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COURSE MATERIALS

MAT 102 VECTOR CALCULUS, DIFFERENTIAL EQUATIONS AND
TRANSFORMS

VISION OF THE INSTITUTION

To mould true citizens who are millennium leaders and catalysts of change through
excellence in education.

MISSION OF THE INSTITUTION

NCERC is committed to transform itself into a center of excellence in Learning and
Research in Engineering and Frontier Technology and to impart quality education to mould
technically competent citizens with moral integrity, social commitment and ethical values.

We intend to facilitate our students to assimilate the latest technological know-how and to
imbibe discipline, culture and spiritually, and to mould them in to technological giants,
dedicated research scientists and intellectual leaders of the country who can spread the beams
of light and happiness among the poor and the underprivileged.

CSE DEPARTMENT, NCERC PAMPADY




ABOUT DEPARTMENT
4 Established in: 2002

¢ Course offered : B.Techin Computer Science and Engineering
M.Tech in Computer Science and Engineering
M.Tech in Cyber Security

¢ Approved by AICTE New Delhi and Accredited by NAAC

& Affiliated to the University of =~ . A P JAbdul Kalam Technological University.

DEPARTMENT VISION

Producing Highly Competent, Innovative and Ethical Computer Science and Engineering

Professionals to facilitate continuous technological advancement.

DEPARTMENT MISSION

. To Impart Quality Education by creative Teaching Learning Process

. To Promote cutting-edge Research and Development Process to solve real world
problems with emerging technologies.
To Inculcate Entrepreneurship Skills among Students.

. To cultivate Moral and Ethical Values in their Profession.

PROGRAMME EDUCATIONAL OBJECTIVES

PEOL: Graduates will be able to Work and Contribute in the domains of Computer Science and
Engineering through lifelong learning.

PEO2: Graduates will be able to Analyse, design and development of novel Software
Packages, Web Services, System Tools and Components as per needs and
specifications.

PEO3: Graduates will be able to demonstrate their ability to adapt to a rapidly changing
environment by learning and applying new technologies.

PEOA4: Graduates will be able to adopt ethical attitudes, exhibit effective communication
skills, Teamworkand leadership qualities.
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Free Hand


PROGRAM OUTCOMES (POS)
Engineering Graduates will be able to:

1. Engineering knowledge: Apply the knowledge of mathematics, science,
engineering fundamentals, and an engineering specialization to the solution of
complex engineering problems.

Problem analysis: ldentify, formulate, review research literature, and analyze
complex engineering problems reaching substantiated conclusions using first
principles of mathematics, natural sciences, and engineering sciences.
Design/development of solutions: Design solutions for complex engineering
problems and design system components or processes that meet the specified needs
with appropriate consideration for the public health and safety, and the cultural,
societal, and environmental considerations.

Conduct investigations of complex problems : Use research-based knowledge and
research methods including design of experiments, analysis and interpretation of
data, and synthesis of the information to provide valid conclusions.

Modern tool usage: Create, select, and apply appropriate techniques, resources,
and modern engineering and IT tools including prediction and modeling to
complex engineering activities with an understanding of the limitations.

The engineer and society: Apply reasoning informed by the contextual knowledge
to assess societal, health, safety, legal and cultural issues and the consequent
responsibilities relevant to the professional engineering practice.

Environment and sustainability: Understand the impact of the professional
engineering solutions in societal and environmental contexts, and demonstrate the
knowledge of, and need for sustainable development.

Ethics: Apply ethical principles and commit to professional ethics and
responsibilities and norms of the engineering practice.

Individual and team work: Function effectively as an individual, and as a
member or leader in diverse teams, and in multidisciplinary settings.

. Communication: Communicate effectively on complex engineering activities with
the engineering community and with society at large, such as, being able to
comprehend and write effective reports and design documentation, make effective
presentations, and give and receive clear instructions.

. Project management and finance : Demonstrate knowledge and understanding of
the engineering and management principles and apply these to one’s own work, as
a member and leader in a team, to manage projects and in multidisciplinary
environments.

. Life-long learning: Recognize the need for, and have the preparation and ability to

engage in independent and life-long learning in the broadest context of
technological change.

PROGRAM SPECIFIC OUTCOMES (PSO)

PSO1: Ability to Formulate and Simulate Innovative Ideas to provide software solutions
for Real-time Problems and to investigate for its future scope.

PSO2: Ability to learn and apply various methodologies for facilitating development of
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high quality System Software Tools and Efficient Web Design Models with a focus on
performance optimization.

PSO3: Ability to inculcate the Knowledge for developing Codes and integrating
hardware/software products in the domains of Big Data Analytics, Web Applications and
Mobile Apps to create innovative career path and for the socially relevant issues.

COURSE OUTCOMES

co1 Compute the derivatives and line integrals of vector functions and learn their
applications

Evaluate surface and volume integralsand learn their inter-relations and applications.

Solve homogeneous and non-homogeneous linear differential equation with constant
coefficients.

Compute Laplace transform and apply them to solve ODEs arising in engineering

Determine the Fourier transforms of functions and apply them to solve problems arising
in engineering.

MAPPING OF COURSE OUTCOMES WITH PROGRAM OUTCOMES

3 3 |3 1
3 3 |3 1
3 3 |3 1
3 3 |3 1

3
3
3
3
3

3 3 |3 1
Note: H-Highly correlated=3, M-Medium correlated=2, L-Less
correlated=1

PSO1 | PSO2
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SYLLABUS

MAT VECTOR CALCULUS, Year of
102 DIFFERENTIAL EQUATIONS AND Introduction

TRAMSFORMS B5C 2019

Preamble: This course introduces the concepts and applications of differentiation and integration of
vector valued functions, differential equations, Laplace and Fourier Transforms. The objective of this
course is to familiarize the prospective engineers with some advanced concepts and methods in
Mathematics which include the Calculus of vector valued functions, ordinary differential equations
and basic transforms such as Laplace and Fourier Transforms which are invaluable for any engineer’s
mathematical tool box. The topics treated in this course have applications in all branches of
engineering.

Prerequisite: Calculus of single and multi variable functions.

Module 1 (Calculus of vector functions)
(Text 1: Relevant topics from sections 12.1, 12.2, 12.6, 13.6, 15.1, 15.2, 15.3)

Vector valued function of single variable, derivative of vector function and geometrical
interpretation, motion along a curve-velocity, speed and acceleration. Concept of scalar and vector
fields , Gradient and its properties, directional derivative , divergence and curl, Line integrals of
vector fields, work as line integral, Conservative vector fields , independence of path and potential
function(results without proof).

Module 2 ( Vector integral theorems)
(Text 1: Relevant topics from sections 15.4, 15.5, 15.6, 15.7, 15.8)

Green’s theorem (for simply connected domains, without proof) and applications to evaluating line
integrals and finding areas. Surface integrals over surfaces of the form z = g{x, y), y = glx, 2) or x =
gly, 2) , Flux integrals over surfaces of the form z = glx, y), vy = glx, 2) or x = gly, 2}, divergence
theorem (without proof) and its applications to finding flux integrals, Stokes’ theorem (without
proof) and its applications to finding line integrals of vector fields and work done.

Module- 3 ( Ordinary differential equations)

(Text 2: Relevant topics from sections 2.1, 2.2, 2.5, 2.6, 2.7, 2.10, 3.1, 3.2, 3.3)

Homogenous linear differential equation of second order, superposition principle general solution,
homogenous linear ODEs with constant coefficients-general solution. Solution of Euler-Cauchy
equations (second order only).Existence and unigueness (without proof). Non homogenous linear
ODEs-general solution, solution by the method of undetermined coefficients (for the right hand side
of the form x™e** sinax,cosax,e® sinaxe*cosaxand their linear combinations), methods of
variation of parameters. Solution of higher order equations-homogeneous and non-homogeneous
with constant coefficient using method of undetermined coefficient.
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Module- 4 (Laplace transforms)
(Text 2: Relevant topics from sections 6.1,6.2,6.3,6.4,6.5)

Laplace Transform and its inverse ,Existence theorem ( without proof) , linearity,Laplace transform
of basic functions, first shifting theorem, Laplace transform of derivatives and integrals, solution of
differential equations using Laplace transform, Unit step function, Second shifting theorems. Dirac
delta function and its Laplace transform, Solution of ordinary differential equation involving unit
step function and Dirac delta functions. Convolution theorem(without proof)and its application to
finding inverse Laplace transform of products of functions.

Module- 4 (Laplace transforms)
(Text 2: Relevant topics from sections 6.1,6.2,6.3,6.4,6.5)

Laplace Transform and its inverse Existence theorem ( without proof) , linearity, Laplace transform
of basic functions, first shifting theorem, Laplace transform of derivatives and integrals, solution of
differential equations using Laplace transform, Unit step function, Second shifting theorems. Dirac
delta function and its Laplace transform, Solution of ordinary differential equation involving unit
step function and Dirac delta functions. Convolution theorem(without proof)and its application to
finding inverse Laplace transform of products of functions.

Module-5 |Fourier Tranforms)
[Text 2: Relevant topics from sections 11.7,11.8, 11.9)

Fourier integral representation, Fourier sine and cosine integrals. Fourier sine and cosine transforms,
inverse sine and cosine transform. Fourier transform and inverse Fourier transform, basic properties.
The Fourier transform of derivatives. Convolution theorem (without proof)

Text Books

1. H.Anton, |. Biven S.Davis, “Calculus”, Wiley, 10™ edition, 2015.

2. Erwin Kreyszig, "Advanced Engineering Mathematics”, Wiley, 10" edition, 2015.
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QUESTION BANK

MODULE |

QUESTIONS

Find the natural domain of r(t) = sin2ti — 4tj

Find velocity, acceleration and speed if r(t) = 3ti +
2t%j +tk

Find the directional derivative of f(x,y)=e*cosy at
P@@ianWWMnda=5L—y

Find the divergence and curl of the vector field

flx,v,z) =x*yi+2y3zj+3zk

Is the vector r wherer = xi + yj + zk conservative. Justify
your answer.

Prove that the force field F = eYi+ xe?Y j is conservative
in the entire xy-plane

Find the work done by the force fieldF(x, y, z) = xyi +
yzj + xzk along C where Cis the curver(t)=ti+t2j+t
3

k

Find the divergence of the vector field
2 xi +yj + zk)

- (x2+y2 +22)3/2

Find the work done by the force field F = (e* -y *) + (cos
y +x*)jon a particle that travels once around the unit
circle centred at origin having radius 1.

How would you calculate the speed, velocity and

accelerationat any instant of a particle moving in space
whose position vector at time tis (t)?

When do you say that a vector field is conservative?

What are the implications if a vector field is
conservative?
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MODULE Il

Use the divergence theorem to find the outward flux of
the vectorfield F(x, y, z) = zkacrossthe x * i+ y *j + z2k

=a2

State Greens theorem including all the required
hypotheses

What is the outward flux of (x, y, z) = xi + yj + zk across
any unit cube.

What is the relationship between Green’s theorem and
Stokes theorem?

Use divergence theoremto find the outward flux of the
vector field F = 2xi + 3yj + z*> k acrossthe unit cube
bounded by orx=0,y=0,z=0,x=1,y=1,z=1

Find the circulation of F = (x — z)i + (y - x)j +(z - xy)k
using Stokes theorem around the triangle with vertices
A(1,0,0), B(0,2,0)and C(0,0,1)

Use divergence theoremto find the volume of the

cylindrical solid bounded by x2i+4x+y2k=7, z=-1,2
= 4, given the vector field F = xi + yj + zk across
surfaceof the cylinder

Use Stokes theorem to evaluate[ F. dr whereF = x “ii +

3xj - y > kwhere Cis the circle x >+ y 2 = 1in the xy- plane

with counterclockwise orientation looking down the
positive z-axis

Use Green’stheorem to express the area of a plane
region bounded by a curve as a line integral.

Write any one application each of line integral, double
integral and surface integral.
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MODULE Il

Solve y “+4y‘+2.5y=0

Does the function y = C7 cos x + C; sinxform a solution
ofy “+y =07?. Isit the general solution? Justify your
answer

Solve the differential equation y  + y =0.001x2 using
method of undetermined coefficient.

o’

Solve the differential equation ofy ' -3y “ +3y ‘- y=

e -x-1.

Solve y ”’+4y’+4y = x* + e cosx

Solvey’”’ + 3y’’ + 3y’ + y =30 e giveny(0) = 3,y (0) = -3
,y"(0)=-47

Using method of variation of parameters, solvey “+y =

sec x

Find the characteristic roots of the ODEy + 2y + 5y =10

State Super position principle

Solve by method of variation of parameters y + 4y = cos 2x

Solvexy +Q.7xy-Q1y=0

Find an ODE for the given basis e"", xe'™
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MODULE IV

Find the Laplace inverse transform of
s(sZ+w?)

State the Convolution theorem for Laplace transform

Solve the differential equation y'' —y =t y(0) =
1,y'(0) = 1 using Laplace transform

Apply Convolution theorem tofind the inverse Laplace

transform of ————
s2(s?24+w?)

Using Laplace transform, solve the IVP y'' — 3y’ + 2y =
4e?t y(0)=-3,y’(0) =5

Find Laplace transform te?t sin3t

f Z(e—s_e—js)

Find inverse Laplace transform o
(5%-4)

Solve y""+ 3y’ + 2y = f(t) wheref(t) =1 for 0<
t<land f(t)=0 for t> 1 using Laplace
Transform

Apply Convolution theorem tofind the inverse Laplace

transform of

52 (s2+w?)

Using Laplace transform, solve the IVP y"" + 4y’ + 5y =
6(t—1) y(0)=10,y'(0)=3
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MODULE V

State the Convolution theorem for Fourier transform

Find the Fourier transform of f(x) = |x| if x| <1 and
f(x)=0 other wise

Find the Fourier cosine and sine transform of
{k if 0<x<a

0 if x>a
Find the Fourier cosine transformof e **fora > 0

Find the Fourier transform of e~*  .Hence find
F(xe —x*)

Using Fourier Integral representation show that

gx Jif0<x <1
Jifx=1
ifx >1

fOO sinw—wcosw

0 — sinxwdw =

T
4
0,

Using Fourier Integral representation show that
0 ,ifx<0

Y .
X =3 ,ifx=0

me ™, ifx>0

fOO COSXW+wSsIinxw
0 14+w?

—ax

Find the Fourier Sine and cosine transform of eT

Find the Fourier integral representation for f(x) =

e ® for x > 0 and k > 0 and hence evaluate
J‘Oo CoSwx d

0 k2+w?
Does the Fourier sine transform

f(x) =x7tsinx for0<x < oo exist? Justify

answer.
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