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LINEAR ALGEBRA AND SPECIAL FUNCTIONS 3204

OBJECTIVES:

1. To develop analytical skills for solving engineering problems
2. To make the students to study about linear algebra and some useful special
functions.

INTENDED OUTCOMES:

1. Be able to acquire basic knowledge on vector spaces and linear transformations.
2. Be able to build and solve the special functions.

UNIT I VECTOR SPACES (12)
General vector spaces, real vector spaces, Euclidean n-space, subspaces, linear independence, basis and
dimension, row space, column space and null space.

UNIT 1l LINEAR TRANSFORMATIONS (12)
Linear Transformations - The Null Space and Range - Isomorphisms - Matrix Representation of Linear
Transformations —Eigen values and Eigen vectors - Similarity, Diagonalization.

UNIT 111 INNER PRODUCT SPACES (12)
The Dot Product on R" and Inner Product Spaces - Orthonormal Bases - Orthogonal Complements -
Application : Least Squares Approximation - Diagonalization of Symmetric M - Application; Quadratic
Forms

UNIT IV HYPERBOLIC FUNCTIONS, BETA AND GAMMA FUNCTIONS (12)
Hyperbolic Functions: Hyperbolic functions and Inverse Hyperbolic functions — Identities — Real and
imaginary parts — solving problems using hyperbolic functions.

Beta and Gamma Functions: Definitions — Properties — Relation between beta and gamma
integrals — Evaluation of definite integrals in terms of beta and gamma functions.




UNIT V

BESSEL FUNCTIONS

(12)

Bessel Functions — Preliminaries — Definitions — Bessel Differential Equation — Differential recurrence
relations — the pure recurrence relation — A generating function — Bessel’s integral — Index half and odd

integer.
Total : 60
TEXT BOOKS:
S. | AUTHOR(S) NAME | TITLE OF THE PUBLISHER YEAR OF
NO. BOOK PUBLICATION
1 Kreyszig,E Advanced John Wiley & Sons, New 2014
Engineering Delhi.
Mathematics

2 ShahnazBathul Text book of | PHI Publications, New Delhi. | 2009
Engineering
Mathematics(Special
Functions and
Complex Variables)
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NO. NAME BOOK PUBLICATION

1 Dr. Grewal B.S. Higher Engineering | Khanna Publishers, New | 2013
Mathematics Delhi.
2 Anton and Rorres | Elementary Linear Wiley India Edition, New | 2012
Algebra, Delhi.
Applications version
3 Jim Defranza, Introduction to Tata McGraw-Hill, New 2008
Daniel Gagliardi Linear Algebra with | Delhi.
Application
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(Deemed to be University)

DEPARTMENT OF SCIENCE AND HUMANITIES

LECTURE PLAN
Subject : LINEAR ALGEBRA AND SPECIAL FUNCTIONS
Code : 18BEEC301B/18BEBME301B

Unit No. List of Topics No. of Hours

VECTOR SPACES

Introduction- Group, Field

General vector spaces

Real Vector Space - Problems

Euclidean n-space, , and row space, column space and null space.

Linear Algebra- Subspace of Linear Algebra

Linear independence - Problems

Rl R R PR~

Basis- Problems

UNIT | Problems in Linear Independence and Basis

Dimension - Problems

Row space, and.

Column space

|-

Null space

TOTAL

[y
N

LINEAR TRANSFORMATIONS

Introduction - Linear Transformations

Linear Transformations

The Null Space and Range

Isomorphism

Matrix Representation of Linear Transformations

Problems in Matrix Representation of Linear Transformations

UNIT =11 Eigen values and Eigen vectors

Eigen values and Eigen vectors - Problems

Similarity of matrices - Problems

Similarity of matrices - Problems

Diagonalization of matrices - Problems

N NI I I S S S Y =y

Diagonalization of matrices - Problems

TOTAL

[N
N

INNER PRODUCT SPACES

Introduction:

The Dot Product on R"

Inner Product Spaces

Orthonormal Bases

Orthogonal Complements

Least Squares Approximation- Problems

UNIT = 11 Least Squares Approximation- Problems

Least Squares Approximation- Problems

Diagonalization of Symmetric M- Problems

N

Diagonalization of Symmetric M- Problems

Quadratic Forms- Problems

Quadratic Forms- Problems 1

TOTAL 12




UNIT - IV

HYPERBOLIC FUNCTIONS, BETA AND GAMMA FUNCTIONS

Hyperbolic functions

Inverse Hyperbolic functions

Identities

Real and imaginary parts

Problems using hyperbolic functions.

Problems using hyperbolic functions.

Beta and Gamma Functions: Definitions

Beta Functions: Properties

Gamma Functions: Properties

Relation between beta and gamma integrals

Evaluation of definite integrals in terms of beta and gamma functions.

Evaluation of definite integrals in terms of beta and gamma functions.

NIRRT

TOTAL

=
N

UNIT -V

BESSEL FUNCTIONS

Bessel Functions — Preliminaries

Bessel Functions — Preliminaries — Definitions

Bessel Differential Equation

Differential recurrence relations

The pure recurrence relation

The pure recurrence relation

A generating function

Bessel’s integral

Bessel’s integral - Problems

Bessel’s integral - Problems

Bessel’s integral - Problems

Index half and odd integer

N AN I I I S S S S e =y

TOTAL

[N
N

TOTAL NO OF HOURS
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Questions

A square matrix A is said to be ----if the determinant value of A is zero.
A square matrix A is said to be ----if the determinant value of A is not equal to
zero.

A square matrix A is said to be singular if the determinant value of A is ----.

A square matrix A is said to be non singular if the determinant value of A is ----.
A square matrix in which all the elements below the leading diagonal are zeros, it
is called an ----- matrix.

A square matrix in which all the elements above the leading diagonal are zeros, it
is called an ----- matrix.

A unit matrix is a ----matrix.

A system of equation is said to be consistent if they have

If rank of A is equal to the rank of [AB] then the system of equations is ------

If rank of A is not equal to the rank of [ AB] then the system of equations is ------
The maximum value of the rank of a 4x5 matrix is

A square matrix A which satisfies the relation A*2 = A is called

A matrix is idempotent if
If the rank of A is 2, then the rank of A" -1 is
The sum of the main diagonal elements of a matrix is called------

Every square matrix satisfies its own ----------

The orthogonal transformation used to diagonalise the symmetric matrix
A is----
IfAL Ay Agyennnns A, are the eigen values of A ,then k), ,kh,,

KAgyeennnn. kA , are the eigen values of --------------

Diagonalisation of a matrix by orthogonal reduction is true only for a -----
matrix.

optl
singular

singular

1

upper
triangular

upper
triangular

scalar

one solution

Consistent

Consistent
1
nilpotient

A3 =A

3

trace of a
matrix
characteristic
polynomial

NTAN

kA

diagonal

opt2
non singular

non singular

2

lower
triangular
lower
triangular
lower
triangular
one or more
solution

inconsistent
inconsistent
5

idempotent

A™N2=0

2

quadratic
form
characteristic
equation

NTA
kAZ

triangular

opt3
symmetric
symmetric
non zero
non zero
symmetric
symmetric
symmetric
no solution
symmetric

symmetric
4

Hermitian

AN =A
4
eigen value

orthogonal
transformati
on

NAN!
kA-l

real
symmetric

optd

non
symmetric
non
symmetric

Z€ro

Zero
non
symmetric
non
symmetric
non
symmetric
infinite
solution
non
symmetric
non
symmetric
3

Skew -
Hermitian
AN2=A

1
canonical
form
canonical
form

NA
Al

scalar

opt5

opt6

Answer
singular

non singular
Zero

non zero
upper
triangular
lower
triangular

scalar
one or more
solution

Consistent

inconsistent

4
idempotent

A2 =A

2

trace of a
matrix
characteristic
equation

NT AN
kA

real
symmetric



In a modal matrix, the columns are the -----------

If atleast one of the eigen values of A is zero, then det A = -----
det (A- Al') represents------

A, Ay Agyennnn A, are the eigen values of A ,then 1/A, ,1/A,,
) U/ T ,1/A , are the eigen values of --------------
IfFA, A Agyennnnnn. A, are the eigen values of A jthen A,”, A", ........

A " are the eigen values of
Cayley -Hamilton theorem is used to find ------------

The eigen values of @ ------------=---—-—-- matrix are its diagonal elements

In an orthogonal transformation N'AN=D , D refers to a ----------
matrix.

In a modal matrix, the columns are the eigen vectors of----------

If the sum of two eigen values and trace of a 3x3 matrix A are equal,
then det A = -—--—-—--

If 1,5 are the eigen values of a matrix A, then det A = -------

The eigen vector is also known as-------

If 1,3,7 are the eigen values of A, then the eigen values of 2A are -------

If the eigen values of 2A are 2, 6, 8 then eigen values of A are
If all the eigenvalues of A are positive then it is called as

A Square matrix A and its transpose have eigen values.
The sum of the of a matrix A is equal to the sum of the
principal diagonal elements of A.

The product of the eigenvalues of a matrix A is equal to

The eigenvectors of a real symmetric are

eigen vectors
of A

0
characteristic
polynomial
AN(-1)

AN-1)

inverse and
higher
powers of A
diagonal
diagonal

A-l
Mgy

5
latent value

1,3,7

1,3,4

Positive
definite
different
characteristic
polynomial
Sum of main
diagonal

equal

eigen vectors eigen

of adj A

1

characteristic

equation
A

AN2

eigen values

symmetric
orthogonal

A2
0

0
latent vector

1,9,21

2,6,8

Negative

definite
Same

characteristic

equation

Determinant

of A

unequal

vectors of
inverse ofA
10
quadratic
form

A’n

A™-p)

eigen
vectors

skew-matrix
symmetric

A
1

25
column
value
2,6,14

1,9,16
Positive
semidefinite
Inverse
eigen values

Sum of
minors of
Main
diagonal
real

eigen
values of A

5
canonical
form
A™p

A™p

quadratic
form

triangular
skew-
symmetric
adj A

2

6
orthogonal
value
1,9,49

12,43
Negative
semidefinite
Transpose
eigen
vectors
Sum of the
cofactors of
A

symmetric

eigen
vectors of A

0
characteristic
polynomial
AN-1)

A™p

inverse and
higher
powers of A
triangular
diagonal

5

latent vector
2,6,14

1,3,4
Positive
definite
Same

eigen values

Determinant
of A

real



If a real symmetric matrix of order 2 has --------- then the matrix is a scalar matrix.

A matrix is called symmetric if and only if ----------

If a matrix A is equal to A*T then A is a -------- matrix.
A matrix is called skew-symmetric if and only if ---------

If a matrix A is equal to -A"T then A is a -------- matrix.
A matrix is called orthogonal if and only if -----

A matrix is called

if and only if AAT=AN-1.

equal eigen
vectors
A=AAT

symmetric
A=ANT

symmetric
ANT=AN-1

orthogonal

different eigen equal eigen

vectors values

A=AN-1 A=-A"T
skew-

non symmetric symmetric

A=AN-1 A=-A"T
skew-

non symmetric symmetric

ANT=-AN-1 ANT=AA-2
non

square symmetric

different
eigen values
A=A

singular
A=A

singular
ANT=-AN-2
triangular

equal eigen
values
A=AAT

symmetric
A=-AAT
skew-
symmetric
AAT=AN-1

orthogonal
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Questions
What is the value of Gamma of one ?
I (n+1)=

what is the relation between Beta and Gamma functions?
what is the value of I'(1 /2)?
Which one of the following statement is true?
Which one of the following statement is false?
(/4 rGMk)=_
The values of T'(4)=
If C ' is the evolute of the curve C then C is called
the of the curve C’

of a curve is the envelope of the normals of that

curve.
The parametric coordinates of the parabola x"2=4ay
are .

The parametric coordinates of the ellipse is given by

The parametric coordinates of the hyperbola is given by

The parametric coordinates of the parabola y*2=4ax
are .

The locus of the centre of curvature for a curve is called its

evolute and the curve is called an of'its
evolute.
The locus of the centre of curvature for a curve is called

its

The parametric coordinates of the cycloid is given by

If y=1/x, then yl1=

If y=x"2, then yl1=

If y=x"2, then y2=

If x=2at then dx/dt=

If x=at"2 then dx/dt=

If y=ax"2+2ax then dy/dx at (3,2) is

If y=ax"2+2ax then dy/dx at (2,2) is

If y=ax"2+2ax then dy/dx is

If y=ax2+2ax then second derivative is

The volume of the solid of revolution generated by revolving the

plane area bounded by the circle x*2+y"2=a"2 about its diameter

The volume of the solid of revolution generated by revolving the

plane area bounded by the circle x*2+y"2=2"2 about its diameter

The volume of the solid of revolution generated by revolving the

plane area bounded by the circle x*2+y*2=3"2 about its diameter

The Volume of a sphere of radius 'a' is
The surface are of the sphere of radius 'a'is.
The Volume of a sphere of radius 2'is
The surface area of the sphere of radius '3' i
J dx=....
Jedx=...

Jerx) dx=.

optl opt2 opt3 optd optS opt6
0 1 2 3

(nt+1)! nl (ntl) T (n-1) nI' (n)

B(m,n)=r( B(m,n)=I( B(m,m)=r( B(m,n)=T(

m)r(n)/r( m)F(m)/T( m)i(m)/T( n)F(n)/F(m

m+n)  m+n) m-+n) +n)
pi 0 1 root(pi)
C(2)=I(1) T(1/2)=(aT (1/2)=1 T(1/2)=0

[2=I(1) I(1)=1 T (1/2)=7aT (n+1)=n+1
2n 2 V(27) 1
1! 2! 3! 4!
. radius of centre of
involute curvature
curvature curvature
. radius of
involute curvature evolute
curvature
x=at"2, x=at, x=2at, _
y=2at y=at y=at"2 x=a, y=t
x=acosf, x=asinf, x=atan0, x=asec0,
y=bsin0 y=bcosd y=bsecO y=btan0
x=acosf, x=asinf, x=atan0, x=asec0,
y=bsin0 y=bcosd y=bsecO y=btan0
x=at"2, x=at, x=2at, _
y=2at y=at y=at"2 x=a, y=t
involute evolute  envelope curvature
involute evolute  envelope curvature

x=a(0+sin x=a(0-  x=(0+sin® x=(0-

0), sinf), ), sinf),

y=a(l+co y=a(l-  y=(1+cos y=(1-

s0) cost) 0) cost)

-1/x72 1/x ax bx

X2 1/x 2x X

X2 1/x 2x 2

2at 2a 2t 0

2at 2a 2t 0
8a 4ax 2ax 6a

8a 4ax 2ax 6a
8ax+2a  4daxt2 2ax+t2a  6a

2a 4ax 6ax 6a
(4/3)ma™3  (2/3)ma™3  (1/3)ma™3 nat3

(32/3)n (1/3)n 2/3)n n
16n In 36n n
23nar3 4/3mar3 1/3mar3 mat3
4mar2 a2 3mat2 2na2
16/3n 323w 83w 8
36n In 27n 187
x+C 1 0 x"2
cex+C 0 1 x+C
x+C 5x+C x"2+C 5+C
xNn+1)/ (nxN(n-1)/ (n-nx” (n-1)+ ' (n+1) x* (n+1)+ C
x"2+C x"2/2+C  x73/2+C  x"2/2+C
(xN2)/2)+((x(3)/3)+(x+C 2x+C
3xN2)+C x+C x"2+C x(3) +C
1+C logx+C  (-1)+C (-logx)+C

(-e"x)+C eMx)+C (-e(x))+Cex+C
(-e"x)+C eMx)+C (-e(x))+Cex+C
(-e"2x)/2+ 1eMN(-2x)/2 + (-e"N(-2x))/2e"2x/2+ C
(-e"(-2x))/2eMN(-2x)/2 + (-e™N(-2x))/2e(-2x)/2+ C
sinx + C (-cosx)+C  (-sinx)+C
sinx + C (-cosx)+C  (-sinx)+C
(sinmx)/m - (cosmx)/m  (-cosmx)/m (-sinmx)/m+C

cosx +C
cosx +C

Answer

nl (n)

B(m,n)=r(m)r(n)/r(m+n)
root(pi)

rQ)=ra

I' (n+1)=n+1

2

3!

involute

evolute

x=2at, y=at"2
x=acosf, y=bsin0
x=asecl, y=btan

x=at"2, y=2at

involute

evolute

x=a(0-sin0), y=a(1-cos0)

-1/x"2
2x

2

2a

2at

8a

6a
2ax+2a
2a

(4/3)ma3

(32/3)n

36n

4/3ar3
4mar2

32/3n

36n

x+C

cx+C

5x+C
xNn+1)/ (n+1)+ C
x"2/2+C
x~(3)/3)+C
x(3) +C

log x+C
ex+C
(-e"(x))+C
e"2x/2+C
e"2x/2+C
sinx + C
(-cosx)+C
(sinmx)/m+ C
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Questions

The Taylor series of f(x) about the point 0 is
The expansion of f(x) by Taylor series is
The point at which function f(x) is either maximum or

minimum is known as

A function fhas __ at ‘c’ if f(c) > f(x) for all ‘x” in D,

where D is domain of ‘f*.

Iff(x) = xz, then f(0) =0 isthe  value of f.

A function fhas a

A function fhas a

If‘fhasa__ at‘c’and if f(c) exists then f'(c)=0.

A function ‘f” has _ at ‘¢’ if f(c) < f(x) for all ’x’ in
D, where D is domain of ‘f’.
If ‘f* has a local extremum at ‘c’ and if °(c) exists then

fle=__ .

Evaluate: limit x tends to 0 (x / tan x) =

Evaluate: limit x tends to infinity (x*2 / e"x) =
L'Hopital's rule can be applied only to differentiable
functions for which the limis are in the
L'Hopital's rule can be applied only to ___ functions for
which the limis are in the indeterminate form

If f(x) = x"3, then the function has

A ofafunction fis a number ¢ in the domain of f such that

either f’(c) =0 or f’(c) does not exist

_are critical numbers ¢ in he domain of f, for which f’(c)=0

If fhas a local extremum at c, thencisa _ of f

If fhasa at ¢, then c is a critical number of f
If f(x)=x"2 - 4x+5 on [0,3] then the absolute maximum value is

Find the critical numbers, for the function f(x)=x"3 - 3x"2 +1.
Find the critical numbers, for the function f(x)=x"3 - 3x +1.
Find the critical number, for the function f(x)=2x - 3x2 .
Find the critical number, for the function f(x)=x"2 - 2x +2.
Find the critical number, for the function f(x)=1-2x-x"2.

Find the critical numbers, for the function f(x)=x"3 - 12x +1.
Find the stationary point of the function f(x)=2x - 3x"2

Find the stationary point of the function f{x)=x"3 - 3x +1

at ‘c’ if there is an open interval
I containing ‘c’ such that f(c) > f(x) for all ‘*x” in I.

at ‘c’ if there is an open interval
I containing ‘c’ such that f(c) < f(x) for all ‘*x” in I.

optl
Maclauri
ns

Zero
Stationar
y

an
absolute
maximu

an
absolute
maximu
m

an

absolute
maximu
an

absolute
maximu

critical
number
an
absolute
maximu

0
1
1

real

differentia
ble

eiher an
absolute
maximu
m or an
absolute
minimu
m

critical
number

Critical
number

critical
number

critical
number

2

(1.2)
(11)
(1/2)

0

0

0.1)
(11)
(1,-1) and
(-1,3)

Find the absolute maximum of the function f(x) = x2-2x+2, [0,21

opt2

Taylor
unique
Saddle
point

an
absolute
minimu

an
absolute
minimu
m

an
absolute
minimu
an
absolute
minimu

stationar
y point
an
absolute
minimu

1

2

2
indetermi
nate

real

neiher
an
absolute
maximu
m nor
an
absolute

stationar
y point

Stationar
y points

stationar
y point

stationar
y point

3
0.2)
(-1.D)
(1/3)
1

1
0.2)
(1.2)

(1-D)
3

opt3

power
minimu
extremu
m

local
maximam

local
maximam

local
maximam

local
maximam

local
extremum

local
maximam

c
3
3

complex

complex

local
maximam

local
extremum

Local
extremum

local
extremum

local
extremum

4
2.2
0.1)
(1/4)

2

2

(0.3)
(1/3, 1/3)

-1,3)
5

opt4 opt5 opto

binomial
maximu

implicit

locam
minimum
an
absolute
and
local
minimu

locam
minimum

local
minimum
an
absolute
maximu

locam
minimum

-1

0

0
extremu
m
extremu
m

locam
minimum
an
absolute
maximu
An
absolute
maximu
an
absolute
maximu
an
absolute
maximu

5

(1.3)
(-1-1)
1

3

3

(0.4)
(1/2,1)
(1,1) and
(1.3)

8



Find the absolute minimum of the function f(x) = x"2-2x+2,
[0,3]

Find the absolute maximum of the function f(x) = 1-2x-x"2 [-
4,1]

Find the absolute minimum of the function f(x) = 1-2x-x"2 [-
4,1]

-8)



Answer
Maclauri
ns
unique
Stationar
y

an
absolute
maximu
an
absolute
and

local
minimu

local
maximam

local
minimum

local
extremum
an
absolute
minimu

1

1

0
indetermi
nate
differentia
ble
neiher

an
absolute
maximu
m nor

an
absolute

critical
number

Stationar
y points

critical
number

local
extremum

5

0.2)
(-L1)
(1/3)

1

1

(0.4)
(173, 1/3)
(1,-1) and
(-1.3)
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Questions
The partial differentiation is a
function of or

more variables .

If z=f(x,y) where x and y are
function of another

variable t

If f(x,y)=0 then x and y are

said to be an

function

f(a,b) is said to be

exturemumvalue of f(x,y) if it

is either a

The Lagrange multiplier is

denoted by

Every extremum value is a
stationary value but a
stationary value need not be

an value.
Iful,u2...... un are functions
of n variables x1,x2........ Xn

then the Jacobian of the
transformation from
x1,x2....xntoul,u2...unis
defined by
f(a,b) is a maximum value of
f(x,y) if there exists some
neighbourhood of the point
(a,b) such that for every point
(ath,b+tk) of the
neighbourhood

f(a,b) is a minimum value of
f(x,y) if there exists some
neighbourhood of the point
(a,b) such that for every point
(at+h,b+tk) of the
neighbourhood
The necessary condition for
maxima is
The necessary condition for
minimum is

f(a,b) is said to be said to be a
stationary value of f(x,y) if
(xy)is
The expansion of f(x,y) by

series is unique.
If f(a,b) is said to be

of f(x,y) if it is

either maximum or minimum.
The
a function of two or more
variables.

Any function of the type f(x,y)= Implicit

differentiation is

optl opt2 opt3 optd
two Zero one three
continuou differenti
S al two one
implicit  extrem  explicit differential
maximu
m or
minimum  zero  minimum maximum
a b 1 d
maximu
infimum minimum m extremum
2 0 1 -1

f(a,b)>f(a f(a,b)<f(a

+h,b+k) +h,bt+k) f(a,b)<0 f(a,b)>0
f(a,b)>f(a f(a,b)<f(a
+h,b+k) +h,bt+k) f(a,b)<0 f(a,b)>0
of/ox of/ox of/oy of/oy
(ab)=0 (a,b)=1 (ab)=5 (ab)=1
of/ox of/oy of/ox of/oy
(a,b)=0 (a,b)=0 (a,b)=1 (a,b)=1
of/ox
(a,b)=0
and
of/oy of/ox of/oy of/oy
(ab)=0 (ab)=1 (ab)=0 (a,b)=1
Maclauri
ns Taylor  power  binomial
extremu boundary
mvalue  value end power
ODE PDE partial total
Explicit Constant composite

opt5

opt6 Answer

two

continuou
s

implicit
maximum
or
minimum

extremum

f(a,b)>f(a
+h,b+k)

f(a,b)<f(a+h,b+k)
oflox
(a,b)=0
of/oy
(a,b)=0
oflox
(a,b)=0
and
ofloy
(a,b)=0

Taylor
extremum

value

partial
Implicit



If u=f(x,y) ,where
x=p(t),y=s(t) then u is a
function of t and is called the

____ function Implicit Explicit Constant
The point at which function
f(x,y) is either maximum or
minimum is known as
point Stationarysaddle poir extremum
maximu
m or
If rt-s"2>0 and r<0 at (a,b) the fMaximum Minimum minimum
maximu
m or
If rt-s"2>0 and r>0 at (a,b) the fMaximum Minimum minimum

If rt-s"2>0 at (a,b) the f(x,y) is Stationarysaddle poir extremum
irrotation solenoida

If N.F=0 then F is al ) rotational
. ) irrotation solenoida .
If NxF=0 then F is al ) rotational

Any motion in which the curl . . .
irrotation solenoida

of the velocity vector is zero is al ) rotational
saidtobe
A function is said to be

if it associates a Scalar Vector  Point
scalar with every point in function function function
space.

A variable quantity whose
value at any point in a region
of space depends upon the
position of the point is called a

Scalar Vector  Point
function function function

A function is said to be

if it associates with
vector in every point in space.
If the divergence of a flow is
zero at all points then it is said rotational
to be

Scalar Vector  Point
function function function

irrotation solenoida
al 1

composite

implicit

Z€ro

Zero
implicit

curl

curl

curl

vector
point
function

vector
point
function

vector
oint
function

conservati
ve

composite

Stationary

Maximum

Minimum
Saddle point

solenoidal

irrotationa
1

irrotationa

1

Scalar
function

Point
function

Vector
function

solenoidal



gives the rate of
outflow per unit volume at a
point of the fluid.
If div V=0 everywhere in

some region R of space then V

iscalledthe  vector
point function.

is a vector which
measures the extent to which
individual particles of the
fluid are spnning or rotating.
divFisa function.
If curl V=0 then V is said to
be an .
If r=xI+yJ+zK then div
r:—
If r=xI+yJ+zK then curl
Fi
div (curl V)=
curl (grad f)=
Two surfaces are said to cut
orthogonally at a point of
intersection, if the respective
normals at that point are
Any integral which is to be
evaluated over a surface is
calleda

When the circulation of F
around every closed curve in a
region vanishes, then F is said
to be in that region.

A force field F is said to be

if it is
derivable from a potential
function f such that F = grad f.

IfFis then cur F=0.

If S has a unique normal at

each of its points whose

direction depends

continuously on the point of S

then the surface S is called a
surface.

If (3x-2y+z)[+(4x+ay-z)J+(x-y-

27)K is solenoidal then a=

If f=x+y+z-8 then grad f'is

curl V

divV

irrotation solenoida

rotational

curl V

point

al

divV

vector

irrotation solenoida

rotational

parallel

Line
integral

al

0 1

0divVv
0divVv

perpendic
ular

Volume
integral

irrotation solenoida

rotational

al

irrotation solenoida

rotational

al

irrotation solenoida

rotational

al

Orientabl

(S

+J+K

smooth

[+J-K

curl V=0

1

curl V=0

scalar

1

curl V
curl V

ual

surface
integral

1

1

1

plane

[-J+K

div V=0

conservati
ve

div V=0

rotational
conservati
ve

A%

f

Zero

closed
integral

conservati
ve

conservati
ve

conservati
ve

twisted

divV

solenoidal

curl V

scalar
irrotationa

1
3

perpendic
ular

surface
integral

irrotationa

1

conservati
ve

conservati

Ve

smooth

+J+K
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Questions

A sequence {2”n} is

A sequence (-1)"n+2 is

A sequence {2n+1/3n-2} is

A sequence {2n"2+n/3n"2-3} is

The series > cos(1/n) is

The series ), x*n/(n"3+1) atx=l1is

The series 1-(1/272)+(1/3"2)-(1-4"2)+... is
The series 1-2x+3x"2-4x"3+... where 0<x<1 is
The series whose nth term is Y, sin (1/n) is

An ordered set of real number a_1,a 2,...a n is called a
If a sequence has a ,it is called a convergent sequence

A sequence is said to be bounded above if there exists a number k,
suchthat ~ foreveryn.

Both increasing and decreasing sequence are called

sequence.

If limitntendstoc a n is equal to
said to be Convergent

then the sequence is

If u; u,  u,  be an infinite sequence or real numbers,then
ul+u2+....+un+...is called

The series 1+2+3+ +n+...+...0is

Every absolutely convergent series is a series

Any convergent series of terms is also absolutely
convergent

If limit n tends to infinite u n/u n+1 =m is a series of positive
terms >, u_n is convergentif

If limitn tends to co u_n/u_ntl =m s a series of positive terms
> u nisdivergentif

If limitn tends toco u_n/u_ntl =m s a series of positive terms
.when the ratio test fails

Which of the following functions has the period 2n?

opt 1
Convergent

opt 2
divergent
Convergent divergent
Convergent divergent
Convergent divergent
Convergent divergent
Convergent divergent
Convergent divergent
Convergent divergent
Convergent divergent
Series sequence
Finite limit Infinite limit

a_n>k a_nxk
Convergent Montonic
finite and
unique Infinite
infinite series finite series
Convergent divergent
Convergent divergent

negative positive
m>0 m<1
m>0 m<1
m>0 m<1
COos X sin nx

opt 3 opt4  opt5S opt6

Oscillatory  unique
Oscillatory  unique
Oscillatory  unique
Oscillatory  unique
Oscillatory  unique
divergent Not unique
Oscillatory ~ Not unique
divergent unique
‘divergent  Not unique
Montonic Montonic
sequence sequence
limit Bounded
a_ns<k a_n<k
Bounded divergent
unique not unique

finite terms  infinite terms

Oscillatory  not unique
Oscillatory  not unique
Zero unique
m>1 m=1

m>1 m=1

m>1 m=1

tan nx tan x

Answer
divergent
Oscillatory
Convergent
Convergent
Convergent
Convergent
Convergent
Convergent
Convergent

sequence
Finite limit

a_nsk
Montonic
finite and unique

infinite series
divergent
Convergent

positive
m>1
m<1

m=1
COS X



If a function satisfies the condition f(-x) = f(x) then which is

true?

If a function satisfies the condition f(-x) = -f(x) then which is

true?
Which of the following is an odd function?
Which of the following is an even function?

The function f(x) is said to be an odd function of x if

The function f(x) is said to be an even function of x if

[f(x) dx =2/ f(x) dx between the limits -a to a if f(x) is

[f(x) dx =0 between the limits -a to a if f(x) is ------

If a periodic function f(x) is odd, it’s Fourier expansion

contains no ------ terms.

If a periodic function f(x) is even, it’s Fourier expansion

contains no ------ terms.

In dirichlet condition, the function f(x) has only a
number of maxima and minima.

In Fourier series, the function f(x) has only a finite number of
maxima and minima. This condition is known as -------

In dirichlet condition, the function f(x) has only a
number of discontinuities .

The Fourier series of f(x) is given by ----

0= 0 a . = 0
0= O a, = 0
sin x coS X
XA3 COS X
f(-x) = f( x) f(x) =-1f( x)
f(-x) = f( x) f(x) =-1f( x)
even continuous
even continuous
coefficient .
sine
al’l
cosine sine
uncountabl )
R continuous
Kuhn
Dirichlet
Tucker
uncountabl )
R continuous

a g 2 + z a /2 + Z
(a, cosnx+ (a, cos nx-
bn sinnx ) bn sinnx)

odd

coefficient
)
coefficient
)

infinite
Laplace
infinite
a,2+y

(a, sin nx+
bn sin nx )

x4

sin*x
f(-x) = (-
X)

f(-x) = (-
X)
discontinu
ous
discontinu
ous

cosine

coefficient

a_q

finite
Cauchy
finite
a,/2+y

(ag sin
nmx/ 1)

sin x
CoS X

f(-x) = - f( x)
f(-x) = f( x)
even

odd

cosine

sine

finite
Dirichlet

finite

ay/2+3 (a,
cosnx+ bn sin nx )



In Fourier series, the expansion f(x)=a,/2+) (a, cos nx +
b, sin nx ) is possible only if in the interval ¢;<x< ¢, the

function f(x) satisfies ---condition.

If the periodic function f(x) is even, then the Fourier
expansion is of the form ---

If the periodic function f(x) is even, then it’s Fourier co-
efficient an is of the form ---

If the periodic function f(x) is even, then it’s Fourier co-
efficient a, is of the form ---

If the periodic function f(x) is odd, then it’s Fourier co-
efficient bn is of the form ---

If the periodic function f(x) is even, then it’s Fourier co-
efficient -------- is zero.

If the periodic function f(x) is odd, then it’s Fourier co-
efficient -------- is zero.

If the periodic function f(x) is even, then the Fourier
expansion is of the form ---

If the periodic function f(x) is odd, then the Fourier
expansion is of the form ---

1/zJf(x) cos nx dx gives the Fouier coefficient ----------
1/nff(x) dx gives the Fourier coefficient

1/ff(x)sin nx dx gives the Fouier coefficient -----------

kuhn-
Tucker

a,/2+
>'a, sin(
nmx/ [ )
2/1 [f(x)
sin( nmx/
/) dx

2/ 1 [f(x)
dx

2/ 1 [f(x)
cos (nmx/
[) dx

a9
algan

>'b nsin
nmx/ [

>'b, sin
nmx/ /
a0
a0
a0

Laplace

ag/2+>a,
cos(nmx/ [ )

2/ 1 [f(x)
cos (nmx/ 1)

dx

1/1 Jf(x) dx

2/ 1 [f(x)
sin( nmx/ /)

dx

a;

a_

>b nsin
nnx/ [

>'a, sin nmx/

)

& o
=

o©
=}

1

—

Dirichlet

a,2+y
a, cos( nmx/
)

/1 Jf(x) /1
dx

2/1 Jf(x)/1
dx

[f(x) dx

b,
b n

> b ncos
nnx/ [

> b, cos
nmx/ /

b n

b n

b n

Cauchy

a2+
a, sin(
nmx/ [ )

Jf(x) dx

Jf(x) dx

1/1 Jf(x)/
[ dx

Ao & Ay

b 1

a 02+
a ncos
(nmx/ 1)
> a, cos
nmx/ /
an

b 1

b 1

Dirichlet

a,/2+Ya, cos(
nnx/ 1)

2/1 [f(x) cos (nmx/
[) dx

2/ 1 Jf(x) dx

2/ 1 [f(x) sin( nmx/
/) dx

b,
algan

a 0/2+> a ncos
(nmx/ 1)

b, sin nax/ [
an
a0
b n
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