S.P.Mandali’s
RAMNARAIN RUIA AUTONOMOUS COLLEGE,
MUMBAI-19

RUIA COLLEGE

Explore o Experience @ Excel

SYLLABUS FOR F.Y.B.Sc /F.Y.B.A
PROGRAM: B.Sc / B.A
COURSE: MATHEMATICS (RUSMAT/RUAMAT)

(Credit Based Semester and Grading System with effect
from the academic year 2018-2019)



Semester 1

Calculus I

Course Code Unit Topics Credits | L/Week
Unit I | Real Number System
RUSMAT101,RUAMAT101 | Unit IT | Sequences 3 3
Unit IIT | Limits & Continuity
Algebra I
Unit I | Integers & Divisibility
RUSMAT102 Unit II | Functions & Equivalence relations 3 3
Unit IIT | Polynomials
Semester 11
Calculus 11
Course Code Unit Topics Credits | L/ Week
Unit I | Continuity of a function on an interval
RUSMAT201 Unit IT | Differentiability and its applications 3
Unit IIT | Series
Linear Algebra I
Unit I | System of Linear Equations & Matrices
RUSMAT202, RUAMAT201 | Unit IT | Vector Spaces 3
Unit IIT | Bases & Linear transformations

Teaching Pattern

1. Three lectures per week per course. Each lecture is of 1 hour duration.

2. One tutorial per week per course (the batches to be formed as prescribed by the University)




Syllabus for Semester I & II

(RUSMAT101/RUAMAT101) CALCULUS I

Learning Objectives:

Learning Outcomes:

1. Learner will be able to explain the properties of real numbers.

2. Learner will be able to explain the notions of convergent sequences.

3. Learner will be able to outline the concepts of limits and continuity.

4. Learner will be able to apply the concepts of limits and continuity in the fields of economics,

physics and biological sciences.



Detailed Syllabus:
Unit I: Real Number System (15 Lectures)

Real number system R and order properties of R, Absolute value |.| and its properties.

Bounded sets, statement of l.u.b. axiom, g.1.b. axiom and its consequences, Supremum and infi-
mum, Maximum and minimum, Archimedean property and its applications, density of rationals,

Cantors nested interval theorem.
AM-GM inequality, Cauchy-Schwarz inequality, intervals and neighbourhoods, Hausdorff prop-

erty.

Unit II: Sequences (15 Lectures)

Definition of a sequence and examples, Convergence of sequence, every convergent sequence is
bounded, Limit of a convergent sequence and uniqueness of limit, Divergent sequences. Algebra

of convergent sequences, sandwich theorem.

Convergence of standard sequences like
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monotone sequences,convergence of monotone bounded sequence theorem and consequences such
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as convergence of ((1 + —) )
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Definition of subsequence, subsequence of a convergent sequence is convergent and converges
to the same limit. Every sequence in R has a monotonic subsequence. Bolzano-Weierstrass

Theorem. Definition of a Cauchy sequence, every convergent sequence is a Cauchy sequence.

Unit III: : Limits and Continuity (15 Lectures)

Brief review: Domain and range of a function, injective function, surjective function, bijective

function, composite of two functions (when defined), Inverse of a bijective function.

Graphs of some standard functions such as |z|, €®, logz, ax® + bz + ¢, %, " (n > 3), sinz,

1 1

cos__x, tan_x, xrsin__ (5), x?sin__ (;) over suitable intervals of R.

¢ — ¢ definition of limit of a real valued function of real variable. Evaluation of limit of simple

functions using the definition, uniqueness limit if it exists, algebra of limits, limit of compos-



ite function, sandwich theorem, left-hand limit lim __f(x), right-hand limit lim __f(x), non

z—a~ z—at
existence of limits, lim __f(x), lim __f(z) and lim __f(x) = £o0.
T——00 T—00 T—a

Continuous functions: Continuity of a real valued function on a set in terms of limits, examples,
Continuity of a real valued function at end points of domain, Sequential continuity, Algebra of

continuous functions, Discontinuous functions, examples of removable and essential discontinuity.

Reference Books:

(1) R. R. GOLDBERG, Methods of Real Analysis, Oxford and IBH, 1964.

(2) K.G. BINMORE, Mathematical Analysis, Cambridge University Press, 1982.

(3) R.G. BARTLE, D.R. SHERBERT, Introduction to Real Analysis, John Wiley & Sons, 1994.
(4) T. M. ApostoL, Calculus Volume I, Wiley & Sons (Asia) Pvt. Ltd, 1991.

(5) R. CouraNT, F. JOHN, A Introduction to Calculus and Analysis, Volume I, Springer.
(6) A. KUMAR, S. KUMARESAN, A Basic Course in Real Analysis, CRC Press, 2014.

(7) J. STEWART, Calculus, Third Edition, Brooks/Cole Publishing Company, 1994.

(8) S. R. GHORPADE, B. V. LIMAYE, A Course in Calculus and Real Analysis, Springer
International Ltd, 2006.

Tutorials for RUSMAT101, RUAMAT101:

1) Application based examples of Archimedean property, intervals, neighbourhood.
2

3

Consequences of l.u.b. axiom, infimum and supremum of sets.

Calculating limits of sequences.

5
6

)
)
)
4) Cauchy sequences, monotone sequences.
) Limit of a function and Sandwich theorem.
)

Continuous and discontinuous functions.



(RUSMAT102) ALGEBRATI

Learning Objectives:

Learning Outcomes:

1. Learner will be able to experiment with divisibility of integers.

2. Learner will be able to explain concept of functions and equivalence relations.

3. Learner will be able to explain the properties of polynomials over R and C.



Detailed Syllabus

Prerequisites:
Set theory: Set, subset, union and intersection of two sets, empty set, universal set, complement

of a set, De Morgan’s laws, Cartesian product of two sets, Permutations " P, and Combinations

"C.

Complex numbers: Addition and multiplication of complex numbers, modulus, argument and

conjugate of a complex number. , De Moivere’s theorem.
Unit I: Integers and divisibility (15 Lectures)

Statements of well-ordering property of non-negative integers, Principle of finite induction (first
and second) as a consequence of well-ordering property, Binomial theorem for non-negative ex-

ponents, Pascal’s Triangle.

Divisibility in integers, division algorithm, greatest common divisor (g.c.d.) and least common
multiple (l.c.m.) of two integers, basic properties of g.c.d. such as existence and uniqueness of
g.c.d. of integers aand b, and that the g.c.d. can be expressed as ma + nb for some m,n € Z,
Euclidean algorithm, Primes, Euclid’s lemma, Fundamental theorem of arithmetic, The set of

primes is infinite.

Congruence relation: definition and elementary properties. Euler’s ¢ function, Statements of

Euler’s theorem, Fermat’s little theorem and Wilson’s theorem, Applications.
Unit II: Functions and Equivalence relations (15 Lectures)

Definition of a relation, definition of a function; domain, co-domain and range of a function;
composite functions, examples, image f(A) and inverse image f~!(B) for a function f, Injective,
surjective, bijective functions; Composite of injective, surjective, bijective functions when de-
fined; invertible functions, bijective functions are invertible and conversely; examples of functions
including constant, identity, projection, inclusion; Binary operation as a function, properties, ex-

amples.

Equivalence relation, Equivalence classes, properties such as two equivalences classes are either
identical or disjoint, Definition of a partition of a set, every partition gives an equivalence relation

and conversely.

Congruence modulo n is an equivalence relation on Z; Residue classes and partition of Z; Addition

modulo n; Multiplication modulo n; examples.



Unit III: Polynomials (15 Lectures)

Definition of a polynomial, polynomials over the field F' where FF' = Q,R or C, Algebra of

polynomials, degree of polynomial, basic properties.

Division algorithm in F[X], and g.c.d. of two polynomials and its basic properties, Euclidean al-
gorithm, applications, Roots of a polynomial, relation between roots and coefficients, multiplicity

of a root, Remainder theorem, Factor theorem.

Complex roots of a polynomial in R[X] occur in conjugate pairs, Statement of Fundamental
Theorem of Algebra, A polynomial of degree n in C[X] has exactly n complex roots counted
with multiplicity, A non constant polynomial in R[X] can be expressed as a product of linear
and quadratic factors in R[X], necessary condition for a rational number p/q to be a root of
a polynomial with integer coefficients, simple consequences such as ,/p is an irrational number

where p is a prime number, n'® roots of unity, sum of all the n'" roots of unity.

Reference Books:

(1) D. M. BURTON, Elementary Number Theory, Seventh Edition, McGraw Hill Education
(India) Private Ltd.

(2) N. L. Biaas, Discrete Mathematics, Revised Edition, Clarendon Press, Oxford 1989.

(3) I. NIVEN AND S. ZUCKERMAN, Introduction to the theory of numbers, Third Edition,
Wiley Eastern, New Delhi, 1972.

(4) G. BIRKHOFF AND S. MACLANE, A Survey of Modern Algebra, Third Edition, MacMillan,
New York, 1965.

(5) N. S. GOPALKRISHNAN, University Algebra, New Age International Ltd, Reprint 2013.
(6) I. N. HERSTEIN, Topics in Algebra, John Wiley, 2006.

(7) P. B. BHATTACHARYA S. K. JAIN AND S. R. NAGPAUL, Basic Abstract Algebra, New
Age International, 1994.

(8) K. ROSEN, Discrete Mathematics and its applications, Mc-Graw Hill International Edition,

Mathematics Series.

(9) L CHILDS , Concrete Introduction to Higher Algebra, Springer, 1995.



Tutorials for RUSMAT102:

Mathematical induction (The problems done in F.Y.J.C. may be avoided).

Division Algorithm and Euclidean algorithm in Z, primes and the Fundamental Theorem
of Arithmetic.

Functions (direct image and inverse image), Injective, surjective, bijective functions, finding

inverses of bijective functions.

Congruences and Eulers function, Fermat’s little theorem, Euler’s theorem and Wilson’s

theorem.
Equivalence relation.

Factor Theorem, relation between roots and coefficients of polynomials, factorization and

reciprocal polynomials.



(RUSMAT201) CALCULUS II

Learning Objectives:

Learning Outcomes:

1. Learner will be able to analyze the properties of continuous functions.
2. Learner will be able to identify differentiable functions.

3. Learner will be able to analyze properties of differentiable functions.

4. Learner will be able to test the convergence of series.

10



Detailed Syllabus

Unit I: Continuity of a function on an interval (15 Lectures)

Review of the definition of continuity (at a point and on the domain). Uniform continuity,

sequential continuity, examples.
Properties of continuous functions such as the following:
1. Intermediate value property
2. A continuous function on a closed and bounded interval is bounded and attains its bounds.

3. If a continuous function on an interval is injective then it is strictly monotonic and inverse

function is continuous and strictly monotonic.

4. A continuous function on a closed and bounded interval is uniformly continuous.

Unit II: Differentiability and Applications (15 Lectures)

Differentiation of a real valued function of one variable: Definition of differentiation at a point
of an open interval, examples of differentiable and non differentiable functions, differentiable

functions are continuous but not conversely, algebra of differentiable functions.

Chain rule, Higher order derivatives, Leibnitz rule, Derivative of inverse functions, Implicit dif-

ferentiation (only examples).
Rolle’s Theorem, Lagrange’s and Cauchy’s mean value theorems, applications and examples

Taylor’s theorem with Lagrange’s form of remainder (without proof), Taylor polynomial and

applications
Monotone increasing and decreasing function, examples

Definition of local maximum and local minimum, necessary condition, stationary points, second
derivative test, examples, concave, convex functions, points of inflection. Applications to curve

sketching.

L’Hospital’s rule without proof, examples of indeterminate forms.

11



Unit III: Series (15 Lectures)

oo
Series g a, of real numbers, simple examples of series, Sequence of partial sums of a series,

n=1
)

convergence of a series, convergent series, divergent series, Necessary condition: 5 a, converges
n=1

= a, — 0, but converse is not true, algebra of convergent series, Cauchy criterion, divergence
oo

of harmonic series, convergence of Z—p (p > 1), Comparison test, limit comparison test,
n

= (-
alternating series, Leibnitz’s theorem (alternating series test) and convergence of Z —_
n
n=1

absolute convergence, conditional convergence, absolute convergence implies convergence but

not conversely, Ratio test (without proof), Root test (without proof), and examples.

Reference Books:

(1) R. R. GOLDBERG, Methods of Real Analysis, Oxford and IBH, 1964.

(2) J. STEWART, Calculus, Third Edition, Brooks/cole Publishing Company,1994

(3) T. M. ApostoL, Calculus Vol I, Wiley & Sons (Asia).

(4) R. CourANT,F. JoHN, A Introduction to Calculus and Analysis, Volume I, Springer.
(5) A. KUMAR, S. KUMARESAN, A Basic Course in Real Analysis, CRC Press, 2014.
)

(6) S. R. GHORPADE, B. V. LIMAYE, A Course in Calculus and Real Analysis, Springer
International Ltd, 2006.

(7) K.G. BINMORE, Mathematical Analysis, Cambridge University Press, 1982.

(8) G. B. THOMAS, Calculus, 12th Edition, 2009.
Tutorials for RUSMAT201:

1
2

Calculating limit of series, Convergence tests.

Properties of continuous functions.

4
)
6

Mean value theorems and its applications.

)
)
3) Differentiability, Higher order derivatives, Leibnitz theorem.
)
) Extreme values, increasing and decreasing functions.

)

Applications of Taylor’s theorem and Taylor’s polynomials.

12



(RUSMT202/RUAMAT201) LINEAR ALGEBRA

Learning Objectives:

Learning Outcomes:

1.

U W

Learner will be able to experiment with the system of linear equations and matrices.
Learner will be able to identify vector spaces.

Learner will be able to explain properties of vector spaces and subspaces.

Learner will be able to construct basis for a given vector space.

Learner will be able to explain properties of linear transformation.

13



Detailed Syllabus

Unit I: System of Linear equations and Matrices (15 Lectures)

Parametric equation of lines and planes, system of homogeneous and non-homogeneous linear
equations, solution of a system of m homogeneous linear equations in n unknowns by elimination
and their geometrical interpretation for (m,n) = (1,2), (1, 3),(2,2), (2, 3), (3, 3);

Matrices with real entries; addition, scalar multiplication and multiplication of matrices; trans-
pose of a matrix, types of matrices: zero matrix, identity matrix, scalar matrices, diagonal matri-

ces, upper triangular matrices, lower triangular matrices, symmetric matrices, skew-symmetric
matrices, Invertible matrices; identities such as (AB)! = B'A'; (AB)™! = B~1A~1.

System of linear equations in matrix form, elementary row operations, row echelon matrix,
Gaussian elimination method, to deduce that the system of m homogeneous linear equations

in 7 unknowns has a non-trivial solution if m < n.
Unit II: Vector Spaces (15 Lectures)

Definition of a real vector space, examples such as R", R[X], M,,«»(R), space of all real valued

functions on a nonempty set.

Subspace: definition, examples, lines, planes passing through origin as subspaces of R? R3
respectively, upper triangular matrices, diagonal matrices, symmetric matrices, skew-symmetric
matrices as subspaces of M, (R); P,(X) ={ao+ a1 X +---+a,X"|a; e RVi, 0 <i<n}asa
subspace of R[X], the space of all solutions of the system of m homogeneous linear equations in

n unknowns as a subspace of R".

Properties of a subspace such as necessary and sufficient condition for a nonempty subset to be
a subspace of a vector space, arbitrary intersection of subspaces of a vector space is a subspace,

union of two subspaces is a subspace if and only if one is a subset of the other.

Linear combination of vectors in a vector space; the linear span L(S) of a nonempty subset
S of a vector space, S is a generating set for L(S); L(S) is a vector subspace of V; linearly

independent /linearly dependent subsets of a vector space, examples
Unit III: Bases and Linear Transformations (15 Lectures)

Basis of a finite dimensional vector space, dimension of a vector space, maximal linearly inde-

14



pendent subset of a vector space is a basis of a vector space, minimal generating set of a vector
space is a basis of a vector space, any two bases of a vector space have the same number of
elements, any set of n linearly independent vectors in an n dimensional vector space is a basis,
any collection of n 4 1 linearly independent vectors in an n dimensional vector space is linearly
dependent, if Wy, W, are two subspaces of a vector space V' then W; + W5 is a subspace of the
vector space V' of dimension dim(WW;) + dim(W3) — dim(W; N W,), extending any basis of a

subspace W of a vector space V' to a basis of the vector space V.

Linear transformations; kernel ker(7') of a linear transformation 7', matrix associated with a
linear transformation 7', properties such as: for a linear transformation 7', ker(7) is a subspace
of the domain space of T" and the image Image(7’) is a subspace of the co-domain space of T". If
V, W are real vector spaces with {vy,vs,...,v,} a basis of V' and {wq,w,,...,w,} any vectors
in W then there exists a unique linear transformation 7" : V. — W such that T'(v;) = w;
Vj,1 < j < n, Rank Nullity theorem (statement only) and examples.

Reference Books:

(1) S. LANG, Introduction to Linear Algebra, Second Edition, Springer, 1986.

(2) S. KUMARESAN, Linear Algebra, A Geometric Approach, Prentice Hall of India Pvt. Ltd,
2000.

(3) M. ARTIN, Algebra, Prentice Hall of India Private Limited, 1991.

(4) K. HOFFMAN AND R. KUNZE, Linear Algebra, Tata McGraw-Hill, New Delhi, 1971.
(5) G. STRANG, Linear Algebra and its applications, Thomson Brooks/Cole, 2006

(6) L. SmiTH, Linear Algebra, Springer Verlag, 1984.

(7) A. R. RAo AND P. BHIMA SANKARAN, Linear Algebra, TRIM 2nd Ed. Hindustan Book
Agency, 2000.

(8) T. BANCHOFF AND J. WARMERS, Linear Algebra through Geometry, Springer Verlag,
New York, 1984.

(9) S. AXLER, Linear Algebra done right, Springer Verlag, New York, 2015.

)

(10) K. JANICH, Linear Algebra, Springer Verlag New York, Inc. 1994.

(11) O. BRETCHER, Linear Algebra with Applications, Pearson 2013.
)

(12) G. WILLIAMS, Linear Algebra with Applications. Jones and Bartlett Publishers, Boston,
2001.

15



Tutorials for RUSMAT202/RUAMAT201:

(1)

(2)
(3)

(4)

Solving homogeneous system of m equations in n unknowns by elimination for (m,n) =
(1,2),(1,3),(2,2),(2,3), (3, 3); row echelon form.

Solving system Ax = b by Gauss elimination, Solutions of system of linear Equations.

Verifying whether given (V,+,.) is a vector space with respect to addition + and scalar

multiplication .

Linear span of a non empty subset of a vector space, determining whether a given subset
of a vector space is a subspace. Showing the set of convergent real sequences is a subspace

of the space of real sequences etc.

Finding basis of a vector space such as P3[X], M3(R) etc. verifying whether a set is a basis
of a vector space. Extending basis of a subspace to a basis of a finite dimensional vector

space.

Verifying whether a map 7' : X — Y is a linear transformation, finding kernel of a linear
transformation and matrix associated with a linear transformation, verifying the Rank

Nullity theorem.

16



MODALITY OF ASSESSMENT

Theory Examination Pattern:
A) Internal Assessment - 40% :

Total: 40 marks.

1 One Assignment/Case study/Project/ seminars/presentation: 10 marks

2 One class Test (multiple choice questions / objective) 20 marks

3 Active participation in routine class instructional deliveries and Overall conduct as a
responsible student, manners, skill in articulation, leadership qualities demonstrated through

organizing co-curricular activities, etc. 10 marks

B) External examination - 60 %

Semester End Theory Assessment - 60 marks

i. Duration - These examinations shall be of 2 hours duration.
ii. Paper Pattern:

1. There shall be 3 questions each of 20 marks. On each unit there will be one question.

2. All questions shall be compulsory with internal choice within the questions.

Questions Options Marks | Questions on
Q.1)A) | Any loutof2 | 08 Unit I
Q.1)B) | Any 2outof4 | 12
Q-2)A) | Any loutof 2 | 08 Unit 11
Q-2)B) | Any 2outof4 | 12
Q.3)A) | Any loutof2 | 08 Unit III
Q-3)B) | Any 2outof4 | 12

17
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Semester 111

Course Code Unit Topics Credits | L/ Week
Calculus 111
Unit I | Riemann Integration
RUSMAT301 Unit IT | Applications of Integration 3 3
Unit III | Improper Integrals
Linear Algebra II
Unit I | Linear Transformations and Matrices
RUSMAT 302, RUAMAT 301 | Unit IT | Determinants 3 3
Unit IIT | Inner Product Spaces
Discrete Mathematics
Unit I | Preliminary Counting
RUSMAT303, RUAMAT302 | Unit II | Permutations and Recurrence Relations. 3 3
Unit IIT | Advanced Counting
Semester IV
Course Code Unit Topics Credits | L/ Week
Calculus of Several Variables
Unit I | Functions of Several Variables
RUSMAT401 Unit II | Differentiation 3
Unit IIT | Applications
Linear Algebra III
Unit I | Quotient Spaces and
Orthogonal Linear Transformations
RUSMAT402, RUAMAT401 | Unit II | Eigenvalues and Eigenvectors 3
Unit IIT | Diagonalization
Ordinary Differential Equations
Unit [ | First order ordinary differential
equations
RUSMAT403, RUAMAT402 | Unit II | Second order ordinary differential 3
equations
Unit IIT | Power Series Solutions of Ordinary
differential Equations




S.Y.B.Sc Mathematics
Semester 111

RUSMAT301 CALCULUS III

Learning Objectives:

Learning Outcomes:

1. Learner will be able to identify Riemann Integrable functions.

2. Learner will be able to analyze applications of integration.

3. Learner will be able to test the convergence of improper integrals.



Detailed Syllabus:

Note: Review of liminf and lim sup.
Unit I: Riemann Integration(15 Lectures)

1. Approximation of area, Upper/Lower Riemann sums and properties, Upper/Lower inte-
grals.

2. Concept of Riemann integration, criterion for Riemann integrability
3. Properties of Riemann integrable functions.
4. Basic results on Riemann integration.

5. Indefinite integrals and its basic properties.

Unit II: Applications of Integration (15 Lectures)

1. Average value of a function, Mean Value Theorem of Integral Calculus
2. Area between the two curves.

3. Arc length of a curve.

4. Surface area of surfaces of revolution

5. Volumes of solids of revolution, washer method and shell method.
1

6. Definition of the natural logarithm In__x as / gdt, x > 0, basic properties.
1

7. Definition of the exponential function exp_x as the inverse of In__x, basic properties.

8. Power functions with fixed exponent or with fixed base, basic properties.



Unit III: : Improper Integrals (15 Lectures)

1. Definitions of two types of improper integrals, necessary and sufficient conditions for con-
vergence.

2. Absolute convergence, comparison and limit comparison test for convergence. Abel’s and
Dirichlet’s tests.

3. Gamma and Beta functions and their properties.

Reference Books:
(1) R. R. GOLDBERG, Methods of Real Analysis, Oxford and IBH, 1964.
(2) A. KUMAR, S. KUMARESAN, A Basic Course in Real Analysis, CRC Press, 2014.

(3) S. R. GHORPADE, B. V. LIMAYE, A Course in Calculus and Real Analysis, Springer
International Ltd., 2000.

4) T. M. ApostoL, Calculus Volume I, Wiley & Sons (Asia) Pvt. Ltd.

5) T. M. AposToL, Mathematical Analysis, Second Ed., Narosa, New Delhi, 1974.

(4)
(5)
(6) J. STEWART, Calculus, Third Ed., Brooks/Cole Publishing Company, 1994.
(7)

R. CouraNT, F. JOHN, Introduction to Calculus and Analysis, Vol I. Reprint of 1st Ed.
Springer-Verlag, New York, 1999.

(8) M. H. PROTTER, Basic Elements of Real Analysis, Springer-Verlag, New York, 1998.

(9) G.B. THOMAS, R. L. FINNEY, Calculus and Analytic Geometry, Ninth Ed.(ISE Reprint),
Addison-Wesley, Reading Mass, 1998.

(10) R.G. BARTLE, D.R. SHERBERT, Introduction to Real Analysis, John Wiley & Sons, 1994.
Suggested Tutorials:

(1) Calculation of upper sum, lower sum and Riemann integral.
(2) Problems on properties of Riemann integral.

(3) Sketching of regions in R? and R?, graph of a function, level sets, conversions from one
coordinate system to another.

(4) Applications to compute average value, area, volumes of solids of revolution, surface area
of surfaces of revolution, moment, center of mass.

(5) Convergence of improper integrals, applications of comparison tests, Abel’s and Dirichlet’s
tests, and functions.

(6) Problems on Gamma, Beta functions and properties



(RUSMAT302/RUAMAT301) LINEAR ALGEBRA II

Learning Objectives:

Learning Outcomes:

Learner will be able to examine dimensions of vector spaces.

Learner will be able to explain the concept of determinants.

Learner will be able to apply the concept of determinants to geometry.
Learner will be able to identify inner product spaces.

A

Learner will be able to outline properties of inner products.



Detailed Syllabus:

Unit I: Linear Transformations and Matrices (15 Lectures)

1. Review of linear transformations, kernel and image of a linear transformation, Rank-
Nullity theorem (with proof), linear isomorphisms, inverse of a linear isomorphism, any
n-dimensional real vector space is isomorphic to R™.

2. The matrix units, row operations, elementary matrices and their properties.

3. Row Space, column space of m X n matrix, row rank and column rank of a matrix, equiv-
alence of the row and column rank, Invariance of rank upon elementary row or column
operations.

4. Equivalence of rank of an m x n matrix A and rank of the corresponding linear transfor-
mation, The dimension of solution space of the system of the linear equations Az = 0

5. The solution of non-homogeneous system of linear equations represented by Ax = b, exis-
tence of a solution when rank(A) = rank(A|b). The general solution of the system is the
sum of a particular solution of the system and the solution of the associated homogeneous
system.

Unit II: Determinants (15 Lectures)

1. Definition of determinant as an n-linear skew-symmetric function from R” x R"” x - - - xR" —
R such that determinant of (E', E?, ..., E") is 1, where E? denote the j* column of the
n X n identity matrix I,,.

2. Existence and uniqueness of determinant function via permutations, Computation of de-
terminant of 2 x 2, 3 x 3 matrices, diagonal matrices, basic results on determinants such
as det __(A") = det _(A), det _(AB) = det _(A) det _(B), Laplace expansion of a de-
terminant, Vandermonde determinant, determinant of upper triangular matrices and lower
triangular matrices.

3. Linear dependence and independence of vectors in R™ using determinants, the existence and
uniqueness of the system Ax = b, where A is n X n matrix A, with det _(A) # 0, cofactors
and minors, adjoint of an n X n matrix A, basic results such as A.Adj(A) = det(A)I,,. An
n X n real matrix A is invertible if and only if det __(A) # 0, A™! = da—i(A)Adj(A) for an
invertible matrix A, Cramer’s rule.



Unit III: Inner Product Spaces (15 Lectures)

1. Dot product in R", Definition of an inner product on a vector space over R, examples of
inner product

2. Norm of a vector Cauchy-Schwarz inequality, triangle inequality, orthogonality of vectors,
Pythagorus theorem and geometric applications in R?, Projections on a line, the projection
being the closest approximation, Orthogonal complements of a subspace, orthogonal com-
plements in R? and R3, orthogonal sets and orthonormal sets in an inner product space,
orthogonal and orthonormal bases, Gram-Schmidt orthogonalization process, simple exam-
ples in R?, R%.

Reference Books:

(1) S. LANG, Introduction to Linear Algebra, Springer Verlag, 1997

(2) S. KUMARASEN, Linear Algebra A geometric approach, Prentice Hall of India Private Ltd,

2000
3) M. ARTIN, Algebra, Prentice Hall of India Private Ltd. 1991
4) K. HOFrMAN, R.KUNZE, Linear algebra, Tata McGraw-Hill, New Delhi. 1971

6

(3)
(4)
(5) G. STRANG, Linear Algebra and its applications, International student Edition. 2016
(6) L. SmiTH, Linear Algebra and Springer Verlag. 1978

(7)

7) A. R. RAO AND P.BHIMASANKARAN, Linear Algebra, Tata McGraw-Hill, New Delhi.
2000

(8) T. BANCHOFF, J. WERMER, Linear Algebra through Geometry, Springer Verlag New
York, 1984.

(9) S. AXLER , Linear Algebra done right, Springer Verlag, New York, 2015

(10) K. JANICH , Linear Algebra, Springer, 1994

)

)
(11) O. BRETCHER, Linear Algebra with Applications, Prentice Hall, 1996
(12) G. WILLIAMS, Linear Algebra with Applications, Narosa Publication, 1984
)

(13) H. ANTON, Elementary Linear Algebra, Wiley, 2014.
Suggested Tutorials:

(1) Rank-Nullity Theorem

(2) System of linear equations



(3) Determinants, calculating determinants of 2 x 2; 3 X 3 matrices, n x n diagonal, upper
triangular matrices using Laplace expansion

(4) Finding inverses of 3 x 3 matrices using adjoint. Verifying A.AdjA = (DetA)I;
(5) Examples of inner product spaces and orthogonal complements in R? and R3.

(6) Gram-Schmidt method.



(RUSMAT303/RUAMAT302) DISCRETE
MATHEMATICS

Learning Objectives:

Learning Outcomes:

1. Learner will be able to examine if given sets are countable.

2. Learner will be able to experiment with addition and multiplication principle.
3. Learner will be able to solve recurrence relations.

4. Learner will be able to extend notions of counting to multisets.

10



Detailed Syllabus:
Unit I: Preliminary Counting (15 Lectures)

1. Finite and infinite sets, countable and uncountable sets, examples such as N, Z, N x N, Q,
(0,1), R

2. Addition and multiplication principle, counting sets of pairs,two way counting, Permutation
and Combination of sets.

3. Pigeonhole principle and its applications.

Unit II: Permutations and Recurrence relation (15 Lectures)

1. Permutation of objects, S,, composition of permutations, results such as every permuta-
tion is product of disjoint cycles, every cycle is product of transpositions, even and odd
permutations, rank and signature of permutation, cardinality .S, A,.

2. Recurrence relation, definition of homogeneous, non-homogeneous, linear and non linear
recurrence relation, obtaining recurrence relation in counting problems, solving (homoge-
neous as well as non homogeneous ) recurrence relation by using iterative method, solving
a homogeneous relation of second degree using algebraic method proving the necessary
result.

Unit IIT: Advanced Counting (15 Lectures)

1. Binomial and Multinomial Theorem, Pascal identity, examples of standard identities such
as the following

(00 =)
()=

> (1) = ()
SO

1=

r'n

2. Permutations and combinations of multi-sets, circular permutations, emphasis on solving
problems.

3. Non-negative and positive integral solutions of the equation z; + x5 + - -+ 4+ x, = n.

4. Principle of Inclusion and Exclusion, its applications, derangements, explicit formulae for
d,, various identities involving d,,, deriving formula for Euler’s phi function ¢(n)

11



Reference Books:

(1) N. Biaas, Discrete Mathematics, Oxford University Press, 1985
(2) R. BruALDI, Introductory Combinatorics, Pearson, 2010.

(3) V. KRISHNAMURTHY, Combinatorics-Theory and Applications, Affiliated East West Press,
1985

(4) A. TUCKER, Applied Combinatorics, John Wiley and Sons,1980

(5) S. S. SANE, Combinatorial Techniques, Hindustan Book Agency, 2013.
Suggested Practicals (Tutorials for B.A.):

(1) Problems based on counting principles, two way counting,.
(2) Pigeonhole principle.

(3) Signature of a permutation. Expressing permutation as the product of disjoint cycles.
Inverse of a permutation

(4) Recurrence relation.
(5) Multinomial theorem, identities, permutations and combinations of multi-sets.
(6)

Inclusion-Exclusion principle, Derangements, Euler’s phi function.

12



SEMESTER IV
(RUSMAT401) CALCULUS OF SEVERAL VARIABLES

Learning Objectives:

Learning Outcomes:

1. Learner will be able to compare properties of functions of several variables with those of
functions of one variable.

2. Learner will be able to deduce geometrical properties of surfaces and lines.

3. Learner will be able to apply the concept of differentiability to other sciences.

13



Detailed Syllabus:

Unit I: Functions of several variables (15 Lectures)

1.

Euclidean space, R™- norm, inner product, distance between two points, open ball in R",
definition of an open set / neighbourhood, sequences in R", convergence of sequences (these
concepts should be specifically discussed for n = 2 and n = 3).

. Functions from R" — R (scalar fields) and from R® — R"™ (Vector fields), sketching of

regions in R? and R®. Graph of a function, level sets, cartesian coordinates, polar coordi-
nates, spherical coordinates, cylindrical coordinates and conversions from one coordinate
system to other. Iterated limits, limits and continuity of functions, basic results on limits
and continuity of sum, difference, scalar multiples of vector fields, continuity of components
of vector fields.

3. Directional derivatives and partial derivatives of scalar fields.

4. Mean value theorem for derivatives of scalar fields.

Unit II: Differentiation (15 Lectures)

1.

Differentiability of a scalar field at a point (in terms of linear transformation) and in an open
set, total derivative, uniqueness of total derivative of a differentiable function at a point,
basic results on continuity, differentiability, partial derivative and directional derivative.

Gradient of a scalar field, geometric properties of gradient, level sets and tangent planes.
Chain rule for scalar fields.

Higher order partial derivatives, mixed partial derivatives, sufficient condition for equality
of mixed partial derivative.

Unit III: Applications (15 Lectures)

. Second order Taylor’s formula for scalar fields.

Differentiability of vector fields, definition of differentiability of a vector field at a point
Jacobian and Hessian matrix, differentiability of a vector field at a point implies continuity,
the chain rule for derivative of vector fields (statement only).

Mean value inequality.
Maxima, minima and saddle points.

Second derivative test for extrema of functions of two variables.

14



6. Method of Lagrange multipliers.

Reference Books:

(1) S. R. GHORPADE, B. V. LiMAYE, A Course in Multivariable Calculus and Analysis,
Springer, 2010.

(2) T. ApostoL, Calculus, Vol. 2, John Wiley, 1969.

(3) J. STEWART, Calculus, Brooke/Cole Publishing Co., 1994.
Suggested Tutorials:

1) Sequences in R? and R?, limits and continuity of scalar fields and vector fields, usin
g
definition and otherwise, iterated limits.

(2) Computing directional derivatives, partial derivatives and mean value theorem of scalar
fields.

(3) Total derivative, gradient, level sets and tangent planes.
(4) Chain rule, higher order derivatives and mixed partial derivatives of scalar fields.

(5) Taylor’s formula, differentiation of a vector field at a point, finding Jacobian and Hessian
matrix, Mean value inequality.

(6) Finding maxima, minima and saddle points, second derivative test for extrema of functions
of two variables and method of Lagrange multipliers.

15



(RUSMAT402 /| RUAMAT401) Linear Algebra III

Learning Objectives:

Learning Outcomes:

1. Learner will be able to explain quotient structures on vector spaces.

2. Learner will be able to explain the concepts of orthogonalization.

3. Learner will be able to apply the concepts of eigenvalues and eigenvectors to geometry.

16



Detailed Syllabus:

Unit I: Quotient Spaces and Orthogonal Linear Transformations (15
Lectures)

(1)

(2)

Review of vector spaces over R, subspaces and linear transformations.

Quotient spaces, first isomorphism theorem of real vector spaces (fundamental theorem of
homomorphism of vector spaces), dimension and basis of the quotient space V/W where
V' is finite dimensional vector space and W is subspace of V.

Orthogonal transformations, isometries of a real finite dimensional inner product space,
translations and reflections with respect to a hyperplane, orthogonal matrices over R,
equivalence of orthogonal transformations and isometries fixing origin on a finite dimen-
sional inner product space, orthogonal transformation of R, any orthogonal transformation
in R is a reflection or a rotation, characterization of isometries as composites of orthogonal
transformations and translation.

Characteristic polynomial of an n x n real matrix, Cayley Hamilton theorem and its appli-
cations (Proof assuming the result: A Adj(A) = det(A)I, for an n x n matrix A over the
polynomial ring R[t]).

Unit II: Eigenvalues and eigen vectors (15 Lectures)

(1)

Eigen values and eigen vectors of a linear transformation 7" : V' — V where V is a finite
dimensional real vector space and examples, Eigen values and Eigen vectors of n x n real
matrices, linear independence of eigenvectors corresponding to distinct eigenvalues of a
linear transformation and a matrix.

The characteristic polynomial of a n x n real matrix and a linear transformation of a finite
dimensional real vector space to itself, characteristic roots, similar matrices, relation with
change of basis, invariance of the characteristic polynomial and eigen values of similar
matrices, every n X n square matrix with real eigenvalues is similar to an upper triangular
matrix.

Minimal Polynomial of a matrix, examples, diagonal matrix, similar matrix, invariant
subspaces.

17



Unit III: Diagonalisation (15 Lectures)

(1) Geometric multiplicity and algebraic multiplicity of eigen values of an n x n real matrix,
equivalent statements about diagonalizable matrix and multiplicities of its eigenvalues ,
examples of non diagonalizable matrices,

(2) Diagonalisation of a linear transformation 7" : V' — V where V is a finite dimensional real
vector space and examples.

(3) Orthogonal diagonalisation and quadratic forms, diagonalisation of real symmetric matri-
ces, examples, applications to real quadratic forms, rank and signature of a real quadratic
form

(4) Classification of conics in R? and quadric surfaces in R?, positive definite and semi definite
matrices, characterization of positive definite matrices in terms of principal minors.

Reference Books:

(1

S. KUMARESAN, Linear Algebra: A Geometric Approach, Prentice Hall of India, 2000

2) R. RAO, P. BHIMASANKARAM, Linear Algebra, TRIM, Hindustan Book Agency, 2000.

4

)
(2)
(3) T. BANCHOFF, J. WERMER, Linear Algebra through Geometry, Springer, 1992.
(4) L. SmiTH, Linear Algebra, Springer, 1978.

(6)

6) K HorrMAN, KUNZE, Linear Algebra, Prentice Hall of India, New Delhi, 1971.

Suggested Tutorials:

1
2
3

Quotient spaces, orthogonal transformations.
Cayley Hamilton theorem and applications.

Eigenvalues and eigenvectors of a linear transformation and a square matrix.

b}
6

(1)
(2)
(3)
(4) Similar matrices, minimal polynomial.
(5) Diagonalization of a matrix.

(6)

Orthogonal diagonalization and quadratic forms.

18



(RUSMAT403/ RUAMAT402) ORDINARY
DIFFERENTIAL EQUATIONS

Learning Objectives:

Learning Outcomes:

1. Learner will be able to classify the ODE according to degree and order of ODE.

2. Learner will be able to solve an ODE.

3. Learner will be able to apply the concepts of ODE to biological sciences and physics.

19



Detailed Syllabus:
Unit I: First order First degree Differential equations (15 Lectures)

(1)

(2)

(3)

(4)

Definition of a differential equation, order, degree, ordinary differential equation, linear and
non linear ODE.

Existence and Uniqueness Theorem for the solutions of a second order initial value problem
(statement only), Lipschitz function, examples

Review of solution of homogeneous and non- homogeneous differential equations of first
order and first degree, notion of partial derivative, exact equations, general solution of exact
equations of first order and first degree, necessary and sufficient condition for Mdx+ Ndy =
0 to be exact, non-exact equations, rules for finding integrating factors (without proof) for
non exact equations and examples

Linear and reducible to linear equations, applications of first order ordinary differential
equations.

Unit II: Second order Linear Differential equations (15 Lectures)

(1)

Homogeneous and non-homogeneous second order linear differentiable equations, the space
of solutions of the homogeneous equation as a vector space, wronskian and linear indepen-
dence of the solutions, the general solution of homogeneous differential equation, the use
of known solutions to find the general solution of homogeneous equations, the general solu-
tion of a non-homogeneous second order equation, complementary functions and particular
integrals.

The homogeneous equation with constant coefficient, auxiliary equation, the general solu-
tion corresponding to real and distinct roots, real and equal roots and complex roots of the
auxiliary equation.

Non-homogeneous equations, the method of undetermined coefficients, the method of vari-
ation of parameters.

20



Unit III: Power Series solution of ordinary differential equations (15
Lectures)

1. A review of power series.
2. Power series solutions of first order ordinary differential equations.
3. Regular singular points of second order ordinary differential equations.

4. Frobenius series solution of second order ordinary differential equations with regular sin-
gular points.

Reference Books:

(1) G. F. Simmons, Differential Equations with Applications and Historical Notes, McGraw
Hill, 1972.

(2) E. A. CoDpDINGTON , An Introduction to Ordinary Differential Equations. Prentice Hall,
1961.

(3) W. E. Boyce, R. C. DiPrima, Elementary Differential Equations and Boundary Value
Problems, Wiely, 2013.

(4) D. A. Murray, Introductory Course in Differential Equations, Longmans, Green and Co.,
1897.

(5) A. R. Forsyth, A Treatise on Differential Equations, MacMillan and Co., 1956.
Suggested Practicals for S.Y.B.Sc. and Tutorial for S.Y.B.A.:

1) Application of existence and uniqueness theorem, solving exact and non exact equations.

2) Linear and reducible to linear equations, applications to orthogonal trajectories, pop-
ulation growth, and finding the current at a given time.

3) Finding general solution of homogeneous and non-homogeneous equations, use of known
solutions to find the general solution of homogeneous equations.

4) Solving equations using method of undetermined coefficients and method of variation of
parameters.

5) Power series solutions of first order ordinary differential equations.

6) Frobenius series method for second order ordinary differential equatuions.
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MODALITY OF ASSESSMENT

Theory Examination Pattern:
A) Internal Assessment - 40% :
(Except for RUSMAT303/RUAMAT302 and RUSMAT403/RUAMAT402)

Total: 40 marks.

1 One Assignment/Case study/Project/ seminars/presentation: 10 marks

2 One class Test (multiple choice questions / objective) 20 marks

3 Active participation in routine class instructional deliveries and Overall conduct as a
responsible student, manners, skill in articulation, leadership qualities demonstrated through
organizing co-curricular activities, etc. 10 marks

B) External examination - 60 %
Semester End Theory Assessment - 60 marks

i. Duration - These examinations shall be of 2 hours duration.
ii. Paper Pattern:

1. There shall be 3 questions each of 20 marks. On each unit there will be one question.

2. All questions shall be compulsory with internal choice within the questions.

Questions Options Marks | Questions on
Q.1)A) | Any Ll outof 2 | 08 Unit I
Q.1)B) | Any 2 out of 4 12
Q2)A) | Any loutof2| 08 Unit II
Q.2)B) | Any 2 out of 4 | 12
Q.3)A) | Any loutof2 | 08 Unit III
Q.3)B) | Any 2 out of 4 | 12

Practical Examination Pattern:
(For RUSMAT303/RUAMAT302 and RUSMAT403/RUAMAT402)

Journal 05 marks
Viva 05 marks
Test 30 marks
Total 40 marks

22



Res No:  AB/II(18-19).2.RUA13 / AC/II(18-19).2.RUSS

S.P.Mandali’s
RAMNARAIN RUIA AUTONOMOUS COLLEGE,
MUMBAI-19

RUIA COLLEGE

Explore o Experience Excel

SYLLABUS FOR T.Y.B.Sc /T.Y.B.A
PROGRAM: B.Sc / B.A

COURSE: MATHEMATICS (RUSMAT/RUAMAT)

(Credit Based Semester and Grading System with effect
from the academic year 2019-2020)




Semester V

Course Code Unit Topics Credits | L/Week
Integral Calculus
I Multiple Integrals
RUSMAT501/ )
RUAMAT501 II Line Integrals 2.5 3
11 Surface Integrals
Algebra I1
I Group Theory
RUSMAT502/
RUAMAT502 II Normal Subgroups 2.5 3
111 Direct Products of Groups
Topology of Metric Spaces
I Metric Spaces
RUSMAT503/
RUAMAT503 II Closed Sets, Sequences and Completeness 2.5 3
111 Continuity
Graph Theory (Elective I)
I Basics of Graphs
RUSMATES5041/
RUAMATES04I II Trees 2.5 3
111 Eulerian and Hamiltonian graphs
Number Theory and its Applications (Elective II)
I Congruences and Factorization
RUSMATES50411/ . . . . .
RUAMATES04IT II Diophantine Equations and their Solutions 2.5 3
11 Primitive Roots and Cryptography
Course Practicals Credits | L/Week
RUSMATP501/ Practicals based on RUSMAT501/RUAMAT501 3 6
RUAMATP501 and RUSMAT502/RUAMATS502
RUSMATP502/ Practicals based on RUSMAT503/RUAMAT503,
RUAMATP502 RUSMTES04I/RUAMTES041 or RUSMTES0411/RUAMTES0411 3 6




Semester VI

Course Code Unit Topics Credits | L/Week
Basic Complex Analysis
I Complex Numbers and Complex functions
RUSMAT601/ . .
RUAMAT601 II Holomorphic functions 2.5 3
11 Complex power series
Algebra II1
I Ring Theory
RUSMAT602/ .
RUAMAT602 II Factorization 2.5 3
111 Field Theory
Metric Topology
I Compact sets
RUSMATG603/
RUAMATG03 II Connected sets 2.5 3
11T Sequences and Series of functions
Graph Theory and Combinatorics (Elective I)
I Colorings of graph
RUSMAT6041/
RUSMATEG0AT II Planar graph 2.5 3
111 Combinatorics
Number Theory and its Applications II (Elective II)
I Quadratic Reciprocity
RUSMATEG60411/ . .
RUAMATEGOAII II Continued Fractions 2.5 3
Pells Equation, Arithmetic Functions,
11 .
Special Numbers
Course Practicals Credits | L/Week
RUSMATP601/ Practicals based on RUSMAT601/RUAMAT601 3 6
RUAMATP601 and RUSMAT602/RUAMAT602
RUSMATP602/ Practicals based on RUSMAT603/RUAMATG03,
RUAMATPG602 | USMTEG604I/UAMTEG04I or USMTEG60411/UAMTEG0411 3 6




T.Y.B.Sc Mathematics
Semester V

Course: Integral Calculus

Course Code: RUSMAT501 / RUAMATS501

Learning Objectives:
1. Introduce notion of Multiple integrals.
2. To introduce notion of surface integrals, line integrals and their applications to Physics.

Learning Outcomes:

1. Learner will be able to apply concepts of multiple integrals in the field of physics.
2. Learner will be able to apply concepts of line integrals in the field of physics.

3. Learner will be able to apply concepts of surface integrals in the field of physics.



Detailed Syllabus

Unit I: Multiple Integrals (15 Lectures)

Definition of double (respectively: triple) integral of a function bounded on a rectangle (re-
spectively: box), Geometric interpretation as area and volume. Fubini’s Theorem over rectangles
and any closed bounded sets, Iterated Integrals. Basic properties of double and triple integrals
proved using the Fubini’s theorem such as; Integrability of the sums, scalar multiples, products,
and (under suitable conditions) quotients of integrable functions, Formulae for the integrals of
sums and scalar multiples of integrable functions, Integrability of continuous functions. More
generally, integrability of bounded functions having finite number of points of discontinuity, Do-
main additivity of the integral. Integrability and the integral over arbitrary bounded domains.
Change of variables formula (Statement only), Polar, cylindrical and spherical coordinates and
integration using these coordinates. Differentiation under the integral sign. Applications to
finding the center of gravity and moments of inertia.

Unit II: Line Integrals (15 Lectures)

Review of Scalar and Vector fields on R™. Vector Differential Operators, Gradient Paths
(parametrized curves) in R (emphasis on R and R), Smooth and piecewise smooth paths, Closed
paths, Equivalence and orientation preserving equivalence of paths. Definition of the line integral
of a vector field over a piecewise smooth path, Basic properties of line integrals including linearity,
path-additivity and behavior under a change of parameters, Examples.

Line integrals of the gradient vector field, Fundamental Theorem of Calculus for Line Integrals,
Necessary and sufficient conditions for a vector field to be conservative, Green’s Theorem (proof
in the case of rectangular domains). Applications to evaluation of line integrals.

Unit III: : Surface Integrals (15 Lectures)

Parameterized surfaces. Smoothly equivalent parameterizations, Area of such surfaces. Def-
inition of surface integrals of scalar-valued functions as well as of vector fields defined on a
surface. Curl and divergence of a vector field, Elementary identities involving gradient, curl and
divergence. Stoke’s Theorem (proof assuming the general form of Green’s Theorem), Examples.
Gauss’ Divergence Theorem (proof only in the case of cubical domains), Examples.

Reference Books:

(1) T AposToL, Mathematical Analysis, Second Ed., Narosa, New Delhi. 1947.

(2) R. CoUurRANT AND F. JOHN,, Introduction to Calculus and Analysis, Vol.2, Springer Verlag,
New York, 1989.

(3) W. FLEMING, Functions of Several Variables, Second Ed., Springer-Verlag, New York,
1977.

(4) M. H. PROTTER AND C. B. MORREY, JR., CIntermediate Calculus, Second Ed., Springer-
Verlag, New York, 1995.



(5) G. B. THOMAS AND R. L. FINNEY, Calculus and Analytic Geometry, Ninth Ed. (ISE
Reprint), Addison- Wesley, Reading Mass, 1998.

(6) D. V. WIDDER, Advanced Calculus, Second Ed., Dover Pub., New York. 1989

(7) R COURANT AND F. JOHN., Introduction to Calculus and Analysis, Vol I. Reprint of 1st
Ed. Springer-Verlag, New York, 1999.

(8) SUDHIR R. GHORPADE AND BALMOHAN LIMAYE, A course in Multivariable Calculus and
Analysis, Springer International Edition.



Course : Algebra II
Course Code : RUSMAT502/ RUAMAT502

Learning Objectives:

1. To introduce notion of Group and Subgroups
2. To introduce notion of direct product of groups.

Learning Outcomes:

1. Learner will be able to examine properties of groups and subgroups.
2. Learner will be able to identify normal subgroups.

3. Learner will be able to illustrate examples of direct product of groups.



Detailed Syllabus

Unit 1 : Group Theory

i. Groups, definition and properties, examples such as Z,Q,R,C,GL,(R), SL,(R), O,, (=
the group of n x n real orthogonal matrices), B, (= the group of n x n nonsingular
upper triangular matrices), Sy, Z,, U(n) the group of prime, residue classes modulo n
under multiplication, Quarternion group, Dihedral group as group of symmetries of regular
n—gon, abelian group, finite and infinite groups.

ii. Subgroups, necessary and sufficient condition for a non-empty subset of a group to be a
subgroup. Examples, cyclic subgroups, centre Z(G).

iii. Order of an element. Subgroup generated by a subset of the group. Cyclic group. Examples
of cyclic groups such as Z and the group u, of the n—th roots of unity.

iv. Cosets of a subgroup in a group. Lagrange’s Theorem.

v. Homomorphisms, isomorphisms, automorphisms, kernel and image of a homomorphism.

Unit 2 : Normal Subgroups

i. Normal subgroup of a group, centre of a group, Alternating group A,, cycles, Quotient
group.

ii. First Isomorphism Theorem, Second Isomorphism Theorem, Third Isomorphism Theorem,
Correspondence Theorem.

iii. Permutation groups, cycle decomposition, Cayley’s Theorem for finite groups..

iv. External direct product of groups, order of an element in a direct product, criterion for
external product of finite cyclic groups to be cyclic.

v. Classification of groups of order < 7

Unit 3 : Direct Product of Groups

i. Internal direct product of subgroups, H and K which are normal in G, such that
HNK = {1}. If a group is internal direct product of two normal subgroups H and K and
HK = @G, it is isomorphic to the external direct product H x K.

ii. Structure Theorem of finite abelian groups (statement only) and applications.

iii. Conjugacy classes in a group, class equation. A group of order p? is abelian.

Reference Books :

(1) I. N. Herstein, Topics in Algebra, Wiley Eastern Limited, Second edition.



(2) Michael Artin, Algebra, Prentice Hall of India, New Delhi.

(3) P.B. Bhattacharya, S. K. Jain and S. R. Nagpaul, Basic Abstract Algebra, Second edition,
Foundation Books, New Delhi, 1995.

(4) D. Dummit, R. Foote, Abstract Algebra, John Wiley and Sons, Inc.

Additional Reference Books :

1) N. S. Gopalakrishnan, University Algebra, Wiley Eastern Limited.

2) J. Gallian, Contemporary Abstract Algebra, Narosa, New Delhi.

(1)
(2)
(3) J. B. Fraleigh, A First Course in Abstract Algebra, Third edition, Narosa, New Delhi.
(4)

4) T. W. Hungerford, Algebra, Springer.



Course: Topology of Metric Spaces
Course Code: RUSMAT503 /RUAMATS503

Learning Objectives:
1. To introduce notion of metric spaces, open sets closed sets in metric spaces
2. To introduce notion of continuity in metric spaces.

Learning Outcomes:
1. Learner will be able to construct examples of metrics.

2. Learner will be able to compare properties of open, closed intervals, sequences and com-
pleteness on R with an arbitrary metric space.

3. Learner will be able to compare properties of continuity on R with an arbitrary metric
space.

10



Detailed Syllabus

Unit I: Metric Spaces (15 Lectures)

Definition, examples of metric spaces R, R? Euclidean space R” sup and sum metric, C (complex
numbers), normed spaces. distance metric induced by the norm, translation invariance of the
metric induced by the norm. Metric subspaces. Product of two metric spaces. Open balls and
open sets in a metric space, examples of open sets in various metric spaces, Hausdorff property,
interior of a set. Structure of an open set in R, equivalent metrics. Distance of a point from a
set, distance between sets, diameter of a set in a metric space and bounded sets.

Unit II: Closed sets, Sequences, Completeness (15 Lectures)

Closed ball in a metric space, Closed sets- definition, examples. Limit point of a set, Isolated
point, A closed set contains all its limit points, Closure of a set and boundary, Sequences in a
metric space, Convergent sequence in a metric space, Cauchy sequence in a metric space, subse-
quences, examples of convergent and Cauchy sequence in finite metric spaces, R with different
metrics and other metric spaces. Characterization of limit points and closure points in terms of
sequences. Definition and examples of relative openness/closeness in subspaces, Dense subsets
in a metric space and Separability. Definition of complete metric spaces, Examples of complete
metric spaces. Completeness property in subspaces. Nested Interval theorem in R. Cantor’s
Intersection Theorem.

Unit III: Continuity (15 Lectures)

Epsilon-delta definition of continuity at a point of a function from one metric space to another.
Equivalent characterizations of continuity at a point in terms of sequences, open sets and closed
sets and examples. Algebra of continuous real valued functions on a metric space. Continuity of
the composite of continuous functions.

Reference Books:

(1) S. KuMARESAN, Topology of Metric spaces, Narosa, Second Edn.

(2) E. T. CoPSON., Metric Spaces. Universal Book Stall, New Delhi, 1996.

Additional Reference Books:

1) W. RUDIN, Principles of Mathematical Analysis, Third Ed, McGraw-Hill, Auckland, 1976.

2) T. ApostoL, Mathematical Analysis, Second edition, Narosa, New Delhi, 1974

4

(1)

(2)

(3) P. K. JaiN. K. AHMED, Metric Spaces. Narosa, New Delhi, 1996.

(4) R. R. GOLDBERG, Methods of Real Analysis, Oxford and IBH Pub. Co., New Delhi 1970.
()

5) D. SOMASUNDARAM, B. CHOUDHARY, A first Course in Mathematical Analysis. Narosa,

New Delhi
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(6) G.F. StmmoNs, Introduction to Topology and Modern Analysis, McGraw-Hii, New York,
1963.

(7) SUTHERLAND, Introduction to Metric and Topological Spaces, Oxford University Press,
2009
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Course: Graph Theory (Elective I)
Course: Code RUSMATE5041 / RUAMATES5041

Learning Objectives:

1. To introduce notion of Graph and its various attributes

2. To apply notion of graph to various branches of knowledge.
Learning Outcomes:

1. Learner will be able to apply the concepts of graphs and trees to the fields of chemistry,
physics and biological sciences.

2. Learner will be able to apply the concepts of hamiltonian and eulerian to the fields of
chemistry, physics and biological sciences.

13



Detailed Syllabus

Unit I: Basics of Graphs (15 Lectures)

Definition of general graph, Directed and undirected graph, Simple and multiple graph, Types
of graphs- Complete graph, Null graph, Complementary graphs, Regular graphs Sub graph of a
graph, Vertex and Edge induced sub graphs, Spanning sub graphs. Basic terminology- degree
of a vertex, Minimum and maximum degree, Walk, Trail, Circuit, Path, Cycle. Handshaking
theorem and its applications, Isomorphism between the graphs and consequences of isomorphism
between the graphs, Self complementary graphs, Connected graphs, Connected components.
Matrices associated with the graphs — Adjacency and Incidence matrix of a graph- properties,
Bipartite graphs and characterization in terms of cycle lengths. Degree sequence and Havel-
Hakimi theorem.

Unit II: Trees (15 Lectures)

Cut edges and cut vertices and relevant results, Characterization of cut edge, Definition of a
tree and its characterizations, Spanning tree, Recurrence relation of spanning trees and Cayley
formula for spanning trees of complete graphs, Binary and m-ary tree, Prefix codes and Huffman
coding, Weighted graphs.

Unit III: Eulerian and Hamiltonian graphs (15 Lectures)

Eulerian graph and its characterization, Hamiltonian graph, Necessary condition for Hamiltonian
graphs using G — S where S is a proper subset of V(G), Sufficient condition for Hamiltonian
graphs-Ore’s theorem and Dirac’s theorem, Hamiltonian closure of a graph, Cube graphs and
properties like regular, bipartite, Connected and Hamiltonian nature of cube graph, Line graph
of a graph and simple results.

Reference Books:

1) BoNDY AND MURTY, Graph Theory with Applications

2) BALKRISHNAN AND RANGANATHAN, Graph theory and applications.

3

(1)
(2)
(3) WEsT D.B., Introduction to Graph Theory , Second ed., Prentice Hall 2001.
(4)

4) SHARAD SANE, Combinatorial Techniques, Hindustan Book Agency.

Additional Reference Books:

(1) BEHZAD AND CHARTRAND , Graph theory

(2) CroubpaM S. A., Introductory Graph theory.
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Course: Number Theory and its Applications (Elective II)
Course Code: RUSMATE50411 / RUAMATES50411

Learning Objectives:
1. To introduce congruences and factorization
2. To introduce Dipophanine equations
3. To introduce Cryptography
Learning Outcomes:
1. Learner will be able to understand various aspects of factorization

2. Lerner will be able to understand importance of cryptography in todays world.
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Detailed Syllabus

Unit 1 : Congruences and Factorization

Congruences : Definition and elementary properties, Complete residue system modulo m, Re-
duced residue system modulo m, Euler’s function and its properties, Fermat’s Little Theorem,
Euler’s generation of Fermat’s Little Theorem, Wilson’s Theorem, Linear congruence, The Chi-
nese Remainder Theorem, Congruence of higher degree, The Fermat-Kraitchik Factorization
Method.

Unit 2 : Diophantine Equations and their Solutions
The linear equations ax + by = c¢. The equations z? + y? = p where p is a prime. The equa-

2 and

tion 22 + y?> = 22, Pythagorean triples, primitive solutions, The equations z* + y* = 2
2% 4+ y* = z* have no solutions (x,y, z) with zyz # 0. Every positive integer n can be expressed
as sum of squares of four integers, Universal quadratic forms x2 +y? 4 22 +t2. Assorted examples

—section 5.4 of Number theory by Niven-Zuckermann-Montgomery.

Unit 3 : Primitive Roots and Cryptography

Order of an integer and Primitive Roots. Basic notions such as encryption (enciphering) and
decryption (deciphering), Cryptosystems, symmetric key cryptography, Simple examples such as
shift cipher, Affine cipher, Hill’s cipher, Vigenere cipher. Concept of Public Key Cryptosystem;
RSA Algorithm. An application of Primitive Roots to Cryptography.

Reference Books :

(1) David M. Burton, An Introduction to the Theory of Numbers. Tata McGraw Hill Edition.

(2) Niven, H. Zuckerman and H. Montogomery, An Introduction to the Theory of Numbers,
John Wiley and Sons. Inc.

(3) M. Artin, Algebra. Prentice Hall.

(4) K. Ireland, M. Rosen. A classical introduction to Modern Number Theory. Second edition,
Springer Verlag.
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Course: Practicals (Based on RUSMAT501 /
RUAMAT501 and RUSMAT502 / RUAMAT502)

Course Code: RUSMATP501 / RUAMATP501

Suggested Practicals (Based on RUSMAT501 / RUAMATS501)

1
2
3

Evaluation of double and triple integrals.
Change of variables in double and triple integrals and applications.

Line integrals of scalar and vector fields

5
6

(1)
(2)
(3)
(4) Green’s theorem, conservative field and applications
(5) Evaluation of surface integrals

(6) Stoke’s and Gauss divergence theorem

)7)

(()7) Miscellaneous theory questions.
Suggested Practicals (Based on RUSMAT502 / RUAMAT502)

1
2
3
4
5
6

Examples and properties of groups

Group of symmetry of equilateral triangle, rectangle, square.

Subgroups

Cyclic groups, cyclic subgroups, finding generators of every subgroup of a cyclic group.

Left and right cosets of a subgroup, Lagrange’s Theorem.

(1)
(2)
3)
(4)
()
(6)

Group homomorphisms, isomorphisms.

(7) Miscellaneous theory questions.
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Practicals
(Based on RUSMAT503/RUAMAT503,

RUSMATE5041/RUAMATES5041 and
RUSMATES50411/RUAMATES50411)

Course Code: RUSMATP502/RUAMATP502

Suggested Practicals (Based on RUSMAT503/RUAMAT503)

Examples of Metric Spaces.
Open balls and Open sets in Metric / Normed Linear spaces, Interior Points.

Subspaces, Closed Sets and Closure, Equivalent Metrics and Norms.

Sequences, Convergent and Cauchy Sequences in a Metric Space, Complete Metric Spaces,

Cantors Intersection Theorem and its Applications.
Continuous Functions on Metric Spaces
Characterization of continuity at a point in terms of metric spaces.

Miscellaneous Theory Questions.

Suggested Practicals (Based on RUSMATE5041/ RUAMATES504I)

(1)
(2)
3)
(4)
()
(6)
(7)

Handshaking Lemma and Isomorphism.
Degree sequence.

Trees, Cayley Formula.

Applications of Trees.

Eulerian Graphs.

Hamiltonian Graphs.

Miscellaneous Problems.

Suggested Practicals (Based on RUSMATES50411 / RUAMATE504I1)

(1)
(2)
3)
(4)
()
(6)
(7)

7

Congruences.

Linear congruences and congruences of higher degree.
Linear diophantine equations.

Pythagorean triples and sum of squares.
Cryptosystems (Private Key).

Cryptosystems (Public Key) and primitive roots.

Miscellaneous theoretical questions.
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SEMESTER VI
Course: Basic Complex Analysis

Course Code: RUSMATG601 / RUAMATG601

Learning Objectives:

1. To introduce Complex Numbers , their subsets and complex-valued functions.

2. To introduce Mobius Transformations and singularities of sets of complex numbers.
Learning Outcomes:

1. Learner will be able to elaborate on properties of complex numbers.

2. Learner will be able to elaborate on properties of Mobius transforms and singularities in
subsets of C.
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Detailed Syllabus

Unit I: Complex Numbers and Functions of Complex variables (15 Lec-
tures)

Review of complex numbers: Complex plane, polar coordinates, exponential map, powers and
roots of complex numbers, De Moivr’s formula, C as a metric space, bounded and unbounded
sets, point at infinity-extended complex plane, sketching of set in complex plane.

Limit at a point, theorems on limits, convergence of sequences of complex numbers and results
using properties of real sequences. Functions f : C — C real and imaginary part of functions,
continuity at a point and algebra of continuous functions.

Unit II: Holomorphic functions (15 Lectures)

Derivative of f : C — C; comparison between differentiability in real and complex sense, Cauchy-
Riemann equations, sufficient conditions for differentiability, analytic function, ’, f, g analytic
then f+g¢, f —g, fg, f/g are analytic. chain rule.Theorem: If f' = 0 everywhere in a domain
G then f must be constant throughout, Harmonic functions and harmonic conjugate.

Explain how to evaluate the line integral [ f(z)dz over |z —zo| = r and prove the Cauchy integral

1) dz over
w—z

formula: If f is analytic in B(zg,r) then for any w in B(zg,r) we have f(w) = /

|z — 20| = .

Unit III: Complex power series (15 Lectures)

Taylor’s theorem for analytic functions, Mobius transformations —definition and examples. Ex-
ponential function, its properties, trigonometric function, hyperbolic functions, Power series of
complex numbers and related results , radius of convergences, disc of convergence, uniqueness of
series representation, examples.

Definition of Laurent series, Definition of isolated singularity, statement (without proof) of ex-
istence of Laurent series expansion in neighbourhood of an isolated singularity, type of isolated
singularities viz. removable, pole and essential defined using Laurent series expansion, statement
of residue theorem and calculation of residue.

Reference Books:

1) J. W. BROWN AND R.V. CHURCHILL, Complex analysis and Applications.

2) S. PonnusAaMY, Foundations Of Complex Analysis, Second Ed., Narosa, New Delhi. 1947

3) R. E. GREENE AND S. G. KRANTZ, Function theory of one complex variable

(1)
(2)
3)
(4) T. W. GAMELIN, Complex analysis
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Course: Algebra 111
Course Code: RUSMAT602 / RUAMAT602

Semester VI
Course : Algebra III
Course Code : RUSMAT602/ RUAMAT602

Learning Objectives:
1. To introduce notion of Ring and ideal
2. To introduce factorization in commutative rings.
3. To introduce constructible numbers.
Learning Outcomes:
1. Learner will be able to extend concept of normal subgroup to ideal of the ring R.
2. Learner will be able to elaborate properties of ED, PID and UFD.

3. Learner will be able to find quadratic extensions of field F.
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Detailed Syllabus

Unit 1 : Ring Theory

i. Ring (definition should include the existence of a unity element), zero divisor, unit, the
multiplicative group of units of a ring. Basic properties and examples of rings.

ii. Commutative ring, integral domain, division ring, subring, examples, Characteristic of a
ring, characteristic of an Integral Domain.

iii. Ring homomorphism, kernel of ring homomorphism, ideals, operations on ideals and quo-
tient rings, examples.

iv. Factor theorem and First and Second isomorphism theorems for rings, Correspondence
theorem for rings.

Unit 2 : Factorization

i. Principal ideal, maximal ideal, prime ideal, characterization of prime and maximal ideals
in terms of quotient rings.

ii. Polynomial rings, R[X] when R is an integral domain/ field, Eisenstein’s criterion for
irreducibility of a polynomial over Z, Gauss lemma, prime and maximal ideals in polynomial
rings.

iii Notions of euclidean domain (ED), principal ideal domain (PID) and unique factorization
domain (UFD). Relation between these three notions (ED = PID = UFD).

iv Example of ring of Gaussian integers.
Unit 3 : Field Theory
i. Review of field, characteristic of a field, Characteristic of a finite field is prime.
ii. Prime subfield of a field, Prime subfield of any field is either Q or Z, (upto isomorphism).

iii. Field extension, Degree of field extension. Algebraic elements, Any homomorphism of a

field is injective.
iv. Any irreducible polynomial p(z) over a field F' has a root in an extension of the field,
(x

moreover the degree of this extension % over the field F' is the degree of the polynomial
p(z).

v. The extension % ie. Q(W2), % ie. Q(V2), (;Q;[f]l) i.e. Q(i), Quadratic exten-
sions of a field F' when characteristic of F' is not 2.

Reference Books :

(1) I. N. Herstein, Topics in Algebra, Wiley Eastern Limited, Second edition.

(2) Michael Artin, Algebra, Prentice Hall of India, New Delhi.

(3) P.B. Bhattacharya, S. K. Jain and S. R. Nagpaul, Basic Abstract Algebra, Second edition,
Foundation Books, New Delhi, 1995.
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(4) D. Dummit, R. Foote, Abstract Algebra, John Wiley and Sons, Inc.

Additional Reference Books :

1) N. S. Gopalakrishnan, University Algebra, Wiley Eastern Limited.

2) J. Gallian, Contemporary Abstract Algebra, Narosa, New Delhi.

3) J. B. Fraleigh, A First Course in Abstract Algebra, Third edition, Narosa, New Delhi.

(1)
(2)
3)
(4) T. W. Hungerford, Algebra, Springer.
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Course: Metric Topology
Course Code: RUSMAT603 /RUAMAT603

Learning Objectives:
1. To introduce notion of compactness and connectedness in Metric Spaces.
2. To introduce sequences and series of functions

Learning Outcomes:

1. Learner will be able to compare properties of compact and connected sets on R with an
arbitrary metric spaces.

2. Learner will be able to elaborate on properties of sequences and series of functions.
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Detailed Syllabus

Unit I: Compact Sets (15 Lectures)

Definition of compact metric space using open cover, examples of compact sets in different metric
spaces R, R2, R? and other metric spaces. Properties of compact sets:compact set is closed and
bounded, every infinite bounded subset of a compact metric space has a limit point, Heine
Borel theorem-every subset of Euclidean metric space R is compact if and only if it is closed
and bounded. Equivalent statements for compact sets in R; Heine-Borel property, Closed and
boundedness property, Bolzano-Weierstrass property, Sequentially compactness property. Finite
intersection property of closed sets for compact metric space, hence every compact metric space
is complete.

Unit II: Connected sets (15 Lectures)

Separated sets- definition and examples, disconnected sets, disconnected and connected metric
spaces, Connected subsets of a metric space. Connected subsets of R, A subset of R is connected if
and only if it is an interval. A continuous image of a connected set is connected, Characterization
of a connected space, viz. a metric space is connected if and only if every continuous function
from b to < 1, —1 > is a constant function. Path connectedness in R, definition and examples, A
path connected subset of R is connected, convex sets are path connected, Connected components,
An example of a connected subset of R which is not path connected.

Unit III: Sequence and series of functions (15 Lectures)

Sequence of functions - pointwise and uniform convergence of sequences of real-valued func-
tions, examples. Uniform convergence implies pointwise convergence, example to show converse
not true, series of functions, convergence of series of functions, Weierstrass M-test. Examples.
Properties of uniform convergence: Continuity of the uniform limit of a sequence of continuous
function, conditions under which integral and the derivative of sequence of functions converge to
the integral and derivative of uniform limit on a closed and bounded interval. Examples. Conse-
quences of these properties for series of functions, term by term differentiation and integration.
Power series in R centered at origin and at some point 4F in R , radius of convergence, region
(interval) of convergence, uniform convergence, term by-term differentiation and integration of
power series, Examples. Uniqueness of series representation, functions represented by power
series, classical functions defined by power series such as exponential, cosine and sine functions,
the basic properties of these functions.

Reference Books:
(1) S. KuMARESAN, Topology of Metric spaces. Narosa, Second Edn.
(2) E. T. CopsoN., Metric Spaces. Universal Book Stall, New Delhi, 1996.

(3) R. R. GOLDBERG, Methods of Real Analysis, Oxford and IBH Pub. Co., New Delhi 1970.

Additional Reference Books:

(1) W. RuDIN, Principles of Mathematical Analysis, Third Ed, McGraw-Hill, Auckland, 1976.
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(2) T. AposToL, Mathematical Analysis, Second edition, Narosa, New Delhi, 1974
(3) E. T. CoPSoON., Metric Spaces. Universal Book Stall, New Delhi, 1996.

(
(

4

)
)
) P. K. JaIN. K. AHMED, Metric Spaces. Narosa, New Delhi, 1996.
)

5) D. SOMASUNDARAM, B. CHOUDHARY, A first Course in Mathematical Analysis. Narosa,

New Delhi

(6) G.F. SiMmMONS, Introduction to Topology and Modern Analysis, McGraw-Hii, New York,
1963.

(7) SUTHERLAND, Introduction to Metric and Topological Spaces, Oxford University Press,
2009
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Course: Graph Theory and Combinatorics (Elective I)
Course Code: RUSMATEG6041 /RUAMATEG6041

Learning Objectives:
1. To introduce colorings of graphs and its applications in various fields of knowledge
2. To introduce a few combinatorial methods and its applications.

Learning Outcomes:

1. Learner will be able to apply the concepts of colorings of graphs and planar graph in the
fields of chemistry, physics and biological sciences.

2. Learner will be able to apply the concepts of combinatorics in the field of statistics.
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Detailed Syllabus

Unit I: Colorings of graphs (15 Lectures)

Vertex coloring- evaluation of vertex chromatic number of some standard graphs, critical graph.
Upper and lower bounds of Vertex chromatic Number- Statement of Brooks theorem. Edge
coloring- Evaluation of edge chromatic number of standard graphs such as complete graph,
complete bipartite graph, cycle. Statement of Vizing Theorem. Chromatic polynomial of graphs-
Recurrence Relation and properties of Chromatic polynomials. Vertex and Edge cuts vertex and
edge connectivity and the relation between vertex and edge connectivity. Equality of vertex and
edge connectivity of cubic graphs. Whitney’s theorem on 2-vertex connected graphs.

Unit II: Planar graphs (15 Lectures)

Definition of planar graph. Euler formula and its consequences. Non planarity of Ks; K(3;3).
Dual of a graph. Polyhedran in R and existence of exactly five regularpolyhedra- (Platonic solids)
Colorabilty of planar graphs- 5 color theorem for planar graphs, statement of 4 color theorem.

Unit III: Combinatorics (15 Lectures)

Applications of Inclusion Exclusion Principle- Rook polynomial, Forbidden position problems
Introduction to partial fractions and using Newton’s binomial theorem for real power series,
expansion of some standard functions. Forming recurrence relation and getting a generating
function. Solving a recurrence relation using ordinary generating functions. System of Distinct
Representatives and Hall’s theorem of SDR.

Reference Books:

1) BoNDY AND MURTY, Graph Theory with Applications

2) BALKRISHNAN AND RANGANATHAN, Graph theory and applications.
4

Ri1CHARD BRUALDI, Introduction to Combinatorics.

(1)
(2)
(3) WEsT D G, Graph Theory
(4)
()

SHARAD SANE, Combinatorial Techniques, Hindustan Book Agency.

Additional Reference Books:

(1) BEHZAD AND CHARTRAND , Graph theory
(2) CHOUDAM S. A., Introductory Graph theory.

(3) CoHEN, Combinatorics
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Course: Number Theory and its Applications II (Elective
IT)

Course Code: RUSMATEG04I1 / RUAMATEG60411

Learning Objectives:
1. To introduce quadratic reciprocity.
2. To introduce Continued Fractions.
3. To introduce spacial numbers in Number Theory
Learning Outcomes:
1. Learner will be able to apply Gauss Lemma in different situations.
2. Learner willbe able to undertsand continuied fractions.

3. Learner will be able to understand and apply theoy of arithmetic functions in simple
situations.
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Detailed Syllabus

Unit 1 : Quadratic Reciprocity
Quadratic Residues and Legendre Symbol, Euler’s criterion, Gauss’s Lemma, Quadratic Reci-
procity Law. The Jacobi Symbol and law of reciprocity for Jacobi Symbol. Quadratic Congru-
ences with Composite moduli.

Unit 2 : Continued Fractions

Finite continued fractions. Infinite continued fractions and representation of an irrational num-
ber by an infinite simple continued fraction, Rational approximations to irrational numbers and
order of convergence, Best possible approximations. Periodic continued fractions.

Unit 3 : Pell’s Equation, Arithmetic Functions and Special Numbers

Pell’s equation 22 — dy? = n, where d is not a square of an integer. Solutions of Pell’s equation
(The proofs of convergence theorems to be omitted). Arithmetic functions of number theory:
d(n) (or T(n)), o(n), ok(n), w(n) and their properties, u(n) and the Mobius inversion formula.
Special numbers: Fermat numbers, Mersenne numbers, Perfect numbers, Amicable numbers,
Pseudo primes, Carmichael numbers.

Reference Books :

(1) David M. Burton, An Introduction to the Theory of Numbers. Tata McGraw Hill Edition.

(2) Niven, H. Zuckerman and H. Montogomery, An Introduction to the Theory of Numbers,
John Wiley and Sons. Inc.

(3) M. Artin, Algebra. Prentice Hall.

(4) K. Ireland, M. Rosen. A classical introduction to Modern Number Theory. Second edition,
Springer Verlag.
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Course: Practicals
(Based on RUSMAT601/RUAMT601 and

RUSMAT602/RUAMAT602)
Course Code: RUSMATP601/RUAMATP601

Suggested Practicals (Based on RUSMAT601/RUAMAT601)

1
2
3
4
)
6

Complex Numbers, subsets of C and their properties.

Limits and continuity of complex-valued functions .

Derivatives of functions of complex variables, analytic functions.

Finding harmonic conjugate, Mobius transformations and Contour Integration.

Cauchy integral formula, Taylor series, power series.

(
(
(
(
(
(

= I L D O —

Finding isolated singularities- removable, pole and essential, Laurent series, Calculation of
residue.

(7) Miscellaneous theory questions.
Suggested Practicals (Based on RUSMAT602 / RUAMAT602)

1
2

3) Polynomial Rings

(1) Rings, Subrings

(2)

3)

(4) Prime and Maximal Ideals
(5)

(6)

(7)

Ideals, Ring Homomorphism and Isomorphism

5) Fields, Subfields
6) Field Extensions

7) Miscellaneous Theory Questions
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Practicals
(Based on RUSMAT603/RUAMATG603 and

RUSMATE6041/RUAMATE6041 and
RUSMATE60411/RUAMATEG604II)

Course Code: RUSMATP602/RUAMATP602

Suggested Practicals (Based on RUSMAT603 / RUAMATG603)

(1
(2
(3
(4
(5
(
(7

Examples of compact metric spaces.
Equivalent conditions for a subset of a metric space to be compact
Connectedness

Path Connectedness

Pointwise and uniform convergence of sequence and series of functions and their properties.

Power series and Elementary functions.

Miscellaneous Theory Questions.

Suggested Practicals (Based on RUSMATEG6041 / RUAMATEG04I)

(1
(2
(3
(4
(5
(6
(7

Coloring of Graphs.

Chromatic polynomials and connectivity.
Planar graphs.

Generating Functions.

Rook polynomial.

System of Distinct Representatives.

Miscellaneous Problems.

Suggested Practicals (Based on RUSMATEG6041I1 / RUAMATEG6041I)

1
2

3

5

(
(
(
(4
(
(6
(

7

Legendre Symbol.

Jacobi Symbol and Quadratic congruences with composite moduli.
Finite continued fractions.

Infinite continued fractions.

Pell’s equations and Arithmetic functions of number theory.
Special Numbers.

Miscellaneous theoretical questions.
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MODALITY OF ASSESSMENT

Theory Examination Pattern:
A) Internal Assessment - 40% :

Total: 40 marks.

1 One Assignment/Case study/Project/ seminars/presentation: 10 marks

2 One class Test (multiple choice questions / objective) 20 marks

3 Active participation in routine class instructional deliveries and Overall conduct as a
responsible student, manners, skill in articulation, leadership qualities demonstrated through
organizing co-curricular activities, etc. 10 marks

B) External examination - 60 %
Semester End Theory Assessment - 60 marks

i. Duration - These examinations shall be of 2 hours duration.
ii. Paper Pattern:

1. There shall be 3 questions each of 20 marks. On each unit there will be one question.

2. All questions shall be compulsory with internal choice within the questions.

Questions Options Marks | Questions on
Q.1)A) | Any 1 out of 2 08 Unit I
Q.1)B) Any 2 out of 4 12
Q.2)A) | Any 1 out of 2 08 Unit II
Q.2)B) Any 2 out of 4 12
Q.3)A) | Any 1 out of 2 08 Unit III
Q.3)B) Any 2 out of 4 12

Practical Examination Pattern:
(A)Internal Examination:

Journal 05 marks
Test 15 marks
Total 20

(B) External (Semester end practical examination):
Particulars:
Test: 30 marks

PRACTICAL BOOK/JOURNAL

e The students are required to present a duly certified journal for appearing at the practical
examination, failing which they will not be allowed to appear for the examination.

e In case of loss of Journal and/ or Report, a Lost Certificate should be obtained from
Head/ Co-ordinator / Incharge of the department; failing which the student will not be
allowed to appear for the practical examination.

>Kskokok ok sk ok kook kok kokokok sk okskokskk
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Resolution No.: AB/1(17-18).3.RUS12

S.P. Mandali’s
RAMNARAIN RUIA AUTONOMOUS COLLEGE

|_RUIA COLLEGE |

Explore @ Experience @ Excel

Syllabus for: F.Y. B.Sc.

Program: B.Sc.

Course Code: Statistics (RUSSTA)

(Choice Based Credit System (CBCS) with effect from academic year 2017-18)




F.Y.B.Sc. STATISTICS Syllabus
Credit Based Semester Grading System

Preamble

B. Sc. Statistics program is of 120 credits spread over six semesters. This
program is offered at the Department of Statistics, Ramnarain Ruia

Autonomous College, Matunga, Mumbai.

The program develops a wide range of skills beyond knowledge of statistical
topics, including mathematical, computational and non-mathematical skills.

The program emphasizes on theory and applications of statistics. It is well
structured to provide the knowledge and skills in depth necessary for the
employability of students in industry, other organizations, as well as in

academics.

Ramnarain Ruia Autonomous College has the academic autonomy. The
independent projects and presentation work is one of the important components
of this program. The syllabus offers four courses in the first year (two
semesters) and it covers most of the basic core concepts. The second year
syllabus has four core and two of applied nature courses. The syllabus has been
framed to have a good balance of theory, methods and applications of statistics.
The third year offers two courses of core statistics and two courses of applied
statistics in each semester. Practical courses in all three years are designed to
enhance the ability of students to study the applications of the core courses and
to develop the interpretation skills. The presentations on various topics develop

students’ public speaking and communication skills.



Objective of Course

In the first year, there will be two courses in Statistics per semester. The

following are the objectives of these courses:

1. To understand various data types and to learn visualization techniques.

2. To enable learners to summarize data quantitative and graphical methods.

3. To teach learners fundamentals of probability and probability
distributions

4. To equip learners with requisite quantitative techniques.

5. To develop learner’s presentation and communication skills.

Learning Outcomes

1. Learners will be able to visualize data using elementary graphs and
diagrams and will be able to apply appropriate measures for quantitative
and qualitative data.

2. Learners will be able to choose and apply an appropriate statistical analysis
or modeling methods to solve problems arising in different fields.

3. Learners will be able to use statistical tools to solve problems from
different fields.

4. Learners will be able to engage in interpretation of wide range of
information from variety of disciplines including quantitative analysis.



SEMESTER |

Title of Course DESCRIPTIVE STATISTICS |
Course Code UNIT TOPICS Credits | L/ Week
| Types of Data and Data 1
RUSSTA101 Condensation
] Measures of central tendency 2 1
" Measures of Dispersion, 1
Skewness & Kurtosis
Title of Course STATISTICAL METHODS - |
I Elementary Probability Theory 1
RUSSTA102 I Discrete random variable 5 1
Some Standard Discrete
Il L 1
Distributions
RUSSTAP101 Practical based on courses above 2 6
SEMESTER 11
Title of Course DESCRIPTIVE STATISTICS Il
Course Code | UNI TOPICS Credits | L/ Week
T
| Correlation and Regression 1
RUSSTA201 Analysis 5
] Time Series 1
11| Index Numbers 1
Title of Course STATISTICAL METHODS -1l
| Continuous random variable and 1
Standard Continuous Distribution
RUSSTA202 I Normal Distribution 2 1
" Elementary topics on Estimation 1
and Testing of hypothesis
RUSSTAP101 Practical based on courses above 2 6




COURSE: DESCRIPTIVE STATISTICS |

Unit | - Types of Data and Data Condensation:

Global Success stories of Statistics/Analytics in various fields.
Concept of Population and Sample. Finite, Infinite Population, Notion
of SRS, SRSWOR and SRSWR

Different types of scales: Nominal, Ordinal, Interval and Ratio.
Methods of Data Collection: i) Primary data: concept of a Questionnaire
and a Schedule, ii) Secondary Data

Types of data: Qualitative and Quantitative Data; Time Series Data and
Cross Section Data, Discrete and Continuous Data

Tabulation

Dichotomous classification- for two and three attributes, Verification
for consistency

Association of attributes: Yule’s coefficient of association Q. Yule’s
coefficient of Colligation Y, Relation between Q and Y (with proof)
and measures of association with the help of Tau B, Tau C, Gamma and
Lambda

Univariate frequency distribution of discrete and continuous variables.
Cumulative frequency distribution

Data Visualization: Graphs and Diagrams: Histogram, Polygon/curve,
Ogives. Heat Map, Tree map.

Bivariate Frequency Distribution of discrete and continuous variables

15
Lectures

Unit I1-Measures of central tendency

Concept of central tendency of data, Requirements of good measures of
central tendency.

Location parameters : Median, Quartiles, Deciles, and Percentiles
Mathematical averages Arithmetic mean (Simple, weighted mean,
combined mean), Geometric mean, Harmonic mean, Mode, Trimmed
mean.

Empirical relation between mean, median and mode

Merits and demerits of using different measures & their applicability.

15
Lectures

Unit 111 - Measures of Dispersion, Skewness & Kurtosis

Concept of dispersion, Requirements of good measure

Absolute and Relative measures of dispersion: Range, Quartile
Deviation, Inter Quartile Range, Mean absolute deviation, Standard
deviation.

Variance and Combined variance, raw moments and central moments
and relations between them. Their properties

Concept of Skewness and Kurtosis: Measures of Skewness: Karl
Pearson’s, Bowley’s and Coefficient of skewness based on moments.
Measure of Kurtosis. Absolute and relative measures of skewness.

Box Plot: Outliers

15
Lectures




COURSE: STATISTICAL METHODS - |

UNIT - I: Elementary Probability Theory

Trial, random experiment, sample point and sample space.

Definition of an event, Operation of events, mutually exclusive and
exhaustive events.

Classical (Mathematical) and Empirical definitions of Probability and
their properties.

Theorems on Addition and Multiplication of probabilities
Independence of events, Pair-wise and Mutual Independence for three
events, Conditional probability, Bayes’ theorem and its applications

15
Lectures

UNIT = I1: Discrete random variable

Random variable. Definition and properties of probability distribution
and cumulative distribution function of discrete random variable.
Raw and Central moments and their relationships.

Concepts of Skewness and Kurtosis and their uses.

Expectation of a random variable. Theorems on Expectation &
Variance. Concept of Generating function, Moment Generating
function, Cumulant generating function, Probability generating
function

Joint probability mass function of two discrete random variables.
Independence of two random variables.

Marginal and conditional distributions. Theorems on Expectation
&Variance,

Covariance and Coefficient of Correlation.

15
Lectures

UNIT — I1l;: Some Standard Discrete Distributions

Degenerate (one point) :-Discrete Uniform, Bernoulli, Binomial,
Poisson and Hypergeometric distributions derivation of their mean
and variance for all the above distributions.

Moment Generating Function and Cumulant Generating Function of
Binomial and Poisson distribution.

Recurrence relationship for probabilities of Binomial and Poisson
distributions, Poisson approximation to Binomial distribution,
Binomial approximation to hypergeometric distribution.

15
Lectures




COURSE: DESCRIPTIVE STATISTICS 1l

UNIT - I: Correlation, Simple linear Regression Analysis and Fitting of | 15
curves Lectures
e Visualizing relationship using Bubble chart, Scatter Diagram,
e Karl Pearson’s Product moment correlation coefficient and its
properties.
e Spearman’s Rank correlation.(With and without ties)
e Concept of Simple linear regression. Principle of least squares. Fitting
a straight line by method of least squares (Linear in Parameters)
e Relationship between regression coefficients and correlation
coefficient, cause and effect relationship, Spurious correlation.
e Concept and use of coefficient of determination (Rz).
e Fitting of curves reducible to linear form by transformation.
UNIT — 11 : Time Series 15
o Definition of time series. Components of time series. Lectures
Models of time series.
e Estimation of trend by: (i) Freehand Curve Method (ii) Method of
Semi Average (iii)Method of Moving Average (iv) Method of Least
Squares (Linear Trend only)
e Estimation of seasonal component by i) Method of Simple Average ii)
Ratio to Moving Average iii)Ratio to Trend Method
e Simple exponential smoothing
e Stationary Time series
Unit - 111 : Index Numbers 15
e Index numbers as comparative tool. Stages in the construction of Price | Lectures

Index Numbers.

Measures of Simple and Composite Index Numbers. Laspeyre’s,
Paasche’s, Marshal-Edgeworth’s, Dobisch & Bowley’s and Fisher’s
Index Numbers formula

Quantity Index Numbers and Value Index Numbers Time reversal
test, Factor reversal test, Circular test

Fixed base Index Numbers, Chain base Index Numbers. Base shifting,
splicing and deflating

Cost of Living Index Number. Concept of Real Income.




COURSE: STATISTICAL METHODS - 11

UNIT — I: Continuous random variable and some Standard Continuous

Distributions
Concept of Continuous random variable and properties of its
probability distribution
Probability density function and cumulative distribution function.
Their graphical representation.
Expectation of a random variable and its properties. Concept of
M.G.F. and C.G.F. characteristics. Measures of location, dispersion,
skewness and kurtosis.
Raw and central moments (simple illustrations).
Uniform, Exponential distribution (location and scale parameter),
memory less property of exponential distribution,
Derivations of mean, median, variance, MG.F. and C.G.F. for Uniform
and Exponential distributions.

15
Lectures

UNIT — II: Normal Distribution and Sampling Distribution

Normal distribution

Properties of Normal distribution/curve (without proof). Use of
normal tables.

Normal approximation to Binomial and Poisson distribution
(statement only)

Sample from a distribution: Concept of a statistic, estimate and its
sampling distribution. Parameter, its estimator and bias, unbiasedness,
standard error of an estimator.

Concept of Central Limit theorem (statement only)

Sampling distribution of sample mean and sample proportion
difference between two population means and two proportions.
Standard errors of sample mean and sample proportion.

15
Lectures

UNIT — VI: Basics of Theory of Estimation and Testing of hypothesis

Point and Interval estimate of single mean, single proportion from
sample of large size.
Statistical tests: Concept of hypothesis, Null and Alternative
Hypothesis, Types of Errors, Critical region, Level of significance,
Power
Large sample tests

For testing specified value of population mean

For testing specified value in difference of two means

For testing specified value of population proportion

For testing specified value of difference of population proportion
Concept of p-value

15
Lectures




REFERENCES

1 Medhi J.:“Statistical Methods, An Introductory Text”, Second Edition, New Age
International Ltd.

2 Agarwal B.L.:“Basic Statistics”, New Age International Ltd.

3 Spiegel M.R.:“Theory and Problems of Statistics”, Schaum’s Publications series.
Tata McGraw-Hill.

4 Kothari C.R.:“Research Methodology”, Wiley Eastern Limited.

5 David S.:“Elementary Probability”, Cambridge University Press.

6 Hoel P.G.:“Introduction to Mathematical Statistics”, Asia Publishing House.

7 Hogg R.V. and Tannis E.P.:“Probability and Statistical Inference”. McMillan
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8 PitanJim:“Probability”, Narosa Publishing House.

9 Goon A.M., Gupta M.K., Dasgupta B.:“Fundamentals of Statistics”, Volume II:
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10. Gupta S.C., Kapoor V.K.: “Fundamentals of Mathematical Statistics”, Sultan
Chand &Sons

11. Gupta S.C., Kapoor V.K.: “Fundamentals of Applied Statistics”, Sultan Chand &
Sons



Distribution of topics for Practicals in Semester |

Course Code RUSSTAP101(A)

Course Code RUSSTAP101(B)

Sr. Practicals based on course

Sr. Practicals based on course

Tabulation

Probability

Classification of Data

Discrete Random Variables

Attributes

Measures of central tendency

Poisson Distribution

Measures of dispersion

Hypergeometric Distribution

1
2
3
4 | Diagrammatic representation
5
6
7

Practical using Excel and R
i) Classification of Data and
Diagrammatic representation

Iii) Measures of dispersion

i) Measures of central tendency

1
2
3
4 Binomial Distribution
5
6
7

Practical using Excel and R
i) Binomial distribution
i) Poisson distribution

Distribution of topics for Practicals in Semester |1

Course Code: RUSSTAP201(A)

Course Code: RUSSTAP201(B)

Sr. Practicals based on course Sr. Practicals based on course

No. No.

1 Correlation analysis 1 Continuous Random Variables

2 Regression analysis 2 Uniform and Exponential
Distributions

3 Fitting of curve 3 Normal Distribution

4 | Time series 4 Sampling Distribution

5 Index number-I 5 Testing of Hypothesis

6 Index number-II 6 Large sample Tests

7 Practical using Excel and R 7 Practical using Excel and R

1) Correlation analysis
I1) Regression analysis
i) Fitting of curve

1)Uniform and Exponential
i)Normal Distribution

1ii) Sampling Distribution
Iv) Testing of Hypotheses
v) Large sample Tests

10

Bivariate Probability Distributions

iii) Hypergeometric distribution




Internal Assessment of Theory Core Courses Per Semester Per Course
1. One Class Test (Objective type): vereenn..20 Marks.
2. One Class Test (Objective type) / Project / Assignment / Presentation: 20 Marks.

Semester End Examination

Theory: At the end of the semester, examination of two hours duration and 60 marks
based on the three units shall be held for each course.

Pattern of Theory question paper at the end of the semester for each course:

There shall be THREE COMPULSORY Questions of 20 marks each (Internal
Option).

Questionl based on Unit I, Question 2 based on Unit 11, Question 3 based on Unit III.

Practical Core Courses per Semester per course

1. Documentation and Journal ... 05 Marks.
2. Semesterwork 05 Marks.
3. Practical Examination . 40 Marks.

At the end of the semester, examination of 2 hours duration and 40 marks shall be
held for each course.

Pattern of Practical question paper at the end of the semester for each course:
There shall be Four COMPULSORY Questions.

Questionl based on Unit I, Question 2 based on Unit 11, Question 3 based on Unit I11
carrying 12 marks each.

Question 4 based on any unit carrying 4 marks.

Workload

Theory: 3 lectures per week per course.

Practicals: 3 lecture periods per course per week per batch. All three lecture periods
of the practicals shall be conducted in succession together on a single

day.

*hkkkkhkkkhkkhkkkkikik
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Objective of Course

In the second year, there will be three courses in Statistics per semester. The following are the

objectives of these courses:

1. To enable learners with the concepts of probability distributions and its applications.

2. To equip learners with methods of sampling and designs of experiments

3. To use different sampling techniques and designs of experiments in various real life
situations.

4. To equip learners with requisite optimization techniques that they can employ.

5. To understand statistical quality control techniques and its applications using mathematical

methods and their graphical representation.

Learning Outcomes

1. Learners will be able to choose and apply appropriate statistical techniques to solve
problems in different fields.

2. Learners will be able to use statistical tools to solve problems from different fields.

3. Student will be able to engage in interpretation of wide range of information from
variety of disciplines including quantitative analysis.

4. Learners will be able to use optimization techniques in real life situation

Learners will be able to employ statistical quality control techniques in various fields.



SEMESTER 111

Title of the PROBABILITY DISTRIBUTIONS
course
Course Code | yniT TOPICS Credits | L /Week
I Univariate Random Variables. 1
(Discrete and Continuous)
RUSSTA301 Standard Discrete Probability
I Distributions. 2 1
i Bivariate Probability Distributions 1
Title of the THEORY OF SAMPLING
course
| Concepts of Sampling and 1
RUSSTA302 Simple Random Sampling 5
I Stratified Sampling 1
i Ratio and Regression Estimation 1
Title of the OPERATIONS RESEARCH
course
RUSSTA303 I Linear Programming Problem. 1
I Transportation Problem. ) 1
Assignment & Sequencing
i 1
Problem.
RUSSTAP301 Practical based on courses RUSSTA301, 3 9

RUSSTA302 & RUSSTA303




SEMESTER 111

Course Code RUSSTA301: PROBABILITY DISTRIBUTIONS

Unit | ; Univariate Random Variables (Discrete and Continuous):

Moment Generating Function, Cumulant generating Function-Their important
properties. Relationship between moments and cumulants and their uses.
Characteristic Function- Its properties (without proof).

Transformation of random Variable

15
Lectures

Unit Il :

Standard Discrete Probability Distributions:
Uniform, Bernoulli, Binomial, Poisson, Geometric, Negative Binomial

&Hypergeometric distributions.

The following aspects of the above distributions(wherever applicable) to be
discussed:

Mean, Mode and Standard deviation. Moment Generating Function, Cumulant
Generating Function, Additive property, Recurrence relation for central
Moments, Skewness and Kurtosis (without proof), Limiting distribution.

15
Lectures

Unit I :

Bivariate Probability Distributions:

Joint Probability mass function for Discrete random variables, Joint Probability
density function for continuous random variables. Their properties. Marginal
and conditional Distributions. Independence of Random Variables. Conditional
Expectation & Variance. Regression Function. Coefficient of Correlation.
Transformation of Random Variables and Jacobian of transformation with

illustrations.

15
Lectures

REFERENCES:
1. A. M. Mood, F.A. Graybill, D. C. Boyes, Third Edition; McGraw-Hill Book Company.

Introduction to the theory of statistics
2. R\V. Hogg, A.T. Craig; Fourth Edition; Collier McMillan Publishers: Introduction to

Mathematical Statistics
3. R.\V. Hogg, E. A. Tannis, Third Edition; Collier McMillan Publishers: Probability and

Statistical Inference

4. 1. Miller, M. Miller; Sixth Edition; Pearson Education Inc.: John E. Freund’s Mathematical

Statistics
5. P.G. Hoel; Fourth Edition; John Wiley & Sons Inc.: Introduction to Mathematical Statistics




6. S.C. Gupta, V.K. Kapoor; Eighth Edition; Sultan Chand & Sons.: Fundamentals of

Mathematical Statistics

7. J.N. Kapur, H.C. Saxena; Fifteenth Edition; S. Chand & Company Ltd.: Mathematical Statistics
8. J. Medhi; Second edition; Wiley Eastern Ltd.: Statistical Methods: An Introductory Text
9. AM. Goon, M.K. Gupta, B. DasGupta; Third Edition; The World Press Pvt. Ltd.: An Outline

of Statistical Theory Vol. 1

Course Code: RUSSTA302: THEORY OF SAMPLING

Unit I : Concepts: 15
e Population, Population unit, Sample, Sample unit, Parameter, Statistic, Estimator, Lectures
Bias, Unbiasedness, Mean square error & Standard error.
e Census survey, Sample Survey. Steps in conducting a sample survey. Concepts of
Sampling and Non-sampling errors.
e Concepts and methods of Probability and Non Probability sampling.
Simple Random Sampling: (SRS).
e Description of Simple Random Sampling with & without replacement.
e Lottery method & use of Random numbers to select Simple random sample.
e Estimation of population mean & total. Expectation & Variance of the estimators,
Unbiased estimator of variance of these estimators.
e Estimation of population proportion. Expectation & Variance of the estimators,
e Unbiased estimator of variance of these estimators.
e Estimation of Sample size based on a desired accuracy in case of SRS for variables
& attributes.
Unit Il : Stratified Sampling: 15
e Need for Stratification of population with suitable examples. Description of Lectures
Stratified Random Sample.
e Advantages of stratified random Sampling.
Stratified Random Sampling:
e Estimation of population mean & total in case of Stratified Random Sampling
(WOR within each stratum). Expectation & Variance of the unbiased estimators,
Unbiased estimators of variances of these estimators.
e Equal Allocation, Proportional allocation, Optimum allocation with and without
varying costs.
e Comparison of Simple Random Sampling, Stratified Random Sampling using
e Proportional allocation & Neyman allocation
Unit 111 : a. Ratio & Regression Estimation assuming SRSWOR: 15
e Ratio Estimators for population Ratio, Mean & Total. Expectation & MSE of the | Lectures

Estimators. Estimators of MSE. Uses of Ratio Estimator.
e Regression Estimators for population Mean & Total. Expectation & Variance of the
Estimators assuming known value of regression coefficient ‘b’.
e Estimation of ‘b’. Resulting variance of the estimators. Uses of regression
Estimator. Comparison of Ratio, Regression & mean per Unit estimators.
. Systematic sampling: Estimator of Population Mean and its Variance. Comparison of
Systematic Sampling with Simple Random sampling
Introduction to Cluster sampling & Two Stage sampling with suitable illustrations.

O

5




REFERENCES:

A W N

. W.G. Cochran; 3rd Edition; Wiley (1978): Sampling Techniques

. M. N. Murthy; Statistical Publishing Society. (1967): Sampling Theory and methods

. Des Raj; McGraw Hill Series in Probability and Statistics. (1968): Sampling Theory

. P.V. Sukhatme and B.V. Sukhatme; 3rd Edition; lowa State University Press (1984): Sampling

Theory of Surveys with Applications

. S. C. Gupta and V.K. Kapoor; 3rd Edition; Sultan Chand and Sons (2001): Fundamentals of

Applied Statistics

. Daroga Singh, F.S.Chaudhary, Wiley Eastern Ltd. (1986): Theory and Analysis of Sample

Survey Designs:

. S. Sampath, Second Edition (2005), Narosa: Sampling Theory and Methods
. Parimal Mukhopadhyay, (1998), Prentice Hall Of India Pvt. Ltd.: Theory and Methods of

Survey Sampling

Course Code: RUSSTA303: OPERATIONS RESEARCH

Unit I : Linear Programming Problem (L.P.P.) : 15

e Mathematical Formulation: Maximization & Minimization. Concepts of | Lectures
Solution, Feasible Solution, Basic Feasible Solution, Optimal solution.

e Graphical Solution for problems with two variables. Simplex method of solving
problems with two or more variables. Big M method.

e Concept of Duality. Its use in solving L.P.P. Relationship between optimum
solutions to Primal and Dual. Economic interpretation of Dual.

Unit Il : Transportation Problem: 15

e Concept, Mathematical Formulation. Concepts of Solution, Feasible Solution. | Lectures
Initial Basic Feasible Solution by North-West Corner Rule, Matrix Minima
Method, Vogel’s Approximation Method. Optimal Solution by MODI Method.
Optimality test, Improvement procedure.

e Variants in Transportation Problem: Unbalanced, Maximization type, Restricted

allocations.
Unit 111 :Assignment Problem: 15
Concept. Mathematical Formulation Lectures

Solution by: Complete Enumeration Method and Hungarian method.

Variants in Assignment Problem: Unbalanced, Maximization type.

Airline Operating Problem

Travelling Salesman Problem

Sequencing :

Processing n Jobs through 2 and 3 Machines , 2 Jobs through m Machines and n
jobs through m machines

6




REFERENCES:

1.
2.

0o N o

Kantiswaroop and Manmohan Gupta. 4th Edition; S Chand & Sons: Operations Research

Richard Broson. 2nd edition Tata Mcgraw Hill Publishing Company Ltd.: Schaum Series book

in O.R.

. Methods and Problems: Maurice Sasieni, Arthur Yaspan and Lawrence Friedman, (1959), John
Wiley & Sons: Operations Research

. J K Sharma, (1989), Tata McGraw Hill Publishing Company Ltd.: Mathematical Models in
Operations Research

. Harvey M. Wagner, 2" Edition, Prentice Hall of India Ltd.: Principles of Operations Research
with Applications to Management Decisions

. S.D.Sharma.11th edition, Kedar Nath Ram Nath & Company.: Operations Research

. H. A Taha.6th edition, Prentice Hall of India.: Operations Research

. J.K.Sharma, (2001), MacMillan India Ltd.: Quantitative Techniques For Managerial Decisions

DISTRIBUTION OF TOPICS FOR PRACTICALS

SEMESTER-III
COURSE CODE RUSSTAP301
Sr. No. RUSSTAP301(A)
1 Moment Generating Function, Moments.
2 Cumulant generating Function, Cumulants, Characteristic function.
3 Standard Discrete Distributions
4 Fitting Standard Discrete Distributions.
5 Bivariate Probability Distributions, Marginal & Conditional distributions,
Conditional Mean, Conditional Variance, Correlation
6 Transformation of discrete & continuous random variables.
7 Applications of R.
Sr. No. RUSSTAP301(B)
1 Designing of Questionnaire.
2 Simple Random Sampling for Variables.
3 Simple Random Sampling for Attributes.
4 Estimation of Sample Size in Simple Random Sampling.
5 Stratified Random Sampling.
6 Ratio Estimation- Regression Estimation.
7 Systematic Sampling
Sr. No. RUSSTAP301(C)
1 Formulation and Graphical Solution of L.P.P.
2 Simplex Method.
3 Duality.
4 Transportation.
5 Assignment.
6 Sequencing.
7 Problems solving using TORA.




SEMESTER IV

Title of course

PROBABILITY AND SAMPLING DISTRIBUTIONS

Course code UNIT TOPICS Credits L / Week
| Standard Continuous Probability 1
Distributions
RUSSTA401 ] Normal Distribution. 2 1
Il Exact Sampling Distributions. 1
Title of course ANALYSIS OF VARIANCE & DESIGN OF EXPERIMENTS

RUSSTA402

Analysis of Variance.

Design Of Experiments,
Completely Randomized Design
& Randomized Block Design

Latin Square Design & Factorial
Experiments

1

1

Title of course

PROJECT MANAGEMENT AND INDUSTRIAL STATISTICS

I CPM and PERT. 1
RUSSTA403 1 Control charts . ) 1
i Lot Acceptance Sampling Plans 1
By Attributes.
RUSSTAP401 | Practical based on courses above 3 9
Semester 1V
Course Code RUSSTA401: PROBABILITY AND SAMPLING DISTRIBUTIONS
Unit | : Standard Continuous Probability Distributions: 15
Rectangular, Triangular, Exponential, Gamma (with Single & Double | Lectures

parameter), Beta (Type | & Type II).

The following aspects of the above distributions(wherever applicable) to be
discussed:

Mean, Median, Mode & Standard deviation. Moment Generating Function,
Additive property, Cumulant Generating Function. Skewness and Kurtosis

(without proof). Interrelation between the distributions.

Normal Distribution:

Mean, Median, Mode, Standard deviation, Moment Generating function,

Cumulant Generating function, Moments &Cumulants (up to fourth order).

8




Recurrence relation for central moments, skewness& kurtosis, Mean absolute
deviation. Distribution of linear function of independent Normal variables.
Fitting of Normal Distribution.

Central Limit theorem for i.i.d. random variables.

Log Normal Distribution: Derivation of mean & variance.

Unit Il :

Chi-Square Distribution:

Concept of degrees of freedom. Mean, Median, Mode & Standard deviation.
Moment generating function, Cumulant generating function. Additive
property, Distribution of the sum of squares of independent Standard Normal
variables. Sampling distributions of sample mean and sample variance and
their independence for a sample drawn from Normal distribution (without
proof).

Applications of Chi-Square:

Test of significance for specified value of variance of a Normal population.
Test for goodness of fit & Test for independence of attributes (derivation of

test statistics is not expected).

15
Lectures

Unit I1:

t-distribution:

Mean, Median, Mode & Standard deviation. Derivation of t distribution using
Fisher’s t. Student’s t.
Asymptotic properties.

Applications of t: Confidence interval for: Mean of Normal population,

difference between means of two independent Normal populations having the
same variance. Test of significance of: mean of a Normal population,
difference in means of two Normal populations (based on: (i) independent
samples with equal variances. (Effect Size, Cohen’s d) (ii) dependent
samples).

F-distribution: Mean, Mode & Standard deviation. Distribution of:

reciprocal of an F variate, Ratio of two independent Chi-squares divided by
their respective degrees of freedom. Interrelationship of F with: t-distribution,
Chi-square distribution & Normal distribution.

Applications of F: Test for equality of variances of two independent

Normal populations.

15

Lectures




REFERENCES:

1. A M Mood, F.A. Graybill, D C Boyes; Third Edition; McGraw-Hill Book Company.:

Introduction to the theory of statistics

. R.V.Hogg, A.T. Craig; Fourth Edition; Collier McMillan Publishers.: Introduction to
Mathematical Statistics

. R.V.Hogg, E. A.Tannis, Third Edition; Collier McMillan Publishers.: Probability and Statistical
Inference

. I. Miller, M. Miller; Sixth Edition; Pearson Education Inc.: John E. Freund’s Mathematical
Statistics

. P.G. Hoel; Fourth Edition; John Wiley & Sons Inc.: Introduction to Mathematical Statistics

. S.C. Gupta, V.K. Kapoor; Eighth Edition; Sultan Chand & Sons.: Fundamentals of
Mathematical Statistics

. J.N. Kapur, H.C. Saxena; Fifteenth Edition; S. Chand & Company Ltd.: Mathematical Statistics

. J. Medhi; Second edition; Wiley Eastern Ltd.: Statistical Methods- An Introductory Text

. A.M. Goon, M.K. Gupta, B. DasGupta; Third Edition; The World Press Pvt. Ltd.: An Outline
of Statistical Theory Vol. 1

Course Code RUSSTA402: ANALYSIS OF VARIANCE & DESIGNS OF EXPERIMENTS

Unit I : Analysis of Variance: 15

e Introduction, Uses, Cochran’s Theorem (Statement only). Lectures

¢ One way classification with equal & unequal observations per class,
e Two way classification with one observation per cell.

e For both the cases: Mathematical Model, Assumptions, Expectation of various sums

of squares, F- test, Analysis of variance table. Least square estimators of the
parameters, Expectation and Variance of the estimators, Estimation of linear
contrasts, Standard Error and Confidence limits Testing for significance of
elementary linear contrasts.

Unit 11 : Design Of Experiments: 15

Concepts of Experiments, Experimental unit, Treatment, Yield, Block, Lectures
Replicate, Experimental Error, Precision.

Principles of Design of Experiments: Replication, Randomization & Local Control.
Efficiency of design D1 with respect to design D».

Choice of size, shape of plots & blocks in agricultural & non agricultural
experiments.
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Completely Randomized Designh (CRD) & Randomized Block Design (RBD):

e Mathematical Model, Assumptions, Expectation of various sums of squares,
F-test, Analysis of variance table.

e Least square estimators of the parameters, Variance of the estimators,
Estimation of linear contrasts, Standard Error and Confidence limits Testing for
significance of elementary linear contrasts. Efficiency of RBD relative to CRD.

e Missing plot technique for one missing observation in case of CRD, RBD

Unit 111 : Latin Square Design (LSD): 15

e Mathematical Model, Assumptions, Expectation of various sums of squares, F- | Lectures
test, Analysis of variance table.

e Least square estimators of the parameters, Variance of the estimators,
Estimation of treatment contrasts, Standard error and Confidence limits for
elementary treatment contrasts.

e Efficiency of the design relative to RBD, CRD.

e Missing plot technique for one missing observation in case of LSD.

Factorial Experiments: Definition, Purpose & Advantages. 22, 23 Experiments.

e Calculation of Main & interaction Effects. Yates’ method. Analysis of 22 & 2°
factorial Experiments. Concept of Confounding. (partial and total)

REFERENCES:

1. W.G. Cochran and G.M.Cox; Second Edition;John Wiley and Sons.: Experimental Designs

2. Oscar Kempthorne, John Wiley and Sons.: The Design and Analysis of Experiments

3. Douglas C Montgomery; 6th Edition;John Wiley & Sons.: Design and Analysis of
Experiments

4. M.N.Das and N.C.Giri, 2nd Edition; New Age International (P) Limited; 1986: Design and
Analysis of Experiments

5. Walter T Federer; Oxford & IBH Publishing Co. Pvt. Ltd.: Experimental Design, Theory and
Application

6. S.C.Gupta and V.K.Kapoor; 3rd Edition; Sultan Chand and Sons (2001): Fundamentals of
Applied Statistics

7. B.J. Winer, McGraw Hill Book Company.: Statistical Principles in Experimental Design

11




Course Code RUSSTA403: PROJECT MANAGEMENT AND INDUSTRIAL STATISTICS

Unit I : CPM and PERT: 15
e Objective and Outline of the techniques. Diagrammatic representation of Lectures
activities in a project: Gantt Chart and Network Diagram.
e Slack time and Float times. Determination of Critical path. Probability
consideration in project scheduling.
e Project cost analysis.
e Updating.
Unit 11 : Statistical Quality Control-1: 15
e Principles of control. Process quality control of variables. X bar and R, Xbar and | -€ctures
Sigma Chart and their uses. Problems involving setting up standards for future
use.
e Exponentially weighted moving average (EWMA) control charts, Cumulative
Sum (CUSUM) control chart, Introduction to Six sigma limits.
e Concept of Natural Tolerance Limits, Specification Limits and Detection of shift
Unit 111 : Statistical Quality Control-11: 15
Lectures

Principles of control. Process quality control of attributes p, ¢, np charts and
their uses. p-chart and C-chart with variable sample size. Problems involving
setting up standards for future use

Acceptance sampling plan

Single Sampling Plans (without curtailment).

OC function and OC curves. AQL, LTPD, ASN, ATI, AOQ, Consumer’s risk,
Producer’s risk.

Double Sampling Plan (Concept only)

REFERENCES:

1.
2.

E.L. Grant. (2nd edition) McGraw Hill, 1988.: Statistical Quality Control

Duncan. (3rd edition) D. Taraporewala sons & company.: Quality Control and Industrial

Statistics

Bertrand L. Hansen, (1973), Prentice Hall of India Pvt. Ltd.: Quality Control: Theory and

Applications
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4. Douglas Montgomery, Arizona State University. John Wiley & Sons, Inc. ( 6" Edition):
Statistical Quality Control

5. Gupta S.C., Kapoor V.K., Fundamentals of Applied Statistics, Sultan Chand &Sons

6. Srinath. 2nd edition, East-west press Pvt. Ltd.: PERT and CPM, Principles and
Applications

7. Kantiswaroop and Manmohan Gupta. 4th Edition; S Chand & Sons.: Operations Research

8. Richard Broson. 2nd edition Tata Mcgraw Hill Publishing Company Ltd.: Schaum Series
book in O.R.

9. Maurice Sasieni, Arthur Yaspan and Lawrence Friedman, (1959), John Wiley & Sons.:
Operations Research: Methods and Problems

10. J K Sharma, (1989), Tata McGraw Hill Publishing Company Ltd.: Mathematical Models
in Operations Research

11. S.D.Sharma.11th edition, Kedar Nath Ram Nath & Company.: Operations Research

12. H. A. Taha, 6th edition, Prentice Hall of India.: Operations Research

13. J.K.Sharma, (2001), MacMillan India Ltd.: Quantitative Techniques for Managerial
Decisions

DISTRIBUTION OF TOPICS FOR PRACTICALS
SEMESTER-IV
COURSE CODE RUSSTAP401
Sr. No. Course Code: RUSSTAP401(A)
PROBABILITY AND SAMPLING DISTRIBUTIONS

1 Standard Continuous distributions.

2 Normal Distribution

3 Central Limit Theorem

4 Chi Square distribution

5 t distribution

6 F distribution

7 Practical using Excel, R software

Sr. No. | Course Code: RUSSTAP401(B)

ANALYSIS OF VARIANCE & DESIGN OF EXPERIMENTS

Analysis of Variance- One Way

Analysis of Variance- Two Way

Completely Randomized Design

B W N

Randomized Block Design

13



Latin Square Design.

Missing Observations in CRD, RBD & LSD

Factorial Experiments

| N o] o1

Practical using Excel and R software

Sr. No.

Course Code: RUSSTAP401(C)
PROJECT MANAGEMENT AND INDUSTRIAL STATISTICS

PERT

CPM

Project cost analysis

Updating

gl B W N

Control Charts for attributes

(ep]

Control Charts for variables

Acceptance Sampling Plans.

Practical using EXCEL and TORA software
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THEORY

Internal Assessment of Theory Core Courses Per Semester Per Course
1. One Class Test / Project / Assignment / Presentation: ....... .. 20 Marks.
2. One Class Test / Project / Assignment / Presentation: ....... .. 20 Marks.

Semester End Examination

Theory: At the end of the semester, examination of two hours duration and 60 marks based on the
three units shall be held for each course.

Pattern of Theory question paper at the end of the semester for each course:

There shall be THREE COMPULSORY Questions of 20 marks each (Internal Option).

Questionl based on Unit I, Question 2 based on Unit 11, Question 3 based on Unit 11I.

Internal Assessment of Practical Core Courses per Semester per course
1. One Class Test 15 Marks
2 . Journal 05 marks

Practical Core Courses per Semester per course

1. Practical Examination ... 30 Marks.

At the end of the semester, examination of one and half hours duration and 30 marks shall be held
for each course.

Pattern of Practical question paper at the end of the semester for each theory course:

There shall be Three COMPULSORY Questions with internal choice.

Workload

Theory: 3 lectures per week per course.

Practicals: 3 lecture periods per course per week per batch. All three lecture periods of the
practicals shall be conducted in succession together on a single day.

*hkkkhkhkhkkikikk
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Semester V
Applied Component
Course : Computer Programming and System Analysis I
Course Code: RUSACMAT501

Unit 1 : Introduction to Python
i. A brief introduction about Python and installation of anaconda.

ii. Numerical computations in Python including squareroot, trigonometrical functions using
math and cmath module. Different data types in Python such as list, tuple and dictionary.

iii. If statements, For loop and While loops and simple programmes using these.
iv. User-defined functions and modules. Various use of lists, tuple and dictionary.

v. Use of Matplotlib to plot graphs in various format.

Unit 2 : Advanced topics in Python
i. Classes in Python.

ii. Use of Numpy and Scipy for solving problems in linear algebra and calculus, differential
equations.

iii. Data handling using Pandas.

Unit 3 : Introduction to SageMath
i. Sage installation and use in various platforms. Using SageMath as an advanced calculator.
ii. Defining functions and exploring concept of calculus.
iii. Finding roots of functions and polynomials.
iv. Plotting graph of 2D and 3D in SageMath.

v. Defining vectors and matrices and exploring concepts in linear algebra.

Unit 4 : Programming in SageMath
i. Basic single and multi-variable calculus with Sage.

ii. Developing Python programmes in Sage to solve same problems in numerical analysis and
linear algebra.

iii. Exploring concepts in graph theory and number theory.



Semester VI
Applied Component
Course : Computer Programming and System Analysis 11
Course Code: RUSACMATG601

Unit 1 : Introduction to SciLab

i. Basic introduction to Scilab, using Scil.ab as an advanced calculator.
ii. Defining vectors and matrices and basic operations.
iii. Plotting graphs of 2D and 3D in various forms.
iv. Exploring concept of calculus using Scil.ab.

v. Solving ODE in SciLab.

Unit 2 : Programming in SciLab

i. If -Else conditions, loops, user-defined function, ctc.

ii. Developing programmes to find roots and algebraic and transcendental equation and solving
system of linear equations ( Gaussian Elimination Method , Gauss-Jacobi Method and
Gauss-Siedel Method).

iii. Exploring applied linear algebra using Scilab ( eigenvalues, eigenvectors and various prop-
erties, applications to solve ODE, matrix factorization and its applications).

Unit 3 : Introduction to LaTeX

i. Introduction,document structure - creating title, sections, table of contents, labelling.
ii. Typesetting text - fonts, text colour, lists.

iii. Tables, equations.

Unit 4 : Presentation using slides and articles

i. Layout of page, cross references.
ii. Footnotes, definitions ?

iii. Page style, presentation slides.

Reference Books :

(1) SciLab Textbook Companion For Higher Engineering Mathematics, B. S. Grewal.
(2) SciLab Textbook Companion For Linear Algebra and Its Applications, D. C. Lay.
(3) SciLab Textbook Companion For Numerical Methods, E. Balguruswamy.
(4)

4) Introduction to Scilab, Sandeep Nagar, Apress.
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Department of Physics

Syllabus for BSc Course: To be implemented from the Academic Year 2017-18

Credit Based Semester System (60: 40)

Preamble
To enhance the current education system, the syllabus for the F.Y.B.Sc physics course has
been tailored in a way that the student with fundamental physics knowledge can accomplish
various aspects of the subject. This syllabus is meant for the First year U'\dergraduate_
program (Semester | & 1) from the academic year 2017-18 Qo G ‘
The course includes “core ‘physics subjects like mechanics, thermodynarmics, elettronics,
optics, etc. which has to be taught in two semesters. i Sl

Ay 2 5y 5
1 [

Eligibility
For seeking admission to the F.Y.B.Sc course in Physics, candidates must have completed
their higher secondary examination in the science stream with good percentage of marks in
the subject of physics in the 10+2 level.

Scheme of Examination
The performance of the student shall be evaluated in two parts - Internal Assessment with
40% marks and Semester-End Examination for 60% Marks.
e Practical Examination:

Practical Examination will be of 100 Marks (Group A = 50 Marks, Group B = 50 Marks) at the
end of the semester, out of which 60 marks (A = 30 + B = 30) are ass:gned to the.
performance in the examination, and 40 marks (A=20+B=20)are allotted to the. lnternal _

“Assessment. P : s i

The candidate will be allowed for the practlcal examination only 1f he/she produces hls

CERTIFIED Journal at the time of practical examination.
e Internal Assessment Marks Distribution:

Sr. ' , Evaluation Type Marks
No.
1. | Journal : 10
2. | Viva 10
Total ; 20

« Theory Examination:
Each theory paper will be of two hours duration, for 60 Marks.

Question Paper Pattern will be as follows:
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(1) Therw ¢ hall be four questions, each of 15 Marks.
(2) The first three questions will be from Unit I, Unit Il and Unit [ll respectively.
(3) The fourth question will be from the entire syllabus

(4) All questions will be compulsory with internal options (100%) within the questions.

e Internal Marks - 40 Marks:

Objective:

After successful completion of this course,

& skills:

e U

:l:) Evaluation Type Marks
1. | Mid-Semester Examination | 20
| Clese Test | Assignment(10) + Viva(os)/Presentation(10) +
|| Viva(es) 2
Lr_;:g_ti_n_gg;r fvaluation (Attendance/Active Participation) EL 05
L_ L 4 Total | 40

students would acquire the following knowledge

(1) The ability to apply the principles of physics to solve innovative and unfamiliar
problems

(2) The ability to explore and deduce quantitative results in the extentsof physics

(3) The ability to use contemporary experimental apparatus and analysis tools to
acquire, analyze and interpret scientific data

(4) ihe ability to communicate scientific results effectively in presentations or posters

(s} A comprehensive, quantitative and conceptual understanding of the core areas of

~ Ushsics, including mechanics, optics, modern physics, thermodynamics, electrostatics

- at 'éi’lé:\(el attuned with graduate programs in physics at peer institutions

(§1: 8 - 8
ey e

¢ e

Samester-wise pattern for the F.Y.B.Sc Physics Course

I ; Semester 1
Subject Code Subject Credits
RRCPH101 Classical Physics 2
RRCPH102 Modern Physics 2
Physics Laboratory Course (Group A + Group B + Skill
RBCPHED! A | Experirrsents)p P. c
Total 6
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Semester 2/,/,7»——7
: Credits
Subject Code subject T |
RRCPH201 . Mathematical Methods of Physics //2
RRCPH202 Electronics : o
: +
RRCPHPO2 Physics Laboratory Co‘urse (Group A + Group poo 2
Demonstration gxperiments e ”/6 £
,/J—"EL,.-/,-./
o] s3%
. » beagh 't 2
w4 Ey.B.Sc: Credit 5ased Semester Syster g Bt .
{ SEMESTER | it sk
: RRCPH101—Classical Physics
Learning Outcomes:
ion of this course, the student will be able to: LA i
f the motion of sirple

After the successful complet
ulations O

1. Understand Newton's laws an

systems
5. Use the free body diagr
3. Understand the concepts of friction an
and be able to perform calculations using them
Understand the concepts of lens system and interference
5. Apply the laws of thermodynamics to formulate the relations nec

thermodynamic process
' 6. Demonstrate quantitative pro

d apply them in calc

the object

pts of elasticity, fluid mechanics

ams to analyze the forces on
d the conce

essary to analyze a
blem solving skills inall the topics coverad

(15 jagtures) '

laws of mo_'t,i,ofn';‘,'!nter_p,rwc:t,_a_tipnM Rl

cond law and third
F:eudo forces.

n-inertial frames of referencs;

Unit I: Mechanics T
1. Newton’s {aws _‘Newton's first, se

and applications; [nertial and no
Worked out problems

HCV: 5.1, 5.2 5:3y 5+41 551 5.7
astic constants - Y, K, N and g; Equivalence of shegr strain to

1. Elasticity - Review of elast
compression and extension strains; Relation between elastic constants; Couple for

i twist in cylinder; problems from all toplcs.
HP: 15.2A, 15.3A, 15.4A 15.5A, 15.7A

5. Fluid Dynamics ~Introduction,

streamline and turbulent flow;

from all topics.
5.1B, 15.2B, 15.3B, 15.4B, 15.5B, 15.6B

Viscosity, Equation of continuity; Bernoulli’s equation;
lines of flow in alrfoll; Poiseuille’s equation; Problems

HP: 1




Unit Il - Optics (15 lectures)
Review of Lens Maker’s Formula; Newton’s Lens Equation; Magnification - Lateral,
Longitudinal and Angular.

Equivalent focal length of two thin lenses, thick lens, cardinal points of thick lens, Ramsden
& Huygens Eyepiece.

BSA: 4,10, 4.10.1, 4.11, 4.12, 4.12.1, 4.12.2, 4.12.3, 4.17, 4.14.1 t0 4.17.4, 6.1, 6.2, 6.2.1 to 6.2.3,
10.10, 12,11

Aberratinr: Spherical aberration, reduction in spherical aberration, Chromatic & Achromatic
ateraii i, fongiL on for achromatic aberration.

BS£:9.2 9.3, 9.4, 9.3 9:5.1, 9.6, 9:10, 9.11, 9.12, 9.13(1) (2)

Inteference: inieiference in thin films, Fringes in Wedge shapad films, Hewton’s Rings
Problems from ail topics. ’

B3 1541, 15.2.1 v 11,2.5, 15.3, 15.5, 15.6.1, 15.6.2, 15.6.3

Unit llI: Thesmodynamics (15 lectures)

Behaviour ot Real Gases & Real gas equation; van der Waal equation.
Thermodynamic Systems; Zeroth law of Thermodynamics; Concept of Heat; First law of
Thermodynamics; Non-adiabatic process & Heat as a path function; Internal energy; Heat
capacity & specific heat; Application of first law to simple processes; General Relations from
the first law; Indicator diagrams; Work done during Isothermal & Adiabatic Process.
Workad out examples, Problems from all topics .
BSH: 2,1 to 2.12, 4.1t0 4.14
Referajices: -
4 pdvechanics ~ Concepts of Physics by H. € Verma (Vol. 1) (HCV)

i 2. Mechgnics by Hans &Puri (HP)

3. Atexthook of Optics by Brijlal, Subramanyam&Avadharnulu,(BSA) , -

w14 Heat, Thermodynamics & Statistical Physics by Brijlal, Subraranyam&Hemne (BSH)
‘Additional R;}f erences:

1. Classical Dynamics by Thornton & Marion (5th Ed)
Fundamental of Physics (extended) - Haliday, Resnick and Walker(6th Ed.)
Optics by C. L Arora
Fundamentals of Optics - Khanna and Gulati
Principles of Optics - B. K. Mathur and T. P. Pandya (3rd Ed.)
Heati& Thermodynamics by M. W Zemansky& R. H Dittman
Basic Thermodynamics by EvylenGuha

‘Theory and Experiments on Thermal Physics - D. K. Chakrabarti (2006 Ed)

‘N oW o » w2




RRCPH102 -Modern Physics
Learning Outcomes:

After successful completion of the course, the student will be able to:
1. Understard the concept of lens and apply it to practical eyepieces

2. Understand the phenomenon of interference with examples ! ,;'

3. Getanidea about the nucleus and its properties i &

4. Geta glimpse of dual nature of light - bl

5. Study the parti%l? nature of matter with Compton effect 75 S 1|
Unit I: . (15 lectures)

Structure of Nuclei: Basic Nuclear Properties, Composition, Charge, 5i2&; Rutherigrd’s.a-
scattering experlment for estimation of nuclear size, Measurement of Nuclear radius -
Hofstadter’s Experiment
Mass Defect, Binding Energy, Packing Fraction, BE/A vs A plot, Stability of Nucle‘ (N vs Z
Plot); Problems from all topics.
SBP: 4.1.1, 4.1.2 ;
Radioactivity: Radioactive Disintegration, ‘Concept of Natural & Artificial Radioactivity,
Properties of a, B, & y-rays, Radioactive Decay, Laws of Radioactive growth & decay, half-
life, mean life, units of radioactivity, successive disintegration, radioactive equullbrlum (Idéal,
Secular & Transient Equilibrium), Determination of age of Earth.

Radioactive series, Carbon Dating, Radioactive Isotopes and its appllcatlons ("admre, Food
& Agriculture, Industry, Archaeological Field) o
SBP: 2.1, 2.2, 2.3, 2.6, 2,7, 2'58, 2.9, 2.9, 2.10, 2.11, 2.12, 2.13 ‘ e,
Unit 11 : ’15 lect ure.‘)
Interaction between part|cles and matter, lonization chamber, Proportaona} couag and cM
counter, problems i
SBP: 1.1.2, 1.1.3 (i&il), Kaplan: 2.8

Nuclear Reactions: Types of Reactions and Conservation Laws. Concept ofCompmnd and
Direct Reaction, Q value equation and solution of the Q equation, problems.

SBP:3.1t03.5
Fusion and fisslon definitions and qualltative discussion with examples.

BSS: 12.3, 12.7

Unit 11I: (15 lectures)
Origin of Quantum Theory: Black-body Radiation, Black Body Specitum, Wien’s

Displacement law; Wave particle Duality, deBroglie Waves, Expenm::ntal \mr[flcat;on of
deBroglle Waves, (Davisson-Germer Experiment, G. P Thomson EXperlmt;nﬂ
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Heisenberg’s Lncertainty Principle, Different forms if Uncertainty principle, Applications of
Jncertainty Pririciple.
BSS: 2.1 te 2.6, 3.1 ¢0 3.6 and 3.9
X-Rays: Production (Coolidge tube), Continuous & Characteristics of x-ray spectra, x-ray
diffraction (Laue’s diffraction pattern) Bragg's Law, Bragg's x-ray spectrometer, Properties
& Applications of x-rays.
BSS: 6.2, 6.3, 6.4; AB: 2.5, 2.6
Compton Effect, Pair Production, Photons & Gravity, Gravitational Red Shift.
Problerns from all topics.
AE:2.7%02,9
Referznres:

1, Nociear 7. 1sics — An Introduction by S. B Patel (SBP)

2. Atoniic 2nd Nuclear Physics - N Subramanyam, Brijlal&seshan(BSS)

3, Concepis of Modern Physics by Arthur Beiser (AB) :
Additioral References:

' 1. Atomiy "hysics by S. N Ghoshal

Nuel¢sr ?hvsics by S. N Ghoshal
Atomic and Nuclear Physics - A, B. Gupta and Deepak Ghosh
Basic GQuantum Mechanics by Ajoy Ghatak
Elements of x-ray diffraction by B, D Cullity

VRSV S
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RRCPHPo1 - Physics Laboratory Course

Instructions:
1. All the measurements and readings should be written with proper units in S| system

only
.'2“: After completing all the required number of experiments in the semester and
e recording them in journal, student will have to get their journal certified and produce
475 certSad journal at the time of practical examination :
3. While -evaluating practical, weight age should be given to circuit/ray dizgram,
i "bbs”er&ai‘:‘ions, tabular representation, experimental skills' and procedure, graph,
“" calctlation and result ; :
4. skill,of doing the experiment and understanding physics concepts should be more

important than the accuracy of final result

Learning Outcomes:
On succeséful completion of this course, the candidate will be able to:
_ (1) Understand the concept of errors and their estimation
(2) Understand & practice the skills of performing experim.ent_s
(3) Correlate the physics theory concepts to practical application

L e e po———— g € S
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(4) Understand the use of apparatus and their use without fear & hesitation

Skill Experiments:

1. Absolute and Relative Error Calculation

2. Graph Piotting

3. Use of Digital Multimeter

4. Use Of'ScreW“Gauge, Vernier Calipers, and Travelling Microscope . .

5. Spectrometer (Schuster’s Method) ) ;

:r. Regular Experiments:
O.. o
Group A (RRCPHP101) Group B (RRCHPHP102) |

1. | J by Electrical ‘ Surface Tensio(n \/I T
2. | Torsional Oscillations Spectrometer (Angle OREUST A2 ]
3. | Thermistor characteristics Spectrometer (Refractive index of Prism)\~ |
4. | Helmholtz Resonator Wedge Sha;?ed F|l_m
5. | Y by Vibration Newton’s Rings v~ — g ]
6. | nby Poisseuli Method Combination of Lenses i s

e All the Skill & Regular experiments must be reported in the Journal « {7 i
e Certified Journal is a MUST for a candidate to be eligible in the end 5,.3;*',“35 rer practi

Ia 22 A3
examination : g
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SEMESTER Il
RRCPH201 - :
Learning Outcomes: Mathematical Physics

After successful completion of this course, student will be able to:

1. Understand the basj i
. ¢ mathematic icati .
physical situations, O T

2.0em itati
onstrate quantitative problem solving skills in all the topics covered

nit | =~
Unit | (15 lectures)
. Se .
Vecter and Scalars: Vectors, Scalars, Vector algebra, Laws of Vector algebra, Unit vector,

Rectuaniular unl* vectors, Components of a vector, Scalar fields, Vector fields, Problems
besed on vec oi u'gebra.. -

Dr,t,u.;? Scalar o1 oduct, Cross or Vector product, Commutative ard B'stributive Laws, Scalar
rripie product, Vector Triple product (Omit proofs). :

#roblems an anplications based on Dot, Cross and Triple products.
MS: Ch. 9, 2{nit Reciprocal sets of vectors)
Gradient, divergence and curl: The V operator, Definitions and physical significance of

Gradient, Divergence and Curl; Distributive Laws for Gradient, Divergence and Curl (Omit
proofs); Product Rule

Problems based on Gradient, Divergence and Curl, product Rules
MS: Ch. 4 (Omit formulae no 4 to 12 involving V and Invariance)

Unitll - (15 lectures)
' Differential equations: Introduction, Ordinary differential equations, First order
homicgenecus and  non- homogeneods equations with variable coefficients,
' exacitifarentinls, and General first order Linear Differential Equation, Second-order
li6-ogenecus equations with constant coefficients. Problems depicting physical situations -
Iike I and L¥ 21icuits, Simple Harmonic motion (spring mass system)
e s 502, 5.2.1.(A, B, ©)(Omit D), 5.2.3 8 :
;”'Tranf;iént._"fefs‘bqnse of circuits: Series LR, CR, LCR circuits. Growth and decay of
‘cur 2nts/c arge’
CR: 14,1, ey 143

i (15 lectures)
Composition of two Collinear Harmonic Oscillations: Linearity & Superposition Principle.

Superposition of two Collinear Oscillations having (i) equal frequencies, and (if) different
frequencies (Beats)




e ; ical & Analytical
superposition of two mutually perpendicular harmonic oscillations: Graphica

methods, Lissajous figures with equal & unequal frequencies; its uses. :
Wave Motion: Transverse waves on string, Travelling & Standing waves on a string,
modes of a string; Group velocity, Phase velocity, plane waves, spherical vZ/aveS.
intensity; Problems from all toplcs. e
SPP: 2.4.1, 2.4.3, 2.4.4, 2.4.1, 2.3.4
FC:1.5 %) T
References: : GiEA R
1. Schaum’s outline’of Theory and problems of Vector Analysis — MUJT';{!;SPEge';'~M-"')
2. Fundamentals of Vibrations & Strings by S. P Puri(SPP) ‘ :
3. Berkelej Physics Course, vol. 3, Francis Crawford (FC) e
4. Electricity and Magnetism by D. Chattopadhaya& P. C. Rakshit (CR)

Norma!
wave

,,,,

o

Additional References:

1. The Physics of Vibrations and Waves, H. J. Pain, 2013, John Wiley and Sons.

2. The Physics of Waves and Oscillations, N.K. Bajaj, 1998, Tata McGraw Hill.

3. Additional References:

4. BrijLal,N. Subrahmanyam, JivanSeshan, Mechanics and Electrodynamics, , (s Chand)
(Revised & Enlarged ED. 2005)

A K Ghatak, Chua, Mathematical Physics, 1995, Macmillan.India Ltd.

Ken Riley, Michael Hobsonand Stephen Bence, Mathematical Methsas for Physics
and Engineering, Cambridge (Indian edition). oAl I

H. K. Dass, Mathematical Physics, S. Chand & Co. e &L
. Jon Mathews & R. L. Walker, Mathematical Methods of Physics: Wv :;/Bgnj;;mi‘.n:lnc

o\

Y

& 2

: RRCPH202 - Electronics
Learning Outremes: ;
After successful completion of this course, a student will be able to:
1. Understand the details of electronics ’
2. Understand the working of varlous electronic equipments used in day-to-czy life
3. Understand the working behind Logic Gates

Unit I: ) (15 lectures)
Cireult theoremsiThevenin’s theoremn, Norton theorem, Reciprocity theorem, Maximum

power transfertheorem.

CRt 7.7, 7:8, 7:9; 710, 711

Alternating Current:

Sinusold, Ac response of a Resistance, Inductance and a capacitance, & presentativn of
sinusoids by complex numbers, sinusolidal voltage to series RL circult, 5|‘5-l.5.i5bida'. voltdge to
serles RC elroult, sinuscidal voltage to series RLC circult, Serles and pa‘f?‘."@:ﬁ;jf'feseﬁan i
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CR: 15.1,15,2,15,5, 15.6, 15.7,15.8, 15.9, 15.11

Unit II: (15 lectures)

Bridge rectifier: Efficiency and
Filter circuits: Types of filter circuits — capacitor filter,

choke 'rput filter, Tt Filter, Voltage stabilization- Zener diode as voltage stabilizer.
VML eie to ©.29, 9.22, 9.23

Rfactiﬁer Circuit: (Half wave and Full wave rectifier: Review)
Ripple factor of Full wave Rectifier,

Transistor 3 anulifier: €B, CE, CC modes. Definition of gain a, B (dc g..c) and relation

between thern, CE amplifier: operation, Load line Analysis, operating point, cut off 2D
saturation poiit. Y4

VRM: 11280 1347, 11.21
unit il (15 lectures)

Digical elecironlcs: Review of Logic Gates; De-Morgan's Theorems, NAND & NOR as
Universal Builing blocks.

EX-OR gate: Logic expression, logic symbol, truth table, Implementation using basic gates
and its applications: Controlled inverter, Half Adder, Full adder.
VKM: 28.8 to 28.14, 28.19
LM: 6.7 i
References:
1. Electricity and Magnetism by D. Chattopadhaya& P. C. Rakshit (CR)
2. Principles of Electronics - V. K. Mehta &Rohit Mehta (VKM)
3. : Digital Principles and Applications - Leach and Malvino (Lm)
Additional References:
v epeaaligitel Principles and Applications by Leach &Malvino
5. - piital £lactronics by Tolkheim

"BRCPHPOZ - Physics Laboratory Course
i tnstructions:
174, Al ¥he mizasurements and readings should be written with proper units in Sl system
oy
5. After completing all the required number of experiments in the semester and
recording them in journal, student will have to get their journal certified and produce
the certified journal at the time of practical examination
3. While evaluating practical, weight age should be given to circuit/ray diagram,
observations, tabular representation, experimental skills and procedure, graph,
calculation and result
.. Skill of doing the experiment and understanding physics concepts should be more

¢ jmportant than the accuracy of final result

Learn ‘g @.itcome:
on succeséiuf‘completion of this course, the candidate will be able to:

11




(1) Understand the theory behind oscilloscope

(2) Understand & practice the skills of performing experiments

(3) Correlate the physics theory concepts to practical application

(4) Understand the use of apparatus and their use without fear & hesitation

Demonstration Experiments:

1. Use of Cathode Ray Oscilloscope (or Digital Storage Oscilloscop€)
2. Conservation of Angular Momentum :
3. Lase( Beangrpﬁyef'gence! Intensity | & 0 ,
4. Charging Discharging of a Capacitor e R
5. Use of PC for graph Plotting B b
ABIORLS  E D
St : 3 ‘ T
No. Regular Experiments:
Group A (RRCHPHP201) Group B (RRCHPHP202)
1. | Zener Diode as Regulator Frequency of A.C. Mains
2. | Bridge Rectifier - Load Regulation +| LR Circuit
NAND, NOR gates as Universal CR Cjreuit
3| Building Blocks o
4. | De Morgan’s Theorems LCR Series Resonance ;
5. | EX-OR gate, Half Adder & Full Adderv”| Thevenin’s Theorem B =
6. | LDR Characteristics " © Norton’s Theorem i :

e Allthe Skill & Regular experiments must be reported in the Journg]
e Certified J@-._,srnal' is'a MUST for
examination : :

3] 2
3 N2

a candidate to be eligible in the end semester practical

N |




