3rd Year
CH 301 INORGANIC AND PHYSICAL CHEMISTRY

Unit I Transition Elements and Coordination Chemistry

Transition elements

General group trends with special reference to electronic configuration,

variable valency, colour, magnetic and catalytic properties, ability to form

complexes and stability of various oxidation states (Latimer diagram) for

3d-series. 6

Lanthanoides and actinodes : electronic configurations. Oxidation states,

colour, spectral and magnetic properties, lanthanide contraction,

separation of lanthanoides (ion exchange method only). 4

Chemistry of 3d metals:Chemistry (excluding metallurgy) of chromium,

manganese, iron and cobalt in various oxidation states and their biological

importance. 11

Coordination chemistry

Valence bond Theory (VBT): Inner and outer orbital complexes of Cr,

Fe, Co, Ni and Cu (coordination numbers 4 and 6). Structural and

Steroisomerism in complexes with coordination numbers 4 and 6.

Drawbacks of VBT.

IUPAC system of Nomenclature.

Hard and soft acid-base (HSAB) concept as applied to complexes. 8

Crystal field theory: Crystal field effect. Octahedral symmetry. Crystal

field stabilization energy (CFSE). Crystal field effects for weak and strong

fields. Tetrahedral symmetry. Factors affecting the magnitude of .

Spectrochemical series. Comparison of CFSE for Oh and Td complexes.

Tetragonal distortion of octahedral geometry. Jahn-Teller distortion.

Square planar coordination. 10

Unit II Organometallic Compounds 

Organometallic compounds

Definition and classification based on nature of metal-carbon bond (ionic,

and multicentre bond). Structures of methyl lithium, Zeiss salt and

ferrocene. EAN rule as applied to carbonyls. Preparation, structure,

bonding and properties of mononuclear and polynuclear carbonyls. of 3d

metals. – acceptor behaviour of carbon monoxide. Synergic effect (VB

approach). 6

Unit III Solid State & Molecular Symmetry 

Solids

Bravais lattices. Identification of lattice planes. Miller indices. X-ray

diffraction. The Bragg Law. Types of crystals— molecular, covalent,

metallic and ionic with examples. Characteristics of these crystals.

Structures of NaCl, CsCl, ZnS & CaCl2. Point defects in ionic crystals.

Colour centers and dislocations. 6

Molecular Symmetry

Symmetry elements and symmetry operations: identity (E). rotation about

an axis (Cn), improper rotation (Sn). Plane of symmetry and center of

symmetry. Assignment of point groups for simple molecules. Important

information from point groups of molecules. 5

UNIT IV CHEMICAL KINETICS & PHOTOCHEMISTRY 

Chemical Kinetics

Derivation of first and second order rate equations (both for equal and

unequal concentrations of reactants) Half life time. Methods for

determining the order of a reaction. Influence of temperature on reaction

rate. Activation energy and its calculation from Arrhenius equation.

Lindemann Theory of unimolecular reactions. Complex reactions such as

consecutive reactions, parallel reactions and opposing reactions (with

examples) and their differential rate equations only.

Theories of Reaction Rates: Collision theory and Activated Complex theory

of bimolecular reactions. Comparison of the two theories.
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Introduction to Femtochemistry.

Mechanism and kinetics of enzyme catalysed reactions— Michaelis-

Menten equation. Effect of temperature on enzyme catalysis. 10

Photochemistry

Absorption of light. Lambert-Beer law. Primary and secondary effects of

light absorption, Laws of photochemistry, Quantum efficiency-Reasons for

low and high quantum yields, Photoelectric cells. Phosphorescence and

fluorescence. Jablonski diagram. Chemiluminescence. 4
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CH 302 ORGANIC AND PHYSICAL CHEMISTRY

(3 Lectures per week)

Unit I Polynuclear, Hetero-Aromatic Compounds & Polymers (15 L)

Polynuclear and Hetero-aromatic compounds

Preparation and properties of the following compounds and important

derivatives-Naphthalene (including structure elucidation). Anthracene,

Pyrrole, Furan, Thiophene, Pyridine and Quinoline. 7

Polymers

Definition and classification. Mechanism of polymerization (ionic, free

radical and Ziegler-Natta catalyst). Preparation, properties and uses of

the following polymers-nylons, polyesters, polyvinyl chloride, teflon,

bakelite, urea and melamine-formaldehyde resins. Natural rubber

(isolation, structure and vulcanization). Synthetic elastomers-buna-S, butyl

rubber, polyurethane and foam.

Use of additives in improving environmental degradability of vinyl polymers

(polyethylene). Development of bio-degradable polymers-polylactic acid

and polyhydroxybutyric acid. 8

Unit II Natural Products (20 L)

Amino acids, Peptides and Proteins

Natural and essential amino acids: Synthesis of simple amino acids by

following methods- Amination of haloacids. Gabriel’s phthalimide, malonic

ester and Erlenmeyer azlactone synthesis. Configuration of natural amino

acids and their properties.

Peptides: Primary structure determination by degradation, N-terminal

(Edman and DNP method), C-terminal (hydrazinolysis) and hydrolysis of

peptides. Synthesis of simple tripeptides only. Synthesis of peptides-by

use of N-protecting groups.

(t-butyloxycarbonyl and phthaloyl) C-activating groups, Merrifield solidphase

synthesis.

Proteins: Importance, primary, secondary, tertiary and quaternary

structures (definition only). 10
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Carbohydrates: Definition, classification and nomenclature. Determination

of configuration of monosaccharides. Ascending and descending of

monosaccharides series. Interconversion of aldoses and ketoses,

Structure elucidation of glucose and fructose (open chain and cyclic),

mutarotation. Structure of sucrose, starch and cellulose (excluding

structure elucidation).

Alkaloids: Definition and classification. Structure, synthesis and uses of

Atropine. 10

Unit III Spectroscopy (10 L)

Ultraviolet and Visible: Electromagnetic radiations, electronic transitions

max, chromophore, auxochrome, batho and hypsochromic shifts.

Application of electronic spectroscopy and Woodward rules for calculating

max of conjugated dienes and , - unsaturated carbonyl compounds.

Colour and constitution.

Infra red: IR radiations and types of molecular vibrations. Functional group

and finger print region. Sampling in IR spectroscopy, IR spectra of alkanes,

alkenes, alcohols (Inter and Intramolecular hydrogen bonding), aldehydes,

ketones, carboxylic acids and their derivatives (effect of substitution

on > C=O stretching absorptions).

Unit IV Quantum Chemistry & Molecular Spectroscopy (16 L)

Postulates of quantum mechanics. Discussion of observables and

quantum mechanical operators. Writing the time independent. Schrödinger

equation for different systems (e.g. particle in a box, rigid rotator, linear

harmonic oscillator and hydrogen atom). Interpretation of wave function.

What is spectroscopy? Importance of spectroscopy. Role of quantum

mechanics in spectroscopy. Difference between atomic and molecular

spectroscopy. Absorption and emission spectroscopy. Regions of the

electromagnetic spectrum. Width and intensity of spectral lines. Born-

Openheimer approximation. Separation of molecular energies into

translational, rotational, vibrational and electronic components.

Applications

Translational motion: Schrödinger equation for a particle in one

dimensional box and its results (solution not required). Quantisaiton of

the translational energy levels; properties of the solutions; Generalisation

to three dimensions, concept of degeneracy.

Rotational motion: Schrödinger equation of a rigid diatonic rotator and

its results (solution not required). Quantisation of rotational energy levels.

Microwave (pure rotational) spectra of diatomic molecules. Selection rules,

Structural information from rotational spectra.

Vibrational motion: Schrödinger equation for a linear harmonic oscillator

and its results (solution not required). Brief discussion of results.

Quantisation of vibrational energy levels. Infrared (Vibrational) Spectra of

diatomic molecules. Selection rules. Structural information from vibrational

spectra.

Raman spectra: A brief introduction. Rotational Raman Spectra and

Vibrational-Raman spectra. Structural information from Raman Spectra.

Vibrations of polyatomic molecules. (e.g. CO2, H2O) (qualitative treatment),

Normal modes of Vibration.

Unit V Surface Chemistry & Polymers (9 L)

Surface Chemistry : Adsorption by solids. Langmuir theory of adsorption

of a gas on a solid. Langmuir adsorption isotherm. BET theory of multilayer

adsorption of a gas on a solid. BET equation (derivation not required).

Calculation of surface area of adsorbent from the BET equation. Types

of adsorption isotherms. Adsorption chromatography. 4

Polymers: Different schemes of classification of polymers. Molar mass

of polymers and its distribution- the number average and mass average

molar masses. Methods of determining molar mass-osmotic pressure,

sedimentation, viscosity and light scattering methods. Introduction to

electrically conducting polymers. 5

CH 303 CHEMISTRY LABORATORY - II

Note : Practical examination will include three exercises — one each out

of the following physical, organic and inorganic chemistry

experiments.

1. Determination of partition coefficient for iodine between water and

carbon tetrachloride.

2. Construction of a phase diagram of a binary system (ureanaphthalene)

by cooling curves method.

3. Study of the kinetics of the hydrolysis of methyl acetate in presence

of hydrochloric acid using (i) initial rate method and (ii) integrated

rate method.

4. Analysis of the given organic compounds containing only one of the

following functional groups:

Carboxylic acids, alcohols, phenols, aldehydes & ketones,

carbohydrates (monosaccharides), acid amides, aromatic nitro

compounds, aromatic primary amines.

5. Preparation of tetraamminecarbanatocobalt (III) nitrate and

measurement of its conductivity.

6. (a) Preparation of potassium trioxalatoferrate (III) trihydrate and

measurement of its conductivity.

(b) Estimate the amount of iron present in the above complex or

in a standard solution as Fe2O3 gravimetrically.

7. Estimation of the amount of nickel present in a given solution as Bis

(dimethylglyoximato) nickel (II) gravimetrically.

8. Estimation of (i) Mg2- or (ii) Zn2- by complexometric titrations using

EDTA.

9. Estimation of total hardness of a given sample of water by

complexometric titration.

10. Determination of the composition of the Fe3+ -salicylic acid complex

in solution by Job’s method.

PHYSICS

PH 301 ELECTROMAGNETIC THEORY

(Physical Sciences / Applied Physical Sciences)

Electric and Magnetic field 
Gauss’ law and its applications. Potential energy of a charge distribution,

energy density in an electric field. Electric field in dielectric media.

Magnetic induction due to a current carrying conductor. Force on a point

charge in magnetic field. Hall effect. Divergence and curl of magnetic

induction. Energy stored in magnetic field. Magnetic energy in terms of

current and inductance. Magnetic force between two conductors. Magnetic

field intensity and Ampere’s law.

AC circuits 
Kirchoff’s law. Mesh and node analysis of ac circuits. LCR circuit.

Wheatstone’s bridge and its application in Wein bridge and Anderson

bridge.

Charge particle dynamics 
Charged particle dynamics in uniform and time varying electric and

magnetic field. Guiding centre approximation and drift motion-electric,

curvature, gradient drifts.

Maxwell’s equations 
Conservation of charge. Modification of Ampere’s law. Maxwell’s equations

in vacuum and inside matter. Boundary conditions.

Electromagnetic waves 
Wave equation, sinusoidal waves. Polarization of E.M. waves. Brewster’s

angle. Description of linear, circular and elliptical polarization. Reflection

and transmission. Poynting’s theorem, conservation of momentum.

Electromagnetic waves in non-conducting media; monochromatic plane

waves. Plane waves in conducting media. Skin depth. Wave propagation

in unmagnetized ionized media — Plasma oscillation. Electron plasma

waves, Ion acoustic waves and electromagnetic waves, Landau wave

damping (concept only). Waves in magnetized ionized media. Electrostatic

and EM waves parallel and perpendicular to external constant magnetic

field.

Wave-guide 
Total internal reflection. Critical angle. Optical fiber. Numerical aperture.

Acceptance angle. Types of optical fibers (Definition only). Wave guides.

Coaxial transmission line. Modes in rectangular waveguide. Energy flow.

Qualitative idea of attenuation in waveguides.

PH 302 MODERN PHYSICS

(Physical Sciences / Applied Physical Sciences)

Quantum Mechanics

Time dependent and time independent Schrodinger equation, Operators,

expectation values. Requirements of a wave function. Probabilistic

interpretation, Probability current. Solution of Schrodinger equation in one

dimension: particle in a box, step potential, barrier penetration and

tunneling, Squrare well, Bound states.

Nuclear Energy

Binding energy. Nuclear fission and fusion. Fission reactor. Fusion energy

in Sun, Controlled thermonuclear fusion. Lawson criteria magnetically

confined system-mirrors and Tokomak. Inertially confined laser driven

fusion.

Physics of Materials 

Amorphous and crystalline solids, Lattice translation vectors. Unit cell.

Reciprocal lattice. Crystal diffraction: Bragg’s law, diffraction of X-rays.

Lattice vibrations. Linear monoatomic and diatomic chains. Acoustical and

optical phonons. Qualitative description of the phonon spectrum in solid.

Brillouin zones.

Dia-, para - and ferri - and ferromagnetic materials. Classical Langevin

theory of dia- and paramagnetic domains. Quantum mechanical treatment

of paramagnetism. Curie’s law, Weiss’s theory of ferromagnetism.

Electric susceptibility, polarizability, Clausius-Mosotti equation. Classical

theory of electronic polarizability.

Elementary band theory of solids, Bloch theorem, Kronig-Penney model,

effective mass of electron. Energy band diagram in Conductor, insulator

& semiconductor. Hall effect.

Super conductor, Meissner effect. Critical field. Type I & II superconductor.

London equation. Penetration depth.

Laser 

Working principle, thermal equilibrium of radiation, principle of detailed

balance, Einstein’ A & B coefficients, population inversion, construction

and working of He-Ne laser. Semiconductor laser. Energy bands and

carrier distribution in semiconductors. Absorption and emission in a

semiconductor.

Electronics 

UJT characteristics and relaxation oscillator, construction and working of

FET. Comparision between CE, CB and CC configurations of BJT,CE

amplifier. Static & dynamic load line. Biasing of a transistor circuit (fixed

and self). Class A, B and C amplifier (definition). Principles of feedback

in amplifiers. Negative and positive feedback. Barkhausen criteria. Phase

shift oscillator.

Modulation and detection-Basic concepts of amplitude, frequency and

phase modulations and demodulation. Detailed circuit of CE amplitude

modulator and diode detector.

Atmospheric Physics 

General structure of atmosphere-Hydrostatic and diffusive equilibrium,

Vertical variation of physical parameters like temperature, wind, relative

humidity, Stability in the different layers of atmosphere, absorption of solar

radiation, Atmospheric Ozone, Ozone loss, Tropospheric ozone, Ozone

depletion problem. Global warming. Aerosols, sources and classification

of aerosols. Mie scattering. Radio Remote Sensing of the earth’s

atmosphere, Probing of atmosphere using radars and lidars.

Concepts of Modern Physics, Arthur Beiser, Tata McGraw-Hill Edition

Theory & problems of Modern Phys., Gautreau & William, Schaum outline series,

Tata McGraw-Hill

Concepts in Space Science, R.R. Daniel, University Press

Introduction to plasma physics and controlled fusion, Franis F. Chen, Springer

Integrated electronics, Millman Halkias, Tata McGraw-Hill

Principle of fundamental electronics, John D. Ryder, Prentice-Hall of India

Introduction to Solid State Physics, Charles Kittel, John Wiley & Sons

PH 303 PHYSICS LABORATORY - II
(Physical Sciences / Applied Physical Sciences)

1. Determination of Hall coefficient

2. Study of Elliptically polarized light

3. Polarization by simple reflection

4. Ultrasonic grating, determination of frequency

5. To study the PE Hysteresis loop of a ferroelectric crystal

6. Coefficient of Self inductance by ac bridge (Anderson bridge)

7. BH curve by using solenoid

8. Design of CE amplifier of desired gain

9. Design of Phase shift Oscillator

10. Study of UJT characteristics and relaxation oscillator

11. Amplitude modulation using CE Amplifier

12. Study of PLL IC and find out capture and lock range

13. Ionization potential of a gas

14. Design 4-bit asynchronous counter

15. To study the 4-bit shift register

MATHEMATICS

MA 301 REAL ANALYSIS

(
Unit I : Real Sequences  36

Finite and infinite sets, examples of countable and uncountable sets. Real

line, bounded sets, suprema and infima, statement of order completeness

property of R, Archimedean property of R, intervals.

Concept of cluster points and statement of Bolzano Weierstrass’ theorem.

Cauchy convergence criterion for sequences. Cauchy’s theorem on limits,

order preservation and squeeze theorem, monotone sequences and their

convergence.

Unit II: Infinite Series 48

Infinite series. Cauchy convergence criterion for series, positive term

series, geometric series, comparison test, convergence of p-series, Root

test, Ratio test, alternating series, Leibnitz’s test. Definition and examples

of absolute and conditional convergence.

Sequences and series of functions, Pointwise and uniform convergence.

Mn-test, M-test, change or order of limits.

Power Series: radius of convergence, Cauchy-Hadamard theorem, termby-

term differentiation and integration of power series. Definition in terms

of Power series and their properties of exp (x), sin (x), cos (x).

Unit III: Calculus of several variables  28

Limit and continuity for real valued functions on R2, differentiability of real

valued functions on R2, directional derivatives and gradients for these

functions. Schwarz theorem, Young’s Therorem, Taylor’s theorem for

functions of two variables, Maxima and Minima of functions of two

variables.

MA 302 ANALYSIS, ALGEBRA

AND MECHANICS

Unit I : Analysis  37

Riemann Integral, conditions of integrability, Integrability of Continuous

and monotonic functions.

Improper integrals, Convergence of Improper integrals, Absolute and

conditional convergence of Improper Integrals. Beta, Gamma functions

and their properties.

Double integrals, repeated integrals, line integrals in R2,Statement and

illustration of Green’s theorem.

Fourier series of an integrable function on [-, ], Fourier series expansion

of piecewise monotonic functions on [-, ].

Unit II : Linear Algebra  37

Internal & external direct sums of vector spaces.

Linear Transformations on real and complex vector spaces: definition,

examples, kernel, range, rank, nullity, isomorphism theorems, invertible

linear transformations (chatacterizations)

Algebra of Linear transformations and matrix of a linear transformation

Linear functional over real & complex vector spaces: definition and

examples.

Dual space, inner product spaces: definition, examples

Unit III: Mechanics  38

Conditions of equilibrium of a particle and of coplanar forces acting on a

rigid Body, Laws of friction, Problems of equilibrium under forces including

friction, Centre of gravity, Work and potential energy.
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Velocity and acceleration of a particle along a curve: radial and transverse

components (plane curve ), tangential and normal components (space

curve), Newton’s Laws of motion, Simple harmonic motion, Simple

Pendulum, Projectile Motion.
COMPUTER SCIENCE

CS 301 OPERATING SYSTEMS AND NETWORKS

(3 Lectures/Week)

3 Hours, 100 Marks

Operating Systems

Introduction: Operating system functionalities, operating system

classifications, operating system services, system calls and system

programs, command line and graphical user interfaces.

Processor Management: Program and process states, process scheduling

algorithms, process synchronization.

Memory Management: Partition based memory management, paging,

segmentation, virtual memory.

File Management: Introduction to I/O interfaces, file concepts, file

operations, directory structure, file sharing and protection.

Computer Networks

Introduction: LAN, MAN, WAN internetworking, internet, intranet.

ISO-OSI reference model: Features of physical, datalink/MAC layer,

network, transport, session, presentation and application layer.

TCP/IP reference model: TCP/IP protocol stack-features of IP and TCP

protocol; application layer protocol-FTP, Telnet, SMTP, HTTP, Security.

CS 302 SOFTWARE ENGINEERING

AND DATABASES

Software Engineering

Introduction: Basic principles of software engineering, programming-in-thesmall

vs. programming-in-the-large.

Software Process: Software lifecycle, the waterfall model and variations,

risk-driven approaches, introduction to evolutionary and prototyping

approaches, system classifications.

Project management: Relationship to lifecycle, project planning, project

control, risk management, cost models, configuration management, quality

assurance, metrics.

Software requirements: Requirements analysis, requirements elicitation,

analysis tools, requirements definition, requirements specification, static

and dynamic specifications, requirements review.

Software design: Design for reuse, design for change, design notations,

design evaluation and validation.

Implementation: Programming standards and procedures, modularity, data

abstraction, static analysis, unit testing, integration testing, regression

testing.

Maintenance: Maintenance problem, planning for maintenance.

Documentation: Quality, types, techniques for each stage.

Databases

Introduction: Basic concepts and ANSI architecture.

Relational Model: Relational data model, relational algebra, SQL,

functional dependencies, normal forms (up to BCNF), data modeling using

EER diagrams, database design using these

