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Department of Mathematics 

Kakatiya University 

Pre-Ph.D (Mathematics) 

Paper-I 

Research Methodology and Technical Writing 

 

Unit-I 

Research Methodology   

Meaning of Research, Objectives of Research, Motivation in Research, Types of Research, 

Significance of Research. Review of the Literature, Writing Strategies. Mathematics and Computer 

Science Citation, Mathematical Subject Classification (MSC). 

 

Unit-II 

Research Metrics 

Journals, Science Citation Indexing (SCI), Engineering Indexing (EI) and Scopus Indexing, Impact 

Factor (IF), Immediacy Index,  H-index, definition,  purpose, calculation,  advantages and 

disadvantages. Research ethics and morals, plagiarism, acknowledgement and its index, intellectual 

copy rights. 

 

Unit-III 

MSWord and LaTeX  

Manuscript preparation using MSWord and LaTeX, Sample document, type style, environments, lists, 

centering, tables, verbatim, vertical and horizontal spacing, equation environments, fonts, hats and 

underlining, braces, arrays and matrices, customized commands, maths styles, document classes and 

overal structure, titles for documents, sectioning commands, packages, inputting files, pictures, 

making a bibliography, making an index, preparation of ppt slides. 

 

Unit-IV 

MATLAB 

Arithmetic operations, Built-in-Math functions, scalar variables, creating arrays, Built- in-functions 

for handling arrays, Mathematical operations with arrays and matrices, script files, Programming in 

MATLAB, two dimensional plots, three dimensional plots,  polynomial, curve fitting and 

interpolation. 

 

Text Books: 

1. C.R.Kothari:  Research Methodology, New Age International Publishers. 

2. John W. Creswart : Research Design, Sage Publications India Pvt. Ltd., Third Edition. 

3. Charles Lipson: Cite Right, The University of Chicago Press. 

4. www.wikipedia.org 

5. Laslie Lamport: LATFX, Addison Wesley Publications Company (1994). 

6. David F: Griffiths, Desmond J.Higham: Learning LATEX. Society for Industrial and Applied          

Mathematics, Philadelphia (1997). 

7. Rudra Pratap: Getting Started with MATLAB, Oxford University Press, 2002. 

 



KAKATIYA UNIVERSITY

Department of Mathematics

Syllabus for Pre-Ph.D(Mathematics) Examination

Paper - II (Applied Mathematics Stream)

(Continuum Mechanics and Partial Differential Equations)

Unit-I (2 Questions)

Theory of Strain : Continuum - Continuum material point - Deformation - Material and spatial methods

of descriptions - Measure of strain deformation - Small strain tensor - Extension of a line element and

shear between two line elements - Change in volume due to strain deformation - Strain quadric - Trans-

formation of strain components. Principal strain - Strain invariants, equations of computability of strain

components. Time rate of change of a vector and tensor properties - Relationship between spatial and

material method of description - Steady and unsteady motion - Stream line and path line - Boundary

surface - Time rate of change of line element and time rate of change of angle between two line elements.

Unit-II (2 Questions)

Strain-rate tensor - Time rate of change of extension of a line element and time rate of change of shear

between two line elements - Time rate of change of volume element - rate of dilatation.

Forces - Specification of stress vector on an arbitrary plane at a point - Stress tensor - Stress quadric

- Principal stress - invariants - Extremum normal stress and shearing stress - Resolution of any stress

system into uniform tension and shearing stress - Constitutive equations.

Unit-III (2 Questions)

Partial differential equations of second order - Derivation of canonical forms, hyperbolic equations -

Parabolic equations - Elliptic equations.

Wave equation

Wave equation in one dimension - Solution of wave equation in one dimension - D’Almbert’s solution -

Green’s function for the wave equations.

Elastic Waves

Stress waves in a semi - Infinite beam - Plane waves in a half-space - Plane waves in unbounded elastic

body - Rayleigh waves - Love waves.
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Unit-IV (2 Questions)

Potential equation

Harmonic functions and complex variables - Green’s identities - Properties of harmonic functions is

bounded regions - Solution of the Laplace’s equation by the method of separation of variables.

Heat equation

The boundary conditions - The maximum principle of the parabolic equation and consequences - Unique-

ness theorems - Stability of the solution - Solution of the heat equation by the method of separation of

variables.

Text Books:

1. Mathematical theory of Continuum Mechanics by Rabindranath Chatterje

2. Continuum Mechanics by D.S. Chandrasekharaiah, Lokenath Debnath

3. Analytical Methods in Engineering by J.B. Doshi.
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KAKATIYA UNIVERSITY

Department of Mathematics

Syllabus for Pre-Ph.D(Mathematics) Examination

Paper - II (Pure Mathematics Stream)

Advanced Complex Analysis

Unit-I (Analytic and Harmonic Functions) (2 questions)

Analytic functions, Cauchy-Rieman equations, Harmonic functions, Borel-Carathodory theorem, Poison’s

intregal formula, Positive harmonic functions, Harnack’s functions, Harnack’s inequality, Harnick’s prin-

ciple.

Scope as in: Complex Variables - Herb Silverman, Complex Variables Theory and Applications - H.S.

Kasana.

Unit-II (Conformal Mappings and Bilinear Transformations) (2 questions)

Introduction, Conformality theorem, Bilinear transformations, Special bilinear transformations, Expo-

nential transformations, Trigonometric transformations, Normal families, Riemann mapping theorem.

Scope as in: Complex variables - Herb Silverman, Complex Variables Theory and Applications - H.S.

Kasana.

Unit-III (Elimentary Theory of Univalent Functions) (2 questions)

Defination of univalent functions and elimentary properties, Area theorem, Coefficient conjucture, Coef-

ficient estimates, Growth and distortion theorems to the class ’S’, Function with positive real part.

Scope as in:Complex variables - Herb Silverman,Univalent Functions - P.L.Duren, Univalent Functions

- A.W.Goodman (Vol.I).

Unit-IV (Sub Classes of ’S’) (2 questions)

Starlike and convex functions, close to convex functions, spiral like functions, α-convex functions, α-spiral

like functions, basic properties, coefficient estimates, rotation theorem.

Scope as in:Complex variables - Herb Silverman, Univalent functions - P.L.Duren, Univalent functions

- A.W.Goodman.
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KAKATIYA UNIVERSITY

Department of Mathematics

Syllabus for Pre-Ph.D(Mathematics) Examination

Paper - II (Statistics Stream)

Markov Chains - Numerical Solutions

Unit-I (Poisson Process and Markov Chains) (2 questions)

Definition and examples of stochastic proess, Poisson process, Markov chains, The Chapman-Kolmogorov

equations, classification of states, Mathematical classification, The stationary distribution of ergodic

chains, Balance equations for stationary probabilities, Uniqueness of stationary probabilities.

Sections 6.1, 6.2, 8.1.1 - 8.1.6 (Text book 1)

Unit-II (Markov Process) (2 questions)

Semi-Markov processes, Markov processes, Variation of M/M/1 queue, The G/M/1 queue, Uniformized

Markov processes, The Chapman-Kolmogrov differential equations.

Sections 8.3 - 8.8 (Text book 1)

Unit-III (Matrix Geometric Solutions) (2 questions)

Matrix geometric systems, General matrix geometric solutions, Matrix geometric solutions for Markov

chains, Phase distributions.

Sections 9.1 - 9.3, 9.5 (Text book 1)

Unit-IV (Numerical Solutions of Markov Chains with MATLAB) (2 questions)

Non-negative matrices, Non-negative decomposable matrices, The theorem of Perron Frobenius.

Iterative methods: The power method, Jacobi, Gauss-Seidal, Successive Over Relaxation (SOR),symmetric

SOR, and related MATLAB programs.

Sections 1.5, 3.1, 3.2 (Text book 2)

Text Books:

1. Probability, Stochastic Proceesses, and Queueing Theory, Randolph Nelson, Springer-Verlag.

2. Introduction to the Numerical Solutions of Markov Chains, William J. Stewart, Princeton University

Press.
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KAKATIYA UNIVERSITY

Department of Mathematics

Syllabus for Pre-Ph.D(Mathematics) Examination

Paper - II (Pure Mathematics Stream)

(Near Rings)

Unit-I (The Structure of Near-Rings ( 2 Questions ))

Near-ring, the near-ring of all mappings on a group G, the near-ring of all zero respecting mappings on

G, sub near ring, abelian near-ring, commutative near-ring, zero near-ring, zero symmetric near-ring,

constant near-ring, trivial zero symmetric near-ring and trivial constant near-ring. Near-ring homomor-

phism and isomorphisms. Ideal (left, right) of a near-ring. Quotient near-ring, natural homomorphism

associated with an ideal, Kernel of homomorphism, R-subgroup (left, right) of a near-ring R, simple

near-ring.[Articles 1.1 to 1.40 of Chapter 1]

Unit-II (Near-Ring Modules (2 Questions))

R-module, faithful representation, centralizer near-ring. The right regular representation of a near-ring,

R-submodule. Unital R-module, R-module homomorphism and isomorphism, quotient R-module. Anni-

hilator of a subset.[Articles 2.1 to 2.37 of Chapter 2]

Unit-III (Primitive Near-Rings (2 Questions))

Monogenic R-module, R-module of type 0, R-module of type 1, R-module of type 2. V-primitive near-

ring. The stabilizer. [Articles 3.1 to 3.37 of Chapter 3]

Unit-IV (More on 2-Primitive Near-Rings (2 Questions))

Rank, Projection, Minimal condition, Maximal condition, DCCS, DCCR, DCCI, ACCS, ACCR, ACCI.

[Articles 4.1 to 4.28 of Chapter 4]

Text Book: Near-Rings and their Links with Groups by J. D. P. Meldrum

Research Notes in Mathematics-134 (Advanced Publishing Program, Pilman Publishing Limited, 128

Long Acre, London, WC2E, 9AN, UK.
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KAKATIYA UNIVERSITY

Department of Mathematics

Syllabus for Pre-Ph. D. (Mathematics) Examination

Paper - II (Applied Mathematics Stream)

(Numerical Analysis and Numerical Solutions of Differential Equations)

Unit-I (2 Questions)

The Solution of Numerical Algebraic and Transcendental Equations

Introduction, Finding Approximate Values of the Roots, Finding Roots by Repeated Application of Lo-

cation Theorem, The Method of Interpolation, or of False Position (Regula- Falsi), Solution by Repeated

Plotting on a Larger Scale, The Newton-Raphson method, A Special Procedure for Algebraic Equations,

The Method of Iteration, Convergence of the Iteration Process, Convergence of the Newton-Raphson

method.

Numerical Solution of Simultaneous Linear Equations

Solution by Successive Elimination of the Unknowns: The Method of Division by Leading Coefficients,

The Method of Gauss, Another Version of the Gauss Method, Solution by Inversion of Matrices, Solution

by Iteration: Systems Solvable by Iteration. (Scope as in ’Numerical Mathematical Analysis’ by JAMES

B SCARBOROUGH, 6th Edition Articles 67 - 71, 74, 75, 77, 78 and 94 - 102)

Unit-II (2 Questions)

Elements of Ordinary Differential Initial Value Problem Approximation

IIntroduction, Initial Value Problems, Difference Equations and Numerical Methods

Singlestep Methods

Introduction, Taylor Series Method, Runge - Kutta Methods: Second order, Third order and Fourth

order Runge - Kutta Methods.

Multistep Methods

Introduction, Explicit Multistep Methods: Adams - Bashforth formulae ( j = 0 ), Nystrom’s formula ( j

= 1 ), Formulae for j = 0, 1, 3, 5.

(Scope as in ’Numerical Solution of Differential Equations’ by M. K. Jain, Chapters 1.1, 1.2, 1.3, 1.4, 2.1,

2.2, 2.3 (2.3.1, 2.3.2, 2.3.3), 3.1 and 3.2 ( 3.2.1, 3.2.2, 3.2.3))
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Unit-III (2 Questions)

Difference Methods for Boundary Value Problems in Ordinary Differential Equations

Introduction, Approximate Methods: Shooting methods, Difference methods, Difference Approximation

to derivatives, Nonlinear Boundary Value Problem y
′′

= f(x, y): Difference scheme based on quadrature

formulae, Second order linear boundary value problems, Solution of tridiagonal system.

Finite Element Methods

Introduction, Weighted Residual Methods: Least square method, Partition method, Galerkin method.

Variational Methods: Ritz Method

(Scope as in ’Numerical Solution of Differential Equations’ by M. K. Jain, Chapters 4.1, 4.2, 4.3(4.3.1,

4.3.2, 4.3.3), 8.1, 8.2 (8.2.1, 8.2.2, 8.2.3), 8.3)

Unit-IV (2 Questions)

The Numerical Solution of Partial Differential Equations

Introduction, Difference Quotients and Difference Equations: Difference Quotients, Difference Equations,

The Method of Iteration: Solution of Difference Equations by Iteration, The Method of Relaxation: So-

lution of Difference Equations by Relaxation, Triangular Networks, Block Relaxation, The Iteration and

Relaxation Methods Compared.

(Scope as in ’Numerical Mathematical Analysis’ by JAMES B SCARBOROUGH, 6th Edition Articles

122, 123, 124, 125, 128, 129, 130 and 131)

Text Books:

1. Numerical Mathematical Analysis by JAMES B SCARBOROUGH

2. Numerical Solution of Differential Equations by M. K. JAIN
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