




















111tegrated M.Sc . Semester - I 1 

Subject. Code 
Subject Internal Marks External Marks Total Marks C redit 

Max Min Max Min Max 
020 1 Biolop;y - 11 fill 24 40 16 100 :3 

C201 Clwmistry - 11 (j() 24 40 ](l 100 3 

M201 / MB201 J\ lnt.hmnatics - II 60 24 40 16 100 3 

1'201 Physics- II GO 2-l 40 JG 100 3 

G201 Elf'ct.ronil's and lnstru- 60 24 40 16 100 :3 

llll'llf at.ion 
Practical 

RL201 Biology Lahornt.ory- 11 60 24 40 16 100 2 

CL20l Chemistry 60 24 40 16 100 2 

Laboratory-I I ' 
PL201 Physics Laboratory-II 60 24 40 16 100 2 

GL20l Electronics Laboratory 60 24 40 16 100 2 

H201 Communication Skills 60 24 40 16 100 2 

Lab 
Additional Papers 

ES201 Environmental Studies 60 24 40 16 100 2 

Second Year 

Integrated M.Sc. Mathematics, Semester - III 

Subject Code 
Subject Internal Marks External Marks Total Marks Credit 

Max Min Max Min Max 
M301 Ma1 hPmn1 icnl F01111rln- GO 24 40 Hi 100 -! 

t ions 
M302 Analysis - l 60 24 40 16 100 ..j 

1\1303 Algebra - I 60 24 40 16 100 4 

1\1304 Elementary Number 60 24 40 16 100 4 
T heory 

1\1305 Computational 60 24 40 16 100 4 
M athematics-1 

H301 Creative Hindi 60 24 40 16 100 2 

H302 History and Philoso- 60 24 40 16 100 2 
phy of Science 

Practical 
GL301 Computational Mathe- 60 24 40 16 100 l 

matics Laboratory-] 

l I 



Integrated M .Sc. Mathematics, Se mester - IV 

Subject Internal Marks External Marks Total Marks C redit I 
Subject. Code Max Min Max Min Max i 

!11401 Anal~1sis-l l 60 24 40 16 100 -I I 
!11402 Algebra - II 60 24 40 16 100 -I i 
!11403 Introduction to Differ- 60 24 40 16 100 -I 

I cnt ial Equat ions 
M404 Topology-I 60 24 40 16 100 -I 

G-101 Statistical Techniques 60 2-1 40 16 100 -I 

and Applications 
Practical 

GL401 Computational Labo- 60 24 40 16 100 2 
ratory and Numerical 
Methods 

GL401 Statistical Techniques 60 24 40 16 100 1 
Laboratory 

H401 Communication Skills 60 24 ' 40 16 JOO 2 
Lab-II 

Third Year 

Integrated M.Sc. Mathematics, Semester - V 

Subject Code Subject Internal Marks External Marks Total Marks Credit 
Max Min Max Min Max 

M501 Analysis-III 60 24 40 16 100 -I 
Mfi02 AlgPlm 1 - lTl 60 24 40 lo 100 -I 
M503 Topology - II 60 24 40 16 100 -I 
M504 Probability Theory 60 24 40 16 100 4 

PM501 Numerical Analysis 60 24 40 16 100 -I 
H501 Scient ific Writ ing in 60 24 40 16 100 2 

Hindi 
Practical 
PML501 Numerical Methods 60 24 40 16 100 3 

Laboratory 
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Integrated M.Sc. Mathematics, Semester - VI 

Subject Code 
Subject Internal Marks External Marks Total Marks Credit 

Max Min Max Min Max 

i\JGOl Analysis-IV 60 24 40 16 100 5 

i\1602 Algebra - IV 60 24 40 16 100 5 

i\1603 Partial Differential 60 24 40 16 100 4 

Equations 
i\'1604 Orrlinary Differential 60 24 40 16 100 4 

Equations 
.\lfi05 Numerical Analysis 60 24 40 16 100 4 

of Partial Differential 
Equations 

H601 Et hies of Science and 60 24 40 16 100 2 

IPH 
H602 Scientific \Vriting in 60 24 40 16 100 2 

English 
Practical 

.\1L60l Computational i\Iathe- 60 24 40 16 100 3 

matics Laboratory-JJI 

Fourth Year 

Integrated M.Sc. Mathematics, Semester - VII 

Subject Code 
Subject Internal Marks External Marks Total Marks Credit 

Max Min Max Min Max 

.\1701 Funr·1 ional Anal~1sis fiO 24 40 1fi JOO 4 

.\1702 Discrete i\lathematics 60 24 40 16 100 4 

.\1703 Introd uction to Math- 60 24 40 16 100 4 

emat ical .\lodelling 

.\1704 Operations Research 60 24 40 16 100 4 

.\1 705 Stocha5tir Analysis 60 24 40 16 100 4 

Project 
!11Pr701 Reading Project 60 24 40 16 100 5 

Integrated M.Sc. Mathematics, Semester - VIII 

Subject Code 
Subject Internal Marks External Marks Total Marks Credit 

Max Min Max Min Max 

i\'1801 Graph T heory 60 24 40 16 100 4 

i\'1802 Advanced Discrete 60 24 40 16 100 4 

i\lathematics 

M803 Nonlinear Dynamics 60 24 40 16 100 4 

and Chaos 
)11804 Mathematical Biology 60 24 40 16 100 4 

i\1805 Computational i\lathe- 60 24 40 16 100 4 

matics 111 

Project 
MPr801 Project 60 24 40 16 100 5 



Fifth Year 

Integrated M.Sc. Mathematics, Semester - IX 

Subject Code 
Subject Project Report / Seminar Viva-Voce Based Total Credit 

Dissertation B ased 011 on Project Re- Marks 
Project port and Semi- Max 

nar 
Max T Min Maxi Min Maxi Min 

MPr901 Project 150 I 60 150 I 60 100 I 40 400 20 

Integrated M .Sc. Mathematics, Semester - X 

Subject Code* Subject Internal Marks External Marks Total Marks Credit 

Max Min Max Min Max 

ME1001 Elective-I 60 24 40 16 100 5 

ME1002 Elective-II 60 24 40 16 100 5 

ME1003 Elective-Ill 60 24 40 16 100 5 

ME1004 Elective-JV 60 24 40 16 100 5 

*Elective subjects w ill be offered according to the availability of instructors and minimum number 
of interested students taking a course from the list of elective subjects in the syllabus. The chosen 
four subjects will have codes MEIO0l, ME1002, ME1003 and ME1004. 

,-._r · 
/ ~ Q., J 1 

~ -

~J 



Syllabus of Integrated M.Sc. (Mathematics) 

1 Sen1ester-I 

1.1 MlOl: Mathematics-I 

Learning Outcomes: At the end of the course, t he students will be able to : 

1. Understand the mathematical concept of number systems, their algebraic and order properties. 

2. Learn t he techniques of mathematical proof and mathematical writing. 

3. Abilit? to manipulate function and relation for solving mat hematical problems. 

4. Underst and the concept of limit of a functions and it s properties. 

5. Understand the concept of sequence and series of real numbers and their propert ies. 

6. Analyse convergence of sequence and series of real numbers. 

Contents: 

Unit-I Introduction of Number Systems: Natural Numbers, Algebraic Propert ies, Mathematical Induction. 
Real Numbers, Order Propert ies and Completeness Property of JR, Intervals on JR, Infinity, Infinite Sets and 
Cardinality. 

Unit-II Reading and Writing Mathematics: lllustration of mathematical proofs via examples, lllustration of 
Conjunction, Disjunction, Negation of Statements and Condit ional Statements via examples. Techniques of 
mathematical proofs. 

U nit-III Functions and Relations: Sets, De Morgan's Laws, Relations, Cartesian Products, Functions and 
Graphical Representation , Injective and Surjective functions, Composition and Inverse of Functions, Level 
Sets, Equivalence Relations and Equivalence Classes. 
Limits: Limits of Functions, Boundedness, Squeeze T heorem, Limits at Infinity. 

Unit-IV Sequences: Sequences, Convergence, Limit theorems, Divergence, Cauchy Sequences. 

Unit-V Infinite Series: Convergence and Divergence of Series, Geometric Series, Tests for Convergence. 

References: 

IJ] Subhash Chandra Malik and Savita Arora. Mathematical analysis. New Age International, 2012. 

12] Ajit Kumar, S I{umaresan, and Bhaba Kumar Sanna. A Foundation Course in Mathematics. Alpha Science 
International Limited, 2018. 

13] Donald R Sherbert and Robert G Bartle. An Introduction to Real Analysis. John Wiley & Sons, Inc., 2014. 

14] D'Angelo John Philip and Douglas Brent West. Mathematical thinking: problem-sol-uing and proofs. Prentice­
Hall, 1997. 

15] Prentice Hall , 2000. 



1 .2 MBIOI: Remedial Mathematics-I 

Lear11i11g Outcomes: A 1 I lu• 1•11J of I ht• c·ours1·, 1l1t• s t.11dc11 ts \\'ill l)l! nl>lt: l.o : 

I. U11df'rs1 a11d a11d apply 1 hc 1·0111·Ppt oft rigo11011u•t ry 1rnd vectors. 

2. U11dl'rst and the !'Oncept of diffl'rent number syst.C'ms and their proper t ies. 

:1. Amd~•S<' AP. GP R11d HP sPriPs and their Rppli<'Rt.ions. 

--1 . U11derst and the concept of limit , continuit.y, <lifferent.iability of real functions. 

fi. Ex pion• propPrtiPs Rnd Rpplicat ions of cont imlit.y and differentiability. 

Contents: 

Unit-I Trigonometry and Vectors: Pohu· rnordinates, relations between different trigonometric functions, pe­

riodicity, graphical represent ation, fund amental identities, addition formulae, multiple angles, factorization 

formulae. Scalers and vectors, norm of a vector, dot product, projections, cross product. 

Sets and Functions: Sets, Functions, lnrqualit.ies, graphical representation. 

Unit-II Numbers: Numbers of Different. Types (N, Z, R , R \ Q), Algebraic Properties, Factorial notation, Math­

ematical Induction, Division Algorithm, Divisibility, Prime Numbers, Fundamental Theorem of Arithmetic, 

Order Properties and Completeness Property of R , concept of congruences. 

Unit-III Series: AP, GP and HP and inequalities of the mean, Sum of a series, Sigma notation , Convergence, 

Limit Theorems, Divergence Tests for Convergence (Absolute Convergence and Non-absolute Convergence), 

Series of Functions, Taylor 's Series, Power Series. 

Unit-IV Limits and Continuity: Limit s of functions, Boundedness, Squeeze Theorem. Graphical idea of mono­

tonic function and Continuity, Continuous F\mctions, Continuous Functions on Intervals, Uniform Continuity. 

Unit-V Derivatives and Differentiation: Defini t ion and Graphical Representation of Derivatives. Differentia­

bility and Continuity, Chain Rule, Product and quotient rules, Higher Derivatives. Derivatives of Exponent ial, 

Logru·ithmic, Trigonometric and Inverse 'JJ-igonometric functions, derivatives of inverse functions, derivatives 

of Power Series. Mean Value Theorem, Derivatives and Extrema, L'Hospital's Rule. 

References: 

!JI Ajit Kumar, S Kumaresan , and Bhaba Kumar Sanna. A Foundation Course in Mathematics. Alpha Science 

International Limited, 201 8. 

12] Donald R Sherbert and Robert G Bartle. A11 l ntroduct-ion lo Real Analysi.s. John Wiley & Sons, Inc., 2014. 

131 JVJaurice D Weir, George Brint.on Thomas, Joel Hass, and Frank H. Giordano. Thomas' calculus. Pearson 

Education, 201 8. 

141 James Stewart .. Single variable calculus: Concepts and context..s. Cengage Learning, 201 8. 

151 Gilbert Strang and Edwin Herman. Calculus. OpenStax Houston, Texas, 2016. 

161 TM Apostol. Mathematical Analysis. Pearson Education , Inc, 2004. 



1.3 GJOI: Computer Basics (Programming in C) 

Lear11i11g Outcomes: A1 tlu· 1•11J of 1.lu~ 1·oms1•, t.hc s111de11ts will lw able to : 

J. lJ11d1·rst 1rnd 1·01H·1•pt of 1 hf' :;1 rnd,tll'Pd programming la11g11age. 

2. lJuders1 am] syntax , data represeiitation, input, out, data types, compilation. 

:l. A pp]~, rn111 rol s1.rnd tll'PS 1 o solve prohle1m; . 

..J. Apply Structure and Union data types to solve programming problems. 

f>. lJm-Jt>rstand <'OlH'Pp1 of pointers and its usage. 

Contents: 

Unit-I Introduction to C programming structure and C compiler. Data representation: Simple data types like 

rea l integer, character etc. Program, statements and Header Files. Simple Input Output statements in C. 

Bunning simple C programs, Data Types. Operators and Expressions. 

Unit-II Control Structure: If statement, If-else statement. Compound Statement. Loops: For - loop. While -

loop. Do-While loop, Break and exit statements, Switch statement, Continue statement, Goto statement. 

Unit-III Array. Types of Array, String Handling. Functions: Function main, Functions accepting more than 

one parameter, User defined and library functions. Concept associatively with functions, function para.meter, 
Bet.urn value, recursion function. 

Unit-IV Structure and Union, Declaring and using Structure, Structure initialization, Structure within Structure, 

Operations on Structures, Array of Structure. Array within Structure, Structure and Functions, Union , Scope 

of Union, Difference between Structure and Union. 

Unit-V Pointers Definition and use of pointer, address operator, pointer variable, referencing pointer, void pointers, 
pointer arithmetic, pointer to pointer, pointer and arrays, passing arrays to functions, pointer and functions, 

accessing array inside functions. pointers and two dimensional arrays. array of pointers. pointers constants. 
pointer and strings. 

References: 

j I J Venu Gopal. Mast.ering C. J\JcGraw-Hill Education (India) Pvt Limited, 2006. 

j2j V Rajaraman and Neeharika Adabala. Fundamentals of computers. PHI Learning Pvt. Ltd., 2014. 

j3J Yashvant Kanethkar. Let Us, C. BPB publications, 2018. 

1.4 GL101: Programming in C 

Learning Outcomes: At the end of the course, the students will be able to : 

1. Understand syntax, data representation, input, out, data types, compilation and apply them into programs. 

2. Apply control structures to solve problems. 

~- Apply Structure and Union data types to solve programming problems. 

4. Apply concept of pointers to make program to solve problems. 

Contents: Practicals of programmiI~g in C are based on syllabus of G-101. 



References: 

IJ I VPm1 Gopal. J\ifnsfF1-i11y C. l\kGrnw-Hill Education (India) Pvt Limitf'd. 200(). 

121 V Bajarn1nan and Ncc>harika Adabala. F1111dm11 t-'11 /als of computers. PHI Lc~arning Pvt . Ltd. , 201 4. 

j:11 Yashvant l<anet.hkar. Let. Us, C. BPR publications, 2018. 

2 Seinester-11 

2.1 M201: Mathematics-II 

Learning Outcomes: At. the end of the course, the students will be able to : 

1. Understand concept of cont inuity, properties of continuous functions. 

2. Explore the concept of Derivative and related properties. 

3. Understand application of derivatives, e.g., maxima/ minima, convexity etc . 

4. Understand the concept. of Reimann integrations, its properties. 

5. Able to apply integration theory to calculate arc length, area of surface, volume of a solid of revolution etc. 

Contents: 

Unit-I Continuity: Continuous Functions, Graphical Representation, Composition and lnverse of Continuous 
Fun ct ions, Continuous Fun ct ions 0 11 l ntervals. 
Differentiation: Definition and Graphical Representation of Derivatives, Differentiability and Continuity, 
Chain Rule, Higher Derivatives. Mean Value Theorems, Derivatives and Extrema, L'Hospital 's Rule, Taylor's 
Theorem and Applications. 

Unit-II Maxima and rdinima: Sufficient conditions for a function to be increasing; decreasing, Sufficient conditions 
for a local extremum, Absolute minimum/ maximum, Convex/ concave functions. 

Unit-III Integration: Riemann Integral and its Properties, Statement of Fundamental Theorem of Calculus. 
Applications of Integration: Arc length of a plane C'urve, Arc length of a plane curve in parametric form, Area 
of a surface of revolution , Volume of a solid of revolution by slicing, by t.he washer method and by the sh.ell 
method. 

Unit - IV Limit and Continuity of Scalar Fields: Spaces IR2 and IR3, Scalar fields, level curves and contour lines, 
Limit of a scalar field , Continuity of a scalar field , Properties of continuous scalar fields. Differentiation of 
Scalar Fields: Partial derivatives, Differentiability, Chain rules, lmplicit differentiation, Directional derivatives, 
Gradient of a scalar field , Tangent plane and normal to a surface, Higher order partial derivatives, i\tlaxima 
and minima, Saddle point s, Second derivative test for maxima/ minima/ saddle points. 

Unit-V Complex Numbers: Complex Numbers, Statement of Fundamental Theorem of Algebra, Polar Coordi­
nates, Euler 's and de Moivre's Formulae, Formulae for Sine and Cosine, Powers and roots of complex numbers, 
The exponential and trigonometric functions, Hyperbolic functions, Logarithms, Complex roots and powers, 
Inverse trigonometric and hyperbolic functions. 

References: 

IJ I J\'lary L Boas. Mathematical m ethods in the physical sciences. John Wiley & Sons, 2006. 

[21 Peter D Lax and Maria Sliea Terrell. Calculus with applications. Springer, 2020. 

131 Kenneth A Ross. Elementai-y Analysis. Springer, 2013. 

141 Maurice D Weir, George Brinton Thomas, Joel Hass, and Frank R Giordano. Thomas ' calculus. Pearson 
Educ-ation, 201 8. 
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lf>l JanH•s S1 f'WH rt . Singl<' varioble calculus: ConcqJ ts and contexts. Cengag1: Learning. 201 8. 

iul Gilb1•r1 Strang aml Edwin Herrna11. C11/c11/vs. Ope11Stax Houston, Texas, 2UJG. 

2.2 MB201: Remedial Mathematics-JI 

Learning Outcomes: At tl1e end of the rnurse, the students will ])(' able to : 

I . Understand the concept of integration and its properties. 

2. Comprehend n,Jation between integration and different iation, application of integration. 

3. Un<lerstand <'Olllplex number systems au<l t heir properties. 

4. Able to solve system of lineru· equations by matrix methods. 

5. Explore t he basic notion of combinatorics and probability, their properties and applications. 

6. Explore basic statistics, its uses, scope and limitations. 

Contents: 

Unit-I Integration: Notion of an integral, integral as limit of sums, anti-derivatives, area under a curve, Funda­

mental t heorem of calculus, definite integrals, indefinite integrals, Rules of integration: integration by parts, 

int egrat.ion b~, subst itut.ion, Properties of definite integrals, Application of integrals (path lengths , areas, vol­

umes, etc.). 

Unit-II Complex Numbers: real and imaginary parts, the complex plane, complex algebra (complex conjugate, 

absolute value, complex equations, graphs, physical applications) . Consequences of Euler's formula . 

Unit-III Matrices and Linear Equations: System of linear equations, notion of a matrix , determinant. Row 

and column operations, Gauss Elimination, Simple properties of matrices and their inverses. 

Unit-IV Combinatorics and Probability: Permutations and combinations, Binomial theorem for integral and 

non-integral powers, Pascal's triangle, Introductory probability theory, Conditional probability, Binomial 

probability dist ribut.ion. 

Unit-V Basic Statistics: frequency tables, measure of <'entral t endencies (mean, median, mode), measure of 

variation (standard deviation etc). 

References: 

iJ j TM Apostol. Mathematical Analysis. Pearson Education, Inc, 2004. 

12] Saminat han Ponnusamy. Foundations of mathema.t.ical analy.~is. Springer Science & Business Media, 2011. 

l3J Roger J Barlow. Statistics: a guide to the use of stat.istical methods in the physical sciences. John Wiley & 

Sons, 1993. 

j4J SC Gupta and VK Kapoor. Fundamentals of mathematical statistics. Sultan Chand & Sons, 2020. 

3 Semester-III 

3.1 M301: Mathematical Foundation 

Learning Outcomes: At. t he end of t he course, the students will be able to : 

I . Understand the principles and practices of t heir field of study. 

2. UnclPrst and the differPrwe lwtwePn necessary 1-1 110 suffirient conditions. 



3. U11dNsta11d S1,t.s, it :, basic operations. 

-J . UnuPrst and m11I 11s1• the rel at.ions t>quivalencl' n•lat ion and part in) onlcr n•la t iou. 

5. Un<l<>rstan<l funct.iou and ablP to anal~•sc injective, surject ivc or bijective functions. 

6. Undffst an<l the concept of order and order properties on number systems. 

Contents: 

Unit-I: Logic: Quantifier:,, negations, examplPii of various mathematical and non-mathematical statements. Ex­

ercis<>s and examples. 
Set Theory: Definitions, subsets, unions, intersections, complements, symmetric difference, De-l'vJorgan's 

laws for arbitrary rnllect.ion of sets. Power set. of a set. 

Unit-II Relations and maps: Cartesian product of two sets. Relations between t.wo sets. Examples of relations. 

Definition of a map, injective, surjertive an<l bijective maps. A map is invertible if and only if it is bijective. 

Inverse image of a set wit h respect to a map. Relation between inverse images and set theoretic operations. 

Equivalence relations (with lots of examples). Scl1roeder- Bernstein theorem. 

Unit-III Finite and Infinite sets: Finite sets, maps between finite sets, proof that number of elements in a finite 

set is well defined. Definition of a countable set (inclusive of a finite set). Countably infinite and uncountable 

sets. Examples. Proof that every infinite set has a proper, countably infinite subset. Uncountability of P (N). 

Unit-IV Partially Ordered Sets: Concept of partial order, total order, examples. Chains, Zorn's Lemma. 

Unit-V Peano's Axioms. Well-Ordering Principle. Weak and Strong Principles of Mathematical Induction. Trans­

finite Induction. Axiom of Choice, product of an arbitrary family of sets. Equivalence of Axiom of Choice, 

Zorn 's Lemma and \ ;\/ell-ordering pr ind pie. 

References: 

Pl Ajit Kumar, S J<umarcsan, and Bhaba Kumar Sarma. A Fo1111dation Co1Lrse in Mathematics. Alpha Science 

Int ernational Limited, 2018. 

12] Peter Komjat,h and Vilmos Totik. Problems and theorems in classical set theory. Springer Science & Business 

Media, 2006. 

131 Stephen Abbott. Understanding analysis. Springer, 2001. 

141 Daniel J Velleman. How to prove it: A sl.rnct1Lred approach. Cambridge University Press, 2019. 

l5J Daniel Cunningham. A logical introduction to proof Springer Science & Business Media, 2012. 

161 Daniel W Cunningham. Set Theori.J: A First Course. Cambridge University Press, 2016. 

171 R. Lal. Algebra 1: Groups, Rings, Fields and Arithmetic. Infosys Science Foundation Series. Springer Singapore, 

2017. 

3.2 M302: Analysis I 

Learning Outcomes: At the end of t he course, the students will be able to : 

1. Understand the fundamentals of real number systems, algebraic and order properties, ordered field . 

2. Analysis convergence of sequence, subsequence, cauchy sequence. 

3. Understand convergence of infinite series, cauchy product, power series and radius of convergence. 

4 • Understand t he concepts from analysis of a single reAI variable ( convergence, uniform cont.inui tv) in t hE> co11 t <>xt 

of metric spaces. · 



f>. Uuderst aml t.hP diffr!n•nt iabilit.y aud their properties. 

Ci. Uu<lerst aud 1 lw coucept.s of Rolle':- t.heorem, mean value t.heoreu1s, Taylor's theorem. 

Contents: 

Unit-I Real Number System: Real number system: Construction via Cauchy sequences. Concept of a field, 
ordered field , examples of ordered fields, supremum, infimum . Order completeness of R , Q is not order 
complete. Absolute values, Archimedeau property of R . C as a field, and I.he fact that C ca11uot be 111a<le 
into an ordered field. Denseness of Q in R. Every positive real number has a unique positive n th root. 

Unit-II Sequences: Sequences, limit of a sequence, basic properties. Bounded sequences, monotone sequences, 
convergence of a monotone sequence. Sandwich theorem and its applications. Cauchy's first limit theorem, 
Cauchy's second limit theorem. 
Subsequences and Cauchy sequences: Every sequence of real numbers has a monotone subsequence. 
Definition of a Cauchy sequence. Cauchy completeness of JR, IQ is not Cauchy complete. 

Unit-III Infinite Series: Basic notions on the convergence of infinite series. Absolute and conditional conver­
gence. Comparison test, ratio test, root test, a.lternating series test, Dirichlet's test, Statement of Riemann's 
rearrangement theorem, Cauchy product of two series. Power series, radius of convergence. 

Unit-IV Continuous functions: Continuity, sequential and neighbourhood definitions, basic properties such as 
sums and products of continuous functions are continuous. Intermediate Value Theorem, Continuous func­
tions on closed and bounded intervals, Monotone continuous functions, inverse functions, Uniform Continuity. 
examples and counter-examples. 

Unit V Differentiable functions: Definition: as a function infinitesimally approximal by a linear map, equiv­
alence with Newton's ratio definition, basic properties. One-sided derivatives, The O; o and 110tations with 
illustrative examples. Chain rule with complete proof (using above definition). Local monotonicity, relation 
between t he sign of f' and local monotonicity. Proofs of Rolle's theorem and the Cauchy-Lagrange Mean 
value theorem. L'Hospital's rule and applications. Higher derivatives and Taylor's theorem, estimation of the 
remainder in Taylor's theorem, Convex functions. 

References: 

p] Ajit I< umar and Somaskandan I< umaresan. A basic course in real analysis. CRC press, 2014. 

12] Stephen Abbott. Understanding analysis. Springer , 2001. 

13] Terence Tao. Analysis ii, texts and readings in mathematics, 2015. 

14] T. Tao. Analysis I: Third Edition. Texts and Readings in l'vlathematics. Springer Singapore, 2016. 

15] W .R. Wade. Introduction to Analysis: Pearson New International Edition. Pearson Education, Limited, 2013. 

16] Saminathan Ponnusamy. Foundations of mathematical analysis. Springer Science & Business Media, 2011. 

17] Steven G Krantz. A guide to real variables. American Mathematical Soc., 2014. 

18] Miklos Laczkovich and Vera T Sos. Real Analysis: Foundations and Functions of One Variable. Spriuger, 2015. 

19} Sadhan l{umar Mapa. Introduction to Real Analysis. Sarat Book Distributors, 2014. 



:L :\ M :m:\ : A lgchra - J 

l,1•ai·11i11g 011tco111es: ,\t I lu· 1•11d ,,rt ill' ,·.,ms,•. till' ~111d1•11t s wil l lw al,J, , t,, : 

I . \ l11d, ·rst1111d till' 1·01H·cpt ofgro11ps . ho1 110111orphis111s . (11or11111l ) s11bgr<H1ps, ql)(iti1•11t v;rn11ps ,u1d 11•1;,t ,·d ,,l,j1•l'h . 

:.!. \l 11d,·rs t1111d 111on• mlva111·1,d result s ,·011r·,•rni11g gro11ps a nd µ,rn 11p art.io 11s, work with 1•x;u11pl,,s . a ud pr•iv•· 1,alii,· 
n•s11lt s . 

:1. U11d1•rst 1111(1 rings, i11t.qi;ra l d ollla ins, a11d fields and rnsult s i11 t fl(' theory of rings. 

-1. lJ 11d,•rs t a))(I till' va rio11s ty p,,s of ri11gs, sul'h as poly11o rnia l ri1111,s, t IH' Gaussia 11 i11t.r:w:rs, a11d r:r:r ta i11 l,v·t , ,r 
ri11gs. 

C1111t.cnts : 

U 11it.- l I )<'li11it ion o f a group, examples incl11di11g matriC'es, permut.at ion groups, grou ps of syrnmet ry, ro<,ts of 11 11 ity. 
I 'ropi,rf ics of a group, fi11it.1· and infini te grou ps. 

Unit-II Subgroups and cosets , order of a n element., Lagrange t heorem , norma l s ubgroups, q uotie11t groups. I),,_ 
t a iled look <.1 1 the group S,, of permutations, <'ycles and trans positions, eve n and odd permutations , t IH' 
a ltrnrntinp; group. simplicity of A,, for 11 . 

Unit-III Hom0111orphis111s, kernel, image, isomorphism, t he fundamental t heorem of group Ho ,nornorpli is rnf,. 
A bl'lia11 group, cyclic groups, subgroups and quotients of cyclic groups, finite and infinite r·yclic groups. 

Unit.-IV Ca~,feys t heorem 011 representing a group a5 a permutation group. Conjugacy classes, cent re. class equa­
tion , ,·e11tre of a p-group. Sylow t heorems. 

Unit-V l)l'fi11it io n of a ring , examples incl11d i11g congrue11ce classes modulo n , ideals and Homomorphisms, quot if' JJI 
ri11gs, poly 1101J1ial ring in 011c variable over a ring, 1111its, fields, 11011zl'ro divisor:-; , integral donrni11s . Rings of 
fractions, fi e ld of fract ions of <.1 11 integral domain. 

References: 

I II Serge Lang. Algebr11.. Springer Science & Business Media, 2012. 

121 Nat ha11 Jacohso11 . Dasie Algebra 11. Freeman , New York , 1989. 

1:11 David S Dummit a nd Rjcha rd M Foote . Abstract Algebra . . John Wiley and Sons, Inc, 2004. 

l•ll Michael Art in. Algebra. Pearson College Division, 1991. 

3.4 M304: Elementary Number Theory 

Learning Outcomes: At t.he end oft.he course, the students will he able to : 

I. Use co11ti1111ed fractions to develop arbitrarily accurate rationa l approximations to rational a nd irratio na l 
numbers. 

2 . A11alyze Diophantine equations, i.e . polynomial equations with integer solut ions . 

:i. J<now what it means to say that a n integer is a quadratic reside modulo an odd prime , and calculatc \\'het her 
this rnlatio11 is trne for a give11 integer a nd prime. 

4. I< now some of t he famous da5sical t heorem s and conjectures in m1mbcr theory, such a5 Fcrma t 's La.~t Thcon•m 
and Goldbach 's Conjecture, a nd describe some of the tools used to investigate s uch problems. 

Contents: 

Unit-I F'uudame ntal t heorem of arithmetic, divisibility in integers.Prime numbers a11d infinitud<· of prin1<':- . l 11-
fi11itude o f prinws of special types. Special primes like Fermat primes, Mers<,mie prim~. Lucas pr inws <'I<' . C,,,li,l,,,,,,,lg,»ill,,,~;•#••'''':',;;•~ ~~ 



✓ 

U uit-11 J·.,p11 rn h·11c·,• 1,·l11l i1J11 :-- ;i11d 111<' 11uli1J11 ,11 1·1J11gr11, ·11< ·1·s . \\"ib"11 's 1h1·11n•111 n11d h·n11a1·s li11l< · tlJ<'ort ·111. 

C'l11111 ·:--<' n ·111ai11cl,·1 1 h.- ,r, ·11 1. ( '0111 i1111ed f1111"1 io11s n11d I itl'it nppli<'a l io11s. l'ri111it iv,• roots. E11l1•r 's Phi fund ion. 

S11111 11f <11, 1:--01:-- a11d 1111111lwr " f di\"i:--11r:--. .\ ltJl1i11:-- i1 1\"1'rsip11. 

L'11it-lll t)11ad 1at1t" t<':--1d111 •,- 1111d 11,m-n·sid 11!'s w11h ,•xa11 1plt•s. E 11lt•r ·s C'ritc•rion . G1111ss' L1·n1n111. q1111drnti1· n•1· i­

p1, 1<·11 _, 1111d appli<'n 111 H1:-- . Applicat ions uf 1p1ad1 at it- n ·,·iprodt~· to rnk11l11t ion of sy1nhols. 

U nit -1 V l.,•g,·11.!1 ,. ,-~·1111,nl: ])l'fini1 ion and lias i<" pn>JH•r1 ic·s. F1 ·rn111t 's two sq1111n· t l11•01·c•n1 , Lagrnngc:s four sq11an• 

1111·01,•111. 

l . uit -\' I'_, 1l1ag1111•11 11 111pl< ·:--. I )111pha11t i111 · l'ql!a111111:-- 11 11d Bad11'1 \ 1•q1111I ion . T l11· cl11plirnl iu11 forn111la . 

References: 

Ill lb\"ld nnrt o ll. E/,111, 11 /111 ·!1 .'\111111/nr· 1'11101"!/- .\l,·C: rn\\" Hill. '.2010. 

121 hf'111wt h H Ho,.,. •n . El, 1111 11 1,wy 1111111 /Jt ,. l!1t or·!! 1111tl 1/., "l'J'l1mlio11., , vol111111• I . l'c!arso11 / Adrliso11 \.\/Ps lc iy, 200!1. 

J:lJ h ·an \ 1,·,•11. 11,·rlwn S Z11.-k,•11111111 . n11cl II 11gh I, J\l0111 ~01111•ry. JI 11 111/md:11dio11 to till' lhco1-y of 1m111luT.,. J oh11 
\ \' iJ,,v ,I.: Sn11,- . 1 !)~l 1. 

3.5 l\1305 : Computat ional Mathematics-I 

Le,-,rning Outcomes: . .\ t thl' ,•n<l of the• co11nw. tlH' st11dent s will lH' able to: 

h 11m,· .-01 C' proF-rnmming I t>d111iq11<'s of .\lat IH•tnat ka. 

"2 l . IHl <•r,-t and funrlamC'ntals of .\ lat h1•111at ira and ii s 1·0111p11t 11t iu11nl f'ftidt•ncy. 

~- l'se of .\lat lwnrn t ica to 11ndt•rst anrl C ak11l11s, Li11ear A lgehrn . 

.J l :-,1• of .\ latllt' ll l,.ttca tu :--olvt• li11ear a11d 11unli111•a1 1·q11atl1JIIS. 

Conte nts: 

U uit-1: Core language and structure: iulrod1wtiuu to prgrnu1111i11g, Notation and rom·ersio11. i\ lathe111atir·a 

l,a.~i<" ,·rnu·1·pt . c<Jnst aub. !'.t riugs, lists, .\la1 l11'111at ic-al expn•ssiuns. 

U nit-JI Functional programming: Built - iu F1111ctious, user- dl'fi1ll'd fu11C'tio11s, Opcrntiou 011 ft1nr tiu11s, Re­

nm,i1·1• fu1 wt i<Jns. l1 1•ra1 ivt• fu1wt i(JllS, Loops aud Flow- c·nutrol. 

U nit- III Two-Dimensional Graphics: Plottiug fuuctious of sinµ,I\' viu-iable, T hree Dimensional Graphics -

Plott i11g f111 H"t ions of two va1 ial,11·~, o l lll'r grn phi1·s 1·on11111111d , A lgcbrn nu<l t rigouomf' t ry. 

U nit - JV Ba.-.k 1. itll'ar Alg,·lm, aud Calc-11lus 11s i11 g .~l11t h1•11111t irn . 

U nit-V .\u111Prical Solut ious of Lirll'ar and No11-li111•11r 1·1p111t ions using i\lnt h<>ma t irn. Developing Programs for 

l'a«-h (If t l l\·~· 111\'t hods. 

References: 

II I E11gPIH' Dou . . 'icl,1111111 ·.s 011//1111 vf Afollw11111/ fro . J\ll'Graw- Hill 1-'rofr•ssiona.1 , 200IJ. 

121 h:1•nn\'lh .\ I Shiskuwski 1111d l,arl Fri11kl1•. l'r i11ci7h.s of Li111 ar Aly1:bn 1 with Afo//1111w lira. J ohn Wiley & Sous, 

201:3. 

131 Selwyn L Hollis. CalcLobs will, Mat.hr111ntica: M11ltivm-iable Calculus. Thomson Learning, J 998. 

HI Sf' lw~·n L Hollis. Alull i1><11'ioblr Cnlc11hi.~. Brooks Coif' Publishing Company, 2002. 



✓ 

3.6 GL301 : Computational M a thematics-I 

Learning Outcomes: At till' t'JHI of tht• rom st', t.h~ st11dP11t s will bt• able to: 

J. h11ow nm• prn~rm11111i11g tt•ch11iq11c•s uf l\h1tlw111atica a11d able to make program for simp)P problems. 

2. Un<l1>rstand fu11da111f'nials of l\lathematica and it s comp11t.ational efficiency. 

:1. Us0 of ]\ ]at hf'mat ica to 11nd1•rst and Calc11l11s. Linear Algebra 

-1. Use of l\ lathematica to solve linear and nonlineaJ' equations. 

Contents: Pract.icals of comp11tational mathematics laboratory using Mathematica baserl on syllabus of l\1130,5. 

References: 

I 11 E 11gene Don. Schamn 's out.line of Math ematica . McGraw-Hill Professional, 2000. 

12] J<enneth M Shiskowski and J<ru·l Fl'inkle. Principles of Linear Algebra with Mathematica. John Wiley & Sons, 

2013. 

13] Selwyn L Hollis. CalcLabs with Mathematica: MuUivari.able Calculus. Thomson Learning, 1998. 

j..Jj Selwyn L Hollis. Mullivariable Ca1culus. Brooks/ Cole Publishing Company, 2002. 

3. 7 CB301: Essential Mathematics for Chemistry & Biology 

Unit-I First Order Differential Equations: Linear Equations, Nonlinear Equations, Separable Equations, Exact 

Equations, lntegrating Factors. 

Unit-11 Second Order Linear Differential Equations: Fundamental Solutions for the Homogeneous Equation , Lineal' 

Jnrlepenrlenre. Rerl11rt ion of Orrler. Ho111ogeneo11s Eq11a1 ions with Const ant Coeffirients. 

Unit-Ill Laplace t ransforms, inverse Laplace transforms, convolution t heorem , applications of Laplace transform 

to solve system of differential equations. 

Unit-IV Vector Spaces (finite dimensional, over lll1 or <C. l))ustrate concepts with 2- or 3- dimensional examples), 

Linear Independence, Basis, Dimension, Rank of a Matrix. 

Unit-V The matrix Eigen value problems, Secular determinants, Characteristics polynomials, Eigen values and 

Eigen vectors. Eigen values of real symmetric matrices; Eigenvalues and Eigen vectors, important properties 

and examples. 

References: 

Ill MD Raisinghania. Ordinary and partial differential equations. S. Chand P ublishing, 2013. 

j2] George F Simmons. Differe11tial equations with appl-icat·ions and historical 11otes. CRC Press, 2016. 

j3j Marc LipsOII and Seymour Lipschutz. Schaum 's Outline of Li11ear Algebra. McGraw-Hill Companies, Incorpo­

rated, 2018. 

j..J ] S Kumaresan. Linear alyebru: a geometric approach. PH] Learning Pvt .. Lt<l., 2000. 



4 Semester-IV 

4.1 M401 :Analysis II 

Lcar11ing Outcomes: At 111<' l'JHI of thC' <·011n,<·, th1• s t11d<·111 s will he: ah],, to : 

I. Und,, r~t :-111cl 1 hC' conc<•pt and propPrt iPS of Reimann int Pgra1 ion. 

2. Able to <'Yal11a 1<' i111propPr in1<'grals. 

:l. l.:nd<·r~ , and fu1wt ion of 11111lt i-variahlc ·s Io be· 1·0111 i1111011s and rnlnilal <' partial dniva1 in•s, Jin'l'I inn a l d<·rirn­
t ivr1s. 

-l . Unders t and the chai n ml<' for f1111 ctio11s of two a11d thrcf' varialJIPs. 

~J. U11dPrs1 and the• propPr1 iC's of do11bl<' i11t<•grnls and n1kulal<! multiple i111<'grals. 

6. UndPrs tand the concPpt of i11tcgratim1 011 curvPs and surfaces. 

Contents: 

U nit-I Rie 1na1111 Integration: DPfini1ion via upper and lower Riemann sums, basic properties. Riemann inte­
grabilitY. continuous implies f is Hfomann integrable, examples of Hjemann int egrable functions which are 
not rnn1 inuous on la. b]. Proper1 ies of Hjemann ln1.egra1 ion. 

U nit-II: l1npruper int<:>grals . powPr series and elementary functions: CatH.:hy 's condition for existence of improper 
int egrals. test for conYergence. Examples: J si; xdx , J cosx2dx, J sin x 2dx. Power series and basic properties, 
continuity of 1 hP sum. rnlidity of term by term differentiation. Binomial theorem for arbitrary real coeffi cient s. 
Elementary tra11scend<:>111 al fun c1 ions <'", sin x , cos x a nd t.hPir im·f'l'se fund ions, log :r. 1 a n- 1 :r , Gudennannian 
1rnd ot her examples. 

Unit-III: Linear maps from R" to R"' , Directional derivative, pa rtial derivative, total deriYatiYe, J acobia n, i\lean 
value 1 heorem and Taylor's theorem for several variables, Chain Rule. Parametrized surfaces, coordinate 
transformations, Jnvers<:> function 1 heorem, Implicit !unc-1 ion theorem, l{a nk theorem . 

U nit-IV: Critical poiuts, maxima :rnd minima, saddle point s, Lagrange multiplier method. 

U nit-V: .\l ult iple integrnls, Hicrnann aml Darboux integrals, It erated intt•grals , Improper integrals, Change of 
variables. ]111.eg-rati<m rm c11rves and surfaces, Greens theorem , Differential forms, Divergence, Stokes t heorem. 

References: 

iJ I James J Callahan . Advanced calc11/us: 11 geometric view, volume I . Springer , 2010. 

121 Terence Tao. Analysis. Springer , 200!J. 

13I Peter D Lax and Maria Shea Terre ll. Mult.ivariable Calculus with Applications. Springer, 2017. 

l-1] .\likl6s Laczkovich a nd Vrra T Sos. Real Analysis: Series, Hmct.ious of S everal l'mi ables, and Applications, 

volume 3. Springer , 2017. 

l5] Stanley J ,\Jiklavcic. An ilh1strative guide to mulf'ivariable and vcdor calcu/11 s. Springer Nature, 2020. 

!GI \\'alter Hudi11 . Principles of mot/1ematicul analysis. i\kGraw-hill New York, 197G. 

17] George Pedrick. A first ca11rse i11 ana lysis. Springer Sc ience• & Business i\Iedia, 1994. 



4.2 M402: Alge bra 11 (Linear Algebra) 

Learning Out comes: At tilt' ,·11d llf thl' 1·1J1ll"St'. till' studl'nls will Ill' able tu: 

I . l 111d,•1 ~t a11d t he> <·ntw1·pt of \'t't'lur sp,H·P. ~11hspa<'P a11d basis. 

2. U11dt•rsta 11d whet her or not a give11 s11bst~t of a vector space is a subspace; whet.her or 11ot a given vector is in 
t ht> s11hsp11<·P spa11ncd h~• a set of vectors; and whether given vectors arc linearly independent and / or form a 
ha,.,i,-, f, ir a ,·,•1·t 01 spa,·,, ur s11bspm·1•. 

:t ll nrJ,,rst and wlH't hr r il m;ippi11g br tw<'Pll w·ctor spnr-Ps is li1war, and if so cnlrnlatr. the matrix of the ma pping 
with n 's1wct to given bases. 

-1 . U11,krsta nd wlwtlll'1 th<• \'l'!'tors arl' mthugonal and / or orthcmon11al a 11d Gram-Schmidt process. 

:i. UJl(lrrst and Quadratic form. Jord11n 1111d ra t ion al <·anonirnl forms. 

Cont ents : 

U nit- I Vector spaces owr a field. s11hspacrs, q11otiPnt. spaces. Span and linear independence, basis, dimension . 

U nit-II: LinP1u maps and their correspondence with milt.rices with respect to given bases, change of bases. 

Unit-II I : E igen-rnhws. eigen-,·pct ors. r igen-spaces, l'harnetnistic polynomial, Cayley-Hamilt.on theorem . 

U nit-IV: Bilinrar forms. i11ner product spaces, Gram-Schmidt process, diagona lization, spect ral theorem. 

U nit-V: Q1rndrat ic form. J ordfln and rnt ional canonical forms. System of linear equations. 

R eferences: 

II I Hamji Lal. Algt bra 2: Li11ear Algebra, Galois Theo1·y, Represenlat-io11 Theory. Gmup Extensions and Schur 
M11lt1pl1er. Springer. 2017. 

121 S J< umar<'sa11. Linear algebra: a gl'omPfric approach. PH I Learning Pvt. Lt.d ., 2000. 

1:.ij ~!arc Lipson and Se~,mour Lipsd111t z. Schoum 's Outline of Linear Algebra. l\frGraw-Hill Compllnies, Incorpo­
rated. 201 8. 

l-1 I S(•rg<• Lang. Lm.ear algt bra. Spriugcr Berlin, l !J87. 

l:il Ken11eth Hoffman and Ray Kunze. Li11ear Alydwa, Prentice-Hall. Jue. , Englewood Cliffs, New J ersey, 1971. 

4.3 M403 : Introduction to Differential Equations 

Learning Outcomes: At the r 11d of t lw cour:;c, t lw studc•nts will be able to : 

I. Understand concept of Laplace and i11versc Laplace transfom111t ions and it.s applications. 

2. U11dffst a11d the concept of partia l diffcre11tial equatio11s of first order and various methods of solutions. 

3. Able to solve linear partial differentia l equatio11s of second and higher on.ler. 

-1. Underst and t hf' ronrPpt of r•flkulns of varia tions and Vflriat io1rnl problems. 

5. Able to solve variational problems wit h fixed and moving boundaries. 

Contents: 

Unit-I Laplace Transformation- Linearity of t he Laplace t ransformation. Existence theorem for Laplace trans­
forms. Laplace transforms of derivatives and integrals. Shifting t heorems. Differentiation and integration of 
transforms. Convolution theorem. Solut ion of integral equations and systems of differential equations using 
the Laplace transformat ion. 



Unit-II Partial ditfrn,ntial equal ions oft he first order. Lagrange's sulu1 io11. Son II' spe('ial typ<'s of equa l ions which 
can he solved Pasil? b~, methods other than the general method. C harpit 's general method of solut ion. 

Unit-III Partial differential equations of second and higher orders, Classificatio11 of linear part ial differential equa­
tions of second order. Homogeneous aud 11on-homogeneous equations with constant coefficients. Pa rtial dif­
ferential equations reducible to equations with constant coefficiPnts, i\longe's methods. 

Unit-IV Calculus of Variations- Variational problems with fixed boundaries- Euler's equation for functionals con­
taining first order derivative and one independent variable, Externa ls, Fu net ionals dependent on higher order 
cierivatiws. FunPtionals dependent on more than one independent variablP. Variational problems in paramet­
ric form. invariance of Euler 's equation under coordinates transformation. 

Unit-V Variat io1111l ProblPms with i\loving Bounciaries- Functionals depencient on Oil<' and two functions. Ont> 
sided variations. Sufficient conditions for an Extremum- Jacobi and Legendre conditions. Second Variat ion. 
Variation al principle of least action. 

References: 

11 I AK Nandakumaran, PS Datti, and Raju K George. Ordinary differential eq·ua.tions: Princ-iples and applications. 
Cambridge University Press, 2017. 

12] S.L. Ross. Introduction to Ordinary Differential Equations. Wiley, 1989. 

131 George F Simmons. Differential equations with applications a11d hisloncal notes. CRC Press, 201 6. 

l-11 i\lD R.aisinghania. Ordinary and partial differential equations. S. Chand Publishing, 201:3. 

15] AS Gupta. Calculus of varia t.ions with applications. PHI Learning Pvt. Ltd .. 1996. 

16] Erwin Kreyszig. Advanced E11gineeri11g Mathematics 9th Edition with Wiley Plus Set. John Wiley & Sons. :2007. 

4.4 M404: Topology I 

Learning Outcomes: At t he end of the course, the students will be able lo: 

l. Understand the generalization of concept of distance in the form of metric . 

2. Understand basic properties of metric space and inequalities on metric space. 

3. Understand topology generated by metric space, concept of open; closed ball/ set and their properties. 

-l . Comprehend Hausdorff property of a metric space, equivalence of metrics, continuity and uniform eontinuity. 

5. Understand the concept and properties of compactness and propert ies of countable (·01npactness in metric 
spaces. 

Contents: 

Unit-I Metric spaces: Defin ition and basic examples. The discrete metric on any set. IR and IR" with Euclidean 
metrics, Cauchy-Schwarz inequality, definition of a norm on a finite dimensional IR-vector space and the metric 
defined by a norm. The set C[O, l] with the metric given by sup If (/ ) - g(t )I, metric subspaces, examplt>s. 

Unit-II Topology generated by a metric: Open and closed balls, open and closed set s, complement of an 01wn 
(closed) set, arbitrary unions (intersections) of open (closed) sets, finit e intersections (unions) of opt>n (closed) 
sets, open (closed) ball is an open (closed) set , properties of open set s 

Unit-III Hausdorff property of a metric spat:e. Equivalence of metrics, examples, the metrics on R2 giw11 by 
l:r1 - Y1 I+ lx2 - i/21 (resp. maxlx1 - Y1 I, lx2 - Y2 I is equivalent to the Euclidean metric, the sluqws of opm 
balls under these metrics. Limit points, isolated point s, interior points, closure, interior aml bou11d1try of a 
set , dense and nowlwrc dense ~els. 
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Unit-IV Co11t.im10us maps: epsilo11-dL•lta dctinitio11 aud <"hara<"ll:rizatiu11 i11 terms uf i11vc:rst• illlagcs of upeu (rP~p. 
closPd ) sets . rompositP of cont.inuo11s maps, point-wise sums a11d produc-ts of co11tinuous maps into iR: ho-
111omorphism, isrnm·t r~·. an isomrt ry is a homomorphism lmt not rm1vcrsel~,. 1miformlv !'Ont inuous map5. 
C'xamplt•s. 

Complete met.ric spaces: Cauchy sequences and converge11t seq11e11ct~s, a subspare of a complete metriC' 
spacP is complete if and on}~, if it is closed . Cantor i11tC'rsectio11 theorPm, Bairc categor~• th(~orem and it s 
applicatious. completion of a metric space. 

Unit-V Compactness for metric spaces: Bolzano-\Vei(·:rstrass prupPrty, the LdH:sgue 11ulllhr·r for a11 u1w11 
coYering, sequentially compact and tot ally bounded metric spaces, Heine-Borel theorem, rompart subsets of 
H: a ronti1111011s map from a compact mPtrir space is uniformly rontin11011s. 
Connectedness: Definition , continuous image of a connected set is connected , characterization in terms of 
continuous maps into the discrete space N, connected subsets of IR; i11t ermediat P value t heorC'm as a corollary. 
co1mt able (arbitrary) union of com1er·t Pd sets, ronnPct ed compo11ent s. 

References: 

11 I Edward Thomas Copson . Metric spaces. Cambridge University Press, 1988. 

12] Hobert Herman l<asriel. Uride1:gra.d11at.e topology. WB Saunders Compa11y, 1971. 

131 \\i.H . Wade. lutrnd11ctio11 t.o Analysis: Pearson New lntPrnatio11a.l Edition. PParso11 Education, Limit ed. 20 13. 

HI GPorge F Simmons. 11ltrod11clim1 to topology and modern analysis. Tata i\lcGraw-Hill , 1963. 

j5] \:\iiJson A Sut.herla11d. lntrnd'llcl.ion I.a metri(' and topological spaces. Oxfor<l UnivPrsit~, Press, 2009. 

4.5 G401: Statistical Techniques and applications 

Learning Outcomes: At the end of the course, the student s will be able to : 

1. Understand how general nature of statistics, various graphical representat io11 of <lat a . 

2. Understand basic probability t heor)' and t heoret il'al dist ribut.ions. 

3. Apply the theoretical distributions to real life problems. 

4. Understand t.he relationships betwee11 distributions related to the normal distribution. 

5. Understand chi-squared goodness of fit t ests for samples from specified population models. 

6. Understand the concepts of populations a11d samples and different kinds of variables, concept s of hypothesis 
testing and concepts of estimation. 

Contents: 

Unit-I General nature and scope of statistical methods: Collection and classificatio11 of data; different types of 
diagrams to represent statistical data; frequency distribution and related graphs and charts . Central tendency: 
It.s measure and their uses. Dispersion: Its measure and their uses, l\foments; skewness and kurtosis. Scatt er 
diagram. 

Unit-II: Elementary idea of probability: Events and Probabilities, Assignments of probabilities to e\'ents. addition 
and multiplicat ion theorems; statistical independence and conditional probability; repeated trials; ma themat­
ical expectation; Random events and variables, Probability Axioms and Tll('orems. Probability distributions 
and properties: Discrete, Continuous and Empirical distributions. 

Unit-III: Expected values: Mean, Variance, Skewness, Kurtosis, l\loments and Characteristics Functions. 'l\pes 
of probability distributions: Binomial, Poisson, Normal, Gamma, Exponential, Chi-squared , Log-Normal. 
St u<lcnt 's t , F distributions, Central Limit Thl'orcm. 
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U uit.-lV: .\ lonlt' C arlo tt •d 111 iq11!'": .\ ldl1ods of !!,<'l1t 'rati11 J.!. s t atistic-a l distrih11t io 11s: l'sc11dora11clo111 1111111her,; fro111 c-oii iplltl'r,-, and from prol, ,:1hilit\· dis tributions. Applicatio11s. Parame1cr infer<'nc~: Given prior discret e hy­pot IH''-' '' and cont ill11()11!-, pararn<·t l'rs . \lf1xi11111111 likl' lihood 1111'1 hod for paranwlt•r 111fere11ce. 
u uit-y: H_q,ot IH'sJ,-, t ,,,.,1 :-.: SiuJ.!, I<- and con1posit t' hvpot llt'!-is. Goorlm•f-s of fit t C's ts , P-vahH:'s, C hi-squared ~-est .. I .ikt>lil iood Hat io. J,ohno~oro\'- S1n irno\' tl':;t . Co11lidl'IHT l111<•rval. Covariance aml Correla t1011 , A11alys1s of Varia1w,· ;rnd Con1ria1w,·. lllw,t mt ion of st a t is l irnl trdmiqul'S I hrough hands-011 use of computer prograrn R. 

Refere nces: 

Ill S(' Gupta a nd \'h J, a p<H ll . Fi111dr1111111/ob of 11wtl11•11rnl irn l slal i8 /1cs. Snh an Chand & Sons, 2020. 
12\ S1<•pli ,•n h nko,.,ka . 111tmdurfory Stnf isfir·.s: A Prnbln11-So/11 i119 A]l]IT'UIICh. MaC'millan, 2008. 
\:lj C .. o tfi, ·_,· C:11m111<'11 and J>nYid Stirznk,•r. f'rn/111/,1/ i ty 11 11d n111d11111 71rn,·essPs. Oxford univers ity pr<'ss, 2020. 
1-l I Shrlclo11 \I Hos..._ , httmd11r f 11111 f o prnbn/,1/·1/ !I 111"/ s/(lf ,.~fir-.~ fm · P11.gi11Per8 and scient·ists. Academic press, 2020. 
l:i\ \ l l<'hil<'I :\krita.s. f'm l>nb1/1f!J nnd ,'-,'fuf1sfics 1oit!, R. NPw York: Pearson , 201 5. 

\(ii Dwt('J Ha .... <"11. Hub \'1•rdooren . nud Jiirµ;t'll Pilz. Applied Statist i cs: Theory and Problem Solutions with R. J ohu \\' ilc·y &: Son:,,. 201!). 

4.6 GL401: Computational Laboratory and Numerical Methods ( Using Python) 
L earning Outco m es: :\t the <'IJO of the conrsP. the stuclt•nts will be able to : 

I. L' 11dN:il au<l f11nda111<'nt a ls of Python programming languag<'. 

2 . L: n<lc•rst and programming 1 Pchniqucs using 1'~•1 hon . 

. i . :\ 1,IL- tu 11uplt·1u<:-11t i1i:1-'> Il' 1m111t•r il'al ,111a]y ,:;1,; 11s i11g Py1 hu11. 

-l . Ahli' tc, irnpl<' lll<' llt mat rix a lgebra iu P~1tho 11 . 

Con1 e nts: 

U nit-] Introduction to Python : Datat ypes 111I , Float , 13uuh•au , Sting aud list , Variable expressions, State-1J1<•111 s. PrecP<l<'IIC<' o f opc•ra to rs ,·orn111e11ts , rnudulc functions and it s uses, flow of exection paramet ers and arg111111•11ts. 

Unit-Il Control flow , loops : c-o11ditio11ab, Boolean valu1·s aud 01wrntors, conditional (if) alternative (if-else), C hai11<'d cu11ditional ( if-dif-,•lsc) , ltcra tio11 whil, :, for , 11n·ak, <'011ti11uc, functions, Arrays, List , Tuples, Dictio-1mri!'s. 

U nit-Ill ~l ad1ine repn•sc11ta tio11 a11d prccisio11 , Error a 11d it 's sources , propagation and Analysis; Error in sum­mat io11. St abi lity i11 11u111cric,:1I aualysis, Li11e1u- a lgebraic equations, Gaussian elimination, direct rfriangular Decom posit io11 . matrix i11versio 11 . Our should understand how 1o analyze whether a calculation is limited by the algorith111 or round-off error. Siugle /double pn'cisiou. 

Unit-IV Basic tools for numerical analysis in science : Solution of a lgebraic functions- Fixed point method, .'.\ewton-Raphson method , Sc<"a11t method. N umerical Integration - Rectangula r method , trapezoidal m ethod.Lagrang int <'rpolation . 

Unit-V Matrix Alge bra: Approximate solution of a set of linear simultaneous equations by Gauss- Side iteration method . Exact solution by Gaussian elimination . Inversion of a matrix by G aussian e limination. Det ermining all t he eigen values of a real symmetric matrix by Householder 's method of tri-diagonalization followed by Q R factorization of the tridiagonalized m a trix. 
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References: 

I 11 C hris HoffPy. C111nbridy1- JG'CSE@ 11111/ () /,1··111•/ ( .'rmqm/, 1 .'ir·ir·m ·r· Pm!Jrrnm11 i11!J no()/; fr, r P!1llw11. C,,11Jl1r idg,· 

Uuivl'rsit~, Press , 2017. 

121 BhajaJJ Siugh Grewal aJJd Grewa l. .JS. Nm,wrical mr-tlio1L~ i11 Engiw~r•ring rmrl Scitnu. Kha11na Publishers, 

1996. 

4. 7 GL402: Statistical Techniques Laboratory 

Learning Outcomes: At tlw cn<l of the c·um S<!, the studeuts will l,c able to : 

1. Understand basic· programming tech11iquf~s of R/ H-Stu<lio. 

2. Plot one and two-dimensional data in a n appropriate! way a11d interpret such plots. 

3. Calculate summa ry statisti cs for a Sl't of data. 

-l . Carry out tests a nd calculate confide11re intervals for norma l samples with known variance . 

5. Carr~' out other hypothesis t est s. 

Contents: Practical of applied statistics using R progra mming language based on syllabus of G-401. 

References: 

1J] C hris Roffey. Cambridge JG CSE@ and O Level Computer Science Programming Book for P ython. Cambridge 

University Press, 2017. 

12) Bha j an Singh Grewal and Grewal. .JS. Numerical methods in Engineering and Science. Khanna P11l,lishers, 

1996. 

5 Semester-V 

5.1 M501 : Analysis III (Measure Theory and Integration) 

Learning Outcomes: At the end of the course, the students will be able to: 

I. Understand the concept of mea5ure space, Lehesgue outer measure on real line. 

2. Understand the concept of measurable function, types of convergence and integrable functions. 

3. Underst and convergence theorems a ml it s consequences. 

4. Comprehend the product measure, Fubini 's theorem and inequalities on LP and L 00 spaces. 

Contents: 

Unit-I Sigma algebra of set s, mea5ure spaces. Lebesgue outer measure on the real line. i\leasurable set in the 
sense of Caratheodory. Translation invariance of Lebesgue mea5ure. Existence of a non-Lebesgue measurable 

set . Cantor set- uncounta ble set with mea5ure zero. 

Unit-II: Measurable functions, types of convergence of measurable functions. The Lebesgue integral for simple 

functions, nonnegative measurable functions and Lebesgue integrable function , in general 

Unit-III Convergence theorems- monotone and dominated convergence theorems. 

Unit-IV Comparison of Rjema nn and Lebesgue integrals. Rjemanns theorem on functions which are continuous 
almost everywhere. 

Unit-V T he product measure and Fubini 's theorem. The LP spaces and the norm topology. Inequalities of Holder 
and ~l inkm\·ski. Completeness of L'' aud L00 spacPs. 
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References: 

JI 1 1'.1, . .1ni11 . P.h .. l ni 11 . a 11d , · .11• G 11ptn . L, l11 sy111 A!rn., 11,.,. ,111d Jntcymlrn11 . ,\ Habt ,·d pn ·~~ 111,ok . \\'il1·.1·. l !Jl<fi. 

Pl S. Shim Ii . .-1 C'on ,·ig fnlrot/111'1 ion lo At, 11s11/'!' Th rnry. Spri11g1•r 1111 Prnat io11al P11i>lishin~. 20 I !,J . 

l:ll C'.D. Aliprn11tis and 0. 11mkinshnw. Prinr1plcs of Rral A11t1lysis. AcmlC'mie Pn•ss. 2008. 

l-11 l.h . 1{111111. An fotrod11clw11 lo A/1't1.,11n- and illteymlion. Alpha Scienc-1• inkrnationa l, 21JU[J. 

j;,I .l. Yl'lt. I'rohl1111., 1111d !'roof., 111 Rud A 1inl!}sis: T/11 ory of /lfrus11n 1111d f 11/1 yml 1011. \\'orld S!'i1·11I ific. 201-1 . 

!Lil S.G . h ra11t z. . Elrn1rn t11ry fotmd11ctio11 to /h t' Lebl'syut' Jutegral. C HC' Press, 2018. 

Iii HL Ho.nh•11 a nd Pl\l Fit zpatri!'k . flt'nl 1111nl!}sis 4th Editio11. Pri11tice-Hall lnc . Boston , 2010. 

5.2 M.502 : Algebra III (Galois Theory) 

Learning Outcomes: At th<' md of the coursP, tlw stnd<'nt s will be ablP to : 

I. Underst and the l'OncPpl of prime and maxi nm I ideals. 

2. Understand field exte11sions and associated proper! ies. 

:t Und,•rst and fini It• Galois PXl1•11sio11. 

-1 . U11dPrstand solu1bility b~· radicals and PXIPnsion of finit e fields. 

Contents: 

Unit-I Prim<' 1111d maximal idPa ls in a comnmt a t iw ring and I heir elem Pnt a.ry 1iro p1•rt it'~. 

Unit-II: Field extensions . prime fi elds, characteristic of a field. algebraic fie ld t•xt1•nsions. tinitl' tidd l'Xtl'nsio 11!'. 

s plitting fie lds. algebraic closure , sPparablP extensions. normal extensions. 

Unit-III: Finite Galo is ext1ms ions, F11ndanH' ntal Thron.>m of Galois ThC'ory. 

Unit-IV: SolYabilit~· b~· radicals. 

Unit-Y : Ext ensions of finite fields. 

References: 

II I H. Lal. Algebm 1: Groups. Rings. Fit'ld.s mill A rithmetir. lnfos~•s Science Fo11ndat ion SC'ries. Spring1•r S ingapon •. 
2017. 

121 H. Lal. Algebra 2: Linear Algebra, Galois Theory. Represe11tatio11 theory. Group e:rlt'llsio11s a,11/ Schu,· Mult ,p/i1 , ·. 

lr1fos~•s ScieucP Fonndat ion S1·ries. SpringPr Nature Singapore, 20J 7. 

131 J.A . Gallian. Contemporary Abs/met Alyrbm. Textbooks in malh<'matics. C'RC, Taylor.\: Frnucis Group. 2020. 

l-11 P.B. Bhattacharya, S.K. Jain, and S.H. Nagpaul. flu .~ir Abs/nu·/ Algrbrn. Bas ic Abstract Algebra. Cambridge 
Uniwrsit~• Press, l!J!J-1. 

lt1I Da,·i<l St t>ven Dummit and Hichard l\ l Fooll'. Abstrnl'! nlg<'bra. \\'ilPy Hobokeu. 201)-1. 

IGI Nathan Jacobsou. Busir alyebm I. Courier Corporation, 2012. 

171 Nathan Jacobson. Lectures i11 Abstrncl Algebm: II. Linear Algebra. Springer Scien ce & Business :\ledia. 2013. 

181 Serge Laug. A lgebm. Spriuger Science & Bus iness :1IPdia. 2012. 



5.3 M503: Topology II 

Lcan1i11g Outcomes: ,\t t lit' 1•11cl 1>f t II<' t·t1ur,-,, ·. t )It' s t 11d,•111" will lJ(' alil1· tu : 

J. U1uli·rs t 1111d t Ji,, ' fopolnµ;il'al spn.t ·t•s, ordt•r topolo!!,-,v a11<l produC'I topolt1gy. 

2. U ndt•rs t and ,·nn1 pH et IH'SS for 11,l'lll'ral t upologil'al s pa1·,•s. 

:i. Und<•rstand S,•paratio11 axio111s. ,·01111taliilit,v axioms Ur~•sol111 's 111<:trizatio11 thcorl'm. 

-l. U11d1~rst and weak 1.opolog~', eoll<'rC'llt topology and embeddings. 

:i. Und1·rst and l'0111pll't ely n •µ;11lar spac,•s and con1pact iticat ion. 

Cont.en ts: 

Unit. -I Gf'1wrnl topological spaces, strong1•r and \\'Paker topologies. continuous maps, ho momorphisms. h<1Sf'S <1nd 

s11bhas1•s, fin it f' product s of t opologkal SJHICf'S. 

Unit-II Compactness for general topological spaces: Finitf' sub-coverings of open coverings and finite int er­

section propert y, ,·011ti111.1011s imagt-• of a compact. set is compact, compactness and Hausdorff property. 

Unit-III: Ba.sic Sep<1ration ax io111s and first ,1nd second countability axioms. Examples. Products and quotients. 

Tyd1onoff 's theorc111 . Product of rm111PC'led spac<'s is ·connected . 

Unit-IV W1!ak topology 011 X i11duced liy a family o f maps / 0 : X ~ X 0 where each X 0: is a topo logical space. 
T he cohcn:nt topology 011 Y induced by a family of maps g0 : Y0 ~ Y are given topological spaces. Examples 

of quotients to illustrate the u11iversa l property such as embeddings of RP2 and t he Klein's bottle in R~ . 

Unit-V Compldcly regular s1rn<·es and its <'mlwddings in a product of intervals. Compac.t ification, Alexandroff 
;rnd Stone-Cech r·ompactifirations . . '\ormn l spar•ps a nd the t heorems of Urysohn and T iet zP. T hP m<'trizn tion 
t heorem of Urysohn . 

References: 

iJ I Kapil I) .Joshi . lnfmd11 ctio11 to 9e11Frol topology. New Age lnt eJ'lla tionnl , 1983. 

121 F Simmons GcorgP. Topology a nd modPl'II a na lysis.( I !)fi'.l). 

1:31 ,Ja uws M unkres. Topology jaJJH'S 11111nkres, second editio11 . 1999. 

141 .John 11 Conway. A course i11 poi nt set Topology. Springer, 2014. 

5.4 M504:Probability Theory 

Learning Outcomes: At the c ud of the C"ourse, the students will be able t.o: 

I. Understand t.lic sam ple spaC'e for simple experiments and calculate probabilities in straightforward instances 
of th1!se types of experiment. 

2. Und<!rst and tlw Kolmogorov ax ioms for probabili ty. 

:i. Define and rec:ognisc indepernl<'nt events. Use inde pen<lence to ca lc ulate probabilities. 

4. Underst and C"onditional probability, random variahlP an<l t lw probahilit.v 111ass function of a disrrelt' random 
variable. 

CJ. Understfmd the main properties of l11!rnoulli , binomial, geometric, and Poisson random variablt>s. 

fj , Undcirstand Central limit, theorem, characteristic functions, mome nt general ing functions. 

7. Ull(l1,rsta11d Ha 11do111 walks, Markov C ha ins a nd tlwir properties. 

~- U11dr•r~t a11d c·,mdit in11 a l l'X JH'<'t at ir,11s, it ~ prnpl'l't il's. 
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Cont e nt s: 

l lnit-I Prohnhilit \' n,-; 11 JJ11 'ns11n•. l'rohahilit~· s p:H't'. rnndit io11 11 l prolmhilit _,·, i11rlt•pt·11d1·11t·t• of ('Vt•11t s. B11yt!S form11l11 . 
Harn lnlll ,·nriah],,,-. d i:- trih11ti,ll1 f1111ctio11s . <'X JH't'tt•d Ya hH· a11d varin11n·. Sta ndard l'rolrnhilit y distrib11tio11,-: 
Binomial. Pois.,011 and \or1JJ11l dist rihut ion. 

U nit-II T3orPI-Canh' lli lt'llllllHS, zrro-ont' laws. Srquem·t•s uf rnndulll vnriablcs, convc1-gi·nr t·' 1 heon!rns, Various 
JJ1ndt•s nf t·nnwrgPnt't' . \\"rak In\\' and th<' strong lnw of largP 111m11Jl'rs. 

Unit-II I CPnt rnl limit theorem : De~loiYn'-Laplare t heorPm, \\'eak c:onvr-rge11t·(•. d1nn1<·tPris t ii' functions. inv('J'sion 
fnrm11 l11 . IJI0IJJ<'llt gt' llt'n1ti11g fnnctinn. 

U nit.-IV Hm1dom \\'a lb. \larkn\' C hains. Ht•cmTenn• and ' lh rnsieJJ('C' . 

Unit.-V Cundit iona l Expt't't a t ion . \hu·t inga lt•s. 

References: 

I I I Geoffn,>· G rimmett a nrl DaYid St irzaker. Prob11bility 1111d rn11dom processes. Oxford uni versity prPss, 2020. 

121 \lar ek Capinski and Tomasz Jerz~, Zast.awniak. Probability t.hmugh problems. Springer Science &. Business 
\IPdia. 2013. 

131 J oseph h Blit zst ein and J pssica Hwang. Introdu ction t.o probability. Crc Press Boca Raton , FL, 2015. 

I.JI .Jeffrr ~· S Hosentha l. Fi1·.s t Look At Rigoro118 Pmbability Theory . .4. World Sci{'Jltific Publishing Compa ny. 2006. 

151 h a i Lai C hung and Farid AitSahlia. Eleme11tm-y pmbability theory: with stochastic processes and an introduction 
to math ematical fi1 11111c<. Springer Scienre 6..'. Busint'SS \lcdia, 200(i. 

5.5 PM501: Numerical Analysis 

Learning Outcomes: At the end of the course, the students will be able to: 

1. Under sta nd types of errors. it s sources a nd propagation analysis. 

2. Umler st a nd ing various t echniqu<>s to solve algc•braic and transcendental equations (bisection , Newton·s. secant 
etc.). 

3. Under sta nd the concept of interpolation and extrapolation using various techniques (Lagrange's, Newt on 's 
fanrn.rd backward divided difference 111et hods) . 

.J. Un<ler staml various t echniques of 1rnmerical integration (Trapezoidal, Simpson 's, Gaussian quadrature) 

5. Understand various techniques of numerical differentiation (Euler 's, Runge -Kutta, predictor - corrector ). 

6. Understand least square problems (linear and nonlinear ). 

Contents: 

Unit-I Error. it s sources. propagation and analysis: Errors in summat ion , stability in numerical a nalysis. Linear 
a lgebraic equal ions: Gaussia n elimination , direct triangular decomposition , matrix inversion. 

Unit-II Root finding: review of bisection met hod , J\ewt on 's method and secant method; real roots of pol~rnomials, 
Laguerre's method. Matrix eigenvalue problems : Power method , eigenvalues of real symmetric matrices using 
.Jacobi met hod, applications. 

U nit-III luterpolation theory: Polynomial interpolation, NC'wt.on's divided differencPs, forward differen('<'S, inter­
polation errors. cubic splines. Approximation of functions: Taylor's theorem , remainder t erm; Least sq uare:< 
approxi111at ion problem , Orthogonal polynomia ls. 

Unit-IV N umerical integration: review of trapezoida l and Simpson's rules, Gaussian quadrature; Error estima tion . 
'.'l u111erical d ifferentiation. ~lonte Carlo methods. 

Unit-V Least squares problems: Linear least squares, exmnples; Non - linear least squarc,s. Ordinary diff<'rt'11t ia l 
equations: st ability, pred ictor - corrector method , Runge - l( utta methods, boundary value prohl<'ms. b,L~b 

,,,ps,,sino owt hods, o pplkotim,s. Eig,•,m,h,e prnhlems fo, d iff,,.·,·otiol °'I""""'"• o pplirn ti=-=- t -
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References: 

11 I Tihaj11 11 Singh Grflrn l ,rnd Gr1·\\'al. .JS . . \'u1111 nc ul 111rfhot!, 111 E11_q1nrFnng r111d Sr1rnrt . l,h,1111111 J>11blish<"r, . 
I !J!:lG. 

121 K<' nd,111 E Atkinson . .411 111froducf iun tu 1111111Fr1rnl ana /ys1~. J oh11 "·ilc~· &: ~ons. 200x. 

l'.3j Allio,- G ila t . ,'1.-l TL.4 n: u11 111fmd11rtio11 u•ith 11pplica l io 11s . .Jo hn \Yile,· .\.: Son~. 200-1 . 

l-11 Richard H11mming. N umenwl mf fh ods fu r snrn l1sl s and rngintfrs. Courier Corporntion . 2012. 

!:ii Y \·e t tl'r lillg. \' Press. S TPukolsk~·. and B F lannPr~· . . \'11mfr1cal RffipFs rn C. C11mbri<lg1' Unin' rsit.,· Press. 2000. 

5.6 PML501: Numerical Methods Laboratory 

Learning Outcomes: At t hP end oft he course. the s1 udr nt s "·ill lH' able to : 

1. Underst 11nd fundamPnt a ls of programming language ~dATJ...\ B . 

2. Able to make programs for simple problems using m-file. 

3. Able to implement estimation of errors. it s propagation analysis. 

-1. Able to so h·e a lgebra ic and transcendPnt nl r q1rntions . 

-5. Implement \'arious t echniques of nurnerical solution of differential equations. 

6. I mp]Pment leas t squan' problPms ( linear and nonlinear). 

Contents: 

Unit-I: Starting :\l a tlab . .\ la tla b "·indows. \\'orking in tlw cm1m1a11d "·indow. a.ri thmetic Operat ions with sca lars . 
.\lath Built -in funr t ion. De~i!minµ Scal,n rnri11h]Ps. l lse f11I r·ommands for m111rn!!in!! rnri11lilrs. Script files. 

Unit-II Creating Arrays . .\lathematica l Operat ions \\'i th Arrays. T\\'o-Dirnensiona l Plots, Hela tiona l anti logical 
Operators, Condit imrnl st at ement. loops . :'\es t eel Looµs a11cl :'\Pstecl Conditional St atemPnts . The brrak 11ncl 
continue commru1d . 

Unit-III Creating 11 fun ctio n fi le. Structure of a fu11 r tion tile . Loral 11nd Global rnr i11ble. Polynomials - \'a lue of 
a pol~·nomia l. Roots of a µolyn omial. Addition . multiplication allCl Di\'ision of polynomials, DPrirnt i\'P of 
polynomials. Curve Fit ti11g \\'ith polynomials. Int erpola tion. 

Unit-IV Solution of Algebraic ru1d Transcendental Equation . Basic properties of equa tions . Synthetic Di\'is ion 
of a polynomial b~· a linear expression . Graphirs Solution o f equations, Bisection \ let hod . Srcant .\lr thocl. 
:'\ewt o11 Raphson .\!Pthocl. \ lullers \le thocl. Gauss elimination \lethod. Gauss J ordan \lethod. 

Unit-V Numerical soluiton of ordinary Differential equations: Introduction. Picard .\le thod . Eulcr·s 
.\let hod. Taylor's Series .\let hod. H ungP kut t a \let hod. Boundary rnJt1<' problr ms. Eigen rnlur µroble n1s 

References: 

iJ I Bha ja11 Singh Grewal and G rewa l. JS. ;Vu111eric11/ mrthods 111 £11yrnffn11y a11d Sc1rnce. hharn1a PublishPrs. 

1996. 

121 Amos Gila t. MA TLAB: u11 rn troducf1011 u,11/t app/icatio11s. John \\' ilcy &: Sous. 200-1. 

l'.ll Richard Hamming. Numfficul methods f or sc1rntisfs and e11gi11 eers. Courier Corporation. 2012. 
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6 Se111ester - VI 

6.1 M601: Analysis IV (Complex Analysis) 

Learning Outcomes: At tlw PllCI of thP roursP. thP f't lldC'nl :- will be ablt• to: 

l. Find a ll complex solutions of a simple pol:,•nomial. indicating their position in the Argand diagram . 

2. Deri\·e the Cauch_v-H.iemann equal ions for a gh-en function and understand t he concept of entire. holomorphic 
:rnd harmoni<' functions. 

3. Use tllf' theor:,· of i\lobius transformations to solw simple problems. 

-l. Understand the Taylor and Laurent series of a functions about a giw n point , cont our int egra l of a complex 
fnnct ion. 

5. St ate the Residue Theorem and apply it when appropriat e to calculat e a contour integral. 

6. Understand the concept of J\ lorera ·s theorem. Liom·ille·s t hC'orem and Fundamental theorem of algebrn. 

Contents: 

Unit-I Complex numbers and Riemann sphere. \Jobius transformations. 

Unit-II Analytic functions. Cauch:,•-R.iemann conditions, harmonic functions, Elementar:,· functions, Power series , 
Conformal mappings. 

Unit-III Contour integrals, Cauch:,· theorPm for simply and multipl:,• connected domains. Cauchy int egral formula. 
·winding number 

Unit-IV .1\lorern·s t heorem. Liom·ille·s thPorem. Fundament al theorem of Algebra. Zt>rus of an ana ly tic- fundio11 
and Taylors theorem. lsolateci singularities and residues. Laurent scriPs. Evaluat ion of real intc>grals. 

Unit-V Zeros a nd Poles, Argument principle. Houchs theorem. 

References: 

[ 1 I Saminat han Ponnusamy an<l HPrb Silw rma11 . Co111ple.r 11ai·iablFs with upplicutions. Springer. 200G. 

121 D J\lart in and LV Ahlfors. Comple:r analysis. ~ew York: .\JcGraw-Hill, l 966. 

[31 Bruce P Palka. An introduction to complex fun ction th eory. Springer Science 6l. Business \Jedia. 1991. 

141 Ruel Churchill and J ames Brown. Comple:r Variables and Applications. i\JcGraw Hill. 201-l. 

151 Endre Pap. Complex analysis through eiamples and exercises. Springer Science & Business .\ledia, 1999. 

161 Dennis Spellman. Schau111 's Outline of Complex l'a1·iables. i\JcGraw-Hill , :--lew York. 2009. 

6.2 M602: Algebra IV (Rings and Modules: Some Structure Theory) 

Learning Outcomes: At the end oft he course, the st u<lents will be able t o : 

l. Be familiar with rings aud fi elds, and understand the structure tli!:"ury of 1110dules O\'er a Euclidean dowain 
along with it s implications. 

2. Understand the concept of External and int ernal direct sums of modules and Tensor product o f mod nit's on·r 
a commutative ring. 

:3. Understand the concept of elementary properties of projective and injfft ive moduh•s on!f a connnutat in· 1 in!,!:. 

4. Understand the concept of Structure of finite):,, generate<l modulPs over a Pl D, airnplt• 111odulC's over a not 
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:1. U11d,•rsta11d I Ii i· c·"11c·c•pt c,f .lord;,11- I loldc·r Tl1, ·on·111. Sd111r 's lt·1111w1. Sc ,llli silllpl(' 11uHl11k~. 

Co11te 11ts: 

U nit.-] .\lod11lt·s. s11iilllod 1dc~. q11oli t>11t 111< Hl11lc•s, ho111ulllorpl1isms. 

U 11it-JJ ExtPrnal :111d i11t l'rnal din·!'t s11111s of 111od11l('s. 'fr11sor product of modules over a commutative riug. 

F1111('t or propert it's of Hrn11omorphis111. 

U 11it-HJ Dl'ti11it io11s a11d clC'1111•ut a r,v propert.il's of prnjed .iw and inje<'tiVI! modules ovl!r a co111mutative ri11g. 

Unit-JV Strnc·t1m• of fi 11 ih •lv g1•11crah•d 111odull's oVl'r a l'ID. Applirntious to lllatri<:1:s a11d li111!ar maps over field : 

U 11it-V Si 111plr 111orl 11l<'s nwr a 1101 11< •t 't'SS1Hily ,·0111111111 at iw ri11g, 111orl11l<'s of fi11it P l<'ng1 Ir , .Jorda11- Hold Pr ThPorPlll , 

Sd111r·s IP111111a . SPmisi111pl<' 111orl11l1•s. 

References: 

11 I Pha11i Bh11sha 11 13hatt a<'har~1a, Surmdt•r I< umar .Jai11 , and SR Nagpaul. Dasie abstract algebra. Cambridge 

Univl' rs it~• Press. 199-! . 

121 Da\'id Stf' \'<'ll Dmnmi1 a11d Hidrard M Foot.I". Abstror.l algPbm, vol111nP 3. Wiley Hoboken, 2004. 

l~I .\at hau .Jarnhso11 . Dasir- algPbrn I. Courier Corporal io11 , 2012. 

I.ti .\at han Jacobson. Lectures i11 Abstmct Algebm: fl. Linear Algebm. Springi>r Science & Busiuess Media, 2013. 

1:,1 Sc>rge Lang. Algebra. Spriuger S<'icm·e & 13usi11css Mri<lia , 2012. 

6.3 M603 : Partial Differential Equations 

Learning Outcom es: At th <' PIHi of 11H' c·ours" , lhl' st11dc•111s ll' ill lw ablP to: 

I. Usf• partial differential equatious to rnodel certain physirnl systems. 

2. Choos<' 1 he ruust appropriak rnc1 hod 1.o solve a rang1i of partial differential equatious. 

:i . UudPrstand 1 lw lirui1 ati1ms of ,111al,vti<'al sol111 io11 1111'1 hods a11d 1111dPrs1 aud wherP numerira l met hods are 

required. 

-! . Uuderstand the wave equatio11 all(I the: Ca11d1y proble111 for the waV!' equation. 

5. Understand the Fourier metlro<ls for solviug initial bouudary value problems. 

Ci. Understand the Detailed ana lysis of t ire Lapla<'e aurl Poissou's equations, Green's function for the Laplacian 

aud its basic properties. 

Contents: 

Unit-I GeneralitiPs on t ire origins of partial differentia l equatious. Gm1eralitics on the Cauchy problem for a scalar 

linear equation of arbitrary order. The concept of characteristics. The Cauchy-Kowalevsky theorem and the 

Holmgren's uniqueuess theorem. First order partial differential equations and their solutions. 

Unit-II Quasilinear first order scalar partial differeutia l equatious and t he method of characteristics. Detailed 

discussion of t he inviscid Burger 's equatiou illustratiug the formation of discontinuities in finite t ime. The 

fully nonlinear scalar equation and Eikonal equation. The Hamilton-Jacobi equation. 

Unit-III Detailed analysis of t he Laplace aud Poissou 's equations. Green's funct ion for the Laplacian and its basic 

properties. Integral representation of solutions and its consequences such as t he analyticity of solutions. T he 

mean value property for harmonic functions and maximum principles. Harnack inequality. 



Unit.-JV T Iil' 
11

.11v,· ,·qllll ti,>1t 1111.i tlw c;11 1wlt.v prol,li •111 li,r tl11· 11·11v1• 1•q1111tio11. '1'111! E11li·r; l'oisso_11 l)a rlJCi11x_cq1111~.ion 

nnd int.i•grnl n•pn·si•ntntion for th,• wnvi· 1•q11nt.io11 i11 di1111:nsio11stwo_1'.11d three. I rnpe1t 1es of solu t1ons such 

as finitl' spi•i•d of prnp11g11tio11. l)o11 111i11 of d1•111•111)1:111·1• 1111d drn1111111 of 11111e11cc. 

U ·1.-V TIii' C'lllll'hv prnhll'III li>r t !J1, 111 ,111, 1,111111 tirn1 11 11d t.llf' i11t l'grnl rcpn•s1:11t11t.io11 fort lw sol11tio11s of The ~a11chy 
111 

pro1JJ1,111 for ( ;1111d 1y dut.11 sill isf,vi 11g s11i t.11lil1· growth n:st rid,io11s. l11finitc: sp1:1:d of propagat1011 of siguals. 

Exiunpli• nf 11on-1111iq111•111'ss. J•'o11ri1•r lll l!t lwds for snlvi11g initial hr,11ndnry value problimis 

References: 

I I I Al, Nn11cl11k 11m11rn11 1111d I'S D11tt.i . l'arlinl DiJ]i'1'<'11./.ial E1Ju11tio11s: G'la.ssiml Thcor;IJ with a Modern Touch. 

C'111uhridg1• U11iwrsit.y l'n•ss, 2020. 

121 J\ I I) Haisi 11gh1111i11. On/·i'llm'.11 (111(/ prrrl-iol rhf]'<'·1•, .. ,1f-ial <'.<Jnnl:ion.~. S. Chand Publishing, 201 ~l. 

l:ll A \Vl•i11stl'i11 . R. Courr111 / rmrl D. Hillwrt, Mr/./wds of mathe111.atical physics. American Mathematical Society, 

1%-l. 

1-l j Robert C i\kOwe11. Purl:ia.1 rliff1'11·11.tiul c11ual.ions: methods and appl·ications. Pearson, 2004 . 

6.4 M604: Ordinary Differential Equations 

Learning Outcomes: At tlH' end of thr• romsr•, tlw students will be able to : 

I. !dent.if~• 1111d solv1' first-ord<'r ordinary differrnt.inl eqm1tions. 

2. I dent if~• n ml sol vr linear s<'cond-ord1•r 11011-homoge1u•m1s d ifforent.ial f'q11a tio11s with constant coefficie11ts nnd 

assoriatl'd IVPs aml BVPs. 

3. Identify and solYe gPncrnl syst.Pms of first-ordr!r linear cl iffere11t.ial equations wit.h constant coefficients using 

matrix OJJl'l'll1 ion~. 

4. Understand the Series sol11tio11s of ordinary diffen:ntial equations and a cletail(:cl analytic study of the differ­

ent in) rquat ions of BessPI and LPg(•1ulre. 

5. U11derstand t lw St 11n11 ('0111parisnn and separnt ion theorems n11d regular St.mm-Liouville problems, \Vro11skians 

and it s basir propertil's, Th(• Alwl Lio11ville for11111la. 

Contents: 

Unit-I Basic existence and uniqueness of syste111s of ordinary differential equations satisfying the Lipschitz's con­

dition. Examples illustrating non-uniqueness when Lipschitz or other relevant conditions are dropped. Gron­

wall 's lemma a11d its npplicatio11s to continui ty of the solutions wi th respect to init ial conditions. Smooth 

depende11c1• 011 initial l'ondit.ions and the variational equation. Maximal interval of existence and global solu­

tions. Proof that if (a, b) is the maximal interval of existence and a < 1 then the graph of the solution must 

exit every compact subset of the domain on the differential equation. 

Unit-II Li11e1u systems all() fumlame11t,nl systems of solutions. Wronskians nnd its basic properties. The Abel 

Liou ville formula. The dimensionality of the space of solutions. F\mdamental matrix. The met hod of variation 

of parnmeters. 

Unit-III Linear systems wit.h const,1rnt. coefficients and the strnl'ture of t he solut.io11s. Matrix exponentials a11d 

met hods for computing them. Solvi11g t.he in-homogeneous system. · 

Unit-IV Second order scalar linear differential equnt.ions. The St.mm comparison and separatio11 theon•ms and 

regular St11nn-Liouvillc proble111s. 

Unit-V Series solutions of ordi11ary diffcre11tial equal.ions and a detailed nnalyt.ir. study of the clitfrrc11t.i11l t•q1111 t io11s 
of Bessel 1111(1 Lege11drn. 



References: 

Ill AK Nandak11111aran. PS Datti , a11d Haju 1( G<'orgl'. Ordinary dijfrrrnlial 1'1J11alio11.•: I'ri'11 ciplt'.s 1111d a7171/irnl io 11s. 

C'nmbridgt> U11iversity Press, 2017. 

121 S.L. Hoss. hilroductio11 l.o Onlinary Diffen•11/.ial Eq11a/.io11s. Wiley, 1989. 

j:l] George F Simmo11s. Dijfere11lial eq·uatio11s wilh applicalions a.11d historical 110/es. C RC Pres:-, 201 fl. 

141 !\JD Raisinghania. Ordi11an1 and 71arfial differential equal.ions. S. Chand Publishing, 2013. 

6.5 M605: Numerical Analysis of Partial Differential Equations 

Learning Outcomes: At the end oft he course, t.he students will be able to : 

1. Understand various types of PDEs and their classification. 

2. Understand and apply Finite difference method to solve PDEs. 

3. Understand and apply Finite volumes method to solve PDEs. 

4. Understand and apply Spectral method to solve PDEs. 

5. Explorf' convergen<'e analysis of vaJ'io11s methods to solve PDEs. 

Contents: 

Unit-I Partial Differential Equations, Classificat ion, Heat, \\lave, Laplace Equations, Elliptical problems. 

Unit-II Finite differences for the 1\vo-dimensional Poisson Equation, Convergence Analysis, Room Temperature 

Simulation using Finite Differencf's. 

Unit-III Finite volumes for a general 1\vo-dimensional Diffusion Equation, Boundary conditions, Relation between 

Finite Volumes and Finite differences, Finite Volume method ru·e not Consistent , Convergence Analysis. 

Unit-IV Spectral Method Based on Fourier series, Spectral !\Jethod with Discrete Fourier series, Convergence 

Analysis, Spectral Ivlethod Based on Chebyshev Polynomials. 

Unit-V Strong form , Weak or variation form , and Minimization, Discretization, More General Boundary condi­
tions, Convergence Analysis, Generalization to 1\vo - Dimensions. 

References: 

jl] Martin J Gander and Felix I<wok. Numerical analysis of partial differential equ.ations using ma.pie a11d MATLAB. 

SIAM, 2018. 

12] Matthew P Coleman. An introduction /.o partial differential equations with MATLAB. CRC Press, 2016. 

13] Jichun Li and Yi-Tung Chen. Computational partial differential equatio11s using MATLAB@. Crc Press, 2019. 

6.6 ML601: Computational Mathematics Laboratory-Ill (Numerical Analysis of 
PDE using Matlab) 

Learning Outcomes: At the end of the course, the students will be able to : 

1. Use matlab to solve PDE. 

2. Understand the Numerical Analysis of PDE using Mat lab. 

3. Apply finite element method, finite difference method to solve PDEs. 

4. Apply the Spectral Method Based on Fourier series, Spectral Method with Discrete Fourier sNie:-. 

5. Understand the Room Temperature Simulation using Finite Differences. 

Contents: Practicals of numerical ru1alysis of partial differential equations using l\lat lab based on syllabus of 
.'.\1605. 



References: 

I 11 '.\ I art 111 .I Cand, ·r and FPlix l{w1>k. N1111lt'rirn/ 011u/y., i~ oflwrliul d1ffrrr11/ ial t'q1111/ io118 11.~ i11q mo71IF rmd JWATLA D. 
SIA '.\I. 2111 ~. 

121 '.\ latth,•w P Co!l'11111n . .411 i11trod11r!io11 lo pnrlinl dijje1"f'11/-irtl rq11atio11s with MATLAB. CHC Press, 2016. 

1:q .lid11111 l.i nnd Yi-Tung C'lll'n . C'o111111t111/ io11ul port iu l di.ffern 1/ial 1·q1rnlio11s using AIATLAR@. Crc Press. 20Hl. 

7 Semester - VII 

7.1 M701 : Functional Analysis 

Learning Outcomes: At t lw c•rnl of th<' <·011rsf•, th<• studr nt :; will I)(' able to: 

I. Uucl<•rstnnd basic id<'a of a norn1NI lin<'ar spaces and oprrntors on normed linear space. 

2. Umlt>rst mu.l Op<'ll .'.\lnppin!), t hPon•m, Hnhn-Bn11ach Theorem a11d their applications. 

:l. To !ram to r<>c-oguize t lw f1111dame11t al properties of normed spaces and of t.he transformat ions between them. 

--1. BP 1-1cq11ai11t <'d with th<> stat <> ment of t he Hahn-Ba11ach theorem and its corollaries. 

5. Unc!Prst and the not ions of dot product and Hilbert space. 

(i. Und<•rst and t hP st atrn1t>nt s and proofs of import ant theorems and be abl<' to explain the key steps in proofs, 
so111l't illl<'S with Yariat io11 . 

Contents: 

Unit-I :\ornl<'d linear spa<·t>s. Riesz lemma. Heine-Borel t heorcm. Cont inuity of linear maps. Hahn-Banach 
<'Xtc11sion and separn tion throrPms 

U nit-II Banach spaces. Subspaces, product spac<'s and 4uotient spaces. Standard examples of Banach spaces like 
/1.L1 .etc.Unifon11 bound!'dncss principlP. Closed graph theorem. Open mapping theorem. Bounded inverse 
t heon•111. 

U uit-III Spcdrulll 1>f a IJouudcd op,•rator. E igcnspectnm1. Gclfand-Il!awr theorem and spe(-tral radius formula. 
Dual spaces. Transposf' of a bounded li1war map. Standard l'Xamples. 

Unit-IV Hilbert sparl's. Bessel inequality, H.iesz-S('haudcr t.heorem, Fourier expansion, Parseval's formula. 

Unit-V 111 the framework of n Hilb!'rt spac-c: Projrd ion theorem. Riesz r<'presentat ion theorem. Uniqueness of 
Hal111-l1anach t>x te11sio11 . 

References: 

11 J S ku111an•sa11 a11d I) Sukumar. A111ctio11nl Analysis A firs/ course. Narosa, 2020. 

121 Joh11 B Co11way. A co111·se i11 f1111C'lio11al analysis. Springer, 2019. 

1:1J Caspar Goff111a11 a11d Gl•orgr P<'dri<-k. A f irs/ cotll"S<' in fw1 ctio11al u11alysis. American 1\-lat hcmat.ical Soc., 2017. 

l--1 1 E En•yszig. lntroductor~' fu11ctional anal~,sis with HpplicHtioni-, johnwiley & sons inc. New York-Chichester-
B1·isbm1e- Ton111/,o, 1978. 

15) Balmohan Vishnu Limaye. Fu11ctio11al analysis. New Age lntrrnational, 1996. 

16) Angus E llis Taylor and David C Lay. lntroductio11 to funct.io11al analysis, volume I. Wiley New York, 1958. 



7.2 M702: Discre te Mathc 111Htics 

L(iar11i11g O11t.(·u11H·?S: 1\I th, · 1·11cl 111' 1111 · 1·11111 ,;1•, 1111' ,- l11d, •11l s ll' ill 1,,, a i>I,· 111 : 

J. l1 111li'l':- l1111d 1111cl 11 ppl_,. lh1• 1·1111,·,·pt 111' JH 'l'llllll11tirn1 1111d 1·1111 1i>i11atirn1s. 

'/.. l ltull'l'st 1111d Bi110111ial a11d 1111111 i-11011tial t l11·on•111s. 

:L l l11d1'1's l 1111cl I h,· 1·111w,•pl of fon1111I l1111g1111µ,1• 1111d grn11111111r . 

-1. l li1d,•rst 1111d t IH' ,·rn11 ·1·pt of li11it ,. st nt ,. 1111whi1ll'. 

:1. ll 11d,•rst1111d t Ii,· ,·0111·ppf of n11nl~•sis of 11lgorit.h111s. 

Ii. U 11d1•rst nncl and nppl~· th,• ,·n11, ·1•pt of n •1·111TP111·1· n•lat i1111s 11 11d r<•<· nrsiv<• 11 lgnrit.l1111s. 

7. Urnl,·rsta 11cl 1lnolt•a11 J\lg,•hrn . 

Conte nts: 

U nit-]: Combinatorics: Pernmt nt io11s 1111d ,·on1i>i11ntio11s. Linenr (:qn11tim1s 1111(1 t heir relation to distribu t ion 
i11t n hoX('S. Dist rihut ions with n•pd.it.io11s 1111cl non-repc:titions. C0111bi1111t.urinl d( •riva t.ion of t hcsc formulae. 
Pigeonliol<• Pri11ciplP a11d a ppli<"nl ions. 

U nit.-11 Bi11orninl and 1111111 i110111i11I t h\•on•111s. l11d11sion-Exd11sio11 Principle 11nd Applications . Computability 
and Formal La nguage•;; - Ord,,red Sets, L1111g1111g,:s. Phrns,i St rnct Ill'<' G rammars. Typc~s of Grammars a nd 
I ,anguages. 

Unit.-111 F i11it f' St at f' \l nchi11l's - Eq11ivalt•nt ivla<"him•s. Fi11it c Stnt <' Mnchines as Lnng11agc• Rf'cog11izers. Ana lysis 
of Algorithm;; - T in 1<· Co111pl1•xit~•. C'o111pl1•x it ~• of Proi>IP111s. Disn f' te N1111wri<" F111H't ions and GenPrat.ing 
Fu111'1ions. 

Unit-IV Recurrence Relations a.11d lh-,·msiw J\lgorith111s - Line1u· Hen1rre11c1• H,•lations wit.It constant coefli cim1t s . 
Homog(•1wo11s Solutions. Part irnlar Sol11t ion. Tot al Solution. Sol11t ion hy t.h r Met hod of GenC>rnt.ing Functions . 

Unit-V Boolt•an A lgphnL'> - Lat t i('(•s and A lg,·lmii<" St.rnl'I lll'<'S. D1111li ty, I )isl rili11t.iw and Compl<'mc11t eci La t t.ices. 
13oolea11 Lattices a)l(I Boolc•an J\lgt•bras, Boolean FlnH'tions nnd Exprers. C11k11l11s. Design a nd lmplemcuta­
t ion of Digit al Net works. Swit <"liing Cirf' 11it.f' . 

References: 

Ill Ken11eth H Rusen . Discrete 111athc11rnt.fr.~ rmd i/.s npplic11.l-ions. J\lfrGrnw-Hill , 2012. 

j2j C \la<;udcv. G'rn ph thc0171 with n7171/i1·aho11s. NPw Age h1ttintnt.io11nl , 2006. 

j:ll Cl11111g La 11ng Li11 . E/r,1111'11 ls uf d·isnY'f,, 1111tlh1·11111/.il's. l\frGrnw-Hill , )11('. 1 l !J8fJ. 

141 Hiehard Jol111sonl>augh . Discrct f' 111 allie11wt·ic.~. P<ia rson , 200!J. 

151 \l\1illem Conradie and Valent in Gornnko. Loyic 11.111[ dis<:n~te n1.a.t.!t1·111ntics: a c011c·ise intrnduction. J ohn 'Wiley 
& Sons, 20 I [i , 

lul NaJ"Si11gh Deo. Gmph th co1;11 with 11.71vlicntio11s to cny·i11c1Tiny and co·1n1mtcr science. Comier Dover J>ublicat ious, 
2017. 

171 Knpil D ,Joshi. Foundatious of 1li.w:n:tc· 1111tthn11.11t fr s. NPw Ag(• l11krnnt.io11ul, I !JH!J. 



7.3 M703: Introduction to Mathematical Modelling 

Lcaruing Outcomes: A1 111<: ('IHI of t.)J(' ,·our»c•, t.11<! :-.1111!1:111 :-. will lw aliil: 11, : 

I. U11d<!rs1 and 1.IH! ,·01w<!pt of 111od<!li1111,, types of IIHHl<!b , s,·11JH: all(I li111il atiou. 

2. U11d<!r1;1.u11d and able to forn111late Algcbrni(' !l·Jodds aud I IH:ir aualysis. 

:1. U11rlPrsl and a11d alil<i 1o forlll11lat<• Discrele !llocl!!ls a11d their a11alysis. 

4. lJ11ders1aml and able to formulate Co11tinuous Models aml tlwir qualitative a11alysis. 

r1. Umk·rst a11rl a11d able to explore variorn; bifur<'at.ions i11 the mathematical models. 

G. Cl)111pr<'l1eml CodinH•w;io11 One, Codi111c11sio11 two and Global bifurcations. 

Contents: 

Unit-I Malhcrnatical Model, types of Mathematical models and properties, Elementary models, Model.~ by n11t11n~ 
of <mviro1111w11t , Models by the Extent of generality, Principle of modeling, Solution method for rn(Jd,ds, 
Charar 1.Pristics, Advantages and Limitations of a model, Dynamic Models. State variables and paramt ters, 
11w1 hods a11d challenges. Model reduction. 

Unit-II Algebraic Models: Temperature and I he Chirping of a Cricket, Leas t Squares Fitting of Data, The Global 
Posit ioni11g System, Allornetric Mod,!ls, Dimensional Analysis . 

Unit-Ill Dis<'n~t(• !llodels: Malthusian Growlh !llodl'l, Economic Interest Models, Time-Dependent Growth Hate. 
Qualil ative A11alysis of Discrete Models, Periodic Points and Bifurcations, Chaos. 

Unit-IV Co11ti1111011s Models: Chemostat , Qualitative A11alysis of Continuous Models, A Laser Beam Model, Two 
Sp(~tics Competition Model, l'rnrlat or- Prey Model, Method of Avmaging, Linear and .'\onlinear Os('illaf urs. 
Corn part.111e11t al Mori els. 

Unit-V J3ifmcatiou Theory, Examples a11d Phase Portraits, Conditions for Bifurcations, Codimensio11 of a Bi­
furcatiou. Cndi111ensio11 OnC> Bifurcations in Discrete Syst ems, Codiuwnsion One Bifurcations in Continuous 
Syst Pills, G lohal Difurrat ions, Sy1111J1Pt ry-T3rcaking Bifurcations. 

References: 

I I I A111.011io l'alacios. Matlu:mut·icu.l Mudeliny: A Dynurnirnl Sy.5lems Approach to A nalyzt Practical Prnblt ms in 
S'TEM Disci71li11e8. Spring«•r Nat urc, 2022. 

l2J .Jo<!! Kilty a11d Alex McAllisU•r. Math emalirn/ Modeling and Applied Calculus. Oxford University Press, 201 8. 

l:3j Edward A Bender. An iutroduction lo mathematical modeling. Courier Corporation, 2000. 

7.4 M704: Operations Research 

Learuing Outcomes: At the end of the course, the studenl s will be able to : 

I. U11dcrsta11d the concept of operations research and its scope. Formulate real life problems int o linea r pro-
gram111i11g problem a11d understand the simplex method. 

~. A11alyz,, simplex 1111~thod , duality, sensilivity in li11car programming problem. 

:L Form11la1c and solve of li11ear programming model of game theory. 

4. Uuderstand the q1wui11g system. Formulate and solve the queuing theory models. 

Contents: 

Unit-I l11trorlu<tio11, Nature and Scope of opernU011s research . Lineru· Programming: lnt.rnduction, 1\lathr mat ical 
fon1111latio11 of the prnblcn1, Graphical Solution methods, Mathematical solution of linear progn1mmiug prob­
!,·111 , Sla('k 1111(1 Surplus vannhks. /\!al I ix formula I io11 of g<·1wrnl li11Par p10gran1n1111g problr ms. 
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Unit-II The Simplex Method: Simplex algorithm, Computatio11al procedunis, Artificial varial.Jles, ' l\vo phase 

Simplex Met.hod, Formulation of linear programming problems and its solution by simplex method. 

Unit-III Umestril'lt~d variables, prublems of tfoge11eracy, Principle of duality in simplex nU'thod, Fon11at io11 of dual 

with mixed t~•pe of constrai11t s, Solut.io11 of primal a11d dual co11strni11ts. 

Unit-IV Elementary queuing and inventory models, Steady-state solutions of Markovian queuing models: M/ M/ 1, 

J\1 / M/ l with limited waiting space, M/ l'vl / C, M/ l'vl / C with limited waiting space, M/ G/ 1. 

Unit-V Game Theory: Introduction, T\vo persons zero sum games, The maxmin and minimax principles. Graph­

ical Solution: Reduction of game problem to LPP. 

References: 

iJ I Frederick S. Hillier and Gerald J. Lieberman. Introduction to operations research. McGraw-Hill Higher Educa-

tion, 2010. 

121 ]\'.anti Swarup, P. J<. Gupta, and l\'lan Mohan. Operations Research. Sultan Chand & Sons Publishers, 1977. 

131 JJ< Shanna. Operation Research: Theory and Application 4th Edition. Macmillan Publishers india, 1997. 

141 N Paul Loomba. Linear programming. Tata Mcgraw hill publishing company, 1964. 

15] Hamdy A Taha. Operation Research: An Introduction, 7th. Prentice Hall-Pearson Education Jnc., 2003. 

7.5 M705 : Stochastic Analysis 

Learning Outcomes: At the end oft.he course, the students will be able to : 

1. Specify a given discrete-time Markov chain in terms of a transition matrix and a transition diagram. 

2. Apply first-step analysis to calculate absorption probabilities and mean time to absorption for a discrete-time 

Markov chain. 

3. Understand the Poisson process, in both axiomatic and infinitesimal form. 

4. Understand and apply stochastic differential equations. 

Contents: 

Unit-I Preliminaries: Martingales and properties. Brownian Motion- definition and construction, Markov property, 

stopping times, strong Markov property zeros of one dimensional Brownian motion. 

Unit-II Reection principle, hitting times, higher dimensional Brownian Motion, recurrence and transience,occupation 

times, exit times, change of time, Levys theorem. 

Unit-III Stochastic Calculus: Predictable processes, continuous local martingales, variance and covariance pro­

cesses. 

Unit-IV Integration with respect to bounded martingales and local martingales, Kunita Watanabe inequali ty, Ito 

s formula, stochastic integral, change of variables. 

Unit-V Stochastic differential equal.ions, weak solutions, Change of measure, Change of time, Girsanovs theorem. 

References: 

IJ J Richard Durrett. Stochastic calculus: a practical introduction. CRC press, 2018. 

121 loannis Karatzas and Steven Shreve. Brownian motion and stochastic calculus. Springer Scien(·e & I3n~incss 

Media, 2012. 

131 Bernt 0 ksendal. Stochastic differential equations. Springer, 2003. 

141 J Michael Steele. Stochastic calculus and financial applications. Springer, 2001. 



8 Sen1ester - VIII 

8 .l M80] : Graph Theory 

Lear11i11g Outcom es: At t 111• l'IHI of t 111• <'Olin<<' , I 111• st 11d<•11t s will hr alilf' 1 o : 

I. UudC'rslnml tlw rnncPpt of µ;rnph , snligrnph , walk, path cycles. 

2. Undt•rst and 1.re<'s and h111damenta l cir<"11i1.s and their applications. 

:l . U111krsl and and ana lys<' planar graph and grapl1 <'Oloring problems . 

..J . Und1•rsland th<! concepl of dirl'('ted graph aml it s npplieutions. 

fl . Bl' fami liar with limit.at ions of gra ph theory a nd int rod uct ion of com plex networks and their represe11t at.io11 . 

Conte nts : 

Unit-I Introduc tion to Graphs: Dcti nit ion of a graph , finite and infinite graphs, incidence of vert ices and 
edgf's, ty pes of graphs, subgraphs, walks, t.rnils, paths , cycles, connectivity, component s of a graph, Eulerian 
and Hamiltonian graphs , travelling sales111a11 problem, vertex and edge connectivity, matrix representation of · 
graphs, inl'idf'nre and adjacency 111at rices of graphs. 

Unit-II Trees and Fundamental Circuits: Defini t ion and properties of trees, rooted and binary t rees, counting 
trees, spanning t.rees. weight ed graphs, nlinimum spanning t.ree, fundamm1tal circuit, cut set, separability, 
1wtwork Hows. 

Unit-III Planar Graphs and Graph coloring: Planar graphs, Kuratowski 's graphs, detection of planarity, 
Euler's formula for planar graphs , gl'onwtric and combinatorial duals of a planar graphs, <"Oloring of graphs, 
chromatic numbers. chro111ati<" polynornia l, d 1romatic part.itioni11g, Fom color t heorem. 

Unit- IV Directed Gra phs: Types of digraphs, digraphs and binary relations, directed pat.hs and connectedness, 
Euler d igraphs. de Brujin sequences, tournaments. 

Unit-V N etworks: Networks and tlwir rcprrscnt at ion , Weighted a11d dire<"ted 11e tworks, T he adjace11cy, Laplac-ian , 
and incidence matri('es, Degree, paths, compo11e11t.s, Independent paths, connectivity, and cut sets. Degree 
crnt ralit y, eigenwctor cent rality, kat z <"entrali ty, Pagellank . 

References: 

I l I Narsi11gh Deo. Graph theory with applications to eng·ineering and computer M:ience. Courier Dover P ublications, 
2017. 

121 J\ ld Saidur Rahman et a l. Basic graph theo1y. Springer , 2017. 

131 l< Erl'iyes. DiscrelP mathematics 1md graph theory. Springer, 202 l. 

8.2 M802 : Advanced Discrete Mathematics 

Learning Outcomes: At the cud of t he com se, the students will be able to : 

I. Understand Lattice, Boolean algebra as a Lat.t.i<'P, 

2. U11derstand Boolean form, Booleau algebra and Boolean functions a11d their applications. 

3. Understand Grammars and La nguages-Phrase-Structure Grammarn and its applications. 

4. Understand the concept of Finite State Machines. 

5. Understand Deterministic, Non-deterministic F inite Automata, Moore and mealy Machines. 

Contents: 
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l1 11it.-J J,1,t1w, •,.. J.1111w, ·., 11,. i'"'111dl_1 .,,,1, .,, ,d ,.,., ,._ l Jw11 p1 op1•1ti,•:,, l.all in·h IL~ Alg"hra i.- Syst, •111~. S11lilat 1w,·h. 

l)i, ,,,·1 pwd1wl ,., "",I l101110111orpl, j,.1111,. So11H· Sw·,·ial l.111 t i('(-i, , .. )1,., Co111pl<·t,•. Cornpl<'111r.11te<l ilntl Dist rilrntiw 

l.11 11 /I '( ' !,. 11, .. ,11 •1111 A Jg,•l,1 111,- ll11o l1 •1111 i\ li(1•li1 a., /1.S l.11 11 i.-,,,._ V11rio11,. n ,,ol, •alJ Jd, •11I ii il'S. Tl,(' Swi td1i11g Al)l,ehrn 

l')(/1111(11• ·. S11 l11 tl g,·l,111,. 

U11it -JJ 1)111·, 1 l' 1,,d11<' I,. a11d llo1110111111pl, i,. 111:, . .Joi11-lrr1•d1wil1lt- f'!i•111<:11t s. At(JJllf, all(! .\li11tn111:, . Ooolca11 Forn i:, 

11 11d 1111'11 Eq11 iv11 l, •111·,·. \ l111t, •r111 Hllo t. ·1111 Foru1h, S11 111 of Prr,d11 C'IS Ca 11011in d For111s. \Ji11irnizatio11 of Boolea11 

F11 11, ·t1llll' Applirn ll(>JIS .. r llru ,l,•1111 1\lg,•l,111 , ,, Swi1d1ing T h,~,r.1· (11, i11g A\'D.01! /.,: \'OT gatpc). Tlw 

l,11 r111111KII .\ l11 p \ 1, ·lhlld . 

lJ 11it -111 (;, 11111111 11,-,. and I .1111g1111w•,,.. J ' l, ra:,i•-SI 11wl 111 ,. Gra11111111rs . H,·writi11g I< 11l1•~- J k rivat io11s. S1•11tcnt ial Forrns. 

l.1111g1111)1,1' K•'JH'rnt, ·d l,_1· 11 C111111 11111r. llt•j1,1d11r, C.mt, ·x t- F, ,·,·, 1111d Co11t cxl Sc11si1iw Gran11nars c1 11d La 11guages. 

llq i, 11 1111 ,.,., ,., ll q 1, 1du1 J-: xp11°1,!'>11,1,,. . \ 111 1,u,,. 11fS_1·11!11x Awd.1·:,i!'> . Polb l, .\'otati1111,. . Co111·cr:,iu11 <Jf l11fix Expres­

"'" n" Io l'olb h .\'r,t 11 1 ion,., Th<' H,•v,·r,.,· l'nlisl, .~ot 1d ion. 

Unit -IV l1111, 1d 11,·t,,r.1· C1111qH1l11i ,ili t.v Tl11·111y-Fi 111 t1 • Stat,, \ l11,·hi11,-!'> 1111d tlH'ir Traw,itio11 Tahl, · Diagrn111:,. Eq11i1·-

1d, ,11,•p of finil" St 11 t t· \l11d1i1 ws. ll 1•d1u·,•d ~lnl'li i111•H. ll01110111orpl, i:,111. 

U 11it -V F11111,• A 1111Jn111t H. ,\ c,·,·pt 11rs. N1111-d1•t1 •rnii11ist k Fin it,. A 11t ornat a all(! <:q11i valc11c;1• of its power to that of 

I )t'I r , 111i111,., II' Fi nit, • A ut rn nnt n. \loon• 11nd 111,·aly Ma<'hincs. T11ri11g .\lachi11 1; am! Partia l B.er-ursivc Functions. 

T h<· l'w11plll )I, l.,·111n1 11 . h 1, ~·11,• 's T lu•orP111. 

R eferences: 

I 11 ('l,1111K L11tlll!( Liu. Eli 111 r 11 /8 of ,h.srn •/r 111ulhemo/1c8 . .\ lcGraw-Hill. lnr., 198-'i. 

121 .l .. 1111 1'11111 I 11·111l,la~· and Haiupmkar :\ l11 11oha1. Di.scn •/1 111(J//u 1110 /irnl 8lruclurc:b u•ith applicotio11s lo computer 

,rn 11c , . .\lc·Graw- Hill. l111' .. 1!)7!',. 

IJI I, I.I' .\ li!,l,rn all(I \' Cha11rlrasdmrn11 . TIH 0171 uf tou11111/1•r ,w-11' 11N·: rrntomala , lunguagt.s and comp11t a t io11. PHI 

J,<•111·11111~ !' l't . Ltd .. 20(H;. 

I..JI St<'plw11 ,\ \\'111ala. D1.~rn- /1 11111//u11,r1/ II'.,: a 11111fi1 d apvnwch . . \le-Graw-Hill. Inc .. 1987. 

J:il Sri, 11 11111 11 Srn lliara 11 1t1HI l<i111)1,iL~wa111i n11lakrish 11 a11 . Fu111Hial icms of Discrete Ma thematics u·ith .4/gor·ithms a11d 

l'n,9n1111111111g. C'hap111a11 a11d ll all C'HC. 20 18. 

l!il I\ En-iyt·~- D1.srT, /1 11111thr·11111 tu ·8 uwl yrn71h t/1 1'0171. Sprill)l,Pr , 202 1. 

8.3 M803 : Nonlinear Dynam ics and Chaos 

Le ar11 ing Outcomes: At the t•rHI of tlH· 1·rnrrs1· , tlw st11dc11t s will hP able• to: 

I. U11d<·n, t a.11d 1·0111·,•pt a11d history of Dyw1111ical S,vst,•111:;. 

2. U11d, ·n,ta 11d t lw <·a11011il'11 I for 111s, gc11crnliz1·d Pi!(<'nvcc-tors , scrni simple nilpotent decomposition. Jordan 

1·a11011ind fon 11 . 

:i . Undl0rsta11d tl1<· Olll' a11d two dimc11s io11al flows nll(I tl,rir applirnt io11s. 

-l . Uml,•rstand nrn ps and bifurcations. 

;>. U11d1·r,. t.a 11d t l1t · Lon •nz <·q11at ion,., 11 ('l,aot ic· wat Prn· lwl'I all(I propert ies uf ti,e Lorenz equatio11s. 

Contents: 

Unit-I : lnt ro<lu<'tio 11 tu Dynamical Systems, history of dynamics, phase portraits, vector fields, nullclines, flows. 

<l iscrete <lynamical s~•st ems, 1-d maps. Fixed points, linearization of vector fields, canonical forms. generalized 

Pi!(<"llV<"<·tors, semisimpl<' - 11il pot.P11t decornposition, J or<lan C'a 11onica l form. 



U 11it.-l] O1u· di11u•11s io11al flow:-: tix,·d pui11ts a11d :-tabilit~·, pupulal.io11 growt h rnodl'l , li1H'ar stabilit ~, a11al~·sis, ex­

i:-l('IJ('C' a11d 1111iquem•ss uf solut io11 . impussibilitv of oscillnt ions. 

lnt rod11l't1un tll hifurrntio11 . Saddle-J'\od(• bifurnitio11. ·n-a11!<criti<'al bifurC'alio11. Pit('hfork bifurcatio11 . imp<•r­

f«,, ·t bif11rca t io11:- and ('at ast roplll's. 

Unit.-III 'l\rn dinu•11sio11al Hows: Li11car s.vsten1s. d 1:i~sificatio11s of linear syst ems, ph,L~C' pla11e, phase portrait s. 

r xis t(' IH'e. 1miq11Pm•ss a ud to pological l'0IISPq11ences. fixed point s and linParizatio11 . ConsNvativr systems and 

n •, ·,•rsihlr s~·:-t,•ms. inrll'x t h('or~•. 

Unit-IV Limit <'~Ties. rnli11g 0111 dosPd orbit , PoincarP-Bendixson t heorc>m . Lienard systems . Relaxa t io 11 oscilla­

tions, weakly 11011li11ear oscillators. Bifurcations: Saddle-Node, Trauscritical and Pitchfork bifurcations , Hopf 

bifurrnt io11s. G lobal bifurrntio11s of c~•d es. 

U nit-V H~•:-t Pres is . rnupled oscillators and quasi periodicit y, Poinrare maps. C haotic d~•namics: Lorenz equations. 

a chaot ir wat c•rw hel'I. proJw rt i<>s of t llC' Lorf'nz equal ious. 

References: 

I l I StPwn H St rogat z. No11/i11ear dynamics a11d chaos: with apphcations to physics, biology, chemist1y, a11d e11g·i-

11re1111g. C RC press . 201 8. 

12/ St Pphen Lynch. Dy11a111ical systems with applicatio11s using MATLAB. Springer , 200-1. 

l:{j .JA H ia l. Chaos: A II Jnt roductio11 tu Dy11n111icnl Systems. Sigma XI-The SC'iPnt ifir Rc>search Society, 1997. 

I-JI .\lorris \V Hirsch. St Pphen Smale. and Robert L Devaney. Differential equntiu11s, dy11amical systems. and an 

111trod11rt1011 lo r·lwos. Acadf'mic prPSS. 201 2. 

15/ Stephen L~·11ch. Dynnmu:a/ 8yslP111s with applirntions 11si11g /1/uthemntico. Springer, 2007. 

16/ J,athlee11 T Alligood . T im D Sauer , ,James A Yorke, and David C hillingworth . Chaos: 011 i11trodudio11 to 

rly110111ir-n l •y.•lem <. Philflrfr•lphia. SociP1_,. f0r lnrln~t rinl and Appli"d \ lnthr mati('~ .. J<:i<Ji:: . 

8.4 M804: Mathematical Biology 

Learning Outcomes: At the 1•1JCI of the course, the students will be a ble to : 

I. Underst and the Simple Single Species l\ lodels, Harvesting in 'J\vo-spt'cies l\ loclt>ls and I heir applications. 

2. Understand the Continuous Single-Species Population l\lodels with Delays. 

3. Develop the ability to explain m athematical results in la11guage unders t andable by biologists . 

..J . Umlerst a nd and apply the concept of s tability of a fixed point solution of a system of ordinary d ifferenti al 

equations. 

5. Solve mat hemati<'ally and interpret. biologically simple problems involving one- and two-species ecosyst ems. 

epidemics and biochemical react ions. 

6. Demonstrat e a bility to a 11a lysis qualitative aspects of ODEs in a biological modelling cont ext. 

7. Apply appropriat e t echniques to solve a given model of a biological problem. 

8. Select appropriate approaches/ methods and tools to generate mathematical models of as pects of biology. 

9. Be a ble t o formu late and critically evaluate epidemiological models. 

I 0. Critically evaluate the merit s and weaknesses of biological models. 

Contents: 
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Unit-I Simple Single Species Models: Cont.in11011s J>opul11t.ion J\ lodds, Ex po1wntia l Growth, Thi: LoKistif' 
Population Model, Harvesting i11 Population Models, Constant-Yield u.nd Constant-Effort Harvesting, Eu­
t rophication of a Lake: A Case Stud ~,. 
DisnPt r - Time Jvlrt.c>rnd ModPls, Systems of ' l\vo Diff<:rencc Equations, Osci llation in F lom Bc<·tle Populatio11s: 
A Case Study. 

Unit-II Continuous Single-Species Population Models with Delays: Models with Delay in Per Capita 
Growl h Hatc>s . DPla~1Pd-Henuit ment Mocl!-:ls. !VlodPls with Distrih11t.(•d Delay, Harvesting in DPla:,,ccl n(~nuit­
ment Models, Nicholson 's Blowflies: A Case Study. 

Unit-III Mode ls for Interacting Species: The Lotkn- Volterra Equations, The Chcmostat .tl'lod<:1 , Equilibria 
and Linearization , Qualitative Behavior of Solut ions of Linear Systems, Periodic Solutions and Limit Cycles, 
Species in Competition , Kolmogorov Models, Mut.ualism, T he Sprncc Budworm: A Case Study. 
T he Community l\'latrix, the Nature of Internet.ions Between Species, Invading Species and Coexistence. 

Unit-IV Harvesting in Two-species Models: Harvesting of Species in Competitio11, Harvesting of Preda­
tor- Prey Systems, lntermittent Harvesting of Predator- Prey Systems, Some Economic Aspects of Harvesting, 
Optimization of Harvesting Returns , A Nonlinear Optimization Problem, Economic Interpretation of thf: 
Maximum Principle. 

Unit-V Models for Populations with Age and Spatial Structure: Linear model with age structure, The 
]Viet.hod of Characteristics, Nonlinear Continuous Models, Models with Discrete Age Groups, Some Simple 
Examples of Metapopulation Models, A General Meta.population Model, A Meta.population Model with Res­
idence and Travel, The Diffusion Equation, Solut ion by Separation of Variables, Solutions in Unbounded 
Regions, Linear Reaction- Diffusion Equations , Nonlinear H.caction- Diffusion Equations, Diffusion in 1\vo Di­
mensions. 

References: 

iJ I Fred Brauer , Carlos Ca5ti1Jo-Chavez, and Carlos Castillo-Clrnve..:. Mathematical models in population biology 
and epidem ioloqy. Springer. 2012. 

121 !vlark Kot. Elem ents of mathematical ecology. Cambridge University Press, 2001 . 

13] James D Murray. Mathematical biology: 1. A n introduction. Interdisciplinary applied mathematics. Springer , 
2002. 

14] J ames D Murray. Mathem.atical biology ll: spatial models and biomed·ical appl-icat·ions. Springer New York, 200 1. 

8.5 M805 : Computational Mathematics Ill 
Learning Outcomes: At t he end of the course, the students will be able to : 

I . Understand the programming language SAGE and its uses. 

2. Plot the graphs of 2d and 3d objects in various forms. 

3. Understand the use of SAGE to explore calculus of single and mult i-variables. 

4. Understand the use of SAGE to explore concepts in Group-Theory, Number-Theory and Combinatorics . 
Contents: 

Unit-I Introduction t o SAGE, using SAGE as an advanced calculator 

Unit-II Plotting graphs of 2<l and 3d objects in var ious forms 

Unit-III Use of SAGE to explore calculus of single and multi-variables. 

Unit-IV Use of SAGE to explore row transformations, linear transformations, Gram-Schmidt process, application 
of matrix diagonalization, matrix factorizations with applicatious to least square problems and image process­
ing etc. 

Unit-V Use of SAGE to Pxplorr concepts in Group-Thr!ory, Number-Theory nnd Combi11atorics. 



References: 

I 11 Sm11-1-g11 lt•t• and ajit lrnmnr. linrar al1-10.hrn with sny;t·, fn•1• 011 li1w availah!P at.. http: //matrix. skku. ac . kr/ 
2015-Album/Big-Book-LinearAlgebra-Eng- 2015.pdf . 

121 George A Ana.-;t.assiou a)l(l Hazvnn A M1izei. N11.r,wrim.l m1.alysis using sage. Springer, 2015. 

9 Semester - X 

9.1 MEOl: Dynamical Systems Using Matlab 
Learning Outcomes: At. t.he end of t he course, the students will be able to : 

I. Uudcrst.and basics of Mat.lab Soft.ware. 

2. Explain how ordinary differential <"quations (ODEs) give rise to dynamical systems. 

~. Define the st.ate space, its limit. set.s and attract.ors . 

.:J . Explain how the state space dimension limits the possible dynamics. 

5. Sketch the limit set and, starting from this, characterize the main features in t he flow of a dynamical system 
given by ODEs in the plane. 

<l . Explain the concept of chaos in dynamical systems and st ate some properties of a chaotic dynamical system 

Contents: 

Unit.-] Introduction to Matlab: Arithmetic Operations, built-in-MATH functions, scalar variables, creating ar­
rays, built-in functions for handling arrays, mathematical operations with arrays, script files, two dimensional 
plots , programming in MATLAB, polynomial , curve fitting, and interpolation, three-dimensional plots. 

Unit-11 Discrete Dynamical Systems: One-dimensional maps, cobweb plot: graphical representation of an 
orbit, st ability of fixed points, periodic point.s, the family of logistic maps, sensitive dependence on initial 
conditions, analysis of logistic map, Periodic Windows, Feigenbaum number, chaos in logistic map. 

Unit-III Higher-dimensional maps, sinks, sources, and saddles, nonlinear maps and the jacobian matrix, stable 
and unstable manifolds, lyapunov exponents, Numerical Calculation of Lyapunov Exponent, chaotic orbits. 
Strange Attractors, Gaussian and Henon Maps. Julia Sets and the Mandelbrot Set. 

Unit-IV Differential Dynamical Systems: Differential dynamical systems, existence and uniqueness theorem, 
phase portraits, vector fields, nullclines, flows, fixed points, linearization of vector fields, planar systems, 
canonical forms, eigenvectors defining stable and unstable manifolds, phase portraits of linear systems in the 
plane, linearization and Hartman 's theorem, limit cycles, existence and uniqueness of limit cycles in the plane, 
Lyapunov functions and st.ability. 

Unit-V Nonlinear systems and stability, bifurcations of nonlinear systems, normal forms, multistability and bista­
bility, the Rossler system and chaos, the Lorenz equations, Chua's circuit, and the Belousov- Zhabotinski 
reaction. 

References: 

Ill Stephen Lynch. Dynamical systems with appl-ications using MATLAB. Springer, 2004. 

121 Steven H Strogatz. Nonlinear dynamics and chaos: with applications to physics, biology, chem:ist1y, and engi­
neering. CRC press, 201 8. 

131 t11orris W Hirsch, Stephen Smale, and Robert. L Devauey. Dijjerent-ial equat-ions, dynamical systems, and cul 
introduction to cha.as. Academic press, 2012 . 
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1--ll Stephen Ly1H'h. Dy1111.111'irnl systems wil.h 11p])licat,ions 11si11y !ifot,he111.11.lica. Springer, 2007. 

151 E at.h]c('II T Alligoo<l , Tim D Sauer, Jm11es A Yorke, am] Davi<l Chilli11gworth. Chaus: uu intrnduction to 
dy11.a111 irn.l systems. J>hila<lclphia , Society for lmlustrial an<l Applied Mathcmat.ies. , I !-J!:)8. 

9 .2 ME02: Commutative Algebra 

Learning Outcomes: At the end of the course, the students will be able to : 

I. hnows basic definitions c:onceming clcme111.s i11 rings, classes of rings, and ideals i11 eom11mt.at.ive rings. 

2. J< now constructions like tensor product. and localization, and the basic theory for t his. 

3. Know basic theory for noet.herian rings and Hilbert basis theorem. 

--l. Know basic t heory for integral depe11de11ce, and I.he Noel.her normalization lemma. 

5. Have insight in t.he correspondence between ideals in polynomial rings, and t he corresponding geometric 
objects: affine vru·ieties. 

6. J<now basic theory for support and associated prime ideals of modules, and know primary decomposition of 
ideals in noet herian rings. 

7. Know the theory of Grobner bases and Buchbergers algorit hm. 

8. Know t he t heory of Hilbert series and Hilbert polynomials. 

9. J< now dimension theory of local rings. 

Contents: 

Unit-I P rime and maximal ideals in a commutative ring, nil and J acobson radicals, Nakayamas lemma, loca l rings 

Uuit-ll Ri11gs a11<l w u<l ule:, of fract.iurn;, 1·unespumlem;e bdwee11 prilJle i<l1~ab, lucaliza(,iu11. 

Unit-Ill !vlodules of finite length, Noet herian and Artinian modules. Primary decomposition in a Noet herian 
module, associated primes, support of a module. 

Unit-IV Graded rings and modules, Artin-Hees, Krull-intersectio11 , Hilbert-Samuel fu11ctio11 of a local ring, di­
mension theory, principa l ideal theorem. 

Unit-V Integral extensions, Noel.hers normalization lemma, Hilberts Nullstellensatz (algebraic and geometric ver­
sions). 

References: 

jl] W Jonsson. Introduction to Commutative Algebra, Cambridge University Press, 1970. 

12] David Eisenbud. Com.mutative algebra: with a view toward algebraic geometry. Springer Science & Business 
Media, 2013. 

13] Hideyuki Matsumura. Com.mutative 1-ing theory. Cambridge university press, 1!-J8!-J. 

14] Srini vasacharya R.aghavan, Balwant Singh, and H.amaiyengar Sridharan. Homological m ethods in com11mtati11e 
algebra. Oxford University P ress, 1975. 

151 Balwant Singh. Basic comm.ul.ative algebra. World Scientific Publishing Company, 2011 . 
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!1 . :1 I\ I 1,;11:1 : l• i1111111·i;il Mi1tl1m11al.i('s 

1,,,,.. 11111 14 011t, ·111111 •1- ,\1 1111' ,·11,I •111111' , ·111 11 ,,, .. 1111' ,-,111il1 ·11I :-. wi ll 111 · 11l1l1• I,, : 

' I 

11, .. ,, I du • 1'1111•• 11 ', lilllllJO'IIII 111:-. 11111111'111 :-0 , 

l.- , 1,1111 11 ii,,11· p1,ol 111 l11lit ,I' 1•11l1•1,-, 11111cl,·111 cl, ·:-.,·1iptio11:-. "I li11111wial i11s lr1111w11I :-. . 

l.- , 11111111 111, · l1111, · v11l111 · 111 111<111, ·v 1111cl 11s,· ii to a1111l ,vH1• :-.i111pJ,, ,·ashflow 1110<1,,Js. 

I-'.~ 11111 111 I Ii, · 1111111111 111' 11 ii ,ii I Il l-\•' 1111cl 11ppl_v ii Io ,1, ,1 ,·rlllilw I 1,,, fair pri,·t! of various fiuanC'ial iustruments . 

1\pp1, ·,·111l1 • tli 111 ,·v, ·11 1111 · 11111sl l111s i, · 111' fii1111wi11l 111fJcl,·ls n·q11in::-. a pr"fo1111d ,·c11nbiuatiou of tm:huiques from 
11111,111:-. l11111wh, ·:-. "I 111111h, ·11111tic-s. 

t, ( '11 lntl111 ,• lilt' 1111 111l 1i lt ll f1.1' pr i, ·,· of 11 E111op1•1111 opliou 11s illl-\ 11,,, l!la,·k-Sd1ol,•s Jlllidel. 

l· , 11111111 :-,,·1·,·1111 11111,l, ·b 11p111 •11ri1111, i11 fi1111w ial 111nll11:u1alil's, partit-11larly tlios,• which are au extension or 
11111ddi, ·11 l1t111 111 l-\•'lll111·tri, · ll1111vni1111 111oli11n , 

K I l, •:-.,·1 ti 11 · li11w I ,·,·h11iq11, ·s cl1•\'l'l11pc•d i11 difl', •rc•11t ial c•q11at ious and probability are applied to analysis of various 
li111,11, 1111 111ocl, ·b . 

!I l•:xpl 11 111 wh~· ,·n111p1,·l11·11 si11 11 of ,J,·sniptiw ,J, ,finitions a.~SOC'iat<:d with fiuar)('ial models is essential. 

( '011t C' llt S: 

I l11it - l ll, •111 ·11· Of prnlrnh1lit~•. li11 it,· prnl1ahilit y spa,·,•. 

I J II it - 11 I l, ·1 11·11t ii'<'" "' ·.-111 it v. int ,•r,•st rn I 1•:-,, ot ill'r liuaucial inst l'IIIIH'llt s, Arl,it rflJ!,e and prici11g. risk less issue, yield 
, 1111·,·,-,. 1111 ·1111 1,•1111,-, 111111d1i 11 1-\ and i11111111uizalio11 1 i11t,•n•sl nil!• models. 

I J nit - 111 I ), ·p1 •111l1 ·111 a 111111 al rn11·:-. of n •111111 , 1 a11do111 wa lk a1H) i\ larkov pro<·<•ss, stochas tic <'alculus. 

U nit-IV op1 11111 pri,·111g. p11rtfolio oplii11izatio11 , Fokkc•r-plank 1•,p1atio11 , distribution and green functions. 

11 nit - V F, ·.1·1111J1111-ka1 · fo11111tl11 opl i1111s, divid,•11ds H·vbit 1°d . Exol i,· opt i,,11:;. 

R eferences: 

I 11 I! id111nl F Ba.~"- Till' lnL~i,.s of li11a1wial 111a t lw111at il'S. Depur/1111,11/ of Math ematics, University of Connecticut, 
'.20o:I. 

121 1'11111 \\lil111,,t t , S11sa11 llowso11 , Sa111 Howison, .Jdf Dewy1111e, et al. The muthcmatics of ji1U111cial derivatives: a 
.~/ ,ufrul 1utrnd11f'I i rm . C'a111hridw• 1111i\l('rsit .v pn•ss, I!)!):,. 

1:q C' . C:111 di1ll'r. Sl ot'lt(l8f fr fifr,//wd.~: A li1111fllJ1J11k for 1/w Na/urn/ rmd Social SciP11crs. Springer Series in Synerget ics. 
Sprill!,\l'r l11•rli11 ll<'id1•llwrJ!, , 2010. 

l•JI .Jo hu (' l-11111. 011/11m.~ f11/11n ·8 "wl othrT tf,,.,.i'lllil.ivr' .~. P<•arsou Education l11dia , 2003. 

9.4 ME04: Nonli11e ar Analysis 

LPar11i11g 011t.1·011ws: At 1111' ,.1111 of till' c·o11rs1•, thr- stud,•nts will lH' ahlr- to: 

I . U11d,·rsta11d 1·1111'11l11s i11 111111111'11 Spac1•, 

2. U11cl,·rsl and P1111<lnn11•nl nls of Mo11oto11e opera! ors . 

:1. Undr-rsta11d PixP<l poi11t t.lH'orems . 

. J. U1 11l1·rst a11d applirnt ions ol' l\louot0111• Operators and Pixed poi11t t hcor~'. 



U nit.-1 Cak11)11s in Bmuwh space: 
V11rin11:a form of c,mt i1111i11t~·. gt'Ollll't r~• in 11orn1t•d sp11<'PS nnd dunlity 11111ppings, Gnt e11 11x nnd F\·PdH't dr!riva­
t iw. propt'rt i1•,; of 1h-rirnt iws. Tn~·lur I lwon•m. inv('rSt' f1111t't ion t ht•on•111 nnd i111pliorit fun ct ion t ht•on ·m, 
:mhdiffrrrnt inl uf ,·om•ex fund inn. 

U nit.-11 Monot.o ne operators : 
>.lonotn1ll' opPrntors, l\ laximnl mmwt OIH' operators and it s properties, rnnstructivc sol11tio11 of opn at or cqua­
t ions. s11hdiffpn,11t ial aud 1no11otonil'il~•. somt• J!.t~11ernlizntio11 nf monntnnl' opt•ral or. 

U nit-Ill Fixed point t heorems: Banach cont raction principle and it s ge11eralizatio11s, noncxpansivc mappings, 
fix,,d p1)i11t I lwon•111 of l1rn11wd('r and Srhnudcr. Fixed point t heorcms for 11111lt i-fmlt't ions, comn10n fi xt•d point 
t heor(' IIIS, :Sl'f!llt.' IH't' of ,·ont rnr t ions, gcnernlized cont met ion:s an<l fi xed points. 

Unit-IV Applications of monotone operators theory: 
lnt reduct ion. Sobolev spare, diffPrent in! cquat ion. nonli1war difft'n' nt ial equations, int egral equation, No1dinL'Hr 
nmmN:stcin int egral Pquat ion. Gcnt•ralizcd Hammerstein intPgrnl eq11 11t ion. 

U nit-V Unit-V: A pplicat.ions of fixed point theorems: 
Applicat ion to GL'omPtry of Banach Spaces, Application to System of Linear Equations, Perron- Frobenius, 
F\mdament al Tlll'orPm of Algebra. Game ThPc>r~• and Nash Equilibria, Differential eq11at.io11s, integral Pq11a­
tions. 

References: 

I 11 ).Johan C Joshi and Hamendra h BosP. S0111 e topics i11 11 u1di11ear f 1111clio11al rmalysis . . John Wih'y & Sons, 1985. 

12] He111ant Eumar Pat hak. A11 i11trorhictiu11 lo 11cmli11 ear a11alysis and Ji.red pumt theory. Springer, 2018. 

13] Elwrhar<l Zeidler and Pt't t'r H \Vadsal'k. N() 11 /i 11 t'ar F11 11 ct-io11 al Analysis and its Applirutions: Fi:rc:d-poi11 t Th e­
orems. Springer-Verlag. 1993. 

l-11 Rajendra Akerkar. N o11li11rn1· f 1111rlio11al analysis. Alphn Scit•nct' l11tcrnntion11 l, Limited, I !)!)!). 

9.5 ME05: Differential Topology 

Lea rning Outcom es: At tilt' end of thP course. the student s will be able lo: 

I. Givl' an acco1111t of ct•ntrnl roncepts and definit ions in diffPrcntial topology. 

2. St Rte Sard 's theorem an<l some of its applications. 

:3. Define and compute mapping degree 11nd intersection number of two sub111anifolds. 

-l. Define index of a vector field and state the Poincare-Hopf theorem. 

5. Define .l\lorse function and out line a proof of existence. 

G. State the classification of one- and two-d i111ensio11al 111a11ifol<ls. 

Contents: 

Unit-I Di ff Prent iable functions 011 H" , Review of Different iahle f1mct ions f : H" to H"'. implicit and invNs fund ion 
thPorems, immersions and Submersions, critical point s, crit ical RIHI n!gular values. 

Unit-II l\ lanifolds: Level sets, suh-111a11ifolds of R" , immersed and embedded sub-manifolds, t angent spacr s, dif­
ferent iab]P functions between snb-manifolds of H", abstnwt diffrrpnt ial manifolds an<l tangent spaces. 

U nit-I II Differentiable functions on l\lanifolds: ])iffrrentiable fun c t ions f : ~I N, crit irnl points, Sard 's tlit-'On '111 , 
non-degenerate critical point s, l\ lorse Le111111a, l\ lnnifolds with boumlary, Druuwl'r fi xt!d point theor<•111, nwd 
2 degree of a mapping 

Unit-IV Transvcrsality: Orient ation of Manifolds , oriented intersect ion number, Brouwer degree, t rnnswrsc int Pr­
sect ions. 

Unit-V Integration on !vlanifolds: Vector fi eld and Differential forms, i111li~n1t ion of for111 ~, St.okl's' t ]lt'orcm. t'xnct 
nnd d o~t•d f11r111 s, J>oinrnr L,:111111a , !11t rnd11ct ion to d,· Hhan1 tlu·nry. 



References: 

IJI .John i\lilnor and Dnvicl \\I WPav«•r. To7)()/oyyfm111 //,1, dijJl'n'1tliol,/1• 11i1' //lf10i11/. Pri11<·Pton rnri \/l' rsi t.v fJrl'SS. l!J!J7. 

121 Vidor G11illPmin aml A ln11 J>ollnl'k . Dijfl'1·1,11/ ial /0710/og y. A llrl'l'ic1111 J\llnt IH'llJH1 iC'ld S«w .. 20 I IJ . 

131 i\lorris W Hirsch. Differe11lial /0710/ogy. Springer Scien«'e & B11si11Pss Medin, 2012. 

9.6 ME06: Introduction to Cryptography 

Learning Outcomes: At the end of the course, the stud ents will be ab!«~ to: 

I . Describe basic concepts of Prypt ogrnphy and steganography; dPfine plain1 Pxt , riplwrt1•xt a11d kf'~'· 

2. Describe suhst itution aml other t rad it ion a l ciphers and 1wrfonn <' llcry pt.iou/ de«'rypt.ion wit Ir t lrenr . 

3. Describe stream ciphers iucl udiug t.he Vigenere cipher , oue-t ime pad and slrift registers , ex pla iu their ud van­
t ages and disadvantages, and perform eucrypt iou/ derryptiou with them for simple sit nations. 

4. Explain s imple concepts associat ed with securi ty of ciphers, including statistical att.nck metlrods; calculat e 
the number of possible keys for simple subst it11tio11 aud st ream ciphers. 

5. Define Euler 's furrction and Carmichael's furrction ; calculate them for small iut1•gers. 

6. Defiiw a Latiu square and p<'l'form actious on it suclr as liudiug the trarrsposP or adjugatn. 

7. St ate and proVt' Shanuorr 's Theorem (for one-time pads). 

8. Describe 1 Ire bas ic principles of public-kc~• crypt ogrn phy in r hrding m111pl1•xit y issuc•s and kn apsack, HSA a11d 
El-Gama) ciphers. 

9. Describe t hf' basic principles of digit a l s ig11at ures and aut hcntinit.ion; s1:n ct slrari11g 

Contents: 

Unit-I Classical Cryptosystems: Some Simpll' Cryptosystems, l\lo11oalplrabatic- 1111d Polyalphabat i«' cipher , T lrt· 
Shift C ipher , The Substitution Cipher , The Affine Cipher , The Vigenerc C ipher , Tire Hill C ipher, The P t> r­
mut ation Cipher, Cryptaualysis, Som1? Crypt analytic Attacks, Stream ciphers, Sy11chrouous StrParrr C ipher. 
Linear FeedbaC'k Shift Hegist.er (LFSR ), Nou-Synclrronous stream Cipher, Autokcy C ipher. 

Unit-II Block Ciphers: fvlode of operations in block cipher: Electronic Codebook (ECB) , C iplrertext Chaining 
( CBC), Ciphert.ext FeedBack (CFB) , Output FeedBack (OFB), Counter ( CTR). 
DES & AES: The Data Encryption Standard (DES) , Feist.el Ciphers, Descript ion of DES, Securi ty analysis 
of DES, Differentia l & Linear Cryptanalysis of DES, Triple DES, The Advanced Encryption Sta11dard (AES), 
Finit e field GF(28) , Description of AES, analysis of AES. 

Unit-III Shannon's Theory of Perfect Secrecy: Perfect Secrecy, Birtlrday J>arndox, Ven rnr n Om• Time 
Pad , Random Numbers, Pseudorandom Numbers. Prime Number G<'ncration: Trial Division , Fermat Test , 
Carmichael Numbers, Miller Habiu Test , Random Primes. 

Unit-IV Public Key Cryptography: Principle of Public Key Cryptography, HSA Cryptosystem, Factor­
ing problem, Cryptaualysis of RSA, RSA-OAEP, Rabin Cryptosystem , Sernrity of Rabiu Crypt osystmn, 
(Juadrntic Residue Problem , Diflfo-Hdlman (DH) Key Exchauge Protocol, Disnetn Log11ritlr111 Probl(•111 
(DLP) , EIGamal Crypt.osystcm , ElGamal & DH , Algorithms for OLP. E llipti<' Cmvc, Elliptir C urve C ryp­
tosyst.m11 (ECC), Elliptir Curve Discrete Logarithm Problf'm (ECDLP) . 

Unit.-V Cryptographic Hash Functions: Hash aud Compression F\111ct ious, Se<'urity of Hash Functio us, l\lod­
ification Detectiou Code (MDC0. Message Authentication Codes (MAC) , Hmrdonr Oracle l'vlocle l, Jtprntt><I 
Ha5lr F\mctions , Merkle-Damgard Hash F\111ction, l\1D-5, SHA-1 , Ot.hl'rs Hash F\rnction::;. Digital Signa­
tures: Security Requirement s for Signal ure Sc-hf'll1CS, Signatun• and Hash F\111<'1 ions, RSA Si~uaturf', E IGn11111I 
Signature, Digital Signature Algorithm (DSA), ECDSA , Undeniable Sigrrnturc, Blind Sig11at11w 

.'ii 



R eferences: 

I 11 ,loh11 m1••s Owlm 1111111. lulrod·111'1 i1111 lo r17111lfJyruphy. Spri11gi•r. 2004. 

121 SahadPo J>adh~·1• , HnjP1•v A Sahu . and Vishnl Sar.-1swa1. lulrnd11dio11 lo ('1yplogrnphy. C HC Pn·ss. 201 R. 

131 Douglas H St i11so11 . C1yplogm71hy: lhemy a11d prnrlite. C lrnp111a11 aml Hall / CH.C. 2oor,. 

141 Brn1·1• S1·l11win. A7171/1ed rTyplogra71hy: 71rntocols, algonllm18, rmd source code 111 C.:. john wiley 6C. s011s . 2007. 

1:>I Dcl,d1•<'p i\ l11 khopadl1yny 11 11d TIA Foromrn n. Cryptography a nd lll't work srl'mity. Noido: Trllo Ahgmu, Hill. 

201 I. 

j(ij Wcnbo i\ lao. Alodern <Ty71logrn71hy: theo1y 111ul prnr/1cP. PP.arson Ed11cat.io11 l11d ia , 2003. 

171 W illiam Stallings. Cryptogm71hy mu/ 11r.lwork sPrurity. J'l'ar so11 Ed11cat ion l11dia, 2006. 

9. 7 ME07: J ntroduction t o Nonlinear Optimization 

Learning Outcomes: At the e11d of thr c-oursC', t he student s will br able to: 

I . Dm11onst ra t 1! k nowledge and unul'rst anding uf nonlinear programming 1110<.lcl ling techniques. 

2. lk111o nst rat e knowledg,~ and understanding of non linear program ming sol11t ion a lgorit hms. 

3. Understand globa l allll local opt ima. 

4. UndPrstand Lrast Square, Newton Method in optimization. 

!'i. UJl(lcrst and c·on,·ex fundion and it s rol1• in optimization. 

Contents: 

Uuit-I J\ila t lw111a t ical J>rnlimi1111ries, t l1l' Spal'n fl", R" " '11
, !nun Prod11<"ts and Norms, E igen values and E igl'n 

vcd ors, Bas ic- 'l'opologir·a l Coner.pt s. 

U uit-II Opt.imality Conditions for Unconstrained Opt imization: Global and Local Optima, C la5Sification 

of !llat r ices, S1:cond OrdP1 Opt imality Condit ions. Global Optimality Condit ions, Q uad m t ic Functions. 

U nit-III Least. Squares: Solut ion of over det.ennined Systems, Data F itting, Regularized Least Squares, Denois­

ing, Nonlinear Least Squares. Descent Directions Methods, T he Gradient. Method, T he Condi tion Number. 

Diagonal Scaling, T he Gauss- Newton J\lethod, T he Fermat - Weber P roblem , Convergence Analysis of the 

Grad ient Mr.thod . 

U nit-IV Newton 's Method , P ure Newton 's Method , Damped Newton's Met hod, T he Cholesky Factorization. 

Convex Sets, Algebraic- Operat ions with Convex Se1s, T he Convex Hull, Convex Cones, Topological Properties 

of Convex Sets, Ext reme Points. 

U nit-V Convex Functions, F irs t Ord1!1' Characterizations of Convex Functions, Second Order Characterization 

of Co nv1!X F1nwtions, O perations Prnserving Convexity, Level Sets of Convex Functions, i\laxima of Convex 

Functions, Convexity and Inequalities, Convex Optimization, T he Orthogona l Projection Operato r, Optimiza­

t ion ovP.r a Convex Set , St a t ionnrity in Convex Problems, T he Orthogonal Projection Revisited , T he Gradient 

Projrd ion i\ le t hod, Sparsity Constrained Problems. 

52 



R cfcre 11ces: 

III \1 11 11 B,·, h / 11 /11 1,/ , , 11,111 tu 111111/111 ,111 1111/1111 1: 11/11w · T/11111".'J. ,ilyont/1111 , . 1111d 1111p/,rn/11,11., ll'ilh A!:ITLA/J. Sl,\\I. 

2,11 1 

121 \\ ,•11y11 ~1111 ilIH I Y.1-.\1a 11g '1111111 011t11111: (l/ w11 th,ory 11111/ 1111/h11d8 · 111,11/111rn r p,v91m111111119. \'0]1111w l . Spring<'r 

S< It ' l l<'• ' ,I,.· n 11,i1u•:-~ \ll'di11. '.l(l()(i 

J. lj F, .. 11, 1-nl .l Araitnn . \lii:u,•I .-\ (;lll11·11111. \1111<·11 ,\ IJ,p,·1. 1111d .\l111 ga1it a \ II. H11drigtwz. Non/1111nr opl1m1:olio11. 

Spn11c1•1. '2111 !l 

1·11 IL\ r., ... ,ft and C.ul I ,,11 1~ S:111dhl, ,111 .\'1111 /1111111 1111t11111: 11/w11. Spri11g1•1. '.Wl!J. 

9. 8 J\IE08: Complex Network 

Lcar11i11g 0111 c-0111P:- .-\t 11,,, ,·11d ,,f tilt' 1·mirs,·. tlll' sl11d1 •11t ~ \\'ill lH' a l,l1• lo: 

::it at.• the h~\."Jt' 11wtrH'!' to drnracll•ri:-P 1hr strur t11n• of a 11<>t\\'ork. 

! Ca.I, ul,11< ,~1nnu, c,•11tralit_,. 11wa~11rrs. 

:l D, rn, th, d,·i:1 , , , di:-t nbul ion and I hr r harnct Prisl ir· path lr 11gt h of a random graµh . 

.J E,pJ;,; 1. wh111 i:- 111,•11111 Ii_,· '\mall-\\'orld" a11d 11!'1·al,·- fn ~•11 IH' l\\'ork:­

=, IA nn- till drgn '<-' d 1~1rib11tio11 of th,, 13araiJ;L~i-.-\llJl'rt model. 

,, " t,i11 hiJ\\ 1,, d<·-• 1tlw d,•g1<·1· 1·on1•lat io11:- i11 a 11,0t\\·01k. 

I ~1 H1 ' ' IJH•tbfJd:-- t u PXtra" t lllut i fs a 11d conun1111ity :-.t1t1t ·t11n•s i11 Ut1t\\·ork:;. 

' ))f...., nl, •· t lu l,a.,,, f,·;, tun•:, o f \'atiou~ 1,· .. J ,;rn·ia l. 1>11,lugin il a11d 111a11-1uade 11<'tw,,rk ,., . 

Cou1 e n1 s : 

C11i1-I Fu1,d;,1 u, 111111, "f Graph T lwory. Uin·,·t.,d . \\'l'ight 1•d and Bip11rti1,, Graph,-.. Trr,':.:. C'ornplrx .Network. 

Ba.-.11 - . lu~tory 1111d i111JH11·t a1w1• of Co111pll'X Al'l\\'lll'k . 

U 11i1-II C<>11t rality MViL'iurcs: 'J ls<· l111p,,rt a 111·,• of 13Pi11g C'<'11!1 11I. C',mlll' <'h •d Grnph:- a11d lrr<>d1wiblr .\latricrs. 

Dc·gn~· ;,.1111 E1~1-1,, ,., , .,, C,·111 iaht y, .\lt';\.~un·~ ll1L~l'd 011 Shor1t•,;t Path~. Group Cent ritl ity. 

U nit-III Ra11do111 Grnplis: E1d "o:-, and W·11~•i (El! ) .\lrnl,•b , l)l'gm• Di,;trib111 i,m. Tn'Cs. Cycles and C'o111pl<'IP 

Sul>-grnph:,. Gia11t Co111a·• t<·d C11111p11rn·11t . S<'i1·11tili1· C'ollnl,orntiun _\;pt,rnrk,;, Charactl'ristic Path Lengt h. 

U 11it-I V Small- \Vorl<l Net works: Six l) .. gn'I·:- 11f S1•p11rn1 io11 , TIit' 13r11i11 of 11 \\'or111. C lustt'ring Coefficient , Th<> 

\\'at t- St11,µa t7 (\\'S ) .\Jod,•1. \ 'a1 i11tm11s to till' Tl1<0 111<· .. 'la\'ig11ti11g S111nll-\\'nrlcl ~etworks. 

U 11i1 -V G e 11e raliscd Ra11dom Graplis : Th,· \\'orld \\'id,· W1•b, l'nw1•r-Lmr D<·gn•e Distributions. T he C'o11tig-

11ra11u11 \ J,,d1·l. Ha 11do111 Graph:, \\'ith Arbitrnt y D1•gn·<· Distribution. Sn1l<'-tl'<'<' Hn11do111 Graphs, Probnbilit_v 

(;, •1H•1ati11~ F1111d 1u11:,. \l1Jd1•b of G1owi11g Graphs. l),•gn·,• C'orn•lntio11s. 

References: 

IJI G111dv Caldat<'ll1. C<,111µ/,I .1\1,111'01-ks: l 'm1r1p/1 s. Mr/hod., 1111d App/,ra/,011.<. Oxford UniYcrsit~· PrPss. :.WII-L 

121 .\laartl'II \'a11 St<•t•n . .-1 11 i11/md11dio11 lo Graph lh<'ory 1111d compleI 11e/111ork.s. Van Steen, ~lnarte11 , 20 10. 

1:11 S DorogoYtse,·. C'o111p/1 I 11lf11,o,-ks. Oxford U11i\'<•rs ity Prt>ss Oxford. 20IO. 

1-11 Enwsto Est rada. Th< .,true'/1m of 1·011111/Pr 111 /u•o1-ks: lht·Ol'!J and applirnlio11 s. Oxford UniYPrsit~· Pn•:;.-.;, 2012. 



9.!J ME09: Re presentation Theory of Finite Groups 

Lc>aruiug Outcomes: At tlw 1·11<! of till' , ·01 11 M', ti ll' s t11dt>11t s will lw ablt• tu : 

I . 1' u,m· i11 pa rt inilar si111pl<' n1od11l1•s and S<'llli-si111pl<' a lgebras and t h•~.Y will I)(' fa111ili11r with ,~xamples. 

'2 . appn'ciat<• important rt's11lt s in th1• ,·oms<' s11ch as t.hc .Jorda11-Hi_ildn Theorem, Schur's Lemma , a nd the 
\\'pddPrlmm ThPon •111. 

:l. 11,• fam ilia r with th<' classificat io11 of sP111i-si111pl1• 11lgdm1s over C and be able to a pply this to representations 
and d rnrnct <'rs of fin it t' grn11ps. 

Conte nt s: 

U nit-I Hecollection of left a nd right rnod11lt's , direct s11111s, tensor products 

U nit-II Semi-si111plicit~· o f ri11gs 1111d 111od11J,,s, Selim's lemma, Maschk 's Theore111 

U nit-III \\"pddcrbum·s Struct ure T lwore111. T he group algebra. 

U nit-IV Represent at ion~ of a finite group over n fie l<l , ind11ced representations, characters , orthogonality relations 

U nit-V Repn'sentat ion~ of some s1wcial groups. Burnside's pa qb t heorem. 

References: 

IJ] ~lichael An in and William F Schell er . Graded algebras of global dimensio11 3. Academic Press, 1987. 

121 .\ I art in Burrow. Rq11y,se11tatio11 theo1·y of fill'if c groups. Courier Corporal ion, 201-L 

l:.i] David Stevrll Dummit a nti Richard fl l Foote. Abstrnct A lgebra. Wiley Hoboken, 200-L 

l-1] ."\atha11 J acobsoll. L<.,clures i11 Abstn,d Algf bra: 11. Linear Algebrn. Springer Science i: Business flled ia, 2013. 

j.5] Serge Lang. Alge-Im,. Sprillger Science & l111si11t'SS fl ledia, 2012. 

161 J t'a11-P ierrC' S<'rn' <'I a l. L111e(lr represf1l fal iu11s uf fi11ite groups. Springer , 1977. 

9.10 MElO: Algebraic Number Theory 

Learning Outcomes: At 1hc end of the course, the st.11dm1t s will be able to underst a nd : 

l . til'ld extensions , minimum polynomia l, a lgebraic numbers, conjugates, discriminants, Gaussian integers, alge-
braic integers, integral basis examples: qundrnti<- fi elds. 

2. 11o r111 of an algclJrai(' Jlu1111Jer, existence of factorisation. 

:.i. rPlatiunship between factorisation of 111m1ber a nd of idea ls . 

-1 . NoP.t hcria11 rings, Rings of dimension one. 

5. Cyd otomic extensions and calculation of the discriminant. 

6. st atellwnt of r-.Iinkuwski convex body theonm1. 

7. Ideal class group, st atement of Dirichlet 's theorem 0 11 finite generation of uni ts. 

Contents: 

Unit-I Field extensions a nd examples of field extensions of rational numbers, real numbers a nd complex numbers. 
Monie polynomials, Integral extensions, M inimal polynomial, Characteristic polyllomial. 



( 

Unit-JI IJ1t l'l{Ja l <'l0,,1111· and 1•xa111pl1•~ of 1i11µ,s whid1 an• i11t egrally dosPd. Ex,1111plc~ ol ri11gs wltil'h an• 1101 

i11t1•µ,rn ll :v dO:it' tl. Th<' r illl!, of integers. Tlw ring of Gaussian int egers. Quadrat ic extensions 1111d dcs<'ription 
of t hr· 1 ing tJf i11t1w•r~ i11 q11adra t i,· 1111111lw 1 lic•lds. Unit s i11 q uad rat i(' 1111111lll'r lic•lds and w la t ions to 1·0111 i1111ed 
f1;wt ion~. 

U nit - 11 I :\1H' I lwria11 rings. Hings o f di1111 ·11siu11 011c. Dedrkind domai11s. Norm:; a 11d I.races. Dcriv1! formu lae· 
rela t i11,; norms and t J'al'PS for t owers of fil'ld extc11sio11s. Discriminant a ll(} calculations of t he discriminant i11 
th, • sp,•,·ia l ,·011t Pxt of <prndrnti,· 1111ml >1 •r fi,•lds . f)iffl'l'Pll1 and it 's applin1tio11s. 

Unit-IV C':vd otomic rxt P11sio11s and <'11k11lat ion of tlw discriminant in this case. Fartorization of ideals inl.o prime 
idrals and it s n•lation to Iii<' disn iminant . Harnifirntio11 theory, residual degree and its relat.io11 to the degree 

of t II<' t'Xlension. Ha m iii Pd primrs in quad rat k 11umlJl'r fields. 

Unit-V ldPal class group. Geonu!tril' ideas involving volumes. Minkowski 's t heorem and its application to proving 
finitmPSs of th<' itkal class grn11p. R<'al and rnmplex <'mbcddings. Strurture of finit.cly generated abelian 

groups. Dirir hlr t"s Unit T lworrm and th<' rank of the group of unit s. Disl'rntc va luation rings , Local ffrlds. 

References: 

I 11 Gerald .J J anusz. A/gebnnc 1111111be1· fields. American Mathematical Soc. , 1996. 

121 Jiirgcn ~ eukirch. A/gebrnir 11.11111bl'r theory. Springer Science & Business I\ ledia, 20 1 :t 

j:!I Daniel A ~larrns and E nwnucle Sal'l'O. Nu111br-r fields. Springer, I 977. 

9.11 MEl 1: Algebraic Topology 

Learning Outcomes: At t he end nf the rours1-, the st udent s will Ill' able to: 

l. Expla in the fumlament al roncr pt s uf alg1•brai1· topology a nd t h,~ir role in modern 11ia1lwmat ics and applied 
,·nnt Px t ~ 

2. Demonst rat e acl'urat c and c!ffici<'nt use) o f a lgc•brail' topology techniques. 

:t Delllunstrate capacity for 111at lw111atkal reasoning through a11alyzi11g, prov i11g and explaini11g concepts from 

a lgc•brak topology. 

-I. Apply problem-solving us i11g algeliraiC' topology techniques applied t.o diwrse sit uat.ions in physics, engineering 

and other 111athemat ital co11tcxt s . 

. 'J. Underst a11d the co11cept of Paths, Homotopies of paths, covering space, orbit space, free groups. 

Contents: 

Unit.-1 Review uf quotient spaces all(I its trniversal properties. Examples on RP", Klein 's bottle , Mobius baud, 

CP", SO(n, R) . Connectedness and path connectedness of spaces such as SO(n, R) and ot her similar 

examples. Topological groups and their ba5ic properties. Proof that if H is a <'onnected subgroup such 

ilia t G / H is a lso connected (a5 a topologica l space) \.hen G is connected. Quaternions, S3 and S0(3, R) . 
Con11e1·tcd , loca lly pa th ('(Jnnel't ed space is path mnnected . 

Unit-II Paths a11d homotopies of pa ths . The funda mental group and its ba5ie properties. The fund amental group 
of a topological group is abelia n . Ho motopy of maps, retraction a nd deformation retraction . The fundamental 

group of a product. The fu11da111enta l group of the l'ircle. Brouwer's fixed poi11 t heorern . Degree of a map. 

Applications s11eh a.s the fundamental theore111 of a lgebra, Borsuk-Ulam theorem a nd t he Perron Frobenius 

theorem. 

Unit.-III Coveri11g spaces and its basic properties. Examples su<'h as t he real line a5 a covering space of a circle, 

the double cover T/ : S" -+ RP", the double cover 17 : S3 -+ S0(3,R) . Relationship t.o t he fundamenta l 
group. Lifting criterion and Deck transformations. Equivalence of covering spaces. Universal covering spaces. 

Regular coverings and its various equivalent. formu lations such a5 the transitivity of the action of the Deck 

group. The Galois theory of cm·<'ring spaces. 



Unit-IV Orbit spa,·,•,; . Fundam,•11tal grnup of th<' l,lt-i11 ',; bot th· and torus. H1•lation lwt wPt'll mwring span•s aml 

Orirntation of sJllooth lllanifolds. Non orient abilt>' of RP2 illustrat ed via cowring spaces. 

U nit- \/ F1,·t• g1uups a11d its ba:-it· p1op,•rtit':'. frf'l' produl'b wit h alllalgamations. Concept of push out:, in the 

rnnt<'xt of topolol!.ical spa1•p,; and h'Toups. SC'ifert Van h ampen theon' lll and its a pplications. Basic notions of 

knot t hror>· sul'h 'as t Ji,, group of a knot. \\'i rt inger's a.lgorit hm for c-akulat ing t he Group of a knot illus trat ed 

with simple t'Xfllllpl<':- . 

R eferences: 

iJ I Elon LagPs Lima. F1111d11mrn tal grn11ps u11d co11l'l'i11y spaces. AK Peters CHC Press. 2003. 

121 \\'S :\lassey. fol 1ud11d1011 to olyebn11r topology. Springer Verlag. I 967. 

9.12 Iv1El2: Differential Geometry & Applications 

Learning Outcomes: . .\t tlw end of the coursP. the students will be able to: 

I. Prt•cisely define and de:;c-ribt> basic geometric concept s, such as curves a.nd surfaces. 

2. Explain tht> main ideas of Gauss· formula. PrincipaJ Curvatures. Euler's t heorem . 

3. C uderstand t he conct>pt of Cun-at ure of cun ·es in £ " . 

-l . Understand the concept of Euler 's Theory of rnrves on Surfaces. 

5. Understand the <·onc<'pt of Gauss·s t hror~· of Currnt m e of Surfacrs. 

6. Understand the concept of :\Jore Surface t ht>or>·· 

7. Underst and tlw concept of :\Jodern pt>rspPct iw on surfacPs. Tangent pla1w. 

Contents: 

Unit-I Curvature of ,·ur\'l'S in £" : Paranwtrized Curves. ExistPnce of Arl' lengt h parametrization, Curvature 

of plane <·un·C's. Frr,n11et-Sen C't t ))('or~· of (arr- length paramC'trized ) cun·es in £ 3 • Curvature of (arc-length 

paramet rized) c·111Tf!S in En. Currnt urP t heor~· for parametrized c·urws in £ ". Siguificam·p of the sign of 

c·urrnt ure. l{jgi<lity of rnn·es in E" . 

Unit-II Euler 's Theory of curves on Surfaces : Surface! palcht'S and local coordinates. Examples of surfaces in £ 3 , 

C'urves on a surface!, tangents to the surfacp at a point. Vector fields a long cun·es. Parallel Yector fields. wct or 

fields on surfaces. Normal Yed or fields. the Firs t Fundamental form , Normal curvature of curves on a surface, 

Geodesirs. geodesic Cun·aturt>. Christoffel symbols. Gauf.s' formu la,Principal Currntures, EulE'r·s theorem. 

U nit-III Gauss· thcor_v of C'urrnt urc of Surfaces : The SPrnn<l Fundamental Form. \\'eingarten map and the 

Shape opt>rator. Gaussian Curvature, Gauss· Theorema Egregium. Guass-Codazzi equa tions .Computation of 

First ·Second fundamental form . curYat ure et c. for f'urfaces of revolution and otht>r examples. 

U nit-IV :\Jore SurfaC'e t heory: lsop1!ri111etric Inequality. ;1JeaJ1 Curvature and !\linimal Surfaces (introduction). 

surfaces of const ant curvaturf'. Geodesic coordinntes, Not ion of orit>ntation , examplt•s of non-orient able sur­

faces. Eult>r ('haracteristic . st at emt>nt of Gauss-Bonnet Theorem . 

U nit-v \ lodern p<'rs1wct iH• on surfac<•s. Tang1•nt planes. Parallf' I t ransport, A fine connection . Reimam1ian mE't r ics 

011 surfaces. 
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References: 

11 I Ancl1 f'W N Pn·~~I•·~•. Eli Ill( ntnry rlijf1 1n11-ifll !Jf'f1111f'h"!J. Sprill~I'!' S1·i(')JI'(' & nw,iJJPSc, \l•·diH , 20 l CJ. 

121 .John A Thorp!' . E/,,1111' 11 111171 lo71i1·s in dijfP1n1lw/ geomr-17·y. Spring1•r S1·i,.1J<·1• 6l. R11,,i1wss \lr•dia , 201 2. 

1:31 J\ lanfredo P Do Carmo. Dijfrre11linl yeomet1y of curve8 rmd smfaces: 1n1iserl 1111d updated secrmd edition. Courin 
DovPr P11hlin11 ions. 20 l fi. 

l-11 Hicharrl S J\lilln1an and George I) Parker. Elemn1ts of differential geoml' try. Prelltice Hall, 1977. 

9.13 ME13: Fuzzy Set Theory & Its Applications 

Learning Outcomes: A 1 1 lw em! of 1 he course, the students will be able to : 

l. U ndPrs1 and the various concept in fuzzy sets. 

2. UndPrsta nd the extension principle and operations on fuzzy sets. 

3. Understand the fuzzy rel at ions on Fuzzy sets. 

-1. Understand the fuzzy equivalenrP relations and relational equations. 

5. Explain fuzz~, measure and possibility theory. 

Contents: 

Unit-I Fuzzy sets-Basic definitions, o -leVPl set s. Convex fuzzy sets. Ba'iic operations on fuzzy sets. Types of fuzzy 
sets. Cart esian produrt s, Algebrair products. Bounded sum and differc11ce, I-norms and 1-eonorms. 

Unit-II The Extension Principle- T he Zadeh's extension princ.:iple. Image! and inverse imag1! of fuzzy sets. Fuzzy 
numbers. Elements of fuzzy arit.l1mc1ic. 

Unit-III Fuzzy Rel at ions on Fuzzy sets, Composition of Fuzzy relat ions. J\ lin-\lax composition a11d it s properties. 

Unit-IV Fuzzy equivalence relations. Fuzzy compatibility relations. Fuzzy relation equations. Fuzzy graphs, 
Similari ty relation. 

Unit-V Possibility Theory-Fuzzy nwasures. Evidence theory. Necessity measun• . Possibility measure. Possibility 
distribution. Possibility theory and fu zzy sets. Possibility theory versus probability theory. 

References: 

!JI Hans-.Jiirgen Zimmermann. Fuzzy set the01-y- and its applications. Springer Science 6l Business \ledia, 2011. 

121 George Klir and Bo Yuan . Fuzzy sets and fuzzy logic. Prentice hall New .Jersey, 1995. 

131 1\1 Ganesh . Introduction to fuzzy sets and fuzzy logic. PH I Learning Pvt. Ltd. , 2006. 

141 .James J Buckley and Esfaudiar Eslami. An introduction to fuzzy logic u11d fu zzy sets. Springer Science 6l 
Business Media , 2002. 

151 Kazuo Taualrn and Kawo Tanaka. An i11 lrod11rtio11 lo fu zzy logic for prnr:lical applimtiori.~. Springer, 1997. 
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9.14 ME14: Wavelets 

Learning Out.comes: At the c>1ul of the course, the st.11dl?llt:; will b1? able to: 

1 . U ndcrst an<l the bask ronrept of wavelet theory and ways of constructing wavelets. 

2. Understand and appl:v unitary folding operators and the smooth projections. 

3. Understand the concept of multi-resolution analysis and construction of compactly supported wavelets . 

..J. Under stand the characterization of Lemarie-Meyer wavelets, Franklin wavelets and spline wavelets on the real 
line. 

5. Understand and apply decomposition and reconstruction algorithms for wavelets. 

Contents: 

Unit-I Preliminaries-Different ways of constructing wavelets- Orthonormal bases generated by a single function: 
the Balian-Low theorem. Smooth projections 011 L2 (JR). 

Unit-II Local sine and cosine bases and the construction of some wavelets. The unitary folding operators and the 
smooth projections. 

Unit-III Mult.iresolut ion analysis and construction of wavelets. Construction of compactly supported wavelets and 
estimates for its smoothness. Band limited wavelets. 

Unit-IV Orthonormality. Completeness. Characterization of Lemarie-Meyer wavelets and some other charncteri­
zations . Franklin wavelets and Spline wavelets on the real line. 

Unit-V Orthonormal bases of piecewise linear rontinuous functions for L2 (1!'). Orthonormal bases of period ic 
splines. Periodization of wavelets define<l on the real line. 

References: 

!J] Albert Boggess and Francis .] Nar!'owich. A fi.rst course in wavelets with Fourier a.11alysis. John \ l\1iley & Sons, 
201 5. 

12] Eugenio Hernandez and Guido Weiss. A f frst course on wavelet.s. CRC press, 1996. 

131 Przemyslaw Wojtaszczyk. A mathematical i.ntroduction t.o wavelets. Cambridge University Press, 1997. 

14] David F Walnut. An introduction to wavelet. analysis. Springer Science & Business Media, 2002. 

15] Gerald K aiser and Lonnie H Hudgins. A friendly guide to wavelets. Springer , 1994. 

9 .15 ME15: Mathematical Methods 
Learning Outcomes: At t he end of the course, the students will be able to : 

l . Understand Integral equations, its types and properties. 

2. Understand different kernals, Eigen values and functions of Integral operator. 

3. Solve Fi-edholm Integral Equations of the second kinds. 

4. Understand Calculus of variations, Euler - Lagrange equations. 

5. Understand Variational formulation of boundary value problems. 

Contents: 

Unit-I Integral equations, Introduction, Abel,s Problem, Fredholm lntegral Equations of first, second and third 
kinds, Homogeneous Fredholm Integral Equation, Volterra integral equations of first, second and third kinds, ~ •l~ ~Cl"::l;;tions~ -?~ 



( 

U uit-11 Sy1111111't ric l(l'rnals, I )q-1<•1u•rn1I• l{1•rna ls, It.crated l{ernab, Hcsolvc11t l<ernals, Eigcn values and Eigen 
f111ll'tio11s of lllt <'grnl opt'rntor, Solution by Eigeu values and cigen functions Method. 

U 11it-l I I Solut irn1 of Fn•dhul111 I ntl'gral Equations of t.hc second kinds with degenerate kernals, l\let hod of Sueccssiw 
A pproxi111at iom,. l\ l1•t hod of S11< '<'Pssiv1! S11hHt it utions, Ne11111ann series. Fredholm's First , second and t hird 
F1111d,1111<'nt al Th<•on•111s, G r1'e11 's Fund ion. Modified Green's Function 

Unit-IV Cakulus of varia t inns: Introduction, Euler - Lagrange equations, Invariance of Euler 's Equat ions, Field 
nf Ext n ·nrnb, Nat ma! boundary conditionH, 'J'ransversality conditions, Simple applications of variational prin­
l'iph·. S11flki<'11t cmalitions for cxtrl'mllm of a functional. 

Unit.-V Varia tional formulation of RVP, !\loving Boundary problems, Euler 's Finite Difference Method, Rit z 
\ ll't hnd. Vari a t ion al nwthods for finding EigPnvahll's and Eigenfunctions. 

References: 

11 \ FR Hildebrand. i\frthods of Applied Mathematics. Prentice-Hall , 4th printing, 1958. 

\2\ Filip Rindler. Calculus of 1101-iations. Springer, 2018. 

\:l\ AS Gupta. Calculus of v111-iations wil.h applications. PHI Learning Pvt. Ltd. , 1996. 

\-1\ l\lD H.aisinghania. hitegral equat-ions and boundary value. problems. S. Chand Publishing, 2007. 

9.16 ME16: Fourier Analysis 

Learning Outcomes: At the end of the <'ourse, the students will be able to : 

I . Understand in-depth knowledge of Fourier analysis, discussion of convergence of Fourier series and its appli-
cations 

2. Underst and the summability of Fourier srrics for functions in L1
, L2 and LP spaces. 

:3 . Calcula te Fourier-transforms of integrable functions and basic properties of Fourier transforms . 

. J. Understand th<' concept. of Distributions and Fourier Transforms, Tempered Distributions Applications to 

PDEs. 

Contents: 

Unit-I Fourier sPries, Discussion of convergence of Fourier series. 

Unit-II Uniqueness of Fourier Series, Convolutions, Cesaro and Abel Summability, Fejer's t heorem , Dirichlets 
theorem , Poisson Jfornel and summability kernels. Example of a continuous function wit h divergent Fourier 

serif's. 

Unit-III Summability of Fourier series for functions in L1 , L2 and lJ' spaces. Fourier-transforms of integrable 
functions. Basie propert ies of Fourier transforms, Poisson summation formula, Hausdorff-Young inequality, 

Riesz-Thorin Int erpolation t heorem. 

Unit-IV Schwm·t z class of rapidly decreasing functions, Fourier transforms of rapidly decreasing functions, Rie­
mann Lebesgue lemma, Fourier Inversion Theorem , Fourier transforms of Gaussians, Plancheral theorem, 

Paky-Weiner theorem. 

Unit-V Distributions and Fourier Transforms: Calculus of Distributions, Tempered Distributions: Fourier trans­
forms of tempered distributions, Convolutions, Applications to PDEs. 
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References: 

11 I Y 1' at zn<'lson. An int rorl11d ion to han11011il' analysis, dovf'r p11hlicat ions, IH'W york, J!J7fi. 

121 Rolwrt E Edwards. F01wi1'r Se1·ips; A Moden , Jntrod11clio11 \10/111111' 2. Springer Sripm•e & B11siness J\ lr.dia, 2012. 

131 Elias J\l Stein. Fourier Analysis. A11 i11tmductio11 . 2003. 

l-11 Walt.er Hudin. F01wier analysis on groups. Courier Dover Publications, 2017. 
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