LS a4
M Toch CMamo Seiemee ATecbmolory )

eg+rtrriniroduction fo Nanoscience & Wanoiechnotegy a0 0)
lmmmut(uv Snmarks, v;!ﬁ(%m‘,‘;l‘sm‘;lizz;; Seienge. of Snaill, Wave Soicoor Suriaee et
Suwilace energy. Swrlace renefivity and ¢ ciialywigs i Quaniialion ol bngrey Fasiicie in Welf
aved box, Fermii coergy and enorpy distibunion funclion, densily of stale, ;\doh-c;ule uind
Molecular interactionss, From atoms to .olid materials, Bonding In Malevials,  Metallic
bonding. tonic lu’m(mp 'vnd covalent honding, Molecular orbits! theoy, Dipole momant,
Dipole-hipole  interaction,t hitroduetion 1o szmtnm(mul waterials,  Low-dimensional
stuctuies: Quantuin wells, Quantor wires, and Quantim doss, Nano  clusiers and
Méanoerystals, Navoparticles, Collowudal particles, Wire, Films, Layers ;ml voating, Porous
materials, Molecules < Fullerenes, Dundiimers, Micelles. sopedasiives, Inisnduction fo
crystal straciure, Thermodynamics of suall systoms Nuclention 'm\wh Urogy, ol
ciergy, Chessical porential, Enllsalyy

604488 Synthesis of Nanomaterials {3-0-0)
Syvibete pnocedirey -and their significanse, Trpes of manomaiviials syichess provesses,
ROHS and WEEL guidetines; iysical roethed: Advanced Corames {Sobid-stare reacton

methody Ball miliing wethod; Chemical 1neihod: Comprecipliviics ochnigue, Solpes

method, Soll elhemical fechiigue  (eilrate, terlaraie, (:‘l{,‘,.}; ily{iwiﬁgxmq«\ii I ‘UE(K{‘ Bie-

chemieal methad: Thin Tilm Te nolopy: Thermal Evaporatioun osefiiod, © Spu lumy {(RF apd

DC), Spray pyrolysls method, Spin conting method, Pulsed lase depositign tJMt hod, vnendm

e -.Fi\-:t.ull_l_;, Chemieal wi apor deposion method (CVD), MOUVE, MBE. tan bess
pati gy |€'_IJ-4|r-|--_;~}i|-: i)

st Properties of Nanomaterials
;. General Shape and Size dependent properties. .
, - Electrical properties - Resistivity, Dielectric & ferroelectric properties, Conductivity

behavior. = .
Maguetic Properties - Magnetic parameters variation, susceptibility, permeability eddy
current loss, Superparamagnetic effect, erc.

Optical properties - Photoconductivity.
g Pt?oto!ummwcence Fluorescence, Phosphorescence, Electroluminescence.

-

2.
Optical absorption &  transmission.

U

e




i

PHYSICS
CODE: PHOO1 TIME: 90 Minutes
SUBIJECT: PHYSICS FULL MARKS: 50

Solid State Physics: Elements of crystallography; diffraction methods for structure determination;
bonding in solids; elastic properties of solids; defects in crystals; lattice vibrations and thermal
properties of solids; free electron theory; band theory of solids; metals, semiconductors and
insulators; transport properties; optical, dielectric and magnetic properties of solids; elements of
superconductivity.

Electronics: Semiconductor devices; Bipolar Junction Transistors, Field Effect Transistors, Amplifier
and oscillator circuits; Operational amplifier, Negative feedback circuits, Active filters and oscillators;
rectifier circuits, regulated power supplies; basic digital logic circuits, sequential circuits, flip-flops,
counters, registers, A/D and D/A conversion.

Classical Mechanics: Conservation laws; Central forces, Kepler problem and planetary motion;
collisions and scattering in laboratory and centre of mass frames; mechanics of system of particles;
Variational principle; Lagrange’s and Hamilton's formalisms; equation of motion, Cyclic coordinates,
Poisson bracket; periodic motion, Small oscillations, Normal modes; special theory of relativity —
Lorentz transformations, relativistic kinematics, mass-energy equivalence.

Quantum Mechanics: Physical basis of quantum mechanics; Uncertainty principle; Schrodinger
equation; one, two and three dimensional potential problems; particle in a box, harmonic oscillator,
hydrogen atom; linear vectors and operators in Hilbert space; angular momentum and spin; addition
of angular momenta; time independent perturbation theory; elementary scattering theory.

Thermodynamics and Statistical Physics: Laws of thermodynamics; macrostates and microstates;
phase space; probability ensembles; partition function, free energy, calculation of thermodynamic
quantities; classical and quantum statistics; degenerate Fermi gas; black body radiation and Planck’s
distribution law; Bose-Einstein condensation; first and second order phase transitions, critical point.

Atomic and Molecular Physics: Spectra of one- and many-electron atoms; LS and jj coupling; hyperfine
structure; Zeeman and Stark effects; electric dipole transitions and selection rules; X-ray spectra;
rotational and vibrational spectra of diatomic molecules; electronic transition in diatomic molecules,
Franck-Condon principle; Raman effect; NMR and ESR; lasers.
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CHEMISTRY
CODE: CH001 TIME: 90 Minutes
SUBJECT: CHEMISTRY FULL MARKS: 50

PHYSICAL CHEMISTRY

Structure: Quantum theory: principles and techniques; applications to a particle in a box, harmonic
oscillator, rigid rotor and hydrogen atom; valence bond and molecular orbital theories, Hiickel
approximation; approximate techniques: variation and perturbation; symmetry, point groups;
rotational, vibrational, electronic, NMR, and ESR spectroscopy

Equilibrium: Kinetic theory of gases; First law of thermodynamics, heat, energy, and work; second law
of thermodynamics and entropy; third law and absolute entropy; free energy; partial molar quantities;
ideal and non-ideal solutions; phase transformation: phase rule and phase diagrams — one, two, and
three component systems; activity, activity coefficient, fugacity, and fugacity coefficient; chemical
equilibrium, response of chemical equilibrium to temperature and pressure; colligative properties;
Debye-Hiickel theory; thermodynamics of electrochemical cells; standard electrode potentials:
applications — corrosion and energy conversion; molecular partition function (translational, rotational,
vibrational, and electronic).

Kinetics: Rates of chemical reactions, temperature dependence of chemical reactions; elementary,
consecutive, and parallel reactions; steady state approximation; thearies of reaction rates — collision
and transition state theory, relaxation kinetics, kinetics of photochemical reactions and free radical
polymerization, homogeneous catalysis, adsorption isotherms and heterogeneous catalysis.

INORGANIC CHEMISTRY

Main group elements: General characteristics, allotropes, structure and reactions of simple and
industrially important compounds: boranes, carboranes, silicones, silicates, boron nitride, borazines
and phosphazenes. Hydrides, oxides and oxoacids of pnictogens (N, P), chalcogens (S, Se & Te) and
halogens, xenon compounds, pseudo halogens and interhalogen compounds.Shapes of molecules and
hard- soft acid base concept. Structure and Bonding (VBT) of B, Al, Si, N, P, S, Cl compounds. Allotropes
of carbon: graphite, diamond, C60. Synthesis and reactivity of inorganic polymers of Siand P.

Transition Elements: General characteristics of d and f block elements; coordination chemistry:
structure and isomerism, stability, theories of metal- ligand bonding (CFT and LFT), mechanisms of
substitution and electron transfer reactions of coordination complexes. Electronic spectra and
magnetic properties of transition metal complexes, lanthanides and actinides. Metal carbonyls, metal-
metal bonds and metal atom clusters, metallocenes; transition metal complexes with bonds to
hydrogen, alkyls, alkenes and arenes; metal carbenes; use of organometallic compounds as catalysts
in organic synthesis. Bioinorganic chemistry of Na, K. Mg, Ca, Fe, Co, Zn, Cu and Mo.

Solids: Crystal systems and lattices, miller planes, crystal packing, crystal defects; Bragg’s Law, ionic
crystals, band theory, metals and semiconductors, Different structures of AX, AX2, ABX3 compounds,

spinel’s.
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CIVIL ENGINEERING
CODE: CEOO01 TIME: 90 Minutes
SUBJECT: CIVIL ENGINEERING FULL MARKS: 50

STRUCTURAL ENGINEERING

Mechanics: Bending moment and shear force in statically determinate beams. Simple stress and strain
refationship: Stress and strain in two dimensions, principal stresses, stress transformation, Mohr's
circle. Simple bending theory, flexural and shear stresses, unsymmetrical bending, shear centre. Thin
walled pressure vessels, uniform torsion, buckling of column, combined and direct bending stresses,

Structural Analysis: Analysis of statically determinate trusses, arches, beams, cables and frames,
displacements in statically determinate structures and analysis of statically indeterminate structures
by force/ energy methods, analysis by displacement methods (slope deflection and moment
distribution methods), influence lines for determinate and indeterminate structures. Basic concepts
of matrix methods of structural analysis.

Concrete Structures: Concrete Technology- properties of concrete, basics of mix design. Concrete
design- basic working stress and limit state design concepts, analysis of ultimate load capacity and
design of members subjected to flexure, shear, compression and torsion by limit state methods. Basic
elements of prestressed concrete, analysis of beam sections at transfer and service loads.

Steel Structures: Analysis and design of tension and compression members, beams and beam-
columns, column bases. Connections- simple and eccentric, beam—column connections, plate girders
and trusses, Plastic analysis of beams and frames.

GEOTECHNICAL ENGINEERING

Soil Mechanics: Origin of soils, soil classification, three-phase system, fundamental definitions,
relationship and interrelationships, permeability &seepage, effective stress principle, consolidation,
compaction, shear strength.

Foundation Engineering: Sub-surface investigations- scope, drilling bare holes, sampling, penetration
tests, plate load test. Earth pressure theories, effect of water table, layered soils. Stability of slopes-
infinite slopes, finite slopes. Foundation types-foundation design requirements. Shallow foundations-
bearing capacity, effect of shape, water table and other factors, stress distribution, settlement
analysisinsands & clays. Deep foundations—pile types, dynamic &static formulae, load capacity of piles
in sands &clays, negative skin friction.

WATER RESOURCES ENGINEERING

Fluid Mechanics and Hydraulics: Properties of fluids, principle of conservation of mass, momentum,
energy and corresponding equations, potential flow, applications of momentum and Bernoulli’s
equation, laminar and turbulent flow, flow in pipes, pipe networks. Concept of boundary layer and its
growth. Uniform flow, critical flow and gradually varied flow in channels, specific energy concept,
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hydraulic jump. Forces on immersed bodies, flow measurements in channels, tanks and pipes.
Dimensional analysis and hydraulic modeling. Kinematics of flow, velocity triangles and specific speed
of pumps and turbines.

Hydrology: Hydrologic cycle, rainfall, evaporation, infiltration, stage discharge relationships, unit
hydrographs, flood estimation, reservoir capacity, reservoir and channel routing. Well hydraulics.

{rrigation: Duty, delta, estimation of evapo-transpiration. Crap water requirements. Design of: lined
and unlined canals, waterways, head works, gravity dams and spillways. Design of weirs on permeable
foundation. Types of irrigation system, irrigation methods. Water logging and drainage, sodic soils.

ENVIRONMENTAL ENGINEERING

Water requirements: Quality standards, basic unit processes and operations for water treatment,
Drinking water standards, water requirements, basic unit operations and unit processes for surface
water treatment, distribution of water. Sewage and sewerage treatment, quantity and characteristics
of wastewater. Primary, secondary and tertiary treatment of wastewater, sludge disposal, effluent
discharge standards. Domestic wastewater treatment, quantity of characteristics of domestic
wastewater, primary and secondary treatment Unit operations and unit processes of domestic
wastewater, sludge disposal.

Air Pollution: Types of pollutants, their sources and impacts, air pollution meteorology, air pollution
control, air quality standards and limits.

Municipal Solid Wastes: Characteristics, generation, collection and transportation of solid wastes,
engineered systems for solid waste management (reuse/ recycle, energy recovery, treatment and
disposal).

Noise Pollution: Impacts of noise, permissible limits of noise poliution, measurement of noise and
control of noise pollution.

TRANSPORTATION ENGINEERING

Highway Planning: Geometric design of highways, testing and specifications of paving materials,
design of flexible and rigid pavements.

Traffic Engineering: Traffic characteristics, theory of traffic flow, intersection design, traffic signs and
signal design, highway capacity.

SURVEYING

Importance of surveying, principles and classifications, mapping concepts, coordinate system, map
projections, measurements of distance and directions, leveling, theodolite traversing, plane table
surveying, errors and adjustments, curves.
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ELECTRICAL ENGINEERING
CODE: EEOO1 TIME: 90 Minutes
SUBJECT: ELECTRICAL ENGINEERING FULL MARKS: 50

Electric Circuits and Fields: Network graph, KCL, KVL, node and mesh analysis, transient response of
dc and ac networks; sinusoidal steady-state analysis, resonance, basic filter concepts; ideal current
and voltage sources, Thevenin's, Norton’s and Superposition and Maximum Power Transfer theorems,
two-port networks, three phase circuits; Gauss Theorem, electric field and potential due to point, line,
plane and spherical charge distributions; Ampere’s and Biot-Savart’s laws; inductance; dielectrics;
capacitance.

Signals and Systems: Representation of continuous and discrete-time signals; shifting and scaling
operations; linear, time-invariant and causal systems; Fourier series representation of continuous
periodic signals; sampling thearem; Fourier, Laplace and Z transforms.

Electrical Machines: Single phase transformer — equivalent circuit, phasor diagram, tests, regulation
and efficiency; three phase transformers — connections, parallel operation; auto-transformer; energy
conversion principles; DC machines — types, windings, generator characteristics, armature reaction
and commutation, starting and speed control of motors; three phase induction motors — principles,
types, performance characteristics, starting and speed control; single phase induction motors;
synchronous machines — performance, regulation and parallel operation of generators, motor
starting, characteristics and applications; servo and stepper motors.

Power Systems: Basic power generation concepts; transmission line models and performance; cable
performance, insulation; corona and radio interference; distribution systems; per-unit quantities; bus
impedance and admittance matrices; load flow; voltage control; power factor correction; economic
operation; symmetrical components; fault analysis; principles of over-current, differential and
distance protection; solid state relays and digital protection; circuit breakers; system stability
concepts, swing curves and equal area criterion; HVDC transmission and FACTS concepts.

Control Systems: Principles of feedback; transfer function; block diagrams; steady-state errors; Routh
and Niquist techniques; Bode plots; root loci; lag, lead and lead-lag compensation; state space model;
state transition matrix, controllability and observability.

Electrical and Electronic Measurements: Bridges and potentiometers; PMMC, moving iron,
dynamometer and induction type instruments; measurement of voltage, current, power, energy and
power factor; instrument transformers; digital voltmeters and multimeters; phase, time and
frequency measurement; Q-meters; oscilloscopes; potentiometric recorders; error analysis.

Analog and Digital Electronics: Characteristics of diodes, BIT, FET; amplifiers — biasing, equivalent
circuit and frequency response; oscillators and feedback amplifiers; operational amplifiers —
characteristics and applications; simple active filters; VCOs and timers; combinational and sequential
logic circuits; multiplexer; Schmitt trigger; multi-vibrators; sample and hold circuits; A/D and D/A
converters; 8-bit microprocessor basics, architecture, programming and interfacing.
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Power Electronics and Drives: Semiconductor power diodes, transistors, thyristors, triacs, GTOs,
MOSFETs and IGBTs — static characteristics and principles of operation; triggering circuits; phase
control rectifiers; bridge converters — fully controlled and half controlled; principles of chappers and
inverters; basis concepts of adjustable speed dc and ac drives.
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ELECTRONICS AND COMMUNICATION ENGINEERING
CODE: EC001 TIME: 90 Minutes
SUBIJECT: ELECTRONICS AND COMMUNICATION ENGINEERING FULL MARKS: 50

Networks: Network graphs: matrices associated with graphs; incidence, fundamental cut set and
fundamental circuit matrices. Solution methods: nodal and mesh analysis. Network theorems:
superposition, Thevenin and Norton’s maximum power transfer, Wye-Delta transformation. Steady
state sinusoidal analysis using phasars. Linear constant coefficient differential equations; time domain
analysis of simple RLC circuits, Solution of network equations usinglLaplace transform: frequency
domain analysis of RLC circuits. 2-port network parameters: driving point and transfer functions. State
equations for networks.

Electronic Devices: Energy bands in silicon, intrinsic and extrinsic silicon. Carrier transport in silicon:
diffusion current, drift current, mobility, and resistivity. Generation and recombination of carriers.p-n
junction diode, Zener diode, tunnel diode, BIT, IFET, MOS capacitor, MOSFET, LED, p-I-n and avalanche
photo diode, Basics of LASERs. Device technology: integrated circuits fabrication process, oxidation,
diffusion, ion implantation, photolithography, n-tub, p-tub and twin-tub CMOS process.

Analog Circuits: Small Signal Equivalent circuits of diodes, BJTs, MOSFETs and analog CMOS. Simple
diode circuits, clipping, clamping, rectifier.Biasing and bias stability of transistor and FET amplifiers.
Amplifiers: single-and multi-stage, differential and operational, feedback, and power. Frequency
response of amplifiers.Simple op-amp circuits. Filters. Sinusoidal oscillators; criterion for oscillation;
single-transistor and op-amp configurations.Function generators and wave-shaping circuits, 555
Timers. Power supplies.

Digital circuits: Boolean algebra, minimization of Boolean functions; logic gates; digital IC families
(DTL, TTL, ECL, MOS, CMOS). Combinatorial circuits: arithmetic circuits, code converters, multiplexers,
decoders, PROMs and PLAs. Sequential circuits: latches and flip-flops, counters and shift-registers.
Sample and hold circuits, ADCs, DACs. Semiconductor memories. Microprocessor(8085): architecture,
programming, memory and 1/0 interfacing.

Signals and Systems: Definitions and properties ofLaplace transform, continuous-time and discrete-
time Fourier series, continuous-time and discrete-time Fourier Transform, DFT and FFT, z-transform.
Sampling theorem. Linear Time-Invariant (LTI} Systems: definitions and properties; causality, stability,
impulse respanse, convolution, poles and zeros, parallel and cascade structure, frequency response,
group delay, phase delay. Signal transmission through LTI systems.

Control Systems: Basic controf system components; block diagrammatic description, reduction of
block diagrams. Open loop and closed loop (feedback) systems and stability analysis of these systems.
Signal flow graphs and their use in determining transfer functions of systems; transient and steady
state analysis of LTI control systems and frequency response. Tools and techniques for LTI control
system analysis: root loci, Routh-Hurwitz criterion, Bode and Nyquist plots. Control system
compensators: elements of lead and lag compensation, elements of Proportional-integral-Derivative
{PID) control. State variable representation and solution of state equation of LTl control systems.,
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Communications: Random signals and noise: probability, random variables, probability density
function, autocorrelation, power spectral density. Analog communication systems: amplitude and
angle modulation and demodulation systems, spectral analysis of these operations, superheterodyne
receivers; elements of hardware, realizations of analog communication systems; signal-to-noise ratio
(SNR} calculations for amplitude modulation (AM) and frequency modulation (FM) for low noise
conditions. Fundamentals of information theory and channel capacity theorem. Digital
communication systems: pulse code modulation {PCM), differential pulse code modulation (DPCM),
digital modulation schemes: amplitude, phase and frequency shift keying schemes (ASK, PSK, FSK),
matched filter receivers, bandwidth consideration and probability of error calculations for these
schemes. Basics of TDMA, FDMA and CDMA and GSM.

Electromagnetics: Elements of vector calculus: divergence and curl; Gauss’ and Stokes’ theorems,
Maxwell's equations: differential and integral forms. Wave equation, Poynting vector. Plane waves:
propagation through various media; reflection and refraction; phase and group velocity; skin depth.
Transmission lines: characteristic impedance; impedance transformation; Smith chart; impedance
matching; S parameters, pulse excitation. Waveguides: modes in rectangular waveguides; boundary
conditions; cut-off frequencies; dispersion relations. Basics of propagation in dielectric waveguide and
optical fibers. Basics of Antennas: Dipole antennas; radiation pattern; antenna gain
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MECHANICAL ENGINEERING
CODE: ME001 TIME: 90 Minutes
SUBJECT: MECHANICAL ENGINEERING FULL MARKS: 50

APPLIED MECHANICS AND DESIGN

Engineering Mechanics: Free body diagrams and equilibrium; trusses and frames; virtual work;
kinematics and dynamics of particles and of rigid bodies in plane motion, including impulse and
momentum {linear and angular) and energy formulations; impact.

Strength of Materials: Stress and strain, stress-strain relationship and elastic constants, Mohr's circle
for plane stress and plane strain, thin cylinders; shear force and bending moment diagrams; bending
and shear stresses; deflection of heams; torsion of circular shafts; Euler’s theory of columns; strain
energy methods; thermal stresses.

Theory of Machines: Displacement, velocity and acceleration analysis of plane mechanisms; dynamic
analysis of slider-crank mechanism; gear trains; flywheels.

Vibrations: Free and forced vibration of single degree of freedom systems; effect of damping;
vibration isolation; resonance, critical speeds of shafts.

Design: Design for static and dynamic loading; failure theories; fatigue strength and the S-N diagram;
principles of the design of machine elements such as bolted, riveted and welded joints, shafts, spur
gears, rolling and sliding contact bearings, brakes and clutches.

FLUID MECHANICS AND THERMAL SCIENCES

Fluid Mechanics: Fluid properties; fluid statics, manometry, buoyancy; control-volume analysis of
mass, momentum and energy; fluid acceleration; differential equations of continuity and momentum;
Bernoulli’s equation; viscous flow of incompressible fluids; boundary layer; elementary turbulent flow;
flow through pipes, head losses in pipes, bends etc.

Heat-Transfer: Modes of heat transfer; one dimensional heat conduction, resistance concept,
electrical analogy, unsteady heat conduction, fins; dimensionless parameters in free and forced
convective heat transfer, various correlations for heat transfer in flow over flat plates and through
pipes; thermal boundary layer; effect of turbulence; radiative heat transfer, black and grey surfaces,
shape factors, network analysis; heat exchanger performance, LMTD and NTU methods.

Thermodynamics: Zeroth, First and Second laws of thermodynamics; thermodynamic system and
processes; Carnot cycle. irreversibility and availability; behaviour of ideal and real gases, properties of
pure substances, calculation of work and heat in ideal processes; analysis of thermodynamic cycles
related to energy conversion.

Applications: Power Engineering: Steam Tables, Rankine, Brayton cycles with regeneration and
reheat. 1.C. Engines: air-standard Otto, Diesel cycles. Refrigeration and air-conditioning: Vapour
refrigeration cycle, heat pumps, gas refrigeration, Reverse Brayton cycle; moist air: psychrometric
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chart, basic psychrometric processes. Turbomachinery:Pelton-wheel, Francis and Kaplan turbines —
impulse and reaction principles, velocity diagrams.

MANUFACTURING AND INDUSTRIAL ENGINEERING

Engineering Materials: Structure and properties of engineering materials, heat treatment, stress-
strain diagrams for engineering materials.

Metal Casting: Design of patterns, moulds and cores; solidification and cooling; riser and gating
design, design considerations.

Forming: Plastic deformation and yield criteria; fundamentals of hot and cold working processes; load
estimation for bulk (forging, rolling, extrusion, drawing) and sheet (shearing, deep drawing, bending)
metal forming processes; principles of powder metallurgy.

Joining: Physics of welding, brazing and soldering; adhesive bonding; design considerations in welding.

Machining and Machine Tool Operations: Mechanics of machining, single and multi-point cutting
tools, tool geometry and materials, tool life and wear; economics of machining; principles of non-
traditional machining processes; principles of work holding, principles of design of jigs and fixtures

Metrology and Inspection: Limits, fits and tolerances; linear and angular measurements;
comparators; gauge design; interferometry; form and finish measurement; alignment and testing
methods; tolerance analysis in manufacturing and assembly.

Computer Integrated Manufacturing: Basic concepts of CAD/CAM and their integration tools.

Production Planning and Control: Forecasting models, aggregate production planning, scheduling,
materials requirement planning.

Inventory Control: Deterministic and probabilistic madels; safety stock inventory control systems,

Operations Research: Linear programming, simplex and duplex method, transportation, assignment,
network flow models, simple queuing models, PERT and CPM.
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BIOLOGICAL SCIENCES

1. MOLECULES AND THEIR INTERACTION RELAVENT TO BIOLOGY

A. Structure of atoms, molecules and chemical bonds.
B Composition, structure and function of biomolecules (carbohydrates, lipids,
proteins, nucleic acids and vitamins).
C. Stablizing interactions (Van der Waals, electrostatic, hydrogen bonding, hydrophobic
interaction, etc.).
D Principles of biophysical chemistry (pH, buffer, reaction kinetics, thermodynamics,
colligative properties).
E. Bioencrgetics, glycolysis, oxidative phosphorylation, coupled reaction, group
transfer, biological energy transducers.
F. Principles of catalysis, enzymes and enzyme kinetics, enzyme regulation, mechanism of
enzyme catalysis, isozymes
G. Conformation of proteins (Ramachandran plot, secondary structure, domains, motif
and folds).
~H=-Conformation of nucleic acids (helix (A, B, Z), t-RNA, micro-RNA).
1. Stability of proteins-and nucleic acids.
J. Metabolism of carbohydrates, lipids,.amino acids nucleotides and vitamins.

2. CELLULAR ORGANIZATION

A) Membrane structure and function
(Structure of model membrane, lipid bilayer and membrane protein diffusion, osmaosis, ion
channels, active transport, membrane pumps, mechanism of sorting and regulation of
intracellular transport,electrical properties of membranes).

B) Structural organization and function of intracellular organelles (Cell wall, nucleus,
mitochondria, Golgi bodies, lysosomes, endoplasmic reticulum, peroxisomes, plastids,
vacuoles, chloroplast, structure & function of cytoskeleton and its role in motility).

C) Organization of genes and chromosomes (Operon, unique and repetitive DNA,
interrupted genes, gene families, structure of chromatin and chromosomes,
heterochromatin, euchromatin, transposons).

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

E) Microbial Physiology (Growth yield and characteristics, strategies of cell division, stress
response)

3. FUNDAMENTAL PROCESSES




A)

C)

D)

DNA replication, repair and recombination (Unit of replication, enzymes involved,
replication origin and replication fork, fidelity of replication, extrachromosomal replicons,
DNA damage and repair mechanisms, homologous and site-specific recombination).

RNA synthesis and processing (transcription factors and machinery, formation of
initiation complex, transcription activator and repressor, RNA polymerases, capping,
elongation, and termination, RNA processing, RNA editing, splicing, and polyadenylation,
structure and function of different types of RNA, RNA transport).

Protein synthesis and processing (Ribosome, formation of initiation compley, initiation
factors and their regulation, elongation and elongation factors, termination, genetic code,
aminoacylation of tRNA, tRNA-identity, aminoacyl tRNA synthetase, and translational
proof-reading, translational inhibitors, Post- translational modification of proteins).

Control of gene expression at transcription and translation level (regulating the
expression of phages, viruses, prokaryotic and eukaryotic genes, role of chromatin in gene
expression and gene silencing).

4. Cell communication and cell signaling

A)

B)

C)

D)

Host parasite interaction Recognition and entry processes of different pathogens
like bacteria, viruses into animal and plant host cells, alteration of host cell behavior
by pathogens, virus-induced cell transformation, pathogen-induced diseases in
animals and plants, cell-cell fusion in both normal and abnormal cells.

Cell signaling Hormones and their receptors, cell surface receptor, signaling
through G-protein coupled receptors, signal transduction pathways, second
messengers, regulation of signaling pathways, bacterial and plant twocomponent
systems, light signaling in plants, bacterial chemotaxis and quorum sensing.

Cellular communication Regulation of hematopoiesis, general principles of cell
communication, cell adhesion and roles of different adhesion molecules, gap
junctions, extracellular matrix, integrins, neurotransmission and its regulation.

Cancer

Genetic rearrangements in progenitor cells, oncogenes, tumor suppressor genes, cancer

and the cell cycle, virus-induced cancer, metastasis, interaction of cancer cells with
normal cells, apoptosis, therapeutic interventions of uncontrolled cell growth.

Innate and adaptive immune system Cells and molecules involved in innate and
adaptive immunity, antigens, antigenicity and immunogenicity. B and T cell
epitopes, structure and function of antibody molecules. generation of antibody
diversity, monoclonal antibodies, antibody engineering, antigen-antibody
interactions, MHC molecules, antigen processing and presentation, activation and
differentiation of B and T cells, B and T cell receptors, humoral and cellmediated
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immune responses, primary and secondary immune modulation, the complement
system, Toll-like receptors, cell-mediated effector functions, inflammation,
hypersensitivity and autoimmunity, immune response during bacterial
(tuberculosis), parasitic (malaria) and viral (HIV) infections, congenital and
acquired immunodeficiencies, vaccines.

DEVELOPMENTAL BIOLOGY

A) Basic concepts of development : Potency, commitment, specification, induction, competence,

determination and differentiation; morphogenetic gradients; cell fate and cell lineages; stem
cells; genomic equivalence and the cytoplasmic determinants; imprinting; mutants and
transgenics in analysis of development

B) Gametogenesis, fertilization and carly development: Production of gametes, cell surface

molecules in sperm-egg recognition in animals; embryo sac development and double
fertilization in plants; zygote formation, cleavage, blastula formation, embryonic fields,
gastrulation and formation of germ layers in animals; embryogenesis, establishment of
symmetry in plants; seed formation and germination.

C) Morphogenecsis and organogenesis in animals : Cell aggregation and differentiation in

Dictyostelium; axes and pattern formation in Drosophila, amphibia and chick; organogenesis
— vulva formation in Caenorhabditis elegans, eye lens induction, limb development and
regeneration in vertebrates; differentiation of neurons, post embryonic development- larval
formation, metamorphosis; environmental regulation of normal development; sex
determination.

D) Morphogenesis and-organogenesis in plants: Orpanization of shoot and root-apical meristem;

shoot and root development; leaf development and phyllotaxy; transition to flowering, floral
meristems and floral development in Arabidopsis and Antirrhinum

E) Programmed cell death, aging and senescence

6.

A,

SYSTEM PHYSIOLOGY - PLANT

Photosynthesis - Light harvesting complexes; mechanisms of electron transport;
photoprotective mechanisms; CO; fixation-Cs, C4 and CAM pathways.

Respiration and photorespiration — Citric acid cycle; plant mitochondrial electron
transport and ATP synthesis, alternate oxidase; photorespiratory pathway.

Nitrogen metabolism - Nitrate and ammonium assimilation; amino acid
biosynthesis.



Plant hormones — Biosynthesis, storage, breakdown and transport; physiological
effects and mechanisms of action.

Sensory photobiology - Structure, function and mechanisms of action of
phytochromes, cryptochromes and phototropins; stomatal ~movement;
photoperiodism and biological clocks.

Solute transport and photoassimilate translocation - uptake, transport and
translocation of water, ions, solutes and macromolecules from soil, through cells,
across membranes, through xylem and phloem; transpiration; mechanisms of
loading and unloading of photoassimilates.

Secondary metabolites - Biosynthesis of terpenes, phenols and nitrogenous
compounds and their roles.

Stress physiology — Responses of plants to biotic (pathogen and insects) and
abiotic (water, temperature and salt) stresses.

SYSTEM PHYSIOLOGY - ANIMAL

Blood and circulation - Blood corpuscles, haemopoiesis and formed elements,
plasma function, blood volume, blood volume regulation, blood groups,
haemoglobin, immunity, haemostasis.

Cardiovascular System: Comparative anatomy of heart structure, myogenic
heart, specialized tissue, ECG — its principle and significance, cardiac cycle,heart -
as a pump, blood pressure, neural and chemical regulation of all above.

Respiratory system - Comparison of respiration in different species, anatomical
considerations, transport of gases, exchange of gases, waste elimination, neural
and chemical regulation of respiration.

Nervous system - Neurons, action potential, gross neuroanatomy of the brain and
spinal cord, central and peripheral nervous system, neural control of muscle tone
and posture,

Sense organs - Vision, hearing and tactile response.
Excretory system - Comparative physiology of excretion, kidney, urine formation,

urine concentration, waste elimination, micturition, regulation of water baiance,
blood volume, blood pressure, electrolyte balance, acid-base balance.



G. Thermoregulation - Comfort zone, body temperature — physical, chemical, neural
regulation, acclimatization.

H. Stress and adaptation
. Digestive system - Digestion, absorption, energy balance, BMR.
J. Endocrinology and reproduction - Endocrine glands, basic mechanism of

hormone action, hormones and diseases; reproductive processes,
gametogenesis, ovulation, neuroendocrine regulation

8. INHERITANCE BIOLOGY

A) Mendelian principles : Dominance, segregation, independent assortment.
B) Concept of gene : Allele, multiple alleles, pseudoallele, complementation tests

C) Extensions of Mendelian principles : Codominance, incomplete dominance, gene
interactions, pleiotropy, genomic imprinting, penetrance and expressivity, phenocopy, linkage
and crossing over, sex linkage, sex limited and sex influenced characters.

D) Gene mapping methods : Linkage maps, tetrad analysis, mapping with molecular markers,
mapping by using somatic cell hybrids, development of mapping population in plants.

E) Extra chromosomal inheritance : Inheritance of Mitochondrial and chloroplast genes,
maternal inheritance.

F) Microbial genetics : Methods of genetic transfers — transformation, conjugation, transduction
and sex-duction, mapping genes by interrupted mating, fine structure analysis of genes.

G) Human genetics : Pedigree analysis, lod score for linkage testing, karyotypes, genetic
disorders.

H) Quantitative genetics : Polygenic inheritance, heritability and its measurements, QTL
mapping.

I) Mutation : Types, causes and detection, mutant types — lethal, conditional, biochemical, loss
of function, gain of function, germinal verses somatic mutants, insertional mutagenesis.

J) Structural and numerical alterations of chromosomes : Delction, duplication, inversion,
translocation, ploidy and their genetic implications.



T, :
N &

K) Recombination : Homologous and non-homologous recombination including transposition.

9. DIVERSITY OF LIFE FORMS:

A. Principles & methods of taxonomy:

Concepts of species and hierarchical taxa, biological nomenclature, classical &
guantititative methods of taxonomy of plants, animals and microorganisms.

B. Levels of structural organization:
Unicellular, colonial and multicellular forms. I.evels of organization of tissues, organs &
systems. Comparalive anatomy, adaptive radiation, adaptive modifications.
C. Outline classification of plants, animals & microorganisms:
Important criteria used for classification in each taxon. Classification of plants,
animals and microorganisms. Evolutionary relationships among taxa.

D. Natural history of Indian subcontinent:
Major habitat types of the subcontinent, geographic origins and migrations of
species. Comman Indian mammals, birds. Seasonality and phenology of the

subcontinent.

Bk Organisms of health & agricultural importance:
Common parasites and pathogens of humans, domestic animals and crops.

F. Organisms of conservation concern:
Rare; endangered species, Conservation strategies.

10. ECOLOGICAL PRINCIPLES

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

Habitat and Niche: Concept of habitat and niche; niche width and overlap; fundamental
and realized niche; resource patrtitioning; character displacement.

Population Ecology: Characteristics of a population; population growth curves;
population regulation; life history strategies (rand K selection); concept of metapopulation
— demes and dispersal, interdemic extinctions, age structured populations.

Species Interactions: Types of interactions, interspecific competition, herbivory,
carnivory, pollination, symbiosis.



Community Ecology: Nature of communities; community structure and attributes; levels
of species diversity and its measurement; edges and ecotones.

Ecological Succession: Types; mechanisms; changes involved in succession; concept
of climax.

Ecosystem Ecology: Ecosystem structure; ecosystem function; energy flow and minerat
cycling (C,N,P); primary production and decomposition; structure and function of some
Indian ecosystems: terrestrial (forest, grassland) and aquatic (fresh water, marine,
eustarine).

Biogeography: Major terrestrial biomes; theory of island biogeography; biogeographical
zones of India.

Applied Ecology: Environmental pollution; global environmental change; biodiversity:
status, monitoring and documentation; major drivers of biodiversity change; biodiversity
management approaches.

Conservation Biology: Principles of conservation, major approaches to management,
Indian case studies on conservation/management strategy (Project Tiger, Biosphere
reserves).

I1. EVOLUTION AND BEHAVIOUR

A. Emergence of evolutionary thoughts

Lamarck;™ Darwin—concepts of variation, adaptation, struggle; fitness and natural
selection; Mendelism; Spontaneity of mutations; The evolutionary synthesis.

B. Origin of cells and unicellular evolution:

Origin of basic biological molecules; Abiotic synthesis of organic monomers and polymers;
Concept of Oparin and Haldane; Experiement of Miller (1953); The first cell; Evolution of
prokaryotes; Origin of eukaryotic cells; Evolution of  unicellular eukaryotes; Anaerobic
metabolism, photosynthesis and aerobic metabolism.

C. Paleontology and Evolutionary History:

The evolutionary time scale; Eras, periods and epoch; Major events in the evolutionary
time scale; Origins of unicellular and multi cellular organisms; Major groups of plants  and
animals; Stages in primate evolution including Homo.



D. Molecular Evolution:

Concepts of neutral evolution, molecular divergence and molecular clocks;
Molecular tools in phylogeny, classification and identification; Protein and nucleotide
sequence analysis; origin of new genes and proteins; Gene duplication  and divergence.

. The Mechanisms:

Population genetics — Populations, Gene pool, Gene frequency; Hardy-Weinberg Law;
concepts and rate of change in gene frequency through natural selection, migration and
random genetic drift; Adaptive radiation; Isolating mechanisms; Speciation; Allopatricity

and Sympatricity; Convergent evolution; Sexual selection; Co-evolution.

F. Brain. Behavior and Evolution:

Approaches and methods in study of behavior; Proximate and ultimate causation;

Altruism and evolution-Group selection, Kin selection, Reciprocal altruism; Neural basis

of learning, memory, cognition, sleep and arousal; Biological clocks; Development of behavior;

Social communication; Social dominance; Use of space and territoriality; Mating systems,

Parcntal investment and Reproductive success; Parental care; Aggressive behavior; Habitat

selection and optimality in foraging; Migration, orientation and navigation; Domestication and
behavioral changes.

12.  APPLIED BIOLOGY:
A. Microbial fermentation and production of small and macro molecules.

B. Application of immunological principles, vaccines, diagnostics. Tissue
and cell culture methods for plants and animals.

C. Transgenic animals and plants, molecular approaches to diagnosis and
strain identification.

D. Genomics and its application to health and agriculture, including gene
therapy.

E Bioresource and uses of biodiversity.

I8 Breeding in plants and animals, including marker — assisted selection

G. Bioremediation and phytoremediation

H. Biosensors



13.  METHODS IN BIOLOGY
A. Molccular Biology and Recombinant DNA methods:

Isolation and purification of RNA , DNA (genomic and plasmid) and proteins,
different separation methods.
Analysis of RNA, DNA and proteins by one and two dimensional gel electrophoresis,
Isoelectric focusing gels.

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

Expression of recombinant proteins using bacterial, animal and plant vectors.

Isolation of specific nucleic acid sequences

Generation of genomic and ¢cDNA libraries in plasmid, phage, cosmid, BAC and YAC
vectors,

In vitro mutagenesis and deletion techniques, gene knock out in bacterial and
eukaryolic organisms.

Protein sequencing methods, detection of post translation modification of proteins.

DNA sequencing methods, strategies for genome sequencing.

Methods for analysis of gene expression at RNA and protein level, large scale
expression, such as micro array based techniques

[solation, separation and analysis of carbohydrate and lipid molecules

RFLP, RAPD and AFLP techniques

B. Histochemical and Immunotechniques

Antibody generation, Detection of molecules using ELISA, RIA, western blot,
immunoprecipitation, fluocytometry and immunofluorescence microscopy, detection of
molecules in living cells, in situ localization by techniques such as FISH and GISH.
C Biophysical Method:

Molecular analysis using UV/visible, fluorescence, circular dichroism, NMR and ESR
spectroscopy Molecular structure determination using X-ray diffraction and NMR, Molecular
analysis using light scattering, different types of mass spectrometry and surface plasma resonance
methods.

D Statisitcal Methods:

Measures of central tendency and dispersal; probability distributions (Binomial, Poisson and
normal); Sampling distribution; Difference between parametric and non-parametric statistics;
Confidence Interval; Errors; Levels of significance; Regression and Correlation; t-test; Analysis
of variance; X? test;; Basic introduction to Muetrovariate statistics, etc.

E Radiolabeling techniques:




Detection and measurement of different types of mdioisotopé:f normally used in biology,
incorporation of radioisotopes in biological tissues and cells, molecular imaging of radioactive
material, safety guidelines.

F. Microscopic techniques:

Visulization of cells and subcellular components by light microscopy, resolving powers of
different microscopes, microscopy of living cells, scanning and transmission microscopes,
different fixation and staining techniques for EM, freeze-etch and freeze fracture methods for EM,
image processing methods in microscopy.

G. Electrophysiological methods:

Single neuron recording, patch-clamp recording, ECG, Brain activity recording, lesion and
stimulation of brain, pharmacological testing, PET, MRI, fMRI, CAT .

H. Methods in field biology:

Methods of estimating population density of animals and plants, ranging patterns

through direct, indirect and remote observations, sampling methods in the study of

behavior, habitat characterization: ground and remote sensing methods. }
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