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COURSE OBJECTIVES:

Students will try to learn:

| The applications of complex variable and conformal mapping in two dimensional complex
potential theories.

I The fundamental calculus theorems and criteria for the independent path on contour
integral used in problems of engineering

Il The concepts of special functions and its application for solving the partial differential
equation in mathematical physics and engineering.

v The Mathematics of combinatorial enumeration by using generating functions and
Complex analysis for understanding the numerical growth rates.

COURSE OUTCOMES:
At the end of the course the students should be able to:
Knowledge
Level
Course Outcomes (Bloom’s
Taxonomy)
CO 1 | Identify the fundamental concepts of analyticity and differentiability for Remember
calculus of complex functions and their role in applied context.
CO 2 | Utilize the concepts of analyticity for finding complex conjugates and their Apply
role in applied contexts.
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CO 3 | Make use of the conformal mapping technique for transferring Apply
geometric structure of complex functions with much more convenient
geometry.

CO 4 | Apply integral theorems of complex analysis and its consequences for Apply
the analytic function having derivatives of all orders in simple connected
region.

CO 5 | Extend the Taylor and Laurent series for expressing the function in Understand
terms of complex power series.

CO 6 | Classify Singularities and Poles of Complex functions for evaluating Understand
definite and indefinite Complex integrals.

CO 7 | Apply Residue theorem for computing definite integrals of real and Apply
complex analytic functions over closed curves.

CO 8 | Relate the concept of improper integral and second order differential Understand
equations of special functions for formulating real world problems with
futuristic approach.

CO 9 | Determine the characteristics of special functions generalization on Apply
elementary factorial function for the proper and improper integrals.

CO 10 | Choose an appropriate special function on physical phenomena arising Apply
in engineering problems and quantum physics.
CO 11 | Analyze the role of Bessel functions in the process of obtaining the series Analyze

solutions for second order differential equation.

DEFINITIONS AND TERMINOLOGY QUESTION BANK

S. No

QUESTION

What is complex number?

ANSWER

MODULE - |

The number of the form z = x + iy is called
a complex number.

Blooms Level

Understand

CO

COo1

What is complex conjugate?

The complex number z = x — iy is called
the complex conjugate of z.

Understand

Co1

Define Functions of a Complex

Variable.

Functions of a Complex Variable is a
function that has a subset of the complex
numbers as a domain and the complex
numbers as a co domain

Remember

COo1

Explain Limits of complex
Function.

Let ACC and let zOeC be an accumulation
point of A. The Limit

of f as z Approaches z0 is L denoted limz
—20 f(z)=L if for all ¢>0 there exists
ao>0suchthatif ze

A and |z—z0|<¢ then [f(z)—LI<e.

Understand

COo1

Explain Differentiability of
complex function.

Let w = f(z) be a given function defined for
all z in a neighborhood of z,.If

im f(z,+Az)—- f(z,)
A0 Az
function f(z) is said to be derivable at z,
and the limit is denoted by f'(z,) if
exists is called the derivative of f(z) at z,,

exists, the

Understand

CO1
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https://en.wikipedia.org/wiki/Domain_of_a_function
https://en.wikipedia.org/wiki/Codomain

S. No

QUESTION

ANSWER

Blooms Level

CO

State polar form of Cauchy-
Riemann equation.

If f(z)=f(re'”)=u(r,0)+iv(r,0) and f(2)

is derivable at
or roo'or rop o7l en

Understand

Co1

Define Analytic function.

A complex function is said to be analytic
onaregion R ifitis complex
differentiable at every point in R.

Remember

CO 2

Define Singularities.

The points where the function fails to be
analytic.

Remember

CO 6

Explain the term
Entire function.

A complex function that is analytic at all
finite points of the complex plane is said to
be entire function.

Understand

Co1

10

State Cauchy—Riemann equations.

The Cauchy—Riemann equations on a pair
of real-valued functions of two real
variables u(x, y) and v(x, y) are the two

: ou ov oau ov
equations: — = — —=——

ox oy oy OX

Typically u and v are taken to be the real
and imaginary parts respectively of a
complex-valued function of a single
complex variable z = x + iy, f(x +iy) =

u(x.y) +iv(x,y)

Understand

CO2

11

Define harmonic function.

Analytic functions are intimately related to
harmonic functions. We say that a real-
valued function h(x, y) on the plane is
harmonic if it obeys Laplace’s equation:

2 2
h, &h_,

_+_
o’x 0%y

Remember

CO2

12

Define Conjugate harmonic
function.

If two harmonic functions u and v satisfy
the Cauchy-Riemann equations in a domain
D and they are real and imaginary parts of
an analytic function f in D then v is said to
be a conjugate harmonic function of u in
D. If f(z)=u+iv is an analytic function and
if u and v satisfy Laplace’s equation ,then u
and v are called conjugate harmonic
functions.

Remember

Co2

13

State Milne Thomson method.

Toexpress f (z) completely in terms of z
by replacing x by z and y by zero.

Understand

CO2

14

Define Harmonic Conjugate.

Given a function u(x, y) harmonic in an
open disk, then we can find another
harmonic function v(x, y) so that u + iv is
an analytic function of z in the disk. Such a
function v is called a harmonic conjugate
of u.

Remember

CO2

15

What is the value of f'(z)

, ou .ov ou .ov
f'(z) —+i— —+
=0X OXgroy oy

Understand

Co1

16

What is simple curve?

A continuous curve which does not have
self intersection

Understand

CO1
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http://mathworld.wolfram.com/ComplexFunction.html
http://mathworld.wolfram.com/ComplexDifferentiable.html
http://mathworld.wolfram.com/ComplexDifferentiable.html
http://mathworld.wolfram.com/Singularity.html
http://mathworld.wolfram.com/EntireFunction.html
http://mathworld.wolfram.com/ComplexFunction.html
http://mathworld.wolfram.com/ComplexPlane.html
http://mathworld.wolfram.com/EntireFunction.html
https://en.wikipedia.org/wiki/Real_part
https://en.wikipedia.org/wiki/Imaginary_part
https://en.wikipedia.org/wiki/Complex_number

S. No QUESTION ANSWER Blooms Level CO
17 |When an integral of closed curve an integral of closed curve f(z) is equal to Understand Co4
f(2) is equal to zero zero if it is analytic and continuous at all
point inside the closed curve.
18 |What is complex differentiation? Given a complex-valued function f of a Remember COo1
single complex variable, the derivative of f
at a point z, in its domain is defined by the
limit. This is the same as the definition of
the derivative for real functions, except that
all of the quantities are complex
19 |What is differentiation with Differentiation allows us to find rates of Understand CO1
example? change. For example, it allows us to find
the rate of change of velocity with respect
to time
20 |When a function is said to be If limit of the function exists and is unique Understand CO1
continuous? and is equal to its functional value then the
function is said to be continuous.
21 |What are holomorphic functions? Analytic functions are also called as Understand CO1
holomorphic functions.
22 |Is complex conjugate is If complex function is differentiable then Remember Cco1l
differentiable? its conjugate also differentiable.
23 | What does it mean for a function to | An analytic function is a function in which Remember Co1
be analytic? the derivative exists at all points in given
region.
24 | Why analytic functions are are Analytic functions are Understand Cco1l
important? S0 important because they come up in
practical problems.
25 |Issin z is analytic everywhere? A function is called analytic when Cauchy- | Understand Cco1l
Riemann equations hold in an open set. ...
So sin z is not analytic anywhere. Similarly
€0S Z = cosx cosh y + I sinx sinhy = u + iv,
and the Cauchy-Riemann equations hold
whenz=nnforn € Z
26 | Which functions are analytic The function is analytic throughout a Remember Co1
everywhere? region in the complex plane if f’ exists for
every point in that region.
27 | Are analytic functions are Every analytic function has the property of Remember Co1
continuous? being infinitely differentiable. Since the
derivative is defined and continuous,
the function is continuous everywhere.
28 |Is the function f(z)=1/z analytic No, at z=0 it is not analytic. Understand CO2
everywhere?
29 | What are conditions for functions The functions z n, n a. The Cauchy- Remember Cco1
to be analytic? Riemann conditions are necessary and
sufficient conditions for a function to be
analytic at a point.
30 |What are other names for analytic | Regular function or holomorphic functions. | Understand CcO2
functions?
31 |What is conjugate of -i’ i Understand co1
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S. No QUESTION ANSWER Blooms Level CO
32 | What are Cauchy-Riemann ou 1ov 1 Understand CO2
equations in polar form? —=———=>U ==V,
or roe r
ov 1 ou 1
—=———=V,=—=U,
or r oo r
33 |What is analytic complex function? | A complex function is said to Understand CO2
be analytic on a region if it is
complex differentiable at every point
34 | Is constant function analytic? Yes, a constant function is analytic on its Understand Cco1
domain of definition
35 |Is cos z is analytic everywhere? cosz is not analytic anywhere Remember Co1
36 |Let fand g be Continuous flg is continuous at z, provided Remember Cco1
functions at z,€C. is f/g is that g(z0)#0
continuous at zy?
37 |Ifz;=2+1i,2,=1+3i,thentRe( | Answeris ‘i’ Remember Co1
2,-2;)
38 |What is polar form of complex B i0 Remember Cco1
number? 5
39 | What is conjugate of ‘i’ The conjugate of i is -i Remember CO1
40 |What is a coefficient of a+ib? The coefficients is b Understand CO1

MODULE -1l

on and within a closed contour c. If z=a is
any point within c then

f(a)= ijﬂdz where the integral
27 (z—-a)

is taken in the positive sense around c.

1 | Define line integral. A line integral is an integral where the Remember Co4
function to be integrated is evaluated along
a curve. we define
b b b
jF(t) dt =ju(t) dt+ijv(t) dt
a a a
2 |[Whati | part of b b Understand Co4
b e The real part of'[ F(t)dt is I u(t)dt geerstan
j F(t)dt? g 2
a
—— n
3 V\ﬁhat is imaginary part of T J- F(t)dt is Understand Co4
a
ijm .
: J. v(t)dt
a
4 | State Cauchy integral Theorem. let F(2)=u(x, y)+iv(x, y) be analytic on and Understand Co4
within a simple closed contour(or curve )
‘c’and let f (z) be continuous there, then
j f(2)dz=0
5 | State Cauchy integral formula. Let f(z) be an analytic function everywhere | Understand Co4
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https://en.wikipedia.org/wiki/Integral
https://en.wikipedia.org/wiki/Function_%28mathematics%29
https://en.wikipedia.org/wiki/Curve
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S. No QUESTION ANSWER Blooms Level CO
6 | State generalization of Cauchy Let f(z) be an analytic function everywhere | Understand Co4
integral formula. on and within a closed contour c. If z=a is
any point within c then
@)= [ 1O
277 (z—a)™
7 | Define indefinite integral. If one the limit value is infinity or Remember Co4
functional value is infinite at that limit then
integral is called indefinite.
8 | What are simple connected The closed curve which does not intersect Understand Co4
regions? itself .
9 | Define singular point. A point at which a function f(z) is not Remember Co4
analytic is called a singular point .
10 | Define contour. A continuous arc without multiple pointsis | Remember Co4
called contour.
11 | Define continuous function. A function f(z) is said to be continuous at Remember Co14
2=2,,if f(zo) is defined and
Lt f(z)=f(z,)
7,
12 | Define Laplace equation. If f(2) is analytic function in a domain Remember Co4
D,then U and v satisfies the equation
2 2
6—2 + 6—2 =0
ox° oy
13 | Define orthogonality. Two curves intersecting perpendicularly at Remember Co14
a point are said to intersect orthogonally.
14 | Define Laplace operator. 2 2 Remember Co4
The operator V = —+— is called
ox® oy
laplacian operator.
15 | Define closed curve. A curve in which initial and terminal points | Remember CO4
are equal.
16 |What is contour integration in In the mathematical field of complex Remember Co4
complex analysis? analysis, contour integration is a method of
evaluating certain integrals along paths in
the complex plane.
17 |What is complex analysis used for? | complex analysis used to solve abstract- Understand Co4
looking equations
18 |What is Cauchy’s theorem the Cauchy integral theorem in complex Understand Co4
analysis is called Cauchy’s theorem.
19 |What is closed contour? A contour line that forms a closed loop Understand Co4
and does not intersect the edge of the map
area on which it is drawn
20 |What is complex line integral? a line integral is an integral where the Understand CoO4
function to be integrated is evaluated along
a curve.
21 |Define complex integral. Complex integration is integrals Understand CO4
of complex functions.
22 | Define radius of convergence of A power series will converge only for Remember CO4

power series.

certain values of. For instance, converges
for. In general, there is always

an interval in which a power

series converges, and the number is called
the radius of convergence
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S. No

QUESTION

ANSWER

Blooms Level

CO

23

How to find the radius of
convergence

If the radius of convergence is R then the
interval of convergence will include the
open interval: (a — R, a + R). To find

the radius of convergence, R, you use the
Ratio Test.

Understand

CoO4

24

What is difference between radius
of convergence and interval of
convergence?

The convergence interval is

the interval upon which the power series
converges. The radius of convergence is
the radius of this interval. converges iff
—1<x<1, so the interval is (—1,1) and

the radius is 1.

Remember

CO4

25

Is the radius of
convergence always 1

Since 0<1 (in this example the limit does
not depend on the value of x), the series
converges for all x. Thus the interval of
convergence is the interval.

Remember

CoO4

26

What happens when radius of
convergence is 0

The distance between the center of a power
series' interval of convergence and its
endpoints. If the series only converges at a
single point, the radius of convergence is 0.
If the series converges over all real
numbers, the radius of convergence is oo.

Remember

Co4

27

What is the center of convergence?

The Radius of Convergence of a Power
Series. If a power series converges on some
interval centered at the center of
convergence, then the distance from the
center of convergence to either endpoint of
that interval is known as the radius of
convergence

Remember

Co4

28

Is Taylor series a power series

Yes

Remember

CO5

29

Is zero convergent or divergent

A improper integral is convergent if the
limit exists (and is finite). If an improper
integral is not convergent, it is divergent. If
the tail end of the function does not
approach zero, lim x—oo f(x) = 0, then the
integral cannot converge and must diverge.

Remember

CO5

30

What does a power series converge
to

A power series converges absolutely in a
symmetric interval about its expansion
point, and diverges outside that symmetric
interval. The distance from the expansion
point to an endpoint is called the radius

of convergence.

Remember

CO5

31

Is Taylors and Maclourin’s series
the same

The Maclaurin series of the same function f
is the particular case of the above Taylor
series in case a=0, so that the series is in
powers of X. ... The same goes with
Maclaurin and Taylor series. A Maclaurin
series is a Taylor series about x=0, where

a Taylor series is about x=all real numbers.

Understand

CO5

32

What is Taylor series method

Differential equations - Taylor's

method. Taylor's Series method. Consider
the one dimensional initial value problem
y' = 1(X, y), y(Xo) = Yo Where. f is a function

Remember

CO5
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S. No

QUESTION

ANSWER

Blooms Level

CO

of two variables x and y and (X, , Vo) is a
known point on the solution curve.

33

What is exactly line integral

A line integral (sometimes called a
path integral) is the integral of some
function along a curve.

Understand

CO4

34

What does a circle on line integral
mean

Basically it means you are integrating
things over a loop.

Understand

CoO4

35

What does line and surface integral
mean

In a line integral, the curve along which
the integral is evaluated is not necessarily a
X (or y) axis, or even a straight line.

It can be any curve lying in higher
dimensional space; though the curve itself
isa 2 D entity

Understand

CO4

36

Define complex number

A combination of a real and an imaginary
number in the form a + bi. a and b are
real numbers, and. i is the "unit imaginary
number" V(—1)

Understand

CO1

37

What is indefinite integral

A definite integral represents a number
when the lower and upper limits are
constants. The indefinite integral
represents a family of functions whose
derivatives are f. The difference between
any two functions in the family is a
constant.

Remember

CO4

38

What is relationship between
integrand function and integral
function?

The symbol d x, called the differential of
the variable x, indicates that the variable of
integration is X. The function f(x) to be
integrated is called the integrand. The
symbol dx is separated from the integrand
by a space (as shown). If a function has an
integral, it is said to be integrable.

Remember

CO4

39

What is definite integral of zero

A constant.

Remember

CO4

40

What is meant by complex
integration

Definition of complex integration. :

the integration of a function of a complex
variable along an open or closed curve in
the plane of the complex variable.

Remember

COo4

MODULE - 111

whereas a Taylor polynomial is a
polynomial of degree n and has a finite
number of terms. The form of a Taylor
polynomial of degree n for a function f (z)
atx=ais

f(z)=f(a)+f (a)(z—a)+ f“(o)(zz_)'z+

1 | Define Power series. A series of the form Zanzn is called as Remember CO5
power series. That is
Daz"=az+az’+... +az"+.....

2 | State Taylor's series. The Taylor series is an infinite series, Remember CO5
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S. No

QUESTION

ANSWER

Blooms Level

CO

State Maclaurin series.

A Maclaurin series is a Taylor series
xpansion of a function about x=0,

f(z)=(0)+ f (0)(2)+ f"(0)(12—)'2+ f"’(0)%—23+.........+ f

This series is called as Maclurins series
Xpansion of f(z).

Remember

(2)"
(OR.

CO5

State Laurent series.

The Laurent series for a complex function
f(z) about a point c is given by:

()= Ya,(z-a)

1
(z-a)"

a,, and a are constants.

f(z):ian(z—a)%ibn

00 R where the

Remember

CO5

Define Zero’s of an analytic
function.

A zero of an analytic function f (2) is a
value of z such that f(z)=0 .Particularly a
point ais called a zero of an analytic
function f (z) if f(a) = 0.

Remember

CO6

Define Zero’s of m™ order.

If an analytic function f(z) can be
expressed in the form

f(z) = (z—a)"®(z) where ®(z) is
analytic function and ®(a) #0 then z=a
is called zero of m™ order of the function

f(2).

Remember

CO6

Define Singular point of an
analytic function.

A point at which an analytic function f (z)
is not analytic, i.e. at which f '(z) fails to
exist, is called a singular point or
singularity of the

function.

Remember

CO6

Define Isolated singular points.

A singular point z, is called an isolated
singular point of an analytic function f (z)
if there exists a deleted e-spherical
neighborhood of z, that contains no
singularity. If no such neighborhood can be
found, z, is called a non-isolated singular
point.

Remember

CO6

Define non-isolated singular
points.

A singular point z, is called an isolated
singular point of an analytic function f(z) if
there exists a deleted e-spherical
neighborhood of z, that contains no
singularity. If no such neighborhood can be
found, z, is called a non-isolated singular
point.

Remember

CO6

10

Define Simple pole.

A pole of order 1 is called a simple pole.

Remember

CO6

11

Define Removable singular point.

An isolated singular point z, such that f can

be defined, or redefined, at z, in such a way

as to be analytic at z,. A singular point z, is
lim f(2)

z—2,

removable if exist.

Remember

CO6

12

Define Essential singular point.

A singular point that is not a pole or
removable singularity is called an essential
singular point.

Remember

CO6
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S. No QUESTION ANSWER Blooms Level CO
13 | Define Residues at Poles. If f(2) has a simple pole Remember Co7
at zo, then
Res[f,z,] = zIerz]O(Z -2,)f(2)
14 | Stat Cauchy’s Residue Theorem. J' f(z)dz = zm'z Resf(z) Where A is Understand CO7
c acA =8
the set of poles contained inside the
contour
15 | Define Residue at infinity. The residue at infinity is given by: Remember Co7
Res[f(2)],_, = _ 1 j f (z)dz
27 ¢
Where f is an analytic function except at
finite number of singular points and C is a
closed contours so all singular points lie
inside it.

16 | How to calculate residue By finding limit at the poles. Remember COo7
17 | Can the residue of a pole be zero If is analytic at , its residue is zero, but the Remember CO6
converse is not always true
18 | What is pole of a function? The basic example of a pole is , which has Remember CO6

a single pole of order at . Plots of and are
shown above in the complex plane.
19 | What is zero order zis a pole or a zero of order n if the same is | Remember CO6
true for. If the curve is compact, and the
function f is meromorphic on the whole
curve, then the number of zeros and poles
is finite, and the sum of the orders of the
poles equals the sum of the orders of the
Zeros.
20 | Are branch point’s singularities? For complex functions, a singularity is Remember CO6
where a function fails to be analytic. Being
analytic at a point means having a
derivative and being single valued in a
neighborhood around that point. All branch
points, by definition, are next to multiple
valued points.
21 | What is pole singularity? a singularity is a point at which an Remember CO6
equation, surface, etc., blows up or
becomes degenerate.
22 | What is point in complex analysis? | In the mathematical field of complex Remember CO5
analysis, a branch point of a multi-valued
function (usually referred to as a
"multifunction” in the context of complex
analysis) is a point such that the function is
discontinuous when going around an
arbitrarily small circuit around this point.
23 | What is isolated essential n complex analysis, a branch of Remember CO5
singularity? mathematics, an isolated singularity is one
that has no other singularities close to it.
24 | What are the types of There are three types of isolated Remember CO5

singularities?

singularities: removable singularities, poles
and essential singularities.
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S. No

QUESTION

ANSWER

Blooms Level

CO

25

Is complex analysis useful?

The second application area is control
theory, specifically in the analysis of
stability of systems and controller design.
engineering applications will only make
use of parts of what is taught in a complex
analysis

Remember

CO5

26

What is complex variables math?

Complex variable, In mathematics,

a variable that can take on the value of a
complex number. The algebra

of complex numbers (complex analysis)
uses the complex variable z to represent a
number of the form a + bi.

Remember

CO5

27

What is analytic function in
complex variables?

A complex function is said to
be analytic on a region if it
is complex differentiable at every point in.

Remember

CO5

28

Are all smooth functions analytic?

Smooth functions (also called

infinitely differentiable functions)

and analytic functions are two very
important types of functions. One can
easily prove that any analytic function of a
real argument is smooth.

Remember

CO5

29

Is analytic continuation unique?

The analytic continuation is unique.

Understand

CO5

30

What is analytic continuation?

Analytic continuation, starting from a
representation of a function by any one
power series, any number of other power
series can be found which together define
the value of the function at all points of the
domain.

Remember

CO5

31

What is power series in calculus?

Power series is a sum of terms of the
general form (x-a)®.

Understand

CO5

32

Is a geometric series a power
series?

Geometric series is a function.

Remember

CO5

33

What makes series geometric?

Ratio of successive terms in the series is
constant.

Understand

CO5

34

What is series in math?

a description of the operation of adding
infinitely many quantities, one after the
other, to a given starting quantity. For a
long time, the idea that such a potentially
infinite summation could produce a finite
result was considered paradoxical.

Remember

CO5

35

What Are series used for

A Taylor series is an idea used in computer
science, calculus, and other kinds of
higher-level mathematics. It is a series that
is used to create an estimate (guess) of
what a function looks like. There is also a
special kind of Taylor series called a
Maclaurin series.

Understand

CO5

36

What is Taylor’s series
approximation?

A Taylor series is a series expansion of a
function about a point. A one
dimensional Taylor series is

an expansion of a real function about a
point is given by. (1) If , the expansion is
known as a Maclaurin series.

Understand

CO5
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S. No

QUESTION

ANSWER

Blooms Level

CO

37

What is the radius of convergence
of a power series?

Radius of Convergence. A power

series will converge only for certain values
of. For instance, converges for. In general,
there is always an interval in which

a power series converges, and the number
is called the radius of convergence (while
the interval itself is called the interval

of convergence)

Remember

CO5

38

Are power series and taylor series
the same?

If f has a power series expansion, then it is
the Taylor series, so asking if f has a power
series expansion is the same as asking if f
is equal to its Taylor series. and this
equality holds for any value of x.

Understand

CO5

39

What does it mean for a function
to be analytic?

an analytic function is a function that is
locally given by a convergent power series.
Functions of each type are infinitely
differentiable, but complex analytic
functions exhibit properties that do not
hold generally for real analytic functions.

Remember

CO5

40

1

What makes complex function
analytic?

Define the gamma function?

A complex function is said to

be analytic on a region if it is

complex differentiable at every point in.

A complex function that is analytic at all
finite points of the complex plane is said to
be entire.

The gamma function defined by the

integral I e X" dx .
0 when n>0is an

improper integral o third kind

Understand

Remember

CO5

MODULE - IV

CO8,C0o9

function.

A(m,n)= B(n,m)

2 | Explain the improper integrals? e Tl ij(t)dt . Remember |CO8,CO9
a such an integrals,for
which
Either the interval of integration is not
finite a= -o0 or b=co or both and the
function f(t) is unbounded at one or more
points in closed interval a and b
Define the Beta function? i 1o U R ,
3 efine the Beta function The definite integral Lxm 1(1_ X)" 1dx_ emember |CO8,CO9
is
beta
called the
function where m>0,n>0
4 | State the relationship between beta | The relationship between beta and gamma Remember |CO8,CO9
and gamma function. T(mC(n
function is ﬁ(m, n) = L()
r(m+n)
5 | Give the value of [° e*’ The value of [ e is  [I1/2 Remember |CO 8, CO9
6 | Give the value of [°e~*" dx The value of [°e™" dx is Remember |CO 8, CO9
T'(1/3) /3
7 | Define symmetric property of beta | The symmetric property of beta function Remember |CO8,CO9
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S. No QUESTION ANSWER Blooms Level CO
8 | If mis positive integral then write | The value is m! Remember |CO8,CO9
the value of ['(m+1)
9 | If mis positive fraction then write mF(m) Remember [CO8,CO9
the value of F(m +1)
10 | Express the value of I'(n+(1/2)) The value of I'(n+(1/2))is 1.3.5......... (2n- | Remember |CO8,CO9
1) NI /2"-1
11| write the value of [° y3/2e=>" dy | the value of [°y3/2e™>" dy is I'(5/4)/2 Understand | CO 8, CO 9
12 | Define Eulerian integral of second | The Eulerian integral of second kind is Remember |CO8,CO9
kind called Gamma function.
13 | Give the value of [n[1 — n. The value of [n[1 — n is Si:nn Remember |CO8,CO9
14 | For what value of n does the For n > 0 the gamma function converges. Remember |CO8,CO9
Gamma function converges.
15| Give the value of Jgsin”x dx The value of [2sin”x dx is 16/35. Remember | CO8, CO9
16 | Is gamma function analytic? This integral function is extended Remember |CO8,CO9
by analytic continuation to all complex
numbers except the non-positive integers
(where the function has simple poles),
yielding the meromorphic function we call
the gamma function.
17 | What are beta and gamma The Gamma Function is defined as the Remember |CO8,CO9
functions? single variable function. the Beta
Function is defined as the two
variable function
18 | What does beta mean in math? In mathematics, the beta function, also Remember |CO8,CO9
called the Euler integral of the first kind, is
a special function defined by. for Re x > 0,
Rey > 0.
19 | What does beta mean in calculus? | The beta function (also known as Euler's Remember |CO8,CO9
integral of the first kind) is important in
calculus and analysis due to its close
connection to the gamma function, which is
itself a generalization of the factorial
function. Many complex integrals can be
reduced to expressions involving
the beta function.
20 | What is beta integral? the Eulerian integral of the first kind Remember |[CO8,CO9
21 | What does the gamma symbol Gamma (uppercase/lowercase I y), is the Remember |CO8,CO9
mean in math? third letter of the Greek alphabet, used to
represent the "g" sound in Ancient and
Modern Greek. In the system of Greek
numerals, it has a value of 3. ... The
lowercase Gamma ("y") is used in wave
motion physics to represent the ratio of
specific heat
22 | What is meant by gamma The gamma function (I'(2)) is an extension Remember |CO8,CO9

function?

of the factorial function to all complex
numbers except negative integers. For
positive integers, it is defined. The gamma
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S. No QUESTION ANSWER Blooms Level CO
function is defined for all complex
numbers. But it is not defined for negative
integers and zero.
23 | Is gamma function defined for Definition of the gamma functions for non- | Remember |CO 8, CO 9
negative integer. integer negative values. Through
integration by parts, it can be shown that
for, [ (x)=1xT(x+1).
24 | Are complex numbers positive or | A real number can be defined to be positive | Remember |CO8,CO9
negative? or negative or 0, as the real set lies on a
straight line ie 1D. But a complex
number lies in a complex plane called the
Argand plane, i.e in 2 dimensions. It cannot
be defined as positive or negative.
25 | Can negative numbers have Factorial is defined only for non- Remember |CO8,CO9
Factorials? negative integer numbers.
26 | What is factorial number? the factorial of a positive integer n, denoted | Understand |CO 8, CO 9
by n!
27 | Is the gamma function analytic? This integral function is extended Remember |CO8,CO9
by analytic continuation to all complex
numbers except the non-positive integers
(where the function has simple poles),
yielding the meromorphic function we call
the gamma function. It has no zeroes, so
the reciprocal gamma function 1/T°(z) is a
holomorphic function.
28 | Is factorial function continuous? The gamma function is Remember [CO8,CO9
a continuous extension to the factorial
function, which is only defined for the
nonnegative integers. While there are
ther continuous extensions to the factorial
function, the gamma function is the only
one that is convex for positive real
numbers.
29 | Using the factorial representation | 5040 Remember |CO8,CO9
of the gamma function, what is
the solution for the gamma
function I'(n) when n = 8?
) r(6)
30 | What is the value of ——= 30 Remember |[CO8,CO9
2r(3)
31 | What is the value of jxse_xdx 6 Remember |CO8,CO9
0
32 | What is the value of J‘XGe’XdX 6! Remember |CO 8, CO 9
0
33 8 4 Remember |CO8,CO9
oI = =
| HEE
What is the value of N
51 j
3
34 | Give the value of S(1,1) 1 Remember |CO8,CO9
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35 | Using the factorial representation | 1 Remember |[CO8,CO9
of the gamma function, what is
the solution for the gamma
function I'(n) when n = 1?
36 | Give the value of 3(1,2) 1 Remember |CO 8, CO 9
37 | Give the value of 1 Understand [CO 8,CO9
N EJZ
r(3)8(31)
38 | Give the value of 5 Remember [CO8,CO9
. 9
B(1.2)
3( 31
. 1
39 | Give the value of S3(2, 2) 5 Remember |CO8,CO9
40 | Using the factorial representation | Not defined Remember |CO8,CO9
of the gamma function, what is the
solution for the gamma function
I'(n) when n = 0?
1 Give Bessel differential equation. | The Bessel differential equation is Understand [CO 9,CO 10
d’y  _dy
2 2 2
X —+X—+(X"—n%)y=0
dx*  dx ( )Y
where n is a non negative real constant or
parameter
2 | Define Orthogonality of Bessel. The Orthogonality of Bessel is If o and B Remember |CO 9,CO 10
are the two distinct roots of J,(x) =0,
then
i 0, it oz p
X (ax) dx=11 b 1 .
e O O AT,
3 | State generating function of Bessel | The generating function of Understand |CO 9,CO 10
T
Bessel is e2 = Yt"J,(x)
n=-o0
4 | Write the first recurrence relation The first recurrence relation of Bessel Understand [CO 9,CO 10
of Bessel. 2n
‘]n+l(x):7‘]n(x)_‘]n—1(x)
5 Write the second recurrence The second recurrence relation of Bessel. Understand |CO 9,CO 10
relation of Bessel. n
3300 =352 ()= 3n(X)
6 Write the third recurrence relation | The third recurrence relation of Bessel is Remember [CO 9,CO 10
of Bessel. n
33 00=—3000=3pa(x)
7 Write the fourth recurrence The fourth recurrence relation of Bessel is Understand [CO 9,CO 10

relation of Bessel.

JA(x)=§[Jn,1(x)—Jn+1(x)]
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8 Write the fifth recurrence relation | the fifth recurrence relation of Bessel Understand |CO 9,CO 10
of Bessel. 3000 = 2 30400+ 3 s (0]
9 | If my # m, are theroots of J,(m | The root is zero. Understand |CO 9,CO 10
x) =0, then
Jy % Jn (M1 %) Jn (myx) d
10 | What is the value of The value of Understand |CO 9,CO 10
[T Nmx 1 (odx is [T Nmx 1o (x)dx s one .
11 | What is the value of The value of Understand |CO 9,CO 10
120013 [J12(¥)]? [12(¥)] % [J12(3)]?
is 2/ IIx.
12 V\llhat is the value of The value is x J1(X) Understand |CO 9,CO 10
Jo'(X)
13 Express the value of The value of sin x in term of Bessel is 2J;- Understand |CO 9,CO 10
sin x in term of Bessel. 2J54+2)5-2)+......
14 | What is the value of the value of Understand |CO 9,CO 10
d dr.3 Ny 3
a[x318(x). - [X°Jg(x) is x°5(x)
15 | What is the value of The value of Understand |CO 9,CO 10
1 1 .1
f x UO (ZX)]Z fO x []0 (Zx)]z IS 2 Ul (2)]2
0
16 | Express the standard value of Jo(0)=1 Understand |CO 9,CO 10
Jo(0)
17 | Express the standard value of J1(0)=0 Remember |CO 9,CO 10
J1(0)
18 | What is the standard value of The value of J_,(x) is J,(x) Understand |CO 9,CO 10
J_(x) in terms of ], (x)
i da
19 \fthat;s the st_andard value of = 35 (0)] = %3], (x) Understand |CO 9,CO 10
E[x Jg(x)] in terms of ], (x)
20 | Express the coefficient of z=* in | The coefficient of z=* in the expansion of | Understand |CO 9,CO 10
the expansion of  e*? (z-(1/z)) e¥? (z-(1/2)) is Ju(x)
21 | What is the value of Remember |CO 9,CO 10
1 1 1
f x UO(ZX)]Z fO x []O(zx)]z = 2 []1(2)]2
0
22 | The equ_lvalzent valu_e of the %]1 () = Jo () + Jo (%) Understand |CO 9,CO 10
expression — J1(x) in terms of
Jo(x) and J, (x) is
23 | For what value of n, J,,(x) iseven | J,,(x) is even when n is Even Understand |CO 9,CO 10
24 | For what value of n, J,,(x) isodd | J,,(x) is odd when n is Odd Understand |CO 9,CO 10
25 | J,(x) = 0 has repeated roots x=0 Understand |CO 9,CO 10
except at
26 | For Bessel’s function J,(x) the The values of a and b are 1/2,1/2 Understand |CO 9,CO 10

values of a and b where
= n(0)] = @y () +
bJn41(x)
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S. No QUESTION ANSWER Blooms Level CO
27 | The generating function of J,(x) is | The generating function is Understand |CO 9,CO 10
e™? (z-(1/2))
2

28 Tijre/ ;/alue of fon/ Vix Jip(x)dx =1 Understand |{CO 9,CO 10
fo \/ﬁ ]1/2 (x)dx

29 1 ; 1 (" Understand |CO 9,CO 10
The value Ofnfo cos(xsinf) do _f cos(xsin) do = Jo(x)
in terms of Bessels function is TJo

30 | Express the Jacobi series cos(xsinf) = J, — 2J,cos26 Understand |CO 9,CO 10
cos(xsinf) + 2J,c0546 ...

31 | Express the Jacobi series Sin(xsin@) = 2[J;cos0 — J3cos36 Understand |CO 9,CO 10
Sin(xsin®) + Jscos560 — -+

i d

32 \that is the _standard value of =1 (0] = 2Jo(x) Remember |CO 9,CO 10
E[le(x)] in terms of Jy(x)

33 | What is the standard value of 2 1 . Understand |CO 9,CO 10
Ju(X) Jap(X) = = [; sinx — cosx|

34 | What is the standard value of 2 3-x% . 3 Understand |CO 9,CO 10
Js2(X) Js2(X) = = [ 2 Sinx — ;cosx]

35 | What is the standard value of 2 Understand |CO 9,CO 10
J1/2(X) Jl/g(X) = - sinx

36 | What is the standard value of J- 2 Remember [CO 9,CO 10

J-1p(X) = |= cosx

12(X) X

37 | The relationship between Jy5(x) J-1o(X) = Jya(X) cotx Understand [CO 9,CO 10
and J-1(X) is

38 | The condition on n for J,(—x) = n is a positive of negative integer Understand |CO 9,CO 10
(=D"/n(x)

39 | The most general solution of ¥y = cJn(x) + c3J_,,(x) where ¢; and ¢, Understand |CO 9,CO 10
Bessel’s differential equation is are arbitrary constants

40 | Express the J;(x) in terms of J; (x) Jo(x) = —J1(x) Understand |CO 9,CO 10

Prepared by:
Ms. L Indira, Assistant Professor HOD, FE
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