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CLASSICAL ALGEBRA:

1.

o

Integers:  Statement of well ordering Principle, first and second
principles of mathematical induction. Proofs of some simple
mathematical results by induction. Divisibility of integers. The division
algorithm. The greatest common divisor of two integers a and b — its
existence and uniqueness. Relatively prime integers. Prime integers.
Euclid’s first theorem; if some prime p divides ab, them p divides a or b.
Euclid’s second theorem: there are infinitely many prime integers.
Unique factorization theorem.

Complex numbers: Definition on the basis of ordered paris. Algebra of
complex numbers, Modulus, Amplitudes, Argand Diagram, De-Moivre’s
theorem and its applications, Exponential, Sine, Cosine and Logarithm
of a complex number.

Definition of a% (a # 0), Inverse Circular and Hyperbolic functions.
Polynomials with real co-efficeints: Fundamental theorem of classical
algebra (statement only). The nth degree Polynomial equation has
exactly n roots. Nature of roots of an equation (Surd and imaginary)
roots occur in pairs). Statement of Decartes rule of signs and its
applications. Multiple roots. Relation between roots and coefficients.
Symmetric functions of roots. Transformation of equations. Reciprocal
equations. Cardan’s method of solving a cubic equation. Ferrari’s
method of solving a bi-quadratic equation.

Inequalities: A. M. > G.M. > H.M. and Cauchy’s inequality — their
simple and direct applications.

MODERN ALGEBRA

1.

Basic Concepts: Sets, subsets, equality of sets, operations on sets —
Union, Intersection, Complements and Symmetric difference. Properties
including De-Morgan’s laws. Cartesian products, Binary relation from a
set to a set (domain, range, Examples from R x R). Equivalence relation.
Fundamental thereon on Equivalence relation. Partition, Relation of
partial order. Congruence relation modulo n is an equivalence relation..
Congruence classes. Mapping Inijection, Surjection and Bijection.
Inverse and Identity mapping. Composition of mappings and its
associativity.

Introduction of Group Theory: Groupoid, Semi-group, Monoid, Group
definition with both sided identity and inverses. Examples of finite and
infinite groups taken from various branches. Additive (multiplicative)
group of integers modulo an integer (resp. a prime). Klein’s 4 group
Integral powers of an element and laws of indices in a group. Order a
group and order of an element of a group. Subgroups. Nec. And Suff.
Condition for a subset of a group to be subgroup. Intersection and Union
of two subgroups. Cosets and Lgrange’s theorem. Cyclic groups —
definition, examples and subgroups of cyclic groups. Generators

Permutations. Cycle.  Transposition. Even odd permutations.
Symmetric group. Definition and order of Alternating subgroup.
Normal subgroups of a group --  Definition, examples and
characterizations.

Quotient group of a group by a normal subgroup. Homomorphism and
Isomorphism of groups. Kernel of homomorphism. Fundamental




theorem of homomorphism. An infinite cyclic group is isomorphic to

(z, +) and a finite cyclic group of order n is isomorphic to the group or
residue classes modulo n.
Introduction to rigns and fields: Ring-definition and example. Ring of
integers modulo n. Properties directly following from the definition.
Integral domain and Field-Definitions and examples. Sub-ring sub-field
& characteristic of a ring.

MATRIX THEORY AND LINEAR ALGEBRA:

i

Matrices of Real and Complex Numbers: Definition, examples, equality,
addition, multiplication of matrices, Transpose of a matrix, Symmetric
and Skew-symmetric matrices.

Determinants: Definition of a determinant of a square matrix, Basic
properties, Minors and Cofactors, equations by Cramer’s rule. Problems
of determinants up to order 3.

Rank of a Matrix: Adjoint of a square matrix. For a square matrix A of
order n, A. Adj. A — Adj A. A = det A. Singular, non-singular and
invertible matrices. Elementary operations. Rank of matrix and its
determination. Normal forms: Elementary matrices; The normal form
equivalence of matrices. Congruence of Matrices. Diagonalisation of
matrices. Real quadratic from involving three variable. Reduction to
Normal form.

Vector/ Linear Space Over a Field: Definition and example of vector
space. Subspace. Union, Intersection and sum of vector spaces. Linear
span. Generators and basis of a vector spaces. Formation of basis from
linearly independent subset. Special emphasis of R.

Row-space and column-space of a matrix: Definitions of row-space and
column-space of a matrix. Row rank, column rank and Rank of a matrix.
System of Linear Equations: Solution space of a homogeneous system as
a subspace. Condition for the existence of non-trivial solution of a
system of linear homogeneous equations. Necessary and sufficient
conditions for the consistency of a system of non-homogeneous equations.
Solution of system of equations by matrix method.

Linear Transformation on Vector Spaces: Definition of linear
transformation. Null space, Range space, Rank and Nullity of linear
transformation. Sylvester’s law of Nullity. (Inverse of linear
transformation relative to ordered bases of finite dimensional vector
spaces.)

Inner product space: Definition and examples. Norm. Euclidean Vector
space — Triangle inequality and Cauchy — Schwarz inequality in

Euclidean vector space. Orthogonality of vectors. Orthonormal basis.
Gram-Schmidt process of Orthonormalization.

Eigen value and Eigen vector, Characteristics equation of a square
matrix. Caley-Hamilton’s Theorem. Simple properties of Eigen values
and Eigen vectors.

II. REAL ANALYSIS

Real-Number: Geometric representation and Cantor, Dedekind Axiom.
Salient properties taken as axioms Bounded set. Least upper bound
axioms.  Archimedean property. Decimal representation of real
numbers.






