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	Paper Code
	Paper Title
	Credits

	Any seven paper the followings

	313701
	Advanced Number Theory
	4

	313703
	Theory of Groups
	4

	313705
	Theory of Rings and Modules
	4

	313707
	Lattice Theory
	4

	313709
	Fluid Dynamics
	4

	313711
	Quantum Mechanics
	4

	313713
	Theory of Relativity
	4

	313715
	Differential and Integral Equations
	4

	313717
	Operations Research
	4

	313719
	Mathematical Hydrology
	4

	313721
	Geometry of Differential Manifolds
	4

	313723
	Dynamical Systems
	4

	313724
	Practical
	6

	313726
	Viva-Voce
	2

	
	Total  = 
	36


Detailed Syllabus
	Paper Code: 313701
	-------
	Credits: 4
	Class Hours:120 hrs.

	Paper Title :
	ADVANCED NUMBER THEORY


1. Quadratic Residuacity : Quadratic, residues and nonresidues, Euler’s criterion, Legendre Symbol, Gauss’s Lemma, Law of Quadratic Reciprocity, Jacobi symbol.

2. Average orders of Arithmetical Functions : Limsup, Liminf, and average orders of the standard arithmetical functions.

3. Distribution of Prime Numbers : Bertrand’s Postulate, Chebyshev’s theorem, the functions ((x) and ((x). The Prime Number Theory; elementary proof with Selberg’s lemma, complex analytical proof (D. J. Newman).

4. Primes in arithmetic progressions : Characters of an Abelian group, L-Functions, Dirichlet’s proof of infinitude of primes in arithmetic progressions.

5. Algebraic number theory : Dedekind Domains, ideal classes and the unit theorem, units in real quadratic fields.

Reference Books/Suggested Reading :

1. G.H. Hardy and E.M. Wright
:
An Introduction to the Theory of Numbers.
2. S. Rose 
:
A Paper in Number Theory
3. P. Samuel 
:
Theory of Algebraic Number

4. Fazlur Rahman 
:
Advanced Theory of Numbers 
	Paper Code: 313703
	-------
	Credits: 4
	Class Hours:120 hrs.

	Paper Title :
	THEORY OF GROUPS


1. 
Direct products of groups; classification of groups of small orders; centralizer and normalizer in a group, p-groups; characteristic subgroups.

2.
The three Sylow theorems.

3.
Permutation groups : cycles, transitivity, representation of group by permutations; the alternating group An, theorem of Jordan.

4.
Automorphisms : Automorphisms of groups; linear automorphisms.

5.
Solvable, supersolvable and nilpotent Groups : Composition series, Subgroups and factor groups of solvable groups; normal series; nilpotent groups; upper and lower central series; subgroups and factor groups of nilpotent groups.

6.
Group Extensions : Central extensions : split extensions; cyclic extensions.

7.
Group Representations : G-modules; Characters; Reducibility; Permutation, Representations; Complete reducibility; Maschke’s theorem; Schur’s lemma.

8.
Group Characters : Orthogonality relations; linear characters.

Reference Books/Suggested Reading :

1. Marshall Hall, Jr.
:
The Theory of Groups

2. W. Ledermann
:
Introduction to Group Theory

3. Martin Burrow
:
Representation Theory of Finite Groups

4. W. Ledermann
:
Introduction in Group Characters
	Paper Code: 313705
	-------
	Credits: 4
	Class Hours:120 hrs.

	Paper Title :
	THEORY OF RINGS AND MODULES


1. 
Rings of fractions and embedding theorems. Local rings and Noetherian rings.

2.
Rings with Ore conditions and related theorems.

3.
Field extensions and finite fields. Wedderburn’s theorem on finite division rings.

4.
Jacobson’s work on commutativity condition on division rings.

5.
Modules, submodules and direct sums. R-homomorphisms and quotient modules.

6.
Completely reducible and free modules.

7.
Sequences and exact sequences of modules. Projective and indicative modules.

8.
Semisimple and simple rings.

9.
Neotherian and Artinian modules. Wedderburn-Artin theorem.

Reference Books/Suggested Reading :

1.
Kenneth S. Miller
:
Elements of Modern Abstract Algebra

2.
Hiram Paley and Paul M. Weichsel
:
A First Paper in Abstract Algebra

3.
Zariski, O and Samuel, P.
:
Commutative Algebra

	Paper Code: 313707
	-------
	Credits: 4
	Class Hours:120 hrs.

	Paper Title :
	LATTICE THEORY


1. Lattice : Definitions and elementary properties.

2. Modular Lattices and applications in Abstract Algebra.

3. Metric Lattices and distributive Lattices.

4. Reducibility and independence.

5. Complemented Lattices.

6. Boolean Algebra.

7. Canonical form of a Boolean Algebra.

8. Boolean Rings.

9. Morphisms.

10. Direct products.

11. Minimization problem : The Veitch-Darnaugh Map of a Boolean function : Five Variable and Six Variable : maps.

12. Boolean Matrices.

13. Atomic Lattices and Semi-Modular Lattices.

Reference Books/Suggested Reading :

1.  Birkhoff, G.
:
Lattice Theory
2.
Gratzer, G
:
General Lattice Theory
3.
Rutherfox, D.K.
:
Introduction to Lattice Theory
4.
Ayub, Elias
:
Lattice Theory and Boolean Algebra
	Paper Code: 313709
	-------
	Credits: 4
	Class Hours:120 hrs.

	Paper Title :
	FLUID DYNAMICS


1.
Introduction and General Properties of Navier-Stokes equations :


Dimensional analysis and Similitude, Newton’s law of viscosity, Newtonian and Non-Newtonian fluids, body and surface forces, stress vector and components, Relation between the stress and rate of strain, Derivation of the Navier-Stokes equations of motion and its general properties.

2.
(a) Steady Laminar flows :


Parallel flow through a straight channel, Plane and generalized couette flows, Plane poiseuille flow. Flow through a circular pipe-the Hagen-Poiseuille flow, Flow between two coaxial circular cylinders, Flow between two concentric rotating cylinders.


(b) Unsteady flows :


Flow between two parallel plates, Flow over a suddenly accelerated flat plate, Flow over an oscillation plate (Determination of maximum and average velocities, the shearing stress, skin-friction and the coefficient of skin-friction).

3.
Small Reynolds number flows or very slow motion : 

Differential equation of very slow motion, Slow motion over a sphere (Stokes solutions), Hydrodynamic theory of lubrication.

4.
Laminar boundary layer theory : 


General concepts and properties of boundary layer, Prandtl’s boundary layer equations, Separation of boundary layer, Similarity concept and similarity solutions of the boundary layer equations, Flow in convergent and divergent channel, Flow past a wedge, Boundary layer on a flat plate an zero incidences.

5.
Karman’s integral equation (or condition) :


Application of Karman’s integral equation to boundary layer (Karman-Pohlhausen method), Determination of shearing stress and boundary layer thickness.

6.
Suction and injection in bounday layer :


General concepts, Steady flow between two porous parallel plates, suction/injection through horizontal or vertical Plates (some specific problems).

7. Thermal boundary layers in laminar flows :

Derivation of the energy equation, Theory of similarity in heat transfer, Thermal boundary analogy between heat transfers and skin-friction. Parallel forced flow past a flat plate at zero incidences, Natural flow past horisontal or vertical plates (some specific problems).

8.
Definition of turbulence and origin of turbulence :


Principles of the theory of stability in laminar flows, The Orr-Summer field equation, The transition from laminar to turbulent flow.

Reference Books/Suggested Reading :

1.
Chorlton, F
:
A Text Book of Fluid Dynamics

2.
Rutherford, D.E.
:
Fluid Dynamics

3.
Schlichting, H.
:
Boundary Layer Theory

4.
Meksyn, D.
:
New Method of Laminar Boundary Layer Theory

5.
Kakac, S.
:
Connective Heat Transfer

6.
Shanti Swarup
:
Fluid Dynamics

7.
M.D. Raisinghania
:
Fluid Dynamics

	Paper Code: 313711
	-------
	Credits: 4
	Class Hours:120 hrs.

	Paper Title :
	QUANTUM MECHANICS


1. The origin of Quantum theory : Black body radiation, Photoelectric effect, Compton effect, Bohr model, De Broglie’s hypothesis, Wave properties of matter.

2. The wave function : wave-particle duality, wave packets, Heisenberg uncertainty principle.

3. The Schrodinger equation : Expectation values, Operators, Ehrenfest theorem, Time-independent Schrodinger equation & its general solution, Schrodinger equation in momentum space.

4. One-dimensional examples : free particle, potential step, the square well, linear harmonic oscillator, periodic potential.

5. The formalism of quantum mechanics : Dynamical variables, Unitary transformations, Metric representations of wave functions and operators. The Schrodinger and Heisenberg pictures.

6. The Schrodinger equation in three dimensions : Separation of equation in different on-ordinates, free particle, square potential, the hydrogen atoms.

7. Angular momentum : Orbital angular momentum, the eigenvalues and eigenfunctions of L2 and Lz. Spin angular momentum, total angular momentum, addition of angular momenta.

8. Approximation methods : Perturbation theory (non-degenerate and degenerate cases), variational method.

9. Many-particle system : System of identical particles, Bosons and Fermions, Two-electron atoms.

Reference Books/Suggested Reading :

1.  B.H. Bransden & C.J. Joachin
:
Introduction to Quantum Mechanics
2. LI. Schiff
:
Quantum Mechanics.
3. Powell
:
Quantum Mechanics
4.
Gupta, Kumar, Sharma
:
Quantum Mechanics
5.
Sazedur Rahman
:
Quantum Mechanics
	Paper Code: 313713
	-------
	Credits: 4
	Class Hours:120 hrs.

	Paper Title :
	THEORY OF RELATIVITY


1. Inertial frame, Galilean transformations, Michelson-Morley experiment, Absolute motion and historical survey.

2. Lorentz transformations. postulates of the special theory of relativity, Lorentz transformation equation, Consequences of Lorentz transformations, relativistic formulae for velocity and acceleration.

3. Minkowski’s space and its properties.

4. Relativistic mechanics : Mass and momentum, Newton’s laws of motion, equivalence of mass and energy, transformation formulae for momentum, energy, force and density.

5. Relativistic optics, relativistic electrodynamics and relativistic fluid mechanics.

6. Principle of covariance and principle of equivalence.

7. Relativistic field equations : Energy-momentum tensor, Principle of Mach and Einstein’s law of gravitation, Schwrzschild’s solution of Einstein’s equation. Newton’s law as first approximation.

8. The three crucial tests of the general theory of relativity.

9. Cosmology : Cosmology models : (a) Robertson-Walker model  (b ) Friedmann Model (c) Einstein’s model  (d) De Sitter model.

10. Introduction to unified field theory, String cosmology.

Reference Books/Suggested Reading :

1.  Goyal I.K., Gupta K.P.
:
Theory of Relativity, Gravitation and Cosmology
2.
Steven Weinberg
:
Principles and Applications of the General Theory of Relativity.
3.
Rashid H. Islam N.
:
Theory of Relativity (in Bengali)
	Paper Code: 313715
	-------
	Credits: 4
	Class Hours:120 hrs.

	Paper Title :
	DIFFERENTIAL AND INTEGRAL EQUATIONS


1. Systems of ordinary differential equations : Existence and uniqueness theorems, method of successive approximations, fixed point methods, system of equations, linear systems, sinks, sources and saddles, limit sets and attractors, Hadamard-Perron theorem.

2. Integral equations : Existence and general properties of solutions of volterra integral equations, linear system of VIEs. resolvent, fredholm theory of IE.

3. Stability and periodic solutions : Stability theory of linear, nonlinear systems of differential equations and VIEs. Linear functions, hyperbolic fixed points, stable manifold theorem, Hartman-Grobman theorem.
4. Boundary value problems: Homogeneous and non-homogeneous differntial equations, eigenvalue problems, physical applications, Sturm-Lioville theory, Green,s functions.
Reference Books/Suggested Reading :

1.  Worris W. Hirsch and Stephen Smale
:
Differential Equations, Dynamical Systems and Linear Algebra.

2.
L. Perko, Springer
:
Differential Equations and Dynamical Systems.

3.
Jane Cronin, Marcel Dekker
:
Differential Equations.

4.
T.A. Buton
:
Stability and Periodic Solution.

5.
Fazlur Rahman
:
Differential and Integral Equations.

6.
Shanti Swarup
:
Integral Equations

	Paper Code: 313717
	-------
	Credits: 4
	Class Hours:120 hrs.

	Paper Title :
	OPERATIONS  RESEARCH


1.  
Basic of Operations Research :


Introduction, Definition, Characteristic, Necessity, Scope, Classification of problems, Types of mathematical models, Review of Linear Programming (LP) and Bounded variable primal simplex method in linear programming.

2.
Transportation and Assignment problem : 


Introduction, Formulation, Relationship with LP. Solution procedure and Applications.

3.
Network Models :


Network definitions, Shortest Route problem, Minimal spanning Tree problem and Maximal-flow problem.

4.
Integer programming :


Introduction, Branch and Bound Algorithm, Cutting-plane Algorithm, Application.

5.
Sequencing Problem : 


Sequencing problem processing n jobs through two machines, n jobs through three machines, two jobs through m machines, n jobs through m machines and approaches to more complex sequencing problems.

6.
Matrix Game Theory :


Introduction, Minimax-maximin pure strategies, Mixed strategies and Expected payoff, solution of 2×2 games, solution of (2×n) and (m×2) games, solution of (m×n) games by linear programming and Brown’s algorithm.

7.
Dynamic Programming :


Introduction, Investment problem, Production scheduling problem. Stragecoach problem, Equipment replacement problem.

8.
Nonlinear Programming :


Introduction, Unconstrained problem, Langrange method for equality constraint problem, Kuhn-Tucker method for inequality constraint problem and Quadratic programming problem.

Reference Books/Suggested Reading :

1.  Hamdy. A Taha
:
Operations Research, Macmillan Publishing Company

2.
A. Ravindra, D.T. Phillips, J.J. Solberg
:
Operations Research, John Wiley and Sons.

3.
B.E. Gillett
:
Introduction to Operations Research, McGraw-Hill Publishign Company


4.
Anderson, Sweeney, Williams
:
An Introduction to Management Science

5.
Richard Bellman
:
Dynamic Programming 
6.
D.J. White
:
Operational Research 
	Paper Code: 313719
	-------
	Credits: 4
	Class Hours:120 hrs.

	Paper Title :
	MATHEMATICAL HYDROLOGY


1. Definition and introduction to Hydrology. Hydrologic cycle. Hydrologic system model. Hodrologic model classification. Development of Hydrology. Black box model.

2. Hydrologic process. Continuity equation. Discrete time continuity. Momentum equation. Open channel flow. Porous medium flow. Water balances.

3. Precipitation. Evaporation and transpiration. Infiltration and soil moisture, green Ampt method. Ground water in Hydrologic cycle.

4. Rainfall runoff relations : Sources of stream flow. Excess rainfall and Direct runoff. Abstraction using infiltration equation. SCS method for abstraction. Ф-Index method. Travel time. Streamflow. Hydrographs.

5. Unit Hydrograph method and its applications and synthetic unit Hydrograph.

6. Instantaneous Unit Hydrograph (IUH) and its applications.

7. Flood routing : Basic equations. River flood routing.

8. Frequency Analysis : Rational method. Empirical formulae. Return Period. Extreme value distributions. Frequency analysis using frequency factors.

9. Conceptual and Mathematical Models.

i) Cascade model

ii) Nash model

iii) Dooge’s model

iv) Chow and Kulandaiswany Model

v) Muskingum Model

10.  Hydrodynamic Models: 


i)  Saint-Venant Equations from Navier-Stokes Equations.


ii) Kinematic Wave (DW) Models.

iii) Diffusion Wave Models.

iv) Steady dynamic Wave Models.

v) Dynamic Wave Models.

vi) Gravity Wave Models.
11.  Flood Forecasting. 
Reference Books/Suggested Reading :

1.  V.T. Chow
:
Applied Hydrology 
2.
V.P. Singh
:
Elementary Hydrology
3.
Wilson
:
Hydrology 
4.
P.J. Reddi
:
A Text Book of Hydrology

5.
K. Subramanya
:
Engineering Hydrology 
	Paper Code: 313721
	-------
	Credits: 4
	Class Hours:120 hrs.

	Paper Title :
	GEOMETRY OF DIFFERENTIAL MANIFOLDS


1. Surfaces and properties of surface : 


Minimal surfaces, theorem of minimal surfaces, general solution of the natural equations, Riccati equation and its solution, equation of Weingarten, Gauss and Codazzi and their applications. Theoema Egreegium, Sundamental theorem of surface theory.

2. Developable and Ruled surfaces : 

Envelop, characteristic, edge of regression, developable surface, property of lines of curvature on developable, ruled surface, fundamental coefficients and Gaussian curvature for ruled surface, tangent plane to a ruled surface.

3.
Geodesics on a surface 

Geodesics, differential equation of geodesics, geodesics on plane, surface, sphere, right circular cone, right helicoid, cylinder, torus etc., geodesic curvature 
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 and its formulae. Liouville’s formula, geodesic on a surface of revolution. Clairaut’s theorem, Bonnet’s formula, geodesics on Liouville surface. Gauss-Bonnet theorem, torsion of a geodesic. geodesic parallel.

4.
Mapping of surfaces :


Mapping, homeomorphism, isometric lines and correspondence, Minding theorem, conformal, isometric and geodesic mapping. Tissot’s theorem.

5.
Differentiable manifolds :


Theory of differentiable functions, coordinate functions, charts and atlases, complete, compatibility, differentiable structures, differentiable manifolds, local representation of a function for charts, induced topology on a manifolds.

6.
Tapology of a manifold :


Manifold structure on a topological space, properties of induced topology, topological restrictions on manifolds.

7.
Differentiation on a manifolds :


Partial differentiations, equivalence relation and class, smooth map on manifolds, tangent space, tangent bundles, tensor and exterior bundles, tangent map on manifolds.

8.
Vector fields on a manifolds :
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vector fields on manifolds, coordinates of vector fields, set of vector fields, theorem on vector fields and its coordinates, Lie brackets of vector fields and properties of related vector fields.

Reference Books/Suggested Reading :

1.  C.E. Weatherburn, 1939

:
Differential Geometry of Three Dimensions, Cambridge University Press, London

2.
D.J. Struik, 1961

:
Lectures on Classical Differential Geometry, Addison-Wesley Publishing Company, Inc. U.S.A.

3.
F. Brickell and R.S. Clark, 1970
:
Differentiable Manifolds : An Introduction, Van Nostrand Reinhold Company, London

4.
F.W. Warner, 1971

:
Foundations of Differentiable Manifolds and Lie groups, Scott, Foresman and Company, Glenview, Illiniois, London

5.
Mezbahuddin

:
Advanced Differential Geometry
	Paper Code: 313723
	-------
	Credits: 4
	Class Hours:120 hrs.

	Paper Title :
	DYNAMICAL SYSTEM


1.  Basic concepts :


Basic definitions & examples. Phase space, phase portrait, discrete dynamics, continuous dynamics, toplogical dynamics, ergodic theory, topoloical conjugacy, fixed and periodic points, graphical analysis, iteration, hyperbolic points, hyperbolic dynamics.

2.
Chaotic dynamical systems :


Definitions of chaos, sensitive dependence on initial conditions, period three theorem, orbit structure, cantor set, basin of attractor & repellor, strange attractor and Lyapunov exponents.

3.
Discrete dynamical systems :


One parameter family of maps, contractions & fixed point theorem, stability of fixed points, family of logistic map, tent map, doubling map, linear maps, iterative map, quadratic family of maps, Smale horseshoe map, expanding map.

4.
Differential Dynamical Systems :


One & two dimensional linear & nonlinear differential equations, sinks, source & saddles, stability, population model, Lotka-Volterra models, Henon map, Lorenz map, hyperbolic fixed point, manifold and sub-manifold, stable and unstable manifold, stable manifold theorem, Hartman-Grohman theorem, Hadamard-Perron theorem, Smale theorem.

5.
Bifurcations : 


Bifurcations, bifurcation points, bifrucatioin of quadratic maps, saddle-node, period doubling, pitchfork, transcritical bifurcation, bifurcation diagram.

6.
Symbolic dynamical systems : 


Sequence spaces shift map, properties of shift maps, symbolic dynamics itinerary, sub shift of finite type.

7.
Fractals :


The chaos game. Cantor set revisited Sierpinski triangle, Koch snowflake, topological dimension, fractal dimension.

Reference Books/Suggested Reading :
1.  A. Katok and B. Hasselblatt
:
Introduction to Modern Theory of Dynamical Systems, Cambridge University Press, Cambridge, 1995

2.
R.I. Devancy
:
A First Paper in Chaotic Dynamical Systems, Westview Press, 1992

3.
R.A. Holmgren
:
A First Paper in Discrete Dynamical Systems, Springer 2001.

4.
K.L. Alligood, T.D. Sauer 
: 
Chaos: An Introduction to Dynamical Systems, Yorke 1990

5.
K. Falconer
:
The Geometry of Fractal Sets, Cambridge University Press, Cambridge 1985.

	Paper Code: 313724
	Marks: 150
	Credits: 6
	 

	Paper Title :
	PRACTICAL


Group-A (Using Mathematica)

1. Ordinary Differential Equations 
: Solutions  of first order Differential Equations,   Solution of    higher Order Differential Equations, Modeling with first order  and Second order Differential Equations
2. Complex Analysis


: Cauchy-Riemann Equations, Complex integration, 





Contour integration 

3. Numerical Analysis


: Numerical Solution of Algebraic Equations using 





Various Numerical Methods, Solution of systems of 




Linear Equations  (Gauss-Jordan, Gaussian-elimination, 




Jacobi, Factorization, Gauss-Seidel, SOR  Method)
4. Methods of Applied Mathematics
: Solution of Partial Differential Equations and 





Boundary Value Problems (both Linear and Non-





Linear)   

Group-B (FORTRAN Programming)

1. Complex Analysis


: Complex Integration (Line integral and Contour  





integral) 

2. Numerical Analysis


: Integration (Trapezoidal rule, Simpson’s [image: image4.png]


 rules, 




Weddle rule, Higher order Runge-Kutta Method)
3. Linear Programming 

: Simplex Method, Dual Simplex Method, 






Transportation and assignment Method
4. Methods of Applied Mathematics
: Solution of Partial Differential Equations  and 





Boundary Value Problems (Shooting Method and Finite 




Difference Method) 

Lab Assignment


: There shall be at least 20 Lab assignments

Evaluation 



: Internal assessment (Laboratory works) 50 Marks 






:  Final Exam (Lab 4 hours) 100 Marks

	Paper Code: 313726
	
	Credits:2
	 

	Paper Title :
	VIVA-VOCE
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