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ADVANCED COMPUTING

THIRD YEAR: SEMESTER-V
Paper AC-3-5-1: Advanced Computing Laboratory-| (Practical, Credits: 4)

THIRD YEAR: SEMESTER-VI
Paper AC-3-6-1: Advanced Computing Laboratory-II (Practical, Credits: 4)

FOURTH YEAR: SEMESTER-VII
Paper AC-4-7-1: Advanced Computing Laboratory-Il| (Practical, Credits: 4)

FOURTH YEAR: SEMESTER-VIII
Paper AC-4-8-1: Advanced Computing Laboratory-IV (Practical, Credits: 4)




THIRD YEAR: SEMESTER-V

Paper AC-3-5-1: Advanced Computing Laboratory-I (Credits: 4)

Fundamentals to Matlab, Introduction to Matlab Eorment, Defining Matrices, Matrix Manipulation

Data Structures, 2D Graphics, 3D Graphics, Flow t@hn Editor/Debugger window, Creating Matlab
functions, Improving code performance, Programmmiylatlab as suggested by the course Instructor.

REFERENCES:

1. P. Niyogi, Numerical Analysis and Algorithms,td&icGraw-Hill Publishing Company Limited, 2003.
2. V. Rajaraman, Cmputer Fundamentals

3. E. Balaguruswamy-Programming in ANSI C., Tatac@vaw Hill (1992)

4. B.S. Gottfried- Theory and Problems of Prograrmgmin C, Tata McGraw Hill (1998).

5. V. Rajaraman, Programming in C, Prentice H&B@)

6. Magrab, Azarm, Balachandran, Duncan, Herold siWaAn Engineer's Guide to MATLAB

THIRD YEAR: SEMESTER-VI

Paper AC-3-6-1: Advanced Computing Laboratory-Il (Credits: 4)

Programming with MATHEMATICA: The interactive usé Mathematica commands to manipulate algebraic
expressions, work with arrays, perform operatiaasnf calculus and linear algebra, solve differenéiat
difference equations, graph functions and visuala®. Functions, assignment statements and rules
Mathematica program, as suggested by the Coursedtay.

REFERENCES:

1. Daniel Dubin, "Numerical and Analytical Methofts Scientists and Engineers Using Mathematica",
Wiley-Interscience, 2003.

2. “Mathematica Reference Guide “, Addison-WeslablRhing Company,1992.

3. “The Mathematica Book”, Fifth Edition Wolfram M&, 2003.

4. B.S. Gottfried- Theory and Problems of Prograrmgmin C, Tata McGraw Hill (1998).

5. V. Rajaraman, Programming in C, Prentice H&Bd).

6. P. Glasserman, Monte Carlo Methods in Finargigjineering, Springer, 2004.

7. R. U. Seydel, Tools for Computational FinandeEd., Springer, 2009.

FOURTH YEAR: SEMESTER-VII
Paper AC-4-7-1: Advanced Computing Laboratory-lll (Credits: 4)
Fast Fourier Transform, Monte Carlo Simulation,gPaonming in Java

FOURTH YEAR: SEMESTER-VIII

Paper AC-4-8-1: Advanced Computing Laboratory-IV (Credits: 4)

Python language, Overview of Linux as operatingesys Installation, configuration, system utilitiégernel
Internals: Processes, memory management, Interaupdsexceptions, system calls, file systems, Device
drivers, Networking, Real time Linux, Embedded Liraystems.

Further problems, as suggested by the Course tistru

REFERENCES:
1. Bovet, P. B., and Cesati, M., UnderstandingLiheix Kernel, O'Reilly, Shroff Publishers and Dibtrtors,.
2. Beck, M. et. al., Linux Kernel Programming, Third Edition, Peardedaucation Asia.



CHEMISTRY

FIRST YEAR: SEMESTER-I
Paper CH-1-1-1
Paper CH-1-1-2

FIRST YEAR: SEMESTER-II
Paper CH-1-2-1
Paper CH-1-2-2

SECOND YEAR: SEMESTER-III
Paper CH-2-3-1
Paper CH-2-3-2

SECOND YEAR: SEMESTER-IV
Paper CH-2-4-1
Paper CH-2-4-2

THIRD YEAR: SEMESTER-V

MAJOR PAPERS:

Paper CH-3-5-1

Paper CH-3-5-2

Paper CH-3-5-3

Paper CH-3-5-4

ADDITIONAL ELECTIVE PAPER:
Paper CH-3-5-5, Analytical Chemistry-I

THIRD YEAR: SEMESTER-VI

MAJOR PAPERS:

Paper CH-3-6-1

Paper CH-3-6-2

Paper CH-3-6-3

Paper CH-3-6-4

ADDITIONAL ELECTIVE PAPER:
Paper CH-3-6-5, Analytical Chemistry-II

FOURTH YEAR: SEMESTER-VII

MAJOR PAPERS:

Paper CH-4-7-1

Paper CH-4-7-2

Paper CH-4-7-3

Paper CH-4-7-4

ADDITIONAL ELECTIVE PAPER:
Paper CH-4-7-5, Polymer Science

FOURTH YEAR: SEMESTER-VIII
MAJOR PAPERS:
Paper CH-4-8-1

(Theory, Credits: 3)

(Practical, Credits:

2)

(Theory, Credits: 3)

(Practical, Credits:

2)

(Theory, Credits: 3)

(Practical, Credits:

(Theorgredits: 3)

(Practical, Credits:

(Theor@redits: 4)
(Theorgredits: 4)

(Practical, Credits:
(Practical, Credits:

(TheoBredits: 2)

(Theorgredits: 4)
(Theorgredits: 4)

(Practical, Credits:
(Practical, Credits:

(Theofredits: 2)

(Theorgredits: 4)
(Theorgredits: 4)

(Practical, Credits:
(Practical, Credits:

(The@tmedits: 2)

(Theorgredits: 4)

2)

2)

4)
2)

4)
2)

4)
2)



Paper CH-4-8-2

Paper CH-4-8-3

Paper CH-4-8-4

ADDITIONAL ELECTIVE PAPER:
Paper CH-4-8-5, Renewable Energy

FIFTH YEAR: SEMESTER-IX
DISSERTATION PAPERS:
Paper CH-5-9-1

FIFTH YEAR: SEMESTER-X
DISSERTATION PAPERS:
Paper CH-5-10-1

(Theorgredits: 4)
(Practical, Credits: 4)
(Practical, Credits: 2)

(The@ngedits: 2)

(Credits: 24)

(Credits: 24)



FIRST YEAR: SEMESTER-I

Paper CH-1-1-1 (Theory,Credits: 3)

1. Atomic Structure, Radioactivity and Periodic Prgerties

Bohr’s theory of atomic structure, Sommerfeld’s mfigdtions.de Broglie relation, Heisenberg’'s unaerty
principle; Vector model. Quantum mechanical modeitom, spectroscopic term symbols; concept of &tom
orbitals, shapes of p andd orbitals, radial and angular probability diagraofis, p andd orbitals. Pauli’'s
exclusion principle, Hund’'s rule, exchange energyfbau principle; Electronic configurations of the
elements.

Radioactivity: Natural and artificial; Units of raa@ctivity, radioactive equilibrium, isotopes, isob and
isotones. Soddy-Fajan’s rule, Nuclear dimension¢l®ans, Stability of the nucleus and nuclear bigdin
energy.

Periodic classification of elements, Modern perotible, General characteristics sf p-, d- andf- block
elements.Effective nuclear charge, Slater's ruléonfic radii, lonic radii, Covalent radii. lonisatio
potentials.Electron affinity; Electronegativity aitdl periodic trend, Inert pair effect. Diagondatenships.

2. Structure & Reactivity and Stereochemistry of Cabon Compounds

Hybridization; Inductive and field effects; bondeegy, bond polarity, bond polarizability, conjugmti
(resonance), resonance energy, hyperconjugatiomd lnmmoments, dipole moment. Aromaticity, Huckel’s
(4n+2) rule, anti-aromaticity, application of Hutkerule to benzenoid and non-benzenoid systems.
Intermolecular and intramolecular forces, weak dieahforces, hydrogen bond, dipolar interactiom \ker
Waals’ forces.

Static stereochemistry: Representation of molecuhed-ischer, flying wedge, sawhorse and Newman
formulae and their inter-translation, chiralityemlents of symmetry.

Stereoisomerism:  Enantiomerism and diastereomerisNpmenclature. Resolution of racemic
mixture.Conformational nomenclature; Conformatioaadlysis of ethane, propane and n-butane.

3. Kinetic Theory of Gases, Modification of Equatio of States and Concept of Intermolecular Forces
and their Temperature Dependence

Postulates of kinetic theory, concepts of presaarketemperature; Distribution of velocities in atimension,
extension to two and three dimension, Maxwell’driistion of speed, feature of kinetic distributjonean
speed, root mean square speed, most probable gpagartition of energy, specific heats of gases.
Collision of gas molecules; Inter-molecular forcekort description of Keesom, Debye and Londone®rc
dipole moment, bond moment, vander Waals’ equatiastate, Virial equation of state.

Deviation from ideal behavior, existence of critichate, critical constants in terms of van der Waa
equation, law of corresponding states and its iglid

Paper CH-1-1-2 (Practical, Credits: 2)

Organic Qualitative Analysis: Detection of special elements (N, Cl, Br, | and I§) chemical tests;
determination of melting point of the given compdusolubility test and solubility classificationetection of
functional groups by systematic chemical tests.

Addition or changesin the laboratory experiments may be made by the department as and when required.

FIRST YEAR: SEMESTER-II

Paper CH-1-2-1 (Theory,Credits: 3)

1. Chemistry of Main Group Elements, Their Reactios and Chemical Bonding-I

Electron deficient compound, electron rich molesplelalogens and Noble gas compounds, interhalogen
compounds, pseudo halogens, polyhalides, phospitlanittompounds, sulphur nitrogen compounds,
silicates, aluminosilicates.




Chemical Bonding: lonic Bonding: Size effects, temdiatio rules. Packing of ions in crystals, Lattenergy,
Born-Lande equation, Born-Haber cycle, Fajan’s Rutlefects in solids.

Covalent Bonding: Valence Bond theory, hybridizati®ent’'s rule, Valence shell electron pair repnsi
(VSEPR) model and molecular structure, ionic-conalbond. Molecular orbital (MO) theory, multiple
bonding, MO diagrams of homonuclear and heteroana@tomic molecules.

Metallic bonding: Band theory, Band splitting (diand and graphite structures), conduction, semicctimiu
and insulation, p-n junctions.

2. Organic Reaction Mechanisms

Bond cleavage and bond formation; Structure stgpiformation and fates of electrophiles, nucletgshi
radical concept of onium and enium ions, carboaoaticcarbanions, carbenes, benzynes.Classificafion o
reactionsAH, AS, AG; dependence ofH on bond energy, strain energy, solvation enetgya reactants
and products, equilibrium controlled changes, mtecular vs intramolecular reactions. Prototroghidfts,
ring-chain tautomerism, valence tautomerism, nedatitability of tautomers with reference to bonergy.
Kinetic studies, study of intermediates, cross-asgreriment, stereochemical proof, isotope labefingtic

and non-kinetic, primary and secondary kineticapeteffect.

3. First Law of Thermodynamics and Thermochemistry

Introduction and scope of thermodynamics, definitiof systems and surroundings, types of systems,
extensive properties, intensive properties, corscepthermal equilibrium, concept of temperatunaept of
heat and work, reversible work, irreversible workl anaximum work. First law of thermodynamics, intdr
energy as a state function, properties of a statetion, definition of isothermal and adiabatic g@sses,
Joule’s experiment and its consequence. Joule-Thomp experiment and enthalpy as a state function;
calculation of work done, heat changes for isotla@ind adiabatic changes involving ideal gas. [ficafion

of gases: adiabatic cooling.

Laws of thermochemistry, Hess’s law and their aggplons, Born-Haber cycle, standard enthalpy chaimge
various transformations, Kirchoff's relation. Prijple for determination of heat capacity experiméyta

Paper CH-1-2-2 (Practical, Credits: 2)

Inorganic Qualitative Analysis: Qualitative analysis of inorganic mixture contamginot more than three
radicals, by systematic tests and/or semimicre test

Addition or changesin the laboratory experiments may be made by the department as and when required.

SECOND YEAR: SEMESTER-III

Paper CH-2-3-1 (Theory,Credits: 3)

1. The Chemistry of Transition Elements-General Fetares and Acid-Base

Comparative study of the metals of first transitsamies with reference to electronic configurateomic and
ionic radii, ionization potentials, oxidation statetc; metallic nature and catalytic propertiesn&al trends
in passing from 3d through 4d to 5d block elements.

Standard redox potentials, Nernst equation, foronalonditional potential, influence of complex fation,

precipitation and change of pH on redox potentiksasibility of a redox titration, redox potentetl the
equivalence point, redox indicators. Redox potédiegrams.

van der Waals’ forces; lon-dipole and dipole-dipaleractions, London forces, hydrogen bondingeé&# of
weak chemical forces on physical properties.

2. Aliphatic Compounds: Synthesis, General Properéis and Reactions

Synthesis, properties and reactions of alkanesnakkand alkynes.

Alcohols and ethers: Relative reactivity 1°, 2° @&idalcohols; synthesis and reactions of alcol®éactions
of epoxides and ether via C-O cleavage.



Aldehydes and Ketones: Reactivity; Grignard reatioiAlH, and NaBH reactions, electrolytic reaction,
reductive coupling, M.P.V. reduction, Cannizaroctem, etc.; nucleophilic addition ta,p-unsaturated
carbonyls. Condensation reaction via addition-elation, reaction with derivatives of NHWolff-Kishner
reduction, aldol condensation.Claisen condensatiditiig reaction, Mannich reaction, E-Clarke reanti
Reformatsky reaction, Tischenko reaction, etc.

Carboxylic acid and their derivatives: Nucleophsigbstitution at acyl carbon of acyl halide, anigelrester,
carboxylic acid, etc.; Esterification; Ester hygms; HVZ reaction, Claisen ester condensationloaty
condensation, Bouveault Blanc reduction, decarladiorh, Hunsdieker reaction, etc.

3. Second Law of Thermodynamics and its Relevanca Physical and Chemical Processes and Third
Law of Thermodynamics and Liquid State

Second law of thermodynamics, Carnot’s cycle anth@gs theorem, absolute scale of temperatureppptr

as a state function, entropy changes in variousiplyprocesses.

Clausius inequality, reversibility and irreversityilof a process, Auxiliary state functions- Helrthdfree
energy and Gibbs free energy, Gibbs-Helmholtz egonabpen system: Partial molar quantities, chemica
potentials, Nerst distribution law, thermodynamiak homogeneous and heterogeneous equilibria, and
thermodynamics of dilute solutions. Third law oftimodynamics.Approach to absolute zero by adiabatic
demagnetization.

Nature of liquid state, surface tension, surfacergyn excess pressure, capillary rise, Work of simmeand
adhesion, spreading of liquid over other surfaeeperature dependence of surface tension, viscosity
liquids, origin, temperature dependence of visgasitiquids.

Paper CH-2-3-2 (Practical, Credits: 2)

Quantitative Inorganic Analysis: Titrimetric estimations based on acidimetry andalitketry, Redox
titrimetric estimations based on permanganometiy dichromatometry, Titrimetric estimations based on
complexometry.

Addition or changesin the laboratory experiments may be made by the department as and when required.

SECOND YEAR: SEMESTER-IV

Paper CH-2-4-1 (Theory, Credits: 3)

1. Co-ordination Chemistry-1, Oxidation-Reduction and Weak Chemical Forces

Lewis acid base adducts. Double salts and compéig, 3Nerner's Theory, ambidentate and polydentate
ligands, chelate complexes. Naming of coordinatiomompounds.Coordination  number;
Stereochemistry.Constitutional, geometrical, optisamerism; Substitution reactions on square plamal
octahedral complexes. Stability constants of coation complexes. Valence bond description; Cryfstéd
theory; Splitting of 8 configurations in octahedral and tetrahedral figlcrystal field stabilization energy,
pairing energy; Jahn Teller distortion.

Acid-Base: Arrhenius’s concepts; Solvent systeniinBted and Lowry’s concept, relative strengthsoidsa
hydracids and oxyacids, Pauling’s rules, Lewis eptcand Usanovich’'s concept. Super acids, HSAB
principle.Acid-Base equilibria; pH, buffer solut®nacid-base neutralization curves, acid-base anhalis,
choice of indicators, Salt hydrolysis.

Solubility product principle and common ion effettieir applications in the separation and idersifan of
common cations and anions, precipitation of meydrdxides and sulphides.

2. Aromatic Compounds, Organonitrogen Compounds an@®rganometallic Compounds

Aromatic electrophilic substitutior- ands-complex, ipso substitution, activating and deaxdthg groups,
orienting influence; Activated aromatic nucleoph#ubstitutions.

Aldehydes and ketones: Synthesis and general greger



Phenols: Synthesis; Ring substitution vs o-suligiiiyy Reaction of phenols: Reimer-Tiemann reaction,
Kolbe's reaction, Manasse reaction, Fries rearnmege, Claisen rearrangement, nitration, sulphonatio
halogenation, oxidation, oxidative coupling by Fetc.

Organonitrogen compounds: Acidity @fH of nitroalkanes, substitution af-H of nitroalkanes, alkyl
cyanides and isocyanamides: their hydrolysis, vaohter reaction, 1°, 2° and 3° amines, Hofman’s
exhaustive methylation, carbylamine reaction, &ing substitution vs N-substitution in aromatic aes,
diazotization and coupling reactions, aromatic aiiézm compounds.

Preparation and synthetic application of Grign@agents and organolithium compounds, Boron reagents

3. Chemical Kinetics and Catalytic Reactions

Chemical Kinetics: Concepts of rate, rate constaider and molecularity of a reaction, integratedi® of
rate expressions, half-life period, order of remtdi multiple reactions, steady state concept, esutive,
opposing and parallel reactions, temperature degyeredof rate constant, chain and polymerizatiootias.
Theories of reaction rates, collision theory angofilite reaction rate theory.

Homogeneous catalysis: acid-base catalysis, prinsafy effect, autocatalysis, Heterogeneous catalysi
(surface reaction), Enzyme catalysis; Michaelis-ddan equation, Michaelis constant, influence of
temperature and pH.

Paper CH-2-4-2 (Practical, Credits: 2)

Physical Chemistry—I Partition co-efficient of Jbetween organic solvent and water, Partition ¢icieht of
benzoic acid between benzene and water, Viscogit9diwald’'s Viscometer, Acid catalyst ester hydsidy
Decomposition of kD, in presence of FeglSolubility product of a sparingly soluble salt presence of
common ions, Solubility product of a sparingly dBé&usalt in presence of non-common ions, etc.

Addition or changesin the laboratory experiments may be made by the department as and when required.

THIRD YEAR: SEMESTER-V

MAJOR PAPERS:

Paper CH-3-5-1 (Theory, Credits: 4)

1. Chemical Bonding-II

Emperical MO- Huckel theory-examples, Symmetry aedpgviO-Symmetry methods for qualitative MO
diagrams. Analogous MO treatment for transitionahebmplexes, MO energetics model (Walsh’s model).
Study of variation of energy of MOs with the changiebond angle, Construction of Walsh correlation
diagram.MO diagram of polyatomic molecules, hypkmee, 3c-2e and 3c-4e bonding.Valence bond-VSEPR
model, hybrid AO, sets of geometry, theoreticabiddout bond angles; qualitative assessment aéftbets

of mutual repulsion of the bonded and non-bondedtein pairs on angular distortions, Symmetry mesho
for construction of hybrid atomic orbitals.

2. Coordination Chemistry-II

Magnetic properties and spectral properties of @ub,i orbital and spin magnetic moment; quenching of
magnetic moment; super-exchange; antiferromagngtisthspectra: weak field splitting schemes, Oayed
Tanabe Sugano diagrams and spectroscopic groutas,sszlection rules for electronic spectral trizonss,
Charge transfer spectra; Spectrochemical seridsleland inert complex; Trans effect. Spinel, irseespinel,
OSSE.

3. Reaction Mechanism: Substitution and Free-radidaReactions

Substitution reactions: Aliphatic nucleophilic stitsgion-S§y1, 2, mixed {1 and {2, SET mechanisms,
neighboring group mechanism, neighboring group i@pdtion by pi and sigma bonds, anchimetric
assistance; b mechanism; nucleophilic substitution at an allylialiphatic trigonal and a vinylic carbon;
reactivity effects on substrate structure, attagkmucleophile, leaving group and reaction mediuimge
transfer catalysis and ultra sound; ambident nytide; regioselectivity, Aromatic nucleophilic stiigtion-



S\Ar, benzyne and g1 mechanisms; reactivity effects of substrate sine¢ leaving group and attacking
nucleophile, Aliphatic electrophilic substitutio:1, S2 and $ mechanisms; electrophilic substitution
accompanied by double bond shifts; effects of sates, leaving group and solvent polarity on tlretigity;
energy profile diagrams; the ortho/para ratio; m@éon in other ring systemsso attack.

Free radical reactions: Types of free radical ieast free radical substitution mechanism; mechmaras an
aromatic substrate; neighboring group assistaneactivity for aliphatic and aromatic substrates aat
bridgehead; reactivity in the attacking radicalde@s of solvents on reactivity; allylic halogeivat (NBS),
oxidation of aldehydes to carboxylic acids; autedakion; free radical rearrangements.

Paper CH-3-5-2 (Theory, Credits: 4)

1. Nuclear Properties and Structure

Nuclear stability; Fermi gas model, Liquid drop regdNuclear shell model, Magic number, Nuclear spin
Nuclear configuration and parity. Nuclear isomeiaa and non-optical transitions.Nuclear tempetamnd
entropy.Models of disintegration. Theory of raditéty decay- Golden rule and selection rule.

Types of nuclear reactions, conservation law. Qalcross-section and mechanism of nuclear
reaction.Resonance and non-resonance reactionadigdsion and fusion.

2. Reaction Mechanism: Elimination, Addition and Rarrangement Reactions

Elimination reactions: E1, E2 and E1cB mechanigmsgluct stereochemistry; effects of substrate siras,
attacking base, leaving group and the medium omtivég; mechanism and orientation in pyrolytic
elimination.

Addition reactions: Addition to carbon-carbon nplki bonds- mechanistic and stereochemical aspécts o
addition reactions involving electrophiles, nucleilgs and free-radicals; regio- and chemoselegtivit
orientation and reactivity; Addition to carbon-hetenultiple bonds- mechanism of metal hydride reiducof
saturated and unsaturated carbonyl compounds,,aetisrs and nitriles; addition to Grignard reagent
organozinc and organolithium reagents to carbomg ansaturated carbonyl compounds; Mechanism of
condensation reactions involving enolates- AldaipKvenagel, Claisen, Perkin and Stobbe reactions.
Rearrangement reactions: Formation and stabilitgasbonium ions, carbanion, carbenes, nitrenes;aisd
and arynes. Rearrangement involving carbocationgfWaMeerwin, Pinacol-Pinacolone rearrangement),
reaction involving acyl cation, PPA cyclization afdes rearrangement, rearrangement of carbenelf(&/o
Arndst-Eistert synthesis), rearrangement of nitserfeloffmann, Curtius, Schmidt, Lossen, Beckmann
rearrangement); sigmatropic rearrangements.

3. Electrolytic Conductance Basic principle of measuring the resistance oélactrolytic solution, specific,
equivalent and molar conductance, ionic mobilitygnsport number and its method of measurements,
variation of conductance with concentration and gerature, equivalent conductance at infinite dblugi
application of conductometric titration, dissocati of weak electrolyte, basic idea of ion atmospher
electrophoretic effect, relaxation effect, Onsagppration.

Paper CH-3-5-3 (Practical, Credits: 4)

Physical Chemistry-Il: Determination of the Cell Constant of a conductten and find the equivalent
conductance at infinite dilution of a strong elebtte, Conductometric titration of a strong acidlaveak acid
by a strong base, Determination of formal poterdfdFe/Fe’* system potentiometrically, Determination of
formal potential of quinone-hydroquinone systemrpetrically, Verification of Lambert-Beer’s law, etc
Syntheses of some inorganic complexes based offt,cols&el, manganese, copper and vanadium, etc.
Addition or changesin the laboratory experiments may be made by the department as and when required.

Paper CH-3-5-4 (Practical, Credits: 2)



Project work and presentation

ADDITIONAL ELECTIVE PAPER:

(Compulsory for students having major in Chemistry and optional for students having major in other subjects)
Paper CH-3-5-5: Analytical Chemistry-I (Theory, Credits: 2)

Principles and typical examples of Acid Base tinat Oxidation-reduction (permanganometry,
dichromatometry, iodometry and iodimetry), pre@pin and complexometric (metal indicators, masking
demasking agents) titrations.

Gravimetric analysis; Theory, practice and appilocet of chromatography-GLC, GSC, LLC, LSC, HPLC,
HPTLC, etc. Gas chromatography, ion-chromatography.

Errors and evaluation, mean, median; Precisiomdsta@ deviation, relative standard deviation, aldsoand
relative error, types of error, source of errorpfatence interval, confidence limit, methods of agjng
analytical data; statistical evaluation of data.

THIRD YEAR: SEMESTER-VI

MAJOR PAPERS:

Paper CH-3-6-1 (Theory, Credits: 4)

1. Bio-inorganic Chemistry-I

Essential and trace elements of life, roles of mietas (Nd&, K*, Mg®, F€"*", CU#"*, Zrf"). Metal ion
transport- N& ion pump. lonophores.Hemoglobin and myoglobin;oclitomes; ferrodoxin; Biological
nitrogen fixation, photosynthesis, carbonate/bioagte buffer, toxic metal ions, chelation therdptyand Au
complexes as drugs, metal dependent diseases.

2. Bio-organic Chemistry and Carbohydrates

Amino acids: synthesis, isoelectric point, ninhypdiéaction, resolution of amino acids. Peptidesor@atry of
the peptide linkage, synthesis, structural deteation, C- and N- terminal unit determination; amamd
sequence. Protein: classification, structure. Emzmymchemical and biological catalysis, propertids o
enzymes, concept and identification of active &yethe use of inhibitors, affinity labeling and gne
modification. Mechanism of enzyme action, transitiate theory, enzyme mechanism for chymotrypsth a
ribonuclease, Coenzymes.

Nucleic acids: Purine and pyrimidine bases of riackrids, base pairing via H-bonding, Structure of
nucleosides and nucleotides, Structure of DNA aNé Rlouble helix model of DNA (Watson-Crick model)
and forces responsible for holding it.

Monosaccharides, classification; Osazone formati@epping up and stepping down of aldoses;
interconversion of aldoses to ketoses and viceaydepimerisation; D-glucose and D-fructose; Anomeri
effect, mutarotation; Disaccharides: Elementaraide

3. §ymmetry and Group Theory

Introduction to symmetry, symmetry element and apens, Point groupsAbelian groups, symmetry
operators and their matrix representation, redacildind irreducible representation, characters of
representation, Great orthogonality theorem (withderivation); Character table and its constructiath
special emphasis on,s Gy, Cs, Ci notation of irreducible representation. Symmetdoed linear
combination, Projection operator, Mulliken symbolirect product representation, molecular vibragion
symmetry species of the vibration mode, selectidesr for IR and Raman spectra. Splitting of Terms i
octahedral field: elementary idea on the constonatif Tanabe-Sugano diagram.

Paper CH-3-6-2 (Theory, Credits: 4)
1. Organometallic Chemistry, Metal Clusters, Inorganic Ring and Cage Compounds

10



Organometallic compounds: definition, classificatend nomenclature. Application of 18e rule to oasis,
nitrosyls, cyanides and metal carbon sigma andopded organometallic complexes of transition metals
Metal-olefin complexes: Zeise's salt and Ferroce@atalysis: examples of some industrially important
catalytic systems.

Cluster classification, skeletal electron countibgnding in metal clusters, polyhedral skeletorctete pair
theory (PSEPT), higher boron hydrides- structurd esmctivity, styx numbers, closo, nido and arachno
boranes, Lipscomb topological diagrams, Wades da@lmmis’ unifying electron counting rule, Zintl ®n

2. Heterocyclic Chemistry
Synthesis (including retrosynthesis), reactivityentation and important reactions of heterocycbmpounds
(furan, pyrrole, thiophene, pyridine, indole, guine, isoquinoline).

3. Colligative Properties and Electrochemical Procgses

Colligative properties: Lowering of vapour pressiRaoult’'s law); derivation of colligative propess of
solution and their inter-relationships. Abnormahaeior, non-ideal solution and vant Hoff factor.ncept of
activity and activity coefficients; Debye-Huckeahliting law.

Nernst equation, EMF of chemical cells; referenlgeteodes; transference cells; liquid junction pdit,
primary and secondary cells.

Paper CH-3-6-3 (Practical, Credits: 4)

Inorganic Quantitative Estimation-I: Quantitative separation and estimation of a mitaf iron-copper,
iron-manganese, calcium-magnesium, iron-calciuom-ghromium, etc.

Organic syntheses

Addition or changesin the laboratory experiments may be made by the department as and when required.

Paper CH-3-6-4 (Practical, Credits: 2)
Project work and presentation

ADDITIONAL ELECTIVE PAPER:

(Compulsory for students having major in Chemistry and optional for students having major in other subjects)
Paper CH-3-6-5: Analytical Chemistry-1l (Theory, Credits 2)

Atomic spectroscopy: basic principle, instrumemtatand applications of AAS, AES, AFS, flame emissio
spectroscopy, ICP-MS, Fluorometry. Separation tegle solvent extraction. Craig extraction and deun
current distribution.

Radiochemical technique: Working principle. Rolecafrier, isotopic exchange reaction; Neutron ation
analysis, radioactive reagents; radiometric tirgtiRadiation chemistry: interaction of radiatiorthanucleic
acid; Radiation dosimetry: physical, chemiet,

FOURTH YEAR: SEMESTER-VII

MAJOR PAPERS:

Paper CH-4-7-1 (Theory, Credits: 4)

1. Molecular Magnetism

Basic concepts of magnetism, magnetization and etageusceptibility, Types of magnetic behaviorafdi
para-, ferro-, ferric- and antiferro-) and theimjgeratures dependence, Curie and curie-Weiss laws,
temperature independent paramagnetism, Pascalsacig and its utilities, Determinationygf in solution,
Usefulness ofis andy; equation respectively for transitiona dn innensition series, Van Vleck equation and
its applications, spin-orbit coupling, zero-fielgliting, quenching of orbital angular momentum,ghH
spin/low-spin equilibrium, types of exchange intgi@ns.
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Magnetic properties of substances, orbital and apgular momentum of electrons, paramagnetic moment
and magnetic susceptibility. Determination of magnsusceptibility: Gouy, Faraday and SQUID. Cuarel
Curie-Weiss law. Quantum theory of paramagneticejighility- Van Vleck equation (smaller, compamabl
and larger than kT energy level gaps), Temperahdependent paramagnetism. Free ions (Zeeman ffect
spin orbit coupling (Si and Ed"). Magnetic properties of metal complexes. Antibenagnetic interactions:
direct, superexchange interactions.

2. Dynamic Stereochemistry and Organic Name Reactis

Conformation and reactivity, Curtin-Hammett prirleipnd Wenstein-Elliel equations.

Acyclic and cyclic system (nucleophilic substitutioeaction, formation and cleavage of epoxide ring,
addition reaction to double bonds, elimination tigas, pyrolytic syn elimination, oxidation of
cyclohexanols, neighbouring group participatiorctieas, etc.), stereoelectronic effects,

Aldol condensation, Witig reaction, Prevost reatti®@immons Smith reaction, Nef reaction, FavorskKii
reaction, Baeyer-Villiger oxidation. Heck reactidBiizuki coupling, Arndst-Eistert synthesis; Knoeagsl,
Perkin, Stobbe and Wagner-Meerwein reaction. PiFRr@colone, Fries, Hoffman, Curtius, Schmidt,
Lossen, Beckmann, rearrangement.Mannich reactidohaél addition, Stork enamine reaction, Robinson
annulation, Sharples asymmetric epoxidation, Biattuction.

3. Interface and Colloidal Stability and lon-Solven Interaction

Electrical double layer and theories of electridaluble layer, Helmholtz-Perrin model, Gouy-Chapman
model, Stern model, Zeta potential, Streaming g@ksedimentation potential. DLVO theory.

lon association, symmetric and asymmetric ion-f@mation, Bjerrum theory. Solvation of ions, sdloa
number, Frank-Wien model of ionic salvation, Boradel, thermodynamics of ionic salvation, enthalpy a
free energy of salvation of ions, experimental deteation of salvation of ions.

Paper CH-4-7-2 (Theory, Credits: 4)

1. Solid State Science

Crystals, Bravais lattice, Crystal planes and Millglices, Common crystal structures, DiffractidnXerays,
Bragg law and Laue equation, Reciprocal latticdl|d®rin zones.

Bonding of solids, Elastic properties, Phonons titatspecific heat, Free electron theory and ebeatr
specific heat, Response and relaxation phenomenaeDmnodel of electrical and thermal conductividgll
effect and thermoelectric power, Electron motionairperiodic potential, Band theory of solids: nztal
insulators and semiconductors.

Diamagnetism, Paramagnetism, Ferromagnetism, L&ntbeorem, Langevin’'s theory, Curie-Weiss law,
Hysteresis and energy loss in ferromagnetic maseria

2. Nanoscience

Hydrophobic hydration and interaction, micelle fation, colloidal aggregates and nanoparticles,il8taim
solution, Surface charge of colloidal particles,r&Zedimensional nanostructure, Homogeneous and
heterogeneous nucleation, Metallic nanoparticlgathesis and applications, Nanowires and nanorods:
dimensional nanostructures, Spontaneous growth, , VEE®ctrospinning, Lithography; Thin film: two
dimensional nanostructure, Langmuir-Blodgett (LBj)Imf Photolithography, Characterization of
nanostructures, properties of colloids and nanagest their applications.

Paper CH-4-7-3 (Practical, Credits: 4)

Inorganic Quantitative Estimation-Il : Analysis of some ores and alloys: Quantitativenestion of the
important metal constituents.

Addition or changesin the laboratory experiments may be made by the department as and when required.

Paper CH-4-7-4 (Practical, Credits: 2)
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Project based work and presentation

ADDITIONAL ELECTIVE PAPER:

(Compulsory for students having major in Chemistry and optional for students having major in other subjects)
Paper CH-4-7-5: Polymer Chemistry (Theory, Credits:2)

Importance of polymers: monomers, repeat unitsyede@f polymerization; linear, branched and network
polymers; kinetics of free radical and condensatipolymerization; Classification: Polymerization-
condensation, addition, radical chain-ionic andrdowtion, copolymerization. Polymer characterizati
number, weight and viscosity average molecular kigigractical significance of molecular weight aitsl
measurement by viscosity and light scattering neth&tructure and property: glass transition teatpee,
relationship between jTand T,, factors controlling §; Functional polymer-fire retarding polymers and
electrically conducting polymers; Biomedical polyisie

FOURTH YEAR: SEMESTER-VIII

MAJOR PAPERS:

Paper CH-4-8-1 (Theory, Credits: 4)

1. Supramolecular Chemistry and Rare Earth Elements

Molecular recognition and host-guest interactio@helate and macrocyclic effects; Preorganization,
Thermodynamic and kinetic selectivity, Cation, Amiand Neutral molecule binding: Crown ethers, taria
ethers, spherands, podand, podate, cryptand, teygt@ronand, coronate. Organometallic receptodstiagir
host-guest complexes, spherical recognition, médealevices and supramolecular assemblies. Comjdaxa
of organic cations, calixarenes, cation host toomnhost, shape selectivity, Guanidinium receptors,
coordination interactions, cavitands: cyclodextansl molecular tweezers. Molecular switches.

General characteristics of rare earth elements,netag and spectral properties; comparison between
lanthanide and actinide; lanthanide contractionpa®gion of lanthanides (ion-exchange and solvent
extraction). lanthanides as NMR shift reagent amdtemperature superconductors.

2. Asymmetric Synthesis and Green Chemistry

Introduction, Kinetic and thermodynamic principlediastereoselective and enantioselective synthesis;
Methods of asymmetric synthesis: Resolution, usehofal pool, chiral auxiliaries, use of stoichiame
chiral reagents, asymmetric catalysis.

The need of green chemistry, Principles of greeanubtry, Concept of atom economy, Tools of green
chemistry- microwave, ultrasound, ionic liquids.p8tcritical HO and CQas solvents, etc.Green chemistry
in real world cases and planning green synthesie@émical laboratory.

3. Electro-analytical Methods

Decomposition and discharge potential, currentaggtdiagram, linear sweep voltametry (LSV), revsesi
and irreversible systems, Cottrell equation (gatlie), excitation and switching potential, cychaltametry
and its application; Coulometry and amperometrydital applications.

Electrode-solution interface layer, electrolytiopess, three electrode systems, supporting elgeyddME,
llkovic equation, llkovic-Heyrolsky equation, tesf reversibility, current-voltage diagram, DC andC A
polarography, stripping voltametry.

Paper CH-4-8-2 (Theory, Credits: 4)

1. Inorganic Reaction Mechanism of Complexes in Agous Solution and Bio-inorganic Chemistry-I|
Energy profile of a reaction, application of di#at reaction parameters in understanding reaction
mechanism, effect of leaving group, non-leavingugroentering group, steric hindrance and acceterati
solvent exchange reaction-importance in suggestagtion mechanism, derivation of some importate ra
laws, classification of ligand substitution reantimechanism-associative, dissociative, interchagige,
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ATP hydrolysis, hemerythrin, hemocyanine, rubredpxdlue copper proteins. vitamin B12 coenzyme.
ascorbate oxidase, superoxide dismutase, cytoch@nmxidase, nitrogenase, carboxypeptidase, carbonic
anhydrase, DNA polymerase.

2. Organic Photochemistry and Pericyclic Reactions

Basic principles, Jablonski diagram, excited stditsome organic moleculegis-trans mechanism; reactions
of carbonyl, olefin and conjugated carbonyl commisjrnphotoinduced functionalization involving Nolris
type | and II; Paternobuchi reaction, Di-pi methaa&rangement,

Phase and symmetry of orbitals; Introduction toidyelic reaction and its classification; Cycloadoiit
reactions, Electrocyclic reactions and Sigmatregactions : FMO approach, co-relation diagram.

3. Electrode Kinetics and Theory of Semiconductor

Butler-Volmer equation; Tafel equation from Volneguation. Equilibrium exchange current density;r€oir
potential reaction for reversible electrode. Dasdtification. Electrokinetics of corrosion reactidfourbaix
diagrams. Corrosion current and potential. Evaagrdims.

Structure of semiconductor-electrolyte interfacenalbgies between semiconductors and electrolytic
solutions. Garrett-Brattain space charge. Difféedrdapacity. Mott-Schottky equation. Flat band guial.
Semiconductor electrode in photoelectric device.

Paper CH-4-8-3 (Practical, Credits: 4)

Physical Chemistry-1ll: Determination of pK values of phosphoric acid fiytentiometric titration with
sodium hydroxide using a glass electrode. Detertioinaf the concentration of iodide, bromide antbdde

in the mixture by potentiometric titration with\g#r nitrate. Determination of hydrolysis constahaalt of
strong acid and weak base e.g.; aniline hydroatdotbnductometrically. Determine the indicator ¢ansof

an indicator (phenolphthalein) spectroscopicdlgtermination of composition and stability constahta

complex formed between iron (l11) ions and salicydcid by Job’s method.

Addition or changesin the laboratory experiments may be made by the department as and when required.

Paper CH-4-8-4 (Practical, Credits: 2)
Project based work and presentation

ADDITIONAL ELECTIVE PAPER:

(Compulsory for students having major in Chemistry and optional for students having major in other subjects)
Paper CH-4-8-5: Renewable Energy: Solar, Hydrogeand Biomass Energy (Theory, Credits: 2)
Basics of photovoltaic energy conversion, Opticabperties of solids, Direct and indirect transition
semiconductors, Interrelationship between absaorptaefficients and band gap recombination of cesrie-
N junction inorganic solar cell, Transport equati@urrent density, Open circuit voltage and shantuit
current, Single crystal silicon and amorphous ailisolar cells, Tandem solar cell, Solid liquidgtion solar
cell, Principles of photoelectrochemical solar c@tganic solar cell: bilayer heterojunction satatl, bulk
heterojunction solar cell, molecular heterojuncotar cell and dye sensitized solar cell.

Relevance in relation to depletion of fossil fuatsd environmental considerations, Solar hydrogeoutih
photoelectrolysis, Solid state hydrogen storageerias, Various factors relevant to safety, Uséyifrogen
as fuel in vehicular transport and electricity gatien and hydrogen fuel cell.

Biomass sources, Fuel cells, Methanol and ethareldells, Biofuel cells, Prospects of fuel cebearch in
India, Bottlenecks of commercialization of alcohaodl cells and biofuel cells.
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REFERENCES:

INORGANIC CHEMISTRY

p

1. | Fundamental Concepts of Inorganic ChemistrymAsi Das, Part | and Il

2. | Concise Inorganic Chemistry, J.D. Lee

3. Basic Inorganic Chemistry, F.A. Cotton, G. Whikon, P.L. Gaus

4. | Advanced Inorganic Chemistry, F.A. Cotton, GlRiison, C.A. Murillo, M. Bochmann

5. Inorganic Chemistry, J.E. Huheey, E.A. Keitet,.Keiter, O.K. Medhi

6. | General and Inorganic Chemistry, R.P. Sarkat, |IRend Il

7. | Inorganic Chemistry, R.L. Dutta, Part | and Il

8. | Chemistry of the Elements, N.N. Greenwood, AnEaaw

9. | Concepts and Models of Inorganic Chemistry, Bau@as, McDaniel, Alexander G.
Wulfsberg

10. | Inorganic Chemistry, Gary Wulfsberg

11. | Inorganic Chemistry- A Unified Approach, WiltiaPoerterfield

12. | Inorganic Chemistry, A.G. Sharpe

13. | Inorganic Chemistry, T. Moeller

14. | Fundamentals of Inorganic Chemistry, D. Banerjea

15. | Bioinorganic Chemistry, Asim K. Das

16. | Principles of Bioinorganic Chemistry, S.J. Lapgp

17. | Supramolecular Chemistry- Concepts and Petigpeet].M. Lehn

ORGANIC CHEMISTRY

1. | Organic Chemistry, I.L. Finar, Volume | and Il

2. | Advanced Organic Chemistry, Jerry March

3. | Advanced General Organic Chemistry, Sachin Kogbh

4. | A Guidebook to Mechanism in Organic ChemiststelP Sykes

5. | Basic Stereochemistry of Organic Molecules, StzbSengupta

6. | Stereochemistry of Organic Compounds, E.L. ElSeH. Wilen

7. | Stereochemistry of Organic Compounds, D. Nasipur

8. | Organic Spectroscopy, William Kemp

9. | Spectrometric Identification of Organic Composiid.M. Silverstein, F.X. Webster
10. | Organic Reactions, Stereochemistry and Mechanisi, Klsi

11.| Organic Chemistry, Clayden, Greeves, Warren anchéret

12.| Advanced Organic Chemistry, F.A. Carey and R.JdBurg

13. | Modern Methods of Organic Synthesis, W. CaruthagslaColdam
14.| Organic Name Reactions, Gautam Brahmachari

15. | Organic Chemistry, R.T. Morrison and R.N. Boyd

16. | Organic Chemistry, T.W.G. Solomons

PHYSICAL CHEMISTRY

Physical Chemistry, P.C. Rakshit

Physical Chemistry, G.W. Castellan

Atkins’ Physical Chemistry, P. Atkins, J De Raul

A Text Book of Physical Chemistry, Volume 1-5] KKapoor

Chemical Kinetics, Keith J. Laidler

Physical Chemistry, I.N. Levine

Niogakwn e

Spectroscopy, C. Banwell
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8. | Text Book of Physical Chemistry, S. Glassstone

9. | Physical Chemistry, W.J. Moore

10. | Quantum Chemistry, I.N. Levine

11.| Quantum Chemistry, D.A. Mcquarrie

12.| Physical Chemistry, R. S. Berry, S. A. Rice anBdss

13.| Symmetry Through the Eyes of a Chemist, |. Harigittel M. Hargittai

ANALYTICAL CHEMISTRY

1. | Quantitative Inorganic Analysis, A.l. Vogel

2. | Fundamentals of Analytical Chemistry, Skoog, WHsller and Crouch

3. | Analytical Chemistry- Problems and Solution$f hopkar

MATERIAL SCIENCE AND RENEWABLE ENERGY

1. | Introduction to Solid State Physics, C. Kittle

2. | Fundamental of Solid State Physics, J. R. Ghaat

3. Solid State Physics, Ascroftand Mermin

4. | A Textbook of Nanoscience and Nanotechnologyradeep

5. | Nanostructures and Nanomaterials: SynthesigePties and Application, G. Cao and Y.
Wang

6. Solar Cell Devices- Physics, S. J. Fonash.

7. Fundamentals of Solar Cells, Photovoltaic SBleergy, A. L. Fahrenbruch and R. H. Bube

8. | Principles and Applications of Semiconductor t8ebbemistry, M. X. Tan, P. E. Laibinis, 5.
T. Nguyen, J. M. Kesselman, C. E. Stanton and Nef@is

9. Photoelectrochemical solar cells, D. S. Campbell

PRACTICAL

1. | Practical Chemistry, Nad, Ghoshal and Mahapatra

2. | Advanced Practical Chemistry, S.C. Das

3. | Qualitative micro and semimicro analysis, G.Nikkerjee, Cal. Univ. Press

4. | Vogel's Qualitative Inorganic Analysis, G. Sveehl

5. | Text Book of Practical Organic Chemistry, A.bgél

6. | Experimental Physical Chemistry, V. D. Athawdte Mathur
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EARTH AND ENVIRONMENTAL SCIENCE

THIRD YEAR: SEMESTER-V

MAJOR PAPERS:

Paper EES-3-5-1: Climatology and Climate Change
Paper EES-3-5-2: Water Pollution

Paper EES-3-5-3

Paper EES-3-5-4

ADDITIONAL ELECTIVE PAPER:

Paper EES-3-5-5: Principles of Soil Science

THIRD YEAR: SEMESTER-VI

MAJOR PAPERS:

Paper EES-3-6-1: Energy and Environment

Paper EES-3-6-2: Soil Pollution and Solid Waste adggment
Paper EES-3-6-3

Paper EES-3-6-4

ADDITIONAL ELECTIVE PAPER:

Paper EES-3-6-5: Environmental Earth Science

FOURTH YEAR: SEMESTER-VII

MAJOR PAPERS:

Paper EES-4-7-1: Remote Sensing and GIS
Paper EES-4-7-2: Environmental Toxicology
Paper EES-4-7-3

Paper EES-4-7-4

ADDITIONAL ELECTIVE PAPER:

Paper EES-4-7-5: Ecology

FOURTH YEAR: SEMESTER-VIII
MAJOR PAPERS:

Paper EES-4-8-1: Environmental Laws, Policies amt&nable Development

Paper EES-4-8-2: Environmental Management
Paper EES-4-8-3

Paper EES-4-8-4

ADDITIONAL ELECTIVE PAPER:

Paper EES-4-8-5: Hydrology and Water Management

FIFTH YEAR: SEMESTER-IX
DISSERTATION PAPERS:
Paper EES-5-9-1

FIFTH YEAR: SEMESTER-X
DISSERTATION PAPERS:
Paper EES-5-10-1
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2)
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THIRD YEAR: SEMESTER-V

MAJOR PAPERS:

Paper EES-3-5-1: Climatology and Climate Change (Téory, Credits: 4)

Elementary ideas about weather and climate sysieate of meteorology, heat budget of the earthtiveea
parameters (temperature, pressure, precipitatiamidity, cloudiness, visibility, wind) and their aerds,
latitudinal and seasonal variation of insolatiomrte’'s thermal Environment and seasons, atmospheric
stability, inversions and mixing height, windroé®undary layer meteorology, laminar flow, wind sture

and turbulence near the surface mixing length thesecondary circulation and frictional convergence
turbulent transfer of momentum, theories of turbaoke planetary scale motions in the atmosphere and
oceans; monsoon, enso, extreme weather eventsgairggclones and western disturbances, clasdticaif
climates — koppen’s and thornthwaite’s scheme adgification, greenhouse effect, global warmingli&ate
change, consequences of climate change, climatinfpand feedbacks, past climate record, possiulsas

of recent climate change, model strategies foriptied climate change, international treaties aratqrol on
climate change.

REFERENCES:

1. Barry RG & RJ Chorley, Atmosphere, Weather &nt@te, 7th Ed., Routledge
2. D. Lal, Climatology

3. S. Singh, Text book of Physical geography

4. Siddhartha, The earth’s dynamic surface.

5. Dessler Andrew, Introduction to modern climatarge

Paper EES-3-5-2: Water Pollution (Theory, Credits:4)

Chemistry of water & water pollutants; Importandevater to life forms, types, sources and conseceeiof
water pollution, types and characteristics of ddimesndustrial and agricultural wastes — theireeté on
water bodies, elemental pollution, heavy metalgafteéds, organic pollutants, persistent organidytants,
pesticides in water, radioactive and thermal piiutvater quality parameters and its standards (BQD,
COD, acidity, alkalinity, hardness, residual chheriand chlorine demand, coliform), criteria arehdards,
waste water treatment and water use, municipalrntaatment, treatment of water for industrial ussyage
treatment, eutrophication, ground water pollutioithwspecial reference to West Bengal (Arsenic and
Fluoride),river action plan; source of marine ptitin and control.

REFERENCES:

1. Environmental Chemistry, (1994) Stanley. E. Marg Lewis Publication
2. Chemistry of the Environment, Spiro, 2nd Ed.EEE

3. Biology of Freshwater Pollution Mason, C.F.d &d, Longman

4. Environmental Problems & Solutions, Asthana &asa, S. Chand

5. Environmental Chemistry, De, AK.,

Paper EES-3-5-3 (Practical, Credits: 4)

Study of physicochemical parameters (temperatiie D, dissolved Cg conductivity, turbidity, Chlorine,
total hardness, BOD, COD), Bacteriological analyséswater, Study of pond biota (phytoplanktons,
zooplanktons), Plotting and interpretation of weatbarameters

Addition or changesin the laboratory experiments may be made by the department as and when required.

Paper EES-3-5-4 (Practical, Credits: 2)
Project work and presentation

REFERENCES:
1. Maiti, S.K., Handbook of methods in Environmér@tudies, Vol. | & Il, ABD Publ.
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2. American Public Health Association, 12th Ed.
3. Trivedy, R.K., & Goel, P.K., Chemical & Biologit Methods for Water Pollution Studies, Environnagnt
Publ.

ADDITIONAL ELECTIVE PAPER:

(Compulsory for students having major in Earth and Environmental Science and optional for students having
major in other subjects)

Paper EES-3-5-5: Principles of Soil Science (Theorgredits: 2)

Genesis, Nature and classification of Soil; Inoigaonstituents of Soil -Soil composition; Primamynerals-
weathering of primary minerals; Secondary Miner@ligganic constituents - Soil Organic matter; Hun&si
Biomass; Biochemical reactions of soil microorgamisNonhumified organic matter; humified organic
matter; Physical properties of soil - Soil textuseil structure; soil density and porosity; soihsistence; soil
air- soil water- soil temperature. Chemical projgsrof soil - electrical charges, clay — colloigabperties;
CEC, AEC, Saoil reaction- acidity and alkalinity

REFERENCES:

1. Arora, Environmental Management of toxic & halrars chemicals, IVY Publ.
2. McBride - Environmental Chemistry of Soils

3. N.C Brady -The Nature and Properties of Soil

4. Dutta -Principles and Practice of Soil Science

THIRD YEAR: SEMESTER-VI

MAJOR PAPERS:

Paper EES-3-6-1: Energy and Environment (Theory, Cedits: 4)

Basic concepts and forms of energy; Principlesnefrgy conversion; Global energy use and supplyrdyne
use pattern in different parts of the world, Eligetr energy- generation, transmission and storagergy in
transportation ;Conventional energy sources: Fdsmls — classification, composition, physio-cheamhic
characteristics and energy content of coal, patroland natural gas; Fossil fueled power plants taeid
Environmental impact, Hydro-power and their Envir@ntal impacts, Radioactivity and nuclear fueled
power plants, Nuclear fuel cycle and radioactivesteanuclear-fission and fusion; Sun as sourcenefgy,
Passive Solar energy, Solar thermal energy, sabectors, solar ponds; Solar photovoltaic cell/ind
energy Energy from ocean wave and tides, geotleemergy; Biomass as source of energy; biomass
composition and types; biomass conversion; gasibicaetc; energy plantation; Petro crops, bio-eperg
(algae, aquatic weeds etc.), biogas

REFERENCES:

1. Elliot, Energy, Society & Environment, Routledgebl.
2. Clare Smith, Environmental Physics

3. J.A. Fay and D.S. Golomb, Energy and Environment

Paper EES-3-6-2: Soil Pollution and Solid Waste M@agement (Theory, Credits: 4)

Sources, behavior and fate of soil pollutants,a$fef soil pollutants on biota, crops, vegetatioteraction

of fertilizers, pesticides, industrial waste effit® and heavy metals with different componentsodf soil
micro-organisms and their functions, role of miegamisms in the biochemical cycles, N fixation & P-
solubilization, degradation of different types dadspicides insecticides, fungicides and weedicidesail,
residual toxicity, losses of these substances dwelgtilization, leaching and microbial immobiltian, their
toxicity and pollution, sources and generationaidswastes, different methods of dispersal andagament

of solid wastes, recycling of waste materials, wadisposal, recycling and power generation, fly ash
utilization, methods of waste disposal & recyclingrmi-composting, management of solid wastes, itadsp
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wastes, hazardous and toxic wastes, nuclear waste.

REFERENCES:

1. G.M. Pierzynski, J. Thomas Sims and George Rc¥a Soils and Environmental Quality-
2. Ibrahim A Mirsal — Soil Pollution: Origin, Mordting and Remediation

3. Yaron. B, Calvet R, and R. Prost.- Soil PollntiBrocess and Dynamics

4. Maier, Pepper & Gerba, - Environmental Microbgy/

5. Subba Rao N.S., Soil Microbiology

Paper EES-3-6-3 (Practical, Credits: 4)

Environmental Diary, Organic content in Soil , N, ® content in Soil, Computational works in Energy
resources, Noise pollution, SPM, SBIOx, Ozone, Chlorophyll content, Identificatiohcmmmon rocks and
minerals; Interpretation of Toposheet and geoldgiwp, Drainage pattern assessment

Addition or changesin the laboratory experiments may be made by the department as and when required.

Paper EES-3-6-4 (Practical, Credits: 2)
Project work and presentation

REFERENCES:
1. Soil analysis: Handbook of reference methods|.&hd Plant analysis council Inc.
2. Maiti, S.K., Handbook of methods in Environmé&tudies, Vol. | & 1l, ABD Publ.

ADDITIONAL ELECTIVE PAPER:

(Compulsory for students having major in Earth and Environmental Science and optional for students having
major in other subjects)

Paper EES-3-6-5: Environmental Earth Science (Thegy, Credits: 2)

Surface features and Internal structure of eartleathering and Erosion; Mass wasting; Erosion,
transportation and deposition by running water,dxand glaciers; Fluvial processes and landformajriage
patterns; Coastal landforms and Processes; Platentes as a unifying theory, Earthquake, volcanism
Mineral Resources and Environment : Types of miseaad their use, Concept of reserve and resources;
Genesis and distribution of mineral deposits; Epgilon and Extraction (mining) methods for mineral
resources, Oceans and new areas for exploratiominéral resources. National Mineral Policy, Best
management Practices in mining.

REFERENCES:

1. Botkin & Keller, Environmental Science: Earthaakiving Planet, John Weily
2. Monroe, 1.S., The Changing Earth,

3. Edward, A, Environmental Geology, Prentice Hall

4. Raymond Seiver, Understanding Earth

FOURTH YEAR: SEMESTER-VII

MAJOR PAPERS:

Paper EES-4-7-1: Remote Sensing and GIS (Theoi@redits: 4)

Principles and Basic concepts of Remote Sensinge Htectromagnetic Spectrum; Interaction of
Electromagnetic Radiation with atmosphere and eartface features; Spectral characteristics ofgostils,
vegetation and water; Indian Scenario of remotesiagn Earth Resource and Meteorological satellites;
Orbital characteristics, Characteristic and typeRemote sensors, Remote Sensing Data ProductsalSpa
Temporal, Spectral and Radiometric Resolution; @asincept of Arial Photography and photogrammetry,
Visible and NIR Remote Sensing: FCC, Visual imageerpretation . Thermal remote sensing: Basic
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principles, Thermal sensors, characteristics ofgenand their use. Microwave remote sensing: Basic
definitions and principles, interaction between Migaves and earth’s surface; Interpretation andicgijmn

of radar images; Fundamentals of Digital Image &ssmg, Image Rectification, Image enhancementgéma
classification; Geographic Information system :fibiéons and terminology, Spatial Data Models (fas
and vector); GIS Data Management; Data Input antingd Data Analysis and Modelling; Introduction to
GIS and IP packages, Basic principles and advastafj&lobal Positioning System (GPS);Remote sensing
applications in pollution monitoring; forest andgegation mapping; Remote sensing and GIS applitaiio
rural and urban land use mapping; water resourcaitorong and geologic hazard zonation mapping;
Geospatial technology for sustainable development.

REFERENCES:

1. Lilles & Keifer, Remote Sensing & Image Inter@atéon, 3rd Ed, John Weily & Sons

2. Jenson, J.R., Remote Sensing of the EnvironrReiatrson Education, Delhi

3. Heywood, I, Cornelius S. & Carver, S., An Intugtion to Geographical Information Systems, Pearson
Education, Delhi

4. Guha P.K., Remote Sensing for the Beginners

5. Rampal K.K., Handbook of Aerial Photography &adnterpretation

6. Joseph, Fundamental of Remote Sensing

Paper EES-4-7-2: Environmental Toxicology (TheoryCredits: 4)

Classification of xenobiotics, basic principlesBnvironmental toxicology, distribution & fate ofxicants in
the Environment and organisms, biotransformatioth @etoxification mechanisms, types of toxicity: tecu
chronic immediate and delayed; toxicity bioassayatistical concepts in Environmental toxicologyDsk,
EDs,, LCs, toxicity of mixture of toxicants; interaction tdxicants: synergism, antagonism, additive effect,
potentiation, biomagnification, bioaccumulationflience of ecological factors on the effects oficiy,
pollution of the ecosphere by industries, globalpdision of toxic substance, sources and circglatin
mechanisms of pollutants, degradable and non-debkadtoxic substances, toxic chemicals in the
Environment, biochemical aspects of arsenic, cadmilead, mercury, carbon monoxide, ozone, PAN,
pesticides, carcinogens in the Environment, tygdsnwironmental health hazards, water borne disegise
borne diseases and allergies, applied toxicologsensic toxicology, clinical toxicology, and occtipaal
toxicology.

REFERENCES:

1. Zakrzewski S, Environmental Toxicology, 3rci EOxford Univ. Press

2. Wright D.A. & Welbourn, P., Environmental Toxlogy, Cambridge Univ. Press

3. Loomis & Hays, Loomi 's Essentials of Toxicolpgyh Ed., Academic Press

4. Klaassen, CD., Amdur, M.D., Doull, J. (ed.), Tamtogy, Mac MiJJan Pub. Company.

Paper EES-4-7-3 (Practical, Credits: 4)

Ecology practical, Visual Interpretation of satellimagery; Digital Image Processing; Bioassay washin
toxicology, Local biodiversity of Santiniketan (FFfoand fauna)

Addition or changesin the laboratory experiments may be made by the department as and when required.

Paper EES-4-7-4 (Practical, Credits: 2)
Project work and presentation

REFERENCES:

1. Abbasi & Ramasami, Biotechnological Method ofii®mn Control, Univ. Press

2. Sadasivam, S. & :Manikam, A, 1992, Biochemicathbds for Agricultural Sciences, Wiley Eastern.Ltd
3. Maiti, S.K., Handbook of methods in Environmé&tudies, Vol. | & 1l, ABD Publ.
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ADDITIONAL ELECTIVE PAPER:

(Compulsory for students having major in Earth and Environmental Science and optional for students having
major in other subjects)

Paper EES-4-7-5: Ecology (Theory, Credits: 2)

Biogeochemcial cycles, Basic types of Biogeochehwyales, Hydrological cycle, Carbon cycle , Nitewg
cycle, Sulphur cycle, Phosphorus cycle, Nutrientildmi (internal & external), Trophic structure of
ecosystems, Energy flow in ecosystem; Pyramiden#rgy, biomass and number; Population Ecology:,
Population growth curves, Population regulatiorteispecific (parasitisim, predation, concept ofheic
competition) and intraspecific relationships; Conmityt Ecology; Structure and function of communitis,
Ecological succession, Major ecosystems of the dydProblems faced by ecosystems and their possible
management

REFERENCES:

1. Odum, E.P., Fundamentals of Ecology, Saunderk,Rhiladelphia
2. Odum, H.T., Basic Ecology,

3. Rickfels, RE. & Miller, G.L. Ecology, Freeman@omp., N.Y

4. Sharma, P.D., Ecology & Environment, Rastogi.PDBIhi

FOURTH YEAR: SEMESTER-VIII

MAJOR PAPERS:

Paper EES-4-8-1: Environmental Laws, Policies an8ustainable Development (Theory, Credits: 4)
Legislation and Public Policy Strategies in Poblatcontrol, Legal Provisions for Environmental Ration in
India (The Acts and the Rules), Sanction and eefoent bodies of Environmental laws (WHO, CPCB,
SPCB), Role of Supreme Court in Environmental Matt&reen Benches; International Conventions and
Treaties, Eco-mark. Role of tradition and culture BEnvironmental conservation, Environmental ethics,
Gandhi & Tagore as Environmentalists, Western Emwirental thoughts, Eco-feminism, Man-Nature-
Society, Issue and events in the growth of Enviremtal Sociology in India and the West; Origin and
development of Environmental Impact Assessment YEHEA in project planning and implementation, EIA
methodologies, evaluation criteria, Risk assessmaadt management, mitigation measures, Comparison of
alternatives, Review and decision making, EIA Casadies; Environmental education and awareness,
Peoples participation and Environmental movemesiterft Valley, Chipko, Appiko, Narmada, Tehri &
Garwal Dam movements) Environmental groups and aaomiypn based planning, Role of NGO in
Environmental issues.

REFERENCES:

1. Canter, Environmental Impact Assessment, McGally-

2. Saxena, Environmental Management, Rawat Puidlicat

3. Chary & Vyasula, Environmental Management: Adidm Perspective, MacMillan
4. Srivastava, Environmental Impact Assessment, RBBlication.

5. Agrawal, Environmental Laws: Indian PerspectN&lhi Publication.

Paper EES-4-8-2: Environmental Management (TheoryCredits: 4)

Environmental Management: Definition and scope o¥ibnmental Management (EM) Characteristics and
goals of EM; Tools of EM, participants of EM; Enmrmental management System (EMS); Definition, need
of EMS, Core element of EMS, Benefits of EMS; Caqoicef Adaptive Management (AM), condition that
warrant AM, steps in the process of AM; Environnaémlanagement Planning (EMP); Concepts — the need
of EMP, the need of Environmental management poatidyndian perspective; Case studies of EMP; Baseli
information system, concept, importance in Envirental management, important aspects in building a
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baseline information system; Tools applied in Eowmental management; Environmental assessment,
economic assessment, benefit cost analysis, Emagotal impact statement (EIS), Environmental audit,
waste minimization programme and Environmental rgeangent system, life cycle assessment (LCA),
Environmental design, ISO 14000 series, concelichainciples of ISO 14000 series, componentsSa |
14001, benefits of implementing 1ISO 14001 underdndcontext, case studies; Joint Forest Management,
concept, Genesis of JFM, National resolution on JFM0. JFMvis-a-vis Village Forest committee (VFC)
benefit sharing, Natural Disaster Management (NDdéfjnition of disaster, types of disaster, manmane
natural, stages of disaster management, role efsiec and local knowledge in NDM.

REFERENCES:

1. David E. Alexandem\atural disasters

2. Keith Smith Environmental hazards: assessing risk and reduligagter

3. Graham A. Tobin and Burrell E. Montz, Naturat&als: explanation and integration
4. S. Singh, Text book of Physical geography.

5. V. Subramanian, Environmental hazards in Sowta.A

6. Environment Impact Assessment :- A.K. ShriveataPH Publication

Paper EES-4-8-3 (Practical, Credits: 4)

Field visit for ecosystem study (duration 5-7 dayShe field tour for appraisal of common landforms,
rocks/mines/mining process; duration 2-4 days, $trilal tour, Epidemiological survey of chronic aacute
disease-arsenicosis/goiter/flurosis

Addition or changesin the laboratory experiments may be made by the department as and when required.

Paper EES-4-8-4 (Practical, Credits: 2)
Project work and presentation

ADDITIONAL ELECTIVE PAPER:

(Compulsory for students having major in Earth and Environmental Science and optional for students having
major in other subjects)

Paper EES-4-8-5: Hydrology and Water Management (Teory, Credits: 2)

Water: a global perspective, water as a resouno#a& water, precipitation and run off, Principtédydro-
geomorphology, watershed characteristics, runoffl sediment yield, stream flow, lake and wetland
hydrology; Groundwater basics, Principles of growaater flow, Well hydraulics, groundwater quality,
ground water modeling, Rain water harvesting, Wdited development, Geospatial technology in water
management.

REFERENCES:
1. D.K. Todd, Groundwater Hydrology
2. R. Nagarajan, Water

23



ENGLISH

FIRST YEAR: SEMESTER-|
Paper ENG-1-1-1: Functional English (Theoryedits: 2)

FIRST YEAR: SEMESTER-I

Paper ENG-1-1-1: Functional English (Theory, Credis: 2)

Preamble: The course intends to develop the creative andyteell skills of the candidate in order to
facilitate better written communication in Englighalso prepares for the awareness of basic gramihhe
course is divided into 3 modules and each moduigesal credit.

Module 1:
Formal Written Communication: Letter writing and e-mail, writing a resume.

Module 2:
Creative Skills: Writing a paragraph, drafting a report.

Module 3:

Analytical Skills and Grammar: Comprehension passage, Précis, Change of voicenglgathe tense,
Direct and indirect speech, Simple and complexeseas.

Since the course is intended for students of seieretevant comprehension passages may be selected.

REFERENCES:

1. Synergy: Communication in English and StudyISlketl. Board of editors. Orient Longman, 2008.
2. Examine Your English ed. Margaret M. Maison.e@tiLongman, 2008.

3. English Grammar Skills ed. David Bolton. Orienanhgman, 2008.
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LIFE SCIENCE

FIRST YEAR: SEMESTER-I
Paper LS-1-1-1: Molecules and their InteractioneRaht to Biology
Paper LS-1-1-2

FIRST YEAR: SEMESTER-II
Paper LS-1-2-1: Cellular Organization
Paper LS-1-2-2

SECOND YEAR: SEMESTER-III
Paper LS-2-3-1: Fundamental Processes
Paper LS-2-3-2

SECOND YEAR: SEMESTER-IV
Paper LS-2-4-1: Cell Communication and Cell Sigmali
Paper LS-2-4-2

THIRD YEAR: SEMESTER-V

MAJOR PAPERS:

Paper LS-3-5-1: System Physiology

Paper LS-3-5-2: Metabolism of Carbohydrates, Pnatdiipids and Nucleic acids
Paper LS-3-5-3

Paper LS-3-5-4

ADDITIONAL ELECTIVE PAPER:

Paper LS-3-5-5: Developmental Biology

THIRD YEAR: SEMESTER-VI

MAJOR PAPERS:

Paper LS-3-6-1: Inheritance Biology
Paper LS-3-6-2: Ecological Principles
Paper LS-3-6-3

Paper LS-3-6-4

ADDITIONAL ELECTIVE PAPER:
Paper LS-3-6-5: Diversity of Life Forms

FOURTH YEAR: SEMESTER-VII

MAJOR PAPERS:

Paper LS-4-7-1: Immunology and Immunotechniques
Paper LS-4-7-2: Methods in Biology-I

Paper LS-4-7-3

Paper LS-4-7-4

ADDITIONAL ELECTIVE PAPER:

Paper LS-4-7-5: Evolution

FOURTH YEAR: SEMESTER-VIII
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(Theory, Credits: 3)
(Practical, Ged®)

(Theory, Credits: 3)
(Practical, Ged®)

(Theory, Credits: 3)
(Practical, dite 2)

(Theory, Credits: 3)
(Practicaledts: 2)

(Theory, Credits: 4)
(Theory, Gied})
(Practical, dite 4)
(Practical, dite 2)

(Theory, Credits: 2)

(Theory, Credits: 4)
(Theory, Credits: 4)
(Practical, ditse 4)
(Practical, dite 2)

(Theory, Credits: 2)

(Theory, Credits: 4)

(Theory, Credits: 4)
a®ical, Credits: 4)
a®ical, Credits: 2)

(Theory, Credits: 2)



MAJOR PAPERS:

Paper LS-4-8-1: Applied Biology

Paper LS-4-8-2: Methods in Biology-II

Paper LS-4-8-3

Paper LS-4-8-4

ADDITIONAL ELECTIVE PAPER

Paper LS-4-8-5: Statistical Methods for Biology

FIFTH YEAR: SEMESTER-IX
DISSERTATION PAPERS:
Paper LS-5-9-1

FIFTH YEAR: SEMESTER-X
DISSERTATION PAPERS:
Paper LS-5-10-1
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FIRST YEAR: SEMESTER-I

Paper LS-1-1-1: Molecules and their Interaction Redvant to Biology (Theory, Credits: 3)

A. Composition, structure and function of biomolesu(carbohydrates, lipids, proteins, nucleic a@dd
vitamins).

B. Stablizing interactions (electrostatic, hydropicanteraction, etc.).

C. Essential concepts of bioenergetics: Glycolystglative phosphorylation, coupled reaction.

D. Principles of catalysis, enzymes and enzymetiia®f substrates and inhibitors.

E. Structure of proteins (Primary, secondary anibtg structure, domains, motif and folds).

F. Structure of nucleic acids (helix (A, B, Z), NR, micro-RNA)

Paper LS-1-1-2 (Practical, Credits: 2)
Problems as suggested by the course instructdaegely based on LS-1-1-1
Addition or changesin the laboratory experiments may be made by the department as and when required.

FIRST YEAR: SEMESTER-II

Paper LS-1-2-1: Cellular Organization (Theory, Credts: 3)

A. Membrane structure and function (Structure ofdelomembrane, lipid bilayer and membrane protein
diffusion, osmosis, ion channels, mechanism ofirsgprand regulation of intracellular transport, tlieal
properties of membranes).

B. Structural organization and function of intrdgkdr organelles (Cell wall, nucleus, mitochondr@glgi
bodies, lysosomes, endoplasmic reticulum, peroxésprlastids, vacuoles, chloroplast, structure gcfion

of cytoskeleton and its role in motility).

C. Organization of genes and chromosomes (Opemique and repetitive DNA, interrupted genes, gene
families, structure of chromatin and chromosometgiochromatin, euchromatin, transposons).

D. Cell division and cell cycle (Mitosis and mémstheir regulation, steps in cell cycle, reguatiand
control of cell cycle).

E. Microbial Physiology (Growth yield and charatgtics, strategies of cell division, stress reggn

Paper LS-1-2-2 (Practical, Credits: 2)
Problems as suggested by the course instructdaegely based on LS-1-2-1
Addition or changesin the laboratory experiments may be made by the department as and when required.

SECOND YEAR: SEMESTER-III

Paper LS-2-3-1: Fundamental Processes (Theory, Crisl: 3)

A. DNA replication, repair and recombination (Ubit replication, enzymes involved, replication onigind
replication fork, fidelity of replication, extraahimosomal replicons, DNA damage and repair mechanism
homologous and site-specific recombination).

B. RNA synthesis and processing (transcriptiondisctand machinery, formation of initiation complex,
transcription activator and repressor, RNA polyrsesa capping, elongation, and termination, RNA
processing, RNA editing, splicing, and polyadenglat structure and function of different types di&R
RNA transport).

C. Protein synthesis and processing (Ribosome,dtom of initiation complex, initiation factors arideir
regulation, elongation and elongation factors, teation, genetic code, aminoacylation of tRNA, tRNA
identity, aminoacyl tRNA synthetase, and transtalo proof-reading, translational inhibitors, Post-
translational modification of proteins).

D. Control of gene expression at transcription #aaslation level (regulating the expression of ggs
viruses, prokaryotic and eukaryotic genes, rolehsbmatin in gene expression and gene silencing).

Paper LS-2-3-2 (Practical, Credits: 2)
Problems as suggested by the course instructdaegely based on LS-2-3-1
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Addition or changesin the laboratory experiments may be made by the department as and when required.

SECOND YEAR: SEMESTER-IV

Paper LS-2-4-1: Cell Communication and Cell Signatig (Theory, Credits: 3)

A. Host parasite interaction Recognition and epigcesses of different pathogens like bacteriaiseis into

animal and plant host cells, alteration of host lsehavior by pathogens.

B. Endocrine system; hormone mechanism of actiotiyding receptors), hormonal signaling and sigmgli
1,31,31defects and diseases

C. Cellular communication: General principles off @mmunication, cell adhesion and roles of difar

adhesion molecules, gap junctions, extracelluldarigiantegrins, neurotransmission and its regolati

D. Cancer: Genetic rearrangements in progenitds,aaicogenes, tumor suppressor genes, cancehaicelt

cycle, virus-induced cancer, metastasis, apoptibgsapeutic interventions of uncontrolled cellvgtio.

Paper LS-2-4-2 (Practical, Credits: 2)
Problems as suggested by the course instructdaegely based on LS-2-4-1
Addition or changesin the laboratory experiments may be made by the department as and when required.

THIRD YEAR: SEMESTER-V

MAJOR PAPERS:

Paper LS-3-5-1:System Physiology (Theory, Credits: 4)

A. Photosynthesis - Light harvesting complexes; maisms of electron transport; photoprotective
mechanisms; Cg&fixation-C3, C4 and CAM pathways.

B. Nitrogen metabolism in plants - Nitrate and aminm assimilation; amino acid biosynthesis.

C. Plant hormones —physiological effects and meishanof action.

D. Sensory photobiology - Structure, function arethanisms of action of phytochromes, cryptochroames
phototropins; stomatal movement; photoperiodismlzabkbgical clocks.

E. Solute transport and photoassimilate translogdti plants— uptake, transport and translocatiowater,
ions, solutes and macromolecules from soil, throocelts, across membranes, through xylem and phloem;
transpiration; mechanisms of loading and unloadiinghotoassimilates.

F. Human Circulatory and Cardiovascular System:oBleolume, blood volume regulation, blood groups,
haemoglobin, ECG - its principle and significanca&diac cycle, heart as a pump, blood pressureahend
chemical regulation of all above.

G. Nervous system - Neurons, action potential, gnesuroanatomy of the brain, central and peripheral
nervous system.

H. Sense organs — Vision and hearing

I. Excretory system - Physiology of excretion, region of water balance, electrolyte balance, dcde
balance

Paper LS-3-5-2: Metabolism of Carbohydrates, Proteis, Lipids and Nucleic acids (Theory, Credits: 4)

A. Human Digestive system — Digestion and absonptif nutrients.

B. Carbohydrate Metabolism- glycolysis, oxidativhopphorylation, glycogenolysis, glycogen synthesis,
gluconeogensis.

C. Protein Metabolism- amino acid degradation, anaicid biosynthesis, urea cycle

D. Lipid Metabolism- lipolysis, fatty acid oxidatg plasma lipoproteins, cholesterol, lipid syntkesi

E. Synthesis and catabolism of components of Nueleids- purine, pyrimidine, pentose sugars.

Paper LS-3-5-3 (Practical, Credits: 4)

Problems as suggested by the course instructoiaegely based on LS-3-5-1, LS-3-5-2 and LS-3-5-5
Addition or changesin the laboratory experiments may be made by the department as and when required.
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Paper LS-3-5-4 (Practical, Credits: 2)
Project work and presentation

ADDITIONAL ELECTIVE PAPER:

(Compulsory for students having major in Life Science and optional for students having major in other
subjects)

Paper LS-3-5-5: Developmental Biology (Theory, Cretk: 2)

A) Basic concepts of development : Potency, comemin specification, induction, competence,
determination and differentiation; morphogenetiadients; cell fate and cell lineages; stem ceksjognic
equivalence and the cytoplasmic determinants;

B) Gametogenesis, fertilization and early developm®roduction of gametes, cell surface molecufes i
sperm-egg recognition in animals; embryo sac deveémt and double fertilization in plants; zygote
formation, cleavage, blastula formation, embryofi@dds, gastrulation and formation of germ layens i
animals; embryogenesis, establishment of symmetpjants; seed formation and germination.

C) Morphogenesis and organogenesis in animals s /el pattern formation in Drosophila, and chick;
organogenesis —limb development and regenerativariebrates; differentiation of neurons, post miic
development- larval formation, metamorphosis; envinental regulation of normal development.

D) Morphogenesis and organogenesis in plants: @rgton of shoot and root apical meristem; shoat an
root development; leaf development and phyllotatkginsition to flowering, floral meristems and flbra
development in Arabidopsis and Antirrhinum.

THIRD YEAR: SEMESTER-VI

MAJOR PAPERS:

Paper LS-3-6-1:Inheritance Biology (Theory, Credits: 4)

A. Mendelian principles: Dominance, segregatiodejpendent assortment.

B. Concept of gene: Allele, multiple alleles, pseaitele, complementation tests

C. Extensions of Mendelian principles : Codominanigeomplete dominance, gene interactions, plepytro
genomic imprinting, penetrance and expressivityengitopy, linkage and crossing over, sex linkager, se
limited and sex influenced characters.

D. Extra chromosomal inheritance : Inheritance abkhondrial and chloroplast genes, maternal itdugce.
E. Microbial genetics: Methods of genetic transfer¢ransformation, conjugation, transduction ang- se
duction, mapping genes by interrupted mating, $imecture analysis of genes.

F. Human genetics: Pedigree analysis, karyotypes.

G. Mutation: Types, causes and detection, mutgresy- lethal, conditional, biochemical, loss ofdiimn,
gain of function, germinal verses somatic mutantgrtional mutagenesis.

H. Structural and numerical alterations of chrommoss : Deletion, duplication, inversion, translocafi
ploidy and their genetic implications.

Paper LS-3-6-2:Ecological Principles (Theory, Credits: 4)

A. The Environment: Physical environment; biotizieonment; biotic and abiotic interactions.

B. Habitat and Niche: Concept of habitat and nichehe width and overlap; fundamental and realizetie;
resource partitioning; character displacement.

C. Population Ecology: Characteristics of a popaiatpopulation growth curves; population regulatitfe
history strategies (r and K selection); concept noétapopulation — demes and dispersal, interdemic
extinctions, age structured populations.

D. Species Interactions: Types of interactionserspecific competition, herbivory, carnivory, podtion,
symbiosis.

E. Community Ecology: Nature of communities; comityrstructure and attributes; levels of species
diversity and its measurement; edges and ecotones.
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F. Ecological Succession: Types; mechanisms; clsaingelved in succession; concept of climax.

G. Ecosystem Ecology: Ecosystem structure; ecasyfiection; energy flow and mineral cycling (C,N,P)
primary production and decomposition; structure amtttion of some Indian ecosystems: terrestriated$t,
grassland) and aquatic (fresh water, marine, ensar

H. Biogeography: Major terrestrial biomes; theofystand biogeography; biogeographical zones ofdnd

I. Applied Ecology: Environmental pollution; globahvironmental change; biodiversity: status, nwing
and documentation; major drivers of biodiversitaede; biodiversity management approaches.

J. Conservation Biology: Principles of conservatioajor approaches to management, Indian caseestodi
conservation/management strategy (Project Tigasiere reserves).

Paper LS-3-6-3 (Practical, Credits: 4)
Problems as suggested by the course instructdaegely based on LS-3-6-1, LS-3-6-2 and LS-3-6-5
Addition or changesin the laboratory experiments may be made by the department as and when required.

Paper LS-3-6-4 (Practical, Credits: 2)
Project work and presentation

ADDITIONAL ELECTIVE PAPER:

(Compulsory for students having major in Life Science and optional for students having major in other
subjects)

Paper LS-3-6-5: Diversity of Life Forms (Theory, Cedits: 2)

A. Principles & methods of taxonomy: Concepts oé@dps and hierarchical taxa, biological nomencégtur
classical & quantititative methods of taxonomy Gfnts, animals and microorganisms.

B. Levels of structural organization: Unicellulaglonial and multicellular forms. Levels of orgaatipn of
tissues, organs & systems. Comparative anatomytiadaadiation, adaptive modifications.

C. Outline classification of plants, animals & ngiorganisms: Important criteria used for classifaatin
each taxon. Classification of plants, animals aictanrganisms. Evolutionary relationships amongtax

D. Organisms of health & agricultural importancean@non parasites and pathogens of humans, domestic
animals and crops.

E. Organisms of conservation concern: Rare, endadgpecies. Conservation strategies.

FOURTH YEAR: SEMESTER-VII

MAJOR PAPERS:

Paper LS-4-7-1:Methods in Biology-I (Theory, Credits: 4)

A. Molecular Biology and Recombinant DNA methods:

B. Isolation and purification of RNA, DNA (genomamd plasmid) and proteins, different separatiornoe.
C. Analysis of RNA, DNA and proteins by one and tthmensional gel electrophoresis, Isoelectric foys
gels.

D. Molecular cloning of DNA or RNA fragments in lagal and eukaryotic systems.

E. Expression of recombinant proteins using baaiteanimal and plant vectors.

F. Isolation of specific nucleic acid sequences

G. Generation of genomic and cDNA libraries in piets phage, cosmid, BAC and YAC vectors.

H. In vitro mutagenesis and deletion techniquesgdenock out in bacterial and eukaryotic organisms.

I. Protein sequencing methods, detection of pasistation modification of proteins.

J. DNA sequencing methods, strategies for genompaeseing.

K. Methods for analysis of gene expression at RNA protein level, large scale expression, suchiasom
array based techniques.

L. Isolation, separation and analysis of carbohigdaad lipid molecules RFLP, RAPD and AFLP techei&u
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Paper LS-4-7-2:Immunology and Immunotechniques (Theory, Credits: 4

Innate and adaptive immune system- Toll-like reseptCells and molecules involved in innate andhtide
immunity. Antigens, antigenicity and immunogenicity and T cell epitopes, structure and function of
antibody molecules, Generation of antibody divgrsitonoclonal antibodies, antibody engineeringigemt
antibody interactions, MHC molecules, antigen pssoey and presentation, activation and differeiotiabf

B and T cells, B and T cell receptors, Humoral eelf-mediated immune responses, primary and secpnda
immune modulation, Cell-mediated effector functionghflammation, The complement system,
Hypersensitivity and autoimmunity, Immune respodseng bacterial (tuberculosis), parasitic (malpead
viral (HIV) infections, Congenital and acquired imnodeficiencies, vaccines, Histochemical and
Immunotechniques: Antibody generation, Detection rablecules using ELISA, RIA, western blot,
immunoprecipitation, fluocytometry and immunofluscence microscopy, detection of molecules in living
cells, in situ localization by techniques such EH-and GISH.

Paper LS-4-7-3 (Practical, Credits: 4)
Problems as suggested by the course instructoaegely based on LS-4-7-1, LS-4-7-2 and LS-4-7-5
Addition or changesin the laboratory experiments may be made by the department as and when required.

Paper LS-4-7-4 (Practical, Credits: 2)
Project work and presentation

ADDITIONAL ELECTIVE PAPER:

(Compulsory for students having major in Life Science and optional for students having major in other
subjects)

Paper LS-4-7-5: Evolution (Theory, Credits: 2)

A. Emergence of evolutionary thoughts: Lamarck;vidarconcepts of variation, adaptation, struggleefss
and natural selection; Mendelism; Spontaneity ofations; The evolutionary synthesis.

B. Origin of cells and unicellular evolution: Onigof basic biological molecules; Abiotic synthesirganic
monomers and polymers; Concept of Oparin and Held&xperiement of Miller (1953); The first cell;
Evolution of prokaryotes; Origin of eukaryotic cellEvolution of unicellular eukaryotes; Anaerobic
metabolism, photosynthesis and aerobic metabolism.

C. Paleontology and Evolutionary History: The evtidoary time scale; Eras, periods and epoch; Major
events in the evolutionary time scale; Origins ofcellular and multi cellular organisms; Major gpsuof
plants and animals; Stages in primate evolutioluding Homo.

D. Molecular Evolution: Concepts of neutral evabmi molecular divergence and molecular clocks;
Molecular tools in phylogeny, classification ancentification; Protein and nucleotide sequence aisily
origin of new genes and proteins; Gene duplicadiat divergence.

E. Population genetics — Populations, Gene posheGrequency; Hardy-Weinberg Law; concepts atel r
of change in gene frequency through natural selecthigration and random genetic drift.

FOURTH YEAR: SEMESTER-VIII

MAJOR PAPERS:

Paper LS-4-8-1:Applied Biology (Theory, Credits: 4)

A. Transgenic animals, Gene therapy, Stem celleblotology: Transgenic animals and their advantages,
Transfection methods, Knockout animals, Gene ctioecGene editing, Gene replacements/augmentation.
Stem cell biotechnology: Stem cells, Cell cloniSggem Cell therapy.

B. Application of immunological principles, vaccsjaliagnostics. Tissue and cell culture methodplants
and animals.

C. Genetic manipulation of fruit setting and ripemni Genetic engineering for herbicide resistance.

D. Breeding in plants and animals, including markaissisted selection
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E. Bioremediation and phytoremediation
F. Biosensors

Paper LS-4-8-2:Methods in Biology-Il (Theory, Credits: 4)

A. Bioinformatics: General and Structural: Majooipiformatics resources: NCBI, EBI, ExPASy,Sequence
and structure databases, Sequence analysis, Seeop@sed database searches, Pair wise sequenceeaaiign

& Multiple sequence alignments, Taxonomy and phgiog Protein secondary structure prediction and
classification of protein folds

B. Biophysical Method: UV/visible, fluorescenceratilar dichroism, NMR and ESR spectroscopy; X-ray
diffraction and NMR, Molecular analysis using lightattering, different types of mass spectromeiny a
surface plasma resonance methods.

C. Radiolabeling techniques: Detection and measemeiof different types of radioisotopes normallgdign
biology, incorporation of radioisotopes in biologlictissues and cells, molecular imaging of radivact
material, safety guidelines.

D.Microscopic technigues: Light microscopy, resotyipowers of different microscopes, microscopy of
living cells, scanning and transmission electroorogcopy, confocal microscopy.

E. Electrophysiological methods: Single neuron réicw, patch-clamp recording, ECG, Brain activity
recording, lesion and stimulation of brain, pharalagical testing, PET, MRI, fMRI, CAT.

Paper LS-4-8-3 (Practical, Credits: 4)
Problems as suggested by the course instructoaegely based on LS-4-8-1, LS-4-8-2 and LS-4-8-5
Addition or changesin the laboratory experiments may be made by the department as and when required.

Paper LS-4-8-4 (Practical, Credits: 2)
Project work and presentation

ADDITIONAL ELECTIVE PAPER

(Compulsory for students having major in Life Science and optional for students having major in other
subjects)

Paper LS-4-8-5: Statistical Methods for Biology (Tleory, Credits: 2)

Measures of central tendency and dispersal; Commtgpbbability and application in biological sanmg and
genetics; Sampling distribution; Difference betwgsrametric and non-parametric statistics; Confiden
Interval; Errors; Levels of significance; ConceptRegression and Correlation; t-test; Analysis afiance;
X2 test;; Basic introduction to Multivariate staids, etc.
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11.| Chapman J. L. and Reiss M. J., (1999). Ecologincipies and Applications. Cambridge Univers|
Press.
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MATHEMATICS

FIRST YEAR: SEMESTER-I
MT-1-1-1: Mathematics-I
MT-1-1-2: Computing Lab-I

FIRST YEAR: SEMESTER-II
MT-1-2-1: Mathematics-II
MT-1-2-2: Scientific Computing

SECOND YEAR: SEMESTER-III
MT-2-3-1: Mathematics-llI
MT-2-3-2: Computing Lab-II

SECOND YEAR: SEMESTER-IV
MT-2-4-1: Mathematics-1V
MT-2-4-2: Partial Differential Equations

THIRD YEAR: SEMESTER-V
MAJOR PAPERS:

MT-3-5-1: Discrete Mathematics
MT-3-5-2: Analysis-I

MT-3-5-3: Theory of Optimization
MT-3-5-4: Complex Analysis
ADDITIONAL ELECTIVE PAPER:

MT-3-5-5: Mathematical Theory of Probability & Stdics

THIRD YEAR: SEMESTER-VI
MAJOR PAPERS:

MT-3-6-1: Analysis-II

MT-3-6-2: Advanced Modern Algebra
MT-3-6-3A: Numerical Linear Algebra
MT-3-6-3B: Numerical Linear Algebra
MT-3-6-4: Differential Geometry
ADDITIONAL ELECTIVE PAPER:
MT-3-6-5: Mathematical Modeling

FOURTH YEAR: SEMESTER-VII
MAJOR PAPERS:
MT-4-7-1: Analysis-IlI

MT-4-7-2: Introduction to Continuum Mechanics

MT-4-7-3: Galois Theory
MT-4-6-4
ADDITIONAL ELECTIVE PAPER:

MT-4-7-5: Integral Equations & Calculus of Variat®

FOURTH YEAR: SEMESTER-VIII
MAJOR PAPERS:
MT-4-8-1: Analysis-IV

(Theory, Credits: 3)
(Practical, Credi®y:

(Theory, Credits: 3)
(Theory, Crediy

(Theory, Credits: 3)
(Practical, Crediy

(Theory, Credits: 3)
(Theo@redits: 2)

(Theory, Credits
(Theory, Credits: 4)
(Theory, Cregli4)
(Theory, Credit3: 2

(Theory, Credits: 2)

(Theory, Credits: 4)
(Theory, dits: 2)
(Theoryradits: 2)
(Practic@iredits: 2)
(Theory, Cregli4)

(Theory, Crexdi2)

(Theory, Credits: 4)

h€bry, Credits: 4)
(Theory, Credits: 4)
(Practical, Credits: 2)

(Theory, Credits: 2)

(Theory, Credits: 4)



MT-4-8-2: Numerics of Partial Differential Equati®
MT-4-8-3: Dynamical System

MT-4-8-4

ADDITIONAL ELECTIVE PAPER:

MT-4-8-5: Mathematical Ecology

FIFTH YEAR: SEMESTER-IX
DISSERTATION PAPERS:
Paper MT-5-9-1

FIFTH YEAR: SEMESTER-X
DISSERTATION PAPERS:
Paper MT-5-10-1
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(Theory, Credits: 4)
(Theory, Credds:
(Practical, Credits: 2)

(Theory, Credi?)

(Credits: 24)

(Credits: 24)



FIRST YEAR: SEMESTER-I

Paper MT-1-1-1: Mathematics-I (Theory, Credits: 3)

Set Theory, Finite, countable and Uncountable sets.

Functions of one variable- Limits, Continuity, abiferentiability of function of one variable.

Real valued functions of several variables: Limin@nuity and Differentiability.

Functions of a Complex Variable- Limits of FuncoriTheorems on Limits, Continuous Functions, and
Continuity in terms of Real and Imaginary parts.

Differentiability of Functions- Definition and Exagites, The Cauchy-Riemann Equations, Sufficient
Conditions for Differentiability, Cauchy- Riemanmjations in polar form.

Sequences and Series- Sequences, Limit and LinmttsPof a Sequence, Cauchy’'s General Principle of
Convergence, Infinite Series, Absolutely Converdsstties.

Tensor algebra and Tensor calculus.

REFERENCES:

1. Thomas G.B. and R.L. Finny, Calculus and Anal@@eometry Addison Wesley, Pearson-education tecen
edition.

2. H.L.Royden, Real Analysis, Prentice Hall of knéfivt. Ltd.

3. Tom. M. Apostol, Calculus Vol. I, Vol. 1. Wiley & Sons.

Paper MT-1-1-2: Computing Lab-I (Practical, Credits: 2)

Introduction to Problem Solving: Algorithm, Flow afts, Tracing flow charts, Problem solving methods,
computer languages and compilers

C Language preliminaries: Character set, Idensifiend keywords, Data types, Declarations, Exprassio
statements and symbolic constants

Input-Output: getchar, putchar, scanf, printf, gptgs, functions.

Operators and expressions: Arithmetic, unary, lagiit-wise, assignment and conditional operators
Control statements: While, do-while, for statementssted loops, if else, switch, break, Continungl goto
statements, comma operators

Storage types: Automatic, external, register aaticstariables. Sample Programs written in C

Problems as suggested by the course Instructor.

REFERENCES:

. Mastering C by Venugopal, Prasad — TMH

. Complete reference with C Tata McGraw Hill

. C — programming E.Balagurusamy Tata McGray Hill

. How to solve it by Computer : Dromey, PHI

. Schaums outline of Theory and Problems of prograg with C : Gottfried
. The C programming language : Kerninghan andhiRitc

. Programming in ANSI C : Ramkumar Agarwal

. Let Us C by kanetkar

cO~NO O WN P

FIRST YEAR: SEMESTER-II

Paper MT-1-2-1: Mathematics-II (Theory, Credits: 3)

Application of Derivatives- Mean value theorems amglications, Taylor's theorem and expansion,iczit
points, Inflection Points, Concavity and convexfya curve.

Partial Derivatives, Chain Rule, Gradient & Direcial Derivative. Tangent Plane & Normal. Maxima,
Minima, saddle points and Lagrange Multipliers.

Integration- Fundamental theorems of integral daksuDefinite integral, Reduction formulae.

Vector algebra and Vector calculus and 3-dimensigeametry.

Fourier transforms: Fourier, sine and cosine fanss.
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Laplace and inverse Laplace transforms; propet@syolutions.

REFERENCES:

1. Thomas G.B. and R.L. Finny, Calculus and Anal@eometry Addison-Wesley, Pearson education recent
edition.

2. Spiegel, M. R., Theory and Problems of Vectoalysis and an introduction to Tensor Analysidie&om
Publishing Co., 1959.

3. Weatherburn, Vector Analysis (vol. 2).

4. E. A. Coddington and N. Levinson, Theory of @edy Differential Equations, Tata McGraw Hill, 1990
5. H. T. H. Piaggio, Differential Equations.

6. Simmons, Differential Equations.

7. S. L. Ross, Differential Equations.

8. G. N. Watson, A Treatise on the Theory of BeBselctions, Cambridge University Press, 1944.

9. A. D. Poularikas, The Transforms and Applicatibtandbook, CRC Press, 1996.

10. J. W. Brown and R. Churchill, Fourier Seried Boundary Value Problems, McGraw Hill, 1993

Paper MT-1-2-2: Scientific Computing (Theory, Credis: 2)

Approximate numbers. Significant figures, Round wéfmbers. Errors, Absolute, Relative and percentage
errors.

Difference table, propagation of error in a diffece table. Differences of a polynomial. Polynomial
interpolation. Error in polynomial interpolation.eiton’s forward and backward interpolation formulae
Lagrange’s interpolation formula, divided differendinite difference, Hermite and Spline interpmat
Inverse interpolation.

Numerical differentiation.

Numerical integration: Trapezoidal rule, Simpsaor®third rule. Composite rules. Geometrical significan
Solutions of nonlinear equations. Bisection methdelwton's method and its variants, fixed pointatiens,
convergence analysis; Geometrical significance.

Numerical solution of a system of linear equatio@stuss Elimination method. Iterative methods: Gauss
Jacobi and Gauss Seidel.

REFERENCES:

1. D. Kincaid and W. Cheney, Numerical Analysis:tManatics of Scientific Computing, 3rd Ed., AMS,
2002.

2. K. E. Atkinson, An Introduction to Numerical Agsis, Wiley, 1989.

3. S. D. Conte and C. de Boor, Elementary Nume#asllysis - An Algorithmic Approach, McGraw-Hill,
1981.

4. R. Mitchell and S. D. F. Griffiths, The Finiteff2rence Methods in Partial Differential Equatioigiley,
1980.

SECOND YEAR: SEMESTER-III

Paper MT-2-3-1: Mathematics-IIl (Theory, Credits: 3)

Repeated and Multiple Integrals with applicatiovétume, surface area, and moments of inertia.

Line & Surface Integrals. Green’s, Gauss and Stdkesrems and their applications.

First order differential equations: Exact differ@hequations, integrating factors, Bernoulli edqoias, Riccati
equations, existence and uniqueness theorem, appiis.

Higher-order linear Ordinary differential equatiors solutions of homogeneous and nonhomogeneous
equations, method of variation of parameters, aperaethod

Series solutions of linear differential equatioiggendre equation and Legendre polynomials, Bessel
equation and Bessel functions of first and secondsk
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REFERENCES:

1. Thomas G.B. and R.L. Finny, Calculus and Anal@eometry Addison- Wesley, Pearson education
recent edition.

2. Spiegel, M. R., Theory and Problems of Vectoalksis and an introduction to Tensor Analysidie&om
Publishing Co., 1959.

3. Weatherburn, Vector Analysis (vol. 2).

4. E. A. Coddington and N. Levinson, Theory of @etdy Differential Equations, Tata McGraw Hill, 1990
5. H. T. H. Piaggio, Differential Equations.

6. Simmons, Differential Equations.

7. S. L. Ross, Differential Equations.

8. G. N. Watson, A Treatise on the Theory of BeBselctions, Cambridge University Press, 1944.

9. A. D. Poularikas, The Transforms and Applicatiéfandbook, CRC Press, 1996.

10. J. W. Brown and R. Churchill, Fourier Seried Boundary Value Problems, McGraw Hill, 1993

Paper MT-2-3-2: Computing Lab-II (Practical, Credits: 2)
Functions:

Arrays: Multi dimensional arrays.

Pointers:

Programming in C

Finding the largest and smallest of a finite setwhbers.
Arranging a given set of numbers in ascending/defing order.
Finding transpose of matrices.

Finding the product of two matrices.

Finding the sum of the digits of a number.

Integration by

(a) Trapezoidal rule

(b) Simpon’s 1/3rd rule

Finding real root of an equation by

(a) Fixed point iteration method

(b) Bisection method

(c) Newton-Raphson method

REFERENCES:

1. P. Niyogi, Numerical Analysis and Algorithms,td@icGraw-Hill Publishing Company Limited, 2003.
2. V. Rajaraman, Cmputer Fundamentals

3. E. Balaguruswamy-Programming in ANSI C., Tatac@vaw Hill (1992)

4. B.S. Gottfried- Theory and Problems of Prograngnn C, Tata McGraw Hill (1998).

5. V. Rajaraman, Programming in C, Prentice H£0bd)

6. Magrab, Azarm, Balachandran, Duncan, Herold siWahn Engineer's Guide to MATLAB

SECOND YEAR: SEMESTER-IV

Paper MT-2-4-1: Mathematics-IV (Theory, Credits: 3)

Cartesian product, relations, Equivalence relatioRartial ordering relation. Permutations: Cycle,
transposition, Order of a permutation.

Determinant and Matrix theory.

Theory of group: Axioms, properties, subgroup, @ygtroup

Vector Space and examples, Subspace, Sum andectiersof subspaces, Solution space of linear enst
Linear independence of vectors, Basis, Dimensiaordinates with respect to different basis.

Null Space, Row Space, Column Space.
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Linear Transformations (LT) between two vector ggadkepresenting LT by a matrix, Rank-Nulity Theare
Base change and similarity matrices.

Eigen value and eigen vector, Characteristic patyats, Diagonalisation and triangulation of Matsce
Cayley Hamilton Theorem.

Inner Product space, Chauchy-Schwartz Inequalitsthdgonal basis, Graham-Scmidt orthogonalization
process.

REFERENCES:

1. I. N. Herstein, Topics in Algebra, 2nd editidiley Eastern, 1975.

2. C. Musili, Introduction to Rings and Modulesd2edition, Narosa,1992.

3. M. Artin, Algebra, Prentice Hall of India, 1994.

4. K. Hoffman and R. Kunze, Linear Algebra, Preatitall of India, 1996.

5. G. C. Cullen, Linear Algebra with Applicatior&)d edition, Addison Wesley, 1997.

6. S. Axler, Linear Algebra Done Right, 2nd editi€/TM, Springer, 1997.

Paper MT-2-4-2: Partial Differential Equations (Credits: 2)

First order partial differential equations, Lineand quasi-linear first order equations. Lagrange’s
Method/Characteristic method of solution and itsrgetrical interpretation, Charpits method, Spetyipés of
first order equations.

Higher order PDE and operator method.

Classification of PDEs, Canonical forms.

One dimensional wave equation and De’Alembert’shoet

Fourier series solution of wave equation, Sepamnatib variables method to solve heat equation, lapla
equation, Diffusion equation;

Boundary and initial value problems (Dirichlet addumann type) involving wave equation, heat coridact
equation, Laplace's equations and solutions by adetif separation of variables (Cartesian coordg)ate
initial boundary value problems in non-rectanguiaordinates.

Green's functions for elliptic, parabolic and hyp#ic equations.

Solution of ODE and PDE by Laplace transform;

REFERENCES:
1. Joe D. Hoffman, Numerical methods for Enginers Scientists, McGrow Hill.
2. G. D. Smith, Numerical solutions to Partial Bréntial Equations, Brunel

THIRD YEAR: SEMESTER-V

MAJOR PAPERS:

Paper MT-3-5-1: Discrete Mathematic{Theory, Credits: 4)

Review of Set Theory: Sets and classes, Relatioaisfanctions, Equivalence relations and equivalence
classes, Principle of mathematics induction, Reearsdefinitions, Posets, Chains and well-orderet,se
Axiom of choice, Cardinal and ordinal numbers, ©datlemma, Set theoretic paradoxes.

Logic Theory: Propositional Calculus: Well-formeathulas, Tautologies, Equivalence, Normal formsitiir

of algebraic systems, Calculus of predicates.

Combinatorics: Principles of addition and multiplion, Arrangements, Permutation and combinations,
Multinomial theorem, Partitions and allocations,gétinhole principle, Inclusion-exclusion principle,
Generating functions, Recurrence relations.

The Basics: graphs, paths and cycles, connectiveags and forests, bipartite graphs, contractr@hrainors,
Euler tours, Hamilton Cycle.
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REFERENCES:

1. J.P. Tremblay and R.P. Manohar, Discrete Mathiemaith Applications to Computer Science, McGraw
Hill, 1989.

2. V. K. Balakrishnan, Introductory Discrete Mattaios, Dover, 1996.

3. F. Harary, Graph Theory, Narosa, 1995.

4. Bela Bollobas, Graph Theory: An Introductory @&mj GTM, Springer Verlag, 1990.

5. Elliott Mendelson, Introduction to Mathematitaigic.

6. Heinz-Dieter Ebbinghaus, Jorg Flum, Wolfgang ks, Mathematical Logic.

Paper MT-3-5-2: Analysis-I (Theory, Credits: 4)

Sequences and Series of Functions- Point wise amitbroh convergence of a sequence of functions,
Cauchy’'s Condition for uniform convergence, Mn-t&ast for uniform convergence of series— Weiesstre
M test, Abel's test and Dirichlet's test, Unifornorovergence and continuity, uniform convergence and
integration uniform convergence and differentiation

Power Series- Radius of convergence, Basic Thegr@agchy-Hadamard formula, Uniform convergence,
Abel’'s theorem, Uniqueness of power series, Terrtehy, differentiation and integration of a Poweriss.
Riemann integration: Condition of integrability, operties of integrable functions, Darboux theorem,
indefinite integral and their properties, functiomish infinite number of discontinuities, (countalliumber of
limit points), monotone functions, fundamental ttezo on integral calculus, mean value theorems.rdpgr
integrals, convergence at infinity, absolute anaditional convergence.

Metric Spaces-Definition, Example of Metric Spac€tosed and Open sets- Convergence of a sequence,
Spherical Neighbourhood, Closure of a Set, Closstd, pen Sets, Interior and Boundary Points. Cetapl
Metric Spaces- Cauchy Sequences, Example of Coenpliettric Spaces, Example of Incomplete Metric
Spaces, Diameter of a set, Bounded Set, Cantdesskction Theorem, Baire’s Category theorem , &tom
Fixed PointTheorem.

REFERENCES:

1. H.L. Royden, Real Analysis, Prentice Hall.

2. B.Z. Vulikh, A Brief course in the Theory of Fetions of a Real Variable, Mir Publishers
3. l.LP.Natanson, Theory of Functions of a Realalde, Vol. 1, Frederick Ungar Pub. Co.
4. |.K.Rana, An introduction to measure and intégra Narosa Publishing House.

5. W. Rudin, Real and Complex Analysis, McGraw Hill

Paper MT-3-5-3: Theory of Optimization (Theory, Credits: 4)

Linear Models- Formulation and Examples, Basic Retiral Theory- Convexity, Extreme points, Suppartin
hyperplanes etc, Simplex Algorithm- Algebraic angb@etrical approaches, Artificial variable techriqu
Graphical method for solving two and three varigteblems, simplex method, Big M method, degenerate
LP problem, product form of inverse of a matrixised simplex method.

Duality Theory- Fundamental theorem, Dual simplestiod, Primal-dual method,

Assignment & Transportation Problems: Models andofthms, Network Flows: Shortest path Problem,
Max-Flow problem and Min-cost Flow problem.

Theory of games, two-person zero sum games withvétitbut saddle-points, pure and mixed strategies,
graphical method of solution of a 2 X n game.

Dynamic Programming, Principle of optimality, dist and continuous models.

Quadratic programming Problems, Wolfe's method,|®&sanethod.

Nonlinear Constrained Optimization problems relateBhun Thuker Conditions.

Inventory Theory & Queuing Theory.

REFERENCES:
1. R. Fletcher, Optimization, Academic Press, 1969.
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2. N. S. Kambo, Mathematical Programming Technigkest West Press, 1997.

3. G.F.Hadley; Addison —Wesley Pule, Reading, Masgar Programming.

4. Chakraborty & Ghosh; Moulik Library, Culcuttainkear Programming and Game theory.
5. M. D. Davis; Basic Books, N.Y., Game Theory: éntechnical introduction.

6. J.C.C. Mckinsey, Mc-Graw Hill B.C., N.Y., Intradtion to the theory of games

Paper MT-3-5-4: Complex Analysis (Theory, Credits2)

Analytic Functions- Definition and Examples, HarnwnFunctions, Conjugate Harmonic Functions,
Construction of an analytic function whose real mgiven (Related theorem is to be assumed).

Bilinear Transformations- Definition, Cross Ratfitixed Points of a Bilinear Transformation, Normakfa of

a Bilinear Transformation, Inverse Points, Circl@sientation principle.

Complex Integration: Cauchy's integral theorem,bals integral formula.

Zeros of an analytic functions, Uniqueness of ai@afynctions, Singularities, Laurent’s theoremniRerable
singularity, Limit points of zeros and poles, Riema& theorem on removable singularity, Cauchy’sdues
theorem.

REFERENCES:

1. J. H. Mathews and R. W. Howell, Complex Anay&r Mathematics and Engineering, 3rd edition,
Narosa, 1998.

2. L. V. Ahlfors, Complex Analysis, 3rd edition, Kcaw Hill, 1979.

3. R.V. Churchill and J.W. Brown, Complex Variabbesd Applications, 5th edition, McGraw Hill, 1990.

ADDITIONAL ELECTIVE PAPER:

(Compulsory for students having major in Mathematics and optional for students having major in other
subjects)

Paper MT-3-5-5: Mathematical Theory of Probability & Statistics (Theory, Credits: 2)

Probability - Classical, relative frequency and omxatic definitions of probability, addition rule @n
conditional probability, multiplication rule, totarobability, Bayes's Theorem, and independence.

Random Variables - Discrete, continuous and mixedlom variables, probability mass, probability digns
and cumulative distribution functions, mathemategbectation, moments, moment generating function.
Special Distributions - Discrete uniform, Binomiggeometric, Poisson, Exponential, Gamma, Normal
distributions, Function of a Random Variable.

Joint Distributions Joint, marginal and conditional distributions, prodmoments, correlation, independence
of random variables, bivariate normal distribution.

Estimation of parameters: Maximum likelihood andimel of moments. Properties of best estimates.
Testing of Hypothesis: Neyman-Pearson lemma, stdrtdats for one and two sample problems.

REFERENCES:

1. Gupta, Amritava, Groundwork of Mathematical Raoitity, Academic Publishers, Calcutta.

2. A. Papoulis, Probability, Random Variables atmtBastic Processes, McGraw Hill, 1985.

3. H. J. Larson, Introduction to Probability Thearyd Statistical Inference, 3rd edition, Wiley, 296

THIRD YEAR: SEMESTER-VI

MAJOR PAPERS:

Paper MT-3-6-1: Analysis-Il (Theory, Credits: 2)

Topological spaces, Basis for a topology, The otdpology, Subspace topology, Closed sets. Couityabi
axioms, Limit points, Convergence of nets in togidal spaces, Continuous functions.

Metric topology, Quotient topology. Separation amg) Connected spaces, Connected sets in R, Contgonen
and path components, Compact spaces, Compactn@sdrio spaces, Local compactness.
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The product topology, Embedding lemma, Uryshorsni&, Uryshon’s metrization theorem, Tietz extension
theorem. The Tychonoff theorem, Completely regstaces.

Differentail Topology, Topological manifolds, Diffential manifolds, Submanifolds, Local Immersion
theorem, Integration of manifolds.

REFERENCES:

1. G.F. Simmons, Introduction to Topology and Mad&nalysis, McGraw Hill, 1963.
2. James R. Munkres, Topology, Second Edition, tieeeidall, 1999.

3. Stephan Willard, General Topology, Dover, 2004.

4. Klaus Janich, Topology, Springer, UTM, 1984.

5. James Dugundji, Topology, McGraw Hill, 1966.

Paper MT-3-6-2: Advanced Modern Algebra (Theory, Cedits: 2)

Review on Groupsnormal subgroups;osets, Lagrange’s theoretrdomomorphisms, Kernel, Image of a
homomaorphism, Isomorphism, Direct product of groupsoup action on a set, Semi-direct product, Sylow
theoremsFree groups, Solvable and Nilpotent groups.

Decomposition groups and inertia groups, prooftaf taw of quadratic reciprocity using number fields
finiteness of class groups, Dirichlet's Unit TheoreRiemann and Dedekind zeta functions, class numbe
formula, Dirichlet L-functions.

Rings: Fundamentals of rings, Quotient rings, MatirRrime and Principal ideals, Euclidean and Ratyial
rings, Modules, basics of field theory.

Advanced Graph Theory: Matching and Covers. Koriggsorem, Independent Set. Cuts and Connectivity: 2
connected Graphs, Menger's theorem; Network Floax-fflow Min-cut and the Ford-Fulkerson algorithm.
Euler's formula, Kuratowski's theorem, plane dwyalifoloring: coloring maps and planar graphs, Gayle
graph, Spectrum of a graph.

REFERENCES:

1. I. N. Herstein, Topics in Algebra, 2nd editidviley Eastern, 1975.

2. C. Musili, Introduction to Rings and Modulesd2edition, Narosa, 1992.

3. M. Artin, Algebra, Prentice Hall of India, 1994

Paper MT-3-6-3A: Numerical Linear Algebra (Theory, Credits: 2)

Fundamentals of Linear systems, LU decompositi@e,ssian elimination with partial pivoting, Banded
systems, Positive definite systems, Cholesky deositipn.

Vector and matrix norms, Perturbation theory o&din systems, Condition numbers, Estimating conditio
numbers.

Gram-Schmidt orthonormal process, Householder foamsition, Givens rotations, QR factorization,
Roundoff error analysis of orthogonal matricesp#itst of QR factorization.

Solution of linear least squares problems, Norntplagions, Singular Value Decomposition(SVD), Polar
decomposition, Moore-Penrose inverse, Rank defitéast squares problems,

Sensitivity analysis of least-squares problems.ié¥ewf eigenvalues and canonical forms of matrices,
Sensitivity of eigenvalues and eigenvectors, Adja@perators, normal, unitary, and self-adjoint apens,
Schur's theorem, spectral theorem for normal opevaiReduction to Hessenberg and tridiagonal forms,
Power and inverse power methods, Rayleigh quaitieration.

Overview of iterative methods: Jacobi, Gauss-Saddl successive overrelaxation methods, Krylov [sades
method, The Lanczos iterations.

Approximation of Functions: Least squares Polynbmipproximation, Approximation with Orthogonal
Polynomials, Chebyshev Polynomials, Mini-Max ErAgproximation.
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REFERENCES:

1. L. N. Trefethen and David Bau, Numerical Lin&égebra, SIAM, 1997.

2. D. S. Watkins, Fundamentals of Matrix Computativiley, 1991.

3. G. H. Golub and C.F.Van Loan, Matrix Computatidohn Hopkins U. Press, Baltimore, 1996.
4. G. W. Stewart, Introduction to Matrix Computaisp Academic Press, 1973.

5. J.W. Demmel, Applied numerical linear algebr®Ns, Philadelphia, 1997.

Paper MT-3-6-3B: Numerical Linear Algebra (Practical, Credits: 2)
Using Matlab do the numerical computations of thieiteon of Ax=B for different methods discussedWiT -
3-6-3A.

EFERENCES:

. L. N. Trefethen and David Bau, Numerical Lin&égebra, SIAM, 1997.

. D. S. Watkins, Fundamentals of Matrix Computati/iley, 1991.

. G. H. Golub and C.F.Van Loan, Matrix Computatidohn Hopkins U. Press, Baltimore, 1996.
. G. W. Stewart, Introduction to Matrix Computaisp Academic Press, 1973.

. J.W. Demmel, Applied numerical linear algebri&Ns, Philadelphia, 1997.

Paper MT-3-6-4: Differential Geometry (Theory, Credts: 4)

Curvilinear coordinates in En. Base vectors andprecal base vectors. Interpretation of covariant
derivatives. Intrinsic derivative, Parallel vectiields. Serret-Frenet formulas. First fundamentahdyatic
form. Angle between two intersecting curves in game. Isometric surfaces, Gaussian curvature, &dod
Geodesic coordinates. Bianchi’s identity, Riccisters, Einstein space. Geodesic curvature of sudfaces.
The second fundamental form of a surface. Tenseoivatve. Formulas of Gauss, The integrability
conditions. Formulas of Weingarten, Equations ofi$3aand Codazzi. Mean and total curvature of aserf
Meusnier's theorem. Principal directions and pgatcurvatures.

REFERENCES:

1. T.J. Willmore, An introduction to Differentiahd Riemannian Geometry, Oxford University Press
2. 4. J.A.-Thorpe, Introduction to Differential Geetny, Springer-Verlag.

3. B.O.'Neil, Elementary Differential Geometry, Alesnic Press

4. 6. S.Sternberg, Lectures on Differential Geomdirentice-Hall

ADDITIONAL ELECTIVE PAPER:

(Compulsory for students having major in Mathematics and optional for students having major in other
subjects)

Paper MT-3-6-5: Mathematical Modeling (Theory, Crdlits: 2)

Introduction to Mathematical Modeling in the PhydiSciences ; Importance of the usage of matheatatic
models over physical models ; Classification of meatatical models: Deterministic and Stochastic risode
and their distinctive features ; Formulation of somathematical models and their analyses for rfgdi
frictionless systems, (ii) linear systems with tioa, (iii) nonlinear frictionless systems and (indnlinear
systems with friction ; Concepts of equilibrium astebility from linearized stability analysis of

an equilibrium solution.

REFERENCES:

1. Richard Haverman: Mathematical Models: Mechdnilarations, Population Dynamics, and Traffic Flow
(Classics in Applied Mathematics), Prentice Hall.

2. J N Kapoor: Mathematical modelling, New Age tnggional, 2001 Reprint

3. Mathematical Modelling - F.R. Giordano, M.D.W&William P.Fox, Third edition.
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FOURTH YEAR: SEMESTER-VII

MAJOR PAPERS:

Paper MT-4-7-1: Analysis-IIl (Theory, Credits: 4)

Outer measure of a set. Properties of outer meaSteasurable sets and Lebesgue measure. Propefrties
measurable sets. Existence of non-measurable Metsurable functions and their properties. Equinvtale
functions. Simple functions

Sequence of functions. Almost everywhere convergeama convergence in measure. Lebegue's theorem,
Riesz theorem and Egoroff's theorem. Structure e&surable functions ---Lusin's theorem and Frexhet'
theorem.

Necessary and sufficient condition for Riemann graility in terms of measure. Lebesgue integral of
bounded function and its properties Comparison iefrRnn integral and Lebesgue integral. Passageeto t
limit under the sign of integration. Bounded comece theorem.

Summable functions. Integrals of summable functi®meperties of the integrals of summable functions
Passage to the limit under the integral sign oéguence of summable functions. Dominated convermenc
theorem. Levi's theorem and Fatou's theorem.

REFERENCES:

1. H. L. Royden, Real Analysis, Prentice Hall

2. P. R. Halmos, Measure Theory, Prentice Hall

3. P. K. Jain & V. P. Gupta, Lebesgue Measure atefation, Wiley Eastern Ltd.

4. |. K. Rana, An introduction to measure and irdéign, Narosa Publishing House.

Paper MT-4-7-2: Introduction to Continuum Mechanics (Theory, Credits: 4)

Stress tensor. Equilibrium equations. Mohr's cirtide plane stress. Deformation, Strain tensor, Ridte
deformation tensor. Equations of motion. Dynamigikirity. Exact solutions.

Velocity of fluid, Streamlines and path lines, Stgand unsteady flows, Velocity potential, Vortcitector,
Conservation of mass, Equation of continuity. Etunet of motion of a fluid, Pressure at a pointluid at
rest, Pressure at a point in a moving fluid, Eslledquation of motion, Bernoulli's equation.

Singularities of flow, Source, Sink, Doublets, Rlawtar vortices. Complex variable method for two-
dimensional problems, Complex potentials for vagisingularities, Circle theorem, Blasius theoreimedry
of images and its applications to various singti&si

Three dimensional flows, Irrotational motion, Wé&sstheorem and its applications. Viscous flow, Vot
dynamics, Vorticity equation, Reynolds number, &rand strain analysis, Navier-Stokes equationn8ary
layer Equations.

Viscous fluid flows

EFERENCES:

N. Curle and H. Davies, Modern Fluid Dynamican\Wostrand Reinhold, 1966.

L. M. Milne Thomson, Theoretical Hydrodynamit4acmillan and Co., 1960.

G. K. Batchelor, An Introduction to Fluid Dynargj Cambridge University Press, 1993.

F. Chorlton, A Text Book of Fluid Dynamics, Vblostrand Reinhold/CBS, 1985.

A. R. Patterson, A First Course in Fluid Dynasni€ambridge University Press, 1992.

S. Sokolnikoff, Tensor Analysis, Theory and Apalions to Geometry and Mechanics of ContinuanJoh
Wiley & Sons, Inc.

7. Frank M WhiteViscous Fluid Flow, McGraw-Hill, 1991.

.C
.M
K

R
1.
2.
3.
4.
5.
6.

Paper MT-4-7-3: Galois Theory (Theory, Credits: 4)
Field extension, Finite field extension, Algebraitd transcendental extension, Splitting fieldssiexce and
uniqueness (upto isomorphism), Algebraically clofiettls, Elements of finite fields. Separable egiens.
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Simple extension, Primitive elements, Normal extms Automorphisms of extensions, Galois extersion
Fundamental theorem of Galois theory, Galois group polynomial. Solution of polynomial equationg b
radicals, Insolvability of the general equationdefgree 5 by radicals. Geometric constructions Ibgr rand
compass; Three famous impossibilities. A regulgon-is constructible if and only if n is a Fermaire.
Cyclotomic polynomials and the Wedderburn Theorendieision ring.

REFERENCES:

1. D. S. Malik, J. N. Mordeson and M. K. Sen, Fundatals of Abstract Algebra, McGrew Hill. 1997.
2. 1. N. Herstein, Topics in Algebra, Wiley Eastértd. 1975.

3. Joseph Rotman, Galois Theory, Springer.

4. E. Artin, Galois Theory, Notre Dame.

5. I. Stewart, Galois Theory, Chapman and Hall,9198

6. J. P. Escofier, Galois Theory, GTM-204, Sprin@é01

Paper MT-4-7-4: Practical-1 (Practical, Credits: 2)
Laboratory based project work.

Finding solution of a system of linear equations by
(a) Gauss elimination method

(b) Gauss Jacobi method

(b) Gauss-Seidel iterative method

ADDITIONAL ELECTIVE PAPER:

(Compulsory for students having major in Mathematics and optional for students having major in other
subjects)

Paper MT-4-7-5: Integral Equations & Calculus of Vaiations (Theory, Credits: 2)

Integral Equations: Basic concepts, Volterra irdbgequations, Relationship between linear diffaetnt
equations and Volterra equations, Resolvent keethod of successive approximations, Convolutiypet
equations, Volterra equation of first kind, Abélgegral equation, Fredholm integral equationsdrodm
equations of the second kind, the method of Fredhddterminants, Iterated kernels, Integral equatigith
degenerate kernels, Eigen values and Eigen fursctidra Fredholm alternative, Construction of Green'
function for BVP, Singular integral equations.

Calculus of Variation: Introduction, Euler-Lagrangguations, Degenerate Euler equations, Naturaidsoy
conditions, Transversality conditions, Simple aggiions of variational principle, Sufficient condit for
extremum.

REFERENCES:

1. A. S. Gupta, Calculus of variation with Appliats, Prentice-Hall, India, 1997.
2. G. M. Ewing, Calculus of variation with Applieans,Dover, 1985.

3. H. Sagan, Introduction to Calculus of variatidbever, 1967.

4. S.G. Mikhlin, Linear Integral Equations, HindastBook 1960.

5. Petrovsky, Integral Equations.

6. I. M. Gelfand and S.V. Fomin, Calculus of vagat(Prentice Hall 1963).

7. F. G. Tricomi, Integral Equations (Inter Science
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FOURTH YEAR: SEMESTER-VIII

MAJOR PAPERS:

Paper MT-4-8-1: Analysis-IV (Theory, Credits: 4)

Nonlinear Space, Banach contraction mapping theofamach spaces; bounded linear functionals and
bounded linear operators, dual spaces, Hahn-Bahadnem, uniform boundedness principle, open mappin
and closed graph theorems, weak convergence.

Hilbert spaces, orthonormal sets, Riesz representtiteorem, bounded linear operators on Hilbeatsp.
Adjoint operators, Normal, Unitary, Self-adjointevptors and their spectra. Spectral theorem forpacm
self-adjoint operators.

Quotient spaces, connectedness, path connecte@esssetric complexes, polyhedra, orientation

Simplicial homology groups, Structure of homologgups, Euler — Poincare theorem.

Simplicial approximation, induced homomorphismsttoem homology groups, Brower fixed point theorem and
related results. Fundamental group, Conversing hapygoroperty for S1, Examples of fundamental gsoup

REFERENCES:

1. B. V. Limaye, Functional Analysis, 2nd editidijley Eastern, 1996.

2. E. Kreyszig, Introduction to Functional Analysigh Applications, John Wiley and Sons, 1978.
3. G.F. Simmons, Introduction to Topology and Mad&nalysis, McGraw Hill, 1963.

4. James R. Munkres, Topology, Second Edition, tReiall, 1999.

5. Stephan Willard, General Topology, Dover, 2004.

6. Klaus Janich, Topology, Springer, UTM, 1984.

7. James Dugundji, Topology, McGraw Hill, 1966.

Paper MT-4-8-2: Numerics of Partial Differential Equations (Theory, Credits: 4)

Finite difference schemes for partial differenteuations - explicit and implicit schemes; Consisie
stability and convergence - stability analysis bgtnix method and von Neumann method, Lax's equicale
theorem; Finite difference schemes for initial amalindary value problems - FTCS, backward Euler and
Crank-Nicolson schemes, ADI methods, Lax Wendradthod, upwind scheme; CFL conditions;

Multigrid methods, Higher Order methods.

Finite element method for ordinary differential atjans - variational methods, method of weightesicheals,
finite element analysis of one-dimensional problems

Applications: Fundamental equations of the flowvifcous compressible fluids, Navier-Stokes equation
The energy equation, Fundamental equations in drytial and spherical coordinates. Euler's dynamical
equations, Bernoulli's theorem. Potential flowsmBeexact solutions of Navier-Stokes equations.

REFERENCES:

1. G. D. Smith, Numerical Solutions to Partial Bi#ntial Equations, Oxford University Press, 3rchEd
1986.

2. J. C. Strikwerda, Finite Difference Schemes Radial Differential Equations, SIAM, 2004.

3. J. N. Reddy, An Introduction to Finite Elemengtliod, 3rd Edn., McGraw Hill, 2005.

4. L. Lapidus and G. F. Pinder, Numerical Solutioh Partial Differential Equations in Science and
Engineering, John Wiley, 1982.

5. K. W. Morton and D. F. Mayers, Numerical Solatiof Partial Differential Equations, Cambridge
University Press, 2nd Edn., 2005.

6. C. Johnson, Numerical Solution of Partial Diffietial Equations by the Finite Element Method, Dove
Publications, 2009.

Paper MT-4-8-3: Dynamical Systems (Theory, Credits4)
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Discrete and continuous time dynamical systemsv&land maps. Phase space. Orbits. Fixed poinisgdper
points and their stability. Attractors and repedldrogistic map. Tent map. Baker's map. Graphioalgsis of
orbits of one-dimensional maps. Hyperbolicity.

General solution of continuous time linear systeRtsase space diagrams. Fixed point analysis. Séaole
unstable nodes. Saddle point. Stable and unstatileGentre.

Lyapunov and asymptotic stability. Local and glolstbility. Hartmann-Grobman theorem*, Lyapunov
theorem on stability. Lyapunov functions. Periodibits. Limit cycles. Atracting and Invariant sBpincare-
Bendixson theorem. Poincare map.

Sensitive dependence on initial conditions (SDIQ)opological transitivity. Topological mixing.
Topologicalconjugacy and semi-conjugacy for mapsads. Chaotic orbits. Lyapunov exponents. Invariant
measure. Ergodic maps. Invariant measure for iegieps.Symbolic dynamics. Shift map. Properties of
logistic map for parameter valuel12 + [15. Cantor set. Cantor set structure of logistic meppological
conjugacy of logistic and shift map. Chaotic bebaviof logistic

map. Bifurcation theory. Saddle-node bifurcatioitctifork bifurcation. Period doubling bifurcatioReriod
doubling route to chaos. Hopf bifurcation.

Sarkovskii's theorem*. Period-3 implies chaos fed Inaps*. Two-dimensional maps. Toral automorphism.

REFERENCES:

1. M W Hirsch and S Smale - Differential Equatiobgnamical Systems, Academic 1974.
2. R L Devaney - An Introduction to Chaotic DynaaliSystems (Addition-Wesley 1989).
3. D K Arrowsmith et al - Introduction to Dynamicaystems, Cambridge (1990).

4.V | Arnold - Dynamical Systems (Vols. | - IV) 8pger-Verlag (1992).

5. PO Drazin - Nonlinear Systems, Cambridge (1993).

6. P Glendinning - Stability, Instability and Cha@ambridge (1994)

Paper MT-4-8-4: Practical-1l (Practical, Credits: 2)

Laboratory based project work.

Finding solution of Initial and Boundary Value Pledn (IVP) for ODE & PDE.
Further problems, as suggested by the Course ttatru

ADDITIONAL ELECTIVE PAPER:

(Compulsory for students having major in Mathematics and optional for students having major in other
subjects)

Paper MT-4-8-5: Mathematical Ecology (Theory, Credis: 2)

Preliminaries: Introduction to the mathematicallegg, Mathematical tools (algebra and calculus)unegl
for the course. Refreshing of Mathematical tools.

Populations: Homogeneous population exponentiadmgdric growth and decay, Age-and stage-structured
linear models : relaxing the assumption of popafatiomogeneity, Nonlinear models of signal popatathe
continuous time logistic model.

Dynamics: Discrete logistic growth, oscillationsdachaos, Harvesting and the logistic model, Poedaind
their prey, Competition between two species, migogland species invasions Multispecies community a
food web models. Elements of dynamic model; Staigable, control variable, forcing function, parters
(rates), constant. Procedure of dynamic model; cEptualization of the model, transformation into
mathematical model, calibration, Sensitivity anaysalidation & verification.

Integrated ecosystem theories: Exergy, Emergy, Adaecy & Ecosystem health.

Static model: Network analysis and Ecopath, Throdighv, developmental capacity, contribution and
dependency co-efficient, Ascendancy & redundancy.
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REFERENCES:

1. Differential Equations with Applications and Hiscal Notes by G.F. Simmons (Tata McGraw Hill
Edition, 2003).

. Mathematical Biology Volumes 1 and 2 by J.D. MuiSpringer, 3/e, 2002).
. Mathematical Ecology by John Pastor (Wiley-BlaeK, 2008).

. Fundamentals of Ecological Modelling- Jorgen&dath.

. Modelling for Scale-H. T. Odum

. Integration of ecosystem theories: A Patterriz.Slorgensen

. Network analysis in marine ecology-Wuff, ManrF&ld

. Ecology-Krebs

. Fundamentals of ecology-E. P. Odum

10. Ecology-Ricklefs & Miller

O© 0O ~NO O WDN
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PHILOSOPHY AND HISTORY OF SCIENCE

SECOND YEAR: SEMESTER-III
Paper PHS-2-3-1: History of Science (Theorgdis: 2)

SECOND YEAR: SEMESTER-IV
Paper PHS-2-4-1: Philosophy of Science (TheOrgdits: 2)

SECOND YEAR: SEMESTER-III

Paper PHS-2-3-1: History of Science (Theory, Credit 2)

A. Aristotle’s scheme of natural science; Zeno’'sadax: Particle vis-a-vis Plenum scheme

B. Medieval Physics of the Heavens, Copernican Réioo and Discovery of Galilean Relativity
C. Cartesian Revolution — Modern Idea of Mathenragishe Nature

D. Newtonian Revolution — Discovery of Action-atiesstance; Galileo’s New Method

REFERENCES:

1. Aristotle: Physica

2. Richard Fitzpatrick: A Modern Almagest (Introdoa)
3. Galileo: Dialogue Concerning Two Chief World &yas
4. Descartes: Discourse on Method

5. Newton: Principia Mathematica

SECOND YEAR: SEMESTER-IV

Paper PHS-2-4-1: Philosophy of Science (Western, @@mporary) (Theory, Credits: 2)
A. The Aristotelian Heritage of Western Science

B. Hempelian Picture of Scientific Explanation atsdDevelopments

C. Popper: Logic of Scientific Discovery; Falsifitly and verisimilitude

D. Kuhn: Paradigm and Scientific Change

E. How the Laws of Physics Lie

REFERENCES:

1. Hempel: Aspects of Scientific Explanation atiteo Essays in the Philosophy of Science
2. Popper: Logic of Scientific Discovery

3. Kuhn: Structure of Scientific Revolution

4. Hacking: Representing and Intervening
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PHYSICS

FIRST YEAR: SEMESTER-I
Paper PH-1-1-1: Mechanics, Waves and Oscillations
Paper PH-1-1-2

FIRST YEAR: SEMESTER-II
Paper PH-1-2-1: Physical Optics
Paper PH-1-2-2

SECOND YEAR: SEMESTER-III
Paper PH-2-3-1: Electricity and Magnetism
Paper PH-2-3-2

SECOND YEAR: SEMESTER-IV
Paper PH-2-4-1: Quantum Mechanics and Relativity
Paper PH-2-4-2

THIRD YEAR: SEMESTER-V
MAJOR PAPERS:

Paper PH-3-5-1: Classical Mechanics
Paper PH-3-5-2: Electronics

Paper PH-3-5-3

Paper PH-3-5-4

ADDITIONAL ELECTIVE PAPER:
Paper PH-3-5-5: Statistical Mechanics

THIRD YEAR: SEMESTER-VI

MAJOR PAPERS:

Paper PH-3-6-1: Advanced Quantum Mechanics — |
Paper PH-3-6-2: Electromagnetic Theory

Paper PH-3-6-3

Paper PH-3-6-4

ADDITIONAL ELECTIVE PAPER:

Paper PH-3-6-5: Spectroscopy-I

FOURTH YEAR: SEMESTER-VII

MAJOR PAPERS:

Paper PH-4-7-1: Advanced Statistical Mechanics
Paper PH-4-7-2: Material Science

Paper PH-4-7-3

Paper PH-4-7-4

ADDITIONAL ELECTIVE PAPER:

Paper PH-4-7-5: Spectroscopy-I

FOURTH YEAR: SEMESTER-VIII
MAJOR PAPERS:
Paper PH-4-8-1: Nuclear and Particle Physics
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(Theory, Credits: 3)

(Practical, Credits:

(Theory, Cead)

(Practical, Credits:

(Thedredits: 3)

(Practical, Credits:

(Theory, Credits: 3)

(Practical, Credits:

(Theored@s: 4)
(Theory, Credi)s:

(Practical, Credits:
(Practical, Credits:

(The@ngdits: 2)

Thedry, Credits: 4)
(TheGrgdits: 4)

(Practical, Credits:
(Practical, Credits:

(Theory, Cre@its

he@ry, Credits: 4)
(Theory, Gsedi)

(Practical, Credits:
(Practical, Credits:

(Theory, Ceed)

he¢fy, Credits: 4)

2)

2)

2)

2)

4)
2)

4)
2)

4)
2)



Paper PH-4-8-2: Advanced Quantum Mechanics — Il
Paper PH-4-8-3

Paper PH-4-8-4

ADDITIONAL ELECTIVE PAPER

Paper PH-4-8-5: Fundamentals of Laser

FIFTH YEAR: SEMESTER-IX
DISSERTATION PAPERS:
Paper PH-5-9-1

FIFTH YEAR: SEMESTER-X
DISSERTATION PAPERS:
Paper PH-5-10-1
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(Practical, Credits: 4)
(Practical, Credits: 2)
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(Credits: 24)



FIRST YEAR: SEMESTER-I

Paper PH-1-1-1: Mechanics, Waves and Oscillatior{Zheory, Credits: 3)

Effect of centrifugal and Coriolis forces due te tlotation of earth.

Moduli of elasticity, Poisson’s ratio, Relationstween elastic constants, Shear and longitudinairstr
Twisting couple of a cylinder (solid and hollow)elding of a beam, Internal bending moment, Cardilev
(neglecting mass).

Fluid pressure, Equation of continuity, Reynoldisnber, Bernoulli's theorem, Toricelli's theorem.

Simple harmonic motion, Superposition principlesdajous figures.

Free vibrations with damping, Forced oscillatorhwohe degree of freedom, Resonance.

Free oscillations of systems with two degrees@édiom, Normal modes and normal coordinates.

Fourier analysis of non-sinusoidal waves.

Progressive and standing waves, Phase and groogityel

REFERENCES:

1. Physics, Vol. I, Robert Resanick and David Halliday

2. Berkeley Physics, Vol. 1.

3. The Feynman Lectures on Physics.

4. Geometrical and Physical Optics, R. S. Longhurst

5. Optics, A. Ghatak.

6. Modern Optics, A. B. Gupta.

7. A Treatise on General Properties of Matter, @hjge and Sengupta.

Paper PH-1-1-2 (Practical, Credits: 2)

1. Determination of the coefficient of thermal conduty of a bad conductor by Lee’s method.
2. Measurement of an unknown resistance by usiQg ax.

3. To study the waveforms, frequency and phasedjasis figure method) by using a CRO.

4. To determine the angle of a prism by using atspmeter.

5. To draw the |-V characteristics of a zener diode

Addition or changes of experiments may be made by the Centre as and when required.

FIRST YEAR: SEMESTER-II

Paper PH-1-2-1: Physical Optics (Theory, Credits3)

Young's experiment, Theory of interference, Lloydigror, Interference in parallel and wedge shajiat,
Newton’s rings, Michelson interferometer, Multipieeam interference in parallel film and Fabry-Perot
interferometer.

Fresnel’s diffraction, Zone plate, Diffraction ats&raight edge, Fraunhoffer diffraction due to &ngnd
double slits, Plane transmission grating.

Production of polarized light by reflection andresftion, Brewster's law, Polarization by doubleraetion
and Huygen'’s theory, Nicol prism, Retardation @ateroduction and analysis of circularly and ety
polarized light, Optical activity and Fresnel’s dng, Biquartz polarimeter.

Laser: Characteristics and main components, papaolaiversion (qualitative idea), Ruby laser, Apglions
of laser.

REFERENCES:

1. Geometrical and Physical Optics, R. S. Longhurst
2. Optics, A. Ghatak.

3. Physical Optics, B. K. Mathur and T. P. Pandya.
4. Fundamentals of Optics, Jenkins and White.

5. Modern Optics, A. B. Gupta.

6. Introduction to Modern Optics, G. R. Fowels.
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Paper PH-1-2-2 (Practical, Credits: 2)

1. Determination of ‘g’ using compound pendulum.

2. To determine the internal resistance of a gel potentiometer.

3. To determine the horizontal component of eamiégnetic field by a Helmholtz galvanometer andirtd

its reduction factor.

4. To drawd-A curve for a given prism and hence to determinewtheelength of an unknown radiation by
using a spectrometer.

5. Design of Zener regulated power supply and sovdhe waveforms at each stage.

Addition or changes of experiments may be made by the Centre as and when required.

SECOND YEAR: SEMESTER-III

Paper PH-2-3-1: Electricity and Magnetism (TheoryCredits: 3)

Electrostatics, Coulomb’s law, Gauss’'s law, Magetgdtics, Electric fields in matter, Dielectrics,
Polarisation, Magnetic fields in matter, Magnetiatarials, Biot-Savart's law, Ampere’s law, Faraddgw,
Lenz’s law, Lorentz force law, Dead-beat and btidligalvanometers.

Displacement current and equation of continuity xiell equations, Vector and scalar potentials, @aug
transformation, Poynting’s theorem.

L-R, C-R and L-C-R circuits and their mechanicalalagues, Resonance, Q-value, Power factor,
Transformers.

EM wave equation and their solutions, Propagatibplane EM waves in different media, e.g., freecgpa
dielectrics and conductors, Laws of reflection @maghsmission in normal and oblique incidence iredinand
conducting media.

REFERENCES:

1. Introduction to Electrodynamics, D. J. Griffiths.

2. Electricity and Magnetism, H. E. Duckworth.

3. Electricity and Magnetism, Vol. I, Fewkes andwaod.

4. The Feynman Lectures on Physics.

5. Physics, Vol. I, Robert Resanick and David lday.

6. Fundamentals of Electricity and Magnetism, Basu@hosh.

Paper PH-2-3-2 (Practical, Credits: 2)

1. Determination of ‘g’ by Kater’s reversible petau.

2. Conversion of galvanometer into ammeter andnetiér.

3. To determine the temperature coefficient ofstesice of the material of a given coll.

4. Determination of dispersive power of the materfa prism by using a spectrometer.

5. To draw static output characteristic curves dfamsistor in common-emitter configuration forferent
base currents.

Addition or changes of experiments may be made by the Centre as and when required.

SECOND YEAR: SEMESTER-IV

Paper PH-2-4-1: Quantum Mechanics and RelativityTheory, Credits: 3)

Black body radiation, Compton Effect. Bohr's modéhydrogen atom, The correspondence principlanSte
Gerlach experiment, The concept of spin, de Broglipothesis, Wave-particle duality, Davisson-Germer
experiment, Uncertainty principle.

Schrédinger equation, Free particle wave funct®ehrodinger equation in the presence of a potemhiiaear
operators, Hermitian operators, Observables, Eigerg and Eigenfunctions, Expectation values,
Commutation relations.
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Particle in one dimensional box, square well, regtdar potential and tunneling, Linear harmoniciltsor,
Angular momentum operators and their eigenfunctions

Special Theory of Relativity: Michelson-Morley esqgment, Postulates of special theory of relativity
Galilean transformation, Lorentz transformation, ngln contraction and time dilation, Concept of
simultaneity, Relativistic velocity transformatioglations, Mass energy relation, Relativistic elatetween
energy and momentum.

REFERENCES:

1. Introduction to Quantum Mechanics, D. J. GHif§it

2. Quantum Mechanics, B. H. Bransden and C. Jhaaac
3. Quantum Physics, S. Gasiorowicz.

4. Perspectives of Modern Physics, Arthur Beiser.

5. Special theory of relativity, R. Resnick.

6. Introduction to Electrodynamics, D. J. Griffiths

Paper PH-2-4-2 (Practical, Credits: 2)

1. Determination of average resistance per ungtteof the meter bridge wire by Carey-Foster’s radtand

hence to determine an unknown resistance.

2. To measure phase shift between the currentgpitbd voltage in CR, LR and LCR circuits.

3. Determination of the radius of curvature of tomvex surface of a plano-convex lens by Newtoimrg r
method.

4. Determination of specific rotation of cane sug@lution by polarimeter.

5. To draw static output characteristic curves dfamsistor in common base configuration for difer
emitter currents and hence to determine the cugaint

Addition or changes of experiments may be made by the Centre as and when required.

THIRD YEAR: SEMESTER-V

MAJOR PAPERS:

Paper PH-3-5-1: Classical Mechanics (Theory, Cretdi: 4)

Generalized coordinates, D’Alemberts principle, laamge’s equation, Hamilton’s principle, Lagrangfan
simple systems, Cyclic coordinates, Virial theorétamilton’s equations of motion, Cyclic coordinatesd
conservation laws, Gauge invariance, Lorentz for€esservative systems, Dissipative systems, Etgnva
and inequivalent Lagrangians, Applications of Haomls formulation to simple cases.

Motion in a central force field: Equivalent onedyoproblem, General features of the motion, Classibn

of orbits, Kepler problem.

Decay and scattering processes: Kinematics of ydedaa particle, Elastic and inelastic scattering,
Transformations between C- and L- frames, Scatjeninss-sections.

Dynamics of rigid body motion: Fixed and movingootinate systems of a rigid body, Eulerian angles,
Angular momentum and kinetic energy of a rigid hodertia tensor, Euler's equations of motion, Matof

a heavy symmetric top, Accelerated coordinate syst€oriolis force.

Theory of small oscillations: General case of dedposcillations, Eigen-modes and eigen-frequencies
Normal coordinates.

Canonical transformations and Hamilton-Jacobi tjxeorCanonical transformations, Condition for the
transformations to be canonical, lllustration ohaaical transformations, Poisson brackets and dgealon
transformations, Hamilton-Jacobi equation, Methdd separation of variables, Action-angle variables,
Integrable systems.

REFERENCES:
1. Classical Mechanics, H. Goldstein.
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2. Mechanics, L. D. Landau and E. M. Lifshitz.
3. Classical Mechanics, Rana and Jaog.

Paper PH-3-5-2: Electronics (Theory, Credits: 4)

Intrinsic and extrinsic semiconductors, Mobilitya@er concentration, Position of Fermi surfaceN P-
junction diode, Depletion width and potential baryiJunction capacitance, Zener diode, Opto-eleictro
devices (solar cells, photodiodes, LEDs, etc.).

Bipolar junction transistor, Biasing of transistimnsCB, CE and CC configurations, B andy parameters, h-
parameters and their conversion, Hybrid model, ¥ajant circuits, CB, CC and CE amplifiers, Two &ag
amplifier.

FET, MOSFET, Heterojunction devices.

Principle of feedback, Negative and positive feettbavoltage and current feedback, Advantages and
disadvantages of feedback, Positive feedback arnkhBasen criterion for sustained oscillation.

Operational amplifiers and their applications.

Half-adder and full-adder, Universal gates.

Comparators, Schmitt trigger, Flip-Flops, Regist@sunters, A/D and D/A converters.

REFERENCES:

1. Integrated Electronics, J. Millman and C. C. Hadkia

2. Solid State Electronic Devices, B. J. Streetman.

3. Principle of Digital Electronics, A. P. Malviremd D. P. Leach.

4. Electronics Fundamental and Application, D. @dhyay and P. C. Rakshit.

Paper PH-3-5-3: Practical-I (Practical, Credits: 4)

1. To do Fourier analysis of certain complex wauaf®by using a parallel resonant circuit.

2. To verify Thevenin’'s, Norton's and maximum povigansfer theorems by using a resistive Wheatstone-
bridge network.

3. Determination of the resistance of a suspendéddyalvanometer by half deflection method and leete
calculate the figure of merit of the galvanometer.

4. Determination of wavelength of an unknown radraby plane diffraction grating.

5. To measure the wavelength of laser radiatiostbgtying its diffraction through a single slit.

6. To construct OR, AND and NOT gates using digcegtcuit components and to verify their truth &bl

7. To design half and full-adder circuits usingib@mtes and to verify the respective truth tables.
Addition or changes of experiments may be made by the Centre as and when required.

Paper PH-3-5-4: Practical-1l (Practical, Credits: 2
Laboratory based project work.

ADDITIONAL ELECTIVE PAPER:

(Compulsory for students having major in Physics and optional for students having major in other subjects)
Paper PH-3-5-5: Statistical Mechanics (Theory, Creits: 2)

Basics of statistical mechanics: Probability dsttion, Random walk problem, Calculation of meard a
dispersion, State of a system (microscopic and osaopic), Phase space, Density of states and Liesvi
theorem, Postulates of statistical mechanics, Rel@ietween statistical and thermodynamic pararseter
Classical statistical mechanics: Ensemble theanjcrp-canonical, canonical and grand-canonical),
Applications to classical ideal gas, Gibbs paradtatistical equivalence of three ensembles, Faticio of
energy/number of particles in canonical/grand-camamensembles.

Quamtum statistical mechanics: Bose-Einstein ardhFDirac statistics, Maxwell-Boltzmann statistas a
classical limit, Comparison of the three statistics
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REFERENCES:

1. Fundamentals of Statistical and Thermal Physiejerick Reif.
2. Statistical Mechanics, R. K. Pathria.

3. Statistical Mechanics, Kerson Huang.

4. Statistical Physics of Particles, Mehran Kardar.

THIRD YEAR: SEMESTER-VI

MAJOR PAPERS:

Paper PH-3-6-1: Advanced Quantum Mechanics — | (Thary, Credits: 4)

Linear vector and representation theory: Lineatsespace, Bra and Ket notations, Matrix representt of
observables and states, Determination of eigensalaled eigenstates for observables using matrix
representations, Change of representation and runiteansformations, Coordinate and momentum
representations, Equations of motion in Schrodiager Heisenberg pictures.

Commutation relations between angular momentumabpes, Raising and lowering operators, Expressions
terms of spherical coordinates, Commutator betweeegtic energy operator and L operator, Application
rigid rotator, Linear harmonic oscillator problemdperator formalism.

Hydrogen atom problem: complete solution in terfspherical harmonics and Leguerre polynomials.
Approximation methods: Variational method, Timedpéndent perturbation theory and WKB
approximation.

REFERENCES:

1. Introduction to Quantum Mechanics, D. J. Gtifit
2. Quantum Mechanics, Ashok Das.

3. Quantum Mechanics, R. Shankar.

4. Quantum Mechanics (Vol. 1), Cohen-Tannoud;ji.

Paper PH-3-6-2: Electromagnetic Theory (Theory, Crdits: 4)

Boundary value problems in electrostatics, Grefemstion, Multipole radiation.

Tensor: Introduction to tensor, Cartesian, covdriand contravariant tensors, Contractions andcdire
products.

Minkowski space and four vectors, Concept of foeleeity, four acceleration and higher rank tensors,
Transformation properties of four-momentum and flauce, Electromagnetic field tensor in four dimens,
Maxwell equations in covariant form, Gauge invacenand four-potential, Action principle and
electromagnetic energy momentum tensor. Liénardckiéet potential, Radiation from an accelerated gdar
Larmor formula, Bremsstrahlung and synchrotronatioln, Reaction force of radiation.

REFERENCES:

1. Introduction to Electrodynamics, D.J. Griffiths

2. Classical Electrodynamics, J. D. Jackson.

3. Classical Theory of Fields, Volume 2 (CourseTdfeoretical Physics Series), L.D. Landau & E.M.
Lifshitzs.

4. Classical Electricity and Magnetism, W. K. HnBtsky and M. Phillips.

Paper PH-3-6-3: Practical-l (Practical, Credits: 4

1. To draw the resonance curve of a series L-Creuitiand hence to determine the Q-factor of theud.
Also, study the variation of impedance of L witeduency.

2. Determination of self inductance of a coil byd&nson’s bridge.

3. Determination of the boiling point of a liquigt platinum resistance thermometer.
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4. To study the temperature dependence of revexrgason current in a junction diode and hence to
determine the band gap energy.

5. To determine the band gap by measuring thetaesis of a thermistor as a function of temperature.

6. To study the use of OP-AMP as an inverting afiaplia non-inverting amplifier, a unity gain buffean
adder and a differential amplifier.

7. To design and verify the operations of SR, D #dlip-flops using basic logic gates.

Addition or changes of experiments may be made by the Centre as and when required.

Paper PH-3-6-4: Practical-Il (Practical, Credits: 2)
Laboratory based project work.

ADDITIONAL ELECTIVE PAPER:

(Compulsory for students having major in Physics and optional for students having major in other subjects)

Paper PH-3-6-5: Spectroscopy — | (Theory, Credit2)

Rotational spectra of diatomic molecules (rigid amah-rigid), Vibrational spectra of diatomic molésu
(harmonic and anharmonic), Rotational-vibrationagctra of diatomic molecules, Vibrations of polyato
molecules, Classical and quantum theory of RamfattefPure rotational Raman spectra, VibrationahRa
spectra, Electronic spectra of diatomic moleculBsrn-Oppenheimer approximation, Franck-Condon
principle, Dissociation energy and dissociationdoiats.

Jablonski diagram, Radiative and non-radiative sitaoms in molecules, Kasha's rule, Quantum vyiehd a
lifetime, Conjugate effect, Steric effect, Solveffect, Effect of pH.

REFERENCES:

1. Fundamentals of Molecular Spectroscopy, C. Mvwedl and E. M. McCash.
2. Physics of Atoms and Molecules, B. H. Bransdah@. J. Joachain.

3. Molecular spectra and Molecular Structure, G:zHerg.

4. High Resolution Spectroscopy, J. M. Hollas.

5. Introduction to Molecular Spectroscopy, G. MriBav.

FOURTH YEAR: SEMESTER-VII

MAJOR PAPERS:

Paper PH-4-7-1: Advanced Statistical Mechanics (Tdory, Credits: 4)

Ideal Bose system: Thermodynamic behaviour ofdsali Bose gas, Black body radiation, Bose-Einstein
condensation, Liquid helium, Bose condensatioraseg, Phonons.

Ideal Fermi system: Degenerate electron gas, Chaekinar limit, Specific heat of degenerate electyas,
Magnetism of an electron gas.

Phase transition and critical phenomena: Phassiti@ns, I1sing model and lattice gas, Critical exents,
Order parameter, Correlation function and flucwratdissipation theorem, Scaling hypothesis andescal
invariance (qualitative discussions).

REFERENCES:

1. Fundamentals of Statistical and Thermal Physiejerick Reif.
2. Statistical Mechanics, R. K. Pathria.

3. Statistical Mechanics, Kerson Huang.

4. Statistical Physics (Part 1), L. D. Landau an®/ELifshitz.

5. Statistical Physics of Particles, Mehran Kardar.

Paper PH-4-7-2: Material Science (Theory, Credits4)
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Solid state scienceCrystals, Bravais lattice, Crystal planes and Milleices, Common crystal structures,
Diffraction of X-rays, Bragg law and Laue equati&gciprocal lattice, Brillouin zones.

Bonding of solids, Elastic properties, Phonons.titatspecific heat, Free electron theory and edeatr
specific heat, Response and relaxation phenomem@eDmodel of electrical and thermal conductividgll
effect and thermoelectric power, Electron motionairperiodic potential, Band theory of solids: m&tal
insulators and semiconductors.

Diamagnetism, Paramagnetism, Ferromagnetism, L&ntbeorem, Langevin’'s theory, Curie-Weiss law,
Hysteresis and energy loss in ferromagnetic maseria

Nanoscience: Hydrophobic hydration and interactidviicelle formation, Colloidal aggregates and
nanoparticles, Stability in solution, Surface cleaf colloidal particles, Zero dimensional nanostute,
Homogeneous and heterogeneous nucleation, Metahoparticles- synthesis and applications, Nanawire
and nanorods: one dimensional nanostructures, &peotis growth, VLS, Electrospinning, Lithography;
Thin film: two dimensional nanostructure, LangmBiedgett (LB) film, Photolithography, Characterizat

of nanostructures, Properties and application®lbdids and nanopatrticles.

REFERENCES:

1. Introduction to Solid State Physics, C. Kittle.

2. Fundamental of Solid State Physics, J. R. Ghést

3. Solid State Physics, Ascroft and Mermin.

4. S. M. Lindsay, Introduction to Nanoscience, @dftniversity Press, 2010.

5. A. A. Balandin & K. L. Wong, Eds., Handbook adiiconductor nanostructures and Nanodevices.
6. H. S. Nalwa; Handbook of Nanostructured Biomatsrand Their Application in Nanobiotechnology.

Paper PH-4-7-3: Practical-I (Practical, Credits: 4)

. UV-visible electronic absorption spectroscopyfanic molecules in liquid media.
. UV-visible electronic absorption spectroscopyganic molecules in thin films.

. Determination of mutual inductance of a paicois.

. To determine the value of Planck’s constant$igigiPhoto-electric effect.

. Franck-Hertz experiment.

. Experiment on fibre optics.

. To determine wavelength of a monochromatic sobgcMichelson’s interferometer.
Addition or changes of experiments may be made by the Centre as and when required

~NOo ok, WwN PP

Paper PH-4-7-4: Practical-1l (Practical, Credits: 2
Laboratory based project work.

ADDITIONAL ELECTIVE PAPER:

(Compulsory for students having major in Physics and optional for students having major in other subjects)
Paper PH-4-7-5: Spectroscopy — Il (Theory, Credits2)

Spin-orbit interaction and fine structure of hydeagatom, Lamb shift, Lamb-Rutherford experiment,
Hyperfine structure and isotope shifts, Nucleae sifects, Alkali spectra, Rydberg and exotic atoms

Para and ortho states, Role of spin in two-elecatmms and Pauli's exclusion principle, Doubly ¢edi
states of two-electron atoms, Autoionization, Augiéect, Photoelectron spectroscopy.

Selection rules, Line intensity, Lifetime of exdtestate, Line shape and width, Pressure and Doppler
broadening, Zeeman effect, Paschen-Bach effeak Stiect.

Electron spin resonance (ESR), Nuclear magnetanseece (NMR), Chemical shift, Coupling.

Mossbauer effect, Nuclear recoil, Doppler effedbe@@ical shift, Quadruple effect, Effect of magndiad
and simultaneous electric and magnetic fields.
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REFERENCES:

1. Introduction to Atomic Spectra, H. E. White.

2. Fundamentals of Molecular Spectroscopy, C. Nivigdl and E. M. McCash.
3. Physics of Atoms and Molecules, B. H. Bransdah@. J. Joachain.

FOURTH YEAR: SEMESTER-VIII

MAJOR PAPERS:

Paper PH-4-8-1: Nuclear and Particle Physics (Thegrt Credits: 4)

Basic nuclear properties: Size, shape and chasgyebdition, Spin and parity. Binding energy, Semmpgrical
mass formula, Liquid drop model. Nature of the eaclforce, Form of nucleon-nucleon potential, Charg
independence and charge-symmetry of nuclear folxesteron problem. Evidence of shell structuregkein
particle shell model: its validity and limitationglementary ideas of alpha, beta and gamma decay/heir
selection rules. Fission and fusion. Nuclear reasti Reaction mechanism, Compound nuclei and direct
reactions.

Classification of fundamental forces. Elementarytiples and their quantum numbers (charge, spiritypa
isospin, strangeness, etc.), Hadron classificdbyprisospin and hypercharge, Gellmann-Nishijima figlam
Quark model, Baryons and mesons, C, P and T imegieSU(2) and SU(3): Groups, algebras and gemsrato
Young tableaux rules for SU(2) and SU(3), Elemgnideas of electroweak interactions and standardeto
Cosmic rays and cosmic ray shower.

REFERENCES:

. Nuclear Physics, R. R. Roy and B.P. Nigam (Neyg Mternational).

. Introductory Nuclear Physics, Kenneth S. Krahidy).

. Atomic and Nuclear Physics (Vol.-2), S. N. Ghalql$. Chand group).

. Elementary Nuclear Theory, H. A. Bethe and Prridon (Dover Publications).
. Nuclear Physics, E. Fermi (University of Chicauyess).

. Nuclei and Particles, E. Segre (W. A. Benjamin).

. Nuclear Physics, Preston and Bhaduri.

. Introduction to Particle Physics, D. J. GriffittWiley).

. Introduction to High Energy Physics, Perkins d&son-Wesley).

© 00 ~NO Ol WN P

Paper PH-4-8-2: Advanced Quantum Mechanics — Il (fieory, Credits: 4)

Interaction picture, Time dependent perturbatia@otlyl and Fermi's golden rule.

Symmetries in quantum mechanics: Conservation lawd degeneracy associated with symmetries,
Continuous symmetries space and time translatidgtstations, Rotation group, Explicit matrix
representation of generators for j = 1/2 and j Rdtation matrices.

Identical particles: Principle of indistinguishatyi] Symmetric and antisymmetric wavefunctions, t&la
determinant, Ortho and para states, Generalizafiddchrodinger equation to N-particle system in and
higher dimensions.

Scattering theory, Partial wave analysis, Born axipnation.

Relativistic quantum mechanics: Klein-Gordon ecqumatDirac equation, Free particle solution.

REFERENCES:

1. Introduction to Quantum Mechanics, D. J. GHif§it

2. Quantum Mechanics, Ashok Das.

3. Quantum Mechanics, R. Shankar.

4. Quantum Mechanics (Vol. 1 & 2), Cohen-Tannoudiji.
5. Quantum Mechanics, Symmetries, W. Greiner & Btull
6. Advanced Quantum Mechanics, F. Schwabl.
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Paper PH-4-8-3: Practical-1 (Practical, Credits: 4)

. UV-visible electronic emission spectroscopy @famic molecules in liquid media.
. UV-visible electronic emission spectroscopy @famic molecules in thin films.

. Experiment on solar cell.

. Experiment on Hall Effect.

. Experiment on Four probe method.

. Experiment on electron spin resonance.

. To determine thickness of a thin wire by diffran method.

Addition or changes of experiments may be made by the Centre as and when required.

NOoO oo~ OWDNBRE

Paper PH-4-8-4: Practical-1l (Practical, Credits: 2
Laboratory based project work.

ADDITIONAL ELECTIVE PAPER:

(Compulsory for students having major in Physics and optional for students having major in other subjects)

Paper PH-4-8-5: Fundamentals of Laser (Theory, Creits: 2)

Absorption and emission of radiation by matter,df#im’s theory: A and B coefficients, Spatial aathporal
coherence, Population inversion, Saturation intgndBasic laser system, Optical resonator, Thrakhol
condition for laser action, Resonant modes, Ratetsuns for three and four level laser systems,icalp
lasers: Ruby laser, He-Ne laser, Argon ion lasemiSonductor laser, Nd:YAG laser, Titanium Sapphire
laser, Excimer laser, etc.

REFERENCES:

1. Laser Fundamentals, W. T. Silfvast.

2. Solid State Electronic Devices, B. J. Streetman.

3. Physics of Atoms and Molecules, B. H. Bransdah@. J. Joachain.
4. High Resolution Spectroscopy, J. M. Hollas.

5. Laser Spectroscopy and Instrumentation, W. Deahetr.

6. Principles of Lasers, O. Svelto.
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SOCIAL SCIENCE

FIRST YEAR: SEMESTER-II
Paper SS-1-2-1: Social Science (Theory, Cre@jits

FIRST YEAR: SEMESTER-II

Paper SS-1-2-1: Social Science (Credits: 2)

A. India and its landscape, ecology and environment

B. India and its economy- industrialisation in ladihe impact of colonisation on the Indian economy

C. Freedom movement in India- the foundation ofltittan National Congress- the growth of commumalis
separate electorates and partition.

D. The Women’s question in India- beginnings of &éereducation- social reform movements like banoing
widow-burning, child marriage and legal sanctionviaddow remarriage.

E. Peasant movements in India- Santhal rebellimtigb rebellion, Pabna uprising, Moplah uprisingbfaga
movement.

F. The Indian Constitution- quasi-federal type avgrnment- universal adult suffrage- the powers and
functions of the President- the Cabinet of Mnistand the Prime Minister- the responsibility of thaistry
to the Parliament- the process of law-making- thvgrs and functions of the judiciary.

REFERENCES:

1. M. Gadgil and R. Guha, This Fissured Land: araggcal history of India.

2. Rajat Kanta Ray, Industrialisation in India.

3. Bipan Chandra, Mridula Mukherjee, Aditya Muklegrj K. N. Panikkar, Sucheta Mahajan, India’s Stieigg
for Independence.

4. Partha Chatterjee, The Nation and its Fragments.

5. A. R. Desai, Peasant Struggles in India.

6. Francis Robinson, Separatism among Indian Mgslim

7. The Constitution of India.
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