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Tables-X: Schemes for internal assessments and end semester examinations semester wise
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Semester 11
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Semester-I

Core Course: Physics
Vectors: Vector algebra. Scalar and vector products. Derivatives of a vector with respect

to a parameter.

Ordinary Differential Equations:1st order homogeneous differential equations. 2nd
order homogeneous differential equations with constant coefficients.

Laws of Motion: Frames of reference. Newton’s Laws of motion. Dynamics of a
system of particles. Centre of Mass.

Momentum and Energy: Conservation of momentum. Work and energy. Conservation
of energy. Motion of rockets.

Rotational Motion: Angular velocity and angular momentum. Torque. Conservation of
angular momentum.

Gravitation: Newton’s Law of Gravitation. Motion of a particle in a central force field
(motion is in a plane, angular momentum is conserved, areal velocity is constant).
Kepler's Laws (statement only). Satellite in circular orbit and applications.
Geosynchronous orbits. Weightlessness. Basic idea of global positioning system (GPS).
Oscillations: Simple harmonic motion. Differential equation of SHM and its solutions.
Kinetic and Potential Energy, Total Energy and their time averages. Damped
oscillations.

Elasticity: Hooke's law - Stress-strain diagram - Elastic moduli-Relation between
elastic constants - Poisson’s Ratio-Expression for Poisson’s ratio in terms of elastic
constants - Work done in stretching and work done in twisting a wire - Twisting couple
on a cylinder - Determination of Rigidity modulus by static torsion - Torsional
pendulum-Determination of Rigidity modulus and moment of inertia - g, # and cby
Searles method

Special Theory of Relativity: Constancy of speed of light. Postulates of Special
Theory of Relativity. Length contraction. Time dilation. Relativistic addition of

velocities.

Reference Books:



e University Physics. FW Sears, MW Zemansky and HD Youngl13/e, 1986. Addison-
Wesley

e Mechanics Berkeley Physics course,v.1: Charles Kittel, et. Al. 2007, Tata McGraw-
Hill.

e Physics — Resnick, Halliday & Walker 9/e, 2010, Wiley

e Engineering Mechanics, Basudeb Bhattacharya, 2nd edn., 2015, Oxford University
Press

e University Physics, Ronald Lane Reese, 2003, Thomson Brooks/Cole.

PHYSICS LAB: DSC 1A LAB: MECHANICS
1. Measurements of length (or diameter) using vernier caliper, screw gauge and

travelling microscope.
. To determine the Height of a Building using a Sextant.
. To determine the Moment of Inertia of a Flywheel.
. To determine the Young's Modulus of a Wire by Optical Lever Method.
. To determine the Modulus of Rigidity of a Wire by Maxwell’s needle.
. To determine the Elastic Constants of a Wire by Searle’s method.
. To determine g by Bar Pendulum.

. To determine g by Kater’'s Pendulum.
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. To determine g and velocity for a freely falling body using Digital Timing
Technique

10. To study the Motion of a Spring and calculate (a) Spring Constant (b) Value of g

Reference Books:
e Advanced Practical Physics for students, B.L.Flint and H.T.Worsnop, 1971, Asia

Publishing House.

e Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4t
Edition, reprinted 1985, Heinemann Educational Publishers.

e Engineering Practical Physics, S.Panigrahi & B.Mallick,2015, Cengage Learning
India Pvt. Ltd.

e A Text Book of Practical Physics, Indu Prakash and Ramakrishna, 11t Edition,
2011, Kitab Mahal, New Delhi.

Semester 11



PHYSICS-DSC 2A: ELECTRICITY AND MAGNETISM
Vector Analysis: Review of vector algebra (Scalar and Vector product), gradient,

divergence, Curl and their significance, Vector Integration, Line, surface and volume
integrals of Vector fields, Gauss-divergence theorem and Stoke's theorem of vectors
(statement only).

Electrostatics: Electrostatic Field, electric flux, Gauss's theorem of electrostatics.
Applications of Gauss theorem- Electric field due to point charge, infinite line of charge,
uniformly charged spherical shell and solid sphere, plane charged sheet, charged
conductor. Electric potential as line integral of electric field, potential due to a point
charge, electric dipole, uniformly charged spherical shell and solid sphere. Calculation
of electric field from potential. Capacitance of an isolated spherical conductor. Parallel
plate, spherical and cylindrical condenser. Energy per unit volume in electrostatic field.
Dielectric medium, Polarisation, Displacement vector. Gauss's theorem in dielectrics.

Parallel plate capacitor completely filled with dielectric.
Magnetism:
Magnetostatics: Biot-Savart's law & its applications- straight conductor, circular coil,

solenoid carrying current. Divergence and curl of magnetic field. Magnetic vector
potential. Ampere's circuital law.

Magnetic properties of materials: Magnetic intensity, magnetic induction, permeability,
magnetic susceptibility. Brief introduction of dia-, para- and ferro-magnetic materials.
Electromagnetic Induction: Faraday's laws of electromagnetic induction, Lenz's law,

self and mutual inductance, L of single coil, M of two coils. Energy stored in magnetic
field.

Maxwell's equations and Electromagnetic wave propagation: Equation of continuity

of current, Displacement current, Maxwell's equations, Poynting vector, energy density
in electromagnetic field, electromagnetic wave propagation through vacuum and

isotropic dielectric medium, transverse nature of EM waves, polarization. (10 Lectures)

Reference Books:
e Electricity and Magnetism, Edward M. Purcell, 1986, McGraw-Hill Education..

e Electricity and Magnetism, J.H. Fewkes & J. Yarwood. Vol. |, 1991, Oxford Univ.
Press.
e Electricity and Magnetism, D C Tayal, 1988, Himalaya Publishing House.

e University Physics, Ronald Lane Reese, 2003, Thomson Brooks/Cole.
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e D.J. Griffiths, Introduction to Electrodynamics, 3rd Edn, 1998, Benjamin

Cummings.

PHYSICS LAB- DSC 2A LAB: ELECTRICITY AND MAGNETISM
1. To use a Multimeter for measuring (a) Resistances, (b) AC and DC Voltages, (c)

DC Current, and (d) checking electrical fuses.

2. Ballistic Galvanometer:

(i) Measurement of charge and current sensitivity

(ii) Measurement of CDR

(iii) Determine a high resistance by Leakage Method

(iv) To determine Self Inductance of a Coil by Rayleigh’s Method.

3. To compare capacitances using De’Sauty’s bridge.

4. Measurement of field strength B and its variation in a Solenoid (Determine
dB/dx).

5. To study the Characteristics of a Series RC Circuit.

6. To study the a series LCR circuit and determine its (a) Resonant Frequency, (b)
Quality Factor

7. To study a parallel LCR circuit and determine its (a) Anti-resonant frequency and
(b) Quality factor Q

8. To determine a Low Resistance by Carey Foster’s Bridge.

9. To verify the Thevenin and Norton theorem

10. To verify the Superposition, and Maximum Power Transfer Theorem

Reference Books
e Advanced Practical Physics for students, B.L.Flint & H.T.Worsnop, 1971, Asia

Publishing House.

e A Text Book of Practical Physics, Indu Prakash and Ramakrishna, 11t Edition,
2011, Kitab Mahal, New Delhi.

e Engineering Practical Physics, S.Panigrahi & B.Mallick,2015, Cengage Learning
India Pvt. Ltd.

e Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4th
Edition, reprinted 1985, Heinemann Educational Publishers

Core Course- CHEMISTRY

ATOMIC STRUCTURE, BONDING, GENERAL ORGANIC
CHEMISTRY & ALIPHATIC HYDROCARBONS



Section A: Inorganic Chemistry-1

Atomic Structure: Review of: Bohr’s theory and its limitations, dual behaviour of
matter and radiation, de Broglie’s relation, Heisenberg Uncertainty principle. Hydrogen
atom spectra. Need of a new approach to Atomic structure.

What is Quantum mechanics? Time independent Schrodinger equation and meaning of
various terms in it. Significance of v and y2, Schrédinger equation for hydrogen atom.
Radial and angular parts of the hydogenic wavefunctions (atomic orbitals) and their
variations for 1s, 2s, 2p, 3s, 3p and 3d orbitals (Only graphical representation).

Radial and angular nodes and their significance. Radial distribution functions and the
concept of the most probable distance with special reference to 1s and 2s atomic orbitals.
Significance of quantum numbers, orbital angular momentum and quantum numbers ml
and ms. Shapes of s, p and d atomic orbitals, nodal planes.

Discovery of spin, spin quantum number (s) and magnetic spin quantum number (ms).

Rules for filling electrons in various orbitals, Electronic configurations of the atoms.
Stability of half-filled and completely filled orbitals, concept of exchange energy.

Relative energies of atomic orbitals, Anomalous electronic configurations.

Chemical Bonding and Molecular Structure

Ionic Bonding: General characteristics of ionic bonding. Energy considerations in
ionic bonding, lattice energy and solvation energy and their importance in the
context of stability and solubility of ionic compounds. Statement of Born-Landé
equation for calculation of lattice energy, Born-Haber cycle and its applications,
polarizing power and polarizability.

Fajan’s rules, ionic character in covalent compounds, bond moment, dipole

moment and percentage ionic character.

Covalent bonding:

VB Approach: Shapes of some inorganic molecules and ions on the basis
of VSEPR and hybridization with suitable examples of linear, trigonal planar,

square planar, tetrahedral, trigonal bipyramidal and octahedral arrangements.



Concept of resonance and resonating structures in various inorganic and organic

compounds.

MO Approach:

Rules for the LCAO method, bonding and antibonding MOs and their
characteristics for s-s, s-p and p-p combinations of atomic orbitals, nonbonding
combination of orbitals, MO treatment of homonuclear diatomic molecules of 1st
and 2nd periods

(including idea of s-p mixing) and heteronuclear diatomic molecules such as CO,

NO and NO+. Comparison of VB and MO approaches.

Section B: Organic Chemistry-1
Fundamentals of Organic Chemistry

Physical Effects, Electronic Displacements: Inductive Effect, Electromeric Effect,
Resonance and Hyperconjugation. Cleavage of Bonds: Homolysis and
Heterolysis.

Structure, shape and reactivity of organic molecules: Nucleophiles and
electrophiles.

Reactive Intermediates: Carbocations, Carbanions and free radicals.

Strength of organic acids and bases: Comparative study with emphasis on

factors affecting pK values. Aromaticity: Benzenoids and Hlickel’s rule.

Stereochemistry

Conformations with respect to ethane, butane and cyclohexane. Interconversion
of Wedge Formula, Newmann, Sawhorse and Fischer representations. Concept of
chirality (upto two carbon atoms).

Configuration:  Geometrical and  Optical isomerism; Enantiomerism,
Diastereomerism and Meso compounds). Threo and erythro; D and L; cis — trans
nomenclature; CIP Rules: R/ S (for upto 2 chiral carbon atoms) and E / Z

Nomenclature (for upto two C=C systems).

Aliphatic Hydrocarbons
Functional group approach for the following reactions (preparations & reactions) to be

studied in context to their structure.

Alkanes: (Upto 5 Carbons). Preparation: Catalytic hydrogenation, Wurtz reaction, Kolbe’s

synthesis, from Grignard reagent. Reactions: Free radical Substitution: Halogenation.

Alkenes: (Upto 5 Carbons)

Preparation:  Elimination reactions: Dehydration of  alkenes and



dehydrohalogenation of alkyl halides (Saytzeff's rule); cis alkenes (Partial

catalytic hydrogenation) and trans alkenes (Birch reduction). Reactions: cis-

addition (alk. KMnO4) and trans-addition (bromine), Addition

(Markownikoff's and anti-Markownikoff’s addition), Hydration, Ozonolysis,

oxymecuration-demercuration, Hydroboration-oxidation.

e Alkynes: (Upto 5 Carbons) Preparation: Acetylene from CaCz and conversion into

higher alkynes; by dehalogenation of tetra halides and dehydrohalogenation of

vicinal-dihalides.

e Reactions: formation of metal acetylides, addition of bromine and alkaline KMnOa,

ozonolysis and oxidation with hot alk. KMnOa.

Reference Books:
e Lee, J.D. Concise Inorganic Chemistry ELBS, 1991.

e Cotton, F.A., Wilkinson, G. & Gaus, P.L. Basic Inorganic Chemistry, 3rd ed., Wiley.

e Douglas, B.E., McDaniel, D.H. & Alexander, J.J. Concepts and Models in Inorganic

Chemistry, John Wiley & Sons.

e Huheey, J.E., Keiter, E.A., Keiter, R.L. & Medhi, O.K. Inorganic Chemistry:

Principles of Structure and Reactivity, Pearson Education India, 2006.

e Graham Solomon, T.W., Fryhle, C.B. & Dnyder, S.A. Organic Chemistry, John
Wiley & Sons (2014).

e McMurry, J.E. Fundamentals of Organic Chemistry, Ttn Ed. Cengage Learning India
Edition, 2013.

e Sykes, P. 4 Guidebook to Mechanism in Organic Chemistry, Orient Longman, New
Delhi (1988).

e Eliel, E.L. Stereochemistry of Carbon Compounds, Tata McGraw Hill education,
2000.

e Finar, I.L. Organic Chemistry (Vol. | & 1), E.L.B.S.

e Morrison, R.T. & Boyd, R.N. Organic Chemistry, Pearson, 2010.

e Bahl, A. & Bahl, B.S. Advanced Organic Chemistry, S. Chand

CHEMISTRY LAB: ATOMIC STRUCTURE, BONDING, GENERAL
ORGANIC CHEMISTRY & ALIPHATIC HYDROCARBONS
Section A: Inorganic Chemistry - Volumetric Analysis



1. Estimation of sodium carbonate and sodium hydrogen carbonate present in a mixture.
2. Estimation of oxalic acid by titrating it with KMnOa.

3. Estimation of water of crystallization in Mohr’s salt by titrating with KMnOa.

4. Estimation of Fe (Il) ions by titrating it with K2Cr207 using internal indicator.

5. Estimation of Cu (ll) ions iodometrically using Na2S20s.
Section B: Organic Chemistry
1. Detection of extra elements (N, S, Cl, Br, I) in organic compounds (containing upto

two
extra elements)
2. Separation of mixtures by Chromatography: Measure the Rsvalue in each case

(combination of two compounds to be given)
12
(a) Identify and separate the components of a given mixture of 2 amino acids (glycine,

aspartic acid, glutamic acid, tyrosine or any other amino acid) by paper chromatography
(b) Identify and separate the sugars present in the given mixture by paper

chromatography.
Reference Books:
e Svehla, G. Vogel’s Qualitative Inorganic Analysis, Pearson Education, 2012.

e Mendham, J. Vogel’s Quantitative Chemical Analysis, Pearson, 2009.

e Vogel, A.l.,, Tatchell, A.R., Furnis, B.S., Hannaford, A.J. & Smith, P.W.G., Textbook
of Practical Organic Chemistry, Prentice-Hall, bth edition, 1996.

e Mann, F.G. & Saunders, B.C. Practical Organic Chemistry Orient-Longman, 1960.

Chemistry Semester-11

CHEMICAL ENERGETICS, EQUILIBRIA &
FUNCTIONAL ORGANIC CHEMISTRY
Section A: Physical Chemistry-1

Chemical Energetics

e Review of thermodynamics and the Laws of Thermodynamics.

e Important principles and definitions of thermochemistry. Concept of standard
state

¢ standard enthalpies of formations, integral and differential enthalpies of solution
and dilution.

e Calculation of bond energy, bond dissociation energy and resonance energy from

e Thermochemical data. Variation of enthalpy of a reaction with temperature —

Kirchhoff’'s equation.



e Statement of Third Law of thermodynamics and calculation of absolute entropies
of

substances.
Chemical Equilibrium:
e Free energy change in a chemical reaction. Thermodynamic derivation of the law

of chemical equilibrium. Distinction between AG and AGo, Le Chatelier's
principle. Relationships between K, Kcand Kxfor reactions involving ideal gases.
Ionic Equilibria:

e Strong, moderate and weak electrolytes, degree of ionization, factors affecting
degree of ionization, ionization constant and ionic product of water. lonization of
weak acids and bases,

e pH scale, common ion effect. Salt hydrolysis-calculation of hydrolysis constant,
degree of hydrolysis and pH for different salts. Buffer solutions. Solubility and
solubility product of sparingly soluble salts — applications of solubility product
principle.

Section B: Organic Chemistry-2 (30 Lectures)
e Functional group approach for the following reactions (preparations & reactions)

to be studied in context to their structure.
Aromatic hydrocarbons
e Preparation (Case benzene): from phenol, by decarboxylation, from acetylene,

from benzene sulphonic acid.
e Reactions: (Case benzene): Electrophilic substitution: nitration, halogenation and
e sulphonation. Friedel-Craft’s reaction (alkylation and acylation) (upto 4 carbons

on benzene). Side chain oxidation of alkyl benzenes (upto 4 carbons on benzene).
Alkyl and Aryl Halides
Alkyl Halides (Upto 5 Carbons)

e Types of Nucleophilic Substitution (Sn1, Sn2 and Sni) reactions.

e Preparation: from alkenes and alcohols.

e Reactions: hydrolysis, nitrite & nitro formation, nitrile & isonitrile formation.
Williamson'’s

e FEther synthesis: Elimination vs substitution.
Aryl Halides
e Preparation: (Chloro, bromo and iodo-benzene case): from phenol,

e Sandmeyer & Gattermann reactions.

e Reactions (Chlorobenzene): Aromatic nucleophilic substitution (replacement by ~OH



group)
e Effect of nitro substituent. Benzyne Mechanism: KNH2/NHs (or NaNHz2/NH3).
e Reactivity and Relative strength of C-Halogen bond in alkyl, allyl, benzyl, vinyl
and aryl halides.
Alcohols, Phenols and Ethers (Upto 5 Carbons)
Alcohols: Preparation: Preparation of 1o, 20 and 3o alcohols: using Grignard reagent,
Ester
hydrolysis, Reduction of aldehydes, ketones, carboxylic acid and esters.
e Reactions: With sodium, HX (Lucas test), esterification, oxidation (with PCC, alk.
KMnOs, acidic dichromate, conc. HNO3). Oppeneauer oxidation
e Diols: (Upto 6 Carbons) oxidation of diols. Pinacol-Pinacolone rearrangement.
Phenols: (Phenol case) Preparation: Cumene hydroperoxide method, from diazonium
salts.
Reactions: Electrophilic substitution: Nitration, halogenation and sulphonation. Reimer-
Tiemann Reaction, Gattermann-Koch Reaction, Houben-Hoesch Condensation,
Schotten -
Baumann Reaction.

Ethers (aliphatic and aromatic): Cleavage of ethers with HI.
Aldehydes and ketones (aliphatic and aromatic):
e Formaldehye, acetaldehyde, acetone and benzaldehyde

e Preparation: from acid chlorides and from nitriles.

e Reactions — Reaction with HCN, ROH, NaHSOs, NH2-G derivatives. lodoform test.
Aldol

e Condensation, Cannizzaro’s reaction, Wittig reaction, Benzoin condensation.
Clemensen reduction and Wolff Kishner reduction. Meerwein-Pondorff Verley

reduction.
Reference Books:
e Graham Solomon, T.W., Fryhle, C.B. & Dnyder, S.A. Organic Chemistry, John

Wiley & Sons (2014).

e McMurry, J.E. Fundamentals of Organic Chemistry, Ttn Ed. Cengage Learning India
Edition, 2013.

e Sykes, P. A4 Guidebook to Mechanism in Organic Chemistry, Orient Longman, New
Delhi (1988).

e Finar, I.L. Organic Chemistry (Vol. | & 1), E.L.B.S.



e Morrison, R.T. & Boyd, R.N. Organic Chemistry, Pearson, 2010.

e Bahl, A. & Bahl, B.S. Advanced Organic Chemistry, S. Chand, 2010.

e Barrow, G.M. Physical Chemistry Tata McGraw-Hill (2007).

e Castellan, G.W. Physical Chemistry 4th Ed. Narosa (2004).

e Kotz, J.C., Treichel, P.M. & Townsend, J.R. General Chemistry Cengage Learning
India Pvt. Ltd., New Delhi (2009).

e Mahan, B.H. University Chemistry 3rd Ed. Narosa (1998).

e Petrucci, R.H. General Chemistry 5th Ed. Macmillan Publishing Co.: New York (1985).

CHEMISTRY LAB- CHEMICAL ENERGETICS, EQUILIBRIA &
FUNCTIONAL ORGANIC CHEMISTRY

Section A: Physical Chemistry
Thermochemistry

1. Determination of heat capacity of calorimeter for different volumes.

2. Determination of enthalpy of neutralization of hydrochloric acid with sodium
hydroxide.

3. Determination of enthalpy of ionization of acetic acid.

4. Determination of integral enthalpy of solution of salts (KNOs, NH4Cl).

5. Determination of enthalpy of hydration of copper sulphate.

6.

Study of the solubility of benzoic acid in water and determination of AH.
Ionic equilibria
pH measurements
a) Measurement of pH of different solutions like aerated drinks, fruit juices, shampoos
and soaps (use dilute solutions of soaps and shampoos to prevent damage to the
glass
electrode) using pH-meter.
b) Preparation of buffer solutions:
)

(i) Sodium acetate-acetic acid
(ii) Ammonium chloride-ammonium hydroxide

Measurement of the pH of buffer solutions and comparison of the values with
theoretical

values.
Section B: Organic Chemistry
1. Purification of organic compounds by crystallization (from water and alcohol) and

distillation.



2. Criteria of Purity: Determination of melting and boiling points.

3. Preparations: Mechanism of various reactions involved to be discussed.
Recrystallisation, determination of melting point and calculation of quantitative yields
to be done.

(a) Bromination of Phenol/Aniline

(b) Benzoylation of amines/phenols

(c) Oxime and 2,4-dinitrophenylhydrazone of aldehyde/ketone

Reference Books
e Vogel, A.l.,, Tatchell, A.R., Furnis, B.S., Hannaford, A.J. & Smith, P.W.G., Textbook

of Practical Organic Chemistry, Prentice-Hall, bth edition, 1996.

e Mann, F.G. & Saunders, B.C. Practical Organic Chemistry Orient-Longman, 1960.
e Khosla, B. D.; Garg, V. C. & Gulati, A. Senior Practical Physical Chemistry, R.
Chand & Co.: New Delhi (2011).

Mathematics

Semester 1

Differential Calculus
e Limit and Continuity (e and o6 definition), Types of discontinuities,

Differentiability of functions, Successive differentiation, Leibnitz’'s theorem,
Partial differentiation,

e FEuler's theorem on homogeneous functions.

e Tangents and normals, Curvature, Asymptotes, Singular points, Tracing of curves.

e Parametric representation of curves and tracing of parametric curves, Polar
coordinates and tracing of curves in polar coordinates.

e Rolle’s theorem, Mean Value theorems, Taylor's theorem with Lagrange’s and
Cauchy’s forms of remainder, Taylor’s series, Maclaurin’s series of sin x, cos X,
€x,

log (I4+x), (I+x)m, Maxima and Minima, Indeterminate forms.

Books Recommended
1. H. Anton, I. Birens and S. Davis, Calculus, John Wiley and Sons, Inc., 2002.

2. G.B. Thomas and R.L. Finney, Calculus, Pearson Education, 2007.



Differential Equations

First order exact differential equations. Integrating factors, rules to find an
integrating

factor. First order higher degree equations solvable for x, y, p. Methods for
solving

higher-order differential equations. Basic theory of linear differential equations,
Wronskian, and its properties. Solving a differential equation by reducing its
order.

Linear homogenous equations with constant coefficients, Linear non-
homogenous

equations, The method of variation of parameters, The Cauchy-Euler equation,
Simultaneous differential equations, Total differential equations.

Order and degree of partial differential equations, Concept of linear and non-
linear

partial differential equations, Formation of first order partial differential
equations,

Linear partial differential equation of first order, Lagrange’s method, Charpit’s
method. Classification of second order partial differential equations into elliptic,

parabolic and hyperbolic through illustrations only.

Books Recommended
1. Shepley L. Ross, Differential Equations, 3rd Ed., John Wiley and Sons, 1984.
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2. |. Sneddon, Elements of Partial Differential Equations, McGraw-Hill, International
Edition,1967.

Real Analysis

Finite and infinite sets, examples of countable and uncountable sets. Real line,
bounded sets, suprema and infima, completeness property of R, Archimedean
property of R, intervals. Concept of cluster points and statement of Bolzano-
Weierstrass theorem.

Real Sequence, Bounded sequence, Cauchy convergence criterion for sequences.
Cauchy’s theorem on limits, order preservation and squeeze theorem, monotone
sequences and their convergence (monotone convergence theorem without

proof).



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 (Tests of Convergence without proof).
Definition

and examples of absolute and conditional convergence.

Sequences and series of functions, Pointwise and uniform convergence. Mn-test,
Mtest. Statements of the results about uniform convergence and integrability and

differentiability of functions, Power series and radius of convergence.

Books Recommended
1. T. M. Apostol, Calculus (Vol. 1), John Wiley and Sons (Asia) P. Ltd., 2002.

2. R.G. Bartle and D. R Sherbert, Introduction to Real Analysis, John Wiley and Sons

(Asia) P. Ltd., 2000.

3. E. Fischer, Intermediate Real Analysis, Springer Verlag, 1983.

4. K.A. Ross, Elementary Analysis- The Theory of Calculus Series- Undergraduate

Texts in Mathematics, Springer Verlag, 2003.

Algebra

Definition and examples of groups, examples of abelian and non-abelian groups,
the

group Zn of integers under addition modulo n and the group U(n) of units under
multiplication modulo n. Cyclic groups from number systems, complex roots of
unity,

circle group, the general linear group GLn (n,R), groups of symmetries of (i) an
isosceles triangle, (ii) an equilateral triangle, (iii) a rectangle, and (iv) a square,
the

permutation group Sym (n), Group of quaternions.

Subgroups, cyclic subgroups, the concept of a subgroup generated by a subset
and the commutator subgroup of group, examples of subgroups including the
center of a

group. Cosets, Index of subgroup, Lagrange’s theorem, order of an element,
Normal

subgroups: their definition, examples, and characterizations, Quotient groups.
Definition and examples of rings, examples of commutative and non-

commutative



rings: rings from number systems, Znthe ring of integers modulo n, ring of real
guaternions, rings of matrices, polynomial rings, and rings of continuous
functions.

e Subrings and ideals, Integral domains and fields, examples of fields: Zp, Q, R, and
C.

Field of rational functions.

Books Recommended
1. John B. Fraleigh, 4 First Course in Abstract Algebra, Tth Ed., Pearson, 2002.

2. M. Artin, Abstract Algebra, 2nd Ed., Pearson, 2011.
3. Joseph A Gallian, Contemporary Abstract Algebra, 4t Ed., Narosa, 1999.
4. George E Andrews, Number Theory, Hindustan Publishing Corporation, 1984.

Matrices
e R, R2, R3as vector spaces over R. Standard basis for each of them. Concept of

Linear, Independence and examples of different bases. Subspaces of Rz, Rs.

e Translation, Dilation, Rotation, Reflection in a point, line and plane. Matrix form
of
basic geometric transformations. Interpretation of eigen values and eigen vectors
for
such transformations and eigen spaces as invariant subspaces.

e Types of matrices. Rank of a matrix. Invariance of rank under elementary
transformations. Reduction to normal form, Solutions of linear homogeneous and
non-homogeneous equations with number of equations and unknowns upto four.

e Matrices in diagonal form. Reduction to diagonal form upto matrices of order 3.

e Computation of matrix inverses using elementary row operations. Rank of matrix.
Solutions of a system of linear equations using matrices. llustrative examples of
above concepts from Geometry, Physics, Chemistry, Combinatorics and

Statistics.
Books Recommended
1. A.l. Kostrikin, Introduction to Algebra, Springer Verlag, 1984.

2. S. H. Friedberg, A. L. Insel and L. E. Spence, Linear Algebra, Prentice Hall of
India Pvt. Ltd., New Delhi, 2004.

3. Richard Bronson, Theory and Problems of Matrix Operations, Tata McGraw Hill,
1989.



Mechanics
e Conditions of equilibrium of a particle and of coplanar forces acting on a rigid

Body,

e Laws of friction, Problems of equilibrium under forces including friction, Centre
of
gravity, Work and potential energy. 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,

e Simple Pendulum, Projectile Motion.
Books Recommended
1. A.S. Ramsay, Statics, CBS Publishers and Distributors (Indian Reprint), 1998.
120.
2. A.P. Roberts, Statics and Dynamics with Background in Mathematics, Cambridge

University Press, 2003.

Linear Algebra
e \Vector spaces, subspaces, algebra of subspaces, quotient spaces, linear

combination of vectors, linear span, linear independence, basis and dimension,
dimension of subspaces.

e Linear transformations, null space, range, rank and nullity of a linear
transformation,
matrix representation of a linear transformation, algebra of linear
transformations.

e Dual Space, Dual Basis, Double Dual, Eigen values and Eigen vectors,
Characteristic Polynomial.

e |somorphisms, Isomorphism theorems, invertibility and isomorphisms, change of

coordinate matrix.
Books Recommended
1. Stephen H. Friedberg, Arnold J. Insel, Lawrence E. Spence, Linear Algebra, 4t

Ed., Prentice-Hall of India Pvt. Ltd., New Delhi, 2004.

2. David C. Lay, Linear Algebra and its Applications, 3rd Ed., Pearson Education
Asia, Indian Reprint, 2007.

3. S. Lang, Introduction to Linear Algebra, 2nd Ed., Springer, 2005.

4. Gilbert Strang, Linear Algebra and its Applications, Thomson, 2007.
Numerical Methods
e Algorithms, Convergence, Bisection method, False position method, Fixed point



iteration method, Newton’s method, Secant method, LU decomposition, Gauss-
e Jacobi, Gauss-Siedel and SOR iterative methods.
Lagrange and Newton interpolation: linear and higher order, finite difference
operators.
e Numerical differentiation: forward difference, backward difference and

central Difference. Integration: trapezoidal rule, Simpson’s rule, Euler’'s method.
Recommended Books
1. B. Bradie, 4 Friendly Introduction to Numerical Analysis, Pearson Education,

India, 2007.
2. M.K. Jain, S.R.K. lyengar and R.K. Jain, Numerical Methods for Scientific and
Engineering Computation, 5th Ed., New age International Publisher, India, 2007.

Complex Analysis
e Limits, Limits involving the point at infinity, continuity. Properties of complex

numbers, regions in the complex plane, functions of complex variable, mappings.

e Derivatives, differentiation formulas, Cauchy-Riemann equations, sufficient
conditions for differentiability.

e Analytic functions, examples of analytic functions, exponential function,

Logarithmic

function, trigonometric function, derivatives of functions, definite integrals of
functions. Contours, Contour integrals and its examples, upper bounds for moduli
of
contour integrals. Cauchy-Goursat theorem, Cauchy integral formula.

e Liouville’s theorem and the fundamental theorem of algebra. Convergence of
sequences and series, Taylor series and its examples.

e Laurent series and its examples, absolute and uniform convergence of power

series.
Books Recommended
1. James Ward Brown and Ruel V. Churchill, Complex Variables and Applications,

8th Ed., McGraw — Hill International Edition, 2009.
2. Joseph Bak and Donald J. Newman, Complex analysis, 2nd Ed., Undergraduate
Texts in Mathematics, Springer-Verlag New York, Inc., New York, 1997.

Linear Programming
e Linear Programming Problems, Graphical Approach for Solving some Linear



Programs. Convex Sets, Supporting and Separating Hyperplanes. Theory of
simplex

method, optimality and unboundedness, the simplex algorithm, simplex method
in

tableau format, introduction to artificial variables, two-phase method, Big-M
method

and their comparison.

Duality, formulation of the dual problem, primal- dual relationships, economic

interpretation of the dual, sensitivity analysis.

Recommended Books
1. Mokhtar S. Bazaraa, John J. Jarvis and Hanif D. Sherali, Linear programming and

Network Flows, 2nd Ed., John Wiley and Sons, India, 2004.

2. F.S. Hillier and G.J. Lieberman, Introduction to Operations Research, 8th Ed., Tata

McGraw Hill, Singapore, 2004.

3. Hamdy A. Taha, Operations Research, An Introduction, 8th Ed., Prentice-Hall

India, 2006.

Logic and Sets

Introduction, propositions, truth table, negation, conjunction and disjunction.

Implications, biconditional propositions, converse, contra positive and inverse

propositions and precedence of logical operators. Propositional equivalence:
Logical

equivalences. Predicates and quantifiers: Introduction, Quantifiers, Binding
variables

and Negations.

Sets, subsets, Set operations, the laws of set theory and Venn diagrams. Examples
of finite and infinite sets. Finite sets and counting principle. Empty set, properties
of

empty set. Standard set operations. Classes of sets. Power set of a set.

Difference and Symmetric difference of two sets. Set identities, Generalized union

and intersections. Relation: Product set, Composition of relations, Types of

relations,

Partitions, Equivalence Relations with example of congruence modulo relation.

Book Recommended
1. R.P. Grimaldi, Discrete Mathematics and Combinatorial Mathematics, Pearson



Education, 1998.
2. P.R. Halmos, Naive Set Theory, Springer, 1974.
3. E. Kamke, Theory of Sets, Dover Publishers, 1950.

Analytical Geometry
e Techniques for sketching parabola, ellipse and hyperbola. Reflection properties of

parabola, ellipse and hyperbola.

e C(lassification of quadratic equations representing lines, parabola, ellipse and
hyperbola.

e Spheres, Cylindrical surfaces. lllustrations of graphing standard quadric surfaces

like cone, ellipsoid.
Books Recommended
1. G.B. Thomas and R.L. Finney, Calculus, 9th Ed., Pearson Education, Delhi, 2005.

2. H. Anton, |. Bivens and S. Davis, Calculus, John Wiley and Sons (Asia) Pvt. Ltd.,
2002.

3. S.L. Loney, The Elements of Coordinate Geometry, McMillan and Company,
London.

4. R.J.T. Bill, Elementary Treatise on Coordinate Geometry of Three Dimensions,
McMillan India Ltd., 1994.

Integral Calculus
e Integration by Partial fractions, integration of rational and irrational functions.

e Properties of definite integrals. Reduction formulae for integrals of rational,
trigonometric, exponential and logarithmic functions and of their combinations.

e Areas and lengths of curves in the plane, volumes and surfaces of solids of
revolution.

e Double and Triple integrals.

Books Recommended
1. G.B. Thomas and R.L. Finney, Calculus, 9th Ed., Pearson Education, Delhi, 2005.

2. H. Anton, I. Bivens and S. Davis, Calculus, John Wiley and Sons (Asia) P. Ltd.,
2002.



Semester 11
Vector Calculus
Differentiation and partial differentiation of a vector function. Derivative of sum, dot

product and cross product of two vectors.

Gradient, divergence and curl.

Books Recommended
1. G.B. Thomas and R.L. Finney, Calculus, 9th Ed., Pearson Education, Delhi, 2005.

2. H. Anton, I. Bivens and S. Davis, Calculus, John Wiley and Sons (Asia) P. Ltd.
2002.
3. P.C. Matthew’s, Vector Calculus, Springer Verlag London Limited, 1998.

Theory of Equations
e General properties of polynomials, Graphical representation of a polynomials,

maximum and minimum values of a polynomials, General properties of equations,
e Descarte’s rule of signs positive and negative rule, Relation between the roots
and the coefficients of equations.
e Symmetric functions, Applications symmetric function of the roots,
Transformation of equations. Solutions of reciprocal and binomial equations.
Algebraic solutions of the cubic and biquadratic. Properties of the derived

functions.

Books Recommended
1. W.S. Burnside and A.W. Panton, The Theory of Equations, Dublin University

Press, 1954.
2. C. C. MacDuffee, Theory of Equations, John Wiley & Sons Inc., 1954.

Number Theory
e Division algorithm, Lame’s theorem, linear Diophantine equation, fundamental

theorem of arithmetic, prime counting function, statement of prime number
theorem,

e Goldbach conjecture, binary and decimal representation of integers, linear
congruences, complete set of residues.

e Number theoretic functions, sum and number of divisors, totally multiplicative
functions, definition and properties of the Dirichlet product, the Mobius inversion

formula, the greatest integer function, Euler’s phi-function.
Books Recommended:



1. David M. Burton, Elementary Number Theory 6th Ed., Tata McGraw-Hill Edition,
Indian reprint, 2007.

2. Richard E. Klima, Neil Sigmon, Ernest Stitzinger, Applications of Abstract Algebra
with Maple, CRC Press, Boca Raton, 2000.

3. Neville Robinns, Beginning Number Theory, 2nd Ed., Narosa Publishing House
Pvt. Limited, Delhi, 2007.

Probability and Statistics
e Sample space, probability axioms, real random variables (discrete and

continuous),
cumulative  distribution  function, probability mass/density  functions,
mathematical
expectation, moments, moment generating function, characteristic function,
discrete
distributions: uniform, binomial, Poisson, continuous distributions: uniform,
normal,
exponential.

e Joint cumulative distribution function and its properties, joint probability density
functions, marginal and conditional distributions, expectation of function of two

random variables, conditional expectations, independent random variables.
Books Recommended:
1. Robert V. Hogg, Joseph W. McKean and Allen T. Craig, Introduction to

Mathematical Statistics, Pearson Education, Asia, 2007.

2. lrwin Miller and Marylees Miller, John E. Freund, Mathematical Statistics with
Application, 7th Ed., Pearson Education, Asia, 2006.

3. Sheldon Ross, Introduction to Probability Model, 9th Ed., Academic Press, Indian
Reprint, 2007.

Mathematical Finance
e Basic principles: Comparison, arbitrage and risk aversion, Interest (simple and

compound, discrete and continuous), time value of money, inflation, net present
value, internal rate of return (calculation by bisection and Newton-Raphson
methods), comparison of NPV and IRR. Bonds, bond prices and yields. Floating-
rate bonds, immunization.

e Asset return, short selling, portfolio return, (brief introduction to expectation,



variance, covariance and correlation), random returns, portfolio mean return and
variance, diversification, portfolio diagram, feasible set, Markowitz model (review

of Lagrange multipliers for 1 and 2 constraints).
Books Recommended:
1. David G. Luenberger, Investment Science, Oxford University Press, Delhi, 1998.

2. John C. Hull, Options, Futures and Other Derivatives, 6th Ed., Prentice-Hall India,
Indian reprint, 2006.

3. Sheldon Ross, 4n Elementary Introduction to Mathematical Finance, 2nd Ed.,
Cambridge University Press, USA, 2003.

Mathematical Modeling
e Applications of differential equations: the vibrations of a mass on a spring,

mixture
problem, free damped motion, forced motion, resonance phenomena, electric
circuit
problem, mechanics of simultaneous differential equations.
e Applications to Traffic Flow. Vibrating string, vibrating membrane, conduction of

heat in solids, gravitational potential, conservation laws.
Books Recommended:
1. Shepley L. Ross, Differential Equations, 3rd Ed., John Wiley and Sons, 1984.

2. |. Sneddon, Elements of Partial Differential Equations, McGraw-Hill, International
Edition, 1967.

Boolean Algebra
e Definition, examples and basic properties of ordered sets, maps between ordered

sets, duality principle, maximal and minimal elements, lattices as ordered sets,
complete lattices, lattices as algebraic structures, sublattices, products and
homomorphisms.

e Definition, examples and properties of modular and distributive lattices, Boolean
algebras, Boolean polynomials, minimal forms of Boolean polynomials, Quinn-

e McCluskey method, Karnaugh diagrams, switching circuits and applications of

switching circuits.
Books Recommended:
1. B A. Davey and H. A. Priestley, Introduction to Lattices and Order, Cambridge

University Press, Cambridge, 1990.
2. Rudolf Lidl and Gunter Pilz, Applied Abstract Algebra, 2nd Ed., Undergraduate Texts



in Mathematics, Springer (SIE), Indian reprint, 2004.

Transportation and Game Theory
e Transportation problem and its mathematical formulation, northwest-corner

method,
least cost method and Vogel approximation method for determination of starting
basic solution, algorithm for solving transportation problem, assignment problem
and its mathematical formulation, Hungarian method for solving assignment
problem.

e Game theory: formulation of two person zero sum games, solving two person zero

sum games, games with mixed strategies, graphical solution procedure.

Books Recommended:
1. Mokhtar S. Bazaraa, John J. Jarvis and Hanif D. Sherali, Linear Programming and

Network Flows, 2nd Ed., John Wiley and Sons, India, 2004.

2. F. S. Hillier and G. J. Lieberman, Introduction to Operations Research, 9th Ed.,
Tata McGraw Hill, Singapore, 2009.

3. Hamdy A. Taha, Operations Research, An Introduction, 8th Ed., Prentice-Hall
India, 2006.

Graph Theory
e Definition, examples and basic properties of graphs, pseudographs, complete

graphs,
e Dbi-partite graphs, isomorphism of graphs, paths and circuits, Eulerian circuits,
e Hamiltonian cycles, the adjacency matrix, weighted graph, travelling salesman’s

e problem, shortest path, Dijkstra’s algorithm, Floyd-Warshall algorithm.



