E510
UNIT | (15 Hrs)

Basics:What isAndroid, History and/ersion, Installing softwares, Setup Eclipse, HAhalroid example, Internal
Details, DalvikvM, Software $ack,Android Core Building Block#\ndroid EmulatorAndroidManifest.xml, R.java
file, Hide Title Bar, Screen Orientation

Ul Widgets: Working with Button,Toast, CustonToast, ButtonToggle Button, Switch Button, Image Button,
CheckBoxAlertDialo, SpinnerAutoCompleteTextView, RatingBay DatePickerTimePicker ProgressBaQuick
Contact BudgeAnalog Clock and Digital ClockWorking with hardware Button, File Download

Activity, Intent & Fragmen#ctivity Lifecycle, Activity Example, Implicit Intent, Explicit Intent, Fragment Lifecycle,
Fragment Example, Dynamic Fragmendroid Menu, Option Menu, Context Menu, Popup Menu

UNIT Il (15 Hrs)

Layout Manager: Relative Layout, Linear Layoutable Layout, Grid Layout

Adaptor:Array Adaptor ArrayList Adaptor BaseAdaptor

View: GridView, WebMew, ScrollMew, SearchVew, TabHost, DynamicListiéw, ExpandedListiew

Android ServiceAndroid ServiceAndroid ServicéAPl,Android Sarted ServiceAndroid Bound ServicéAndroid
Service Life CycleAndroid Service Example

Data Sorage: Shared Preferences, Interrtat&e, ExternaltBrage

SQLit: SQLiteAPI, SQLite SpinnerSQLite ListMew

XML & JSO: XML Parsing SAX, XMLParsing DOM, XMLPull ParserJSON Parsing
UNIT Il (15 Hrs)

Cotent Provider: Content Proivider Fundamental, Contact Content Provid#rer Built-in Content Providers,
Creating Custom Content Provigeinderstanding Content URI, ContentResql&aring Information from custom
content provider

Android Notification: NotificationAPI, Creating Notification BuilderSetting Notification Propertieéttaching
Actions, Issuing Notification, NotificationCompat.Builder classdroid Notification Examples

Multimedia: WallpapaerLive Wallpaper Multimedia API, Playindiudio, CreatingAudio Playey PlayingVideo,
Alarm ManagerGallery

UNIT IV (15 Hrs)
API: SpeeclAPI, TelephonyAPI, LocationAPI, Android AnimationAPI, SensoAPI, GraphicAPI
Device Connectivity:BluetoothTutorial, List Paired Device$Vorking withWiFi, Working with Camera

Android P2PCommunication: Introducing Instant Messaging, Using thalks$ervice, Monitoring the Roste for
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Change, Sending and Receiving Data Messdgassmitting Data Messages, Receiving Data Messages
AndroidWeb Servicesindroid Google Map
Text Books:
1. Burd B, 2015Android application development all-in-one for dummi&dey, 2E.
2. Griffiths D, 2015. Grifiths D, Head FirsAndroid Development, O’Reilly
3. Maclean D, Komatineni S3\llen G. 2015. PraAndroid 5,Apress.
Reference Books:
4. DiMarzio J F 2016. Beginnind\ndroid Programming witAndroid Sudio, Wrox, 4E.
5. Yener M, Dundar O. 2016. Expémdroid Sudio, Wrox.
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Digital Image Processing Credit: 4
MCA-PG-E511
UNIT | (15 Hrs)

Digital Image Fundamentals:A simple image model, Sampling and Quantization, Imaging Geaniztyial
GeometrylmageAcquisition Systems, Digrent types of digital images.

Bilevel Image Processing: Basic concepts of digital distances, distance transform, medial axis transform, componet
labeling, thinning, morphological processing, extension to grey scale morphology

UNIT Il (15 Hrs)

Binarization and Segmentation of Gey level imagesHistogram of grey level images, Optimal thresholding using
Bayesian classification, multilevel thresholding, Segmentation of grey level imAgés; shade algorithm for
segmenting grey level image.

Detection of edges and lines in 2D images: First order and second order edge operators, multi-scale edge detecti
Cannys edge detection algorithm, Hough transform for detecting lines and curves, edge linking.

UNIT Il (15 Hrs)

Images Enhancement: Point processing, Spatial Filtering, Frequency domain filtering, multi-spectral image
enhancement, image restoration.

Color Image ProcessingColor Representation, Laws of color matching, chromaticity diagram, color enhancement,
color image segmentation, color edge detection, color demosaicing.

UNIT IV (15 Hrs)

Image Registration and depth estimation:RegistrationAlgorithms, Setreo Imaging, Computation of disparity
map. Image compression: Lossy and lossless compression schemes, prediction based compression schemes, ve
gquantization, sub-band encoding schemes, JPEG compression standard, Fractal compressidiaatietne,
compression scheme.

Note: Study on various algorithms shall be devised and new algorithms shall be developed and simulated by the
students.

Text Books:
1. GonzalezWoods, 2009, Digital Image Processing, Pearson, 3E.
2. Sridhar S, 2006, Digital Image Processing, Oxford University Press.
3. Castleman K R, 2007, Digital Image Processing, Pearson, 1E.
Reference Books
1. Chanda B, Majumder D, 201Digital Image Processing aAdalysis, Prentice Hall Publications.
2. Jayaraman, 2@1Digital Image Processing, McGraw Hill.
3. Shinghal R,2006, Pattern Recognition, Oxford Publications.
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Cryptography and Network Security Credit: 4
MCA-PG-E512
UNIT | (15 Hrs)

Intr oduction: Basic objectives of cryptograptsecret-key and public-key cryptograpbge-way and trapdoor one-
way functions, cryptanalysis, attack models, classical cryptography

Block ciphers: Modes of operation, DES and its variants, RCS, IDEA, SAFER, FEAL, BlowAEShl|inear and
differential cryptanalysis.

Stream ciphers:tBeam ciphers based on linear feedback shift registers, SEAL, unconditional security
UNIT Il (15 Hrs)
Message digestProperties of hash functions, MD2, MD5 and SHA-1, keyed hash functions, attacks on hash functions.

Public-key parameters:Modular arithmetic, GCD, Primality testing, Chinese remainder theorem, modular square
roots, finite fields.

Intractable problems: Integer factorization problem, RSgroblem, modular square root problem, discrete
logarithm problem, Dffe-Hellman problem.

UNIT HI (15 Hrs)

Public-key encryption: RSA, Rabin and EI Gamal schemes, side channel attacks.

Key exchangeDiffie-Hellman and MQV

Digital signatures:RSA, DSAand NR signature schemes, blind and undeniable signatures.

UNIT IV (15 Hrs)

Entity authentication: Passwords, challenge-response algorithms, zero-knowledge protocaols.
Sandards: IEEE and ISO standards.

Network security: Certification, public-key infra-structure (PKI), secure socket layer (SSL), Kerberos.

Assignments: System Modeling assignment using Rhapsody; syMerification assignment using SPIN;
performance analysis assignment using Chronos.

Text Books:
1. Menezed J, Oorschot EV, Vanstone 3, 201, Handbook ofApplied CryptographyCRC Press.
2. StallingsW, 2006, Cryptography and Network Security: Principles and Practice, Prentice Hall of India.
3. Koblitz N, 2007 A course in number theory and cryptogra@gringer
Reference Books:
1. Buchmann A, 2000, Introduction to Cryptographyndegraduatdext in Mathematics, Springer
2. Stinson D, 2006, Cryptographyheory and Practice, CRC Press.
3. DasA, Madhavan AV, 2009, Public-Key Cryptographyheory and Practice, Pearson Educafisia.
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MCA (ComputeApplications)

Computer Graphics Credit: 4
MCA-PG-E513
UNIT | (15 Hrs)
Intr oduction: Objective, applications, GKS/PHIGS, normalized co-ordinate system, aspect ratio.

Graphics systemVector and raster graphics, various graphics display devices, graphics interactive devices,
segmented graphics, attribute table.

UNIT Il (15 Hrs)

Raster scan Graphics:Line drawing algorithms, circle/ellipse drawing algorithms, polygon filling algorithms.
Geometric transformation: Homogeneous co-ordinate system, 2D and 3D transformations, projection — orthographi
and perspective.

Curve and Surfaces: Curve approximation and interpolation, Lagrange, Hermite, Bezier and B-Splin
curves/surfaces and their properties, curves and surface drawing algorithms.

UNIT Il (15 Hrs)

Geometric modeling:3D object representation and its criteria, edge/vertex list, constructive solid geaviretry
frame model, generalized cylindénite element methods.

Clipping: Window and viewport, 2D and 3D clipping algorithms.

Hidden line and hidden surfaces: Concept of object- and image-space methods, lines and surface remo
algorithms.

UNIT IV (15 Hrs)
Intensify and color models:RGB,YIQ, HLS and HSVimodels and their conversions, gamma correction, halftoning.
Rendering: lllumination models, polygon mesh shading, transparesmadowtexture.

Some advance topics/applicationsAlijimation and morphing, (ilirtual reality (iii) Userinterface design, (iv)
Fractal graphics, (v) Multimedia authoring, (vi) 3D visualization.

Note: Sudents shall have hands on Opergaised algorithms.

Text Books:
1. Hearn D D, Baker M ,PL997, Computer Graphics,\&rsion 2nd E (Paperbackjersion C, Pearson
2. Education, 2E.

3. Giloi W K, 1978, Interactive Computer Graphics, Datai&ure, Algorithms, Languages, Prentice Hall,
Englewood Clifs.

Reference Books:
1. NewmanW M, Sproull R F1979, Principles of Interactive Computer Graphics, McGraw Hill, New Delhi.
Foley J D, 1993, Computer Graphigsldison-Wesley 2E.
Hearn D, Baker P M, 1987, Computer Graphics, Prentice Hall of India, New Delhi, 2E.
Hill F S, 1990, Computer Graphics, McMillan, Nefork.
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Internet of Things Credit: 4
MCA-PG-E514
UNIT | (15 Hrs)

Internet in general and Internet of Things (loT): layers, protocols, packets, services, performance parameters of a
packet network as well as applications such as web;t&geer sensor networks, and multimedia.

Transport services:TCP, UDPR, socket programming.

Network layer: forwarding & routing algorithms (Link, DV), IP-addresses, DNS;TN&nd routers; Locarea
Networks, MAC level, link protocols such as: point-to-point protocols, Eth@vitgt802.11, cellular internet
access, and Machine-to-machine.

UNIT Il (15 Hrs)
Mobile Networking: roaming and handfsf, mobile IPand ad hoc and infrastructure less networks.

Real-time networking: soft and real time, quality of service/information, resource reservation and scheduling, anc
performance measurements.

UNIT HI (15 Hrs)

IoT definitions: overview applications, potential & challenges, and architecture.

Domains of [ocTM2M vs 0T, Management of IgTloT Platforms, loTLanguages, loPhysical systems.
UNIT IV (15 Hrs)

Application: DataAnalytics using loT

IoT examples:Case studies, e.g. sensor body-area-network and control of a smart home.

Note: Sudents shall develop new architectures to enhanceanoTdevise new paradigm to build new ldsed
solutions.

Text Books:
1. McEwenA, Cassimally H, 2013, Designing the InterneTbfngs,Wiley.
2. Pfister C, 2013, Getting started with the Interneftihgs, O’Reilly

3. Ray PP Rai R, 2013, Open Source Hardwaren Introductory Approach, 1E, LambeAcademic
Publishing.

Reference Books:
1. Hersent O, Boswarthick D, Elloumi,O, 29T%e Internet oT hings: KeyApplications and Protocolgiley.
2. Cassimally H, MceweA, 2015, Designind he Internet oThings,Wiley.
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Embedded Systems Credit: 4
MCA-PG-E515
UNIT | (15 Hrs)
Intr oduction to Embedded Systemddefinitions and constraints. Hardware and processor requirements.
UNIT Il (15 Hrs)
Special purpose pocessors

Input-output design and I/O communication protocols. Design space exploration for constraint satisfaction, co-desig!
approach, Example system design.

UNIT 11l (15 Hrs)
Formal approach to specificationSpecification languages. Specification refinement and design.
UNIT IV (15 Hrs)

Design validation. Redlime operating system issues with respect to embedded system appli¢atierconstraints
and performance analysis.

Note: Sudents shall learn how to design eyeefiicient, small size special purpose computing system.
Text Books:
1. Marwedel P2011, Embedded System Design, Kluwer

2. Wolf W, 2008, Computers as Components: Principles of Embedded Computing Systems Degign, Mor
Kaufmann.

3. Vahid F Givagis T, 2006, Embedded System Designtnified Hardware/Software Introduction, John
Wiley.

Reference Books:
1. Vahid G Narayan, Gong, 2007, Specificatibnd Design Of Embedded Systems, Pearson.
2. Ray PP, Rai R, 2013, Open Source Hardwake:IntroductoryApproach, Lap Lambert Pub.
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Mobile and Wir eless Network Credit: 4
MCA-PG-E516
UNIT | (15 Hrs)

The Cellular Concept-System Design Fundamentalgitroduction, Frequency Reuse, Charssignment Bategies,
Handof Strategies- Prioritizing Handfs, Practical Hand6éfConsiderations, Interference and system capacity — Co
channel Interference and system capa€ihannel planning foVireless System#djacent Channel interference ,
Power Control for Reducing interferengeynking and Grade of Service, Improving Coverage & Capacity in Cellular
Systems- Cell Splitting, Sectoring .

UNIT Il (15 Hrs)

Mobile Radio Propagation: Large-Scale Path Loss: Introduction to Radve Propagation, Free Space Propagation
Model, Relating Power to Electric Fiel@ihe Three Basic Propagation Mechanisms, Reflection-Reflection from
Dielectrics, Brewsteingle, Reflection from prefect conductors, Ground ReflectiovofRay) Model, Difraction-
Fresnel Zone GeometrKnife-edge Difraction Model, Multiple knife-edge Diifaction, Scattering, Outdoor
Propagation Models- LongleyyRe Model, Okumura Model, Hata Model, PCS Extension to Hata Madfisch

and Bertoni ModelWideband PCS Microcell Model, Indoor Propagation Models-Partition losses (Same Floor),
Partition losses between Floors, Log-distance path loss model, Ericsson Multiple BreakpointAtiededtion
Factor Model, Signal penetration into buildings, Regcing and Site Specific Modeling.

UNIT Il (15 Hrs)

Mobile Radio Propagation: Small Scale Fading and Multipath: Small Scale Multipath propagation-Factors influencing
small scale fading, Doppler shift, Impulse Response Model of a multipath channel- Relationship between Bandwidtt
and Received powefSmall-Scale Multipath Measurements-Direct RF Pulse System, Spread Spectrum Sliding
Correlator Channel Sounding, Frequency Domain Channels Sounding, Parameters of Mobile Multipath Channels
Time Dispersion Parameters, Coherence Bandwidth, Doppler Spread and Coferendgpes of Small-Scale
Fading-Fading d&cts Due to Multipatiime Delay Spread, Flat fading, Frequency selective fading, Fadetwsef

Due to Doppler Spread-Fast fading, slow fadirtgtiStical Models for multipath Fading Channels-Claskabdel

for flat fading, spectral shape due to Doppler spread in Ckarkedel, Simulation of Clarke and Gans Fading
Model, Level crossing and fading statistit®o-ray Rayleigh Fading Model.

UNIT IV (15 Hrs)

Equalization and Diversity: Introduction, Fundamentals of EqualizatidrginingA GenericAdaptive Equalizer
Equalizers in a communication Recej\anear Equalizers, Non linear Equalization- Decision Feedback Equalization
(DFE), Maximum Likelihood Sequence Estimation (MLSE) Equal&kgorithms for adaptive equalization-Zero
ForcingAlgorithm, Least Mean Squafdgorithm, Recursive least squares algorithm. DiveiB#shniques-Derivation

of selection Diversity improvement, Derivation of Maximal Ratio Combining improvement, Practical Space Diversity
Consideration- Selection Diversifyeedback or Scanning Diversityaximal Ratio Combining, Equal Gain Combining,
Polarization DiversityFrequency Diversifyfime Diversity RAKE Receiver
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Text Books:
1. Rappaporf S, 2002Wireless Communications, Principles, Practice, PHI, 2E.
2. GoldsmithA, 2005,Wireless Communications, Cambridge University Press.
3. Rao G S, 2012, Mobile Cellular Communication, Pearson Education.
Reference Books:
1. Basagni S, Conti M, Giordano Stonenovic I, 2012, Mobildd Hoc NetworkingWiley, 2E.
2. Sunilkumar S. Manvi, Mahabaleshwar S. Kakkasageri, 2¥i4|ess and Mobile Networksyiley, 2E.
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Programming with Python and R Language Credit: 4
MCA-PG-E517
UNIT | (15 Hrs)

Intr oduction: History,Features, Setting up patjorking with Python, Basic Synta¥ariable and Datdypes,
Operator

Conditional Statements:If, If- else, Nested if-else

Looping: For, While, Nested loops

Control Satements: Break, Continue, Pass

Sring Manipulation: Accessing 8ings, Basic Operationstiég slices, Function and Methods

Lists: Introduction Accessing list, Operationgforking with lists, Function and Methods

Tuple: Introduction Accessing tuples, OperatioWprking, Functions and Methods

UNIT Il (15 Hrs)

Dictionaries: Introduction Accessing values in dictionarié&prking with dictionaries, Properties Functions

Functions: Defining a function, Calling a functiofiypes of functions, FunctichrgumentsAnonymous functions,
Global and local variables

Modules: Importing module, Math module, Random module, Packages, Composition

Input-Output: Printing on screen, Reading data from keyboard, Opening and closing file, Reading and writing files,
Functions

Exception Handling: Exception, Exception Handling, Except claulsg;?, finally clause, User Defined Exceptions
UNIT HI (15 Hrs)

Advance Python:OOPs concept, Class and objédtributes, Inheritance, Overloading, Overriding, Data hiding
Regular expressionsMatch function, Search function, Matchi¥& Searching, Modifiers, Patterns

CGl: Introduction Architecture, CGI environment variabl, GEEhd POSTnethods, Cookies, File upload
Database:Introduction, Connections, Executing queriesnsactions, Handling error

UNIT IV (15 Hrs)

Networking: Socket, Socket Modulethods, Client and seryénternet modules

Multithreading:Thread, &rting a threadlThreading module, Synchronizing threads, Multithreaded Priority Queue
GUI Programming: Introductiokinter programmingTkinter widgets

R language: Overview of R, R data types and objects, reading and writing data, Control structures, functions,
scoping rules, dates and times, Loop functions, debugging tools, Simulation, code profiling
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Text Books:
1. Mueller J P2015. Beginning Programming with Python for Dummié&dey.

2. Dierbach C. 2015. Introduction to Computer Science Using PytAdbamputational Problem - Solving
Focus Wiley.

3. Hall T, Sacey J P2009. Python 3 fokbsolute Beginner#press.
Reference Books:

1. Rao RN, 2016. Core Python Programming, Dreamtech.

2. Lubanovic B. 2014. Introducing Python, O’Reilly
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DEPARTMENT OF COMPUTER APPLICATIONS

SYLLABUS FOR PH.D IN COMPUTER APPLICATIONS

SEMESTER 1
Slél:')];:g T SUBJECT NAME OP(’:I‘(I)(I)IEQL CREDITS | MARKS | L | P
PCA-RS-C101 Research Methodology C 4 100 3 1
PCA-RS-C102 Research Proposal Preparation C 4 100 0 4
PCA-RS-E103 Remote Sensing E 4 100 4 0
PCA-RS-E104 Geographic Information System E 4 100 4 0
PCA-RS-E105 Digital Image Processing E 4 100 4 0
PCA-RS-E106 Advanced Computer Networks E 4 100 4 0
PCA-RS-E107 Wireless Sensor Networks E 4 100 4 0
PCA-RS-E108 | Data Analytics E 4 100 410
Total credit: 12

Abbreviations:

PCA PhD in ComputeApplications

RS Research

C Core

E Elective

L Lecture

P Practical
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Reseach Methodology L:3,P:1, Credit: 4
PCA-RS-C101
Unit | [15 Hours]

Intr oduction to ComputerScience Reseah: Meaning of research, aims, nature and scope of research, prerequisites
of research, types of research- fundamental/ pure research, applied and action research. Research problem, mear
of research problem, sources of research problem, characteristics of research problem, techniques involved in definii
research problems, hypothesis and types, preparation of research proposal or synopsis. Methods of research stud
qualitative and quantitative. Research design, need for research design and its fedtwest rdgearch designs.

Reseach Design:Definition, Need, Features, afigpes of Research Design: Classification: Exploratory Research,
Descriptive Research, Causal Research, Relationships

Literatur e Survey:review of related literature, purpose of the revielntification of related literature,ganization
of related literature.

Unit Il [15 Hours]

Sampling design, measwement and scaling techniquessampling, its need, sampling fundamentals, important
sampling distributions, census and sample suigylications of a sample design, steps in sample design, criteria of
selection sampling procedures, characteristics of sample desfgrewliftypes of sampling design. Measurement
scales, sources of errors in measurement, tests of sound measurement. Scaling, classifications bases for sca
importance of scaling techniques, scale constructions techniques. Comparative and Non-comparative Scalin
Techniques.

Data collection, processing and analysi€ollection of primary data and secondary datéewdint tools for collecting
data. Processing operations, frequently encountered problems in processing, data analysis, statistics in research
statistical measures, analysis of variance and covariance.

Fieldwork: The Nature of Fieldwork, Fieldwork/Data Collection Process, Selection of \Wetlklers,Training of
FieldWorkers.

Report Preparation and Presentation:Report Format, Repdiriting, Guidelines foifables, Guidelines for Graphs.
Unit Ill [15 Hours]

Correlation and Regession:Multiple and Partial Correlation, Method of Least Squares, Plane of Regression,
Properties of Residuals, Cdiefent of multiple correlation, Cofi€ient of partial correlation, Multiple correlation
with total and partial correlations, Regression and Partial correlations in terms of lower ordmieatef

Multivariate Analysis: Random vectors and Matrices, Mean vectors and Covariance matrices, Multivariate Normal
density and its properties, Principal components: Population principal components, Principal components from
standardized variables.

Unit IV [15 Hours]

Testing of hypothesishypothesis, concepts in hypothesis testing, procedure for hypothesis testing, flow diagram for
hypothesis testing, parametric and non-parametric tests, types.
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ScientificWriting: Introduction to the tools of scientific writing, Significance of scienwfiidting, Different Seps
in scientific Report, Layout of the scientific Reports, Oral Presentation, Mechahlit&iofj a Research Proposal.

Text books:

1. Kothari, C. R., “Research Methodology: Methods &chniques”, Newige International Publishers, Second
Edition, 2004.

2. Gupta, S.C., and Kapqdf.K., “Fundamentals of Mathematicabfstics”, Sultan Chand and Sons, Eleventh
Edition, 2002.

3. Taylor, B, Sinha, G GhoshalT., “Research Methodology Guide for Researchers in Management and
Social Sciences”, Prentice-Hall of India Private Limited, New Delhi, 2006

4. KrishnaswamyK. N., “Management Research Methodology : Integration of Principles, Methods and
Techniques”, Pearson, 2009

5. Kumar, R., “Research Methodologi: Sep-By-Sep Guide For Beginners”, 4Th Edition, Sagat, 2014
Reference Books:

1. Freund, J.E., “Mathematicataistical”, 5th Edition, Prentice Hall of India, 2001.

2. Devore, J.L., “Probability and statistics for Engineering and the Sciences”, 5th Efitionson and Duxbuyy
Singapore, 2002.

3. Creswell, J.W “Research Design: Qualitative, Quantitative, and Mixed MetApgsoaches”, 2nd Edition,
SAGE Publications, 2002.

4. C.GeogeThomas, C.G’ Research Methodology and Scientifigiting”, Ane Books Pvt. Ltd., 2015
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Reseach Proposal Peparation L:0,P:4, Credit: 4
PCA-RS-C102

4 credits will be assigned to a non-lecture based paper in which the candidates review the literature and write
research proposal in the area of their research interest, and give a seminar at the end of thd bensasiktbe no
sessional tests and no attendance requirement for this phpemwill be awarded marks out of 50 for the research
proposal and 50 for the presentation and defekiskeast one external member from within the School and two
faculty members of the concerned department will constitute the evaluation committee for this paper

Remote Sensing L:4,P:0, Credit: 4
PCA-RS-E103
Unit I [15 Hours]

Intr oduction to remote sensing and Basic ConceptRemote sensing, Passive and active remote sensing, Basic
concepts of remote sensing,fdient types of sensors, Electromagnetic spectrum giregurces and radiation
principles, Efects of atmosphere Emgrinteraction with surface features, Spectral reflectance of vegetation, soil
,and wateratmospheric influence on spectral response patterns.

Unit Il [15 Hours]

Remote Sensing Systems and Dat&quisition: Satellites and orbits, Polar orbiting satellites, Spectral, radiometric
and spatial resolution$emporal resolution of satelliteBypes of Platforms — diérent types of aircrafts-Manned
and Unmanned spacecrafts, sun synchronous and geo synchronous sa@ygléiseand characteristics offeifent
platforms, across track and along track scanners, multi spectral scanners and thermal scanners.

Unit Ill [15 Hours]

Application of Digital Image Processing in Remote Sensinfinage Restoration, Image Enhancement and Information
Extraction, Geometric corrections, Co-registration of Data, Ground Control Points @@B3$pheric corrections,

Solar illumination corrections. Concept of coldolor composites, Contrast stretching — linear and non-linear stretching,
Filtering techniques, Edge enhancement, Density slidihgesholding, Intensity-Hue-Saturation (IHS) images.
Multispectral classification, Ground truth collection, Supervised and unsupervised classification, Change detectior
analysis, Principal component analysis.

Thermal Radiation Principles andThermal Imaging: Thermal remote sensing—thermal sensors, principles, thermal
data processing, applications.

Unit IV [15 Hours]

DataAnalysis: Resolution- Spatial, Spectral, Radiometric and temporal resolution- signal to noise ratio- data products
and their characteristics.

Applications of Remote SensingRemote sensing of soils and geomorphgl&pmote Sensing of vegetation, Remote
sensing of water resources and Urban applications using remote sensing.imagery
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Text Books:

1. Lillesand,T.M., and Kiefer R.W, “Remote Sensing and Image interpretatidf’edition of John\iley &
Sons-2000.

2. Elachi, C., Jakob J. van zyl, “Introductido The Physics an@iechnigues of Remote Sensin@/iley Series
in Remote Sensing and Image Processing, 2006.

3. Paul Curran, B., “Principles of Remote Sensing”, ELBS; 1995.

4. Sabins, B Jr, “Remote Sensing Principles and Image interpretatisiH.Freeman & Co, 1978.

5. Schowengerdt, RA., “Remote Sensing: Models and Methods for Image Processgiogdemic Press, 2007.

Reference Books:

o & 0N

Jensen, J.R., “Introductory Digital Image ProcessiBemote Sensing Perspective”, 2nd Edition, 1995.
Richards, J.A., Springer -e¥lag, “Remote Sensing Digital Imagealysis”, 1999.

ReesW.G, “Physical Principles of Remote Sensing” 3rd Edition, Cambridge University Press, 2013
Campbell, J. BWynne, R. H., “Introduction to Remote Sensing”, Guilford Press] 201

Kumar, S., “Basics of Remote Sensing and GIS”, Firewall Media, 2005
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Geographic Information System L:4,P:0, Credit: 4
0987 PCA-RS-E104
Unit | [15 Hours]

Intr oduction: definition, historical perspective, components of GIS and types off@thnology trends in GIS,
relationship between geoinformatics, information technology and sensor techmidtrijyuting computing (cloud

GIS, SDI).Concept of data. geographic data sources (Remote Sensing, GPS, maps and Field Observations). Introduct
to spatial decision problem, decision sport system, overview of internet GIS, location based services.

Unit Il [15 Hours]

Models and database managemenBata models: Concept and types, Raster data mdeletior data model. Data

input: methods, data qualjtgtata errors, data editing. Databases: Database concepts, development, implementatior
and design. Database management system (DBMS): Network DBMS, Hierarchical DBMS, Relational DBMS, object
oriented DBMS.

Unit Ill [15 Hours]

Interpolations, geospatial analysis and Digital elevations modéhtroduction to interpolation, types of interpolation,
methods for interpolation: these in polygons, inverse distance, weighted splines and krigging. Geospatial analysi:
introduction, vectobased analysis and rasti&sed analysis. Digital Elevation Model (DEM): definition, methods

of development, and applications of DEM. Network analysis: concept and models.

Unit IV [15 Hours]

Global positioning systemBasic concepts of Global Positioning System (GPS), accuracy and error corrections in
GPS. Fundamental of mobile mapping, application of GPS in resources surveys and mapping. Concept of absolu
and diferential global positioning systeifiypes of GPS receivers, GPS satellite signal, GPS data, error correction
techniques in GPS. Introduction to IRNSS.

Applications of GIS: Utility mapping using GIS, land suitability analysis. GIS for environmental impact analysis
(EIA).Disaster vulnerability analysis (landslide hazard zonation).geospatial modeling: introduction, importance and
techniques, land degradation modelling.

Text Books:

1. Heywood, I., Cornelius, S., Caryé., Raju, S., “An Introduction to Geographical Information Systems”,
2nd Edition, Pearson Education, 2010.

2. Bhatta, B., “Remote Sensing and GIS”, Oxford University Press, 2008.
3. Demers, M.N., “Fundamentals of Geographic Information Systems™dley and Sons, Inc, 2008.

4. Burrough, PA., McDonnell, R.A.,” Principles of Geographical Information Systems (Spatial Information
Systems)”, Oxford University Press, 2015.

5. Clarke, K.C., Parks, B. O., Crane, M, Parks, B. E., “Geographic Information Systems and Environmental
Modeling”, Prentice Hall, 2002.
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Reference Books:

1. Burrough, FA.,"Geographic Information Systems for Land Resoutasessment” Oxford: Oxford University
Press, 1994.

2. Laurini, R.,Thompson, D., “Fundamentals of Spatial Information Systénatlemic Press London, 1992.

3. Chou,Y. H.,"Exploring Spatiahnalysis In Geographical Information Systems”, Onward Press, New Mexico,
Us, 1997.

4. Chang, K., T, “Introduction to Geographic Information Systems”, McGraw Hill, 2015.
5. Pourabbas, E., “Geographical Information Systéimands andechnologies”, CRC Press, 2014
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Digital Image Processing L:4,P:0, Credit: 4
PCA-RS-E105
Unit | [15 Hours]

Intr oduction: Introduction: Digital Image, Fundamental steps in Image Processing, Elementsygéfeis, Simple
OperationsArithmetic, Logical, Geometric Operations.

Digital Image Fundamentals:Elements oVisual Perception, Sampling and Quantization, Relationships between
pixels, Linear and Nonlinear operations.

Unit Il [15 Hours]
Image Enhancement in Spatial domainEnhancement by Point Processing, Histogram Processing, Spatial Filtering.

Image Enhancement in Fequency Domain:introduction to the Fouridiransform,The discrete Fouridiransform,
Properties of the two-dimensional Fouffeansform, Smoothing Frequency-domain filters, Sharpening Frequency
domain filters.

Image restoration and construction:Image Restoration: Image Observation and Degradation Model, Circulant and
Block Circulant Matrices and Ispplication in Degradation ModeAlgebraicApproach to Restoration, Inverse by
Wiener Filtering, Generalized Inverse-SYADd Interactive Methods, Blind Deconvolution, Image reconstruction
from projections.

Unit Il [15Hours]
Image Compression:Fundamentals, Image Compression Models, Error Free Compression, Lossy Compression.

Image Segmentation:Edge Detection, Line Detection, Curve Detection, Edge Linking and Boundary Extraction,
Boundary Representation, Region Representation and Segmentation, Morphology-Dilation, Erosion, Opening an
Closing, Hit and Mis#&lgorithms feature analysis.

Unit IV [15 Hours]

Color and multispectral image piocessingColor Image Processing Fundamentals, RGB Models, HSI Models,
Relationship Between Dédrent Models, Multispectral Imagenalysis.

Object Recognition: Patterns and Pattern Classes, Recognition based on Decision-theoretic methods, structura
methods.

Text Books:
1. Gonzalez, R. C\Woods, R. E., “Digital Image Processing”, Pearson, 2009.
2. Castleman, K. R., “Digital Image Processing”, Pearson Education, 1995.
3. Shinghal, R., “Pattern Recognition”, Oxford Publications, 1992.
4

Umbaugh, S.,E., “Digital Image Processing éamalysis: Human and Computéision Applications with
CVIPtools”, CRC Press, 2010.

—SKKH\A UN|VERS|TY—

123




SCHOOL OF PHYSICAL SCIENCES

5.

Solomon, C., Breckof,, “Fundamentals of Digital Image ProcessingracticaApproach with Examples
in Matlab”, Wiley-Blackwell, 201L.

Reference Books:

1.

2
3.
4

Chanda, B., Majumdeb. D., “Digital Image Processing aAhalysis”, Prentice Hall Publications, 201
Gonzalez, R. C\Woods, R. E., “Digital Image Processing with Matlab”, Pearson, 2013.
Sridhar S., “Digital Image Processing”, Oxford University Press 1201

Jayaraman, S.,, “Digital Image Processing”, McGraw Hill, 1201
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Advanced Computer Networks L:4,P:0, Credit: 4
PCA-RS-E106
Unit | [15 Hours]

Network Layer: IP Protocol: Datagram-fragmentation,dBckage, IRddresses: Classful addressing, subnetting,

supernetting, Classless addressing, Routing Protocolifed Network: Unicast Routing Protocols: Shortest

Path, Flooding, DVR, Link t&te Routing, Multi Cast Routing Protocols, Interior Gateway Protocol :OSPF
Exterior Gateway Protocol : BGhulti-path and type —of-service routing, quality-of-services routing —routing
heuristics for GS, Internet QoS routing, fast routing/ switching

Unit Il [15 Hours]

Mobile Network Layer: Mobile IP: IPpacket deliveAgent advertisement and discoverRegistration,
Tunnelling and Encapsulation, Reverse tunnelling, Cellular NetworkVAHIA Mobile 1Pv4, Mobile IPv6,
HMIPv6, MAP Discovery Local Mobility Management in HMIPv6, dynamic host configuration proto&dihoc
networks: Routing- Destination sequence distance vé&zgoamic source routing, Hierarchical algorithAltgernative
metrics.

Unit Ill [15 Hours]

Transport Layer: Services- Congestion control, Reliable servib@P features-TCRsegment-TCRonnection-
flow control error control- congestion control-T@Briants —&hoe- Reno-Vegas- new — Reno- SACK,
Connectionless UDP: Use of UDiFeader Description, Real-timfeansport Protocol (RP), SCTPWirelessTCPR,
SNOOR Mobile Transport LayerTraditional TCP: Congestion control, Implications on mobility: MolileR,
Transmission / time-out freezing, selective retransmis3i@amsaction orientetiCP.

Unit IV [15 Hours]

Application Layer: Domain Name Systems, E-mail syst&uorldWide Web:-Architectural OverviewHTTR, SNMR
Performance Enhancements, multimedia and adaptive applications, voice and video martitRe transport
protocols, scalable and QoS-aware servers, web proxy coaching Network Security: Crypt&yrapmstric Key
Algorithms: - DES, Public Keylgorithms: - RSA. Digital Signatures: -Symmetric Key Signatures, Public Key
Signatures, Message Digests.

Text Books:
1. TanenbaumA.S., “Computer Networks”, PHI, 201
Forouzan, BA., “Introduction to Data Communication and Networking”, Mc Graw Hill, 2007.

2

3. BagadV.S., “Advanced Computer Network¥&chnical Publications, 2010.

4. Jain,S., “Advanced Computer Networking: Conceptsfgqlications”, BPB Publications, 2006.
5

Peterson, L.L, Davie, B.S., “Computer NetworksSystem#\pproach”, Mogan Kaufmann, 201
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Reference Books:

1.

2
3.
4

Stalling, W., “Data and Computer Communications”, PHI, 2007.
Soliman, H., “Mobile IPv6 Mobility in &Vireless Internet”, Pearson Education, 2004.
Forouzan, BA., Mosharraf, E “Computer NetworksA Top-DownApproach”, Mc Graw Hill, 201.

CiubotaruA., Muntean, GM, “Advanced Network Programming - Principles drethniques: Network
Application Programming with Java”, Spring2013.

Kurose, J., Ross, K., “Computer NetworkidgTop-DownApproach”, Pearson Education, 2010.
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Wir eless SensoNetworks L:4,P:0, Credit: 4
PCA-RS-E107
Unit | [15 Hours]

Intr oduction: Basics ofWireless Sensor Networks (WSNs) andAfsplications, Design Issues: Eggr Self-
Management)Vireless Networking, Decentralized Management, Sec@itstering of Sensors, Défrence Between
WSNs andAd HocWireless Networks.

NodeAr chitecture and Operating SystemSensor NodArchitecture, IMote node architecture, Operating System:
TinyOS, Imperative Language: nesC, Dataflaylé&LanguageTinyGALS, Node-Level Simulators.

Unit Il [15 Hours]

Communication Protocols:Physical Layer: Basic Components, Source Encoding, Channel Encoding, Mediess
Control: Wireless MAC Protocols, Contention-Free MAC Protocols, Contention-Based MAC Protocols, Hybrid
MAC Protocols, Network Layer: Categories of Routing Protocol, Routing Metrics, Flooding and Gossiping, Data-
Centric Routing, Proactive Routing, On-Demand Routing, Hierarchical Routing, Location-Based Routing.

In-Network Information Pr ocessingintroduction, Communication Complexity Model, Comparing Functions over
Wireless Networks; Special Reuse and Block Computation, Law of Sensor Network Lifetimefgpditiations.

Unit Ill [15 Hours]

PowerManagement andTime Synchionization: Local Power Management, Dynamic Power Management, Clocks
and Synchronization Probleffemporal Data.

Localization: RangingTechniques, Range-Based Localization, GPS-Based Localization, Range-Free Localization,
Event-Driven Localization.

Distributed Learning and Estimation: Introduction, Classical Learning, Fusion Cenf@istributed Estimation
under Bandwidth and Engy Constrains.

Unit IV [15 Hours]

Graphical Models and Fusion Sensor Networkdntroduction, Graphical Models, from Sensor Network Fusion to
Graphical Modelsipproximation and Impact on Fusion.

Security: Fundamentals of Network SecuriG@hallenges of Security Wireless Sensor Networks, Secudtyacks
in Sensor Networks, Protocols and Mechanisms for SeclEBE 802.15.4 and Zigbee Security

Text Books:

1. Damie, W., PoellabauerC., “Fundamentals dlNireless Sensor Network¥heory and Practice’'Wiley
Publication, 2010.

2. Zheng, J., Jamalipolk., “Wireless Sensor Network&:Networking PerspectiveWiley Publication, 2009.

3. SwamiA., “Wireless Sensor Networks: Signal Processing and Communication Perspectivegljldghn
2007.
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Reference Books:

1.

o o~ w Db

Zhao, F, Guibas, L., “Vifeless Sensor Network&n Information Processingypproach”, Elsevier Publication,
2004.

Karl, H.,Willig, A., “Protocols and\rchitectures foWireless Sensor Networks¥iley Publication, 2007.
Faludi, R., “BuildingWireless Sensor Networks”, O'Reilly Publication, 2010.

Farahani, S., “ZigBe®ireless Networks an@iransceivers”, Elsevier Publication, 201

Murthy, C., Murthy B., “AdhocWireless NetworksArchitectures and Protocols”, Pearson Education, 2004

Hu, F, Cao, X., “Wreless Sensor Networks: Principles and Practida’Auerbach Book, CRC Press,
Taylor & Francis Group, 2010.

Sarkar S., “WirelessAd hoc MobileWireless Networks: Principles, Protocols &mplications” Auerbach
Publications;Taylor & Francis Group, 2007.
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DataAnalytics L:4,P:0, Credit: 4
PCA-RS-E108
Unit | [15 Hours]

Intr oduction: Introduction to data analytics (DA), data preparation, and data cleaning, Big Data OVéfais
data sciences, the rising and importance of data sciences, Big data analytics in industry

Data Analytics Lifecycle and methodology:Understanding Business Data, Data Preparation, Data Modelling,
Data Evaluation, Communicating results, Deployment of Data.

Unit Il [15 Hours]

Satistical Analysis: Basic statistical concepts. Mean, standard deviation. Rank statistics and percentiles, Distributions,
Covariance, correlation, analysis of variandafiStical tests, confidence and hypothesis tesfiogls such as R.

Probabilistic Analysis: Dependence and Independence, Conditional ProbaBiipgess Theorem, Randoariables
Continuous DistributionsThe Normal DistributionThe Central LimifTheorem, For Further Exploration.

Unit Ill [15 Hours]

DataAnalytics: Theory & Methods: Data features, Classification, Supervised and unsupervised learning, Supervised
learning - Linear/Logistic regression, Decision trees, Naive Bayes, Unsupervised learning - K-means clustering
Association rules, Clustering algorithms. Knowledge discoyergmaly detection.

Hypothesis and Inference:Statistical Hypothesi$esting, Example: Flipping a Coin, Confidence Intervals, P-hacking,
Example: Running afA/B Test, Bayesian Inference.

Unit IV [15 Hours]

Tools for Data Analytics: Globally distributed data store$ools for big data, Introduction to Hadoop, HDFS,
MapReduceYARN, HBase, Hive, Pig, Sqoop, Zookeeddume, NoSQL.

Data Representation andAnalysis: Log DataAnalysis — HDFS scenari@Vrite once & Read often, Datdarehouse,
Fraud Detection, Risk Modeling, Social Sentimfemalysis, Image Classification, Graphalysis.

Text Books:

1. Larose, DT., Larose, C. D., “Discovering Knowledge in Daa: Introduction to Data Mining"Wiley 2nd
Edition, 2005.

2. Klimberg, R., McCullough, B. D., “Fundamentals of PredictAmalytics with JMP”, SAS Institute
Publishers, 2013.

Reference Books:

1. EMC Education Services, “Data Science and Big Baaytics: DiscoveringAnalyzing,Visualizing and
Presenting DataWiley Publications.

2. Grus, J., “Data Science from Scratch First Principles with Python”, O'Reilly Media, 2015.
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DEPARTMENT OF GEOLOGY
B. Sc. Geology Syllabus

Semester I
GEOL-UG-0101 Geology-I (Earth System Science, Petrology and Mineralogy) 3L+1P
Elective 1 4
Elective 2 4
Total | 12
Semester 11
GEOL-UG-0201 Geology-II (Physical Geology and Sedimentology) 3L+1P
Elective 3 4
Elective 4 4
Total | 12
Semester II1
GEOL-UG-0301 Geology-III (Palacontology and Stratigraphy) 3L+1P
Elective 5 4
Elective 6 4
Total | 12
Semester IV
GEOL-UG-C401 Geology-1V(Igneous and Metamorphic Petrology) 3L+1P
GEOL-UG-C402 Geology-V (Geology of India) 2L+2F
English 4
Total | 12
Semester V
GEOL-UG-C501 Geology-VI (Structural and Engineering Geology) 3L+1P
GEOL-UG-C502 Geology-VII (Geochemistry and Hydrology) 3L+1P
HUR-UG-F106 Eastern Himalayan Studies 4
Total | 12
Semester VI
GEOL-UG-C601 Geology-VIII (Economic Geology and Coal & Petroleum Geology) | 3L+1P
GEOL-UG-C602 Geology-IX (Mini Project/Industrial Training) 4
HUR-UG-FI105 Environmental Studies 4
Total | 12

As at present very limited compatible UG elective courses are available for the students of the integrated courses

Minimum Credits for B.Sc. are Severfiyo (72)

L — Lectures, P Practical, F- FieldVork

the University levelThe department is required td@foptions for the Elective Courses as well.

—SH{KH\A UN|VERS|TY—

130




B.Sc Geology

Elective Papers Department:

1.

o oA W N

GEOL-UG-E102 Physical Sciences | (Physics)

GEOL-UG-E103 Physical Sciences Il (Atmospheric, Oceanic and Planetary Sciences)
GEOL-UG-E202 Physical Sciences Il (Chemistry)

GEOL-UG-E203 Computation | (Mathematics)

GEOL-UG-E302 Computation Il (Comput&pplications in Geosciences and Disaster Management)
GEOL-UG-E303 Computation Il (Remote Sensing and GIS)

However the students are at liberty to choose any other available compatible elective courses.

Students of other department also can choose these courses, as these papers are open papers.
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Semester |

GEOL-UG-0101
Geology-I (Earth System Science, Petogy and Mineralogy) Credit: 3L+1P
Module-I

Concept of earth system sciences and its branches.

Formation of various spheres of Earth.

Introduction to various branches of Earth Sciences.

Solar SystemAge of the earth, origin of solar system. meteors and meteorites.
Introduction to Geologicdlime Scale.

Internal structure of Earth. Concept of Plaéetonics and its elements.

Wilson Cycle, OrogenyEarthquaked/olcanoesTsunami

Introduction to Hydrology: Hydrologic cycle.

Introduction to Oceanography:

Module-II

Definition and classification of Rock and minerals.

Formation of Igneous, Sedimentary and Metamorphic rocks and their classification.
Rock Cycle. Common classification of minerals and their basis.

Physical Properties of the minerals.

Classification of major silicates and non silicate minerals:

Silicates: Ortho silicates, Ring & Di silicates, Chain silicates, Sheet silicates and Framework silicates. Nonsilicates
Carbonates, Sulfates, Phosphalesgstates, Molybdates, Borates, Oxides, Hydroxides, Halides, Sulfides and Native
elements.

Module-lll

Fundamentals of Crystallography

Crystallographic axes, axial ratio, 32 crystal classes and classification in seven systems.
Fundamentals of Properties of Light, Polarizing petrographic microscope.

Optical properties of common rock forming silicate minerals.

Module-IV (Practical)

1. Field Based Practical for collection of samples and in-situ study
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Field Based Practical for identification of landforms and Earth processes.

Preparation oT hin and Polished sections of rock samples.

Study of Common Igneous, Sedimentary and Metamorphic Rocks.

Physical properties of common rock-forming and ore-forming minerals in hand specimen.
Study of common rock-forming minerals in thin section.

Study of optical properties of minerals under petrological microscope.

Study of crystal models of dirent classes.

© o N o o b~ Db

Determination of Miller indices and zone axis calculations.
Suggested Readings
1. W.D. Nesse, (2000), Introduction to Mineralp@xford University Press, ISBN 0-19-510691-1

2. Danas New MineralogyThe System of Mineralogy of James Dwight Dana and Edward Salisbury Dana
by Richarav. Gaines , H. Catherind. Skinner Eugene E. Ford, Brian Mason,Abraham Rosenzweig,
1997, 1872 pages. Publisheril&y-Interscience; 8 edition, ISBN-10: 04&43100

3. P E Kerr Optical Mineralogy1959
4. NesseW.D., Introduction to Optical mineralog008

5. DeerW.A., Howie, RA. and Zussman, JAn introduction to the rock forming minerals, ELBS
publication,1962-1963.

6. Rutleys Elements of Mineralog$991, Publisher: Cbs Publishers & Distributors Pages: 482 ISBN10:
8123909160

7. Holme’s Principles of Physical Geolagh992. Chapman & Hall.

8. Emiliani, C, 1992. Planet Earth, Cosmolp@eology and the Evolution of Life and Environment.
Cambridge University Press.

Elective-I Credit: 4

Elective-II Credit: 4
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Semester I

GEOL-UG-0201
Geology-Il (Physical Geology and Sedimentology) Credit: 3L+1P
Module-I

Nature and scope of geomorphologyolution of geomorphological thoughts.

Basic concepts of geomorphology

Overview of landscape evolution models, weathering and cycle of erosion.

Drainage classification and morphometry

Geomorphic Processes and associated Landforms: Fluvial, Gheidian, Coastal and Karstic landforms.
Structural and lithological controls on landforms.

Overview of Indian geomorphology

Module-lII

Sediment Size Classificatioviarious Classifications of Siliciclastic Sedimentary Rocks.

Sedimentary Processdduid flow, sediment transport and sedimentary structuiigses of fluids, Laminar vs.
turbulent flow Reynolds numbeFroude NumbeBoundary layer éct, Particle entrainment, transport and deposition,
sediment gravity flows.

Boumas Sequence.

Module-llI

Introduction to Sedimentary environments and facies.

Sedimentary structure: Primary and secondary sedimentary structures.

Biogenic structures Paleocurrent analysis.

Siliciclastic rocks: Conglomerates, sandstones, mudrocks (texture, composition, classification, origin and occurrence

Nonsiliciclastic rocks: Carbonate rocks, controls of carbonate deposition, components and classification of limestone
dolomite and dolomitisation, carbonate sedimentary environments. Chert and siliceous sediments, phosphorite:
carbonaceous sediments, iron rich sediments and evaporites.

Digenetic processes and it$aztts on silicilastic and carbonate rocks.

Module-IV (Practical)

1. Field Based Practical for collection of samples/data and in-situ.study
2. Identification of various sedimentary rocks and their features.
3. Petrographic study of clastic and non-clastic rocks in thin sections.
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4. Identification of sedimentary structures by diagrams and samples.
5. Particle size distribution and statistical treatment and paleocurrent analysis.
Suggested Readings

1. Bloom,A.L.1998. Geomorphologg systematiénalysis of Late Cenozoic Landforms (3rd Edition), Pearson
Education, Inc.

Singh, S. 1998. Geomorpholo@rayag PustakBhava#illahabad.

Kale,VS. and GuptaA. 2001. Introduction to GeomorpholadYrient Longman Ltd.
Easterbrook, D.J. 1992. Surface processes and landforms. McMillan Publ.

Prothoreo and Schwab, 2004, Sedimentary Gepleigeman and Co. NeYork, 557p

Sam Boggs, 1995, Principles of Sedimentology arati§raphy Printice Hall, New Jersey65p .
Maurice E.Tucker 2006, Sedimentary Petrolggdlackwell Publishing, 262p.

Collinson, J.D. an@hompson, D.B. 1988, Sedimentary structures, Unwin-Hyman, London, 207p.

© ©® N o g k& D

Lindholm, R.C., 1987A practical approach to sedimenmtolp§jen and Unwin, London
10. Pettijohn, RJ. 1975, Sedimentary rocks, Harper and Row Publ. New Delhi

Elective-lll Credit: 4

Elective-1V Credit: 4
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Semester lll

GEOL-UG-0301
Geology-lll (Palaeontology and &atigraphy) Credit: 3L+1P
Module-I
Introduction to fossils.
Fossilization processes (taphonomy), and modes of preservation.
Basic Concepts of ganic evolution and Species concept.
Methods of description and naming of fossils, code of systematic nomenclature.
Application of Fossils in the study of Palaeoecoldtplaeobiogeography and Palaeoclimate.
Palaeobotany: Early plant life, colonization of land, important stages in plant evolution.
Role of plant fossils in palaeoclimatic reconstructions.
Significance of Gondwana flora. Introduction to palynology
Module-II

Invertebrate Palaeontology: Brief introduction to various invertebrate groups. Significance of Mollusca, trilobites,
brachiopods graptolites, foraminifera and ammonoids. Classification of trace fossils

Vertebrate Palaeontology: Evolution and Classification of vertebrates.

Major steps in vertebrate evolution.

Origin, evolution and extinction of dinosaurs.

Evolution of primates with special reference to human evolution.

Module-llI

Stratigraphic principles and correlation.

Unconformities and principle of cross-cutting Relationship. Facies concept.

Evolution of Geologicalime Scale.

Significant events in geological time.

Introduction to lithostratigraphpiostratigraphy and chronostratigrapimagnetostratigraphy and chemostratigraphy
Seismic stratigraphgequence stratigraphy and its application in hydrocarbon exploration.
Intoduction to Quaternary Geology and its applications.

Pleistocene Glacial-Intglacial cycles.
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Module-IV (Practical)
1. Field Based Practical for collection of samples/data and in-situ.study
2. Study of fossils showing various modes of fossilization.
3. Study of diagnostic morphological characters, systematic position, stratigraphic position and age of various

invertebrate, vertebrate and plant fossils
Suggested Readings
1. Clarkson, E.N.K.1998. Invertebrate Palaeontology and Evolutiongéabten & Unwin.
Raup, D.M. and @&nley S. M. 1971. Principles of Palaeontolo@yH. Freeman and Company
Benton, M. 1997. Basic Palaeontologyr introductory text, D.HarkeAddisionWisely Longman.
Prothero, D.R. 1998. Bringing fossils to lifé\n introduction to PalaeobiologicGraw Hill.
Benton, M.J. 2005Vertebrate palaeontology (3rd edition). Blackwell Scientific, Oxford.

o o A W N

Brenchley P J., and HarpeD.A. T. 1998. Palaeoecology: Ecosystems, Environments and Evolution. By
Chapman and Hall.

~

Schoch, R. M. 1989.t&tigraphy principles and methodgan Nostrand Reinhold.

8. Roy R. Lemon. 1990 Principles ofr&igraphy 512 pages, Publisher: Longman Higher Education. ISBN-
10: 0675205379

9. Condie. K.C., & Sloan, R. 1998, Origin and Evolution of Earth: Principles of Historical Geddogmtice
Hall; 1st edition 498 pages ISBN-10: 0134918207

10. Weller, J. Marvin 1960. 8atigraphic principles and practice. HargeGeoscience series.

Elective-V Credit: 4

Elective-VI Credit: 4
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Semester |V

GEOL-UG-C401
Geology-1V (Igneous and Metamorphic Petology) Credit: 3L+1P
Module-I

Introduction: Eartls interior structure.

Physical properties of magmas.

Volcanoes and types of volcanoes. Pyroclastic deposits.

Concept of intrusion and extrusion.

Forms and types of igneous bodies:- extrusive bodies-Flood basalts.

Intrusive bodies:- concept of concordant and discordant intrusion, Dikes and sills and types of dikes, breccia pipe:
laccoliths, lopoliths, stocks and batholiths.

Module-II

Introduction: Definition of metamorphism. Factors controlling metamorphism.
Concept of metamorphic facies and grade.

Metamorphic zones and isograds.

Metamorphic facies series and paired metamorphic belts. Mineralogical phase rule of closed and open system.
Metamorphic mineral reactions (prograde and retrograde).

Relationship between metamorphism and deformation.

Module-lll

Bowens Reaction Series. Melting and crystallization.

Classification of igneous rocks.

Textures, structures and mineralogy of important igneous suites.

Types of metamorphism. Classification of metamorphic rocks.

Types of protoliths.

Textures, structures and mineralogy of metamorphic rocks.

Module-IV (Practical)

1. Field Based Practical for collection of samples/data and in-situ.study
2. Study of igneous and metamorphic rocks in hand specimens and thin sections.
3. Plotting of modal analysis data of igneous rocks.
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4.
5.

Calculation of CIPW norm for important igneous rocks.

Exercises in graphic plots for petrochemistry and interpretation of paragenetic diagrams.

Suggested Readings

1.

© ® N o o o~ w

John D Winter 2001An Introduction to Igneous and Metamorphic Petrold®ygntice Hall Inc

LorenA. Raymond 2002. Petrolog¥he study of Igneous, Sedimentary and Metamorphic rocks. Mc Graw
Hill .New York

Cox, K.G Bel, J.D. and Pankthrust, R.J. 2008e interpretation of Igneous rockdlen and Unwin, London
Pankthrust, 2000. Igneous and Metamorphic rocks. Prentice Hall.

Phillpots A.R., andAgue, S.J., 2009. Principles of igneous and metamorphic petrofd@gd(2) Cambridge.
Gill, Robin, Igneous rocks and processepractical guidewiley-Blackwell

Wilson, M. Igneous Petrogenesi¥iley-Blackwell.

Yardley BW D. 1990 An introduction to metamorphic petrolagyl. BS publication.

Bucher K. and Martin R2002. Petrogenesis of Metamorphic rocks. Sprivgelag Publication.

10. Best, M.G 2002. Igneous and metamorphic petroldiey publication.

11. Vernon R. H. and Clarke G. 2008. Principles of metamorphic Petrolo@ambridge publication.
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GEOL-UG-C402
Geology-V (Geology of India) Credit: 2L+2F
Module-I Geology of Indian Peninsula
Physiographic and tectonic subdivisions of India.
Tectonic evolution of cratons and mobile belts in peninsular India.

Introduction to important Hadeatr,chaean, Proterozoic, Palaeozoic, Mesozoic and Cenozoic Successions of Indian
Peninsula.

Quaternary stratigraphy of India.

Concept of Gondwana and its significance.

Volcanic provinces of India.

Stratigraphic boundary problems with special reference to Precambrian / Cambrian boundary
P/T and K /T boundaries in India.

Petroliferous basins of India.

Module-1l Geology of Himalayas

Physiographic and lithotectonic subdivisions of the Himalaya.

Major thrusts and their boundaries.

India & Asia collision.

Lithological characteristics of subdivisions of the Himalaya.

Sedimentation and evolution of Himalayan foreland and intracratonic basins
Palaeozoic, Mesozoic and Cenozoic succession of the Himalayas.
Stratigraphy of the Siwalik Group.

Introduction to Geology of Eastern Himalaya.

Stratigraphy of the Sikkim — Darjeeling Himalaya.

Inverted metamorphic Sequence.

Quaternary geology and Neotectonics of Eastern Himalaya.

Module-11l & Module-IV

Introduction to geological mapping techniques.

Field training to acquaint the students with geological characteristics of type outcrops of important geological formation:s
of Indian peninsula and Himalayas.
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Suggested Readings:

1.
2.
3.
4.

Krishnan, M.S. 1982. Geology of India and Burma, CBS Publishers, Delhi

Pascoe, E.H. 1968. manual of the Geology of India and BurmaI\/IV), Govt. Of India Press, Delhi.
Doyle, P & Bennett, M.R. 1996. Unlocking ther&tigraphic Record. Johfiley

Ramakrishnan, M. &aidyanadhan, R. 2008. Geology of Intfidumes 1 &

2, geological society of India, Bangalore.

5.

6
7
8.
9

Valdiya, K.S. 2010The making of India, Macmillan India Pvt. Ltd.

Naqvi S.M. 2007: Geology and evolution of Indian Plate

Bigg, G, 1999 Ocean and Climate. Springarlag

Bradley F, 2000. Paleoclimatology: Reconstructing Climates of the QuateByaningerVerlag

Maher andrhompson, 2000. Quaternary Climates, Environments and Magnetism. Cambridge University
Press.

10. Williams, Durnkerley Decker Kershaw and Chhappell, 1998. Quaternary Environm@fiksy and Sons.
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English

Unit I: Elementary Grammar

Articles

Tense

Direct and Indirect Speech

Prepositions

Unit: 11: Composition

Essaywriting

LetterWriting

Comprehension

Precis/ Report writing

Unit lll: Poetry

John Donne - “ Death be not Proud”

Oliver Goldsmith - “TheVillage Schoolmaster”

Robert Frost - “ ®pping by woods ona Snowy Evening”
Nsssim Ezekiel —* Night of the Scorpian”

Unit IV : Short Story

Leo Tolstoy — “How Much Land Does a Man Need”
Rabindranatffagore - “Kabuliwala”

Ernest Hemingway- “ Idnother Country”

R.K Narayan — ‘A Horse andiwo Goats”

Suggested Readings:

1. Eastwood, JohnOxford Practice GrammafOUP)
2. RobertW. Bly. Websteirs New Wirld Letter Witing Handbook
3. Duigu,Gabi Essay Witing for English Est
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SemestetV Credit: 4
GEOL-UG-C501
Geology-VI (Sructural Geology and Engineering Geology) Credit: 3L+1P

Module-

Concept of rock deformationtr®ss and &ain in rocks.

Strain ellipses of dierent types and their geological significance.
Importance of top-bottom criteria in structural geology
Geometric and genetic classification of

i. Folds, ii. Boudins iii. Fractures.iWFaults, v Joints, vi. Shear zones, vii. Cataclastic and Ductile deformation
products.

Module-II

Mechanics of folding: Buckling, Bending, Flexural slip and flow folding etc.
Origin of foliations: axial plane cleavage. Origin of lineation.

Mechanics of Faulting, Mohr Circle of failure.

Effects of topography on structural features.

Rule ofV. Effects of deformation on topography

Stereographic projections and their use in structural analysis.

Module-IlI

Role of engineering geology in planning, design and construction of engineering structures. Geomechanical classificatic
of rock mass (RMR, RQD, SMR).

Engineering classification of Soils.

Geotechnical components and classification of dams, reservoirs, spillways, tunnelg,aumecaverns, bridges,
highways and shorelines.

Geological structures and discontinuities, engineering properties of rocks, engineering properties of jointed rocks.
Classification of construction materials and aggregates.

Geological hazards (landslides and earthquakes) their significance, causes and preventive/remedial measures.
Seismic zones of India, soil liquefaction.

Module-IV (Practical)

1. Field Based Practical for collection of samples/data and in-situ.study
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~

9.

10.

Drawing profile sections and interpretation of geological maps fefrdiit complexities.

Study of 3D models of various geological structures.

Exercises of stereographic projections of mesoscopic structural data,(jiezzgrfolded etc.).
Solving problems related to stress and strain measurements.

Preparation and study of geological sections for feasibility and selection of sites for dams, tunnels, bridges
highways and similar civil structures.

Use of softwares for solving various geotechnical problems (Skapédify etc).
Evaluation of mechanical properties of concrete aggregates.
IndexTests for soil, rocks and debris.

Evaluation ofAtterbeg limits and shear strength parameters.

Suggested Readings

1.

© N o g bk~ WD

9.

Price, N.J, & Cosgrove, J.YAnalysis of Geological teuctures. 1990. Cambridge University Press.
R.GPark: Fundamentals ofr8ctural Geology

Davis, GR. 1984. tauctural Geology of Rocks and Region. Jakitey

Weijermars, R. 1997 .tGictural Geology and Map Interpretatiddboran Science Publishing.

Billings, M.P. 1987. &uctural Geology4th edition, Prentice-Hall.

HatcherJr, R.D. 1995. Buctural Geology - Principles, Concepts and Problems, Merrill Publishing Company
Ghosh, SK. 1993.t&ictural geology: fundamentals and modern developmentgafen Press, London

Krynin, D.P and JuddV.R. 1957. Principles of Engineering Geology and Geotechnique, McGrawHill (CBS
Publ).

Johnson, R.B. and DeGraf, JA888. Principles of Engineering GeolpgghnWiley & Sons, N.Y

10. Goodman, R.E., 1993. Engineering Geology: Rock in Engineering constructionsVilem& Sons, N.Y

11. Waltham,T., 2009. Foundations of Engineering Geology E8in.)Taylor & Francis.
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GEOL-UG-C502
Geology-VIl (Geochemisty and Hydrology) Credit: 3L+1P
Module-
Stellar evolution and origin of elements.
Different processes of nucleosynthesis.
Abundances of elements and Oddo-Harklraw
Meteorites, Chondrites and chondritic ratios.
Geochemical Distribution of elements in solar system.
Geochemical classification of elements.
Geochemical ucture of Earth

Geochemical Properties of elements (volatiles, semi-volatiles, alkalis, alkaline earths, REEAAEiI80N metals
and noble metals).

Trace elements: Raowdtand Henrys Law

Introduction to Radioactive andé®le Isotopes and applications.
Module-II

Hydrologic cycle.

Vertical distribution of subsurface water

Groundwater Aquifer properties.

Geological classification of aquifers.

Darcy’s law and its validityfree and confined aquifers, phreatic and piezometric level, analysis of piezometric
surface, groundwater level fluctuations.

Aquifer’'s hydraulic parameters. Springs.

Groundwater occurrence in igneous, metamorphic and sedimentary rocks.
Physical and chemical properties of water

Effect of geological environment on groundwater quality

Surface and subsurface water interaction,

Sea water intrusion in coastal aquifers.

Groundwater provinces of India.
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Module-Il

Molarity and molality solubility product and solubility

Acids and bases, dissociation constant, pH, hydrolysis, ionic concentration.

C0O2-H20 interaction to form carbonic acid, dissolution of calcite, weathering reactions.

Ground water quality and contamination.

Introduction to surface and subsurface exploration of groundwater

Drilling and construction of wells.
Module-IV (Practical)

Field based practical for sample/Data collection and in-situ study

Determination of morphometric parameters of watersheds.

Graphical representation of chemical quality data and water classification (CT8lema@r diagrams).
Numerical problems based on Dagizaw

Preparation and interpretation of water table contour maps and depth to water level contour maps.
Water potential zones of India (map study) including saline water zones.

Plotting of Geochemical analyses on various geochemical discrimination plots.

Calculation of Half life and age of the samples by Isochron and Model age method.

Plotting of Normalisedrace element and Rare earth element plots.

Demonstration of Geochemical analytical methods.

Suggested Readings:

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.
1.
2.
3.
4.
5.
7.
8.
9.

Walther Johny., 2009. Essentials of geochemissiudent edition. Jones and Bartlett Publishers.
Faure, Guntetnorganic Geochemistry

Faure and Mensing: Early Earth Systems

Mason, B (1986). Principles of Geochemis8yEdition, Wiley NewYork.

Hugh Rollinson (2007) Using geochemical data — evaluation, presentation and interpretafiditian.
Publisher Longman Scientific &chnical.

Todd, D.K. 2006. Groundwater hydrolg3nd Ed., JohiViley & Sons, N.Y
Davis, S.N. and D¥Veist, R.J.M. 1966. HydrogeologyohnWiley & Sons Inc., N.Y

Karanth K.R., 1987, Groundwatgxssessment, Development and managemetd McGraw-Hill Pub.
Co. Ltd.

Raghunath, Hydrology

10. Fetter C.W 2001 Applied HydrogeologyPrentice Hall Inc., N.J
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EHS-UG-F106: Eastern Himalayan 8udies Credit: 4
Unit I: Geography and Environment of the Eastern Himalayas [Sikkim, Darjeeling, BhutanArunachal Pradesh]
Delineation of the Eastern Himalaya as a region

Physiography; Climate; Drainage; Biodiversity and overview of Natural Resources

Unit Il: Historical backgr ound

Brief History of Sikkim and Darjeeling

Spatial relations (fade and Religious linkages) of Sikkim with its Neighbotibet, Bhutan and Nepal.

Unit Ill: Society , Economy and Polity

Society and Culture in Sikkim;

Economy and Livelihood in Sikkim with emphasisfariculture, Industry andiourism; Social and Political dimensions
of Sikkim and Darjeeling Himalaya

Unit IV : Critical Envir onmental Issues

Development Bottlenecks: Potentials, Prospects and Implications with special reference to Hydro- resources
Communication and Industrial Development.

Climate Change, Natural Hazards and Disaster Management, Degradation of Bio-Resources
Essential Readings

1. Bose, S.C (1968).and and people of the Himalayiadian Publications, Calcutta.

2. Karan, FPand JenkinsWW.M (1963).The Himalayan Kingdom#&rinceton
3. 3.Risley H.H., The Gazetteer of Sikki(h989), B.R. Publishing Corporation
4

Rustumiji, N (1971)Enchanted Fontiers: Sikkim, Bhutan and Ind&Noith-Eastern Baderland Bombay:
Oxford University Press.

5. Sarkar RL and Mahendra Pama (ed.1986)The Eastern Himalayas: Enginment and Economptma
Ram, New Delhi.

6. Waddell, L.A(1979).Among the HimalayadNew Delhi: Mittal Publication
Suggested Readings and Documentaries
1. Bulletin of Thetology Namgyal Institute ofibetology

2. DenjongpaAnna Balikci and MckayAlex (2011), Buddhist Himalaya: studies in Religion, Histand
Culture, \6lume II: The Sikkim Papers

3. Grazing on the Bater: the ¥k Heders of Noth Sikkim (2017) ,Namgyal Institute dfibetology
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4. Mullard, S.(20090pening of the Hidden, Landtefe Formation and Consiction of Sikkimese Histar
University of Oxford

5. Pang Lhabsol: Sikkira’'national Ritual of the Land and its Gd&n Deities(2015), Namgyal Institute of
Tibetology

6. Satyajit(1971)Sikkim
7. Tingvong:A Lepcha Wlage, (2005), Namgyal Institute dfibetology
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SemesteiVI
GEOL-UG-C601
Geology-VlIlI (Economic Geology Coal and Petoleum Geology) Cedit: 3L+1P
Module-1 Economic Geology
Definition of Ore and gangue, tenor and grade, ore bodies and lodes.
Resources and reserves. Classification of economic deposits.
Introduction to processes of formation and enrichment of economic deposits.
Metallogeny and Plate tectonics.
Distribution of economic deposits in India.

Metallic ores: Native metals, oxides of Fe, Mn, @ and sulphides of Cu, Pb, Zn, metallogenic provinces and
epochs.

Atomic minerals.

Nonmetallic and industrial rocks and minerals, their nature and distribution in space and time in India:
Refractorychemical, fertilizercement, chemical and gemstone industry including building stones.
Module-1l Coal Geology:

Coal Classification and ranks of coal.

Coalification process and its causes;

Lithotypes, microlithotypes and macerals: their physical, chemical and optical properties.

Mineral and oganic matter in coal.

Proximate and ultimate analyses.

Introduction to geology of di¢érentTertiary and Gondwana coalfields of India.

Uses of coal for various industries e.g. carbonization, liquefaction, power generation, gasification and coal-bec
methane production.

Module-III Petr oleum Geology:

Origin of petroleum, Maturation of kerogen.
Classification of Crude oil.

Reservoir rocks: general attributes

Classification of reservoir rocks - fragmental reservoir rocks and chemical reservoir rocks; Migration of oil and gas:
primary and secondary migration; geologic factors controlling hydrocarbon migration.

Classification of hydrocarbon traps - structural, stratigraphic and combination.

Cap rocks - definition and general properties.
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Formation water characteristics.

Plate tectonics and global distribution of hydrocarbon reserves.

Introduction to petroleum geology Agsam, Bengal, Cauverl{rishna-Godavari, Cambay and Bombajfsbbre

basins.

Module-IV (Practical)

1.

ok wD

© © N e

10.
11.

Field based practical for sample/Data collection and in-situ study

Megascopic identification of dérent varieties of coal.

Interpretation of geologic structures from surface geological maps and bore hole data;
Construction of Panel and Fence diagram.

Preparation of structure contour and isopach maps of reservoir facies and drawing oil/water contact from
bore hole data.

Problems on poraosity and permeability

Calculation of oil reserves in defined structure.

Study of physical properties of ore forming minerals.

Study of optical properties of common ore forming minerals.
Study of association of ore forming and typical gangue minerals.

Preparation of maps showing distribution of important ores and other economic minerals in India.

Suggested Readings:

1.
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EvansA.M. 1993. Ore Geology and Industrial Minerals. Blackwell ScLPubl.Guilbert, J.M. and Park Jr
C.F 1986.The Geology of Ore deposits. Freeman & Co.

BatemanA.M. and Jensen, M.L. 1990. Economic Mineral Deposits. Witey.Gokhale, K.MGK. and
Rao,T.C. 1978. Ore deposits of India their distribution and procesEitigsMcGraw Hill, New Delhi.Deb,
S. 1980. Industrial minerals and rocks of Inéiflied Publishers

MukherjeeAshok

Coal Geology: Larnfhomas, 2002)iley and Sons.

Coal: it's composition, analysis, utilisation and valuation.: E.E.Somermier 2008, Mc GrawHiill
Petroleum Geology:.K.North, 1986Allen and Unwin

Petroleum Formation and Occurrence:.Bid3ot and D.H.Wlte 1978, Publisher: Spring¥erlag
Elements of petroleum Geology: R.C.Shelley 12@&demic press

Petroleum Development GeologyAmickie, 1986, Publisher: Pennwell Publishifig)sa, Oklahoma

10. Petroliferous basins of India: Publisher: KDMIPE, ONGC, 1986.
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GEOL-UG-C602

Geology-IX (Mini Pr oject/Industrial Training) Credit: 4

For Mini Project the student may carry out a study of geological interest (petrtdogglides, hydrological,
environmental problems etc) in consultation with the course supervisor and submit a project report and make
presentations.

For industrial training the student may urgter short training at DS& CSIR labs or in agganizations such GSI,
NHPC, CGWB etc and submit a report and make presentations.

Syllabus of Elective Papers

1.

o g A~ w N

GEOL-UG-E102 Physical Sciences-I (Physics)

GEOL-UG-E103 Physical Sciences-Il (Atmospheric, Oceanic and Planetary Sciences)
GEOL-UG-E202 Physical Sciences-IIl (Chemistry)

GEOL-UG-E203 Computation-1 (Mathematics)

GEOL-UG-E302 Computation-1l (Comput&pplication in Geosciences and Disaster Management)
GEOL-UG-E303 Computation-lll (Remote Sensing and GIS)
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GEOL-UG-E102
Physical Sciences-I: Physics Credit: 3L+1P
Module I: Intr oduction to Mechanics

Scalar and vector fields, Scalar and vector products, polar and axial vectors, triple products, directional derivative
Gradient, Curl, Divagence, Laplacian, line and surface integrals, theorems of Green, GaugskasdlBe integrals
independent of path.

Newton’s laws of motion, conservation of linear momentum, centre of mass, wogly #meorem, Rotational motion,
torque and angular momentum, kinetic ggeaf rotation, rigid body rotation dynamics, moment of inertia, conservation
of angular momentum, comparison of linear and angular momentum, Simple harmonic motions.

Concept of Gravitational force and acceleration, Kepleag/s, Gravitational Potential erggry Earth satellites,

Mechanical properties of solids (Elasticityress andt&in, Hookes Law Sress strain Curve, elastic moduli) and
liquids (pressure, streamline flpernoulli’s principle, viscosityReynolds, Surface tension).

Module II: Optics
Geometrical Optics: Reflection and refraction from plane and curved surface.

Wave optics: Interference, division of amplitudésung’s double slit, Fresnel’biprism, and interference in thin
films, Fraunhdfer diffraction, single slit, double slit, plane transmission grating, Raykeigfiteria of resolution,
resolving power of a telescope and a microscope, resolving and dispersive power of a plane transmission grating.

Polarization: Polarization by reflection and refraction, Brevistewy double refraction, nicol prism, quarter and
half-wave plates, Production and analysis of circularly and elliptically polarized light.

Photoelectric Hect, Wave particle Duality
Module III: Electr omagnetism and Electonics

Electric Chage, Coulombs layElectric field, potential due to a clgardistribution and due to a dipole, electrical
potential enagy, flux, Gausss law electric field in a dielectric, polarization, eggistored in an electric field.

Conductors and insulators, Electric current, ohms fasistivity and resistance.

Magnetic Field, Biot-Savart lgwnagnetic force on a current, Lorentz force, electromagnetic inductionsllawz’
magnetic properties of mattgrara- dia- and ferromagnetism, magnetic dipole.

Electromagnetic Radiation and Introduction to Maxvgedjuations.

Introduction to electronic devices e.g. CapaciResistance, Diode, transistor and ICs, Number systems (binary
BCD, octal and hexadecimal),sland 25 complements. Logic gatesND, OR, NAND, NOR, XOR and NXOR.
Boolean algebra (Boolean laws and simple expressions), binary adders, haliafldebtractqifull adder and full
subtractor
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Module-IV (Practical)

Determination of spring constant of a spring by (i) static, and (ii) dynamic methods.
Determination of g by Simple Pedulum.

Determination of g by Katés pendulum or Bar pendulum.

Measurement of Resistance by Meter Bridge.

Sereis and Parallel Combination of Resistances by PO box

L e o

To determine resistance per unit length of a given wire by plotting a graph of potefdia@ntié versus
current.

N

Determination oWiscosity of a liquid usingtBkes Law

8. Determination of¥oungs Modulus of a solid.

9. To find the focal length of a convex lens by plotting graphs between u and v or between 1/u and 1/v
10. To find the focal length of a concave mitror

11. Determination of wavelength of light by Fresisddiprism.

12. Determination of wavelength of sodium light using a plane transmission grating and resolving power of a
diffraction grating.

13. Determination of specific rotation of cane sugar solution using a polarimeter
14. To verify experimentally OR, NAD, NOQNOR, NAND gates.
15. Study of Half-Adder/ Subtractor
Suggested Readings:
1. Spiegel, M. RVectorAnalysis Schauns Outline Series. McGraw-Hill Book Co.: Singapore (1974)
BeiserA. Concepts of Modern Physics McGraw-Hill Education (2002).
Resnick, R., HallidayD. & Krane, K. S. Physicgol. | and Il 5th Ed. JohWiley & Sons (2004)
Serway R.A. & Jewett, JW. Physics for Scientists and Engineers 6th Ed.
Ghosh, N.N. Introductory Physics, Part-1 & Il. Bharati Bhawan, 1997.
Griffiths, D. J. Introduction to Electromagnetism 3rd Ed. Prentice-Hall (1999).
Malvino, A.P. & Leach, D. PDigital Principles andpplications,Tata McGraw-Hill (2008).

© N o o A~ Wb

Ryder, J. D. Electronic Fundamentals akgblications: Integrated and Discrete Systems. 5th Ed. Prentice-
Hall, Inc. (2007).
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9. Floyd,T. L. &Buchla, D. M. Electronics Fundamentals: Circuits,Devicesfamdications (8th Ed.) Prentice-
Hall (2009).21

GEOL-UG-E103
Physical Sciences-lI
Atmospheric, Oceanic and Planetary Sciences Credit 4L
Module-I: Planetary Sciences
General characteristics and Origin of the Universe.
Solar System its planets and satellites.
MeteoritesAsteroids and Comets.
Earth in the Solar system, origin, size, shape, mass, daositffonal and revolution parameters and its age.
Earth and Moon System: Origin and Characteristics.
Initiation of plate tectonics movements and origin of Earglgrly atmosphere.
Artificial satellites — Polar orbiting and geostationary satellites.
Module-II: Atmospheric Sciences
Thermal structure of the atmosphere and its composition.

Insolation, solar constant, albedo, radiation windows, radiative tra@feenhouse fdct, net radiation budget,
Rayleigh and Mie scattering, multiple scattering.

Latitudinal and seasonal variation of insolation, anétéht meteorological parameters.
Thermodynamics of dry and moist air: specific gas constant.

Adiabatic and isoentropic processeésttical stability of the atmosphere.

Module-III: Climatology

Classification of Cloud, Condensation and Precipitation.

Air masses, monsoon, Jet streams, tropical cyclones, and ENSO.

Classification of climates — Kopperandlhornthwaites scheme of classification.

Basic equations and fundamental forces: Pressure, gregitiripetal and Corolis forces, continuity equation in
Cartesian and isobaric coordinates.

Geostrophic, gradient winds and thermal wind.

Module-1V: Oceanic Sciences
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Introduction to Oceanography

Major Oceans of the world. Major physical divisions of the ocean basin.
Properties of SeWater

Temperature and salinity distribution in surface of the ocean.

Dissolved gases in seawat€arbon dioxide and carbonate cycle.

Major currents of the world’ocean.

The Ocean Conveyor belt and its role in controlling wertdimate.

Surface circulation, concept of mixed laydrermocline and pycnocline, Coriolis Force and Ekman Spiral and
Upwelling.

Deep-sea sediments and Calcite Aratjonite Compensation depth and significance.
Mineral resources of the ocean including polymetallic nodules. Marine Gas Hydrates and their economic potential.
Suggested Readings:

1. Fischer G andWefer, G, 1999. Use of Proxies in Paleoceanography: Examples from the Atauittic,
Springer

2. Gross, M.G 1977. Oceanograph#:view of the Earth, Prentice Hall.
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3. Haqg and Boersma, 1978. Introduction to Marine MicropaleontoBlggvier

4. Tolmazin, D., 1985. Elements of Dynamic Oceanograflsn and Unwin.

GEOL-UG-E202 Physical Sciences-llI
Chemistry Credit: 3L+1P
Module |

Atomic Sructure. Bohis theoryits limitations and atomic spectrum of hydrogen atave mechanics: de Broglie
eqguation, Heisenbg's uncertainty principle and its significance, Schrodirgy@ave equation, significance of g and

2. Quantum numbers and their significance. Radial and angular wave functions. Radial and angular distributiol
curves. Shapes of s, p, d and f orbitals. Paahclusion principle, Hunsl'rule of maximum multiplicityAufbau’s
principle and its limitationsyariation of orbital engy with atomic number

Periodicity of Elementss, p, d, f block elements and it general physical properties fgtiZé nuclear chage,
shielding or screeningfett, Slater rules, variation offettive nuclear chage in periodic table.Atomic radii (van der
Waals), lonic and crystal radii, Covalent radii (octahedral and tetrahedral ), lonization erf8hatgssive ionization
enthalpies and factorsfa€ting ionization engyy. Applications of ionization enthalpilectron gain enthalpyrends
of electron gain enthalp§lectronegativity

Paulings and Mullikens electronegativity scales. Introduction of chemical bonding.
Module Il

ChemicalThermodynamics.t8te of a system, state variables, intensive and extensive variables, concept of heat anc
work, thermodynamic equilibrium, thermodynamic properties, various types of systems and processes.

First Law of thermodynamics. Calculation of work (w), heat (q), changes in interngy éNéf) and enthalpy (NH)
for expansion or compression of ideal gases under isothermal and adiabatic conditions for both reversible and irreversik
processes. Calculation of @, NU and NH for processes involving changes in physical states.

Important principles and definitions of thermochemis@pncept of standard state and standard enthalpies of
formations, integral and dérential enthalpies of solution and dilution. Calculation of bondggnieond dissociation
enegy and resonance eggrfrom thermochemical data.

Various statements of Second Law of thermodynamics, concept of e@ibpyg free engy and Helmholtz engy,
Calculations of entropy change and free gnehange for reversible and irreversible processes under isothermal and
adiabatic conditions. Criteria of spontane®jbbs — Helmholtz equation. Maxwasalfelations.

Introduction to Chemical kinetics Ist orgdénd order reactions. Rate lamolecularity & orderArrhenius Equation.
Module IlI

Chemical Equilibrium: Free ergyr change in a chemical reactidimermodynamic derivation of the law of chemical
equilibrium, Le Chateliés principle. Relationships between Kp, Kc and Kx for reactions involving ideal gases.
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lonic Equilibrium: $rong, moderate and weak electrolytes, degree of ionization, fadewsraf degree of ionization,
ionization constant and ionic product of watenization of weak acids and 31 bases, pH scale, commorféat, ef
Salt hydrolysis-calculation of hydrolysis constant, degree of hydrolysis and pHféredtfsalts. Budér solutions.
Solubility and solubility product of sparingly soluble salts — applications of solubility product principle.

Phase Equilibrium: Ehrenapst classification of Phases, Solid —Liquid, Soild-Solid and Liquid-Liquid Mixtures. One
Component and@iwo Component System, Eutectic and Peritectic system, classical NuclHationy

Module IV (Practical)

1. Physical & Chemical parameters\Whter

2. Estimation of Fe content in Haematite.

3. Mg & Ca ions Hard water

4, Estimation of Cu in Chalcopyrite

5. Estimation of Ca & Mg in Dolomite

6. Estimation of Fe in cement

7. Estimation of Fe using UVIS spectrophotometer

8. Preparation of solutions of ¢iirent Molarity/Normality of titrants

9. Estimation of carbonate and hydroxide present together in mixture.

10. Estimation of carbonate and bicarbonate present together in a mixture.
11. Estimation of oxalic acid and sodium oxalate in a given mixture.

12. Determination of heat capacity of calorimeter fofatiént volumes.

13. Determination of enthalpy of neutralization of hydrochloric acid with sodium hydroxide.
14. Determination of enthalpy of ionization of acetic acid.

15. Determination of integral enthalpy of solution of salts (KNO3, NH4CI).
16. Determination of enthalpy of hydration of copper sulphate.

17. Study of the solubility of benzoic acid in water and determination of pH

18. Introduction to diferent analytical Instruments like UVIS, FTIR and P-XRD.
Suggested Readings:
1. Lee, J.D. Concise Inganic ChemistryELBS, 1991.
2. Douglas, B.E. and Mc Daniel, D.H., Concepts & Models ofdgaaic ChemistryOxford, 1970
3. Atkins, PW. & Paula, J. Physical Chemist@®xford Press, 2006.
4. Day, M.C. and Selbin, Jheoretical Inoganic ChemistryACS Publications 1962.
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Vogel,A.l. A Textbook of Quantitative InganicAnalysis, ELBS.
Barrow G M. Physical Chemistryata McGraw Hill (2007).
Castellan, GW. Physical Chemistry 4th Ed. Narosa (2004).
Mahan, B. H. University Chemistry 3rd Ed. Narosa (1998).
GEOL-UG-E203 Computation-I
Mathematics Credit: 4L
Module |

® N o o

Variables, Functions and Mappindariables and functions, Inverse functions, Common functions, Curves and
Parameters, Exponential, Hyperbolic and Logarithmic Functions.

Functions and their graphs: polynomial, sine, cosine, exponential and logarithmic functions.

Motivation and illustration for these functions through projectile motion and simple pendulum, Simple observations
about these functions like increasing, decreasing and, periodicity

Sequences, Limits and Continuity: Sequences, Limits of sequences and functions, Functions of several variables
limits, continuity

Module I

Differentiation of Functiong:he derivative, rules of ddrentiation, Higher derivatives, Paritalfdifentiation, change
of variable, implicit functions, higher order partial derivatives. Use of methodsfefatifiation like Chain rule,
Product rule and Quotient rule. Second order derivatives of above functions

Integration as reverse process ofatintiation. Integrals of the functions introduced above. Fundamental theorem of
integral calculus, mean value theorems, evaluation of definite integrals, Genwerof improper integrals, tests of
convegence, Diferentiation of an integral containing a paramedéferentiation of integrals with variable limits -
Leibnitz rule. Rectification, double and triple integrals, computations of area, surfaces and volumes. Integration by
substitution, Integration by parts, Reduction formulae.

Module Il

Differential Equations: Classification offéifential equationg\rbitrary constants and the order oféliEntial equations,
Ordinary first order dferential equations, Ordinary tbfential equations of the second and higher ordieassforms
of basic functions, Inversion, Solution offeifential equations, Partial tkfential equations.

Matrices and Lineaklgebra:Algebra of matrices, Determinants, linear transformations, rank and inverse of a matrix,
solution of algebraic equations, Eigenvalues and eigenvetemsors.

Points in plane and space and coordinate form.

Module IV
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Elementary understanding of data, Measures of central tendency and dispersion. Curve fitting and method of leas
squares, regression analysis, Correlation thesimgple linear regression, multiple regression, Co-variance and
correlation co-dfcient.

Introduction to set theorfPermutations and combinations, Elementary probability th€mmyditional probability
Expectation.

Random variables, probability distribution of finite random variables, discrete and continuous random variables,
Normal distribution, Central limit theorem, Binomial distribution, Poisson distribution, t-Distribution, Chi-square
distribution.

Suggested Readings:

1.
2.

H. S. Bear: Understanding Calculus, JéYitey and Sons (Second Edition); 2003.

E. Batschelet : Introduction to Mathematics for Life Scientists,Spriveydag, Internationalt8dent Edition,
Narosa Publishing House, New Delhi (1971, 1975).

Introduction to probability and statistics. Schurar@utlines.

Davis, JC &tistics and data analysis in geologghnWiley & Sons. 2002.
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5. H. S. Bear: Understanding Calculus, J#titey and Sons (Second Edition); 2003.

6. E.Batschelet: Introduction to Mathematics for Life Scientists,Sprveytag, Internationalt8dent Edition,
Narosa Publishing House, New Delhi (1971, 1975)

GEOL-UG-E302 Computation-II
Computer Application in Geosciences and Disastéflanagement Cedit: 3L+1P
Module-I Computer Applications in Geosciences
Introduction to computer applications in geosciences.
Geological Data compilation, processing and presentation.
Introduction to Computer programming. Basic programming codes.
Statistical analysis using various statistical softwares including Excel, Origin and SPSS.
Introduction to MA'LAB.
Introduction to Rockworks, Slopéability and hydrological modeling softwares.
Module-Il Computer Applications in Hazard Assessment
Concept of Disaster and Hazard.

Types, Causes, Factors and Consequences of i. Geological ii. Hydro-meteorological iii. BiologézdiniMogical
and v Man-made Hazards. Global and National distribution éédiht Hazards

ComputeApplications in Disaster Risk Management.

Pre-disaster phase — Hazavd)nerability and Risk Zonation; Monitoringlyarning andilert SystemAwareness,
Preparedness, Planning and Capacity Development.

During Disaster phase — Incident Command System (ICS) andgEnagr Operations Centre (EOC), Egemcy
communication, transportation, rescue, relief, damage and needs assessment, rehabilitation, and restoration of ba
facilities and infrastructure.

Post-disaster phase — Reconstruction, Relocation, Recovery and Redevelopment.
Module-1ll Geohazards and risk assessment

Lithospheric Hazards: Earthquakes and Faults, Measures of an Earthquake, Earthquake Hazards, Earthquake Con
and Prediction. Seismic zonation map of India.

Landslides Types of slope failure, Slope Mass Rating (SMR) classification, Causative factors, Landslide Hazard
Zonation, Factor of Safety analysis, Slope stabilization measures.

Volcanic Hazard: Origin antiypes, Products and Hazards, Monitoring, Risk Evaluation, Predi¢gotgnics and
Climate, Meteorite Impacts.
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Atmospheric Hazards: Cyclones afdticyclones,Thunderstorms and Lightning, Hail, Flash Flooding GLOF
Drought.

Hydrospheric Hazards: Fluvial hazards: Flooding, channel migration, bank erosion, catchment erosion. Snov
avalanches — snow packages and dermitylanche types, characteristics of avalanche, avalanche prone areas and
their mitigation

Coastal Hazard§'sunamis, Sea Level fluctuation
Module-IV (Practical)
1. Application of listed softwares for Hazard assessment and Risk Management.
2. Case 8udies related various Disasters.
Suggested Readings:
1. Bell, FG, 1999. Geological Hazards, Routledge, London.
2. Bryant, E., 1985. Natural Hazards, Cambridge University Press.
3. PatwardhanA.M., 1999.The Dynamic Earth System. Prentice Hall.
4

Smith, K., 1992. Environmental Hazards. Routledge, London.
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5. Subramaniamy., 2001 Textbook in Environmental Science, Narosa International
6. Merriam D.F, (Ed.) 2000. Computer methods in the Geosciences, Elsevier

7. Chapman, S.J., 2008 Fortran for Scientists and Engine€Edf8) McGraw-Hill.

GEOL-UG-E303 Computation-III
Remote Sensing and GIS Credit: 3L+1P
Module | Concept and Foundation of Remote Sensing & Photogrammetry
Electromagnetic radiations, Radiation Principles.
Interaction of engy with Atmosphere and Earth Surface features.

Different component of Remote sensing (Source ofgn&ata acquisition, Data interpretation and Reference
Data).

An Ideal Remote Sensing System.

Characteristics of Real Remote sensing System.

Introduction to Global Positioning System and DGPS.

Application of Remote Sensing.

Characteristics and applications of imageries of LANDS£ 7, SPOTmissions,
Indian Remote Sensing Satellite mission.

Basic idea of hyperspectral image.

Elements of photo interpretation,

Basic characteristics of aerial photographs and camera.

Photographic scales, ground coverage of aerial photograptes.Measurements, Relief displacement, vertical
exaggeration and, distortion of aerial photographs, Image parallax.

Module Il Visual image interpretation and Digital Image processing
Fundamental of visual image interpretation,

Land use land cover mapping,

Geologic and soil mapping

Introduction to Digital Image processing.

Image rectification and restoration

Image Enhancement

Contrast manipulation

Spatial Feature Manipulation
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Multi Image Manipulation

Image Classification

Module-11I: GIS and Surveying

Introduction to GIS, Spatial data types
Principles and use of the vocabulary of GIS,

Nature of geographic phenomena and their representation in the context of geo-informatics; Principal data models fc
spatial and non-spatial data used in GIS databases;

Basic data preparation

Geo-referencing and Data entry into a GIS.

Significance and Principles of Surveying,

Geodetic surveyDatum, Projection and Coordinate System.

Different type of maps: base maps, thematic maps.

Main categories of thematic maps used in earth sciences;

Techniques for legend and symbols in the maps;

Scale & Representative Fraction of maps,

Classification of maps according to the scalfsafof the scale on the level of details of the information;

Introduction to Survey methods and application of Comfag®, Chain, Plaifable, Theodolite, Electronic Distance
Meter, Total Sation.

Contouring and Plotting, Measurement of slope heights, aspects and gradients; Use of abney level, pedometer
Module-IV (Practical)

1. Application of RS & GIS softwares :ArcGIS, ii. ERDAS, iii. ILWIS, iv. ENVIS

2. Hand on Practice on Remote Sensing and GIS softwares as mentionéetémtiflodules

3. Field Survey by using : Compass arape SurveyPlainTable SurveyandTotal Sation

Suggested Readings:

1. Avery, T.U. and Berlin, G.. 1992 Fundamentals of remote sensing and air photo interpretation, McMillion
Publishing Co., Nework.

Campbell, J. B. (1996) Introduction to Remote Sensing.622pp.

Drury, S.A. 1987. Image interpretation in Geolo@hapman and Hall.

Gupta, R.P(1991) Remote Sensing Geolo&pringefVerlag. 356pp.

Miller, V.C. & Miller, C.F 1961. PhotogeologWcGraw Hill, NewYork.

PandeyS.N. 1987. Principles and applications of photogeoMgigy Eastern, New Delhi.

N o oA wN

Ray, R.G 1969Aerial photographs in geologic interpretation. USGS Professional Paper 373.
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8. Punmia, b. C., Jaii\.K. & Jain,A.K., Surveying (Mlume - 1), 2005, Laxmi Publication Ltd.
9. Basak N N., Surveying and Levelling , 2001 (1st Edititatp Mcgraw Hill Education Private Limited
10. BannisteyA., Raymond, S. & BakeR. Surveying 7th Edition, 2006, Pearson Education Singapore Pte Ltd

ENV-UG-F105: Environmental Sudies
Unit I: Envir onment and Ecosystem
Introduction, Importance and Scope of Environmentiadi®s
Components of Environmemtmosphere, Hydrosphere, Lithosphere and Biosphere

Ecosystems: Conceptir8cture and Function of an Ecosystem; gydflow, Food Chains, Foodlebs, Ecological
Pyramids, Ecological Niche and Keystone Species.

Unit II: Resour ces and Conservation
Introduction and Classification of Resources

Problem#Associated with Resources and Conservation; Forest resdMates Resources, ErggrResources, Land
Resources

Biodiversity: Introduction, Issues and Conservation
Unit lll: Envir onmental Pollution and Issues
Introduction to Environmental Pollution

Causes, Hécts and Control Measures éfir Pollution, Water Pollution, Soil Pollution, Noise Pollution, Nuclear
Pollution

Environmental Issues; Climate Change, Gldlvalfming,Acid Rain, Ozone Layer Depletion etc. Firecracker and
Associated Issues

Unit IV : Human and Environment

Human-Environment Relationship, Sustainable Development: Concept and Issues
Role of InformatiornTechnology in Environmental Management

SolidWaste Management Environmental Refugees

Environmental Ethics: Issues and possible solutions
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Total 20 Papers (4 Credit Each) of 80 credits and 200 Marks

M.Sc Geology

DEPARTMENT OF GEOLOGY
M.Sc. Geology Syllabus

A. CoreTheory Paper: 8 Papers
B. Core Practical Paper: 4 Papers
C. Core FieldTraining: 2 Papers
D. Open Paper: 2 Papers
E. Elective (Special) Paper 3 Papers
F. Dissertation: 1 Paper
. Distribution of Papers of M.Sc.
Semester |1 11 I v
Theory I (Core) Theory V (Core) Theory IX (Core) Theory XIII (Elective)
Theory II (Core) Theory VI (Core) Theory X (Core) Theory XIV (Elective)
Theory III (Core) Theory VIII (Open) | Theory XI (Open) Theory XVI
(Dissertation)
Theory IV (Core) Practical 11 Theory XII | Practical IV
(Elective)
Practical I Field Training I Practical III Field Training II
Total 20 20 20 20
Credits
Total 500 500 500 500
Marks
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e Course Details:

Paper Paper Title | Credit | Marks
Semester 1
GEOL-PG-C101 Mineralogy and Igneous Petrology 4 100
GEOL-PG-C102 Sedimentary Geology 4 100
GEOL-PG-C103 Atmospheric and Oceanic Sciences 4 100
GEOL-PG-C104 Structural Geology 4 100
GEOL-PG-P109 Practical | 4 100
Total 20 500
Semester 11
GEOL-PG-C201 Stratigraphy of India and Palaeontology 4 100
GEOL-PG-C202 Metamorphic Petrology 4 100
GEOL-PG-0203 Remote sensing and GIS 4 100
GEOL-PG-P209 Practical 11 4 100
GEOL-PG-F210 Field Training I 4 100
Total 20 500
Semester 111
GEOL-PG-C301 Ore Geology 4 100
GEOL-PG-C302 Fuel Geology 4 100
GEOL-PG-0303 Hydrogeology 4 100
GEOL-PG-E304 Geophysics and Geodynamics 4 100
GEOL-PG-E305 Applied River Science 4 100
GEOL-PG-E306 Isotope Geology 4 100
GEOL-PG-P309 Practical 111 4 100
Total 20 500
Semester IV
GEOL-PG-E401 Exploration Geology 4 100
GEOL-PG-E402 Sequence Stratigraphy and Basin Evolution 4 100
GEOL-PG-E403 Environmental and Engineering Geology 4 100
GEOL-PG-E404 Cryospheric Science 4 100
GEOL-PG-E405 Micropaleontology 4 100
GEOL-PG-E406 Oceanography 4 100
GEOL-PG-E407 Geology of Hydrocarbon Reservoirs 4 100
GEOL-PG-E408 Atmospheric Processes 4 100
GEOL-PG-P409 Practical IV 4 100
GEOL-PG-F410 Field Training II 4 100
GEOL-PG-D411 Dissertation 4 100
Total 20 500
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Detailed Syllabus
Semester |
CoreTheory Paper:
Mineralogy and Igneous Petplogy
GEOL-PG-C101
Unit I: Origin and abundance of elements

Origin and abundance of elements in the solar system and in the Earth Geochemistry of atmosphere, hydrosphere &
lithosphere.Geochemical classification of elements.

Properties of LILE, HFSE and Rare Earth Elements.

Types of bonding of atoms of elements in minerals.

Chemical composition and unit cell content.

Unit Il: Mineralogy

Principles of ionic substitution in minerals.

Isomorphism.Solid solution and tifent types of polymorphic transformations.
Silicate structure.

Phase diagram.

Development of intgrowths, zoning and twinning.

Crystallography and elements of symmetry

Mineral Optics: Behaviour of light in isotropic, uniaxial and biaxial crystals, study of crystal under parallel and
convegent polarised light, Interference figures. Universal stage.

Introduction to spectroscopic study of minerals.Application of X éffraction, EPMAand SEM-EDX.Calculation
of mineral formula from chemical analysis.

Unit lll: Natur e, Origin, and Classification of Igneous Rock

Classification Schemes: Irvine- Baragar Classification, QAPF Classification for volcanic and plutonic rocks, Concept
of Norm and Mode in Igneous rocks.

Granites, Pegmatitesg\kaline rocks,Anorthosites, Lamprophyres, Ultramafic and layered rocks, Carbonatites,
Kimberlites, and Lunar rocks.

Unit IV : Igneous Pocesses
Crystallization of magma and their evolution through phase diagrams (binary and ternary system)

Partial melting, fractional crystallization, contamination and assimilation.
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Geochemical characteristics of igneous rocks as Petrogenetic indicators.
Isotope systematic of K-ARb-Syr Sm-Nd, U-Th-Pb in igneous rocks

Geological controls and application of majwace and rare earth elements in petrogenesis.Quantitative approach to
partial melting and fractional crystallization usingeiént types of trace elements.

Concept of mantle metasomatism and role of fluids in magma generation.

Magmatism in Globalectonic Scenario.Magmatism in (a) Constructive Platgvsy(b) Destructive Plate Mgins,
(c) Within Plate Magmatism.

Archaean& Proterozoic Crustal Evolution. TTG Suites and their significance.
Essential readings:
1. NesséalN., 2012. Introduction to Optical Mineralo@xford University Press.

2. Frost, B. Ronald and Frost, Carol D. 2014 Essentials of igneous and metamorphic peframlgsidge
University Press

3. Gill, Robin, 2010, Igneous rocks and processgsaktical guide.\Wey-Blackwell

4. Deer W. A., Howie, R.A. and Zussman, JAn introduction to the rock forming minerals, ELBS
publication,1962-1963.

5. Winter, JD, 2001An introduction to Igneous and Metamorphic petro|dgyentice

6. Philpotts AR andAgue, JJ. 2009. Principles of Igneous and Metamorphic Petrdlagybridge University
Press.

7. Cox, K.G, Bell, J.D. and Pankhurst, R.J., 1993.The Interpretation of Igneous Rocks. Chapman & Hall
8. Wilson, M., 1989. Igneous Petrogenesis: a GldkatonicApproach. London (Unwin Hyman)

Suggested eadings:
1. PutnisAndrew 1992. Introduction to Mineral Sciences.Cambridge University Press.

2. Walter BorchardtOtt, 2012. Crystallograpkyn Introduction. SpringelPerkins Dexter (2014) Mineralogy
Third Edition Pearson New International Edition

3. Raoallinson, H. R. (1993). Using geochemical data: Evaluation, presentation, interpretation.Longman Scientific
& Technical.

4. LeMaitre R.W, 2002. Igneous RockA:Classification and Glossary ®rms. Cambridge University Press.
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Sedimentary Geology

GEOL-PG-C102
Unit I: Sedimentary Rocks: Texture, composition and structue
Nature and origin of sedimentary rocks composition and classification Earth surface processes.
Sedimentary structures and their genetic significance.
Biogenic structures. Diagenesis.
Palaeocurrent analysis.
Unit II: Classification of siliciclastic r ocks

Classification of conglomerates, sandstones and siabgsire of sediments, provenance and their deductions from
composition of sedimentary rocks,

Sediment transport in dérent systems.
Unit lll: Non Marine Sedimentar y Environment

Concepts of sedimentary environment Environmental parameters and controls. Classification of environments, Glacic
environmentAlluvial environment (Braided, Meandering)eolian Environment.

Deltaic models (Fluvial, wave), coastal (interdeltaic) model — barrier islands and lagoons, tidal channels, tidal delta:
and Estuaries.

Unit IV : Marine Sedimentary Environment

Marginal marine and neritic environment.

Deep marine sedimentation: Slope and Basin-floor fans (Point and Line source).

Carbonate sedimentation model. Geometry of carbonate platforms; ramp, rimmed shelves, isolated platform, reefs
Cyclic sediments: allokinetic and autokinetic controls, turbidites and Bouma sequence

facies model and environmental reconstruction.

Role of environmental analysis in petroleum exploration.

Essential readings:

Sam Boggs, 1995. Principles of Sedimentology arati§raphy Printice Hall.

Nichols, G, 2009.Sedimentology andr&igraphy Second Edition.Mgy Blackwell.

Maurice E.Tucker, 2006. Sedimentary Petrolagyackwell Publishing.

Miall Andrew D. 1990. Principles of Sedimentary Ba&iralysis. SpringeNerlag.

Reading H.G 1996. Sedimentary Environments: Processes, Faciegratigréphy Blackwell.

S T o

Gerald Einsele (2000), Sedimentary Basins.Springer
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Suggested eadings:

1. M.E.Tucker andV.P. Wright (1990) Carbonate Sedimentologjackwell.

2. Collinson, J.D. an@ihompson, D.B., 1988. Sedimentary structures.Unwin-Hyman.

3. Lindholm, R.C., 1987.Aractical approach to sedimentologiten and Unwin, London
4. Pettijohn, B., 1975. Sedimentary rocks. Harper and Row Publ. New Delhi
5

Bastia, R., and Radhakrishna, M. 2012. Basin evolution and petroleum prospectivity of the Continental
maugins of India (Ml. 59). Newnes Publisher
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Atmospheric and Oceanic Sciences

GEOL-PG-C103
Unit | Atmospheric Sciences |

Structure and composition of the atmosphere, gnBudgetWeather and Climate, Fundamental Forces — Equations
of motion on a rotating earth and winds.

Hydrostatic Balanc&ir Parcel Conceptdiabatic Lapse Rate t&bility in the atmosphere, Cloud formation and
their classification, Equation of state for the atmosphere, Rotating frame of reference, Geostrophic and Hydrostati
approximations, Quasi Geostrophic Motion, Gravity waves, Rossby waves, Boundary Layers

Unit Il Atmospheric Sciences Il

Atmospheric Chemistry arfr pollution, Natural Removal Processes inAteosphere, Geological processes and
climate change, Green Houséeet, Ozone depletion.Atmospheric Hazards, SMOG and Haze.

ENSO Cycle, Indian summer monsoon (ISM). Jet streams, tornados, typhoon and tropical cyclones.

Unit Il Oceanic Sciences |

T-S diagrams, mixing processes in the oceans, characteristics of important water masses.

Wind generated waves in the oceans, refraction and reflection of Wéaxesspectrum, principles of wave forecasting.
Tide-producing forces and their magnitudes, tides and tidal currents in shallow seas, estuaries and rivers.

Factors influencing coastal processes, transformation of waves in shallow ptaieomena of wave reflection,
refraction and difaction, breakers and surf, littoral currents; wave action on sediments, beach stabiiayni,
interaction of waves and structure.

Coastal pollution, coastal zone management.
UNIT-IV Oceanic Sciences |l

The global wind system,action of wind on ocean surface, Elgnla@bry Sverdrup, ®mmel and Munls
theories, divagences and convggnces, geostrophic motion,barotropic and baroclinic conditions, relationship between
density pressure and dynamic topographnd driven coastal currents

Formation of subtropical gyres, western boundary currents, equatorial current systems, EIl Nino, monsoonal wind
and currents over the North Indian Ocean, Somali current.

Chemical Oceanography: Composition of seawater chemical exchanges across interfaces and residence times
seawater

Chemical and biological interactions,-a&a exchange of important biogenic dissolved gases,carbon dioxide-carbonate
system, alkalinity and control of pH, abiotic and biotic controls of trace elements in the ocean, biological pump and
controls on atmospheric composition; biogeochemical processes in aerobic and anaerobic environments, water colum
denitrification and emission of greenhouse gases.

Oceans and atmosphere: their compositions, evolution, steady state, and global mass balance.
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Rock-water interaction: Debye-Huckel theory

Biological Oceanographylassification of the marine environment and mariganisms.

Physio-chemical factorsfatcting marine life.

Factors controlling phytoplankton and zooplankton abundance and divavagyal marine communities and ecology

Enegy flow and mineral cycling — ergy transfer and transferfieiencies through diérent trophic levels; food webs
including the microbial loop; role of bacteria in biogeochemical cycling.

Human impacts on marine communities; impacts of climate change on marine biodiversity
Impact of pollution on marine environments including fisheries.
Essential readings:

1. An Introduction tcAtmospheric Physics, Second Edition, David@drews, Cambridge University Press,
2010.

2. Wallace and Hobbs, 2006. IntroductiorAtonosphereAn Introductory Survey(Elsevier).
3. Atmospheric Processes and Systems by Rhompson Publisher: Routeledge
4. Gross, M.G 1977. Oceanographi:view of the Earth, Prentice Hall.
5. Garrison,Tom S.,201. Essentials of Oceanograpi@engage Learning.
Suggested eadings:
1. Boundary Layer Meteorology by R. Bulb
Physics and ChemistryAtinosphere by Sienfeld and Pandis
Fundamentals stmospheric Modelling by Mark Jacobson, Pub: Cambridge University Press
Fundamentals of physics and chemistry of the atmosphere, byM@&ddoti. Pub: Springer
Enegy and the atmosphere: a physical-chemical approach by Campbell. Pub: John wiley
Millero, Frank J., 2013. Chemical Oceanograployrth Edition. CRC Press.

N o g bk~ w0 DN

Dijkstra, HenlA.,2008. Dynamical Oceanograpt8pringer
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Sructural Geology
GEOL-PG-C104

Unit I: Intr oduction to Rock Mechanics
Stress at a point in a solid body: 3-D stress tensor; Homogeneous and heterogeneous stress: stress functions.
Mohr diagrams for stress and strain and their use.
Behaviour of rocks under stress: elastic, plastic, viscous and visco-elastic responses and their geological significanc
Mechanics of rock fracturing: fracture initiation and propagation.
Coulombs criterion and Grfith’ s theory; Crack linkage and their importance.
Effect of strength anisotropy on fracturing; Role of fluid in rock fracturing.
Unit II: Deformational S tructur es
Concept of deformation: distortion, rotation, dilatation etc.
Analysis of homogeneous deformation: strain ellipses tdreift types and their geological significance.
Petrofabric analysis and diagrams.
Concept of stress-strain compatibility
Unit lll: Geological structur es
Folds, fold interference and superposed folds.
Strain distribution in a folded layer and its significance.
Evolution of axial planar and transacted cleavages with folds, fold-related lineations, Constructions of folds.
Faults and Joints: Mechanics of faultidgnderson$ theory and its limitations.

Complex geometry of normal, strike slip and thrust faults with natural examples. Palaeostress analysis using faul
slip data.

Unit IV : Shearzone and 8uctural analysis

Ductile Shear Zones & their significance in continental crustal evolution and metallogeny
Shear/fault zone rocks: mylonite, cataclasite and pseudotachylyte.

Kinematics of flow in a shear zone.

Microstructures associated with Shear zones.

Dislocation and dffision creep, strain hardening and softening mechanisms, lattice preferred orientation and
superplasticity
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Crustal deformation: Deformation behaviour of quartzo-feldspathic rocks.

Brittle-plastic transition and seismic behaviour of the upper crust.

Essential readings

1.

o & 0N

Fossen, H., Price, N.J, & Cosgrove, J1990.Analysis of Geological tBuctures.Cambridge University
Press.

Ghosh, S.K., 1993.t&ictural Geology: Fundamentals and modern developmentmiien Press.
Twiss, R.J. and Moores, E.M. 199&1&tural GeologyW. H. Freeman & Co.
PasshierC. andTrouw, RAJ, 2005. Microtectonics. Spring&erlin.

Leyson, FR. and Lisle, R.J., 1996te3eographic projection techniques in structural GeglGgynbridge
University Press.

Suggested eadings

1.
2.
3.

RamsayJ.G and HuberM.l., 1983 Techniques of Modernt&ictural Geologyvol. | & Il. Academic Press
Pollard, D.D. and FletcheR.C., 2005.Fundamentals of structural gegl@gmbridge University Press.

Van der Pluijm, B.A. and Marshak, S., 2004. Earth structure: an introduction to structural geology and
tectonicsW.W. Norton & Company Ltd.

Bayly, B., 1992.Mechanics intictural GeologySpringer
Weijermars, R. 1997 t&ctural Geology and Map Interpretatiéddboran Science Publisher

Rowland, S.M., Duebendoridf. and Schiefelbein, I.M., 2007r&ctural analysis and synthesis: a laboratory
course in structural geologglackwell Pub.
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Core Practical Paper
GEOL-PG-P109 Practical |
Unit I: Exer cises on Mineralogy
Field based exercises for sample/Data collection and in-situ. study
Study of major rock forming silicate minerals using polarizing microscope.
Calculation of mineral formulae and CIPW Norm.

Powder XRD analysis of minerals and determination of unit cell parameters and identification of unknown minerals
by search-match methods.

Unit II: Exer cises on Igneous Petlogy

Field based exercises for sample/Data collection and in-situ. study
Study of igneous rocks and textures using polarizing microscope.
Exercises related to partial melting and fractional crystallization.

Estimation of [ values, model ages and plotting of isochrons of the various data suites.Plotting and interpretation o
trace element and REE characteristics of igneous rocks.

Unit lll: Exer cises on Sedimentar Geology & BasinAnalysis

Field based practical for sample/data collection and in-situ study

Identification and study of sedimentary and Digenetic rocks in hand specimen and thin sections.
Analysis of Sedimentary structures and determination of paleocurrent directions.

Preparation of Fence diagram, Panel diagram, Interpretation.

Preparation of isopach and paleocurrent maps and basin analysis

Problems on porosity and burial depth determination.

Unit IV : Exercises on 8uctural Geology

Field based exercises for data collection for structural measurement and analysis.

Analysis and interpretation of geological maps of various complexities.

Problems related to practical strain measurement (Rf-6 method, Fry method etc.) Construction of balanced cros:
sections.

Stereographic techniques: orientation analyses of foliation and lineation data for regional structural geometry
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Essential Readings:

1.
2.

N o o A

NessalN., 2012. Introduction to Optical Mineralag®xford University Press.

Deer W. A., Howie, R.A. and Zussman, JAn introduction to the rock forming minerals, ELBS
publication,1962-1963.

Bennison, GV. and MoseleyK.A., 2011. An introduction to geological structures and majsactical
guide, Hodder education.

Vernon R. H., 2004A Practical Guide to Rock Microstructure.Cambridge University Press.
Lindholm, R.C., 1987A practical approach to sedimentologifen and Unwin, London
Collinson, J.D. anthompson, D.B., 1988. Sedimentary structures.Unwin-Hyman, London,

LISLE, RICHARD J. 2004 Geologicat®ictures and Maps PRACTICAL GUIDE Elsevier Butterworth-
Heinemann

Leyson, FR. and Lisle, R.J., 1996te3eographic projection techniques in structural GeglGgynbridge
University Press.

Rowland, S.M., Duebendoridf. and Schiefelbein, .M., 2007r&ctural analysis and synthesis: a laboratory
course in structural geologglackwell Pub.

Suggested eadings:

1.

Klein C., 1994. Minerals and Rocks-Exercises in Crystallogragmeralogy and Hand Specimen Petrology
JohnWiley.

Putnis Andrew; 1992. Introduction to Mineral Sciences. Cambridge University Press.

Weijermars, R. 1997 t&ctural Geology and Map Interpretatiéddboran Science Publisher
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Semester Il
CoreTheory Papers
Stratigraphy of India and Palaeontology
GEOL-PG-C201
Unit I: Principles of Stratigraphy

Stratigraphy Principles oft&tigraphy : History and Development a@f&8igraphy Sratigraphic procedures (Surface

and Subsurface), Concept of Lithofacies and Biofactestigaphic Correlation (Litho, Bio- and Chronostratigraphic
Correlation), 8udy of standard stratigraphic code (Lithostratigraphic, Biostratigraphic and Chronostratigraphic),
Concepts of Magnetostratigrapi@hemostratigraphyevent stratigraphyand Sequence stratigraphpmenclature

and the modern stratigraphic code.

Radioisotopes and measuring geological time: Geological time-state&g&phic procedures of correlation of
unfossiliferous rocks.

Unit II: Indian S tratigraphy

Precambrian stratigraphy of Indiarchaean stratigraphy: tectonic framework, geological history and evolution of
ArcheanCratons and Mobile Belts.

Proterozoic stratigraphy: tectonic framework, geological history and evolution of Proterozoic basins of India.

Palaeozoic stratigraphy: Palaeozoic formations of India with special reference to type localities, history of sedimentatior
fossil content.

Mesozoic stratigraphy: Mesozoic formations of India with special reference to type localities, history of sedimentation,
fossil content. Gondwana Sugeoup and Gondwanaland Deccan volcanics.

Cenozoic stratigraphy: Cenozoic formations of India, Rise of the Himalayas and evolution of Siwalik basin.
Quaternary stratigraphy: Rocks record, palaeoclimates and palaeogeography

Stratigraphic boundariesti@atigraphic boundary problems in Indian geology

Unit lll: Inver tebrate andVertebrate Palaeontology

Theories on origin of life: @anic evolution and astrobiology

Various invertebrate fossils.Significance and distribution of Mollu$ciégbites, Brachiopods, Graptolites,
Foraminifera andmmonoids. Modes of preservation of fossils and taphonomicconsiderations. Important invertebrate
fossils in Indian stratigraptifiajor extinction events across stratigraphic boundaries and their oapigksation of

fossils in age determination and correlation

Vertebrate Palaeontology: Characteristic features of vertebrates - Skeletal elements of their fossil remarks. Origin ¢
vertebrates and their general evolutionary patterns; outline classification of vertebrates. Classification and division
of the vertebrategsgnathans, Fishedmphibia, ReptiliaAves and Mammalia.

Evolution of mammalian dentition: Phyllogeny of Equids, Proboscids and Hominids.
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Unit IV : Paleobotany Palynology and Micropalaeontology

Introduction to various groups of microfossil&chniques of separation of microfossils fronfatiént types of
sedimentary rocks.Foraminifera and Ostracoda - their morphadgptations, growth, reproduction, ecology and
palaeoecologylassification, evolutionary trends and stratigraphic distribution.Conodonts - Morplhasésgjfication,
biological afinity and stratigraphic distribution.Application of micropaleontology in hydrocarbon exploration. Oxygen
and Carbon isotope studies of microfossils and their use in paleoceanographic and paleoclimatic interpretation.

Evolution of Plant life in the Geological Histoiondwana Paleobotany and Palynoldggiian Gondwana Basins:
Plant fossils and Palynomorphs, Paleoecqlbgg habitats and various ecosystems.

Paleobiogeography: Reconstruction of Gondwana super continent and global correlation.
Important plant fossils in the Indian stratigraphy
Essential readings:

1. Naqvi, S.M.2005. Geology and Evolution of Indian Plate. Capital Publishing CorigawDelhi.
Ramkrishnan andaidhyanadhan: Geology of Indglume | and Il, Geological Society of India, Bangalore
Wadia, D.N., 1998. Geology of Indidata McGraw Hill, India.

Khadg Singhvaldiya, 2010The Making of India: Geodynamic Evolution. Macmillan Publishers India.
Braiser M.D., 1980. MicrofossilsAllen and Unwin Publisher

o o~ w Db

Benton, M.J. 2005 &ftebrate palaeontology (3rd edition). Blackwell Scientific, Oxford.
7. Clarkson, E.N.K.1998. Invertebrate Palaeontology and Evolutiong@aben &Unwin.
Suggested Readings:

1. Nagvi, S. M., and Rogers, J.\4., 1987. Precambrian Geology of India. Oxford University Press, New
York.

Kumar, Ravindra, 1988. Fundamentals of Historical Geology drati§raphy of IndiaWiley.
Krishnan, M.S., (1949).Geology of India and Burma.CBS Publishers & Distributors.
Kumar, PS. and Srinivasan, M.S., 2016. Micropaleontology: Principle\pptication. Springer
Arnold, C.A.1947An introduction to PaleobotanylcGraw Hill.

o o~ w Db

BrenchleyPR J., and HarpebD.A. T. 1998.Palaeoecology: Ecosystems, Environments and Evolution. Chapman
and Hall.
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Metamorphic Petrology
GEOL-PG-C202
Unit I: Fundamentals of Metamorphic Processes
Nature and scope of metamorphism.
Types of metamorphism.Metamorphic textures.
Fundamentals of thermodynamics.
Nucleation and crystal growth in metamorphism.
Metamorphic paragenesis.
Unit [l: Compositional Plots and Projective analysis
Construction and interpretation ACF, AKF andAFM diagrams.
Schrienmakeés rule and construction of petrogenetic grid.
Compositional Space, P-T diagrams, Psuedosections.
Unit Ill: Concept of Facies
Advantages and limitations of Metamorphicfacies classification.
Mineralogical changes during progressive metamorphism of pelitic, calcareous and mafic rocks
Control of bulk composition on metamorphic assemblages.
Role of fluids in metamorphism.
Metasomatism, Granitization, Migmatities, Paired Metamorphic zones,Inverted Metamorphic sequences.
Unit IV : Tectonics and Metamorphism
Orogenic processes and metamorphism.
Relationship between deformation and metamorphism.
GlobalTectonic Context of Metamorphism
Ultra-high temperature and Ultra-high pressure metamorphism.
Time-scales of metamorphism and implications on thermal history of the crust.

Metamorphic diferentiation, geothermobarometeigompositional zoning and RtTpaths, and their tectonic
significance.

Essential readings:
1. Winter J. D., 2001An Introduction to Igneous and Metamorphic Petroldgygentice Hall.
2. PhilpottsA.R. & Ague, J.J., 2009.Principles of igneous and metamorphic pet@ogipridge University Press.
3. Vernon R. H., 2004 Practical Guide to Rock Microstructure.Cambridge University Press.
4. Bucher K. and Martin F2002.Petrogenesis of metamorphic rocks. Sprikgeag Publication.
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Open Paper
GEOL-PG-0O 203 Remote Sensing & GIS

Unit | Principles of Remote Sensing and GIS

Introduction, Enagy Sources and Radiation Principles, Eydnteractions in thAtmaosphere , Engy Interactions
with Earth Surface Features, D&equisition and Digital Image ConcepiBhe Global Positioning System and
Other Global Navigation Satellite Systems, Characteristics of Remote Sensing.

Geographical Information System (GIS): Introduction and Definititeehnology and concepts; Components of
GIS; Developments in GIS

Unit Il Elements Basic Principles of Photogrammetry

Development in aerial photograp@®gometry and types of aerial photographs. Scale of photograghes of aerial
cameras, films, and filters. Panchromatic, colour and infra-red films. Multiband photogféplaynd height
displacement/ertical exaggeration, Elements of photo interpretation: tone, texture, pattern, drainage and lineaments
Spectral signatures. Land formstru8tural and lithological interpretation.

Unit Il Digital Image Analysis

Pre-processing of Images, Image Enhancement, Contrast Manipulation, Spatial Feature Manipulation and Multi
Image Manipulation, Image Classification: Supervised Classification, Unsupervised Classification and Hybrid
Classification

Unit IV Applications of Remote Sensing

Land Use/Land Cover Mapping, Geologic and Soil Mappiyggijcultural Applications, Forestrpplications,
RangelandpplicationsWater Resourcépplications, Snow and lo&pplications, Environment#issessment and
Protection, Natural DisastAssessment, Principles of Landform Identification and Evaluation.

Essential eading:

1. Thomas M Lillesand, and Rralp¥ Kiefer; “Remote sensing and Image Interpretation”, Joitey& Sons,
1994, 3rd edition.

2. Michael FWorboys 1995. “GISA Computing PerspectiveTaylor & Francis Ltd.

3. Campbell, J. B. (1996) Introduction to Remote Sensing.

4. Drury, S.A. 1987. Image interpretation in Geolo@phapman and Hall.
Suggestedeading:

1. Avery, T.U. and Berlin, G.. 1992 Fundamentals of remote sensing and air photo interpretation. McMillion
Publishing Co., Nework.

Richards, J.A. and Jia, X., 1999. Remote Sensing Digital Ilagkysis, SpringeMerlag

Hoffmann-Wellenhof, B., LichteneggeH. and Collins, J., 2001. GPBheory &Practice,Springéien
NewYork.

4. Rajiv Gupta &Mukesh Kumar Rohil, 2006. Computisgpects of Geographical Information Systems.
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Core Practical Paper
GEOL-PG-P209 Practical Il
Unit I: Exer cises on Metamorphic Petology
Introduction to interpretation of metamorphic assemblages textures in relation to fabric elements.
Introduction to relevant softwares.(Perpl@Xermocalc etc.).
Cation calculation using excel spreadsheet.
Construction of petrogenetic grid and compositional plots
Construction of Schreinemakers bundles in non-degenerate and degenerate 3-component systems.
Geothermobarometric calculations.
Unit Il: Exer cises on Palaeontology
Microscopic studies of diérent groups of microfossils.
Techniques of separation of microfossils from matrix.
Morphological study of important micro/ertebrate, Invertebrate and plant fossils.
Unit-1ll: Exer cises on Sequencdratigraphy and Evolution
Exercise on construction of Lithostratigraphy
Exercise on construction of Biostratigraphyandichnostratigraphy
Exercise on construction of Magnetostratigraphy
Exercise on construction of Chemostratigraphy and Seismatg@aphy
Exercise on construction of Sequentefgraphy
Unit IV : Exercises on Geospatighnalysis
Exercises based on Remote Sensing and GIS softwares.
Essential reading:
1. BarkerA. J., 1998. Introduction to MetamorpHiextures and Microstructures.Springer
Mukherjee, Soumyajit, 2013. Deformation Microstructures in Rocks.Springer Berlin.
Vernon R. H., 2004A Practical Guide to Rock Microstructure. Cambridge University Press.

Yardley B.W. D., MacKenzieV. S., Guilford C., 1990Atlas of Metamorphic Rocks aritheir Textures.
Longman Scientific an@lechnical.

Hwn

Brasier M.D., 1980. Microfossils. GegeAllen and Unwin, London, 193p.
Taylor, T.N., Taylor, E.L., Krings Michel. Paleobotanyhe Biology and Evolution of Fossils. Elsevier
Richards, J.A. and Jia, X., 1999. Remote Sensing Digital Ilyaghysis, Springeierlag

Hoffmann-Wellenhof, B., LichteneggeH. and Collins, J., 2001. GPBheory &Practice,Springaiien
NewYork.

9. Catuneanu, Octavian,2006. Principles of Sequetreéid@@aphy Elsevier
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Core FieldTraining
GEOL-PG-F210 FieldTraining |

Identification and study of Igneous, Sedimentary and Metamorphic rocks in the field. Identification and study of
geological structures in the field and analysis.

Study of different aspects of environmental geology

Note: FieldTraining of minimum two weeks will be carried out in winter vacation and evaluated in this sefftester
students have to submit their field diary and field report at the time of examiridimefield diary and field report
will be evaluated and there will be an open presentation and viva-voce.
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Semester lll

CoreTheory Papers

GEOL-PG-C301 Ore Geology

Unit I: Fundamentals of Ore Geology
Ore Minerals: Development of ore minerals in open space and polycrystalline aggregates.
Endogenous, Exogenous processeslaadsformation Processes of Ore formation.
Crustal evolution and metallogenesis.
Metallogenic epochs and provinces.
Unit II: Or e microscopy
Introduction to ore microscopg@ptical properties of ore minerals.
Ore texture and structure.
Fluid inclusions and their applications.
Unit Il1: Petr ological Ore Association - |
Petrological ore association-consideration with reference to distinct ore types

Ore associated with ultramafic and related mafic plutonic rocks: Sudbury-type Fe-Ni-Cu sulphides, apatite rich anc
Ti-V bearing migmatites, Fer®dxides and anorthosites.

Ores associated with felsic plutonic rock: porphyry deposit of Cu, Mo, Greisen &Skarn depoaindfSnyarious
Pegmatoiddeposit,IOCG deposits.

Ores associated with acid/mafic volcanic rocks, including those in greenstone belts: Kambalda type, Kuroko type an
CyprusTypes of ores.

Unit IV : Petrological Ore Association - |l

Stratabound ore deposit associated with nonvolcanic, Meta Sedimentary rocks, KupferdRhalesia Katanga,
Broken Hill.

McArthur, Mississippi valley typapitwatersrand type, Bog iron manganese ores ironstone, Banded iron formation.

Manganeseores: Orthoquartzite-clay association, Jaspillite and volcanic association, metamorphosed manganese o
Colorado Plateau type U-V ores,Surficial deposits.

Lateritoid and Karst deposit of Fe, MK, and Ni.
Placer deposit of Goldjn, Tungsten, monazite. Oxidation and sgesre enrichment, sulphide enrichment.
Ocean floor deposit of Mn, Ni-Cu-Co.

Indian Mineral Deposits: Occurrence and Distribution.
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Essential Readings:

1.
2.
3.

4.
5.

Lawrence, Robb, 2005. Introduction to ore forming processes. Blackwell Publishing
EvansA.M., 1993. Ore Geology and Industrial Minerals, Blackwell.

Gokhale, KMGK. and RaoJ.C.1978 Ore deposits of India their distribution and processitayWcGraw
Hill, New Delhi.

Sarkar S.C. and Gupt&. 2014. Crustal Evolution and Metallogeny in India. CambridgePublications.
Sinha, R.K. and Sharma, N.L., 1989. Mineral economics.Oxford and IBH Publishing.

Suggested eadings:

1.

2
3
4.
5

Haldar SK, 2013. Mineral Exploration - Principles aiydplications.Elsevier
Guilbert, J.M. and Park, .JC.F, 1986.The Geology of Ore Deposits. Freeman.
Craig J.R. anaughan, D.J. 1994. Ore Microscopy and Ore Petrography

Misra, K. C., 2000.Understanding mineral deposits. Springer Netherlands
Prasad, Umeshwga2000. Economic GeologZBS Publishersé& Distributors Pvt. Ltd.
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Fuel Geology
GEOL-PG-C302
Unit I: Coal Geology
Coal and its properties
Different varieties and ranks of coal. Origin of coal.
Type of depositional processes. Coalification process and its causes.
Sediments closely associated with coal (coal balls, tonsteins, seat-earthslaysidire-clays and soils).

Coal Petrography: Lithotypes, microlithotypes and macerals: their physical, chemical and optical properties.
Applications of coal petrography

Maceral analysis of coal: Mineral andganic matter in coal.

Proximate and ultimate analyses.

Industrial evaluation of coal characteristics with reference to coal classification.
Methods of coal prospecting and estimation of coal reserves.

Geology and coal petrography offdifent coalfields of India.

Uses of coal for various industries e.g. carbonization, liquefaction, power generation, gasification and coal-bec
methane production.

Unit II: Petr oleum Geology

Origin of petroleum.

Petroleum: its dferent states of natural occurrence.

Basic concepts of petroleum geochemisfiaturation of kerogen; Biogenic aitiermal efiect.
Distribution of Petroleum in space and time.

Introduction to migration of oil and gas: geologic framework of migration, short and long distance migration, primary
and secondary migration, geologic factors controlling hydrocarbon migration, forces responsible for migration,
migration routes and barriers.

Unit Ill: Reservoir Sudies
Reservoir rocks: general attributes and petrophysical properties.
Classification & Characterization of reservoir rocks - Clastic and Carbonate reservoirs.

Hydrocarbon traps: definition, classification of hydrocarbon traps - structural, stratigraphic and combination, time of
trap formation and time of hydrocarbon accumulation.

Cap rocks - definition and general properties.
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Qil field water characters and classifications.

Petroleum Geology of important Indian basins.

Introduction to oil and gas exploration.

Unit IV : Coal Bed Methane and Gas Hydrates

Coal bed methane: Biogenic and thermogenic methane, Coal bed methane generation and accumulation.

Geological and petrographic influences on coal, Pore geonMityopore, Mesopore and macropore and cleat
system.

Sorption — principles, sorption isotherms — types and interpretation.
CO,, CH, and N adsorption — desorption, hysteresis, Langmuir isotherm. Carbon dioxide sequestration.
Swelling of coal matrix isotherm construction.
CH, content determination in coal seams.
Potential coal bed basins and production, hydraulic fracturing of coal seams.
CBM exploration.
Non-conventional fossil fuels: Undgound Coal gasification, shale gas, Gas Hydrates.
Essential readings:
1. LarryThomas, (2002), Coal Geolog¥tiley and Sons.
2. SomermierE.E. (2008), Coal:dttomposition, analysis, utilisation and valuation: McGrawHiill
3. R.C. Shelley (1998) Elements of Petroleum Geqlaggdemic Press
4. Bjorlykke, K. 1989. Sedimentology and petroleum geol&pyingerVerlag.
5

Bastia, R., &Radhakrishna, M. 2012. Basin evolution and petroleum prospectivity of thecontinegitad mar
of India (\Wl. 59). Newnes Publisher

Suggested Readings:
1. North, FK.1986. Petroleum Geologillen and Unwin
2. Tissot B.PandWelte D.H. 1978. Petroleum Formation and Occurrence. SpsVytag
3. Dickie, PA. 1986. Petroleum Development GeoloBgnnwell Publisher
4. KDMIPE, ONGC, 1986.Petroliferous Basins of India.
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Open Paper
Hydr ogeology
GEOL-PG-0303
Unit I: Fundamentals of Hydrogeology
Origin of Water Hydrologic cycle and its components.
Surface water and groundwater interaction.
Classification of aquifers.

Hydrological properties of rocks - specific yield, specific retention, pordsigraulic conductivitytransmissivity
storage codicient.Darcys law and flow in continuous media, Dupsi€quation.

Unconfined, confined, steadynsteady and radial flow conditions. Pumping tests. Flow\Weter table fluctuations
- causative factors, concept of barometric and tidigieficies.Evaluation of aquifer parameters ugihgm,Thesis,
Jacob andlvalton methods.

Theory of groundwater flonBernoulli’s equation and its applications.
Hydraulic head.Potentiometric surface and potential surface.

Unit Il: Gr oundwater Exploration

Geological, Meterological and Geophysical methods.

Application of remote sensing in ground water exploration.
Hydrogeomorphic mapping.

Types of wellsWell development and design.

Groundwater quality: physical and chemical properties of widtkand Piper and Durov diagrams and Chebotareb
sequence.

Unit lll:  Application of Hydr ology
Rain water harvesting ardtificial rechaige methods.

Groundwater contamination and saline water intrusion (Ghyben-HgrBbirciple) in coastal and other aquifers
and its prevention.

Ground water problems and management related to mining, foundation work of canals,tunnels.
Problems of oveexploitation.

Conjunctive use of ground water and surface water

Hydrogeology of arid Zones of India.

Ground water provinces of India - their aquifer characteristics.
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Unit IV : Applications
Deciphering of hydro-geological boundaries on water table contour maps.
Groundwater quality study usifgilinear (Hill-Piper), C-S diagrams etc.
Problems on radial flow to a well in confined and unconfined aquifers.
Exercises on step drawdown test.
Determination of aquifer parameters usirgeis and Jacob’'methods.
Calculation of salt water encroachment in coastal aquifers.
Electrical resistivity surveys for aquifer delineation.
Analysis of Hydrographs.
Essential readings
1. FetterC.W, 2001 Applied HydrogeologyPrentice Hall.
2. Raghunath, H.M., 2007, Grouwtiter NewAge International Publishers, New Delhi.
3. Todd D.K, Mays , LW. 2004,Groundwater Hydrolog@rd EditionWiley
4. Braja M. Das. 2014. Principles of Geotechnical Engineering. Publishers: Cengage Learning
Suggested eadings:
1. N.J. Fitts, C.R., 2006. Groundwater ScieAcademic Press.
2 Mansell, M.G 2003. Rural and Urban Hydrogeolog@homas andelford
3 Bryirely G and Fryirs, K. 2005. Geomorphology and river management.Blackwell Pub.
4. Todd D.K, 1995 Groundwater Hydrolag¥iley
5 Karanth , K.R.1989 Hydrogeologgta McGraw-Hill Publishing
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Elective (Special) Papers
Geophysics and Geodynamics
GEOL-PG-E304
Unit I: Intr oduction to Geophysical Methods
Geophysical Properties of Earth and its layers.

Gravity method: Basis for gravity exploration, concept of geoid, international gravity formula, unit of .gravity
Gravimeters: Spring-mass system as basic gravimeters, principles of working of unstable gravimeters, zero lengt
spring, La-Coste-Rombgandworden gravimeters.

Corrections of Gravity anomalgravity efect due to buried sphere, use of gravity survey in buried high density
mineral deposits.

Seismic Method:Generation and propagation of seismic waves, seisngg saerces, geometry of refraction and
reflection, interpretation of travel time curves for two layered earth,horizontal and dipping interface, field procedure-
profile and broad side shooting, fan shooting, end on and split spread arrangements.

Principles of Seismometreismograms as signals, Earthquakes and source theorysGuaetion and the moment
tensor Earthquake faults, radiation pattern and beach batlsssSdrop, earthquake b-value, Finite slip model, the
heat flow paradox, Seismology ahelctonics. Continental tectonics and intraplate earthquakes.

Unit Il Intr oduction to Geophysical Methods-II

Magnetic method: Magnetic susceptibility of rocks and their ranges, elements of earth magnetic field; Magnetometers
Fluxgate and Proton Precession Magnetometers Diurnal Correction; Magfestidaé to isolated pole.

Resistivity Method: Resistivities of common rocks and minefalg and apparent resistivifglectrode configurations-
Schlumbeger andWenner Electrical profiling and/ertical Electrical Sounding,Interpretation of two layevé&s
curves.

Unit lll: Geodynamics and strain in Rocks

Strain analysis: Kinematics, Pure and Simple Shear deformation. Kinematic vorticity

Strain distributions in the crustti@in associated with folds, thrust, cleavage and shear zones.

Strain ellipse and its classification.

Geological structures in »1- »2-»3 space.

Deformation of the crust in tectonic and strain domains.

Lithosphere and asthenosphere.

Detailed structures of core, mantle and crust, including their geophysical properties and composition.

Isostasy and gravity anomalies.
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Unit IV : Plate Tectonics

Introduction to plate tectonics and earlier hypotheses of orogenesis, continental drift, Palaeomagnetic evidences al
sea-floor spreading.

Diastrophism: Epeiorogeny and Orogeny
Stages in the evolution of ocean basivdson Cycle.
Plate geometry anftiple junctions.
Different types of continental ngans and their characters.
Plates in velocity space. Spherical coordinates and reference frame.
Cartesian coordinates. Finding Euggpole Velocity due to rotation about an Eukepole.
Angular velocity vectors.
Mechanisms of plate motion: mantle plume model, convection model, viscous drag and buoyancy model.
Different types of tectonic settings: extensional, compressional and strike-slip.
Transpressional anidanstensional tectonics: Indian and global examples.
Configuration of the Indian plate and origin of the Himalayas.
Orogeny through time: Global orogeny and their origin.
How correct is the theory of plate tectonics?
Introduction to Neotectonics and active tectonics.
Essential readings:
1. FowlerC.M.R. 2005.The Solid EartAn Introduction to Global Geophysics. Cambridge University Press.
Telford W.M., Geldart L.Pand SherffR.E., 2007.Applied Geophysics by Cambridge University Press.
Turcotte, D. L. and Schubert,,&Geodynamics: 2nd Ed, JoWiley & Sons, NY 2002.

Moore andlwiss (2014)TectonicsWavel and Princ;

ok 0N

ShearerPeter M., 2009.Introduction to Seismold@gmbridge University Press.

6. BurbankW.B., andAnderson, R.S., 200Tectonic Geomorphologlackwell Science.
Suggested Reading:

1. Lowrie Richard, 2007. Fundamentals of Geophysics. Cambridge University Press.
Schlumbeyer Log: Interpretations, Principles/Applications 1989, Schlugdxer
LayT. andWallace,T., 1995. Modern Global Seismologgademic Press.
Dobrin, M. B., 1976. Introduction to geophysical prospecting: McGraw-Hill.

a > w DN

Bull,W.B., 2007 Tectonic Geomorphology of Mountains, Blackwell Publishing.
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Applied River Science
GEOL-PG-E305
Unit I: Basic stream hydrology

Physical properties of watesediment and channel flpWRiver dischage, River hydrographs (UH, IUH, SUH,
GIUH) and its application in hydrological analysis, Flood frequency analysis.

Unit Il: River BasinAnalysis

River basin: Sediment source and catchment erosion processes, Sediment load and sediment yield, Sediment trans;
process in rivers, Erosion and sedimentation processes in channel.

Drainage network, Quantitative analysis of netwodanization — Slope analysis, morphomgRgndonTopology
(RT) model and fractal analysis, Role of drainage network in flux trafisfetution of drainage network in geological
time scale.

Unit Ill: River Diversity

River diversity in space patterns of alluvial rivers - braided, meandering and branching channels.
Dynamics of alluvial rivers, Channel patterns in stratigraphic sequences.

Different classification approaches in fluvial geomorphology and its applications.

River linking projects case studies.

Unit IV : Neotectonics and 8 eam Flow

Bedrock channels, Bedrock incision process, River response to climate, tectonics and human disturbance, Bedro
channel processes and evolution of fluvial landscapes.

Fluvial hazards, integrated approach to stream management,
Introduction to river ecology
Techniques of artificial stream modification for the control of water flowtigation of floods and erosion.
Essential readings:
1. DavieT., 2008.Fundamentals of hydrolodgdoutledge Publications.
2. Knighton, D., 1998. Fluvial forms and proces8asew perspectivéirnold Pubs.
3. Richards. K., 2004. Rivers: Forms and processes in alluvial channels. Balckburn Press.
4.  Schumm, S.A. and Holbrook, 208@tive Tectonic andilluvial Rivers, Cambridge University Press.
5.  RobertA., 2003. River Processesn introduction to fluvial dynamicgirnold Publications.
Suggestedeadings:

1.  Bryirely and Fryirs, 2005.Geomorphology and river management.Blackwell Pub.,
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2. Julien, FY., 2002. River Mechanics.Cambridge University Press.

3. Vanoni,V.A., 2006. Sedimentation Engineering. ASCE Manual, Publishefinigrican Society of Civil
Engineering.

4. Tinkler, K.J.,Wohl, E.E. (eds.) 1998.Rivers over rock.American Geophysical Union Monog¥vaghington,
DC.

5. Bull,W.B., 2007 Tectonic Geomorphology of Mountains, Blackwell Publishing.
6. BurbankW.B., andAnderson, R.S., 200Tectonic Geomorphologlackwell Science.
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Isotope Geology
GEOL-PG-E306

Unit I: Fundamentals of Isotope Geology
Fundamentals of radioactivjt@®able and radiogenic isotopes.
Nuclear structure, atomic weights, nuclear stability and abundance.
Theory and mechanism of decay
Abundances of unstable nuclides in earth, core, mantle, crust, ocean$aaadtdifick types and their decay schemes.
Radioactive elements as major elements, minor elements and trace elements and their geochemical behaviour
Unit II: Isotopic Analysis
Mass spectrometer: Instrumentation, chemical separation, isotope dilution and ratio analysis.
Methods of dating: Isochron method, model/mineral ages, concordia—discordia method.
Fission track{Ar-3Ar, U andTh disequilibrium.
Application of*“C, Be andAl isotopes.
Isotope systematics of K-ARb-Sr Sm-Nd, U-Th-Pb in petrological applications.
Interpretation and geological significance of ages.
Unit lll: S table Isotopes
Stable isotopes of oxygen and hydrogen, carbon, nitrogen and sulphur
Fractionation of stable isotopes in lithosphere, hydrosphere and atmosphere.
Stable isotope geothermometry and geobarometry
Environmental, sedimentological and chemostratigraphic studies using stable isotopes systematics.
Unit IV : Applied Isotope Geology
Isotopes in mineral exploration.
Petroleum exploration, Paleo-climate evaluation, health and environmental aspects.
Introduction to software: ISOPLOT etc.
Case studydata analysis and interpretation.
Essential readings

1. Gunter Fand MensingTeresa M., 2004. Isotopes: Principles apglications.Wiley

2.  Faure, $1986. Principles of Isotope GeologphnWiley.
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3. Allegre, C. J.,2008. Isotope Geolog@ambridge University Press.
4.  DickinA.P.,, 2005. Radiogenic Isotope Geolo@ambridge University Press
5 Sharp, Z., 2006.Principle of stable isotope Geochenstptice Hall.
6. Hoefs, J., 2009t&ble Isotope Geochemistigpringer
Suggested eadings
1. Doe, B.R.,1970.Lead isotopes. Springatag.
2. Faure, Gand Powell, J.L., 19721r8ntium Isotope GeologyspringeNerlag.

—SH{KH\A UN|VERS|TY—

194



M.Sc Geology

Core Practical Paper
Practical Ill
GEOL-PG-P309
Unit I: Exer cises on Fuel Geology
Megascopic identification of dirent varieties of coal.

Identification of macerals and minerals under transmitted light and reflected light. Reflectance measurements an
rank determination of coal.

Location of coalfields on geographical maps with comments about quality of coal, seam formation curve.
Estimation of coal reserve.

Interpretation of geologic structures from surface geological maps and bore hole data; Preparation of structur
contour and isopach maps of reservoir facies and drawing oil/water contact from bore hole data.

Calculation of oil reserves in defined structure.
Unit II: Exer cises on Hydplogy
Determination of permeability
Applications of hydrological softwar@guachem, Rockworks, modflowtc.
Graphical representation of water chemistry
Unit lll: Exer cises on Oe Geology-I
Study of important ores in hand specimen.
Unit IV : Exercises on Oe Geology-II
Ore microscopic study of important oxide minerals and complex minerals.
Ore microscopic study of important sulfide minerals.
Textural and micro-structural features of ore mineral assemblages.
Determination of Paragenetic order of the ore minerals.
Characterization of Fluid Inclusions.
Essential readings:
1. Davie,T., 2008.Fundamentals of hydrolodgdoutledge Publications.
LarryThomas, (2002), Coal GeologWiley and Sons.
R.C. Shelley (1998) Elements of petroleum Gegqladggdemic press
Craig J.R. anaughan, D.J., 1994. Ore Microscopy and Ore Petrography

Gokhale, KMGK. and RaoJ.C., 1978. Ore deposits of India their distribution and processitegMcGraw
Hill, New Delhi.

6. Sarkar S.C. and Guptd,., 2014. Crustal Evolution and Metallogeny in India. CambridgePublications.

o~ N
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Semester IV
Elective (Special) Papers
Exploration Geology
GEOL-PG-E401
Unit I: Geological Prospecting and Exploration
Introduction and methods of prospecting and exploration.

Sampling: theory and methods; Geological plans and sections for ore body evaluation; Exploration drilling, drill core
logging and sampling.

Cut-off grade concepts and applications; Resources and Reserves.
Estimation of reserves — methods and practice.
Unit II: Geochemical Exploration

Geochemical cycle, geochemical mobility and association of elements. Pathfindegetrel¢anents for geochemical
exploration. Primary and secondary dispersions of elements.Determination of background, and geochemical anomalie

Application of Geomorphological, remote sensing techniques, Geobotanical and Geophysical methods. Geostatistic.
techniques in Mineral Exploration.

Indian case studies.

Unit Iz Intr oduction to mining

Elements of mining, definitions and explanation ofed#nt mining terms.

Introduction and classification of opencast mining, stripping ratio, bench heights and haulway design.
Introduction to undground mining, room and pillar method, Longwall method, cut and fill method.
Unit IV : Mineral Economics

Classifications of mineral resources— UNFC,JORC, IMM, SAMERC and ISP schemes.National Mineral Policy and
National Mineral exploration PolidfELP.

World resources of minerals and production of important mineral.
Concepts of Bategic Minerals.

Monopolies and Cartelrade restriction and production incentives.
Basic pattern of Mineral economy and changing mineral requirements.

Marine mineral resources and Law of Sea. Exclusive economic Zones.
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Essential readings:
1. HaldarSK, 2013. Mineral Exploration - Principles afspplications.Elsevier
2. EvansA.M. 1993. Ore Geology and Industrial Minerals. Blackwell SciPubl.
3. Sinha, R.K. and Sharma, N.L., 1989. Mineral economics.Oxford and IBH Publishing.
4

Gokhale, KMGK. and RaoT.C. 1978. Ore deposits of India their distribution and proceskitasMcGraw
Hill, New Delhi.

Suggestedeadings:
1. Guilbert, J.M. and Park JIC.F 1986.The Geology of Ore deposits.Freeman & Co.
2. Batemani.M. and Jensen, M.L. 1990.Economic Mineral Deposits. Yditey
3. Deb, S. 1980. Industrial minerals and rocks of Ir&lised Publishers
4. Singh, R.D. Principles and Practices of Modern Coal Mining. 1997Adevnternational
5

Hartmann H.L., Introductory Mining Engineerivgiley
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Sequence Batigraphy and Basin Evolution
GEOL-PG-E402
Unit I: Intr oduction to Sequencetgatigraphy

Sequencetgatigraphy: Historical developments, definitions and key concepts, base level changes, transgressions an
regressions,t@atigraphic surfacesti@tal terminations, sequence stratigraphic surfaces, Unconformity and correlative
conformity

Unit Ill: Transgressive and Reggssive sequences
Systemdracts: Lowstandlransgressive, Highstand, Falling stage. Shelfginasystem tract (SMST)
UnconformitiesType |, Type Il surfaces.
Sequence Models: Depositional sequence, Genetic stratigraphic sequansgressive-Regressive sequence.
Hierarchy of sequences and bounding surfaces.
Basin Correlations using sequence stratigraphy
Unit 111
Sequence stratigraphy and its relation with seismic and magnetostratigraphy
Examples of sequence stratigraphy from petroliferous basins.
Unit IV : Basin Evolution
Tectonic Classification of Sedimentary Basins,
Basin analysis and its scope.
Sequencetgtigraphy and correlation of Sedimentary Basins.
Basin mapping methods: structure and isopach contouring, lithofacies maps.
Geohistoryanalysis. Thermal histpBorosity and Burial depth.
Subsidence of Sedimentary Basins.
Evolution of Indian Sedimentary basins.
Essential readings:
1. Catuneanu, O., (2006) Principles of sequence stratigfaiskyier
2. Miall,A.D (1999), Principles of sedimentary basin analysis: Springer
3. PosamentieH.W. andWalker, R. G (2006)Facies Models revisited, SEPM
4. Reading.H.A996 Sedimentary Environments: Processes, Faciedratigiaphy: Blackwell Publishers.
Suggested eadings:

1. EinseleGerhard2000. Sedimentary Basins: Evolution, Facies, and Sediment Budget. Springer Science ¢
Business.
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Environmental and Engineering Geology
GEOL-PG- E403
Unit I: Intr oduction to Environmental Geology
Changes in the environment caused by geological activities of man.
Inorganic and aganic contaminants.
Drinking water standards. Surface and ground water polluaicid.rain
Geochemistry of toxic elements in natural waters.
Environmental problems connected with exploitation of minerals andyeresources.
Acid mine drainage.
Land use and land degradation due to mining.

Study of surface geological processes, earthquakes and volcanism and GLOF with reference to their impact o
environment.

Soils, erosion and conservation.
Geological solutions to environmental problems.

Role of geology in nuclear waste disposal, Global warming, Climate change and Mitigation.Environmental planning,
management and economics (EMP and EIA).

Unit Il: Rock Mechanics
Engineering classification of geological materials.

Introduction to rock mechanics: Rock properties:denlsaydness, abrasion, slake durahifgrmeability Srength
of rocks: tensile, compressive and shear strength, determination of elastic moduli, Physico-mechanical properties ¢
building stones and aggregate, alkali aggregate reaction.

Rock mass classification systems — RQD, Q system, RMR and SMR classification.

Laboratory measurements of rock strength, Uniaxial and triaxial tésssStrain relationships. Determination of
principal stresses.

Unit lll: Soil Mechanics
Engineering classification of Soils, Particle size analysis.

Atterbeg limits (plastic and liquid limits) Consolidation parameters, Swelling/Shrinking |vdék Ratio, Efective
stress concepts in sollotal, neutral and &fctive stress distribution in soil,PermeabjlDarcy’s Law Permeability
measurement in the laboratory — quick sand condition, Seepage, Laplace Equation, Liquifaction and Condensatiol

Measurement of shear strength, direct siiegaxial compression, UCC andhne shear tests.

Types of shear tests, Drained and undrained behaviour of clay and sand.
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Stress path for conventional triaxial test, cyclic shear test.

Unit IV : Geotechnical site Investigations

Geotechnical investigation for dam site, reservoir site; geotechnical study for road alignment, geotechnical evaluatiol
of tunnel alignment, methods of tunnelling.

Geotechnical investigations for bridge foundation and building foundation.

Mass movements, slope stability problems, their predictions and optimum design of slope (natural slope, benches
mines, mine dumps).

Earthquakes and seismigigeismic zones of India, soil liquefaction, and earthquake resistance design of building.
Influence of geological condition of foundation and design of buildings. Shoreline engineering geology

Essential readings:

1.

2
3.
4

Bell, EG 2006. Basic Environmental and Engineering Gealddyittles Publishing.
Brady and Brown, 1993. Rock Mechanics for Ugdaind Mining. Chapman and Hall.
Bieniawski, 1989.Engineering Rock Mass Classificatidfily.

GopalRanjan and R#0S.R., 2000. Basic and applied soil mechanics. Mges International Publishers,
New Delhi.

Suggested eadings:

1.
2.

Punmia F., “Soil Mechanics and Foundations”, Laximi Publications Pvt. Ltd., New Delhi,1995.

Krynin, D.Pand JuddV.R. 1957.Principles of Engineering Geology and Geotechnique, McGraw Hill (CBS
Publ).

Johnson, R.B. and DeGraf, J1¥88. Principles of Engineering GeolpgghnWiley & Sons, N.Y
Goodman, R.E., 1993. Engineering Geology: Rock in engineering constructiond/ilégnta Sons, N.Y
Waltham,T., 2009.Foundations of Engineering Geology (3rd E@ay)or & Francis

—SH{KH\A UN|VERS|TY—

200



M.Sc Geology

Cryospheric Science
GEOL-PG-E404
Unit I: Fundamentals of Cryospheric Sciences
Introduction to Cryosphere Sciences.
Quaternary glaciations in India.

Climate change in Quaternary — Case studies from Himalaya (Ladakh, UttaraWfestern UPand Sikkim),
Rajasthan and Ganga plains, correlation with Guliya and Greenland ice core, glacier types, dry and wet base
glaciers and factors responsible, sediment transport and deposition by glaciers, techniques employed for the dating
glaciogenic deposits and their limitations, physics of glacier ice and snow

Unit II: Glaciology
Movement of glaciersurface and subsurface features of glacier
Mechanisms of glacier flow

Meterological parameters vis-a-vis glacigfect of debris/aerosols on glacier surface, gnbalance, mass balance
study of glaciers, various methods of mass balance,ssatppe study of glacier ice and snow vis-a-vis climate
change, chemistry of snow/ice, sediment disgphdry melt water and chemistry of melt watrout monitoring
techniques, remote sensing and GIS application in the study of glaciers.

Impact of global warming on Himalayan glaciers.

Unit lll: Mass Movements in Permafrost Regions

Characteristics of permafrost areas, rock and soil characters in cryosphere.
Mass movement in permafrost areas- causes and mitigation.

Snow avalanches — snow packages and deas#janche types, characteristics of avalanche, avalanche prone areas
and their mitigation.

Unit IV : Case $udies
Brief history of glaciological studies on Indian Himalayan glaciers.Case study of Himalayan glaciers

Case study of Glaciers in Sikkim.RathofiglJong, Chamgme-Khangpu and Zemu glaciarstic, Antarctic and
Alpine glaciers.

Essential readings

Roger Berry anthianYew Gan, the Global Cryosphere. Cambridge University Press.

Olav SlaymakeRichard Kelly 2006.The Cryosphere and Global Environmental Chawdiey-Blackwell.
Marcdledesco, 2014. Remote Sensing of the Cryospliéley

Raina ,\K., GlaciersThe Rivers of Ice 2005. Geological Society of India.

ok wDn

RainaV.K. and Srivastava, D. “Glaciétlas of India, 2008, Geological Society of India.
Suggested eadings

1. Maher an@hompson 2000 Quaternary climates, environments and magnetism. Cambridder&ssy
2. Williams, D. et al. 1998 Quaternary Environmeitéley & Sons.

3. IPCC Reports.
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Micr opaleontology
GEOL-PG-E405
Unit I: Intr oduction to Micropaleontology

Global record of earliest microfossils.Classification and evolution of the microfossil groups.Prokaryotic and Eukaryotic
diversification of microaganisms, multicellularity

Ediacaran Metazoans and Metaphytes.RadiatidwafthomorphicAcritarchs in Neoproterozoic.
Taphonomy of microfossil groups.
Unit II: Calcar eous Microfossils

Foraminifera: Planktic Foraminifera, their modern biogeogragiling, surface ultrastructure, outline of morphology
Benthic foraminifera, their brief morphologlkarger Foraminifera, their outline of morphologgpplication in
oceanography

Calcareous nanofossils: Outline of morphologyodern biogeographypplication in Oceanography; outline
morphology and wall structure of ostracoda, significance of ostracoda in Quaternary paleoceanographic an
paleoclimatic studies.

Unit lll: Siliceous and Phosphatic Microfossils

Outline morphologymodern biogeography of radiolarian, diatoms and silicoflagellates, their application in interpreting
SST and palaeoclimates

Phosphatic Microfossils- Outline morphologaleo-ecology and environmental significance of conodonts.
Unit IV : Applied Micr opalaeontology

OrganicWalled Microfossils.

Environmental significance éicritarchs, Dianoflagellates and Foraminifera.

Palynology: Outline of morphology of Pollens and Spores. Pollens and Spores in marine realm. Environmenta
application of Pollen and Spores.

Application of Micropaleontology and palynology in Petroleum and coal exploration.
Essential Readings:

1. Bignot, G, 1985. Elements of micropalaeontology; Microfossils, their geological and palaeobiological
applications, Graham &®tman, London, United Kingdom.

2. BraiserM.D., 1980. Microfossils, GeogeAllen and Unwin Publisher

3. Hasllett, S.K., 2002. Quaternary Environmental Micropalaeonto@gprd University Press, NeWork.

4. Jones, R.W1996. Micropaleontology in Petroleum exploration, Clarendon Press Oxford.
Suggested Readings:

1. Sinha, D.K., 2007. Micropaleontologipplication in Sratigraphy and Paleoceanographipha Science
International, Oxford &Narosa Publishing House Pvt. Ltd. Delhi.

2. Kennett and Srinivasan, 1983.Neogene Planktonic Foramidfptg/logeneti@tlas, Hutchinson Ross.
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Oceanography
GEOL-PG-E406
Unit I: Physical Oceanography

Methods of measuring properties of sea widiglecular structure of watdemperature and salinity distribution in surface
of the ocean.Salt composition and residence time.Dissolved gases in sé&zawbter dioxide and carbonate cycle.

Ocean circulationfhe Ocean Conveyor belt and its role in controlling wertdimate. Surface circulation; concept

of mixed layerthermocline and pycnocline, Coriolis force and Ekman Spiral, Upwelling, El Nino. Procésstsaf
biological productivity of ocean mgin waters. Deep Ocean Circulation, concept of thermohaline circulation, formation

of bottom waters; water masses of the world oceans.Oxygen minimum layer in the ocean.Major currents of the
world’s ocean.

Unit Il: Deep-Sea Sediments and Ricesses

Deep-sea sediments and their relation to oceanic processes such as solution, prpdadtidilytion. Sediment
distributions in time and space as related to tectonic models. Deep Sea hiatuses and their causes/ASalypiteitend
Compensation depth and significance.

Ocean Resources: Mineral resources of the ocean including polymetalic nodules. Marine Gas Hydrates and the
economic potential.

Unit lll: Marine Pollution

Marine Pollution emphasizing geochemical aspects of the sources, transport, and fate of pollutants in the coast
marine environment.Interpreting marine pollution with the help of microfossils during Quaternary

Paleoceanography: Ocean Floor Morpholp@ceanic Crust and Ocean Mjams. Approaches to
Paleoceanographicreconstructions. Paleoceanographic changes in relation to earth system history including impe
of the oceans on climate change.Deep Sea Drilling Project (DSDP); Ocean Drilling Program (ODP) and Joint Globa
Ocean Flux gudies (JGOFS) and their major accomplishments.Integrated Ocean Drilling Program (IODP) and its
aims and objectives.

Unit IV : Evolution of Oceans in the Cenozoic

Ocean Gateways of the Cenozoic and their role in controlling global climates. Sea level changes during Quaternar
with special reference to Indidpplication of stable isotopes (Oxygen and Carbon) in Paleoceanography and
PaleoclimatologyPaleoclimatic reconstructions from ice cores.Marimnatigraphy correlation and chronology

Essential Readings:
1. Gross, M.G1977. Oceanograph#:view of the Earth, Prentice Hall.
2. Millero, Frank J., 2013. Chemical Oceanograpioyrth Edition. CRC Press.
3. GarrisonJom S.,201. Essentials of Oceanograpl@engage Learning.
4.  Dijkstra, HenlA.,2008. Dynamical Oceanograpt8pringer
5. Tolmazin, D., 1985. Elements of Dynamic Oceanographgn and Unwin.
Suggested Readings:
1. Siddhartha, K. OceanographyBrief Introduction. Kisalaya Publications.
2. FischerG andWefer G, 1999. Use of Proxies in Paleoceanography: Examples from thed8antie, Springer
3. Hag and Boersma, 1978.Introduction to Marine MicropaleontoBlpgvier
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Geology of Hydrocarbon Reservoirs
GEOL-PG-E407
Unit-I: Intr oduction to Oil Well Drilling
Types oil wells and geotechnical order
Methods of Oil well drilling: Cable tool drilling and rotary drilling
Components of rotary drilling system.
Monitoring of drilling process i.e. depth ROROB, sampling.
Concept of Subsurface pressure.
Types of Drilling Rigs: Onshore andfsiiore rigs.
Controlled Directional Rotary Drilling, Horizontal Drilling.
Drilling Mud: Mud hydraulics, uses and functions of drilling mud.
Coring: IntroductionTechniques anllpplications of Coring in Petroleum Geology
Unit-1l: Formation Evaluation
Well logging-Techniques- Principles and instrumentation of electrical, radioactive,
sonic, caliper logging techniques interpretation of logs.
Wire line logs: Introduction Basic Principles, tools of §@mma rayNeutron,Density
Caliper Dipmeter Temperature and Sonic Logs and their interpretation.
Mud logging: Principle, techniques and tools of mud logging.
Interpretation of gas,drilling and mud parameters.
MWD (MeasuremeniVhile Drilling)/LWD (LoggingWhile Drilling):
Principle and tools of MWDAVD, data analysis and interpretation.
Formation (Drillstem)esting: IntroductionTools andlechniques of DST
Unit-1ll: Reservoir Engineering
Petrophysical properties of reservoir rocks: poropigymeabilityfluid saturation.
Fluid flow through porous media.
Reservoir fluid properties.Reservoir fluid sampling and PVT studies.
Material Balance, Reservoir egégs & drives Water influx; Gas, condensate and oil reservoirs.

Thermodynamics of fluid system - Phase behaviour of single and multiphase systems, Decline curve analysis.
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Well performance: productivity index, IPR/ater and gas coning, Open flow potential for gas wells.
Applications of horizontal wells, ERD and multi-laterals.

Oil & Gas field development: Principles, rationale and economics of developmenfjeléepacing and patterns,
Economics of field development.

Unit-1V : Applications
Description and identification of well cuttings based on physical properties.
Calcimetryand fluorescence using calcimeter and UV lamp.
Percentage lithology and Master log preparation.
Gas curve identification and gas ratio plotting.
Description of core samples.
Wire line log interpretation.
Well hydraulic calculations such as annular volume, lag time calculations.
Calculations of Shale factor and shale density
Essential readings:
1. Shelly R. C. 2014. Elements of Petroleum geoldgademic Press.
2. R.E. Chapman (1983) Petroleum Geo]digevier

3. DjebbarTab, Erle C. Donaldson (2015) Petrophysitlseory and Practice of Measuring Reservoir Rock
and Fluid. Fourth Edition, Elsevier

4. Benjamin Cole Craft, Murray Free Hawkins, Ronald E. (19&tyApplied Petroleum Reservoir Engineering,
Prentice Hall.

5. S.J. Mazzullo, H.H. Rieke,\& Chilingarian Edited, (1996) Carbonate Reservoir CharacterizAtidaologic-
Engineeringhnalysis.

Suggested Readings:
1. Petroliferous basins of India: Publisher: KDMIPE, ONGC, 1986.
2. Bjorlykke, K. (1989). Sedimentology and petroleum geolSgyingetVerlag.
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Atmospheric Processes
GEOL-PG-E408
Unit I: Physical Meteorology

Thermal structure of the atmosphere and its composition. Radiation: basin Laws - Rayleigh and Mie scattering
multiple scattering, radiation from the sun, solar constaietctedf clouds, surface and planetary albedo. Emission
and absorption of terrestrial radiation, radiation windows, radiative tra@sgsnhouse dct, net radiation budget;
Thermodynamics of dry and moist air: specific gas congtdighatic and isoentropic processes, entropy and enthalpy
Moisture variables, virtual temperature; Clausius — Clapeyron equation, adiabatic process of moist air; thermodynami
diagrams: Hydrostatic equilibrium: Hydrostatic equation, variation of pressure with height, geopotential, standard
atmosphere, altimetry/ertical stability of the atmosphere: Dry and moist air parcel and slice meffroggal
convection.

Unit II: Climatology:

Fundamental principles of climatolaggarths radiation balance; latitudinal and seasonal variation of insolation,
temperature, pressure, wind belts, humjdityud formation and precipitation, water balademasses, monsoon,
Jet streams, tropical cyclones, and ENSO.Classification of climates — Kep®lThornthwaites scheme of
classification.Climate change.

Unit lll: Cloud Physics:

Cloud classification, condensation nuclei, growth of cloud drops and ice-crystals, precipitation mechargems,Ber

Findeisen process, coalescence process — Precipitation of warm and mixed clouds, artificial precipitation, hai
suppression, fog and cloud — dissipation, radar observation of clouds and precipitation, radar equation, rain dro
spectra, radar echoes of hail storm and tornadoes, radar observation of hurricanes, measurements of rainfall by rac

Unit IV : Dynamic Meteorology:

Basic equations and fundamental forces: Pressure, gregitiripetal and Corolis forces, continuity equation in
Cartesian and isobaric coordinates. Momentum equation Cartesian and spherical coordinates; scale analysis, inert
flow, geostrophic and gradient winds, thermal wind. Djeece and vertical motion RossBRychardson, Reynolds

and Froude numbers. Circulation, vorticity and diegrce; Bjerknese circulation theorem and applications, vorticity
and divegence equations, scale analysis, potential vortisitgam function and velocity potentidtmospheric
turbulence: Mixing length theorplanetary boundary layer equations, surface J&lenan layereddy transport of

here, moisture and momentum, Richardson criterion; Linear Perturibagony: Internal and external gravity waves,
inertia waves, gravity waves, Rossby waves, wave motion in the tropics, barotropic and baroclinic instabilities.
Atmospheric Enggetics: Kinetic, potential and internal egies — conversion of potential and internal gres into

kinetic enegy, available potential engy.

Essential readings:

1. Lutgens, E Tarbuck, E., andasa, D., 2009The Atmosphere An Introduction to Meteorologi?earson
Publisher

2. An Introduction téAtmospheric Physics, Second Edition, David@drews, Cambridge University Press,
2010.
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3. Wallace and Hobbs, 2006. IntroductiorAtonosphereAn Introductory Survey(Elsevier).

4. Atmospheric Processes and Systems by Rhbmpson Publisher: Routeledge.

5. Reist, Parker C., 1984. Introduction to aerosol science. MacMillan Publishers.
Suggestedeadings:

1. RudimanW.F., 2001. Eartls climate: past and future. Freeman Publisher

2 Rohli, R.V, andVegaA.J., 2007. ClimatologyJones and Barlatt.
3. Aguado, E., and Burt, J., 2009. Understanding weather
4

Fundamentals étmospheric Modelling by Mark Jacobson. Cambridge University Press.

—S”(K”\A UN|VERS|TY—

207




SCHOOL OF PHYSICAL SCIENCES

Core Practical Paper
Practical IV
GEOL-PG- P409
Unit I: Exer cises on Exploration Geology

Reserve estimation: Principles of reverse estimation, density and bulk diewsitss afecting reliability of reserve
estimation, reserve estimation based on geometrical models (square, rectangudariar and polygon blocks)
regular and irregular grid patterns, statistics and error estimation.

GradeTenor andlonnage calculations.

Preparation of cross-section¥, kections.

Borehole data correlation and ore body geometry

Unit Il: Exer cises orWWell logging

SPlog, Natural Gamma Ray log, Formatifater resistivity Logs, Porosity

Log, Neutron Log, Lithology-Porosity Logs, resistivity Logs, Induction Logging, Electromagnetic Propagation Logs
andWell bore Seismic Logging.

Applications of well logging in exploration and geotechnical site, Investigation.

Unit Ill: Exer cises on Envionmental and Engineering Geology

Field based practical for sample/data collection and in-situ .sBudyn SizéAnalysis.

Density Determination.

Atterbegs Limit Tests Compactiofiest Consolidatioifest.

Direct andTriaxial SheaiTest Compressivet@ngthTestAbrasion and slake durability test Permeabiliggt.
Selection of sites using topographic maps for dams, tunnels, bridges, highways and similar civil structures.

Computation of reservoir area, catchment area, reservoir capacity and reservoir lifegegahdrsedimentation
rates.

Use of softwares for solving various geotechnical problems.

Unit IV : Exercises on Micopaleontology

Techniques of separation of microfossils from matrix.

Types of microfossils: Calcareous, Siliceous, Phosphatic gadicrwalled microfossils

Study of important planktic foraminifera useful in surface water paleoceanography and biostratigraphy

Study of lager benthic foraminifera useful in Indian stratigraphy with special reference to Cenozoic petroliferous
basins of India.
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Study of modern surface water mass assemblages of planktic foraminifera from Atldiatic and Pacific Ocean.

Depth biotopes and estimation of paleodepth of the ocean using benthic foraminiferal assemblages

Identification of benthic for aminifera characteristic of various deep sea environment Identification of planktic
foraminifera characteristic &¥arm Mixed LayerThermocline and deep surface waters of the modern oceans.

Identification of modern and ancient surface water mass with the help of planktic foraminifera.

Essential readings:

1.

2
3
4.
5

Bell, EG 2006. Basic Environmental and Engineering Gealddyittles Publishing.

Halday SK, 2013. Mineral Exploration - Principles aiydplications. Elsevier

R.C. Shelley (1998) Elements of petroleum Geoldggdemic press

PA. Dickie, (1986), Petroleum Development Geology: Publisher: Pennwell Publi$hisg, Oklahoma

Sinha, D.K., 2007. Micropaleontologypplication in Sratigraphy and Paleoceanographlpha Science
International, Oxford &Narosa Publishing House Pvt. Ltd. Delhi.

Bignot, G 1985. Elements of micropalaeontology; Microfossils, their geological and palaeobiological
applications, Graham &®tman, London, United Kingdom.
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Core FieldTraining
Field Training Il
GEOL-PG-F410
Field training in the type area of economic deposits to study the geological aspects
Visit of Mines/industry for geological study and exploitation techniques.
Study of aspects of the environmental geology

Note: FieldTraining of minimum two weeks will be carried out in winter vacation and evaluated in this sefffester
students have to submit their field diary and field report at the time of examiridimfield diary and field report
will be evaluated and there will be an open presentation and viva-voce.

Dissertation Paper
Dissertation
GEOL-PG-D411

The students have to submit their dissertation by the end of the fourth sefestewill be an open presentation
and viva-voce.
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DEPARTMENT OF GEOLOGY
Ph.D CourseWork Syllabus

Course Title of Course Credit | Marks
GEO-RS-C101 | Research Methodology 4 100
GEO-RS-C102 | Research Proposal Preparation 4 100
GEO-RS-E103 | Advances in Structural Geology 4 100
GEO-RS-E104 | Advance Techniques in Mineral Exploration 4 100
GEO-RS-E105 | Advances in Hydrology 4 100
GEO-RS-E106 | Advances in Igneous Petrogenesis 4 100
GEO-RS-E107 | Advances in Metamorphic Geology 4 100
GEO-RS-E108 | Analytical Geochemistry 4 100
GEO-RS-E109 | AtmosphericProcesses 4 100
GEO-RS-E110 | Clastic and Carbonate Sedimentology 4 100
GEO-RS-E111 | Cryospheric Science 4 100
GEO-RS-E112 | Environmental Geochemistry 4 100
GEO-RS-E113 | Environmental Geology and Hazard Management 4 100
GEO-RS-E114 | Geochronology and Isotope Geology 4 100
GEO-RS-E115 | Geodynamics and Neotectonics 4 100
GEO-RS-E116 | Geology of Eastern Himalayas 4 100
GEO-RS-E117 | Invertebrate-Vertebrate Palacontology and Paleobotany 4 100
GEO-RS-E118 | Micropaleontology and Astrobiology 4 100
GEO-RS-E119 | Ore Geology and Metallogenesis 4 100
GEO-RS-E120 | Paleoclimatology 4 100
GEO-RS-E121 | Developments in Hydrocarbon Exploration 4 100
GEO-RS-E122 | Basin Analysis and Sequence Stratigraphy 4 100

211
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Course Contents
Compulsory Courses
Course: GEOL-RS-C101 Credits: 4
Reseach Methodology
Module |

Defining the Research problem: objectives, approaches, planning or design, process/ methods of research; literatt
surveyBasics of Research, Fundamental questions like definition of research, logical and systematized application
of the fundamentals of science and scientific techniques, necessity of research in science. Importance of researc
generalizations of new theories,outlet for new ideas and insights.

Probability distributions and their properties, Sampling, Correlation and Covariance Multivariate andrialgtis.
Module Il
Identification of geological research problem, Formulating work plan, Dos antsBarselecting a research problem.

Importance of problem in National and International scenario, how to conduct research survey (books, journals
electronic search engines like Google, SCORMIRipedia Research-gate, IGEPoject Data Base, etc.).

Research Methodology and techniques used in the field and laboratory for geological samples, Field and Lab, Developir
hypothesis, Collection of primary data from the field, Execution of project, Data analysis, Interpretations of field and
lab data, Dissemination of research results through conferences, workshops, synthesis of data, report writing ar
publication of research paper

Module 1l

Research Methodology is an art of scientific investigations, Geological questions and new insights of an geologica
event or phenomenon (For Example, Climate Change Impacts andmelting of glaciers, Cretaeeiary Mass
Extinction, India -Asia collision and formation of the HimalayBectonic Geo-morphological aspects of River
Systems, Mineralisation associated with Lesser and Greater Himalayan Sequences etc).

Planning, Selection, Formulation and Execution of research projatist area of the project, Objectives of the
project and the Course of action (work plan), Conceptual and Empirical literature.r&a&dtys of research on
international and national level

Module IV

Methods of sampling, and analytical techniques: Collection pofagiter soil and rock samples, Preparation of
samples for microscopic examination and chemical analmsalytical Techniques vizAAS, XRF, ICR, EPMA,
Mass Spectrometryand Portable analytical techniques, Geospatial and RemoteTeehsiigges.

Fundamentals of Geoscientifi¢riting and relevant softwares, Research Ethics, Intellectual Property Rights (IPR)
and Plagiarism.
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Suggested Readings:
1. Research Methodology Hand Book — Geological Survey of India, M. Ramakrishna.
2. Research Methodology Hand Book by R.”Miishra.
3. Research Methodology in GeologyAmnold LuwangUsham.
4. Handbook of research on Methodology dedhniques: B.K. Daniel.
5. Research Methodology by C.R. Kothari.
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Course: GEOL-RS-C102 Credits: 4
Reseach Proposal Peparation

This is a non lecture paper in which the respective teacher will explain the student about how to prepare synopsis
research proposaht the end of the semester students will give a presentation and a writeudentS will be
evaluated on the basis of that.

Module |
Literature Reviewldentification of problem, Presentation.
Module Il

Research Project Formulation, Understanding the proposal preparation for various funding agenciesM@EBST
CSIR, UGC, BRNS, IGCRSRO and Sikkim University

Module 11l

Performa for the submission of the Research Project, Format for the Quarterly Progress Report, Hachaidaf
Report.

Module IV

Project Proposal Preparation and Presentation (Oral/Pdgen/€onferencing)Mebcasting).
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Optional Papers
Course: GEOL-RS-E103 Credit 4
Advances in $ructural Geology
Module-l

Stress at a point in a solid body: 3-De&sTensor; Homogeneous and heterogeneous stress: stress fuApiitination

of Continuum Mechanics intsictural GeologyRheological Behaviour of rocks under strésslysis of homogeneous
deformation, Mechanics of rock fracturing: fracture initiation and propagation, Mohr diagrams for stress and strain
and their use.

Module-II

Microstructures associated with deformational and metamorphic evidmisst Tectonics in Orogenic Belts,
Introduction to Experimentalt@ictural Geologyintroduction to Finite elemeAinalysis.

Module-IlI

Review of recent publications and case studies. Synthesis and presentation of major findings and discussion
Module-IV

Exercises related tar@in Analysis. Micro structuraltBdies onThin Sections.

Problems related to Continuum Mechanics and Finite elefmatysis.

Suggested Readings:

1. Dubey A. 2014, Understanding an Orogenic BeftuStural Evolution of the Himalaya, Springer; 2014
edition, ISBN-13: 978-3319055879

2. RamsayJ.G and HuberM.l., 1983 Techniques of Modernt&ictural Geologyvol. | & Il. Academic Press

3. RamsayJ.G and Lisle, R., 2000Techniques of Modernt&ictural GeologyVol. Ill. Applications of
Continuum Mechanics int@ictural GeologyAcademic Press.

4. Fossen, H. Buctural Geology 2010. Cambridge University Press.
5. Vernon, R., 2004A Practical Guide to Rock Microstructure 1st Edition. Cambridge University Press

6. Ragan, D.M., STRUCTURAIGEOLOGY:An Introduction to Geometricdechniques. 2009. WEdition
Cambridge University Press.

7. Ghosh, S.K., 1993 tB&ictural Geology: Fundamentals and modern developmentgarRen Press.
8. Bayly, B., 1992. Mechanics intictural GeologySpringer
9. Davis, GH. and Reynolds, S.J., 199@ri&tural Geology of rocks and regions, Jokitey & Sons.

10. Leyson, FR. and Lisle, R.J., 1996te3eographic projection techniques in structural GeglGgynbridge
University Press.
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11. PasshierC. andTrouw, RAJ, 2005. Microtectonics. Spring&erlin.
12. Pollard, D.D. and FletcheR.C., 2005. Fundamentals of structural gegl@pmbridge University Press.

13. Rowland, S.M., DuebendorjeE. and Schiefelbein, .M., 2007tri&tural analysis and synthesis: a
laboratory course in structural geolo@alckwell Pub.

14. Suppe, J.The Principles of Buctural GeologyPrentice-Hall, Inc., New Jerse}985.
15. Twiss, R.J. and Moores, E.M., 200Ttustural GeologyFreeman.

16. Van der Pluijm, B.A. and Marshak, S., 2004. Earth structure: an introduction to structural geology and
tectonicsW.W. Norton & Company Ltd.
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Course: GEOL-RS-E104 Credit 4
AdvanceTechniques in Mineral Exploration
Module-

Advances in mineral exploration concepts. Concept-based explopgpigiication of remote sensing, geophysical,
geochemical, and drilling techniques in mineral exploration.

Module-II

Resources classification and Reserves Estimation Methods, Elements of Cleg&tas&nd Probability distribution
and their applications in Ore Evaluation, Geo-statistical Concep®audies: RegionalizedariableTheory Geo-
statistical Semi-variograrAnalysis: Definition, Characteristics, Properties, Relation with Covariogram,
SemivariogramModels with Sill and Models without Sill, Nested ModelsTasad Models.

Module-IlI
Review of recent publications and case studies, Synthesis and presentation of major findings and discussion.
Module-1V

Preparation of Sections and plans for ore evaluation, Ore microscopic stuaiéss 8n fluid inclusions, Geospatial
analysis for Mineral Deposits, Geophysical Data processing for identifying deposits, Conventional and Geo-statistica
methods of ore evaluation.

Suggested Readings:
1. Clark, Isobel and HarpeBill.Practical Geostatistics 2000/2010. Geostokos (Ecosse) Limited
2. Clark, Isobel., Practical Geostatistics 1979 ElseXjmlied Science
3. Craig J.R. anVaughan, D.J. 1994. Ore Microscopy and Ore Petrography
4

Essentials of Medical Geology Impacts of the Natural Environment on Public Health: Editor OlleSelinus,
2005, ElsevieAcademic Press. PP: 826

5. EvansA.M. 1993. Ore Geology and Industrial Minerals. Blackwell ScLPubl. Guilbert, J.M. and Rark Jr
C.F 1986.The Geology of Ore deposits. Freeman & Co. Batean, and Jensen, M.L. 1990. Economic
Mineral Deposits. Johwiley

MookherjeeA., 2000. Ore GenesisA-HolisticApproachAllied Publisher
Sahu, B.K. Satistical Models in Earth Sciences, BS Publications

Sharma, D.D..Geostatistics wiipplications in Earth Sciences’. Spring2005
Stanton, R.L., 1972. Ore PetrolggyicGraw Hill.

© © N o

10. Trosset, 1MichadlV. An Introduction to &tistical Inference and Dafaalysis

11. Webster Richard & Oliver MagaretA. Geostatistics for Environmental Scientists Second Edition 2007,
JohnWiley & Sons PP333.
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Course: GEOL-RS-E105 Credit4
Advances in Hydrmology
Module |

Hydrologic cycle and Climate change, Change in temperatures and sea water levels, Surface and subsurface wa
distribution and interaction, Geological classification of aquifers and properties, Hydrological laws and application
and validity Geothermal Spring&Vater quality: Physical, chemical, biological propertiese&s of geological
environment on groundwater quajitater Rock interactionAnthropogenic activities andVater Pollution, Sea

water intrusion in coastal aquifers.

Module I

Ground water exploration: Geological, Meteorological and Geophysical mefipadisation of Remote sensing in
ground water exploration, Hydro-geomorphic mappifygpes of wellsWell development and design, Ralfater
Harvesting, Radioisotopes in hydro-geological studies.

Module IlI

Review of recent publications and case studies, Synthesis and presentation of major findings and discussion.
Module IV

Field based practical for sample/data collection and in-situ study

Deciphering of hydro-geological boundaries on water table contour maps

Analysis of Hydrographs

Determination of permeability

Groundwater quality study usifgilinear (Hill-Piper), C-S diagrams etc.

Problems on radial flow to a well in confined and unconfined aquifers.

Exercises on step drawdown test.

Determination of aquifer parameters usiiigeis and Jacod’'methods

© © N o 0 A~ 0 NhR

Calculation of salt water encroachment in coastal aquifers

=
o

Electrical resistivity surveys for aquifer delineation.

=
=

Use of Handheld water quality monitors.
12.  Application of hydrological softwares.
Suggested Readings:

1. Bryirely, G and Fryirs, K. 2005. Geomorphology and river management. BlackwelaRohi,V.A.,
2006. Sedimentation EngineeridgCE, Manual.

2. Davie,T., 2008. Fundamentals of hydrolodRoutledge Publications.
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Fetter C.W,, 2001 Applied HydrogeologyPrentice Hall Inc., N.J., U.S.A.

Fitts, C.R., 2006. Groundwater Sciendeademic Press.

Freeze, R.A. and Cherry.A., 1979. GroundwateEnglewood Clifs, New Jersey: Prentice- Hall.
Julien, PY., 2002. River Mechanics. Cambridge University Press.

Knighton, D., 1998. Fluvial forms and procesgesew perspectivédrnold Pubs.

Mansell, M.G, 2003. Rural and Urban Hydrogeolo@homas andelford

Raghunath, H.M., 2007 hird Edition, GroundVater NewAge International Publishers, New Delhi.

© ® N o o » w

10. Richards. K., 2004. Rivers: Forms and processes in alluvial channels. Balckburn Press.

11. Todd, D.K. 2006. Groundwater hydrolg@3nd Ed., JohiViley & Sons, N.Y

—S”(K”\A UN|VERS|TY—

219




SCHOOL OF PHYSICAL SCIENCES

Course: GEOL-RS-E106 Credit4
Advances in Igneous Petsgenesis.

Module-I

Petrological-geochemical characters of magmas in diverse tectonic settings. Magmatism and global orogenic event

Mineralization associated with & igneous provinces andfgifent tectonic settingdpplication of Geochemistry
geochronology and Mineral Chemistry to infer igneous processes.

Module-II

Petrogeneticmodeling of crystallization and melting processes using geochemical data. Evolution of Magmatic Process
through Geologicalime.

Module-llI

Review of recent publications and case studies. Synthesis and presentation of major findings and discussion.
Module-1V

Geochemical Modelling of data.

Plotting and interpretation oflsochrons. Estimating model ages and ¢ (epsilon)Texioises and Microstructures
of Igneous Rocks.

Suggested Readings:
1. Cox, KG Bell, JD and Pankhurst, RJ, 1998e Interpretation of Igneous Rocks. Chapman & Hall, London
2. Dickin, A.P. (2005). Radiogenic Isotope Geolo@ambridge University Press, 512p
3. Gill, R, 2010, Igneous Rocks and Procesad3ractical Guidéyiley-Blackwell; 1 edition
4. Philpotts AR andAgue, JJ. 2009. Principles of Igneous and Metamorphic Petrd%if_dition
5

Rollinson, HR 2007. Using geochemical data-evaluation, presentation and interpré.fgﬁnﬂitid.h. Longman
Scientific & Technical

o

Vernon, R., 2004A Practical Guide to Rock Microstructure 1st Edition. Cambridge University Press
7. Wilson, M, 1989. Igneous Petrogene¥isley
8. Winter, JD, 2001An introduction to Igneous and Metamorphic petro|dgpentice Hall
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Course: GEOL-RS-E107 Credit 4
Advances in Metamorphic Geology

Module-I

Facies concept, reaction isograds and Bathozones.

Geothermometry and geobarometry in metamorphic rocks. Mineral chemistry and thermodynamics.

Kinetics of metamorphic reactions.

Module-II

Phase equilibrium studies. Characterisation of fluid composition through mineral equilibria. Metamorphism in
Himalayas. Inverted metamorphic sequences.Ultra High Pressure metamorphic rocks. Mineralisation associated wi
metamorphic belts.

Module-IlI
Review of recent publications and case studies. Synthesis and presentation of major findings and discussion.
Module-IV
Microstructural study of metamorphic rocks. Schreinemakers analysis and petrogenetic grid.
Construction of P-TT-X, and P-X diagrams. Pseudobinary sections.
Suggested Readings:
1. Bucher K. and Martin .F2002. Petrogenesis of Metamorphic rocks. Sprisigdag Publication.
2. Bucher K, Grapes,R. 2010 Petrogenesis of Metamorphic Rocks, Springer
3. John DWinter 2001An Introduction to Igneous and Metamorphic Petroldgyentice Hall Inc
4

Passchier C.W, Myres, J.S., KrongA. 1990 Field Geology of High-Grade Gnélssrains. Perfect
Paperback Springer

5. Philpotts, A.R. & Ague, J.J. 2009. Principles of igneous and metamorphic petr@ampridge
University Press.

6. Spears F1993. Metamorphic Phase Equilibria and PressarspErature-ime PathsAGU publication
7. Vernon R. H. and Clarke G. 2008. Principles of metamorphic Petrolo@ambridge publication.
8. Vernon, R., 2004A Practical Guide to Rock Microstructure 1st Edition. Cambridge University Press
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Course: GEOL-RS-E108 Credit4
Analytical Geochemistry
Module-1

Analytical Instrumentation in Geolog8ample preparation and Geological Reference materials, Portable analytical
instruments, Optical Emission /Absorption Spectroscopy (spectrophotohetylS), flame photometryF-AAS,
GF-AAS and ICP-AES, Microwave PlasrAtomic Emission Spectrometry (MP-AES).

Infrared and Raman Spectroscopiiermoluminescene and OpticallgirBulated Luminescence technique (FTIR);
Low Temperatur@hermochronologyMossbauer Spectroscopy; Electron Spin Resonance (ESR), X-ray technigues:
XRD, XRF, SEM-EDX, Microbeam techniques: EPMA, SEMEM, SIMS, Nano-SIMS and SHRIMP

Module-II

CHNS-O analyseChromatographic techniques viz, GCMS, HPLC, Neutron activation analysis, Mass spectrometric
techniques ICP-MS, LA-ICPMSIMS, Isotope ratio techniques aAdcelerator Mass Spectrometry (AMBjpmic
Force Microscope€lechniques for Speciation studies

Module-lll

Review of recent publications and case studies. Synthesis and presentation of major findings and discussion.
Module-1V

Geochemical Sample preparation and Geochemitallysis of various media using various instruments.
Suggested Reading:

1. Aitken, M. J. An Introduction to Optical DatingT:he Dating of Quaternary Sediments by the Use of Photon-
stimulated Luminescence, Oxford University Press, Oxford,1998.

2. BANWELL Colin and MC CASH Elaine, Fundamentals of Molecular Spectroséapy
Graw-Hill, 1994.

3. Beran,A and Libowitzky E. (ed), Spectroscopic methods in Mineraldgyropean Mineralogical Union
Notes in MineralogyVol 6, 2004.

Braun, R. D., Introduction to Instrumenfatalysis, McGraw-Hill, Singapore, 1987

5. Hawthorne, FC. (ed.), Spectroscopic Methods in Mineralogy and GeolBgyiews in Mineralogy
Mineralogical Society oAmerica, 18, 1988.

6. King, P L. RamseyM. S. and Swayse,.@&. (Eds.) Infrared Spectroscopy in Geochemijdiyploration
Geochemistry and Remote Sensing, Mineralogisabciation of Canada, short course sekie33, 2004.

7. Marfunin,A. S. Spectroscopy.uminescence and Radiation centers in Minerals, Sprivgeliag, Berlin,
1979.

8. Mendham, J., DenneR.C., Barnes, J. DThomas, M.J.K.. 20000ogel’'s Quantitative Chemicalnalysis
(6th Edition) Prentice Hall

9. Reiners, PW. and EhlersT. A. Low-TemperaturelhermochronologyTechniques, Interpretations and
Applications. Reviews in Mineralogy and Geochemiafr$8. 2005.

10. Willard, H.H., Merit L.L., Dean J.fSeattle K., Instrumental Methods &nalysis, CBS publishing and
Distribution, 1995
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Course: GEOL-RS-E109 Credits: 4
Atmospheric Process
Module |

Structure and composition of the atmosphere, weather elemealslit§s in the atmosphere, Clouds and their
classification, Fundamental Forces — Equations of motion on a rotating earth andwibdkgnt difusion equation

— Eddy transport of heat, mass and momentum. Bjerknes’ circulation theorem and applications, Particle size
distributions, Fluid propertiederosol chaging mechanisms, coagulation of particles. Optical properties of aerosols.
Cloud seeding and artificial Rains.

Mountain MeteorologyEffects of Meteorological parametersransport and Dftision, Influence oTopography
onTransport and Difision. Equation of state and conversion of concentrations, Princiflesbolence and Difision.

Module I

Air Pollution Climatology Meteorology andir Pollution,Atmospheric chemistry arr pollution. Natural Removal
Processes in thatmosphere, Geological processes and climate change, Green Himese @fone depletion.
Atmospheric Hazards, SMOG and Haze.

ENSO Cycle, Indian Summer monsoon (ISM). Jet streams, tornados, typhoon and tropical cyclones. Climate model.
Weather Prediction and Doppler Radar systems,

Module 11
Review of recent publications and case studies. Synthesis and presentation of major findings and discussion
Module IV
Aerosol and green house gases sampling and analysis. Meteorological data collection, processing and modelling.
Suggested Readings:
1. Introduction tcAtmosphere byallace and Hobbs;
Boundary Layer Meteorology by R. Btul
Meteorology by Holton
Physics and Chemistry Atmosphere by Sienfeld and Pandis
Atmospheric Processes and Systems by Rhidmpson Publisher: Routeledge
Fundamentals ditmospheric Modelling by Mark Jacobson, Pub: Cambridge University Press

Fundamentals of physics and chemistry of the atmosphere, by @awmti. Pub: Springer

® N o oA W N

Enegy and the atmosphere: a physical-chemical approach by Campbell. Pub: John wiley
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Course: GEOL-RS-E110 Credit: 4
Clastic and Carbonate Sedimentology
Module I:

Sedimentary Environments and Faciédluvial fans: Geomorphology Sedimentology and dynamics.Source to
sink relation from sediments.

Tectonics and Sedimentation. Clasticsedimentatiorbéindary sedimentatioApplication of Geochemical data in
identification of Provenance.

Recent developments in Sedimentary Petrography and Clay Minerdiegyy mineral analysis.

Shallow marine and deep marine sedimentation (eg. Polymetallic Nodules and crust). Geometry of carbonate platform
carbonate ramps, rimmed shelves, reefs and algal buildups.

Module II:

Carbonate rocks, controls of carbonate deposition. Sedimentary environments and carbonate facies. Continent
carbonate deposits.Diagenesis of carbonate rocks.

Tectonics and Carbonate sedimentation.
Biogenic chert and siliceous sediments, phosphorites, carbonaceous sediments, iron rich sediments and evaporite

Microbial (biogenic) ancient and modern carbonate sedimentation. Geological distribution, environment and
isotope and biogeochemistry of the biogenic carbonates.

Olistoliths and their origin.

Snow Ball Earth and Glacial carbonates and their global distribution.

Terrestrial deposits (Speleothems), and their implication in Paleoclimate, Paleomonsoon and ITCZ reconstruction.
Module- 111

Review of recent publications and case studies. Synthesis and presentation of major findings and discussion
Module- IV

Exercises on

1) Sedimentary facies identification and correlation vertical as well as lateral.

2) Palaeocurremnalysis

3) Petrographiénalysis of thin sections.

4) Heavy minerahnalysis.

5) Study of carbonate sedimentary successions, sedimentary structures,stromatolites, speleothems and ott

microbial buildups.
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6)
7)
8)

Petrography of carbonates and microfacies identifications

Interpreting Major Minor, Trace, REE, PGE data for Provence studies and Boundary problems.

Use of $able isotope ratio to infer paleoclimate.

Suggested Reading:

1.
2.

© N o 0 &

Boggs, Sam,2006. Principles of Sedimentology arati§raphy Prentice Hall
Einsele, G 2000. Sedimentary Basins: Springer

Harris, PM., Saller A.H., and Simo, J.A., 199%dvances in carbonate sequence stratigrapby.
Econ.And Min. Spl. Publ. . 63, 421pp.

LeederM. R., 1982. SedimentologiProcess and Product. xv + 344 pp., London, : @Gfdlen & Unwin.
Nichols, G 2009. Sedimentology andegigraphy:) Wiley-Blackwell

PosamentieHH.W. andWalker R. G2006, Facies Models revisited: SEPM
Reading.H.G1996Sedimentary Environments: Processes, Faciedratidi@phy: Blackwell Publishers

Scofiin, T.R, 1987. An Introduction to carbonate sediments and diagenesis , 482pp. Blackwells,
Oxford.

Tewari,V.C. and Seckbach, J. .201nteraction of Microbes with Sediments. COV&ume 18, Springer
Verlag, Heidelbay, Germany745 pages

10. Tucker, M.E. andVright, V.R, 1990. Carbonate Sedimentology and Diagenesis. ,482 pp. Blackwell Oxford.
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Course: GEOL-RS-E11 Credit: 4
Cryospheric Science
Module-I

Glaciers —Classification,Glacladnd System,GlacialGeomorpholo@acial deposits and palaeoglaciationstudies,
LichenometryQuaternaryglaciations, Glaciatedregime, environmental interaction and Himalayan ecosystem,Glacier
Inventory

Module-II

Mass balance studies ,Heat Balance in glacier regime — Climatic changes,Hydrometry of glacierisedbasin,Suspend
sediment transport in glacierised stream, Snow cover assessmergmsbudynelt and its estimationiiier snow

melt its estimation and forecastingfdet of debris/aerosols on glacier surface Chemical and isotopic studies of
snow / ice,Glacier movement studies,Geophysics in glacial studies

Module-lll
Review of recent publications and case studies. Synthesis and presentation of major findings and discussion
Module-1V

Surveying techniques in glaciological studies.Mass Balance estimation-Ablation measurements,Snoutmonitoring,Mel
water dischage measurement,Suspended sediment transport tudies,Meteorologicalmeasurements, Thickness estimatic
GPR applications,Application of RS in glaciological studies.Age determination by isotopic methods, Snout monitoring
with remote sensing and GIS application, Case study of Glaciers in Sikkim.

Suggested Readings
1. Jonathan L. Barmer ahtony J Payne, Mass Balance of Crosphere; Observation and Modelling.
MarcoTedesco, Remote Sensing of Cryosphere
Marshel S. JThe Cryosphere
Christian Hoggel, Mark Cary &Jhon J. ClagueThe High Mountain Cryosphere

Maher andrhompson 2000 Quaternary climates, environments and magnetism. Cambridderéssv

o oA w N

Williams, D. 1998 Quaternary Environmentéiley & Sons.
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Course: GEOL-RS-E112 Credit: 4
Envir onmental Geochemisty
Module 1

Natural and anthropogenic inputs, Geochemistry and Chemical composition of Environmental materials, Introductior
to Medical GeologyWaterrock interaction and solubility of minerals, Mass balance approach to weathering, Clay
mineralogy

Module Il

Geological aspects of pollution, Pollution of water and land by agricultural practice, mining activities and industries,
Acid mine drainage, Heavy Metal Polluticfrace metals, speciation and toxiciBevelopment of materials for
removal ofToxic materials, Radioactive pollution; nuclear waste disposal, Impacts of anthropogenic activities on
Coastal and ocean environments, Biodegradable and Non-biodegradable waste especially plastic in oceans and la
Application of geochemical data for Ed EMP

Module IlI
Review of recent publications and case studies. Synthesis and presentation of major findings and discussion

Module IV (Practical)

1. Analysis of various media and interpretation of results.
2. Satistical tools for environmental data analyses.
3. Development of models.

Suggested Readings:
1. Apello, C.A.J. and Postma, D. Geochemis@youndwater and Pollution. Balkema, 2005.
2. Drever J.I. Geochemistry of Natural waters. Prentice Hall, 1997.

3. Essentials of Medical Geology Impacts of the Natural Environment on Public Health: Editor OlleSelinus,
2005, ElsevieAcademic Press. PP: 826

4. Faure, G1991 Principles andpplications of Inoganic GeochemistryA Comprehensiv@extbook for
Geology $udents McmillanCollDiv

5. Faure, G1998 Principles anéipplications of Geochemistry Prentice Hall
6. Langmuir D,Aqueous Environmental GeochemistPyentice Hall, 1997.

7. ValdiyaK.S., 2013 Environmental Geology: EcolpBesource and Hazard Management, McGraw Hill
Education
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Course: GEOL-RS-EL3 Credit: 4
Environmental Geology and Hazard Management
Module-I

Geological aspects of pollution, Pollution of water and land by agricultural practice, mining activities and industries,
Acid mine drainage, Heavy Metal Pollutiofrace metals, speciation and toxiciBevelopment of materials for
removal ofToxic materials, Radioactive pollution; nuclear waste disposal, Impacts of anthropogenic activities on
Coastal and ocean environments, Biodegradable and Non-biodegradable waste especially plastic in oceans and la
Application of geochemical data for Eed EMP

Module-II

Lithosperic HazardSypes and Mechanisms, Earthquake Hazards and Mitigation. Soil Liquefaction. Seismic zonation
map of India.€ctonics and Climate, Landsliddypes of slope failure, Slope Mass Rating (SMR) classification,
Causative factors, Landslide Hazard Zonation, Factor of Safety analysis, Slope stabilization niéasargs,
Hazard: Origin andypes, Products and Hazards, Monitoring, Risk Evaluation and Prediciton. Meteorite Impacts,
Atmospheric Hazards: Cyclones amticyclones;Thunderstorms and Lightning, Hail, Flash Flooding,Cloud burst.
Drought, Hydrospheric Hazards: Fluvial hazards: Flooding, channel migration, bank erosion, catchment erosion
GLOFE Snow avalanches — snow packages and deasiyanche types, characteristics of avalanche, avalanche
prone areas and their mitigation, Coastal Hazdsimamis,Sea Level fluctuation, sea water intrusion and Oil spill.
Impact of mining and drilling on coastal regions.

Module IlI
Review of recent publications and case studies. Synthesis and presentation of major findings and discussion
Module IV
Application of softwares for Hazard assessment and Risk Management.t@dies &lated various Disasters
Suggested Readings:

1. Bell, EG, 1999. Geological Hazards, Routledge, London.

2. Bryant, E., 1985. Natural Hazards, Cambridge University Press.

3. Clark, Isobel and Harpemill. Practical Geostatistics 2000/2010. Geostokos (Ecosse) Limited
4. Clark, Isobel., Practical Geostatistics 1979 Elsepplied Science
5

EdwardA.K. and Robert H.B.Natural Hazards-EastliProcesses as Hazards, Disated Catastrophes,
Second Edition 2008, Prentice Hall (Pearson).

6. Essentials of Medical Geology Impacts of the Natural Environment on Public Health: Editor OlleSelinus,
2005, ElsevieAcademic Press. PP: 826

7. PatwardhanA.M., 1999.The Dynamic Earth System. Prentice Hall.
8. Sahu, B.K. Satistical Models in Earth Sciences, BS Publications
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9. Sharma, D.D..Geostatistics wilipplications in Earth Sciences’. Spring2005
10. Smith, K., 1992. Environmental Hazards. Routledge, London.

11. Todd, D.K. 2006. Groundwater hydrolgd@3nd Ed., Johiiley & Sons, N.Y
12. Trosset, 1MichadlV. An Introduction to &tistical Inference and Dafaalysis

13. ValdiyaK.S., 2013 Environmental Geology: EcolpBesource and Hazard Management, McGraw Hill
Education

14. Webster Richard & Oliver MgaretA. Geostatistics for Environmental Scientists Second Edition 2007, John
Wiley & Sons PP333.
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Course: GEOL-RS-E14 Credit: 4
Geochronology and Isotope Geology
Module-I

Principles and applications of Radiogeni¢abB, Cosmogenic anénthropogenic Isotope geochemistry
Sample processing and analytical techniques for isotope analysis.

Module-II

Isotope geochemistry of magamatic and metamorphic minerals, waters, sediments and the oceans. Zirconology a
crustal evolutionThermochronology

Module-lll
Review of recent publications and case studies. Synthesis and presentation of major findings and discussion.
Module-IV
Plotting and interpreting Geochronological and Isotopic data.
Suggested Reading:
1. Dickin, A.P. (2005). Radiogenic Isotope Geolo@ambridge University Press, 512p
2. Doe, B.R. (1970) Lead isotopes. Springerlag, 137p.

3. Faure, G1991 Principles andpplications of Inoganic GeochemistryA Comprehensiv@extbook for
Geology $udents McmillanCollDiv

Faure, G1998 Principles anfipplications of Geochemistry Prentice Hall

Faure, G and MensingM., 2005 Isotopes Principles aAgplications.Wiley

Faure, G(1986). Principles of Isotope GeologphnWiley, 589p.

Faure, Gand Powell, J.L. (1972)®ntium Isotope GeologypringeNerlag, 188p
Faure, Gunte2001 Origin of Igneous RockEhe isotpoisc evidence. Springéarlag.

© ©®o N o 0 A

Rollinson, H.R. (2007) Using geochemical data — evaluation, presentation and interpre@gtlﬁditi@n.
Publisher Longman Scientific &chnical.
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Course: GEOL-RS-E115 Credit: 4
Geotechnical and Engineering Geology
Module-I

Geotechnical classification of geological materials, Geotechnical behavior of Earth Materials, Relationship
between 8ess and ain and their measurement in rock mass. Mohr circles and Failure criterions, Rock mass
classification, NGI — Q Index, RMR, SMR, GSI and other Classification schemes.

Module-II

Structural geology with special reference to engineering gephotdsotropy and heterogeneity in deformed rocks,
Geometric analysis of folds, faults, joints and rock cleavagas;t8ral evaluation of sites of construction, Rock
Slope Engineering, Environmental Geotechnology

Module-lll

Review of recent publications and case studies. Synthesis and presentation of major findings and discussiol
Geotechnical case studies of dams, tunnels andgnoded spacénalyzing geotechnical aspects of Natural Disasters.

Module-IV

Compressive tBength tests for rocks.

Use of GPR to locate shallow structures. Exercises on glgohteria.
Determination of physical and engineering properties of soils.

Analysis of Fracture and Lineament arr@yuctural Geometry by stereographic projection. Exercises on RQD and
rock mass quality determination.

Analysis of slope stability problems.
Exercises on Plan®yedge and Circular failure analysis.
Use of software for solutions on Rock slope stability
Suggested Readings:
1. Engineering Rock Mass Classifications by Bieniawgkiey, 1989.
2. Goodman, R.E., 1993. Engineering Geology: Rock in Engineering constructionsVilem& Sons, N.Y

3. Gopal Ranjan and R#0S.R., “Basic and applied soil mechanics”, N&ge International Publishers, New
Delhi, 2000.

Johnson, R.B. and DeGraf, JA888. Principles of Engineering Geolpdghnwiley & Sons, N.Y

o

Krynin, D.P and Jud&V.R. 1957. Principles of Engineering Geology and Geotechnique, McGrawHill (CBS
Publ).

Punmia EC., “Soil Mechanics and Foundations”, Laximi Publications Pvt. Ltd., New Delhi, 1995.
Rock Mechanics by Fairhurst

Rock Mechanics for Undground Mining by Brady and Brown; Chapman and Hall, 1993.
Waltham,T., 2009. Foundations of Engineering Geolod)?jEBjn.)Taylor & Francis.

© © N o
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Course: GEOL-RS-E115 Credit: 4
Geodynamics and Neotectonics
Module-I

Internal structure of the earttfariation of physical properties in the earth, Detailed structures of core, mantle and
crust, including their geophysical properties and composition, Geodynamic evolution of Earth and its components
Distribution of tectonically active zones, Configuration of the Indian plate and origin of the Himalayas.

Module-II

Introduction to Neotectonics and active tectonifistust and fold beltsictive faults: concepts and methods,
Geomorphic markers of tectonic deformatidative tectonics and alluvial river$ectonics and erosion. Landscape
response to active tectoniggctonic- climate interaction, GPS geodesy and its applications to lithospheric deformation,
Rate of deformation and seismicitgtroduction to paleoseisomoladypplication of isotopic and fission-track data

for uplift-erosion-incision relationships.

Module-llI
Review of recent publications and case studies. Synthesis and presentation of major findings and discussion
Module-1V
Acquiring Total Sation, GPR, DGPS and satellite data and interpretation. Geodesic Data analysis and interpretation
Analysis of isotopic and fission-track data and interpretation.
Suggested Reading:

1. Allen, PA., 1997. Earth Surface Processes, Blackwell publishing.

2. Bloom,A.L., 1998. Geomorphology Systematié\nalysis of Late Cenozoic Landforms, Pearson Education.

3. Bridge, J.S. and Demicco, R,2008. Earth Surface Processes, Landforms and Sediment Deposits, Cambridge
University Press.

Bull, W.B., 1991. Geomorphic Response to Climate Change, Oxford University Press.
Bull, W.B., 2007 Tectonic Geomorphology of Mountains, Blackwell Publishing.

4
5
6. BurbankW.B., andAnderson, R.S., 200Tectonic Geomorphologlackwell Science.
7. Easterbrook, D.J., 1992. Surface Processes and Landforms, MacMillan Publ.

8. Kale,V.S. and Guptd)., 2001. Introduction to Geomorpholgdyrient Longman Ltd.

9. Keller, E.A. and Pinter N., 200Active Tectonics: Earthquakes, Uplift, and Landscape, Prentice Hall.
10. McCalpin, J., 1998. Paleoseismolpggademic Press.

11. Schubert, GTurcotte, D. L. and.®Dlson Mantle Convection in the Earth and Planets, , Cambridge University
Press, 2001.

12. Schumm, S.A. and Holbrook, 2008ctive Tectonic andAlluvial Rivers, Cambridge University Press.
13. Turcotte, D. L. and Schubert,,@002.Geodynamics: 2nd Ed, JoNiley & Sons, NY
14. Wilcock, PR., Iverson, R.M. (2003) Prediction in geomorphol@gyU Publication
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Course: GEOL-RS-E116 Credit: 4
Geology of Eastern Himalayas
Module |

Geology of Sub , Lesser , Greater/ Higher &ethyan Eastern Himalaya ( Sikkim- Darjeelirgynachal ), Indo
Myanmar Ranges in Nagaland and Manipur and Shillong Plateau, Meghdat@ostratigraphy of the Eastern
Himalaya and Eastern Syntaxial belt, Proterozoic Daling - Buxa-Miri geology of the Sikkim — Darjeelrgaachal

Lesser Himalaya. Higher grade gneisses ( Darjeeling — Sikkim Group and Lingtse Granite Gneiss ), Rangpo- Bhutan
sulphide mineralization, Paleozoic — Mesozoic Gondwana- Rishi Group in Sikkim ( Namchi Formation and
paleoglacialRanijit Pebble Slate ) aldinachal Himalaya. Geology d&thyan Group rocks,

( Everest Limestone , Lachi and ChhoLahmo Formation ), M@&ctonic units, Main Boundaryhrust ( MBT) and
Main CentralThrust ( MCT) in the Eastern Himalaya.

Module I

Geodynamic evolution of the Eastern Himalaya, eastern syntaxial belt and Indo — Myanmar orogenic ranges, Collisio
of Indian andAsian and Indo — Myanmar Plates, Manipur Nagaland Ophiolite belt, subduction and olistostromes.
Chromite and PGE mineralisation, Development of Foreland basins ( Siwaliks ) , neotectonic aceéyata

valley, climate and tectonic relationship, Lesser Himalayan stromatoliticcarbonate platforms and siliciclastic shallow
water sedimentation, Gondwana coal formation in the Namchi( SikkimAmméchal Himalaya an@ertiary oil
formation in theAssam -Arakan basins, Development of the easf&tnyanrealm , extension of westd@ethys in

the eastern India in Meghalaya, High resolution Cretacedastiary Boundary mass extinction and stable isotope
chemostratigraphy in the Shillong Plateau, Paleogeography and northward flight of India during Late Cretaceous an
- Paleocene time and birth of Himalaya-Alpine mountains, Quaternary Geology and Glaciers of Sikkim (LachenChhu,
LachungChhu, Zemu, Changmekhampu, Kanchengayo).

Module IlI
Review of recent publications and case studies. Synthesis and presentation of major findings and discussion

Module IV

a. Section Measurement and collection of samples and field data.
b. Litholog correlation of various sections.
C. Study of thin sections from various formations.

Suggested Readings:

1. Acharyya, S.K., 1978.t&tigraphy and th&ectonics of the Eastern Himalaya. InSPSaklani, ( Editior ),
Stratigraphy and Geology of the Himalayi@day andfomorrow Publications, 243- 269.

2. Basu, S. K, 2013. Geology of Sikkinte®e and Darijiling district dVest Bengal. Geological Society of India
, Bangalore , 2013.

3. Earth Science Reviewolume 76, p,1- 131.
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10.

Geology and Mineral Resources of Sikkim, 2012, Miscellaneous Publication Number 30 Part XIX Geological
Survey of India.

Geology Mineral andVater Resources of Sikkim, 2009 Special Publication No. 93: Geological Survey of
India.

Mukul, M. AND Martin, M., 2005.Tectonics of the Himalayan Mountain Front, Darjiling Himalaya ,
India., In: Mucclik, M., Rigguzi, Fand Mukhopadhya , D., 2009.( Editors ), Estimates of motion and strain
rates across active faults in the frontal part of Eastern Himalaya in north Bengal from GPS measurements
Terra Nova , .¥lume, 21( 5), p.410-415.

Sinha RoyS. 1982, Himalaya, MCand implication for Himalayan inverted metamorphisrectonophysics,
Volume 84, 197- 224.

Tewari,V.C. and Seckbach, J. .Z01nteraction of Microbes with Sediments. Springeriag, Heidelbe,
Germany 745 pages.

Valdiya, K.S. DyanamicHimalaya ,, University Press ( India ) Limited, Hyderabad, 178 pages.

Yin, A., 2006. Cenozoic tectonic evolution of the Himalayan Orogen as constrained by along strike variations
of structural geometry , exhumation history and foreland sedimentation .
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Course: GEOL-RS-EL7 Credit: 4
Invertebrate-Vertebrate Palaeontology and Paleobotany
Module: |

Origin and evolution of Invertebrate aMertebrate fossils, Precambrian to Cenozoic life & events, Major invertebrate
and vertebrate fossil groups, Important type areas of fossil localities of India and the world, Body and trace fossils
fossilization process andmode of preservation, methods of description and fossil identifitedinai@ites their
classification scheme, microstructures and global distribution in Proterozoic sedimentary basins and correlation
Principles of biostratigraphpiozonation, fossil assemblages, correlation, Paleobotany (Palynology and significance
of Gondwana flora), Quaternary climate and Dendrochrondigpglication of fossils in paleoenvironment and

paleogeograpgy
Module I

Major steps in diversification and extinction of Invertebrate\&rtiebrate animals,Global biotic events across the
Precambrian- Cambrian , Permiemassic and Cretaceoudertiary boundaries, evolution and extinction of dinosaurs,
Paleoecology and paleoclimatic implications of the fossils and chemostratigeagphaijed study and significance of

the Ediacaran soft bodied animals, trace fossils Mollusca, trilobites, brachiopods, graptolites and ammonoids
Biostratigraphic significance of the fossils including Gondwana plant fossils in the Northeastern Himalaya with
special focus on the Sikkim Himalaya.

Module IlI
Review of recent publications and case studies. Synthesis and presentation of major findings and discussion
Module IV

Field / Laboratory Practicals and Case studies

a. Field based study of fossils, plant fossils ,stromatolites and collection of fossils.

b. Identification, systematic description, thin section study and processing of samples in the lab for various
investigaions.

C. Use of research techniques and preparation of biostratigraphicfossil distribution charts etc.

Suggested Readings:
1. S.K. Shah. Elements of Paleontolog913.Text Book Series, Geological Society of India. 144 Pages.

2. Shrock, R.R. andwenhofel,W H., 1987. Principles of Invertebrate Paleontology . CBS Publishers and
Distributers, Pvt. Ltd., New Delhi.

Romer A.S. 1966 Vertebrate Paleontology , University of Chicago Press. ,USA.

Nield, E,WandTucker V.C.T. , 1985., PaleontologyAn Introduction.Pregamon Press. Oxford.
Colbert, E.H., 1980. Evolution of théertebrats. Johwiley and Sons Inc. .USA.

Arnold, C.R., 1978An Introduction to PaleobotanyohnWiley and Sons, Inc. USA

Clarkson, E.N.K. 1998. Invertebrate Palentology and Evolution. Blackwell Series, UK.
Milsom, C. and Rigby .S. 2010. Fossils at a Glak¢éey- Blackwell, ,West Succex ,UK.
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SCHOOL OF PHYSICAL SCIENCES

Course: GEOL-RS-E118 Credit: 4
Micr opaleontology andAstrobiology
Module |

Basics and Fundamentals of Micropaleontologystrobiology Prokaryotic , eukaryotic, planktonic and benthic
microfossils and their classifications, taxongreystematics andbiostratigraphic significance, Unicellular to
multicellular evolution of micro@anismsApplication of microfossils in the hydrocarbon generation, paleoenvironment
and paleotemperaturBheories of Origin, evolution , diversification and extinction of life on EartiAairdbiology
Global evidences of early life on Earth, India and special reference to Himalaya, Systematidedaiistafmatolites

, three dimensional reconstructions, microstructures and paleoenvironmental / paleoclimatic interpréatatianslite
biostratigraphy and microbiallymediated sedimentary structutesly ©fmicrostromatolites , ganic walled
microfossils, paleobiology and unicellular to multicellular evolution gdoisms and theistrobiological implications,
Geomicrobiology and Molecular biological (DNghd RNA), Sudy of the speleothems.

Module Il

Taxonomic diversity in Prokaryotic and eukaryotic bacteria, benthic and planktic foraminifera and radiolarians,
Paleoclimatic and paleoceanographic significance of foraminifera, algal microfossils

,dinoflagellates,coccoliths and palynomorphs etahl€ isotope chemostratigraphy of the microfossil yielding carbonate
sequences and paleoclimate, Past life on Earth and recentsearch for life and methane on Mars by ISRO and NASA.Futi
space research on Eurofd@an and other planets of the Solar systemAfgtrobiological aspects. Laser Raman
Spectroscopic and Confocal Laser Scanning Microscopic studies of earliest microfossils oAt&aithForce
Microscopy , stable isotopic and biogeochemistry of microfossils, Possible life evidences from meteorites from Mars
recovered fronAntarctica, IndidAustralia and elsewheretusly of amino acids and othergamic compounds in
meteorites, Microbially Induced SedimentatyStures on Mars and Earth, Fluvial , paleo lake and glacial deposits
on Mars, Carbon and Sulphur cycles on Mars and other planets, Glacial lakes in the Himalaya and permafros
conditions on Earth lik&ntarctica andrctic regions and their comparison with and Martian analogues.

Module IlI
Review of recent publications and case studies. Synthesis and presentation of major findings and discussion
Module IV

Field / Laboratory Practicals

a. Collection of fossiliferous carbonates for microfossil recovery in the laboratory and thin section study

b. Laser Raman spectroscopic, CLSM-M , SEM ,IPMA, and isotopic analysis of the microfossils. PCR
(DNA) sequencing of speleothems (in collaboration).

C. Systematic stromatolite and speleothem sampling from the Proterozoic and Phanerozoic successions

d. Identification of microfossils and thekstrobiological implications

e. Meteorite samples for possible search of biomolecules and micro/ nannofossils.
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Suggested Readings
1. Schopf, JW. 1983, Eartls Earliest Biosphere, Its Origin and Evolution - Princeton University Press, Princeton

2. Valdiya, K. S., &Bwari,V. C. 1989, 8omatolites andtBomatolitic Deposits, Himalayan GeologyojVme
13) -Wadia Institute of Himalayan Geologyehradun, India

3. Schopf, J.W& Klein, C. ,1992The Proterozoic Biosphera&:Multidisciplinary Sudy - (1992), Cambridge
University Press, NeWork

4. Knoll, A. H. (2003), Life on &oung PlanefThe FirstThree BillionYears of Evolution on Earth - Princeton
University Press, Princeton

5. KonhauserK. (2007), Introduction to Geomicrobiology -Blackwell, Malden

6. Tewari,V.C. and Seckbach, J. .Z0Anteraction of Microbes with Sediments. CO&ume 18, Springer
Verlag, Heidelbay, Germany745 pages

7. Seckbach J. & alsh, M. (2009 ). From FossilsAstrobiology: Record of Life on Earth and the Search for
ExtraterrestrialBiosignatures - Seckbach JV&lsh, M. (2009), Springe€OLEVolume, 12

8. Chela-Flores, J. (2@} .The Science &strobiology -), SpringerlCOLE,Volume 20
9. Amstrong, H. and BrasigM.D., Microfossils, Johiwiley and Sons. Inc.
10. Bignot, G, 1985. Elements of Micropaleontolo@pringer
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Course: GEOL-RS-E119 Credit: 4
Ore Geology and Metallogenesis
Module-I

Ore Genetic Processes. Ore textures and their origin, Important mineral associatioiesentdjénetic groups,
Tectonic Controls on Mineralisation, Growth and growth structures of crystalline phases in open space anc
polycrystalline aggregatestr@e¢tures due to annealing and deformation, Pathfinders and tracers associated with ore
deposits, Geochemical characteristic of groundwater in ore proXjmgiégation of Geobotanicalstudies for identifying

ore deposits.

Module-II

Paragenetic studies and Phase diagramalytical Techniques in Ore Geology with special reference to portable
techniques, Fluid inclusion studies for geothermobarometry and recognition of fluid components, Mineral analysis
and phase relationships, Isotopes studies for discriminating deposit potential, Isotope studies for dating and identifyin
ore deposit relationships.

Module-lll
Review of recent publications and case studies. Synthesis and presentation of major findings and discussion.
Module-IV
Study of OreTextures, micro structures and establishing paragenetic sequence.
Characterization of Fluid Inclusions.
Themobarometric calculations of oxide and sulphide phases.
Suggested Readings:
1. Arogyaswami, R.IN. 1996 Courses in Mining Geolagith Ed. Oxford-IBH.
Barnes, H.L., 1979. Geochemistry of Hydrothermal Ore Deposits \¥dén
Chatterjee, K.K. 2008n IntroductionTo Mineral Economics
Clark, GB. 1967. Elements of Mining. 3rd Ed. JOWMiley & Sons.
Craig J.R. anWaughan, D.J. 1994. Ore Microscopy and Ore Petrography
EvansA.M., 1993. Ore Geology and Industrial Minerals, Blackwell.
Guilbert, J.M. and Park,.JE.F, 1986.The Geology of Ore Deposits. Freeman.
Klemm, D.D. and Schneidgd.J., 1977Time and &ata Bound Ore Deposits. Springarlag.
McKinstry, H.E. 1962. Mining Geology (2nd Ed\yia Publishing House.
10. MookherjeeA., 2000. Ore GenesisA-Holistic Approach Allied Publisher
11. Stanton, R.L., 1972. Ore PetrolggyicGraw Hill.
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Course: GEOL-RS-E120 Credit: 4
Paleoclimatology
Module I:

Fundamentals and Basics of Paleoclimatol@&@fteoclimate change on Earth since Proterozoic to recent geological
past, Paleoclimate proxies ( geological, biological, historical) , glacial deposits, periglacial features, aeolian anc
lacustrine sediments, speleothems, ( age and stable isotope compdsitiemings, pollen, corals, diatoms, plant
microfossils, and planktonic and benthic microfossils and their oxygen isotope compaosition, Numerical models of the
paleoclimate system, Milankovitchcycle , orbital variations of earth and solar radiation. Past global warming and
cooling cycles, Interaction of climate system (atmosphere, ocean, biosphere, land surface and crysigntinere ),
Himalayan mountain glaciers, and continental ice sheets (northern and southern polar ice caps).Last Glacial Maxin
(LGM) and Little IceAge (LIA), Glacial- integlacial cycles during Quaternary Period, Upliffidietan Plateau and

rise of Himalaya, and onset of Indian Summer Monsoon, El Nino Southern Oscillation ( ENSO) and La Ninas ,
Intertropical Convegence Zone (ITCZ ), speleothem and sea level variation, thermohaline circulation of the oceans
, Heinrich and Daansgard events, Geocheriwals for identifying climate changapplication of Redox sensitive
elements Co, Mn, Fe, Ce, and Pt in climate change studies, Radiocarbon, Uranium Series,
Luminescence, Thermoluminescente( OSL) and Radioisotopic methods for dating of climate events, Biological
dating methods (Amino acid dating, LichenomgBgndrochronology ), dating of ice cores, tree line fluctuations ,
pollen analysis, Paleoclimate models and bagernmental Project on Climate Change (IPCC).

Module 2

Paleoglaciations during Proterozoic , Snow Ball Earth ( Neoproterozoic glaciation ), ice albedo, low latitude glaciations,
Post EdiacaranLowerPaleozoic ( Ordovician, Silurian , Carboniferous — Permian glaciations ) and their equivalen
glacial paleoclimatic events in the Lesser @athyan Himalaya and Gondwanaland. Paleoclimatic reconstructions,
carbon isotope chemaostratigraphy ,paleomagnetic and RodiniaSupercontinental reconstruction, Blainian glaciation
Blaini Boulder Bed) of the Garhwal Lesser Himalaya , Lower Gondwana glaciation of the Sikkiknuanadthal

Lesser Himalaya ( Ranjit Boulder Slate ), Global Mesozdertiary warm and cool climatic fluctuations , Cretaceous

Tertiary cool climate and Paleocene — EocEnermal Events and their records in the Indian subcontinent, Global
temperature and sea level rise, increase ingreen house gases in atmosphere, Global warming and melting of ice she
in the northern and southern hemispheres including the third pole Himalayan glaciers from NW in Kashmir to Sikkim
in the east, Pleistocene glaciation and Last Glacial Maxima and Littkegkeeand its evidence from the Indian
subcontinent, Mountain Meteorology and Glacial Lake Outburst Flood ( GLOF ).

Module IlI

Review of recent publications and case studies. Synthesis and presentation of major findings and discussion
Module IV

Field / Lab. / Case History:

1. Field study of the paleoglaciers , collection of tilloid, diamictites , glacial carbonates for lab analysis.

2. Reconstructions of the paleopositions of the continents showing paloclimatic zones.
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3. Preparation of report / dissertation / case histories of the past climates
Suggested Readings
1. J. PParrish. Interpreting Pre Quaternary Climate
2. M.L. Bender Paleoclimate. Princeton University Press.
3. Margaret Leinen and Michel Sarnthein, 2012. Paleoclimatology and Paleometerology : Modern and Past
4

Raymond S. Bradlgey 999. Paleoclimatology: Reconstructing Climate of the QuaterisgvieiAcademic
Press.
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Course: GEOL-RS-E121 Credit: 4
Developments in Hydocarbon Exploration
Module- |

Origin, Migration andAccumulation of Petroleum, Reservoir rocks, Reservoir traps and Cap rocks, Hydrocarbon
traps, Petroleum system and prospect evaluation, Petroliferous basins of India, Developments in petroleum exploratio
Sequence, Seismic and Biostratigrapg¥licropaleontological applications in Hydrocarbon exploration, Petroleum
geochemistrySeismic Data acquisition and processing, Petrophysical properties of rocks, Oil well drilling, Casing
and Coring, Formation evaluation, Mud loggikiggll logging and reservoir parameters,

Module-II

New technologies antechniques used in shale gas exploration and production, Shale Gas: Introduction of shale gas
Early Shale Plays, Recent and Egieg shale Plays, Gas Hydrate: Gas hydrate, occurrence and otrigaty & of

gas hydrateTypes of gas hydrate; Geological setting of Hydratabiity of gas hydrates; Gas hydrate reservoir;
Geological and geophysical exploration of gas hydrate.CBM.

Module- 111-
Review of recent publications and case studies. Synthesis and presentation of major findings and discussion.

Module —IV

Practical

1) Interpretation of geologic structures from surface geological maps and bore hole data.

2) Preparation of structure contour and isopach maps of reservoir facies and drawing oil/water contact from
bore hole data.

3) Interpretation of Seismic data for identification of subsurface structure.

4) Micropaleontological zonation exercises.

5) Calculation of oil reserves in defined structure.

6) Interpretation of well logs.

Suggested Readings:
1. Petroleum Geology:.R.North, 1986Allen and Unwin
Petroleum Formation and Occurrence:.Big3ot and D.H.Wlte 1978, Publisher: Springé&ferlag

2

3. Elements of petroleum Geology: R.C.Shelley 12@&demic press

4. Petroleum Development GeologyAMDickie, 1986, Publisher: Pennwell Publishifiglsa, Oklahoma
5

Petroliferous basins of India: Publisher: KDMIPE, ONGC, 1986.
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Course: GEOL-RS-E122 Credit: 4
Sequence Batigraphy and Basin Analysis
Module-I

Sequencetgatigraphy: Historical developments, definitions and key concepts, base level changes, transgressions an
regressions,t@atigraphic surfacesti@tal terminations, sequence stratigraphic surfaces, Unconformity and correlative
conformity, Systemdracts: Lowstandlransgressive, Highstand, Falling stage. Shelfgmasystem tract (SMST)
UnconformitiesType |, Type Il andType I, Sequence Models: Depositional sequence, Genetic stratigraphic sequence,
Transgressive- Regressive sequence. Hierarchy of sequences and bounding surfaces.

Module-II

BasinAnalysis: Definition and scope of basin analysisayraphy and sedimentology of Sedimentary basin:
Introduction, ®atigraphic- sedimentologic database, startigraphic correlation, Facies analysis, Basin- Mapping
Methods. Global control on sedimentary basin developments.

Module-lll

Review of recent publications and case studies. Synthesis and presentation of major findings and discussion
Module-IV Practical

1) Exercise on Construction of lithostratigraphy and

2) biostratigraphy

3) Exercise on Construction of Magnetostratigraphy
4) Exercise on Ichnostratigraphy
5) Exercise on Construction of Chemostratigraphy and

6) Exercise on Seismid&tigraphy
7) Exercise on Construction of Sequentatgraphy
Suggested Readings:

1. Catuneanu, O., 2002 Sequence stratigraphy of clastic system: concept, merits and pitfalls. Xdtioaal of
Earth Sciences, 85, pp. 1-43

2. Miall, A.D (1999), Principles of sedimentary basin analysis: Springer
3. PosamentieH.W. andWalker, R. G (2006Facies Models revisited:), SEPM

4. Reading.H.G 1996 Sedimentary Environments: Processes, Facies tatigr&hy: Blackwell
Publishers
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DEPARTMENT OF MATHEMATICS

M.Sc. Syllabus
Subject Code Paper Name | Credits L-T-P
Semester I
MTH-PG-C101 Analysis-1 4 4-0-0
MTH-PG-C102 Linear Algebra 4 4-0-0
MTH-PG-C103 Combinatorics and Elementary Number Theory 4 4-0-0
MTH-PG-C104 Differential Equations 4 4-0-0
Semester 11
MTH-PG-C201 Analysis-11 4 4-0-0
MTH-PG-C202 Complex Function Theory 4 4-0-0
MTH-PG-C203 Algebra 4 4-0-0
MTH-PG-0204 Numerical Analysis (Open Elective) 4 4-0-0
Semester 111
MTH-PG-C301 Topology 4 4-0-0
A) Optimization Technique
MTH-PG-0302 4 4-0-0
B) Nonlinear Dynamics (Open Elective)
MTH-PG-E303 Cryptography 4 4-0-0
MTH-PG-E304 Field Theory 4 4-0-0
MTH-PG-E305 Measure Theory 4 4-0-0
Semester IV
MTH-PG-E401 Algebraic Topology 4 4-0-0
MTH-PG-E402 Commutative Algebra 4 4-0-0
MTH-PG-E403 Differential Geometry 4 4-0-0
MTH-PG-E404 Functional Analysis 4 4-0-0
MTH-PG-E405 Operator Theory 4 4-0-0
MTH-PG-E406 Algebraic Geometry 4 4-0-0
MTH-PG-E-407 Advanced Complex Analysis 4 4-0-0
MTH-PG-P404 Dissertation/Project Work 4

243
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ANALYSIS-I
MTH-PG-C101 Credit: 4

Unit I: Real Numbers

Reldions and functiongrinite and ininite sets,countdle and uncountde setsleast upper bound gpety, the
field of real umbes, Archimedean ppety, density of ational rumbes, existence of nthaot of positve real
numbes, exponential and Igarithm, the extended eal rumber system.

Unit II: Numerical Sequences and Series

Numeiical sequences and their ergence bounded sequence&Saudly sequencesonstuction of eal umbes
using Cauby sequences; limit supmum and limit infmum, Bolzano-\Wierstrass’threorem for sequences oéal
number sefes of nonngative tems,the umber etests of covergence of sées,pover seies,absolute conergence
addition and multiplication of series, rearrangements (statement only).

Unit lll: Topology of R

Eudidean spacegpen andlosed setdjmit points,intefior points,compact subsets of Rested intaral theoem,
Heine-Boel theoem,and Bolzano-Wierstrass'threorem.

Limits of functions contiruous functions;ontiruity and compactnesgniform contiruity, connected setspnnected
subsets ofa@al rumbes, continuity and connectednesiitermedide \alue theoem; discontimities and their
classifcations, monotonic functionsinfinite limits and limits &infinity.

Unit IV : Differentiation & Inte gration

Differentigion of real-walued functions and its elementgsropeties; mean &lue theoem; Taylor's theoem;
elementay propeties of Riemann ingral, Fundamental theem of Calculusmean alue theoem,corvergence of
improper intgrals.

Textbooks:
1. Rudin,W. (2013)Principles of M@hemadical Analysis(3rd Edition), Tata McGraw Hill Educdion.
Reference books:

1. Apostol,T. (2000)Mathemdical Analysis(2nd edition) Nassa Book Disibuters Pvt. Ltd

2. Bartle, R.G. and SherberD. R. (2000)Introduction to ReaAnalysis (3rd edition) dhnWiley & Sons,
Inc., New York.

3. Fraleigh,J B. (2002)A Hrst Couse inAbstiact Algebra (4th edition) Narsa Pubshing House New
Delhi.

4. Gallian,J A. (1999)Contempoary Abstiact Algebra (4th edition) —Navsa Pulishing HouseNew Delhi.
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LINEAR ALGEBRA
MTH-PG-C102 Credit: 4
Unit I: Vector Space

Vector spacedinear ind@endence; linear ansbrmations, matrix representtion of a linear tansbrmation;
isomorphism between the algebra of linear transformations and that of matrices;

Unit II: Eigervalues and Eigervectors

Similarity of matrices and linear transformations; trace of matrices and linear transformations, characteristic roots
and harmcteistic vectos, chamcteistic polynomials, relaion between tamcteistic polynomial and minimal
polynomial; Cyley-Hamilton theoem (stéement and illusations ony); diagonalizaility, necessarand suficient
condition for diagonalizability;

Unit lll: Canonical Forms

Projections and theirelaion with direct sum decomposition ofeetor spaces; Warant subspaces; ipnary
decomposition theem, cyclic subspaces; companion triees; a poof of Cg/ley-Hamilton theoem; tiangulability;
canonical forms of nilpotent transformations; Jordan canonical forms; rational canonical forms.

Unit IV : Inner Product Spaces

Inner pioduct spacespropeties of inner poducts and nans, Caudiy-Schwarz inequality; ahogonality and
orthogonal complements, orthonormal basis, Gram-Schmidt process; adjoint of a linear transformation; Hermitian
unitary and normal transformations and their diagonalizations.

Textbooks:
1. Hoffman,K., Kunz, R. (2000)Linear Algebra (2nd edition) Rentice Hall of India Pvt. LtdNew Delhi.

2. Bhatadhawya, P B. Jain, S. K. and Nagpal, S. R. (2000)First Couse in LinearAlgebra, Wiley Easten
Ltd., New Delhi.

Reference books:
1. Hestein,l. N. (2003)Topics inAlgebra (4th edition),Wiley Easten Limited, New Delhi.
2. Shilov, G. E. (1998)Linear Algebra, Prentice Hall Inc
3. Halmos,P. R. (1965)Finite DimensionaMector Spaced.VanNostand Compay Inc.
4

Finkbeiner D. T. (2011) Introduction to M#&ices and LinearTransbrmations (3rd edition) Dwer
Publications.

5. Kumaesan,S(2001)LinearAlgebra: A Geometic Approad, Prentice-Hall of India Pvt. Ltgd New Delhi.
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COMBIN ATORICS AND ELEMENT ARY NUMBER THEORY
MTH-PG-C103 Credit: 4
Unit I: Theory of Numbers

Divisibility; Euclidean algrithm; piimes; conguences; Emmat’s theoem, Euler’s theoem andwilson’s theoem;
Fema's quotients and their elementaonsequences; solutions of camgnces; Chinesemainder the@m; Eulers
phi-function.

Unit II: Congruences

Conguence modulo pmers of pime; pimitive roots and theirxastence; quadtic residues; Lgende symbol,
Gausslemma #&dout Legende symbol; quadtic reciprocity law; proofs of \alious formulations; Jacobi symbol.

Unit 1ll: Diophantine Equations

Solutions of ax +p = x2 + y2 = z2 x4 + y4 = 22 ; popeties of Pythgorean tiples; sums of tw, four and iive
squaes; assdaed xamples of diophantine eqti@ns.

Unit IV: Generating Functions and Recurence Relaéions

Genesdting Function ModelsCalculding coeficient of geneating functions,Patrtitions, Exponential Geneting
FunctionsA Summaion Method Recurence Reltons:Recurence Reldaon Models Divide and conquer Relans,
Solution of Linear Recurence Reldons, Solution of Inhomgeneous Recuence Reldons, Solutions with
Generating Functions.

Textbooks:

1. Niven,l., Zuckeman,H. S and Montgomel, H. L. (2003)An Introduction to theTheory of Numbes
(6th edition) dhnWiley and sonslnc., New York.

2. Burton, D. M. (2002)Elementay NumberTheoly (4th edition) Unversal Book StallNew Delhi.

3. Balakishnany. K. (1994)Sdaums Outline ofTheory and Poblems of Combin@arics Including Concets
of Graph Theoly, Schaums Outline

4. Balakishnan,V K. (1996)Introductoly Discrete Mahemaics, Dover Pultications.
Reference books:

1. Dickson,L. E. (1971 History of theTheoty of Numbes (Vol. II, DiophantinéAnalysis) Chelsea Plibhing
Compary, New York.

2. Hardy, G.H. andWright, E. M.(1998)An Introduction to th&heory of Numbes (6th edition), he English
Languae Society and Oxird University Press.

3. Niven,Il. and Zudkeman,H. S (1993)An Introduction to theTheory of Numbes (3rd edition), Wiley
Easten Ltd., New Delhi.
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DIFFERENTIAL EQ UATIONS
MTH-PG-C104 Credit: 4
Unit |: Initial Value Problems

Existence and uniqueness of solutions of IWiethod of successt gproximations, system of ifst oder
approximations, Picards theorem, Continuous dependence of the solution on initial data, general theory of systel
of first oider equdons. Linear systemglomayenous and nonhorgenous linear systems with constant &icefnts.

Unit Il Series Solution

Power setes solutionsecond ater equ#ons,ordinary points,regular points and singular pointgecial functions,
Hemite polynomials,Chéoychev polynomials,Legende polynomials,Bessel functiongsamma functions.

Unit Ill: Boundary Value Problem

Bounday value poblem, Green function,Stum-Liouville Theor, eigervalues and egnfunctions,qualitaive
properties of solutions, Sturm comparison theorem, Sturm separation theorem

Unit IV : Partial Dif ferential Equations

First oder equtions, Caudwy Kowlewski theoem, classiication of second ater PDE,canonical &rm second
order linear equ#ons with constant co-Btients,method of sgartion of vaiiables. Chaacteistics and uniqueness
theoem for hyperbolic theoems with initial boundgrconditions. Elliptic and &abolic patial differential equéions

Text Book:

1. Ross,S. L. (1984)Differential Equdions (3rd edition),JohnWiley & Sons.

2. Codlington,E.A. An Introduction to Odinary Differential Equaions, Prentice-Hall.

3. Snedlon,|.N. (1957)Elements of &tial Differential Equaions McGraw Hill.
References:

1. G. E Simmonspifferential Equaions withApplications and Histoical Notes McGraw HillEducdion.

2. Fritz John (1982)Partial Differential Equaions Spiinger-Verag, New York Inc.

3. Codlington,E.A. and Lerzinson,N. (1955)Theoly of Odinary Differential equaions TMH Educdion.
4. Cronin, J. (1994)Differential Equdions: Introduction and Qualitave Theoty, Marcel Dekler.
5

Hirsch, M\W. Smale S. and D&aneg/, R.L. (2004)Differential Equadions, Dynamical Systemand an
Introduction to ChagsElsevier.
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ANALYSIS I
MTH-PG-C201 Credit: 4
Unit I: Sequences & Functions

Sequences of functiongpintwise and undrm corvergence uniform corvergence and continty, uniform
convergence and inggration, uniform corvergence and dferentidion, Weierstrass'approximation theoem.

Unit Il Differentiability of Functions of Several Variables

Directional deivatives and diierentigbility of functions of seeral variables and their inteelaionship,chain wule,
mean alue theoem; higher aider patial deiivatives,equality of mixed patial deiivatives, Taylor's theoem.

Unit lll: Inverse & Implicit Function Theorem

Injective mgping theoem,surjectve maping theoem,inverse function the@m and implicit function theem of
functions of tvo and thee (br anal@y) variables,extremum poblems with and without constints of functions of
two and thee (br analgy) variables.

Unit IV : Multiple Inte grals

Multiple integrals,repeded intggrals,interchange of oder of intgrations,chang of variable theoem,mean-alue
theoems br multiple integrals, line integral and Geens theoem, Corvergence of impoper intgrals

Textbooks:

1. Rudin,W. (2013)Principles of Ma@hemadical Analysis(3rd Edition), Tata McGraw Hill Educaion.

2. Apostol, T. (2000)Mathemdical Analysis(2nd edition) Namsa Book Disibuters Pvt. Ltd

3. Bartle, R.G. (1994)The Elements of ReAlalysis (3rd edition),Wiley Intemational Edition.

4. Joel R. HassChiistopher E.HeilMaurice D. Weir, Thomas Calculus (14Edition) Reason
Reference books:

1. Budk, R. C. &Bud, E. F (1999)Advanced Calculug4th Edition),McGraw Hill, New York.

2. Simmons,G. F(2003)Introduction toTopolagy and Moden Analysis (4th edition),McGraw Hill.

3. Bartle, R. G and SherbeérD. R. (2000)introduction to Reafnalysis (3rd edition),JohnWiley & Sons,
Inc., New York.

4. Tom M.Apostol,Calculusvolume —IlI (2?Edition), Wiley and Sons
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M.Sc Mathematics

COMPLEX FUNCTION THEORY
MTH-PG-C202 Credit: 4
Unit I: Holomorphic Functions

Holomolphic FunctionsCaudy-Riemman equ#ons and its pplications, Formal paver seies,radius of comergence
of power seies, exponential,cosine and sindogarithm functions intoduced as pmer seies, their elementar
properties.

Unit Il: Complex Integration

Integration of comple-valued functions and dérential 1-brms along a pieweéise diferentieble pah, primitive,
local pimitive and pimitive along a pi of a diferential 1-brm, Index of a dosed p#h, Caudy’s theoem for
corvex regons.

Cauay’s intggral formula, Taylor's expansion of holomgohic functionsCaudy’s estimé#e; Liouville’s theoem;
fundamental theorem of algebra; zeros of an analytic function and related results; maximum modulus theorem
Schwarz’ lemma.

Unit lll: Singularities and Residues

Laurent xpansion of a holomphic function in an anrus, singulaities of a functionyemovale singulaities,
poles and essential singutas; extended plane and seegraphic projection,residuesgalculus of esidues; ealudion
of definite integrals; agument pinciple; Roude’s Theoem.

Unit IV: Conformal Mapping

Comple form of equéions of staight lineshalf planesgircles,etc, anaytic (holomophic) function as mapings;
conformal mas; Mobius tansbrmation; cross atio; symmety and orentaion piinciple; examples of imges of
regons under elementamanal/tic function.

Textbooks:

1. SamsonD. (2008)Comple FunctionTheoly, Texts and Readings in Mlaemdics, Hindustan BoolAgengy,
New Delhi.

Reference books:
1. Ahlfors, L. V. (1990)Complex Analysis (2nd Edition),McGraw-Hill Internaional Student Edition.

2. Conway, J. B. (2000)Functions of one compleariable, Spiinger Intenational Student editioniNarosa
Pulishing House New Delhi.

3. Churchill, R.V. (1996)Comple Variables and aplications, McGraw-Hill.

4. CopsonE.T. (1995)An Introduction to théheoly of functions of a comptéd/ariable, Oxford University
Press.

5. Shastr, A. R. (2003)An IntroductionTo Comple& Analysis Macmillan India Ltd
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SCHOOL OF PHYSICAL SCIENCES

ALGEBRA
MTH-PG-C203 Credit: 4
Unit I: Basic Concets of Groups

A brief review of groups,their elementar propeties and gamples,subgoups,cyclic groups,homomophism of
groups and Lgrange’s theoem; pemutation groups pemutations as poducts of gcles,even and od pemutéations,
normal subgroups, quotient groups; isomorphism theorems, correspondence theorem;

Unit II: Sylon’'s Theorem

Group action; Cgley’'s theoem, group of symmeies, dihedial goups and their elementapropeties; orbit
decomposition; countinggfmula; dass equion, consequencesif p-goups; Sylav's theoems (poofs using goup
actions).Applicaions of Sylav's theoems, conjugagy classes in Sn anéin, simplicity of An. Direct poduct;
structure theoem for finite aelian goups; ivariants of a inite eelian goup (Stéements ony)

Unit lll: Rings

Basic popeties and gamples of ing, domain,division ring and feld; direct poducts of ngs; dhamacteistic of a
domain; feld of fractions of an ingral domain; ng homomophisms (alvays unitay); ideals; &ctor ings; pime
and maximal idealgrincipal ideal domain; Edidlean domain; uniqueattoization domain.

Unit IV : Polynomial Rings

A brief review of polynomial ings over a feld; reducible and ireducilde polynomials,Gausstheoem for reducibility
of f(x) Z x ; Eisensteirs citerion for irreducibility off(x) Z x over Q roots of poynomials; fnite fields of oders
4,8,9 and 27 using ieducibbe polynomials wer Z2 and Z3 .

Textbooks:

1. Bhatacharya,PB., Jain,S. K. and Ngpal S R. (2000BasicAbstact Algebra (3rd edition), Camhbidge
University Press.

2. JacobsonN. (2002)BasicAlgebra | (3rd edition),Hindustan Pulishing Coporation, New Delhi.

3. Gallian,J A. (1999)Contempoary Abstract Algebra (4th edition),Narosa Pulishing HouseNew Delhi.
Reference books:

1. Herstein,l. N. (2003)Topics inAlgebra (4th edition) Wiley Easten Limited, New Delhi.

2. Fraleigh,J. B. (2002)A Hrst Couse inAbstract Algebra (4th edition),Narosa Pubishing House New
Delhi.

3. Dummit, D.S. and ®ote R.M (2003)Abstiact Algebra, JohnWiley & Sons.
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M.Sc Mathematics

NUMERICAL ANALYSIS

MTH-PG-0204 Credit: 4
Unit I: Non- linear system of equations and linear system of algebraic equations

System of non-linear eqtians: Fixed point iteation method or the system x = g(x)suficient condition ér
convergence Newton's method ér nonlinear systems

Solution of Linear equ#ns: Direct methodsGaussian elimirtéon, LU and Cholesk factoiizations. Opestional
counts or all these diect methods. Itetive methodsGeneal framavork for iterative methodsJacobi and Gauss
Seidel methodd\ecessar and suficient conditions ér corvergence order of conergence successie relaxaion
method.

Unit Il: Eigervalue Problem

Gershgorin theoem,Power and irerse paver method QR methodJacobi,Givens and Householdemethodsdr
symmetic eigervalue poblem

Unit Ill: Finite Difference Methods

Finite difference methodsof two point boundar value poblems, corvergence and stality. Finite difference
methods ér pagbolic, hyperbolic and elliptic paial differential equ#ions:Discretizaion eror, Idea of comergence
and stdility, Explicit and Cank-Nicolson implicit method of solution of one dimensionat keaduction equéon:

convergence and stality. Standad and digonal fve point brmula for solving Lglace and Bisson equiéons,

Explicit and Implicit method of solving Calyg problem of one-dimensional ave equéion, CFL conditions of
stability and comwergence Finite difference @proximations in polar coatinaes.

Unit IV : Practical

Gauss-Jordan method

LU and Cholesk factoiization methods
Inverse of a maix

S.0.R./ S.U.R. method

Relaxation method

Power and inerse paver methods
Jacobi,Givens and Householderimethods

© N o bk NP

Solution of one dimensional heat conduction equation by i) Explicit and

i) Crank-Nicolson implicit method

9. Solution of Laplace equation

10. Solution of Poisson equation

11. Solution of one-dimensionalave equéon

Textbooks:

1. K. E.Atkinson,K. E. (1989)Introduction to Numecal Analysis JohnWiley.

2. Smith,G. D. (1986)Numeical Solution of Rrtial Differential Equaions, Oxford University Press.
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SCHOOL OF PHYSICAL SCIENCES

TOPOLOGY
MTH-PG-C301 Credit: 4
Unit I: Topology

Definition and &kamples of topolgical spaces; basis and sub basideotopolay; subspace topolyy.Contiruity
and related concepts; product topology; quotient topology; countability axioms; Lindelof spaces and separable
spaces.

Unit Il: Connectedness

Connected spaces, generation of connected sets; component, path component; local connectedness, local pz
connectedness.

Unit [ll: Compactness

Compact spaces; limit point compact and sequentially compact spaces; locally compact spaces; one poir
compactifcation; finite product of compact spacestaement ofTychonof’s theoem (Poof of finite product

only).
Unit IV : Separability & Counta bility

Separtion axioms; Uysohns lemma;Tietze's extension theam; Uysohns embeding lemma and Wisohns
metrization theorem for second countable spaces.

Textbooks:
1. Munkres,J. R. (2000)Topolagy: a Frst Couse Prentice-Hall of India Ltd New Delhi.
Reference books:
1. J. Dugundji (1990)Generl Topolagy, Universal Book StallNew Delhi.
Pervin, W. J (1964)Foundaions of Geneal Topolagy, Academic Pess,New York.
Willard, S. (1970)Generl Topolagy, Addison-Wesley Pubishing Compay, Massabusetts.
Armstrong, M. A. (2005)BasicTopolayy, Spiinger Intenaional Ed
Kelley, J. L. (1990)Generl Topolagy, SpiingerVerag, New York.

o o~ w Db

Joshi, K. D. (2002)An Introduction to Genel Topolagy (2nd edition) Wiley Easten Ltd., New Delhi.
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M.Sc Mathematics

OPTIMIZA TION TECHNIQ UE
MTH-PG-0O302A Credit: 4
Unit I: Intr oduction

Nature and eaures of Opeations Reseah (O.R, Corvex set,Polyhedial Corvex Set-Linear Rsgramming (L.P),
Mathemadical Formulation of the Poblem, Graphical Solution Methogome Excptional Casestzeneal Linear
Programming Poblem (Geneal L.PP)

Unit II: Linear Programming Problem

Slack and Suplus Varable, Reformulation of the Geneal L.PP, Simplex Method- Mdrix Notation, Duality
(Staement ory of Propety without Ppof), Initial Simplex Tabeau, Pivot,Calculding the n& Simplex Taleau,
Temminal Simple Tadeau,Algorithm of the Simplg Method

Unit lll: Games and Strategies

Introduction, Two- peson Zeo-sum gmes Pay-off Matrix , some basic temns, the Maxinum Minimal Pinciple,
Theoem on Maxinum and MinimaValues of the Gam8adile Point andvalue of the GamdRule for detemining
a Sadle Roint, Games without Salle Roints, Mixed Stategies, Graphic solution of 2 x n and m x Zames,
Dominance Rupety- Geneal rule for DominanceModified Dominance Ripety.

Unit IV : Integer Programming

Trawelling Salesman Bblem, Transpot andAssignment Rsblem, Max flow-Min cut problem, Minimal spanning
tree, shortest path problem.

Text Book:

1. Hadley, G. (1966)Linear Plogramming Addison.

2. Gale D. (1989)The Theoly of Linear Economic ModeUniversity of Chicajo Pess.

3. Swarup, K, Gupta,P. K. and MohanM. (2002)Opermtions Reseanh, Sultan Chand & Son#Jew Delhi.

Reference Books:
1. Friderick S. H. and Geald J L. (1974)Opeiations Reseah, Holden-Dg Inc, San Fansisco.
2. Hamdy A. T. (2002)Opeiation Reseash: An Introduction Prentice-Hall of India Pvt. Ltd New Delhi.

—SKK”\A UN|VERS|TY—

253




SCHOOL OF PHYSICAL SCIENCES

NON-LINEAR D YNAMICS
MTH-PG-0302A Credit: 4
Unit I: Linear Systems

System of linear alinary differential equions; Fundamentals of linear systems; Linear Systems in R\3|igta
theoly, phase pdraits in R"2.

Unit II: Non-Linear Systems

System of nonlinear dinaty differential equiions; Fundamentalxéstence-uniqueness theon, dependence on
initial conditions and pametes; flow deined by differential equ#ons; lineaization; Hatman-Gobman theam;
Stability and Lyapunor functions.

Unit Ill: Stable Points

Steble manibld theoem, Center manifld theoem; Elementar bifurcations- Sadle-node Transcitical, Pitch-
fork, Hopf bifurcation.

Unit IV : Attr actors

Limit sets and tractoss, peiiodic orbits and limit gcles, steble manibld theoem for pefodic orbits, Lienard
systemsBendixons Citeria, global bifucaion of systems in R*2 .

Text Books:
1. Perko, L. (2001)Differential Equaions and Dynamical Systen&piinger.

2. Jordan,D.W. and SmithP. (1999)Nonlinear Odinary Differential Equaions: AnIntroduction to Dynamical
SystemsOxford University Pess.
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M.Sc Mathematics

CRYPTOGRAPHY
MTH-PG-E301 Credit: 4
Unit I: Number Theory and Time estimaes required for Cryptography

The big Oh notgon, time estimées Dr doing adlition, subtaction, multiplication, division. EudideanAlgorithm
and the time estimea to ind the geaest common disor of two intgyers, extended Eulidean algrithm. Popeties
of conguences:addition, multiplication, subtaction and diision; solution of linear conmgences,modular
exponentigion by repeded squang method

Unit II: Fundamental Theorems

Ferma's little theoem,Euler’s totient functionfEuler's theoem,Primitive oots. Fnite fields: Pimitive poynomials,
Irreducibe polynomials,Time estiméons for doing aithmetic opeations in inite fields, Constuction of fnite
fields.

Unit lll: Classical Cryptosystems

Shift cipher Affine cipher Substitution cipherVigenee cipher Hill cipher, pemutation cipher Public Key
cryptography: One way function, Trap door functionsConcet of public key cryptography, RSA, Digital signdure
scheme.

Unit IV : Primality Testing and Integger Factorization
Primality testing: pseudo primes, Rabin Miller probabilistic primality test, Carmichael numbers.

Factoing algorithms: Pollard’s rho methogPollard’s p-1 methodFemat’s factoiization methodDiscrete I@arithm,
Diffie-Hellman Key exchang piotocol, El Gamal cyptosystem wer pime field and iite fields, El Gamal digal
signature scheme.

(Note: A basic intoduction to Elliptic cwe cryptogrgphy should be taughtof the benef of the studentsut it
should not be inaded br examindion purpose).

Text book:
1. Koblitz, N. (1994)A couse in Numbefheoly and Cyptography, (Second Ed, Spinger-Verag.
Reference books:

1. StinsonD. R. (1995)Cryptagraphy: Theoty and Pactice CRC Pess sees on Discete Mdahemaics and
its applications.

2. Yan,S.Y. (2003)Primality Testing and Intger Factorization in Public-Key Cryptagraphy, Spinger
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SCHOOL OF PHYSICAL SCIENCES

FIELD THEORY
MTH-PG-E302 Credit: 4
Unit I Field Theory

Extensioniklds,finite extensions; algoraic and tanscendental elemenégsljunction of algbraic elementd{ronedker
theoem, algebraic extensionssplitting fields — &istence and uniquenesstension of basddld isomophism to
splitting fields;

Unit Il: Polynomials

Simple and multiple roots of polynomials, criterion for simple roots, separable and inseparable polynomials; perfect
fields; spambe and inspaalbe extensionsfinite fields; pime fields and their glation to splitting felds;
Frobeniusendom@hisms; pots of unity andyclotomic poynomials.

Unit Ill:  Galois goup

Algebraically closed felds and algbraic dosures, primitive element the@m; nomal extensions; automphism
groups andiked felds; Galois paing; deteminaion of Galois goups,fundamental theem of Galois thegt
abelian and gclic extensions.

Unit IV : Solvability

Normal and subnanal seres, composition sees, Jordan-Holder the@am (stéement ony); sohable groups,
Sovability by radicals; solgbility of algebraic equéions; symmeic functions; uler and compass consttions,
fundamental theorem of algebra.

Textbooks:
1. T. I. E R.Mathemdical pamphletsNo. 3,(1965) GaloisTheoy.
2. Artin, E. (1997)Galois Theoly, Edited ly Arthur N. Milgram, Dover Pultications.

Reference books:
1. Herstein,l. N. (2003)Topics inAlgebra (4th edition) Wiley Easten Limited, New Delhi.

2. Bhatadawya, P B., Jain, S. K. and Nagpal,S. R. (2000)BasicAbstiact Algebra (3rd edition),Cambidge
University Press.

3. JacobsonN. (2002)BasicAlgebra | (3rd edition),Hindustan Pulishing Coporation, New Delhi.

4. Fraleigh,J. B. (2002)A Frst Couse inAbstract Algebra (4th edition),Narosa Pulishing House New
Delhi.
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M.Sc Mathematics

MEASURE THEORY
MTH-PG-E303 Credit: 4
Unit I: Measures

Algebras, sigma-algbras,monotone [asses; outer meass and Catheodoy’'s extension the@m; &istence of
Lebesgue measure and of non-measurble sets.

Unit II: Integration

Measuable functionsmonotone pproximability by simple functionsintegrability and Lebesgue intgration; standaat
limit theorems:Fatou’s lemmamonotone covergence and domined cowergence thea@ms; almostyerywhere
considerations.

Unit Ill: RandomVariables & Distributions

Probability, random ariables and their disiioutions, joint distibutions and indegendenceBorel-Cantelli lemma
and Kolmogorov's zro-one lav, Some of the mer standad distibutions - both dis@te (Benouilli, Binomial,
Poisson,etc) and contimous (Unibrm, Normal, etc); a bief introduction to conditional»@ectdions and
probabilities.

Unit IV : Measures on Poduct Spaces

Product measus,theoems ofTonelli and Fubinijndependence and pduct measws,infinite products andifite
stae Matkov Chains,Kolmogorov consisteng theoem. Chaacteistic funcions,modes of covergence

Text book:
1. Athreya, S. R. and SundeW.S. (2008)Probability and Measue, Universities Pess,India.
Reference:

1. Rana,l.K. (2002) An Introduction to Measw and Intgration, American Mah. Soc 2. Chungk. L.
(2001)A Course in Pobability Theory, Academic Pess.
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SCHOOL OF PHYSICAL SCIENCES

ALGEBRAIC TOPOLOGY
MTH-PG-E401 Credit: 4
Unit I: The fundamental goup

Homotoyy of pahs, fundamental gpup of a topolgical spacefundamental goup functoy homotopy of mas of

topolagical spaces; homotgpequivalence; contictide and simp} connected spaces; Caldita of fundamental
groups of n (n > 1) usingan Kampers theoem (special case); fundamentedgp of a topolgical group; Bouwer’s

fixed point theaem; fundamental theem of algbra; vector felds, Frobenius the@m on eignvalues of 3 x 3
matrices.

Unit II: Covering spaces

Covering spacesynique lifting theoem, pah-lifting theorem, covering homotop theoem, fundamental gup of
1,1 x 1 etc, dggree of mags of 1 andpplicaions; citerion of lifting of mas in tems of fundamentalrgups;
universal caverings and its xstence; special cases of madfs and topolgical groups.

Unit 1ll: Homology

Caegory and Functa, Singular homolgy, relative homolay, Eilenbeg-Steenond axioms (without poof), Reduced
homolayy, relation between 11 and H1;.

Unit IV : Applications

Calculdions of homolgy of n; Brouwer’s fixed point theagm and its pplicaions to sphe¥s and ector felds;
Meyer-Vietoris sequence and itpplication.

Textbooks:
1. Munkres,J. R. (2000)Topolagy: A First Couse Prentice-Hall of India Ltd New Delhi.

2. Greenbeg, M. J. and Haper, J. R. (1997)Algebraic Topolagy: A Frst Couse (2nd edition) Addison-
Wesley Publishing Co.

3. Hatcher, A. (2002)Algebraic Topolagy, Cambidge University Press.
Reference:
1. Armstiong ,M. A. (2000)BasicTopology, UTM Spinger
2. SpanierE. H. (2000)Algebraic Topology (2nd edition) Spinger-Verag, New York.

3. Rotman,J. J (2004)An Introduction toAlgebraic Topolagy, Text in Mathemaics, No. 119, Spinger, New
York.

—SH{KH\A UN|VERS|TY—

258




M.Sc Mathematics

COMMUT ATIVE ALGEBRA
MTH-PG-E402 Credit: 4
Unit I: Rings and Ideals

A brief review of rings,ideals and homomphisms,Opeagtions on idealsExtension and cordction of idealsNil
radical and Jacobson radical.

Unit II: Modules

Modules,sub moduleshomomophism,direct sum and mducts of modulesxact sequences
Tensor poduct of modules and agras and basic ppeties

Unit lll: Modules of Fractions and Primary Decomposition

Rings and modules of fractions, Primary decomposition,

Unit IV: Integral Dependence andvaluation Rings

Integral dgpendenceGoing up and ging dawn theoems,Valudion rings; Noethean fings,Artin rings

Text Books:
1. M. F. Atiyah & I. G MacdonaldIntroduction to Comutative RingsAddisonWesle/
2. Zarinski and PSanuel, Comnutative Algebra with a viev towards Algebraic Geomety, Spiinger

Reference Books:
1. Irving Kapalansky— Comnutative Rings

2. N. S Gopalakishnan -Comnutative Algebra, Oxonian Pess
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SCHOOL OF PHYSICAL SCIENCES

DIFFERENTIAL GEOMETR Y
MTH-PG-E403 Credit: 4
Unit I: Vectors

Vectoss in R3; tangnt \ectos; tangnt spaces; taegt \ector felds; deivative mapings; tansldions; afine
transbrmations and igid motions (isometes); eterior detivatives.

Unit Il: Space Cures

Space cuwres; ac length; tangnt vectors and ector felds on a cure; cuvature and tosion; Seret-Fenet brmulas;
osculding plane; oscuting circle; osculéing sphee; fundamental theem of local theagr of space cues (istence
and uniqueness theorems).

Unit lll: Surfaces

Surfaces and their (local) pametization on coodinae systems;ltang of paametes; paametized suréces;
curves on suidces; tangnt and nanal vectors; tangnt and nanal vector felds on a suece; frst, second and thir
fundamentaldrms of a surice & a point; Gauss npgping

Unit IV : Curvatur e

Normal sections and noral cuvature of a surfice & a point; Meusnies theoem; elliptic hyperbolic pambolic
and planar points; Dupin indit&; principal directions; pincipal cuvatures of a sugce &a point; Mean cwature
and Gaussian cugture of a surdice @a point. Line of curature; asymptotic cues; conjugte directions; fundamental
equdions of the local thegrof surfaces; st'ement of Bonneg fundamental theem of local thegr of surfaces.

Textbook:
1. Hsiung C. C. (1997A first Couse in Diferential Geomety, Intemational Pess,University of Michigan.
Reference:

1. Eissenhar P. (1960)A Treatise on the Dikerential Geomety of Cuves and Sugces Dover Pultications,
Inc., New York.

2. Wedaherturn, C. R. (1964Differential Geomely of Three Dimensionshe English Languge Book Society
and Cambdge Unwersity Pess.

3. Willmore, T S (1979)An Introduction to Diferential Geomety, Clarendon Pess,Oxford.

4. Klingenbeg, V. (1978)A Cousse in Diferential Geomety, Gradude Texts in Mahemdics 51,Spiinger-
Verlag.

5. Presslg, A. (2005)Elementay Differential Geomety, Splinger Intenaional Edition.
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M.Sc Mathematics

FUNCTIONAL ANALYSIS
MTH-PG-E404 Credit: 4

Unit I: Normed Linear Spaces and Banach Spaces
Bounded Linear Operators, Duals, Hahn-Banach theorem, Uniform boundedness principle.
Unit Il: Open mgpings and dosed gaph theorems
Some aplicaions,dual spaces;omputing duals of and C 0,, reflexive spaces;
Unit lll: Weak and weak* topologies
BanachAlaoglu theorem, Hilbert Spaces-orthogonal sets, projection theorem, Riesz representation theorem
Unit IV : Adjoint oper ator

Self-adjoint, normal and unitary operators; Projections, spectrum and spectral radius, spectral theorem for compa
operators

Text Book:
1. G.F. Simmons-Topolagy and Moden Analysis(Ch. 9,10,11,12),TMH
2. J.B. Conway- A first couse in FunctionaAnalysis Spiinger

Reference Books:
1. W. Rudin-Real and CompieAnalysis TMH

2. Erwin Kreyszig — Intoductoy FunctionalAnalysis withApplications.
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SCHOOL OF PHYSICAL SCIENCES

OPERATOR THEORY
MTH-PG-E405
Unit I: Compact operators on Hilbert spaces
Fredholm theoy, index
Unit Il: C ™ algebra

Non-comnutaive staes and epresentdions, Gelfand-Neumak representdion theoem.

Unit Ill:  Von-NeumannAlgebras

Projections, Double communtant theorem

Unit IV: L “ Functional Calculus

Toeplitz opertors

Text Books:

1. W. Arveson-An Irvitation to C* algebras GTM(39), Splinger-Verag
2. V.S. Sunder An invitation to von Neuman algbras, Spiinger-Verag
References:

1. N.Dunford and JT. Scthwarz-Linear Opeators, Part-1l: spectal theoy.

Credit: 4
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M.Sc Mathematics

ALGEBRAIC GEOMETR Y
MTH-PG-E406 Credit: 4
Unit I: Affine algebraic sets

Affine spaces and algraic setsNoetheian lings, Hilbert basis theam, affine algebraic sets adiiite inteisection
of hypersurfaces; Ideal of a set of pointgodinate ling, momphism betveen algbraic setsisomophism. Intgral
extensionsNoethers nomalizaion lemma

Unit IIl: Hilbert's Nullstellensdz and gpplications

Correspondence between radical ideals and algebraic sets, prime ideals and irreducible algebraic sets, maxin
ideals and pointg;ontiapositive equvalence betwen afine algébras with algbra homomaophisms and algbraic

sets with mgphisms between afine domains andiieducilie algebraic setsgecomposition of an adgraic set into
irreducibde components. Zeki topolagy on afine spacesalgebraic subsets of the plane

Unit Ill:  Projective spaces

Homogeneous codlinates, hypemplane & infinity, projective algebraic setshomaeneous ideals and gjective
Nullstellens#z; Zaiski topolagy on piojective spacesTwisted cubic in P_3(Kk). Local ppeties of plane cwes:
multiple points and tarent linesmultiplicity and local mgs, intersection mmbes; projective plane cures:Linear
systems of cwes,intersections of prjective cuves:Bezout’'s theoem and pplicaions; goup stucture on a cubic

Unit IV : Intr oduction to sheaes of afine varieties

Examples of prsheses and she@s,stalks sheaification of a pesheafsectionsstructure sheafgeneic stalk and
function felds,rational functions and locaings,Affine tangnt spaces; Bjective varieties and mgrhisms; Hausdoif
axiom. Pime spectum of a ing: Zariski topolayy, structiureaheaf affine shiemesmomhism of afine shemes.
Elementay DimensionTheol, Fibres of a mgohism,complete aiieties,nonsingulaty and egular local mgs,
Jacobian dterion, nonsingular cures and VR’s.

Text Books:

1. W.FultonAlgebraic Curves:An introduction to algbraic geomety
2. C. G Gibson -Elementay Geomety of Algebraic Curves CUR
3. D. S Dummitt and R. M. Bote —Abstract Algebra, Wiley, Ch. 15
Reference Books:

1. J. Harris Algebraic Geomety, A first couse Splinger

2. M. ReidUndegraduae algebraic geomety, LMS 12, CUP

3. K. Kendig —Elementay Algebraic Geomety, Spinger

4. D. Mumford —The Red Book ofarieties and SeemesSpinger
5. I. R. Shaérevich —BasicAlgebraic Geomety, Spiinger
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SCHOOL OF PHYSICAL SCIENCES

ADVANCED COMPLEX ANALYSIS
MTH-PG-E407 Credit: 4
Unit I: Harmonic functions and their properties:

Hammonic functionsRelaion with anajtic functions Chaacteisaion of Hamonic functions i mean-alue popety,
Propeties of Hamonic functionsPoissons integral formula, Dirichlet problem for a disc

Unit Il: Weierstrass Elliptic function:
Douly peiiodic functions Weierstrass Elliptic function.
Unit lll: Preliminaries of Nevanlinna Theory:

Entire functionsM (r, f ) and its popeties (stéements onyl), Meromorphic functions and theixpansionspefinition
of the functionan(r, a), N(r,a) andT(r,f).

Nevanlinnas first fundamental theem, Catan’s identity and corexity theoems,Orders of gowth, Order of a
memomoiphic function,Compaative gowth of log M(r) and T(r), Nevanlinnas second fundamental thean,
Estimdion of S(r) (Staement ony), Nevanlinnas theoem on detient functions. Neanlinnas five-point uniqgueness
theorem, Milloux theorem.

Unit IV : Intr oduction to several complex variables:

Functions of seeral comple variables,Power seres in sgeral comple variables, Region of corvergence of paver
seies,Associded iadii of corvergenceAnalytic functions,Caudy-Riemann equ#ons, Caudwy’s integral formula,
Taylor’'s expansion,Caudy’s inequalitiesZeros and Singuldties of anaytic functions,Weielstrass peparation
theorem (statement only).

Text Books:

1.A. I. Markusheich - Theoly of Functions of a Comptevaiiable, (Vol. 1, 11, III).

2. E.T. Copson An Introduction to ther'heoly of Functions of a Comptévariable.

3. E. C.TitehmashThe Theowy of Functions.

4.W. K. Hayman - Meomorphic Functions.

5. L.Yang -Value Distibution Theos.

6. R. C. Gunning and H. Rosshnalytic Functions of Seeral Comple Variables.

7. Bohner and Main - Several Comple Variables.

8. B. A. Fuks -An Introduction to thél'heory of Analytic Functions of Seeral Comple Vaiables.
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DEPARTMENT OF MATHEMATICS
M. Phil/Ph.D CourseWork Syllabus

Course Code | Course Name Credits Marks
MAT-RS-C501 | Research Methodology 4 100
MAT-RS-0502 | Research Proposal and Preparation 4 100
MAT-RS-E503 | Differential Quadrature methods and Applications 4 100
MAT-RS-E504 | Mesh-free methods and Applications 4 100
MAT-RS-E505 | Computational method for PDE 4 100
MAT-RS-E506 | Commutative Rings 4 100
MAT-RS-E507 [Value Distribution Theory 4 100
MAT-RS-E508 [Advanced Linear Algebra 4 100
MAT-RS-E509 | Advanced Functional Analysis 4 100
MAT-RS-E510 [Numerical Linear Algebra 4 100

265
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Reseach Methodology andAdvanced Mathematics
MAT-RS-C501
UNIT I: Used of computer/Programming
LaTex and Beamer typing
Concept of computer language-Fortran 90 programming,
Matlab, Mathematica, CoCoa software, Origin
UNIT I, 1 &IV : Quantitative method & Problem solving in Mathematics

Problem solving i\lgebra and Numberheory Problem Solving idnalysis and Diferential Equations, Problem
Solving inTopology and Complex Functidrheory

Reseach Proposal and Peparation
MAT-RS-C502
Unit | & II: Review of a scientific r eseach paper

Studying a research paper and writing a review of the same, identifying any new problem, question, and directior
emanating from the paper

Unit Il & IV : Research proposal

The students will write a detailed proposal of their research including a thorough review of literature on a topic of
their choice and present the same in a seminar at least 10 days before the End-Semester examination.
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Differential Quadrature Methods and itsApplications
MAT-RS-E503
Unit-1: Intr oduction to Differential Quadrature

Introduction, diferential quadrature, analysis of linear vector space, properties of linear vector space, solutions of
partial diferential equations and function approximations, Fourier series expansion, general functions, even functions
odd functions.

Unit-11: Polynomial based differential quadrature (PDQ)

Computation of weighting coitients of the first order derivative, Bellmar@pproaches, Quan and Charagproach,
Shu's general approach.Computation of weighting ficiehts for the second and higher order derivatives,sShu’
recurrence formulation for higher order derivatives.Matrix multiplication approach.

Unit-11l: Fourier expansion based dierential quadrature (FDQ)

Cosine expansion basedfdiential quadrature (CDQ) for even functions, Sine expansion bafediifal quadrature
(SDQ) for odd functions, Fourier expansion basef@dihtial quadrature (FDQ) for general functions.

Unit-1V: Solution techniques for dérential quadrature (DQ) resultant equations

Solution techniques for dédrential quadrature of ordinary tifential equations (ODES),
Implementations of boundary conditions.Sample applications of DQ methodgerBequation,
Two-dimensional Poisson equation and Helmholtz eigenvalue problems.

Text Book:

1. C. Shu, Diferential Quadrature and its application in Engineering, SprJgdag London Ltd., Great
Britain, 2000.

2. Zhi Zong andringyan ZhangAdvanced Diferential Quadrature Methods, CRC press, London, 2009.
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Mesh-free methods and\pplications
MAT-RS-E504
Unit I: Overview of meshfree methods

Why Meshfree methods, Definition of Meshfree methods, Solution procedure of MFree methods, Categories of
Meshfree methods, Classification according to the formulation procedures-Meshfree methods based on weak-form:
Meshfree methods based on collocation techniques-Meshfree methods based on the combination of weakformal
collocation techniques.

Unit II: Meshfr ee method$ased on the moving least squasappioximation

Moving least squares shape functions, Formulation of MLS shape functions, Choice of the weight function, Propertie:
of MLS shape functions, Examples of MLS shape functions, Interpolation error using Meshfree shape functions,
Fitting of a planar surface, Fitting of a complicated surface.

Unit lll: Element Free Galerkin Method
EFG Formulation with Lagrange Multipliers, EFG with Penalty Method, Some simple applications.
Unit IV : Meshless Local Petov—Galerkin Method

MLPG Formulation,The Idea of MLPGFormulation of MLPGTypes of DomainsApplication to some simple
problems

Text Books:

1. GR.LIU,Y.T. GU,AN INTRODUCTIONTO MESHFREE METHOD®ND THEIR PROGRAMMING
Springer -2005.

2. GR.LIU, MeshFree methods: moving beyond finite element methods, CRC Press London, 2003.
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COMPUTATIONAL METHODS FOR THE PDE
MAT-RS-E505
Unit — I: Partial Differential Equations
Introduction, Diference methods, Routh Hurwitz Criterion, Domain of dependence of hyperbolic equations
Unit — II: Difference methods in Parabolic PDEs

Introduction, One space dimensidmo space dimensions, variable daénts problems, spherical and cylindrical
coordinate systems

Unit -l : Difference methods for hyperbolic PDEs
Introduction, One space dimensidmwo space dimensions, first order equations, systems of first order equations
Unit — IV: Numerical methods for elliptic PDEs
Difference methods for linear BVPs, General second order linear equations, quasilinear elliptic equations
Text Book:

1. Williams FAmes, Numerical Methods in PDE¢cademic Press, NeXork, 1977.

2. Paul Duchateau and Dawd Zachmann, Partial Ciérential Equations — SchawsrOutline Series, McGraw-
Hill, 1986
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COMMUT ATIVE RINGS
MAT-RS-E506
UNIT I: Prime Ideals and applications
Prime ideals, G-domains, G-ideals, Hilbert rings, Hilbert Nullstellensatz
UNIT II: Localization and Integral Extension

Localization, Prime ideals in polynomial rings,Integralextensions,Going-up and Going-down thédaierson
domains, Prufer domains and Bezout domains.

UNIT I1I: Noetherian Rings & Factorization
Noetherian rings, Hilbert basis theorem, Kmulhitersection theorem,
Nakayama lemma, Zero divisors, Discrete valuation rings, Dedekind domains, Krull domains.
UNIT IV: Cohen Macaulay & RegularRings
R-sequences, Cohen-Macaulay rings, Principal ideal theorem, Generalised principal ideal theorem, Regular rings.
Text book:
1. Commutative Rings by Irving Kaplansk@§hicago universitypress,1968.
Reference Books:

1. Commutative Ring heory by Hideyuki Matsumura, Cambridge studies in advanced mathematics 8, Cambridge
universitypress,Cambridge,1989.

2. Introduction to Commutativ&lgebra by M.FAtiyah andl.GMacdonaldAddison-Wesley Publ. Company
1969.

3. LocalAlgebra by Jean-Pierre Serre( translated from theFrench by CheeWhye Chin), Si988yer
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VALUE DISTRIBUTION THEORY
MAT-RS-E507
Unit — I: Review of general theoy of entire and meiomorphic functions

Harmonic functions and their relations with analytic functions, Poisson-Jefm@nula, Elliptic function, Nevanlinr&’
characteristic function and related results.

Unit—1l: Gr owth properties of entire and meomorphic functions

Growth indicators of functions, orddryperorder, basic properties and related results.

Unit — 111 Deficiencies of meromorphic functions and theirgeneralizations

Various types of deficiencies of fifent functions at some given point, their imelations and relevant results.
Unit— IV: Unigueness of entie and meiomorphic functions sharing values

Basic uniqueness theorems on analytic functions and their counterparts for meromorphic functions, value sharing
unigueness results under value sharing.

Texts/Refeences Books:
1. W. K. Hayman: Meromorphic FunctioriBhe Clarendon Press, Oxford, (1964).
2. C. C.Yang and H. XYi: Uniquenes§ heory of Meromorphic Functions, Science Press, Beijing (2003).
3. A.l. MarkushevichTheory of Functions of a Compl&ariable, (M. 1, II, 111).
4. L.Yang,Value DistributioriTheory
5. A. S. B. Holland: Introduction to the theory of Entire Functigsademic Press, NeXork (1973).
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ADVANCED LINEAR ALGEBRA
MAT-RS-E508
Unit I: Eigenvalues, Eigenvectors and Canonical forms
Eigenvalues and eigenvectors, diagonalization, invariant subspaces and triangularization, minimal
polynomial, Jordan canonical form with applications, rational canonical form.
Unit Il: Inner Product Spaces

Hermitian, normal and unitary matrices, Scbuheorem - real and complex versions. Spectral theorems for normal
and Hermitian matrices - real and complex versions. Positive definite matrices, characterizations of definiteness
Congruence and simultaneous diagonalization. Singular value decomposition, polar decomposition.

Unit [ll: Hermitian and Symmetric Matrices

Variational characterizations of eigenvalues of Hermitian matrices, Rayleigh-Ritz theorem, Courant-
Fischer theorenWeyl theorem, Cauchy interlacing theorem, Inertia and congruence, Sylsésteof inertia.
Unit IV : Localization and perturbation of eigenvalues

Matrix norms, spectral radius formula, relationships between matrix norms. Gerschgorin discs, perturbation theorem
and other inclusion regions. Functions of matrices via spectral decompositions.

Texts/Refeences
1. R.A. Hornand C. R. Johnson, Maténalysis, CUP1985.
2. S.Axler, LinearAlgebra Done Right, 2nd Edition, UTM, Springérdian Edition, 2010.
3. P Lancaster and MlismenetskyTheTheory of Matrices, Second editichgademic Press, 1985.
4. F R. GantmachemheTheory of MatricesYol-I, Chelsea, 1959.
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ADVANCED FUNCTIONAL ANALYSIS
MAT-RS-E509
Unit I: Bounded linear operators on Banach spaces
Banach spaces, bounded linear operators, open mapping theorem, closed graph theorem, uniform
boundedness principle.
Unit Il: Weak and weak* topologies

Dual spaces, Hahn-Banach theorem, transpose of a bounded linear ppe@itand weak* topologiegylaoglu
theorem.

Unit Ill: Bounded operators on Hilbert spaces

Hilbert spaces, orthonormal bases, Riesz representation theatjint of a bounded linear operatarthogonal
projection, projection theorem, self-adjoint, normal and unitary operators.

Unit IV : Spectral Theory

Spectrum of a bounded linear opera@elfand-MazuiTheorem, Compact operators, Riesz theory for compact
operators, spectral theory of compact self-adjoint/normal operators.

Texts/Refeences:
1. J. B. ConwayA Course in Functiond@nalysis, 2nd edition (Springer low price edition)
2. B.V.Limaye: Functionahnalysis, 3rd edition (Newge Publishers)
3. GF Simmons: Introduction tdopology and ModerAnalysis (McGraw Hill Education)

—SKK”\A UN|VERS|TY—

273




SCHOOL OF PHYSICAL SCIENCES

NUMERICAL LINEAR ALGEBRA
MAT-RS-E510
Unit I: Linear systems

LU decompositions, Gaussian elimination with partial pivoting, banded systems, positive definite systems, Cholesky
decomposition.

Unit Il: Sensitivity of Linear Systems

Floating point computations, IEEE floating point arithmetic, analysis of rolirdwirs; Sensitivity analysis linear
and condition numbers, sensitivity analysis of linear systems, stability of Gaussian elimination..

Unit lll: The Least Squaes Pioblem
Householder transformation, Givens rotations; QR factorization, stability of QR factorization.

Solution of linear least squares problems, normal equations, singular value decomposition(SVD), Moore-Penros
inverse. Sensitivity analysis of least-squares problems.

Unit IV : Eigenvalue Pooblems

Eigenvalues, eigenvectors, Schur decomposition, reduction to Hegsamgetridiagonal forms. Powenverse
power and Rayleigh quotient iterations. Explicit and implicit QR algorithms for symmetric and nonsymmetric matrices,
sensitivity analysis of eigenvalues. Reduction to bidiagonal form, Golub- Kahan algorithm for computing SVD.

Texts/ Refeences:
1. D. S.Watkins, Fundamentals of Matrix Computations, 2nd Ed., ¥dley, 2002.
2. L. N. Trefethen and D. Bau, Numerical Linédgebra, SIAM, 1997.
3. G H. Golub and C../an Loan, Matrix Computations, 3rd Ed., John Hopkins University Press, 1996.
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M.Sc. Syllabus
Semester Code Name of the Paper Credit Marks

| PHY-PG-C101 Classical Mechanics 4 100
PHY-PG-C102 Quantum Mechanics 4 100
PHY-PG-C103 Mathematical Physics 4 100
PHY-PG-C104 Practical I 4 100

I PHY-PG-C201 Electromagnetic Theory 4 100
PHY-PG-C202 | Statistical Physics 4 100

PHY-PG- Open Elective | 4 100
PHY-PG-C204 Practical 11 4 100

111 PHY-PG-C301 Solid State Physics 4 100
PHY-PG-C302 Advanced Quantum Mechanics 4 100

and EMT

PHY-PG- Open Elective 11 100
PHY-PG-C304 Practical III 100

v PHY-PG-C401 Nuclear & Particle Physics 100
PHY-PG-E402 Elective I 4 100
PHY-PG-E403 Elective II 4 100
PHY-PG-C404 | Project Work 4 100
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SEMESTER |
CLASSICAL MECHANICS
PHY-PG-C101
Unit I: Lagrangian & Hamiltonian Formalism

Hamilton principle-derivation of Lagrange equations. Simple applications of Lagrangian formulation, generalized
momenta, cyclic coordinates, Rowiprocedure, symmetry properties and conversation laws.

Hamilton equations of motion, preservation of phase volume under Hamilton flow (Liouville theorem), canonical
transformations, generating functions, Poisson brackets, applications to simple problems.

Unit Il Applications

Hamilton-Jacobi equation, harmonic oscillator problem as an example, separation of variables in the Hamilton-
Jacobi equation, action-angle variable, Solving Keplproblem by HJ method.

Central force problem, Keplearproblem, inverse square law of forces, scattering in central force field, Rutherford
formula,Virial theorem.

Unit lll: Rigid Bodies

The kinematics of rigid body motion, Euler angles, infinitesimal rotations, the Coriolis force, rigid body equations of
motion.

Unit IV : Small Oscillations & Chaos
Theory of small oscillations, normal modes of the system.
Non-linear equation of motions; phase diagram, simple examples likadpahd van der Pol oscillators

Basic idea of chaotic solutions; fixed points and attractors; bifurcations; strange attractors; logistic maps, fracta
dimensions andylapunov exponent.

Reference Books:
1. H. Goldstein, C. Poole and J. Safko: Classical Mecharﬁgﬁcﬁ Pearson Education (2002).
2. J. B. Marion: Classical Mechanics of Particles and Syst&ozgjemic Press, (1999)
3. Rana and Joag: Classical Mechani@a Mcgraw Hill, (1991)
4. A.K. Raychaudhuri: Classical MechaniésCourse of Lectures, OURdia 1983
5

MG Calkin, Lagrangian and Hamiltonian Mechanié&rld Scientific Publishing Co Pte Ltd (18 March
1999)
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Quantum Mechanics
PHY-PG-C102
Unit I: Exactly Solvable Problems

One dimension:Postulates of Quantum Mechanics. Free particle, position space and momentum space wave functior
Heisenbey uncertainty relation, expectation values. Schrodinger equations, equation of coaatitie in a box,
simple harmonic oscillator (ladder operator and wave functions), Ehrenfest theorem. classical limit.

Thr ee dimensionRotational Invariance and angular momentum, eigenstates and eigenvalues of angular momentun
operators. Separation of variables, spherical harmonics. Particle in central force, free particle in spherical pola
coordinate, hydrogen atom.

UnitIl: Approximation Methods

Time independent perturbation theargn-degenerate and degenerate cases, fine structure and Zdentgwiiiout
spin), Sark efect, Fine structure, hyperfine structure, Lamb shift.

Appr oximation methods:WKB approximation, validity o¥WKB approximation, alpha emissiovariational method,
ground state of helium atom.

Unit lll: Interaction with radiation and identical particle

Time dependent Peturbation Theory: Heisenbeg and Interaction picture$wo state problem. First order
perturbation, constant and periodic perturbation, sudden and adiabatic perturbation. Higher order perturbatior
Transition rate, Ferng’Golden rule.

Dipole approximationphotoelectric d&ct, Absorption and stimulated emission, spontaneous emission, Eigétein’
and B codficient.

Identical Particles and Spins Indistinguishability symmetric and anti-symmetric wave functions, Pauli exclusion
principle, electron spin functions, the helium atom, Spin angular momehdlditipn of angular momenta, Clebsch-
Gordon codficients, LS and JJ couplings.

Hartee-Fock method and self-consistent field.
Unit IV : Scattering Theory

One dimensional scattering by barrreflection and transmission cieient. Three dimensional scattering, Lippman-
Schwinger equation, Born approximation, optical theorem. Higher order Born approximation.Plane wave vs. spherica
wave, method of partial wave analysis, scattering by hard sphere, attractive well and repulsive barrier potential. Lov
enepy scattering and bound states, resonances. Coulomb scattering.

Text Books:
1. E. Merzbacher: Quantum Mechanic%‘,j Edition, JohrWiley & Sons (2003)
2. J. J. Sakurai: Modern Quantum Mechanics, Pearson Education, Reprint(1967)

3. R. Shankar: Principles of Quantum Mechanics, Sprirﬂﬁgedn. (1994).
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4.
5.

P. T. Mathews and S/enkatesariTextbook on Quantum Mechanics, McGraw Hill (2002)

David J Grifiths, Introduction to Quantum Mechanics, Pearson Education, second edition, 2015

Reference Books:

1.

2
3.
4

o1

7.
8.
9.

L. I. Schiff: Quantum Mechanics,r‘i Edition, Mc Graw Hill Intl. Edition (1988)
J. M. Ziman: Elements é&fdvanced Quantuftheory Cambridge University Press.(1975).
J. Powell and B. Crasemann: Quantum Mechanics, Narosa Publishing House, (1998).

R. Eisbeg and R. Rensick: Quantum Physic&tdms, Molecules, Solids, Nuclei and ParticIeQd(ZEd),
JohnWiley & Sons, (2003).

A. Ghatak and S. Lokanathan: Quantum Mechanics (Theorgplctation) (4h Ed), Macmillan (2003).

L. D. Landau and L. M. Lifshitz: Quantum Mechanics: Non-relativistieory Butterworth-Heinemann,
3'dEdn. (1981)..

K. Thankappan: Quantum Mechanics, N&ge Intl. Pub (1996)
S. Gasiorowiz: Quantum Mechanit¥iley (1995)

P.A. M. Dirac: Principles of Quantum Mechanics, Dover Publications

10. R. R Feynman,: Feynman lectures on physics - volume Ill, Pearson

11. F. Schwabl: Quantum Mechanics, Narosa Pub. House (1998).
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MATHEMATICAL PHYSICS
PHY-PG-C103

Unit I: Complex Analysis

Geometrical representation of complex numbers. Functions of complex variafdesntigtion. Properties of analytical

functions, Cauchey-Riemann conditions. Contours and contour Integration in complex plane, Cauchy theorem, Cauct
integral FormulaTaylor and Laurent series representation, Features of singular points, poles. Residues, Cauchy

residue theoremApplications of the residue theorem.

Unit Il: Linear Algebra

Vector Spaces, linear independence, spanning set and basis, Linear operators, representations of vectors and lir
operators with respect to bases and change of basis,.Inner Product space (Field of C-No.), Hermitian operator

Eigen values and eigenvectors and their determination, diagonalization of linear operators and matrices.

Unit l11: Integral Transforms & Special Functions

Fourier transforms, Laplace transforms.Fgdheorem, Frobenius method of series solution.

Bessel, Legendres, Hermites and Laguerre'differential equations and solutions: Generating function, Rodsgue’

formula, orthogonalityrecurrencéssociated Legendre and Laguerre polynomials, Gsdanttion

Unit IV : Group Theory

Definitions and examples of physically important finite groups. Multiplication table, Homomorphism and Isomorphism.
Subgroups, Cyclic groups, Centé&lasses, Cosets, Factor groups. Representation, reducible and irreducible

representation, Character table. Simple applications. Introduction to Lie groups.

Text Books:

1. H.J.Weber and GB. Arfken: Mathematical Methods for Physicists,Academic pid=a. (2005). ISBN-
10: 0120598760 ISBN-13: 978-0120598762

2. Murray R. Spiegel: CompleXariables, Mc Graw Hill (1964ASIN: BOOOLC6GMS

3. R. V. Churchill: ComplexVariables &Applications, Mc Graw Hill Inc. Bd Edn. (1960). ISBN-10:
0070108536 ISBN- 13: 978-0070108530 1.

4. Lipschutz-Lipson: Schaumm’outline of theory and problems of linear algefieda McGraw Hill

5. S. Sernbeg: GroupTheory and Physics, Cambridge UrRress, (1994).

Reference Books:

P Dennery and. Kryzywicki: Mathematics for Physicists, Dover Publications, (1996).
K. F. Riley: Mathematical Methods for Physics and Engineering,, Glé® York (2002)
B. D. Gupta: Mathematical Physidgkas Pub. House, New Delhi (2004).

C. Harper : Introduction to Mathematical Physics, Prentice EallBooks:
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5. JMathews and R Walker, Mathematical Methods for Physiégjdison-Wesley publishing company Inc.
1973

6. R.R.Halmos: Finite-Dimensionsfector Spaces, Spring€1993).

7. C. Birkhoff and GC. Rota, Ordinary Dférential Equations Eﬁ! Ed), Johrwiley &Sons, 2003.
8. Forsythe :ATreatise on Dierential Equations, CBS(1995)

9. R.L.Rabenstein: Ordinary @érential equations, Cambridge University Press, (2004)

10. G Sephenson: Partial Ddrential Equation for Scientists and Engineéfsrld Scientific Publishing Company
(1996).

11. M. Hamermesh: Groupheory and it&\pplication to Physical Problen&sddison-Wesley Publishing Company
(1962).
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PRACTICAL |
PHY-PG-C104

[Minimum 5 experiments from Electronics Lab to be performed Another minimum of 5 problems ae to be
solved in the computational lab.]

Electronics Lab:

There should be few lectures covering the relevant topics for the working of the following listed experiments.
Clipping and Clamping Circuits

Wien’s Bridge Oscillator

FE.T

Op-Amp (741)

Multivibrators

Zener Diode

Rectifier

Multiplexer and Seven Segment Display

© 0o N o o~ W DdE

J-K flip-flop and Up Down Counters
10. Adder/Substractor and Decoders
Computational Lab:

The purpose of this lab session is to train the students to solve the real life physical problems compuidiereally
will be few lectures covering the following topics:

Representing numbers in a computeachine precision, Errors and approximations. Concept of computer language.

Fortran 90, Program structure, Daiyges Arithmatic Operators, Intrinsic functions, I/@&rays, Control &atements,
Formatted /O, File processing, Subprograms, Subroutines.

Introduction toMatlab, Mathematical functions, Basic plotting, Matrix generafioay equations and Linear
equations, Programming in Matlab, Script files, Function files, Control flow and operators, Saving output to a file

Introduction to Mathematica, Symbolic expressions, simple plot, Matrices as list, Logical expressions, Functions
and programming.

The students will require to make programmes to solve the real life applicati@nsourse instructor will provide
the relevant problems.
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References:

Electronics Lab:

1.
2
3.
4

5.

A. S. Sedra and K. C. Smith, Electronics Circuits, (6thEdn), Oxford University Press (2009)
R. Gaekwad, Op-Amps and Linear Integrated Circuifg'E(dn) Prentice Hall of India (2002).
Millman&Halkias, Integrated Electronic8nalog & digital circuits systems, Mc Graw Hill, 1972.

D. R LeachA. P. Malvino and GSaha, Digital Principles ampplications (éhEdn),Tata McGraw Hill
(2007)

H. S. Kalsi, Electronic Instrumentatiohata McGraw Hill Education, 2012.

Computational Lab

1.

© N o g bk~ WD

W. H. Press, B. .Frlannery S.A. Teukolsky W. T. Vetterling: Numerical Recipe in Fortran, Cambridge
University Press India Ltd (2000)

G. Lindfield and J. Penny: Numerical Methods: using Matalahdemic Press (2012)

R. Pratap: Gettingt8rted with MATLAB 7, Oxford University Press, 2006.

S.Wolfram, MathematicaA System for doing mathematics by Compaeidison.Wesely 1991
V. Rajaraman: Computer based Numerical Methods , Prentice Hall India, 1980,

N. Boccara: Essentials of Mathematica, Spring@9.

S.Attaway: MATLAB: A PracticaApproach, Elseiver2009.

. A. Gilat: MATLAB: an Introduction with applications, JoNiley Sons, 2004.
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Semester Il
ELECTROMAGNETIC THEORY
PHY-PG-C201
Unit I: Electr ostatics

Equations of electrostatics in ftifential and integral forms. Potential and field due to poinpgsaand continuous
chage distributions. Boundary value problems and their solutions by separation of variables, method of images an
Greens functions. Multipole expansion: Electric dipole and quadrupole moments.

Electrostatics and dielectrics: Polarization and boundyehalisplacement field, Poisssréquation in a uniform
linear dielectric. Boundary value problems with dielectrics.

Unit Il: Magnetostatics

Electric Current as a source of magnetic field, Equations of magnetostatid¢srierdial and integral form¥ector
potential, magnetic dipole, multipole expansion of vector potential

Magnetic fields and matter: magnetization and bound curr@ntperes law for free currents and H, Boundary
Conditions, magnetic scalar potential.

Unitlll: Time varying fields & Maxwell’s equations

Electromotive force, Faradaf.aw of induction. Maxwel§ displacement current and Maxwelquations, covariant
formulation of Maxwells equations, Boundary conditions, Electromagnetic fieldggneector and scalar potentials,
Wave equations, Gauge transformations, Poyrgitiggorem, Conservation laws.

Unit IV : Plane electomagnetic waves

Properties of the electromagnetic wave equationsferdiit media (vacuum, conducgtptasma and waveguides).
Rectangular waveguides and resonant cavities. Reflection and refraction of electromagnetic waves at the interface
non-conducting media.

Text Books:
1. D. J. Grifiths: Introduction to EIectrodynamicsrbed.), Pearson Edn., (2002)
2. J. D. Jackson: Classical Electrodynamicd#eWEastern, (2003)
3. G L. Pollack, D. 8umpand D. R. 8imp: Electromagnetismddison-Wesley (2001).
4. W. H. Hayt, JrJ.A. Buck: Engineering Electromagnetid$je McGraw-Hill (2001).
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STATISTICAL PHYSICS
PHY-PG-C202
Unitl: Thermodynamic laws and functions

Entropy Free engy, Internal Enagy, Enthalpy Chemical Potential, Systems withgamumber of degrees of freedom,
Micro and macro states, Phase space of a classical system, Density of states, kidhgiblem.

Unit II: Basic principles of ensembles

Micro-canonical, Canonical and Gradahonical ensembles, Concept of ensemble average, Equation of state, specific
heat and entropy of a classical ideal gas, Giparadox and its resolution, Eggland Density fluctuation¥/irial

and equipartition theorems, Partition function, Determination of translational, rotational and vibrational motions to
the partition functions of an ideal diatomic gas.

Unit [ll: Quantum S tatistics

Inadequacy of classical thep@uantum mechanical ensemble thedensity matrix, Ensembles in quantum statistical
mechanics, Ensembles of ideal Boltzman, Bose-Einstein and Fermi gas, ldentical particles, quantum distributiol
functions, Bose-Einstein and Fermi-Dirac statistics, Grand partition function for ideal Bose and Fermi gas.

Unit IV : Ideal Bose & Fermi Systems

Thermodynamics of Black body radiatioriefan-Boltzman lawWien’s Displacement Lawdeal Bose System:
Thermodynamic behaviour of ideal Bose gas, Bose-Einstein condensation

Thermodynamic behaviour of an ideal Fermi Gas, Degenerate Fermi Gas, Femyi &itteMean Engy, Fermi
Temperature, Fernvelocity of a particle of a degenerate gas, Compact stars.

Text Books:

1. R. K. Patharia: tatistical Mechanics (ﬁj Ed) Butterworth Heinman, Elsevier (2005)

2. K. Huang: Satistical Mechanics (Ej Ed) Johrwiley & Sons (2002)

3. K. Huang, Introduction tot&tistical PhysicsTaylor & Francis (2001).

4. F. Reif: Satistical andrhermal Physics, McGraw Hill (1985).

5. T. Guenault: gtistical Physics @d Ed), KluwerAcademic (1995).

6. S. Lokanathan and R.S. Gambl&atistical andrhermal Physics, Prentice Hall, (2000).
Reference Books:

1. B.B. Laud: Fundamentals ofaistical Mechanics, Neyge Intl. Publishers (1998)

2. L.D. Landau and E. M. Lifshitz:t&tistical Physics, Part | & Il, Butterworth and Heinman, (1980).

3. E.M. Lifshitz and L.PPitaevskii, $atistical Physics (Part 2), Butterworth-Heinemann (1980).
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PRACTICAL Il
PHY-PG-C204

[Minimum 10 experiments to be performed flom the following list]

Fibre Optics

Fresnel Difraction

Photoconductivity

Sefan’s Law

Dielectric Constant

Ultrasonic Difraction

Hall Effect

Plancks Constant

Michelson Interferometer

Susceptibility of Paramagnetic Solution
Hydrogen Spectrum and/Bbeg Constant
Single Slit, Double Slit, Grating arithin Wire Diffraction
Foaming and Foamt&bility
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SEMESTER I
SOLID STATE PHYSICS
PHY-PG-C301
Unit I: Cr ystal Sructur e

Simple crystal structures, atomic scattering facwucture factorBraggs law Direct and reciprocal lattice, Laue
diffraction, neutron dffaction, electron difaction, crystal structure determination by Laue, powder and rotating
crystal methods. Concept of point groups and space groups, Influence of symmetry on physical properties.

Unit II;: Defects and Lattice Vibrations

Defects in Solids, Grain and twin boundaries, Point Defects, line defects and planar defects or dislocations and the
effects on solid state properties, colour centres. Lattice vibrations, phonons and dispersion relations for acoustic:
and optical lattice vibrations in crystals (mono and diatomic linear lattice), phonons, normal and Umklapp processes
anharmonic vibrations, thermal expansions and thermal conducBWtyh theorem, Brillouin zones for simple
lattices, crystal momentum fe€tive mass of electrons and holes, ideas of Fermi surfaces, band structure of simple
elements.

Unit lll: Electric polarization and Band Structur e

Electric polarization, &tic dielectric constant, complex dielectric constant, dielectric loss, dielectric relaxation,
Debye equations, classical theory of electronic polarization, ferroele¢tacityelectric domains, anti-ferroelectricity
Electronic band structure calculatiofgght-binding method, pseudo potentials &udjmented Pland/ave (APW)
methods, nearly free electron approximation, QP¥/mi surfaces (FS),fetts of electric and magnetic field on FS,

de Haas vaAlfen effect, Cyclotron resonance, anomalous skiaaf

Unit IV : Magnetism and Supeconductivity

Magnetism, Diamagnetism; Paramagnetism (Quantum treatment); Crystalféetd;efohn-&ller efects;Adiabatic
demagnetization; Molecular field theory of ferromagnetism; Heisgrdbarhange interaction; Spivlaves; Ginzbug-

Landau theory of the ferromagnetism; Shape, Origin and observation of ferromagnetic domains; Dynamic Phenomer
: Linear Respons€heory Hall efect, quantum Hall ééct.

Superconductivity: Phenomenological thermodynamic treatment, intermediate state, 4 eqdations and penetration
depth,Type | & Il superconductivityquantized flux, coherence length. Ginziplutandau theoryvariation of the
order parameter and the egyegap with magnetic field, isotopefedt; Enegy gap and its measurement; electron-
phonon interaction and Cooper pairs,

B.C.S. theorydc and ac Josephsoriegits, critical currents of type-1l superconductors.
Text Books:
1. C. Kittel: Introduction to Solid &te Physics,ﬂf| Ed.Wiley (1996)
2. N.W. Ashcroft & N.D. Mermin: Solid &te Physics, Harcouftsia, BSted. (2001)
3. J. Dekker: Solid tate Physics, Macmillan (2003).
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4.

L. V. Azaroff: Introduction to SolidsTata McGraw-Hill (2002).

DG Pettifor: Bonding andtBicture of Molecules and Solids, Oxford University Press; First Edition edition
(December 7, 1995)

C Kittel, Quantunirheory of Solids,Wiley 1987

H Ibach and H Luth, Solid{8te PhysicsAn Introduction to Principles of Materials Sciencl &d. Springer
2009

S Blundell: Magnetism in Condensed Mat@tJPOxford (4 October 2001)

James Patterson and Bernard Baif&glid-Sate Physics: Introduction to tii@eory Springer; 2nd ed. 2010
edition (January1, 201)
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ADVANCED QUANTUM MECHANICS and EMT
PHY-PG-302
Unit I: Relativistic Quantum Mechanics

Klein-Gordon equation, probability density and probability current derssitytion of free particle Klein-Gordon
eguation in momentum representation. Dirac equation, solution of free particle. Interpretation of negative probability
density and negative emgrsolutions. Interaction with em field. Inadequacy of Relativistic Quantum Mechanics,
requirement of Field theory

Unit II: Quantisation of Fields

Classical field theoryagrangian and Hamiltonian formulations. Real and Complex scalar and Dirac fields. Symmetry
and conservation, Noethers theorem.

Quantisations of scalar field, creation, annihilation and number operators, Fock space, momentum and Hamiltonia
operatoy time ordering, Grees’functions, Feynman propagatQuantisation of Dirac field, anti commutation,
propagators.

Unit lll: Radiating fields

Retarded potentials, Lienardi&¢hert potentials. Radiation from a moving point geaoscillating electric and
magnetic dipoles. Multipole expansion for radiation fields, radiation from antennas. Dispersion, Ealisp&r'sion
equationTransformations of electromagnetic fields under Lorentz transformations, Covariant formalism of Maxwell’
eguations.

Unit IV : Waves in plasma

Introduction to plasma, criteria for plasma, Delsystreening. Single particle motions, magnetic mirrors.
Magnetohydrodynamics and fluid equations of motion. Plasma oscillations, electron plasma waves, Langmuir wave
and ion sound wavealfven waves, magnetosonic waves. Nonlinear phenomena in plasma.

Text Books:
1. R. Shankar: Principles of Quantum Mechanics, Sprilﬁ@redn. (1994).
2. J. STownsend: ModerApproach to Quantum Mechanics, University Science Books, California (2000)
3. J.J. SakuraAdvanced Quantum Mechanics, Pearson Education, Reprint(1967).

4. M. Peskin and DV. Schroeder: Introduction to Quantum Fi&ldeory (Frontiers in Physics)yestview
Press, (1995).

D. J. Grifiths: Introduction to Electrodynamicsr@Ed.), Pearson Edn., (2002)
J. D. Jackson: Classical ElectrodynamidgeWEastern, (2003)
G. L. Pollack, D. 8umpand D. R. &imp: Electromagnetisrhddison-Wesley (2001).

F. E Chen: Introduction to Plasma Physics and Controlled Fusion, vol. |: plasma ph?Q(ajimn,
Springer 1984.

9. R.J. Goldston and Pi. Rutherford: Introduction to Plasma Physics, Institute of Physics, London, 1995.
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Reference Books:

1.

James D. Bjorken and Sidney D. Drell, Relativistic Quantum Mechanics, McGraw Hill Education, Edition 1
(2013).

James D. Bjorken and Sidney D. Drell, Relativistic Quantum Fields, Dover Publications Inc., (2013).
StevenWeinbeg, QuantunTheory of Fields, Cambridge University Press, 2008.

T-Y Wu andW-Y P. Hwang: Relativistic Quantum Mechanics and Quantum Fieldd/%cientific Publishing
Co., (1991).

Claude ltzykson & Jean Bernard Zuber: Quantum Hiakebry Dover publications Inc. (2006).
Sylvan S. Schwebghn Introduction to Relativistic Quantum Fieltheory Dover Publications Inc. , (2005).

Franz Mandl and Graham Sha@uantum Field heory Wiley-Blackwell; 2nd Revised edition edition (9
April 2010)

Lewis H. Ryder, Quantum Field@heory Cambridge University Press (2008)
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PRACTICAL 11l

PHY-PG-C304
[Minimum 10 experiments to be performed from the following list]

Four Probe

Electron Spin Resonance (ESR)

Converters: (Ao D) & (D toA)

Automation

Knife edge and Polarisation (QW plate, Half wave plate)
lonization potential

Specific heat of solids

Zeeman Bect

© © N o 0 A~ 0 NhR

Raman dkct

=
©

Emission and absorption

[EEY
=

Laser DoppleAnemometry

=
N

Microprocessor

[EEY
w

Faraday Rotation
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SEMESTER IV
NUCLEAR & PARTICLE PHYSICS
PHY-PG-C401
Unit I: Nuclear Physics

Properties of nuclear forces-deuteron problem, n-p scattering. Nuclear models, liquid drop model, shell model an
collective Model.

RadioactivityAlpha DecayBeta DecayFermiTheory Gamma Decay and internal Conversion, selection rules.
Unit Il: Elementary Particles

Elementary patrticles, their quantum numbgvsak, strong and electromagnetic interactions, quarks and leptons,
quark model of hadrons, standard model.

Relativistic kinematics; Symmetries and conservation la®zaRdT discrete symmetries; Giolation.
Unit lll: Quantum Electr odynamics

Lagrangian formulation of relativistic theory: Dirac equation and trace theorems. Perturbation expansion of correlatior
functions Wick’s theorem, Feynman diagrams. Cross sections and S-matrices, Feynman rules for QED, elementar
processes.

Unit IV : GaugeTheory

Gauge symmetryocal gauge invarianc¥ang-Mills theory Spontaneous symmetry breaking, Higgs mechanism.
One loop structure, renormalization prescriptidiard identities.

Text Books:

1. S N Ghoshal: Nuclear Physics, S. Chand and Co. Ltd

2. R. Roy and B.PNigam: Nuclear Physics (Theory & Experiment), N&ge Intl., (1967).
3. D. J. Grifiths: Introduction to Elementary Particles, JMitey & Sons (1987).
4

Francis Halzene &lan D. Martin: Quarks & Leptongin introductory course in modern particle physics,
Wiley, (2008)

5. Ta Pei Cheng & Ling-Fong: Gauge theory of elementary particle physics, Oxford University Press,
(1984)

6. lan J RAitchison & Anthony J G Hey: Gauge theories in particle phy#cpractical introduction, CRC
Press, (2013)

7. M. Peskin and DV. Schroeder: Introduction to Quantum Fi&ldeory (Frontiers in Physics)yestview
Press, (1995).
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Reference Books:
1. S. Krane: Introductory Nuclear Physics, Joliiey, (1988).
Emilio. Segre: Nuclei and Particlésn introduction to nuclear and subnuclear physics, Dd2€x.3).

W. E. Burcham: Elements of Nuclear Physics, Longman, (1986).

WD

W. N. Cottingham and [A. GreenwoodAn Introduction to Nuclear Physics. Cambridge University Press,
2Nd Edn. (2001).

W. Greiner and\. Schafer Quantum Chromodynamics, Springéarlag, (1994).
F. J.Yndurain:TheTheory of Quarks & Gluon Interactions, Springéarlag, (1999).
M. K. Pal, Theory of Nuclear tucture Affiliated East-Vést, 1982

® N o o

P. Marmier and E. Sheldon: Physics of Nuclei and Partidlels, & 1, Academic Press, (1969).

PROJECT WORK
PHY-PG-C404

A students project work should be a guided study of an advanced topic not covered in the curriculum. It is expectec
that the student learns and applies some of the techniques and knowledge taught in the class through this Proje
Work. The main objective of the Projatfork is to provide students with skill and knowledge in conducting research

in fundamental and application aspects of physics/allied fields. Proper acknowledgement and permission of unavoidab
earlier published work must be given in the thesis. If any kind of plagiarism is practised by the student, his/her
dissertation or project work shall be liable to be rejected.

The ProjectWork will be evaluated at the end of the semester by an evaluation committee consisting of the following
four members: Head of the Department, the Supepasdnternal Examiner and an External Examiner
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OPEN ELECTIVE PAPERS OPEN ELECTIVE | FOR SEMESTER I
NANO AND SOFT MATERIALS
PHY-PG-OE203A
Unit-I Nanomaterials and their properties

Introduction to nanotechnologyarious kinds of Nanostructures-Carbon fullerenes and nanotubes, Metal and metal
oxide nanowires, Self-assembly of Nanostructures, Core-shell nanostructures, Nanocormpesiteslynamics of
Nanomaterials. Physical Properties of nanomaterials - Photocatalytic, Dielectric, Magnetic, Optical, Mechanical.

Unit-1l Synthesis of Nanomaterials

Bottom up and top down approaches. Synthetic methodologies including Sol-gel, Micromulsion, CVD,PVD,Molecular
beam epitaxyVapor (solution)-liquid-solid growth, (VLS or SLS), Spray Pyroly3iemplate based synthesis,
Lithography Laser ablation.

Unit-lll Characterization Techniques andApplications

Absorption and PlspectroscopyElectron Microscopic techniques, X-ray and electrofratifion, AFM, Auger
Electron Spectroscop¥X- ray Photoelectron Spectroscofpplications of Nanomaterials.

Unit IV : Soft Materials

Introduction to Soft Condensed Materials and their properties: Plastic and Liquid Chiystatsptropic (Nematic,
Smectic and Discotic) andybtropic Liquid Crystals; Surfactants and Polymers; Colloids: Foams, Gels and
Microemulsions; Biomaterialgpplications of Soft Materials

References:

1. Guozhong Cao, Nanostructures and Nanomaterials: Synthesis, Properéipplacations, Imperial College
Press 2004.

2. T. Pradeep, Nandfhe Essentials Understanding nanoscience and nanotechntdogyMcGraw- Hill
Publishing Company Limited NEW DELHI, 2007.

3. Nanomaterials Synthesis, Properties Apglications Edited byA S Edelstein and R C Cammarata, IOP
Publishing Ltd 1996.

4. Chaikin and LubenskyPrinciples of Condensed Matter Physics, Cambridge University Press 1995.
5. P-G de Gennes, J Proshe Physics of Liquid Crystals, , Oxford University Press, 1994.
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RENEWABLE ENERGIES (SOLAR AND HYDROGEN)
PHY-PG-OE203B
Unit I: Solar Energy

Fundamentals of photovoltaic eggrconversion Physics and material properties basic to photovoltaigyener
conversion: optical properties of solids. Direct and indirect transition semiconductors, interrelationship between
absorption codicients and band gap recombination of carriers.

Unit Il: Types of SolarCells

p-n junction solar cell, transport equation, current deregign circuit voltage and short circuit current, brief descriptions

of single crystal silicon and amorphous silicon solar cells, elementary ideas of advanced solar cells e.g. tandem sol
cells. Solid liquid junction solar cells, nature of Semiconduetectrolyte junction, principles of photo electrochemical
solar cells.

Unit lll: Hydr ogen Energy & Production

Relevance in relation to depletion of fossil fuels and environment considerations. Solar Hydrogen through photc
electrolysis and photo catalytic process. Physics of material characteristics for production of solar hydrogen.

Unit IV : Storage and Safety

Brief discussion of various storage processes, special features of solid state hydrogen storage materials, structu
and electronic characteristics of storage materials. Neva@ ModesVarious factors relevant to safetise of
Hydrogen as Fuel, UseWfehicularTransport, Hydrogen for Electricity Generation, Fuel Cells, Elementary concepts

of other Hydrogen Based devices sucAia£onditioners and Hydrides Batteries.

Text Books:

1. GD. Raj: Solar engy utilization, Khanna Publishers, New Delhi, 2005.

2 H.P. Gag and J Prakash: Solar Eggr Fundamental anflpplications,Tata McGraw Hill, 2000.
3. Charles E.: Solar cells, IEEE Press, 1976.

4 K. L. Chopra and S. Ranjan D&shin film solar cells, Plenum, Ne¥ork, 1983.
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NUMERICAL METHODS AND COMPUTATIONAL PHYSICS
PHY-PG-OE203C
Unit I: Roots of Equations:

Roots of Nonlinear Equations: Bisection, Newton-Raphson, secant method. System of Nonlinear equations, Newton
method for Nonlinear systen®pplications in Physics problems.

Solution of linear systems: Gauss, Gauss-Jordan elimination, matrix inversion and LU decomposition. Eigenvalue:
and Eigenvectorspplications.

Unit II: Interpolation and Curve fitting:

Introduction to interpolation, Lagrange approximation, Newton and Chebyshev polynomials. Least square fitting,
linear and nonlineaApplications in Physics problems.

Unit Il Numerical Dif ferentiation & Integration :

Approximating the derivative, numerical ®@ifentiation formulas, Numerical Integration: Quadrature Formula,
trapezoidal and Simpsafule, Gauss-Legendre integratidpplications.

Unit IV : Solution of ODE:

Initial value and boundary value problems, Eldend Runge-Kutta methods, Finitdeliénce methodpplications
in Chaotic dynamics, Schrodinger equations. Solution of PDE: Hyperbolic, Parabolic, and Elliptic Equations by
finite differenceApplication to 2-dimensional Electrostatic Field problems.

Text Books:
1. K. E.Atkinson, NumericaRnalysis, JohiWiley (Asia) (2004).
2. S. C. Chapra and R. anale, Numerical Methods for Enginediata McGraw Hill (2002).

3. R.J. Schilling and S.L. Harrie&pplied Numerical Methods for Engineers using MAB and C,Thomson
Brooks/Cole, (2006).

4. S.S. Sastryintroductory methods of Numerical analysis, Prentice Hall India,(2012).

References:

1. J. H.Mathews, Numerical Methods for Mathematics, Science, and Engineering, Prentice Hall of India (1998).
2. S. S. MWong, Computational Methods in Physiééyrid Scientific (1992).

3. W. H. Press, B..FFlannery S.A. Teukolsky W. T. Vetterling: Numerical Recipe in C, Cambridge University
Press India Ltd (2007)

4. W. H. PressB. P FlanneryS.A. Teukolsky andW. T. Vetterling Numerical Recipe in Fortran ,Cambridge
University Press India Ltd (2000)

5. G Lindfield and JPenny Numerical Methods: using Matalakcademic Pres (2012)
6. S.Wolfram, MathematicaA System for doing mathematics by Compheidison.Wesely (1991).

—SKKH\A UN|VERS|TY—

295




SCHOOL OF PHYSICAL SCIENCES

OPEN ELECTIVE Il FOR SEMESTER I
Space Physics
PHY-PG-OE303A
Unit I: Motion of plasma particles and models

Characteristics of a plasma, Plasmas in space. Particle orbit theory: particles in constant external fields, guidin
centre drifts, nonuniform magnetic fields, gradient and curvature drifts, magnetic bétdiagatic invariatns.
Models to study plasma: kinetic, fluid and MHD models, Boltzmann equafiaspv equation, FokkdpPlanck
equation. ldeal MHD.

Unit Il: Waves in Plasmas

Linearized MHD equations. Magnetohydrodynamic waidgsen waves, magneto-sonic waves, MHD waves oblique

to the field. Electrostatic waves in non-magnetic plasmas: plasma oscillations, Langmuir waves, ion-acoustic waves
Electrostatic waves in magnetized plasmas: upper hybrid frequen&yr hybrid frequengyon cyclotron waves.
Electromagnetic waves in non- magnetized and magnetized plasmas.

Unit lll: Space Plasmas

Sun and Solawind: Sructure of the Sun, Solar neutrinos, solar atmospheres, coronal magnetic field. Solar wind
model. Coronal heating and solar wind acceleratiosimple model of the solar cycleteBar activity Flares and
coronal mass ejections. Interplanetary shocks. getier particles in the heliosphefBurbulence and stochastic
acceleration. Interplanetary magnetic field. Plasma waves in interplanetary space. Planetary magnetospheres a
their comparisons.

Unit IV : Sun-Earth Connection and Instrumentation

Terrestrial Magnetosphere: Geomagnetic fietdy@Gure of the Magnetosphere. Interaction of the solar wind with the
terrestrial magnetic field. Formation of aurora. Magnetospheric currents. Magnetic activity and substorms. Solat
activity and its dect to climate and culture. Ergatic particles and the atmosphere.

Instruments to measure fields and waves. Plasma instrumenigetparticle instruments. Supplementary ground-
based observations

Text Books:

1. May-Britt Kallenrode: Space Physic&n Introduction to plasmas and Particles in the Heliosphere and
Magnetospheres'® Ed. Springer2004.

2. Tamas |I. Gombosi: Physics of the Space Environment, Cambridge University Press, 1998.
3. J.T. HoughtonThe Physics oAtmosphere, Cambridge University Presréi, Bdn. (2001).

4. Margaret GKivelson Christophef. Russell: Introduction to Space Physics, Cambridge University Press,
1996.

5. Geoge K. Parks: Physics of Space Plasmastntroduction, ad Ed.,Westview Press, 2004.

6. Thomas E. Cravens: Physics of Solar System Plasmas, Cambridge University Press, 2004.
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BIOPHYSICAL TECHNIQUES
PHY-PG-OE303B
Unit I: Light scattering and Electr on Micr oscopy

Elastic and inelastic scattering, light scattering by macromolecules, dynamic light scattering, radius of gyration anc
molecular masgransmission and scanning microscapggative staining, cryo-electron microscopy

Unit Il: Chr omatography and Mass spectmetry

Electrospray MS, MALDI, applications. Paper ChromatografhyC, column, gas-liquid, ion-exchange, size-
exclusion and dihity chromatographies, HPLC and FPLC, applications to macromolecules.

Unit: Ill: IR and Raman spectr oscopy

Rotational and vibrational spectra, oscillatoolecular symmetrypptical densityinvestigations of molecular structure,
hydrogen bonding. Examples and comparison of IR and Raman spectra, resonance Raman spectroscopy

Unit IV : Absorption, Fluorescence and NMR Spectrscopy

UV anaVisible spectra, chromophores, Circular Dichroism and Optical Rotatory Dispersion, deitbragplications

to proteins and nucleic acids, Frank-condon principle, classical picture, resonance condition, Bloch condition, relaxatio
phenomenon, Fourier transform technique. NMR, chemical shifts, coupling constraints, Karplus equation, analysis
of simple NMR spectra, Nuclear Overhausde€if, proton magnetic resonance, 13C andsjidetra.

Text Books:

1. K.Wilson and K. H. Gouldber Principles andechniques of BochemistrizdwardArnold (Publishers) Ltd,
London, UK, (1986).

2. K. E.van Holde: Physical Biochemistigrentice-Hall Inc., New JersdySA, (1971)
3. D. Freifelder: Physical Biochemistiv.H.Freeman and CompariyewYork, USA, (1982).
Reference Books:

1. C. R. Cantor and.’5chimmel: Biophysicsal Chemistiyol 1, W. H. Freeman and ComparyewYork,
USA. (1985).

2. L. Stryer: BiochemistryW.H.Freeman and CompgryewYork, USA, (1995).
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COGNITIVE SCIENCE
PHY-PG-OE303C
Unit I: Intr oduction and Cognitive Psychology

Historical overviewAnalyzing Information processes at several levels, Interdisciplinary nature of cognitive science,
Application related system in the Cognitive Science.

Nature of cognitive psychologgotion of cognitive architecture, propositional and schematic representation, cognitive
processes: working memory and attention, mental images, reasoning. automatic and controlled processes, acquisiti
of skills.

Unit II: Artificial Intelligence and Neuroscience

History and background dfrtificial Intelligence, Knowledge representation, Human information processing and
problem solving: Search, Control and Learning

Introduction to nervous systemganisation of nervous system, neural representation, computational neuroscience,
neural network and distributed information processing, neural network models of cognitive processes, strategies fc
brain mapping.

Unit lll: Cognitive Modelling

Different types of Cognitive Models: Symbolic Model, Connectionist Model etc. and their implications to Memory
Learning, Reasoningttention, Mood DetectiorVisual Perception, Pattern recognition, Mental Imagery

Vector and Matrilgebra, Rigid Body Geometric transformations, Spatial Filtering, Convolution, Frequency Filtering,
FourierTransform.

Unit IV : Biomedical Imaging Techniques

An overview of X-rayCTscan, PEBcan, MRI scan, fMRI, EE®MEG Fundamental concepts of Image acquisition

/ Signal acquisition, Spatial Normalizatigkfine and Non-linear Image Registration, Spatial resolufiemporal
resolution, Contrast resolution, Image representation, Image Database, Image Data Communication and Da
Compression, Image visualization such as various types of 2D and 3D rendering techniques.

Text Books:
1. D. Kolak et. al.: Cognitive Scienc&n Introduction to Mind and Brain, Routledge, 2006.

2. J.L. Bermudez: Cognitive Science, Cambridge University Press, 2010.

3. Neil A. Stilings et al.: Cognitive Science; an IntroductiérBradford Book, 1998

4. David Papineaulhinking about Consciousness, Oxford University Press, 2002.

5. J. CopelandArtificial Intelligence: A Philosophical Introduction, Oxford Blackwell, 1993.

6. H.van Oostendorp, Cognition in a digital world, Lawrence Erlbassociates, Publishers: Mahwah, N.J. 2003.

7. M. Felix Goodson,.The evolution and function of cognition, Lawrence Erlbassociates, Publishers:
Mahwah, N.J. 2003.

8. CorneliusT. Leondes: Image Processing and Pattern Recogritiaalemic Press, London, 1998.

N. Bankman, Handbook of Medical Image Processingtanadysis, Elsevigr2009

10. KonarAmit: Artificial Intelligence and Soft Computing — Behavioural and Cognitive Modelling of the Human
Brain, CRC Press, Florida, 2000.
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Electives for Semester IV
(Any Two to be Chosen)

COSMOLOGY
PHY-PG-E402/3-A
Unit I: Expansion of universe

GTR: Equivalence principle, metric tenseovariant derivative, curvature tens@urrents and conservation
law, enegy momentum tenspEinsteins equation.

Robertson-Véllker metric, cosmological redshift, Hubble constant. Cosmic distance.|Bgu@mics of expansion.
Unit Il: CMBR & Early Universe

Discovery of cosmic microwave background radiation, Equilibrium era, Recombination and last scattering, dipole
anisotropyprimary fluctuationsThermal historyNucleosynthesis, Baryosynthesis, Leptosynthesis, cold dark matter

Unit IlI: Inflation

Flatness, horizons, monopoles; slow roll inflation, chaotic inflation, eternal inflation. Perturbed Ricci and EM tensor
scalarvector and tensor modes; Fourier decomposition, choice of gauge.

Unit IV : Cosmological Fluctuations & CMBRAnisotropy

Scalar perturbation: kinetic theotyydrodynamic limit, long and short wavelengtiensor perturbation. General
formula for temperature fluctuation, temperature multipolefaoenfts, vector and tensor modes, polarisations.

Text Books:

1. Steven.Winebeg: Cosmology Oxford University Press, 2008. Hermann Bondi andVI Roxbugh,
Cosmology Dover Publications Inc. 2009,

2. Marc Lachieze-Reylohn Simons, Cosmologifirst course, Cambridge University Press,

3. Fred Hoyle and ¥ Narlikar, Introduction to Cosmology¥Cambridge University Press, 1993Andrei Linde,
Particle Physics and Inflation, CRC Press, 1999, Kindle Edition
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ASTROPHYSICS
PHY-PG-E402/3-B
Unit I

Telescopes: basic optics, optical telescopes, radio telescopes,,|R;rdy and Gamma-ragstronomy all-sky
surveys and virtual observator@gerview of major contents of universe, Black body radiation, specific intensity
flux density luminosity Basics of radiative transfer (Emission/absorptionfaeiits, source functions), Magnitudes,
distance modulus, Color index, Extinction, Color temperatuextefe temperature, Brightness temperature, bolometric
magnitude/luminosityExcitation temperature, kinetic temperature, Utility of stellar spectrum, basic knowledge of
stellar atmospheres

Unit Il

HR diagram, a discussion on the variety of stellar phenoméegikarSructure, stellar opacities, stellar polytropes,
Enegy Generation intars: Calculation of thermonuclear reaction rates for non-resonant and beta-decay reactions,
The various reaction chains: pp-I, Il, lll, CNO, He-burning, C-burning, Si-burning, photo-dissociation . Neutrino
emission from &rs:The solar neutrino “problem” and its solution, terrestrial detection of stellar neutrinos - solar
and supernovae (Arnett, Bahcallltellar degeneracy and Equations d¢&t8: Sellar degeneracy (Clayton),
Chandrasekhar mass, EoS of matter at-naalear and nuclear densities (Shapire&Holsky).

Unit 1l

Final stages of stellar evolution: Supernovae and neutron stars - a basic knowledge of NS structure, the problen
associated with determining a unique equation of state for NS, various manifestations of NS. Binaries, variable star:
clusters, open and globular clusters, Laws of planetary motion, Motions and Distantas o$&istical and

moving cluster parallaX/elocity Dispersion, Compact objects (BH-systeAtgretion rate/dfciency, Eddington
luminosity),

Unit IV

Shape, size and contents of our gal&grmal and active galaxies, High egeephysics (introduction to X-ray and
Gamma-ray radiation processes), Newtonian cosmgpinigyowave background, early universe.

Text Books:
1. William K. RoseAtrophysic, Dover Publications, (2010).
2. Padmanabhaf,, TheoreticaAstrophysicsyVols.1-3, Cambridge University Press, 2005.
3. BadyanathBaswn introduction toAstrophysics, Prentice Hall of India, (2003).
4. D.D. Clayton: Principle of t8llar evolution and nucleosynthesis, University Chicago Press, (1984).
5

R. Kippenhahn anél.Weigert: Sellar structure and evolution (Astronomy &slrophysics Library), Springer
(1994).

6. K. D.AbhayankarThe Physics of tars and Galaxies
7. H. L. Duorah and KalpanaDuorah.: Introductiomgtrophysics
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8. Frank H. ShuThe Physical Universé&n Introduction tcAstronomy University Science Books, California,
(1982).

9. BradleyW. Ostlie and Dal@. Carrol:An introduction to ModerAstrophysicsAddision-Wesley (1996).
References

1. Harwit, M., Astrophysical Concepts, 3rd ed, Springerlag, 2006.

2. Erika Bohm-\itense, Introduction tot8llarAstrophysicsVol. 3 : Sellar structure and evolution

3. Shapiro &®ukolskyBlack HolesWhite Dwarfs & Neutron stars.
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QUANTUM FIELD THEORY
PHY-PG-E402/3-C
Unitl: Scalar and Spinor Fields

Need for FieldTheoretic description, Klein-Gordon Field: Lagrangian formulation, symmetries and conservation
laws, canonical quantization, propagators, Feynman diagrams

Dirac Field: Canonical quantization, propagators, Symmetries: Gauge Symmetries, Gauge Field: Elementary realizatic
of BRST symmetry and gauge fixing.

Unit Il Interactions

Hamiltonian formulation, S-matrix, Interacting Fields and Feynman DiagharkawaTl heory Elementary processes
of Quantum Electrodynamics, radiative corrections.

Unit Ill: Renormalization

Functional Methods, Systematics of Renormalization, Renormalization and SynRestoymalization Group,
Critical ExponentsWilsonian renormalization.

Unit IV : Non-Abelian Gauge Field

Non-AbelianGauge invariances,Quantizations, Quantum Chromodynamics, Operator profduatiiee eertices,
Gauge theory with spontaneous symmetry breaking, Higgs mechanism.

Text Books
1. M. E. Peskin, DV. SchroederAn Introduction to Quantum Fieltheory Addison-Wesley 1995.
2. F. Mandl and GShaw: Quantum Fiel@iheory JohnWiley, 1992.
3. S.Weinbeg, The QuantunTheory of Fields\ol. | and Il, Cambridge University Press, 2005
4. C. Itzyksion and J B Zubg@Quantum Fieldheory Dover Publications, 2006
Reference Books:
1. T.PR Cheng and L.-Ai: GaugeTheory of Elementary Particle Physics, Oxford University Press, 1984.
2. S. Pokorski: Gauge Fieltheories, Cambridge University Press, 2000.
3. L. H. Ryder: Quantum Fiel@heory Cambridge University Press, 1996.
4

D. Bailin andA. Love: Introduction to Gauge Fieltheory IOP Publishing, Graduatet&lent Series in
Physics, 1986.

P. B. Pal andh. Lahiri: A First Book of Quantum Fielfiheory CRC Press, 2001.

o o

A . Zee, Quantum FielBheory in a nutshell, Princeton University Press, 2010
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ADVANCED ELECTRONICS
PHY-PG-E402/3-D
Unit |

Modulation & Demodulation: Modulation, types (AM, FM and PM), mathematical analysfsoplitude Modulated
and Frequency modulated carrier waAigl, signal detection using diode detector & transistor detgéMrmetection
using quadrature detectdmasic concept of vestigial side band modulation.

Unit Il

Optical Fibr e Communication Introduction, advantages & disadvantages over transmission lines, classification of
optical fibres, light propagation through optical fibres: Saeddiw total internal reflection, acceptance angle and
numerical aperture, block diagrammatic description of fibre- optic communication system, Frequency Division
Multiplexing (FDM) andTime Division Multiplexing (TDM), Losses in optical fibres.

Unit I

Satellite communications Introduction to digital communication techniques, satellite orbits, satellite orbital patterns,
Geo- synchronous satellites, Satellite system link models: Uplink model, transponders & downlink model (Block
diagrammatic description only).

Unit IV

Cellular communication: Introduction to cellular telephone service, evolution of cellular telephone, fundamental
concepts, frequency re-use, interference (co-channel and adjacent channel)

Text Books:

1. Simon Haykin: Communication Systems.”:1 Ed., John-Wey & Sons (2000)

2 W. Tomasi:Advanced Electronic Communication Systen’iE,Ed., PH.1. (2005)

3. Martin S. RodenAnalog & Digital Communication Systems{df_d., PHI (2005)

4 B. P Lathi: Modern digital andnalog Communication Systems, Oxford University Pre@%,e&i., (1998).
5

Das, Mallik and Jain:Communication Systems.
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ADVANCED STATISTICAL PHYSICSAND ATOMIC
PHY-PG-E402/3-E
Unit I: Statistical Mechanics of Interacting System

Imperfect gases at low temperature: Method of pseudopotential: two body problem, N-body problem, imperfect Bose
gas, Fermi gas. Cluster expansion: classical gas, quantum mechanical girsaboueficients.

Phase transitions: Formulation of the probl@meory ofyang and Lee; Lattice gas, binary alltsing model in one
and two dimensions, liquid Helium.

Unit Il: Fluctuations

Thermodynamic fluctuations, spatial correlations in fluid; Brownian motion, Einstein-Smoluchowskj tizegygvin
theory; FokkerPlanck equation, Spectral analysis, fluctuation-dissipation theorem, Onsagar relations.

Unit Ill; Interaction of Atoms with Radiation

Perturbation by an oscillating electric fielthe rotating-wave approximation, Interaction with monochromatic radiation,
The concepts of d-pulses and 8/2-pul3és Bloch vector and Bloch sphere, Ramsey fringes, Radiative damping,
The damping of a classical dipolé)e optical Bloch equation§he optical absorption cross-section, Cross-section
for pure radiative broadeninghe saturation intensitiPower broadeninghe a.c. &rk efect or light shift. Doppler

free spectroscopy

Unit IV : Non-linear Optical Susceptibility

Introduction, Schrédinger calculation of non-linear optical susceptj#asturbation solution of the Density matrix
equation of motion, density matrix calculation of the Linear and second order susceiibitiomagnetic Induced
transparencgyntensity dependent refractive Index. Experimental evidences: Optical Coolifigggpihg ofAtoms,
Magnetic trapping of neutral atoms, quantum information processing of the trapped ions.

Text Books:
1. R. K. Patharia: @tistical Mechanics (ﬁj Ed) Butterworth Heinman, Elsevier (2005)
K. Huang: $atistical Mechanics fﬂ Ed) Johrwiley & Sons (2002)
B. H. Bransden and C. J. Joachain, Physié¢gais and Molecules, Longman,1996.
C. N. Banwell and E. M. McCash, Fundamentals of Molecular SpectrgskaipyMcGraw Hill, 1994.
Atomic Physics- C J Foot, Oxford master series in Physics
Wolfgang Demtroder_aser Spectroscopyol. 1: Basic Principles( 4th edition)- Springer (2008)
Rober Boyd- Nonlinear Optics — 3rd edn. — Elsevier (2008)
H Metcalf and PV der Sraton, Laser cooling antfapping, 1994, Springer)

© ©®© N o 0 A~ DN

K Thyagarajan andjoy Ghatak, Lasers: Fundamentals a&qgplications, Springer2011, 2N egition.
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Reference Books:
1. G K.Woodgate, Elementadtomic Sructure, Clarendon Press, 1989.
F. L. Pilar, Elementary Quantum ChemistiicGraw Hill, 1990.
H. E.White, Introduction téAtomic SpectraTata McGraw Hill, 1934.
J. M. Hollas, Modern SpectroscqopphnWiley & Sons, 2004
R.J.Abraham and J. Fishe andl®ftus, Introduction to NMR SpectroscqopphnWiley & Sons. 1994.

o oA W N

J.A. Weil, J.R. Balton & J.EWertz, Electron Paramagnetic Resonance: Elememteagry and Practical
Applications. Johiiley and Sons, 1994.
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X-RAY CRYSTALLOGRAPHY AND MOLECULAR BIOPHYSICS
PHY-PG-E402/3-F
Unit |
The Crystalline state of solids
The crystalline and amorphous state, covalent solids, ionic solids, hydrogen bonded solids and metals.

Space lattice, unit cell, Bravais lattices, crystal planes and Miller indices, spacing of planes in crystal lattices,
symmetry operations, point groups and crystal classes, screw axis and glide planes, space groups.

Unit Il

Origin of X-rays, Continuous and Characteristics spestragrption of X-raysAbsorption edge, filters, production
of X-rays, modern X-ray generaiScattering of X-rays by an electron, an atom and a unit cell, atomic scattering
factors, Difraction of X-rays, the Bragg'law

Unit 1l

Diffraction methods- Laue method, powder method, precision determination of lattice parametersfraatyraiter
Reciprocal lattice, sphere of reflection, rotating crystal method, use of oscillation photograph, determination of lattice
parameter from oscillation photograph. Integrated intensity and their measurement, Lorentz polarization correction
Debye-Waller temperature fact@ructure analysis by Fourier Synthesis.

Unit IV ‘

Bio molecules chemistry of monomers and polymers, amino acids, lipids, nucleic acids, proteins, DNA, RNA,
Protein crystallization, X-ray difaction from Protein crystals, crystals structures of some protein molecules, Fibre
diffraction , interpretation of fibre-pattern x-rayfdifction.

Text Books:
1. B. D. Culity: Elements of X-ray difaction,Addison-W\ésley 3d Printing, (1967).

2. Henry M. E M.Lipson,W.A. Wooster Henry: Interpretation of x-ray diaction Photograph. Macmillan,
London, (1961)

3. Harold, PKlug and Eﬁ LAlexender: X-ray difraction procedures for polycrystalline alighorphous Materials.
Wiley-Interscience, % Edn. (1974).

4. Wolfram Saenger: Principle of Nucleikcid Sructure. Springer(1988).
J. M. Ben, J. L, Lubert 8yer: Bio ChemistryW. H. Freeman,t%Edn. (2002).

o1
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DEPARTMENT OF PHYSICS
M.Phil./Ph.D. CourseWork Syllabus

Code Course Name Credits | Marks
PHY-RS-C501 | Research Methodology and computational techniques 4 100
PHY-RS-C502 | Research Proposal and Preparation 4 100
PHY-RS-E503 | Atomic, Molecular and Optical Physics 4 100
PHY-RS-E504 | Solid state Spectroscopy 4 100
PHY-RS-E505 | High Energy Physics 4 100
PHY-RS-E506 | Semiconductor Physics and Devices 4 100
PHY-RS-E507 | Quantum Optics & Quantum Information Processing 4 100
PHY-RS-E508 | Nonlinear Science: Solitons And Chaos 4 100
PHY-RS-E509 | Magnetism and Superconductivity 4 100
PHY-RS-E510 | Semiconductor Laser Physics 4 100
PHY-RS-E511 | Solar Energy and its Utilization 4 100
PHY-RS-E512 | Physics of Nanomaterials and Devices 4 100
PHY-RS-E513 | Plasma Physics 4 100
PHY-RS-E514 | Thin Film Technology 4 100
PHY-RS-E515 | Quantum Field Theory 4 100
PHY-RS-E516 | General Relativity and Cosmology 4 100
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Physics M.Phil/Ph.D. Syllabus
Reseach Methodology and ComputationalTechniques
PHY-RS-C501
Unit I: Computational Techniques

Representing numbers in a computer — machine precision — errors and approximations — concept of computer langua
— Fortran 90 programming — Matlab syntax — Mathematica syntax, Origin Syntax .Random number generator -
Monte Carlo simulation, Fast Fouri@ransform.

Unit Il: Numerical Techniques

Solution of polynomial and transcendental equations, ordindgreiiftial equations with initial conditions, matrix
algebra and simultaneous equations, eigenvalues and eigenvectors of a real symmetjumatiidal diferentiation

and integration — trapezoidal rule — Simpson’ rule — Gaussian quadrature formula. Numerical solution of ordinary
differential equations solution Byylor's series — Eulés method — RungeKutta method with Ruisgeeficients.
Numerical solution of partial dérential equations using finite ééfence method.

Unit lll: Curve Fitting

Error analysis, Importance of sampling, Curve fitting — evaluation of linear parameters — weighted least square fitting
— Binomial, poission, Normal distribution, Chi-square goodness of fit test, Random Spectral data analysis.

Unit IV : TechnicalWriting

Language of Science and technoldiggchnical presentations design and deliv€gllecting materials for research,
Organization of research paper/dissertation — symbols — the observations

—tables and figures — equations — the style — sentence length — word length — page and chapter format — referenci
— tables and figures — equations — thestyle — sentence length — word length — page and chapter format — referenci
References:

1. R.P Mishra Research Methodology: a handbook, Concept Publishing ConNsamyDelhi, 2002.

2. Jonatham\nderson and M.E. PoolAssignment &ThesisWriting, JohnWiley, 2002.

3. S.D. SharmaA Textbook on Scientific antechnical Communicatiowriting for Engineers and Professionals,
Sarup and Sons, 2007.

RobertA. Dey and B. Gastel: How Mrite and Publish a Scientific Pap&ambridge, 2006

Thomas R. Mc Calla: Introduction to Numerical methods and Fortran programmingNlekir& Sons,
Inc. NewYork 1967.

6. Anthony RabstorA First course in Numericélnalysis, McGraw Mill Co., Nework 1965.
7. Evous, D.J: Software for Numerical MethoAsademic Press Inc. NeViork, 1974.

8. E.V. Krishnamurthy: Numericanalysis and algorithmyiley Eastern, 1982.

9. S.S. Sastry: Introduction methods of Numerical analysis, Prentice Hall of Irdih ,PL977.
10. M.K. Jain: Numerical analysis for Scientists &Engineers, SBW Publishers, Delhi 1971.

11. Kurt Binder and D.\WWHeermann: Monte Carlo Simulation ita8stical Physics: an Introduction, Springer
2010.

—SKKH\A UN|VERS|TY—

308




M.Phil /Ph.D Physics

Reseach Proposal and Peparation
PHY-RS-C502

This is a non-lecture paper in which the respective teacher will explain the student about how to prepare synopsis
research proposali&lents will also do literature survey for the relevant topic(s) that he/she is interesteitién.
end of the semester he/she will give a presentation and a write-up. He/she will be evaluated on the basis of that.

PHY-RS-E503:Atomic, Molecular and Optical Physics Unit I: Introduction

Basic Optics:Fourier optics, two beam and multiple beam interference, Fabry-Perot interferdmnietection of
radiation with mattedight amplification and gain saturation. Laser rate equations, three level and four level systems;
Free electron lase®ptical

Resonators: resonator stability; modes of a spherical mirror resanatie selection; Q switching and mode locking
in lasers.

Atomic Collisions: Types of collisions, channels, thresholds, cross-sections, potential scattering, general features
Born approximation. Phase shift analysis (low ggg®tomic collisions in solids, nuclear and electronic stopping.

Unit II: One, two and many electron atoms

Schrodinger equation, para and ortho states, Pauli Exclusion Principle, Excited states, doubly excitsdgsates,
effect, resonance. Central field approximatithomas-Fermi model, Hartee-Fock method and self-consistent field,
Hund’s rule, L-S and j-j coupling.

Interaction with Electr omagnetic fields:Selection rules, spectra of alkalis, Helium and alkaline earths, multiplet
structure, Zeeman andiask efect, Paschen-Backfett

Unit [ll: Molecular Sructur e and spectra

Molecular Sructur e: General nature, Born-Oppenheimer separation, rotation and vibration ofdiatomic molecules,
electronic structure of diatomic molecules, structure of polyatomic molecules.

Molecular spectra: Rotational, vibrational, electronic spectra of diatomic molecules, electronic spin andgHund’
cases and nuclear spin, Raman and Infra-Red spectrums.

Unit IV : Resonance Spectiscopy

NMR: Principle, chemical shift, shielding, relaxation process, chemical & magnetic non equivalence, local dia magnetic
shielding and magnetic anisotroppin splitting, Pascal triangle, coupling constant, mechanism of coupling, quadrupole
broadening and decoupling feft of stereochemistry on the spectrum, shift reagent, applications.

ESR: Principle and correlation with proton magnetic resonance, derivative curves, g values, hyperfine splitting,
Applications.EPR of triplet statestr8ctural applications to transition metal complexes.

MdssbauerSpectroscopy:Principle, Spectral parameters (Isomer shift, electric quadrupole interactions, magnetic
interactions), temperature-depender¢@s, structural deductions for iron and tin complexes, applications. Basic
concepts of FTIR and Raman and its applications to various materials.
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References:
1. B. H.Bransden and C. J. Joachain, Physié¢gais and Molecules, Longman, 1996.
G. K. Woodgate, Elementadtomic Sructure, Clarendon Press, 1989.
F. L. Pilar, Elemntary Quantum ChemistiyicGraw Hill, 1990.
H. E.White, Introduction téAtomic SpectraTata McGraw Hill, 1934.
C. N. Banwell and E. M. McCash, Fundamentals of Molecular SpectrgskaipyMcGraw Hill, 1994.
J. M. Hollas, Modern Spectrosco@phnWiley & Sons, 2004
C. N. Banwell and E.M. Mc Cash, Fundamentals of Molecular SpectrgskaipyMcGraw Hill, 1994.
R.J.Abraham and J. Fishe andlB®ftus, Introduction to NMR Spectroscopy Jahfiley & Sons. 1994,
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J.A. Weil, J.R. Balton& J.EWertz, Electron Paramagnetic Resonance: Elemefitaggry and Practical
Applications. JohiWiley and Sons, 1994.
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Solid Sate Spectioscopy
PHY-RS-E504
Unit I: Atomic Spectroscopy

Free lon: The Free-ion; free ion terms for d2 and f2 configuration; Spin-orbit Couplingg¥terel states for d2
and f2 configuration; Ground states for fN configuration; Rare earthfree-ions; Coloumb and Spin-og@sener
Intermediate coupling.

Ligand Field: The concept of ligand field@;he scope of ligand field theorfhe Physicalpropertiesfatted by ligand
fields; Ligand fields and f electron systerfibe magneticproperties of actinide element compounds.

Unit Il: Gr oup Theory

Sketch of Group theory; Kramerdegeneracy; Crystal field splitting - D3hsymmetry; Product of two representations
- Selection rules; Examples of selection rules -D3h symm&pglications of theoretical results to the analysis of
experimental data.

Unit lll: Optical Spectra

Rare Earth lons: Judd-Ofelt theory for the parametrization of intensities; Radiative properties; Upconversions in
rare earths; Luminescent properties of Eu3+H@i ions.

Trivalent Rare Earth lons in Crystal Field: Introduction; Parametrization of crystal field splitting$ie spin
Hamiltonian; Examples of crystal field parametrization; Model description of the crystal field.

Unit IV : Optical Instruments and SpectralAnalyses

Rare Earth Lasers: Introduction; Principles of laser actiohypical rare earth lasers; NdAG and Nd:glass lasers;
Enegy level scheme of the Nd WAG.

Spectral Analyses Spectrographs and Spectrophotometers for\U§ and IR regionsibsorptionand Emission
spectraTemperature dependent specftgial, Sigma and Pi polarization spectral measurements.

References
1. B.N. Figgis; Introduction to Ligand Fieldd/iley Eastern Limited, New Delhi, 1976.
S. Hufner Optical Spectra ofransparent Rare Earth Compourisademic Press, London (1978).
J.W. RobinsonAtomic SpectroscopyM Dekker NewYork, 1990.
Joseph Sneddon et al.: Lasers in analytical atomic spectro¥¢ibpyVCH, 1997.
J. Michael Hollas: Modern spectroscopghnWiley & Sons, 2004.
A. W. Joshi, Elements of Grodgheory for Physicist, Newge International Publishers, New Delhi, 2005.

N o g s w N

MichaelTinkham: Grouprheory and Quantum Mechanics, McGraw Hill, 2003.
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High Energy Physics
PHY-RS-E505
Unit I: Intr oduction

Special theory of relativity and kinematics, Classification of fundamental interactions and elementary particles.
Yukawas proposal on meson exchange. Ndgh#reorem in classical mechanics, continuous space time symmetries
and associated conservation laws of momentumgegrargular momentum. Lorentz invariance.

Unit Il: Symmetries and Conservation Laws

Symmetries in quantum mechanics, Discrete Symmetries, Raindge conjugation and time reversal. Examples of
determination of intrinsic quantum numbers, mass and sping€liralependence of nuclear forces, isospin and
strangenes#\pplication of isospin invariance to pion nucleaon scatteriteyngeness charm and other additive
guantum numbers.Resonance and their quantum numbers with special reference to pion nucleaon scattering. G
Mann Nishijima formula.

Violation and symmetries: Isospin violation in electromagnetaic interactions, Parity non- conservation in weak
interactions, CP violations and KoKosystem.

Unit lll: Theoretical Techniques |

Introduction to Gauge theory of fundamental interactions, Covariant Perturbation, thepmmnan diagrams in
momentum space and its applications in QED and QCD.Lie groups: SU(2), SU(3) and SU(5) and their applications
Higgs Mechanism and Goldstone theorem and its application in gauge theories.

Unit IV : Theoretical Techniques Il

Feynman Rules for spin 0 and spin %z particles and their applications ,Parton model, Deep- Inelastic Scattering (DIS
QCD-evolution equations.t&éhdard model of electroweak interaction, Minimal supersymmetric standard model
(MSSM), neutrino masses and mixing angles.

Books:

1. T.P. Cheng and Li: Gauge theory of Elementary Particles, Oxford University Press, 2000.

2. David Griffiths, Introduction to Elementary Particl&giley VCH, 2008.

3. Donald Perkins, Introduction to High EggrPhysics, Cambridge University Press, 2008

4. G. L. Kane: Modern Elementary Particle PhysfddisonWesley 1993.

5. B. ZwiebachA first course in string theorambridge University Press, 2004.

6. J. Hartle, GravityAn introduction to Einsteis’general relativityPearson education, 2003.

7. A. Das andr. Ferbel: Introduction to Particle & Nuclear PhysM&rld Scientific Publishing, 2004.

—SH{KH\A UN|VERS|TY—

312




M.Phil /Ph.D Physics

Semiconductor Physics and Devices

PHY-RS-E506
Unit I: Characterisation of Semiconductors

Review of quantum theory of semiconductors, Semiconductors in equilibrium, Carrier transport in semiconductors,
Semiconductor under non-equilibriukiall effect: measurement of resistivityobility, carrier concentration, difsivity,
Hall coeficient, Haynes-Shockley experiment, mobiliyffusivity and life time of minority carriers.

Unit Il P-N Junctions-Characteristics and Devices

Junction in equilibrium, Continuity of Fermi level across the junction, Junction under forward and reverse bias, Zero
bias, Builtin- potential, Electric field in depletion region, Biased junction, Spacgehadth under electric field,
Junction capacitance, Rikion capacitance, One sided junction, Non-uniformly doped junctions, Linearly graded,
Hyper abrupt etcAvalanche and Zener Breakdown. Zener dideactor diodeTunnel diode, Photovoltaic Cell.

Unit lll: Junction Diodes and Transistors

Metal-semiconductorJunction Diode: Structure, metal semiconductor contacts, gnéand diagram for dérent

cases, barrier formation, Schottky barrier diode, Nonidéattsfon barrier heights, Current voltage characteristics,
Comparison of barrier diode and PN-junction diode, Metal Semiconductor Ohmic Contact, Ideal non-rectifying
barriers, Heterojunctiofwo dimensional electron gas.

Bipolar Junction Transistor: Structure, Basic principle of operation, Modes of operation, Carrier concentration
profile in various regions in forward active mode, current gain and current gain factors, Equivalent circuit models:
Ebers-Moil model, Dependence of Ebers-Moll parameters on the structure and operating point, Maximum transitior
current,Voltage and power ratingransistor as a switch.

Unit IV : SemiconductorDevices

Photodiode and solar celidicrowave Devices: IMRTT devices: Read diode, principle of operation, applications,
other structures. Gunn devica@sio valley semiconductors, transferred electron mechanism, formation and drift of
space chae domain, application to resonant circB&émiconductor optical amplifiers, LEDs and LDs: device structure
and characteristics, DFB, DBR, and quantum well lasers, Laser diode arrays, Semiconductor photodetectors; PIN
andAPDs, CCDs and OEICs

References:
1. Adir Bar-lev: Semiconductor and electronic Devices, Prentice Hall of India, 1993.
Hess, K.Advancedlheory of Semiconductor Devices, Prentice Hall of India, 2000.
Roy.D.K. : Physics of Semiconductor Devices, University Press, India, 2000.
Streetman, B.G Solid Sate Electronic Devices, Prentice Hall of India, 2000.
Sze, S.M.: Semiconductor Devices; PhysicsBeuhnologyWiley Eastern Ltd. 2009.
Sze, S. M: Physics of Semiconductor Devid#dey Eastern Ltd., 2007.
Wang, S.: Fundamentals of Semicondudtioeory and Device Physics, Prentice Hall of India, 1989.
Jasprit Singh, Semiconductor Devices - Basic Principles, ey &Sons, Inc., 2002.

© 0o N o gk Db

Zambuto, M.: Semiconductor Devices, McGraw Hill, 1989.
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Quantum Optics & Quantum Information Pr ocessing
PHY-RS-E507
Unit I: Quantum theory of radiation

Review of quantum theory of radiation; Quantization of free electromagnetic field; Fock states, Lamb shifts, Quantum
beats, coherent & squeezed states of the field, Quantum distribution theory & partially coherent radition (Q-
representation andfigner Weyle distribution).

Unit Il: Quantum Field Interactions

Field- Field and Photon — Photon interferomeiigst& second order Coherence; photon detection & quantum coherence
functions. Photon counting & Photon statistics; Classical & Quantum descripfigvi@tource interferencAtom-
field interaction- Semiclassical& Quantum theory

Unit I1l: Quantum Optics

Laser without inversion & otherfetts of atomic coherence &interference Resonance flurescence Quantum theory of
laser density operator approach and Heisegbkangevein approacfiheory of microMasergtom optics. EPR
paradox; hidden variable & Bedltheorem; Quantum calculation of the correlation in Béleorem; Bel§ theorem
without inequalities (GHZ equality). Quantum Cryptography (Bennett- Brossard protocol )Qantum Non demolition
measurement.

Unit IV : Quantum Computations

Quantum circuits; Quantum search algorithm, Quantum Computers- Physical realization, Condition for quantum
computation, Diferent implementation schemes for quantum computation; Quantum information theory (Distinguishing
Quantum states, Data compression, Classical& Quantum information & noisy Quantum channels), Entanglement &
physical resonance, Quantum key distribution and security of quantum key distribution.

Books:
1. M.O. Scully & M. SuhailZubairy: Quantum optics, Cambridge University Press, 2002.
2. D. E Walls and GJ. Milburn: Quantum optics, Spring&008.

3. MA Nielsen & | LChuang: Quantum Computation & Quantum Information, Cambridge University Press,
2010.

4. Rodney LoudonThe Quantum theory of light, Oxford University Press, 2003.

5. loanBurda: Introduction to Quantum Computation, Universal Publishers, Florida, USA, 2005.
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Nonlinear Science: Solitons and Chaos
PHY-RS-E508
Unit I: Intr oduction

Nonlinear equations in physics: an overviBlen-linear mechanics. Sensitive dependence on initial conditions. Discrete-
time systems, Continuous time systems, Phase space, Poincare section, Spectral analysis of time series and po
spectra, attractors, Bifurcation diagrams.

Sability: Fixed points, kapunov $ability, Asymptotic Sability, Poincare &bility, Lagrange &bility, Periodic
and quasi-periodic motions, Logistic map-period doubling, periodic windows, Entropy and direction of time, Prediction
of chaotic states-methods of analogues-linear approximation method.

Unit II: Chaotic Motion

Intermittency mechanismyjpe I, Il and lll intermittencies), Bifurcations of homoclinic orbits, saddle point, turbulence,
Fractal and fractal dimensions, self-similarity and sdifay.

Hamiltonian theoryDuffing oscillator Nonlinear oscillator —t&ndard map — integrable mapping- Non integrable
mappings, Keplés problem - order and chaos — Simple applications of chaos in physical systems - Quantum chaos
Applications.

Unit Il Solitons & Coher ent Sructur es

Linear waves, wekly nonlinear and dispersive waves, solitonds, Mdy, Sine-Gordon systems, examples and
applications in physics and engineering; Nonlinear optical phenomena second harmonic generation, parametri
processes, optical solitons, soliton based all optical communications.

Unit IV : Applications

Non-linear system$onlinear optics - Optical communications - Fluid dynamics - Magnetic systems — Liquidcrystals
— Biomolecules - Medical physics - Plasma Astto physics - Electrical circuits -, management systems, chaos in-
earthquake dynamics - quantum physics - statistical mechanics.

References:
1. ThierryVialar, Complex and chaotic nonlinear dynamics, Sprifdgtag, 2009.
Ali H. Nayfeh and B. Balachandrafspplied nonlinear Dynamic8VILEY-VCH, Verlag, 2004
M. Lakshmanan (Ed.,) Introduction to Solitons, Springerlag, 1988.
M.J.Ablowitz and H. SegyiSolitons and Inverse Scatterihgasform, Philadelphia (1981).

2
3
4
5. P.G Drazin and R.S. Johnson, SolitoAs: Introduction, Cambridge University Press, 1989.
6. A.J. Licthenbeg and M.A. Lieberman Regular antb&hastic Motion, Spingegrlag, Berlin, (1983)
7. J.M.Thompson and H.B.t&wart, Nonlinear Dynamics and Chaos, Jdfiley and Sons, 1989.

8. A.S. Davydoy Solitons in Molecular Systems, Kluw&cademic Publishers, 1991

9

A. Hasegawa and. Kodama, Solitons in Optical Communications, Oxford Press, 1995.
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Magnetism and Supeconductivity
PHY-RS-E509
Unit I: Magnetism — |

Satic Phenomena : Diamagnetism; Paramagnetism; Crystal-fistteflohn-&ller efects;Adiabatic demagnetization;
Molecular field theory of ferromagnetism; Heisergexchange interaction; Superexchange; Ruderman-Kasuya and
Yosida interaction; Series-expanison and Bethe-Peiagisskhethods; Spiwaves; Ginzbig-Landau theory of the
ferromagnetism.

Unit Il: Magnetism — 11

SlaterPuling Curve; Shape, magnetocrystalline and other types of anisotropy; Micromagnetics; Origin and observatior
of ferromag - neticdomins; Soft and hard magnetic materials; magnetic exchange feeasntifages of magnetic
ordering in alloys; Kondo, spin-glass, cluster spin- glass, inhomogeneous long-range characterization and the releva
theoretical concepts.

Applications of bulk and thin film magnetic materials and multi layers.

Dynamic Phenomena: Linear Respofiseory: Magnetic response and relaxation; Generalized magnetic susceptibility;
Kramers-Kronig relations.

Unit lll: Super conductivity |

Basic properties of superconductors. Phenomenological thermodynamic treatrodioid model; Magnetic behaviour

of superconductors, intermediate state, Lonsl@efuations and penetration depth, quantized flux. Pifgpacad-

local relation and coherence length.Gingsurandau theoryvariation of the order parameter and the gneap

with magnetic field, isotope fefct; Enegy gap and its measurement; magnetization, specific heat and thermal
conductivity; electron-phonon interaction and cooper pairs, brief discussion of the B.C.S. itegesults and
experimental verification; (p- and d- wave pairs).

Unit IV : Superconductivity Il

Tunneling in SIN and SIS sandwiches, practical details; Coherence of the electron-paiesvinks; dc and ac
Josephson #dcts, superconducting Quantum Interference Devices (SQUID).

Type Il superconductivitymagnetization of type-1l superconductors, mixed state, surfaagyesgecific heat, critical
currents of type-ll superconductors flux lattice, flux flow (creep). Superconducting materials (only qualitative
description) conventional low temperature superconductors, High temperature superconductors, heavy fermions systel
boro-carbides.

Books:
1. A. H. Morrish: Physical Principles of Magnetism, R. E. Krieger Pub. Co., 1980
2. S. Chikazumi: Physics of Magnetism, R. E. Krieger Pub. Co., 1978
3. Wolfgang Nolting AnupuruRamakanth: Quantufimeory of Magnetism, Springez009.
4. R. M.White: QuantunTheory of Magnetism, Springe2007
4. S. Dattagupta: Relaxation Phenomena in condensed matidemic Press, 198
5. M. Tinkham: Introduction to SuperconductiyitdcGraw Hill, 1996
6. P. G deGennes: Superconductivity of Metals Alldys, Advanced Book Program, Perseus Books, 1999
7. K. H.Bennemann, J. B. Kettersdrhe Physics of Superconductors, Springerag, 2003.

—SKKH\A UN|VERS|TY—

316




M.Phil /Ph.D Physics

Semiconductor Laser Physics
PHY-RS-510
Unit I: Intr oduction

Physics of interaction between radiation and atomic systems including: stimulated emission, emission line shapes at
dispersion décts. Physics of semiconducting optical materials, degenerate semiconductors and their homojunction:
and hetrojunctions.Light emitting diodes (LER'Junction lasers. Characteristics of diode laser arrays and applications.

Unit Il: Double Heter o Sructur e & Quantum Wells

Double Hetero Sructur e: Materials and growth techniques — brief outlook, electronic properties of
heterojunctions,optical properties of hetero-junctions, lateral mode control.

Quantum Wells: Semiconductor multi quantum wells, density of states in 2-D systems, optical transitions, gain,strained
guantum wells, optical and electrical confinement, strained layer superlattices (SLS)

Unit lll: Diode Laser Modelling

Rate equations of idealised diode lagain compression, small signal rate equations, real laser diodes: InGaAsP/InP
quantum well lasers, three level rate equation models for quantum well SCH lasers.

Unit IV : Applications of Laser

Application of lasers in data storage, communication and information technology: CD players, DVDs, laser printers,
barcode scanners, and optical communication; Surface profile and dimensional measurement$rastiundihd

its variations; High-power laser applications: marking, drilling, cutting, welding, and hardening; laser fusion; Laser
Doppler velocimetryLIDAR, laser spectroscopgnedical applications of lasers.

Books
1. D. Sands: Diode Lasers, Institute of Physics, UK, 2005.
S. Hooker and GNMebb: Laser Physics, Oxford University Press, 2010.
W. W. Chow and SW. Koch: Semiconductor Laser Fundamentals, Sprigeiag, 1999.

2
3
4. C.Hammaguchi: Basic Semiconductor Physics, Sprikgeag, 2010.
5. K. Seeger: Semiconductor Physics, Springerag, 2004.

6

L. A. Coldren and SW\. Corzine : Diode lasers and photonic integrated circuits, \Mley & Sons, Inc.,
1995.

7. Eli Kapon: Semiconductor lasers — Part — I., (Fundamenfadajjemic Press, 1999.

8. P S. Zory Jr Quantumell LasersAcademic Press 1993.
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Solar Energy and Its Utilization
PHY-RS-E511
Unit I: Radiation & Energy Storage

Radiation Geometry. Basis earth sun angles - Determination of Solar time - Derived Solar angles - Day length -
Solar Radiation measurements - selective surfaces - Heat balargyelesidry radiation, convection and conduction

- Physical characteristics of selectives surfadati reflection coatings - Solar reflector materials - production
methods of coatings.

Energy storage and solaapplications: Types of enagy storagel'hermal storage Latent heat storage — Electrical
storage Principle of operation of solar ponds-Non convective solar pdingeretical analysis of solar pond — solar
distillation — solar cooking —solar pumping.

Unit II: Fundamentals of Heat Transfer

Transfer of Heat by Conductiontusly heat flow in a slab-steady heat flow in a cylindrical shell- Heat transfer
through fins Jransient heat conduction.

Thermal Radiation: Basic laws of radiation — Radiant heat transfer between two black bodies- Radiant heat transfe
between grey bodies.

Conduction heat loss Evaluation of convective heat transferficteat —Free convection from vertical planes and
cylinders — Forced convection — Heat transfer for fully established

flow in tubes.
Unit lll: Solar Thermal systems

General description of plate collector —thermal losses dictkaty of FPC —Engy balance equation — Evaluation
of overall loss coditient —Thermal analysis of flat plate collector and useful heat gained by the fluid performance of
solar air heaters — Heating and drying of agricultural prodiygies of drier in use.

Solar concentrators and Receiver geometries — General characteristics of focusing collector systems Evaluation
optical losses Fhermal performance of focusing collectors.

Unit IV : Photovoltaics

Description of the photovoltaicfett — Electrical characteristics calibration aniicefncy measurement — silicon
solar enggy converters Fhermal generation of recombination centers silicon.

Role of thin films in solar cells, Quantum dots, Properties of thin films for solar cells Cd®e |@eGaAs, CdCu2,
Culn Sn0O2, Cd2Sn0O4 ZnOlransport properties of metal films — poly crystalline film silicon solar cells (Photovoltaic
characteristics, junction analysis loss mechanigm®)rphous silicon solar cellstf@ctural compaositional optical
and electrical properties)

Books
1. GD. Raj: Solar engy utilization, Khanna Publishers, New Delhi, 2005.
2. H.P Gag and J Prakash: Solar Eggr Fundamental anflpplications,Tata McGraw Hill, 2000.
3. Charles E.: Solar cells, IEEE Press, 1976.
4. K. L. Chopra and S. Ranjan D&shin film solar cells, Plenum, NeXork, 1983.

—SKKH\A UN|VERS|TY—

318




M.Phil /Ph.D Physics

Physics of Nanomaterials and Devices
PHY-RS-E512
Unit I: Physics of quantum dots & wells
Introduction, quantum dots, wires, wells. Density of states in 0, 1 & 2D.Growth of quantum dots

— SK quantum dots — basics of semiconductor quantum dots —Electron photon scattering - Exciton dynamics il
quantum dots — carrier relaxation inquantum dots — optical spectroscopy of single and multiple quantum dots — basic
of metalquantum dots and their applications.

Infinite deep square wells — parabolic wells —triangular wells —sub-band formation in low dimensional system —
occupation of sub-bands —quantum wells in hetero-structures, strained layelatiges — basics of tunneling
transport — current and conductance — current in one dimension — current in two and three dimensions — basis
coherent transport.

Unit Il: Gr owth of hetero-structures

Growth of hetero-structures by MBE and MOCVD method — band gap engineering by swipt heavy ion beam method:
—modulation doping — 2DEG formation #&ned layers and itsfefct

— wire and dot formation — optical confinement feefive mass approximation in hetero- structures — photon,
electron and proton beam lithography methods —methods in the nanoscale device fabrication

Unit Ill: Photonic devices

Metal semiconductor contacts — space ghaegion — schottky fefct — ohmic contact —Basic microwave technology
—tunnel diode — impatt diodes — transferred electron devices —quafeetdefices — light emitting diodes — basics
of Solar cells — lasers and quantumwell lasé@&SEL, Plasmons.

Unit IV : Characteristics of Nanomaterials
Spectroscopy of nanomaterials, bulk, Raman Scattering, &8, SCM, XRD, Raman spectroscopy
References:
1. John H. DaviesThe Physics of Low dimensional semiconductors, Cambridge University Press, 2000.
2. S. M. Sze: Semiconductor devices: PhysicsTauhnology JohnWiley &Son, 2009
3. GarnettW. Bryantand Glenn Solomon: Optics of quantum dots and wreech House, 2005.
4

Marius Grundmannthe Physics of Semiconductofg! Introduction including nanophysics afypplications,
Springer 2010.

S. L. Chuang: Physics of Photonic Devices, Jfisy & Sons, 2009.
6. Paul Harrison, QuantuiVells,Wires and Dots, Johwiley & Sons, 2005.

o
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Plasma Physics
PHY-RS-E513
Unit I: Intr oduction

Introduction to plasma, definition, concept of temperature— Debye Shieldimg Plasma parameters — Criteria for
Plasma.

Applications of Plasma physics (basis ideas) single — Particle motions; uniforms E and B fields — Gravitational field
— Non uniform B fields — Gravitational field — Non — uniform B field — Curve B - magnetic mirrors non Uniform E
filed Time — varying B field -Adiabatic Invariants.

Unit I: Fluid Models

Fluid theory in plasma, Fluid equations of motion, single fluid magneto-hydrodynamics, magnetic Reynolds number
magnetic equilibrium-the concept of betafuhion, resistivity and collision in plasma, Foki&ank equation

Waves in Fluid PlasmaRepresentation of waves — Group velocity — plasma Oscillatidvesres in unmagnetized
plasmas — Electron Plasma waves-Langmuir waves and oscillations-ion sound waves, high frequency electromagne
waves in unmagnetized plasma.

Unit lll: Kinetic Theory & Plasma Instabilities

Kinetic Theory: Need for Kinetic theoryf (v) equations by kinetic theagrylaslov equations, kinetic ffcts on
plasma waves and in a magnetic field, Landaus treatment, BGK and van Kampen modes — Experimental verificatior

Plasma Instabilities: Instability in plasma; streaming instabilitpn drag force induced, drift wave instability and
parametric instability

Chaos and time series analysis; Fourier thddapunov exponengttractors, self-similarityHurst exponent and
Fractal dimension

Unit IV : Applications

Waves in space-plasma, plasma turbulence and particle heating. Fundamentals of plasma processing.g&as dische
processes, dc disclyg, rf dischage, capacitive and inductively coupled plasma systems, theory and description of
different plasma production systems, Dusty plasma. Introduction to controlled thermonuclear fusion, magnetic
confinementTokamak, Spheromak and ITER.

References

1. Francis F Chen: Introduction to plasma physics and controlled Fusion, vol. I: plasma physics, 2nd edition,
Springer 1984.

2. Robert J Goldston and Paul H Rutherford: Introduction to Plasma Physics, Institute of Physics, London,
1995.

3. U.S.Unan and U Golkowsky: Principles of Plasma Physics for Engineers and Scientist, Cambridge University
Press, 201L

4. NocholasA Krall andAlvin W Trivelpiece: Principles of plasma physics, San Francisco Press, 1986.
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5. Donald E. Gurnett ané. Battacharjee: Introduction to Plasma Physl\sth Space and Laboratory
Applications, Cambridge University Press, 2005.

6. M. Kono and M. M. Skoric: Nonlinear Physics of Plasmas, Sprivigelag, 2010.

7. Alexander Piel: Introduction to Plasma Physfus:Introduction to Laboratoryspace and Fusion Plasmas,
SpringerVerlac, 2010.

8. Richard Dendy: Plasma Physiés1 Introductory Course, Cambridge University Press, 1996.

9. Richard H Huddlestone anda®ly Leonard: Plasma DiagnosTliechniquesAcademic Press Inc., 1965.
10. R. J. Shul, S. J. Pearton, Handboolkd¥anced Plasma Processifgchniques, SpringeVerlac, 2000.
11. I. H. Hutchinson: Principles of Plasma diagnostics, Cambridge University Press, 2002.

12. Francis F Chen and JaneCRang: Lecture Notes on Principles of Plasma Processing, KAcaelemic/
Plenum Publishers, 2003.
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Thin Film Technology
PHY-RS-E514
Unit I: Intr oduction

Preparation: Spray pyrolytic process — characteristic feature of the spray pyrolytic process — ion platogm
evaporation — Evaporation theorfhe construction and use of vapour

sources— sputtering Methods — Reactive sputtering — RF sputtering - DC planar and magnetron sputtering , atol
beam/ion beam sputtering.

Thickness measuement electrical methods — optical interference methods — multiple beam interferometry — Fizeau
— FECO methods — Quartz crystal thickness manitor

Nucleation& growth— Four stages of film growth incorporation of defects during growth.
Unit II: Electrical pr operties of metallic thin films

Sources of resistivity in metallic conductors — sheet resistameeperature coétient of resistance (TCR) —
influence of thickness on resistivity — Halfexft and magneto resistance

- Annealing -Agglometation and oxidation.
Unit lll: Transport properties of semiconducting and insulating Films
Semiconducting filmsTheoretical considerations - Experimental results — Photoconduction

- Field efect in thin films — transistors, Insulating films Dielectric properties — dielectric losses — Ohmic
contacts — Metal — Insulator and Metal — metal contacts — D@@rmbnduction mechanism.

Unit IV : Optical properties of thin films and thin films solar cells

Thin films optics —Theory — Optical constants of thin films — Experimental techniques — Multilayer optical system —
interference filers Antireflection coatingThin films solar Cells, Single & multi junction solar cells, Role, Progress,
and production of thin solar cells — Photovoltaic paramé&ten film silicon (Poly crystalline) solar cells: current
status of bulk silicon solar cells —Fabrication technology — Photo voltaic performanceirignssiar cells: GaAs

and CdiInSe.

References:
1. LI Maissel and R Glang: Hand book™iin films Technology McGraw Hill, 1970.
K L ChopraThin film Phenomena, McGraw Hill, 1970.
Geoge Hass et al.: Physics of thin films, vol. 12, Néwvk Academic Press, 1975.
KL Chopra and S R Dasghin films solar cells, Plenum Press, 1983.
JohnA. Venables: Introduction to Surface aftn films processes, Cambridge University Press, 2000.

L. Holland:Vacuum deposition of thin films, Chapman and Hall, 1966.

N o o~ e Dd

J CAndersonThe Use offhin Films in Physical Investigations, Néerk, 1
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Quantum Field Theory
PHY-RS-E515
Unit I: Intr oduction

ScalarFields: Need for Fieldrheoretic description, Klein-Gordon Field: Lagrangian formulation, symmetries and
conservation laws, canonical quantization, propagators, Feynman diagrams.

Spinor & VectorFields: Dirac Field: Canonical quantization, propagators, Symmetries: Gauge Symmetries, Gauge
Field: Elementary realization of BRST symmetry and gauge fixing.

Unit Il: Interactions

Hamiltonian formulation, S-matrix, Interacting Fields and Feynman DiagharkayaTl heory elementary processes
of quantum electrodynamics, radiative corrections.

Unit Ill: Renormalization

Functional Methods, Systematics of Renormalization, Renormalization and Synfieetrymalization Group, Critical
Exponents.Wsonian renormalization.

Unit IV : Non-Abelian Gauge Field

Non-Abelian Gauge invariances, Quantizations, Quantum Chromodynamics, Operator prddutis eértices,
Gauge theory with spontaneous symmetry breaking, Higgs mechanism.

References
1. F Mandl and GShaw: Quantum Fiel@iheory Wiley, 1992.
T. P Cheng and L.-A.i: GaugeTheory of Elementary Particle Physics, Oxford University Press, 1984.

2

3. S. Pokorski: Gauge Fieltheories, Cambridge University Press, 2000.
4. L. H. Ryder: Quantum Fiel@heory Cambridge University Press, 1996.
5

D. Bailin andA. Love: Introduction to Gauge Fieltheory IOP Publishing, Graduatet@®lent Series in
Physics, 1986.

F. Mandl and GShaw: Quantum Fiel@iheory JohnWiley, 2009.
7. P.B. Pal and\. Lahiri: A First Book of Quantum Fiel@iheory CRC Press, 2001.
M. E. Peskin, DV. SchroederAn Introduction to Quantum Fieltheory Addison-Wesley 1995.

o

o
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General Relativity and Cosmology
PHY-RS-E516
Unit I: TensorAnalysis

Elements of tensor analysfsfine transplantation of tensors, concept of the metric tensor and geodesics, Curvature,
ReimannTensor and its properties, EggiMomentum tenspRicciTensor and Einstein tens&instein Equations.
Newtonian limit.

Unit II: General Relativity

Foundations of general relativjitgchwarschild solution and its consequenSebwarzschild and Kerr space times,
black hole physics, gravitational radiation, gravitational lensing, cosmological models, observational tests, the earl
universe, the microwave background, formation of structured dark matter and dask Hagrking radiation.

Unit [ll: Cosmology |

Galaxies and the expanding Universe; Hulsbledw; the age of the Universe; the Big Bang; cosmic microwave
background (blackbody radiation); big bang nucleo-synthesis (cosmic abundances, bingies, emgiter & radiation).

Unit IV: Cosmology |l

Introductory cosmology (the cosmological principle, homogeneity and isp@tmsf's paradox); cosmological models
(critical densitygeometry of space, the fate of the Universe); cosmological constant, dgnkamdthe accelerating
Universe.

References
1. StevenWienbeg, CosmologyOxford University Press, (2008)
2. Robert MWald, General RelativityJniversity of Chicago Press (1984)
3. Landau, L.D. &Lifshitz, E.M.The Classical heory of Fields, 2nd ed., REmon Press, 1995.
4. Hartle, J. B.: Gravity: Introduction to EinstesrGeneral RelativityPearson Education, 2003.
5. Peebles, B.E.: Principles of Physical Cosmologirinceton University Press, 1993.
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