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Ph.D. (Mathematics) Entrance Syllabus from Session 2018 and onwards
g IR T
Dr.Harisingh Gour Central University, Sagar(M.F)

i Part A Research Methodolopy

1. Foundations of Research
Meaning, Obfectives, Motivation, Ulility. Concept of theory, empiricism, deductive -snd indoctive
theory, Charactéristics of ycientific method — Understanding the language of research - Caneept,
Construct Definttion, Variable, Research Process

2. Problem Ideéntification & Formulation
Research Quéstion — Investigation Question - Measurement Issues - Hypothesis = Qualitiesola good
Hypathesis=Null Hypothesls & Alternative Hypothesis Hypothesis: Testing.

3. Research Design
Congept and Importance in Research - Features of a good rescarch design Exploratory Research
Désipn - congept, types and uses, Descriptive Rescarch Designs - Conceps types- and uses
Experimental Besign: Concept of Independent £ Dependent variables

4, Qualitative and Quantitative Research
Qualitative research — Quantitative research — Concept of measurement, causallty, generzlization,
replication. Merging the twio approaches.

& Awareness with M5-Word, file operations, toxt editing operations, various table designs,
insertion of tables in text, use of mathematical symbols and equation editor, Use page lavout and
Working practioe with M3-Waord, Awareness with M5 Excel, warksheet creation, Computations
u=ing warksheet, Use of mathematical and statistical functions, Awarenessabout idenformation
technology in research;, working practice with M5-Excel
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Ph.D. {Mathematics) Entrance Syllabus from Session 2018 and on wards
Dr.Harisingh Gour Central University, Sagar(M.P)

Part B: Mathematics
Aralysis:

Elementary set theory, finite, countable and uncountable sets,. Real number system as a cemplete
ardered field, Archimedean property, supremum, infimum. Sequences and serips, canvergence, limsup,
liminf. #olzano Weierstrass theorem, Heine Borel thearsm. Continuity, uniform continuity,
differentiability, ‘mean valué theorem. Sequences and series. ol functions, uniform convergence,
Riemann sums and Riemann Integral, Improper Integrals, Monatonic functions, tynes of dizcontinulty,
functions of bounded variatian, Lebesgue measure, Lebesgue integral. Functions of several variablas,
directional derivative, partial darivative, derfvative as a rear transformation, inverse and implicit
function theorems. Matric spaces, Compaciness, connectedness; Normed llmear Spar:es: Spaces af
continuous functionsas examples.

Linear Algebra:

Vector spaces, subspaces, finear dependence, basls, dimension, algebra of linear transformations.
Algebra of matrices, rank and determinant of malrices, linear equations. Eigenvatues and eigenveclors,
Cayley-Hamilton thearem. Matrix representation of linear transformatians, Change-of basis: canonical
forms, diagonal forms, trangular forms, Jordan fdgrms. inner product spaces, orthonormal hasis;
Quadratic forms, réluction and classification of quadratic forme

Complex Analysis: Algebrs of camplex numbers, the compiex plane, polynomials, power LETIES,
transcendentdl functions such as exponential, triganometric and hyperbalic functions. Analytic
functions, Cauchy-Riemann equatians, Contour intesral, Cauchy's theorem, Cauchy’s integral formula,
Liouville's theorem, Maximum modulus principle, Schwarz lemma, Open mapping theorem. Taylor
series, Laurent series; caleulus of residues, Conformal mappings, Mobius transformatians.

Algebra:  Peymutations, combinations, pigeon-hole principle, inclusion-exclusion  principle,
derangements. Fundamental theorem of arithmetic, divisibility in Z, congruences, Chinese Remaindor
Thecrem,. Euler's @- function, primitive roats, Groups, subgroups, normal subgraups, quotient groups,
homomorphisms, tyclic proups, permutation proups, Cayley's thearem, class equations, Sylow
theorems. Rings, ideals; prime and maximal ideals, quotient rings, unique factorization domain, principz|
ideal domain, Euclidean domain, Polyromiial rings and Irreducibility criteria, Fields, finite fields, field
extensions, Galols Theary.

Topology: basis, dense sets, subspace and Procuct topology, separation axioms, connecledness ancd
compactness. .

Ordinzry Differential Equations {ODEs): Existence and uriiqueness of solutions of initial value problems
for first order ardinary differential equatian 5, singular solutions of fitst order ODE 5. system of first arder
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OPEs. General theory of homogenous and hon-homogeneous |inear DDEs, wariation af Farameters,
Sturm-Liouville boundary value probiem, Green's function,

Partial Differential Equations [PDEs): Lagrange and Charpil methods (or sclving first order PDEs, Ca Lchy
problem for first order POEs, Classification of secand order PDEs, Genéral solution of higher order PDEs
with constant coefficients, Methad of separation of varizghles for Laplace, Hest and Wave equatians,

Numerical Analysis ; Numerical salutions af algebralc ‘equations, Method of ileration and Newton-
Raphson methad; Rate of comvergence, Solution-of systems of linear alpebraic eguations using Gauss
elimination and Gauss-Seide! methods, Finite differences, Lagrange, Hermite and spline interpolation,
Mumerical differentiation and Integration, Mumerical salutions of LOEs using Picard, Euler, modified
euler and Runge-Kutta methode.

Calculus of Variations: Variation of a functional, Euler-Lagrange: equation, MNecessary and sufficient
‘Conditians for extrema. Variational methods for boundary value problems in ordinary and partial
differential equations,

Linear Intepral Equations: Linear integral equation of the first and second kind of Fredholm and Vollerra
trpe, Selutions with separable kernels. Characteristic numbers and eigenfunctions, resoheent kernel.

Descriptive statistics; exfloratory data anzlysis Sample space, discrate probability, Independent BvEnts,
Bayes thecrem. Random variables and distributlen functions [univariate and multivariate); expectatian
ant moments. Independont rAndom va riables, marginal and conditional distributions.

Characteristic fundtions, Frobability irequalities [Tehebyshef, Markoy, lensen). Modes of CONVErgence,
weak and strong laws of large numbers, Central Limit thecreme (i.id, case). Markev chains with finite
and countable state space, classification of states, :

Linear programming protilem: simplex: methads, duality. Elementary quening and inventory models,
Steady-state solutions of Markovian queding models: MM/, B/ with limited waiting space,
MMAT, MAIC with limited WEILtINg space, MIG/1.
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