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The booklet contains OMR sheet and having two
seals. Candidates will first open the booklet by
removing the seal at the top to get the OMR sheet.
Second seal will be removed two minutes before the
commencement of the examination.

Before starting the Examination, the candidate must
write her/his Roll Number in the Question Booklet
and the OMR Answer Sheet; in addition to putting
signature at the places provided for the purpose.

This Question Booklet consists of this cover page, and
a total 100 items. Use Blank pages available at the
end of Question Booklet for rough work.

There are four alternative answers to each item
marked as (a), (b), (c) and (d). The candidate will have
to select one of the answers that is considered to be
correct by her/him. S/he will mark the answer
considered to be correct by filling the circle.

Use black/blue ball point pen to darken the circle.

See the following illustrations.

[llustration:

1. Thesum of 20 and 12 is

(@) 32 (b)38(c)31(d)34

The Correct answer of item 1 is (a), which should be
marked in OMR Answer Sheet as under:

3 1000

Half filled, faintly darkened, ticked or crossed circles
will be read as wrong answers by the optical scanner
and will be marked as incorrect.

The OMR Answer Sheet must be handed over to the
invigilator by the candidate before leaving the
Examination Hall.

Keep OMR Sheet straight. Do not fold it.

All questions are compulsory, each question carries
one mark.

Incidence of carrying of calculator/mobile/any
electronic  device/objectionable material will be
treated as unfair means case.
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Mathematics

Section A
The additive group Homgz/27.7) =
a) Z b) 0
c) Z/27Z d) 27

Let f(2) = u + iv be an entire function with the property that u,v, — u,v, = 1in C.
Then f(z) =

a) az+ b, where a and b are constants with |b|= 1

b) az + b, where a and b are constants with |a|= 1
¢) az+b, where a and b are constants with |b| = 2

d) az+ b, where a and b are constants with |a| = 2

Which of the following function has essential singularity at z= 0

) f(r) = sin(z?) = sin(z)
/) 22(z —a) 0 /() 2(z —a)
1
) f(z)=e!/ T P}

Let p be a prime integer. Then number of finite groups, up to isomorphism, of order p? is

a) 1 b) 2
c 3 d) 4

Which of the following is a class equation of the quaternion group Qg

a) 2+2+2+2 b) 1+142+2+2
o) TH14+1414+242 d) THIFIH1H14142

Consider the following statements:

P: A Hermitian matrix is positive semi-definite if and only if the determinants of
all its principal sub-matrices are non-negative.

Q: Any positive semi-definite matrix has a unique square root.

Which of the above statements hold true?

a) Only P b) Only Q
¢) Both P and Q d) Neither P nor Q

The kernel of the homomorphism ¢ : C[z,y] — C[t] defined by ¢(z) = t? and
o(y) = t3 is the ideal

a) (y* —a?) b) (y* —a?)

o) (y*—a?) d) (y*—2%)
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Let the characteristics equation of a matrix A be A2 — X\ — 1 = 0. Then
a) A~! does not exist b) A™! exist but cannot be determined from the data

c) Al=A+1 d At=A-1
Which of the following sets are subspaces of P (the vector space of all polynomials)?

a) {p € P :degree of P =4} b) {p € P :degree of P > 3}
c) {pe€P:degrecof P<4andp'(0)=1} d) {p€ P :degree of P <4 andp'(1) =1}

Which of the following functions is uniformly continuous

a) f:(0,00) = R, f(z) = 22 by f:[0,2021] = R, f(z) = 2?
¢) [f:(0,00) >R, f(z)=1/x d) f:(0,2021) = R, f(x) =1/21°
Let A and B be two n x n matrices. Then incorrect statement is

a) rank(AB) = rank(BA) b) trace(AB) = trace(BA)

¢) det(AB) = det(BA) d) If AB =0 then rank(A)+ nullity(B) < 2n

Let A be the matrix of quadratic form (x; — x5 + 2x3)?. Then trace of A is

a) 2 b) 6
c) 4 d 0
1 -1 -1
Let A= 1 =1 0 |. Then ||A]] is equal to
2 1 -1
a) 4 b) 2
c) 3 d 0
00 3
The minimal polynomial associated with the matrix | 1 0 2 | is
011
a) x3—x?—2r—3 b) z3—22+22-3
¢) x*—2?—22+3 d) —23—22-22-3

Let n be a positive integer and H,, be the space of all n x n matrices A = (a;;)
with entries in R satisfying a;; = a,s whenever i+j =r+s (i,7,r,s = 1,2,...,n).
Then dimension of H,,, as a vector space over R, is

a) n? b) 2n—1

c) n2—n+1 d 2n+1
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The characteristic of the partial differential equation 2u, + 3u, = u are

a) Exponential curves along which « remains constant

b) Straight lines along which u varies exponentially with z

¢) Straight lines along which u remains constant

d) Exponential curves along which u varies linearly with =

Initial value problem,

d
’%‘ + |yl =0 with y(7)=0,
has
a) Unique solution b) No solution
¢) Exactly two solutions d) Infinite solutions

On which of the given intervals will the following initial value problem have a
unique, continuous, solution?

2

—3|

i e B

a) —2<t<?2 b) m/2<t<3

¢) 2<t<3n/2 d n/2<t<3n/2

Consider the nonhomogeneous equation
y// + 6y’ + 9y — (2t + t4)673t'

By the method of undetermined coefficients, there is a solution to the equation
which is of the form y(t) = P(t)e™3" where P(t) is a polynomial. The degree of
P(t) is

a) 2 b) 3
¢ 5 d) 6

Pick the region in which the following differential equation is elliptic
TUgg + 2Ugy + YUyy — Uy + Tuy = 11

a) zy>1 b) zy<1

c) zy=1 d) zy=1/2
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Let there be a Cauchy problem

3
%—2—220, u(x,0) =22, 0 <2 < 1.

Then its solution is given by

a) 2z/z[l — Ty b) 2zl -y
) 2z/z[1+ Zy] d) 2z/z[1+ 2y

Let n be a non-negative integer. Then the eigenvalues of the Strum-Liouville problem
y" 4+ Ay =0,

with boundary conditions y(0) = y(27), '(0) =/(27) are

a) n b) nin?

c) nmw d) 2

If y — x # 0, a solution of the differential equation
v +y) =z(z+y)

is given by
a) y=1—x—e”* b) 1—a+e”
) I+x+e™ d 1+z+e"

Let there be an initial value problem u; + (u*/2), = 0 with data

(@.0) 1, if 2<0
ul\zx, = .
0, if x>0.

Then solution is given by

1, if >t/2 1, if <t/2
T b) (=gl TSt

0, if z<t/2. 0, if z=>t/2.
c) u(z,t) =0 d) Solution does not exist

Let u(z,t) be the solution of uy — uze = 0,0 < 2 < 1, ¢t > 0, u(z,0) = z(1 —),
u(x,0) = 0. Then u(3, %) is

a) 0 b) —1/16

©) 3/16 d) 1/16

Suppose 1 < m < n and let G =< (12,--- ,m), (12,---n) > . Then the group G
contains

a) a 2-cycle b) a 3-cycle

¢) a 4-cycle d) a 5-cycle
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Let G be a finite and abelian group in which every two nonidentity elements of
G are conjugate. Then

a) |G| <2 b) IGI=3
© |Gl <4 d) |G| <23
Which of the following is a cyclic group

) Zy x Ly b) Zx7Z
C) ZG X Zl5 d) ZQ X Zg

Let k be a field and k[[X]] be the ring of formal power series over k. Which of
the following is true

a) there are infintely many maximal ideals in k[[X]]
b) there are only finitely many maximal ideals in k[[X]]
¢) there is a unique maximal ideal of k[[X]]

d) none of these

Let R be a ring and suppose I C R is the unique maximal ideal of R. Which of
the following is true

a) every element of is a unit b) every element of R — I is a unit

c) every element of [ is nilpotent d) every element of R — I is a nilpotent

The ideal <Y — X? > in the ring k[X, Y], where k is a field, is

a) maximal ideal b) unique prime ideal

¢) prime ideal d) none of these

Let f: R — R be a continuous additive group homomorphism then
a) f(z)=f(0)z b) flz)=f()x
o) f(x)=f(2)z d) flz)=fB3)z

Let f(x) = |z|® for x € R. Then which of the following is true
a) f'(0) doest not exist b) f(0), f7(0), f(0) exist but not f(0)

¢) f(0), f(0) exist but not f”(0) d) All derivatives of f exist

Let f : [a,b] — [c,d] be a differentiable function with |f/(x)| < ¢. Then which of
the following is a sufficient condition for f to be a contraction mapping

a) 0<c<1 b) 0<ec<1

) 0<ec<1 d 0<c<1
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Let f: R — R be a differentiable function such that f’(z) # 0 for every z € R.
Then
a) f is injective b) f is surjective
¢) [ is bijective d) none of these
Let f be an entire function on C such that |f(z)| < 100log |z| for each z with
|z| > 2. If f(i) = 2i, then f(1)
a) must be 2 b) must be 2;
¢) must be ¢ d) can not be determined from the given data
u(x,y) = sinh z siny is harmonic on a domain D, then its harmonic conjugate in
D is
a) coshxcosy+c b) —coshzcosy+c
¢) sinhzcosy+c d) coshzsiny4c
. Let C': |z| =1, taken in positive sense. Then / L -
c #(z —4)
a) zero b) in/2
c) —in/4 d) —in/2
The power series > o°27"2%" converges if
a) 2| <2 b) |2/ <2
&) |4 <v2 O |2 < V2
The residue of f(z) at z = 2, where f(z) = (ze— %) is
a) 1 b) ¢
6
1 1
) —— 4
) Ge? ) Ge?
The maximum value of Z = 2z + 3y subject to the constraints = +y < 30, y > 3,
0<y<12,x—y>0and 0 <x <20is
a) 11 b) 72
) 33 d) 36
For an LPP having n decision variables and m constraints, then any extreme

point say x = [z1, T9, ..., ¥,|T can have atmost
a) n positive z; b) m positive z;
¢) k positive z;, where m < k <n d) None of the above
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In maximization LPP, if a variable corresponding to positive z; — ¢; is entered
and leaving variable rule is properly followed, then

a) the next basic solution will not be BFS
b) the solution may be bounded or unbounded
¢) the value of the objective function will decrease

d) the value of the objective function will increase

If x = £ is an isolated zero of f(z) with multiplicity m # 1, then the rate of
convergence of Newton’s method is

a) Linear b) Quadratic
¢) Linear if m = 2 d) Quadratic if m = 2
. 121 o 4 . . . o
Given 9 1 5 2 | =15 | the maximum possible basic solution is
T3
a) 3 b) 4
c) 2 d ¢
If P(ANB)=3,P(ANB) =3, P(A) =p, P(B) = 2p, then the value of p
is given by
a) 1/3 b) 7/18
c) 4/9 d) 1/2

An unbiased coin is tossed n times. If the probability that head occurs 6 times
is equal to the probability that head occurs 8 times, then n is equal to

a) 10 b) 12

c) 14 d) 16

If the mean of a binomial distribution is 25, then its standard deviation lies in
the interval given below

a) (0, 25] b) [0, 25)

¢) (0, 5] d [0, 5)

If in a moderately skewed distribution the value of mode and mean are 6A and
9\ respectively, then the value of the median is

a) 8\ b) 7x

c) 6A d) 5\

If a, b, ¢, d are constants such that a and ¢ are of opposite signs and r is the

correlation coefficient between X and Y, then the correlation coefficient between
aX + b and cY +d is equal to

a)%r b)
c) T d —r
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Section B
Research Methodology

Which of the following is a feature of Quantitative research
a) Approach to enquiry is structured

b) Sample size is small

¢) Approach to enquiry is unstructured

d) Emphasis on description of variables

The missing number in the sequence is

0, 6, 24, 60, 120, ...., 336, is

a) 240 b) 220
c) 280 d) 210

Under which of the following categories Sylow's theorems fall
a) Descriptive Research b) Sample Survey

c¢) Fundamental Research d) Applied Research

The next step after the formulation of the hypothesis is

a) Data collection b) Statement of objectives

¢) Analysis of data d) Selection of research tools

The binary relation “is a brother of" is
a) Symmetrical b) Transitive

c¢) Reflexive d) Anti-symmetrical

Deductive logic studies the way in which a premise may
a) Support and entail a conclusion

b) Not support but entail a conclusion

¢) Neither support nor entail a conclusion

d) Support a conclusion without entailing it

Which of the following is the initial step of a research
a) Searching a problem b). Selecting a problem
¢) Finding a problem d) Identifying a problem

Bibliography given in a research report:

a) Helps those interested in further research
b) Shows vast knowledge of the researcher
¢) Has no relevance to research

d) Has no connection to the report
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Which of the following is a Type-1 Error

a) Acceptance of a null hypothesis when it is false
b) Rejection of a null hypothesis when it is true
¢) Rejection of the hypothesis when it is true

d) None of these

Which of the following is a Type-2 Error

a) Acceptance of a null hypothesis when it is false
b) Rejection of a null hypothesis when it is true
¢) Rejection of the hypothesis when it is true

d) None of these

The primary aim of selecting a hypothesis is

a) To widen the scope of a research study

b) To bring the usefulness of a research study
¢) To bring focus to a research study

d) To bring importance of a research study

Which of the following is another name for null hypothesis
a) Hypothesis of difference b) Hypothesis of no difference

¢) Hypothesis of association d) Hypothesis of point-prevalence

Hypotheses are usually not formulated if the aim of a study
a) To test an assertion by way of causality

b) To test an assertion by way of association

c¢) To explore where very little is known

d) To validate the prevalence of something or establish its existence

Which of the following is not a programming language?
a) JAVA b) FORTRAN
¢) COBOL d) UBUNTU

A research design serves the function

a) To detail the procedures for making study important
b) To detail the procedures for undertaking a study

¢) To detail the procedures for making the study useful
d) All of these

. Which of the following are the problems with the data from secondary sources

a) Personal biasness b) Validity
c¢) Reliability d) All of these

9
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A hyperboloid of one sheet contains

a) One parameter family of straight lines
b) Two parameter family of straight lines
¢) Three parameter family of straight lines

d) Four parameter family of straight lines

Primary sources are those where

a) Government collects the data

b) Some private agency collects the data

c¢) You collect the information from respondents
d) None of these

Which of the following variables cannot be expressed in quantitative terms?
a) Intelligence quotient (IQ) b) Economic status

c¢) Numerical aptitude d) Emotional quotient (EQ)

Which of the following is a negation of "all students are intelligent'
a) No student is intelligent

b) All students are not intelligent

¢) Some students are intelligent

d) There exists a student who is not intelligent

1 TB (terrabyte) equals
a) 1024 GB b) 1000 GB
c) 1023 GB d) 1022 GB

Computer program that translates computer code written in one programming language
into targent language is called

a) Operating system b) Compiler
¢) Main program d) None of these

The term research ethics is concerned with
a) Using prescribed format of a thesis b) Evidence based research
¢) Quantitative methods d) Qualitative methods

. Which of the following branches of mathematics doesn’t use abstract methods for its study

a) Homological algebra b) Category theory

c¢) Linear algebra d) Numerical analysis

10
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81

82.

83.

84.

. Which of the following is usually not considered a part of Analysis

a) Fourier analysis b) Dierential Geometry

c) Category Theory d) Numerical analysis

The mathematician Alexander Grothendieck is known for his work in
a) Fourier analysis b) Dierential Geometry
c¢) Noncommutative Algebra d) Algebraic Geometry

Which of the following number is usually associated with Indian mathematician
Ramanujan (Taxicab number)

a) 1729 b) 1730
c) 1731 d) 1733

The number of integers between 100 and 1000 that are divisible by 7 is equal to
a) 127 b) 129
c) 128 d) 133

The statement “there are infinitely many pythagorean triplets" is a statement in
a) Fourier analysis b) Analytical Geometry
¢) Number Theory d) Real Analysis

. Which of the following is not considered the basis of scientific method?

a) Empirical evidence b) Opinions and responses of people

c¢) Laboratory experimentations d) Objective considerations

. Which of the following is essential for starting a research project

a) Good hypothesis b) Motivation

¢) Passion d) A well formulated research problem

Mathematical research primarily make use of
a) Deductive reasoning b) Inductive reasoning

c¢) Laboratory experimentations d) Objective considerations

Research is always about
a) Verifying the old knowledge b) Exploring new knowledge
¢) Filling the gap between knowledge d) All of these

A person writes all the numbers from 0 to 99. The number of times digit 5 will be written
1s

a) 18 b) 19
c) 20 d 21

11
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What is equivalent of the statement "All cars are jeeps' ?
a) All non-cars are non-jeeps b) All non-jeeps are non-cars

c) All jeeps are cars d) none of these

Which of the following is a general framework for undertaking a research
a) Research design b) Research synopsis

¢) Research hypothesis d) none of these

Which of the following mathematician has proved Fermat’s Last Theorem
a) Fermat b) Andrew Wiles
¢) Richard Taylor d) Ramanujan

The process of making and recording observations is called
a) Data Analysis b) Data Measurement
c) Data Collection d) Data Processing

Prior to undertaking a research project the process of critical reading of the available
literature on the topic is called

a) Reviewing the literature b) Researching of literature

c) Assessment of literature d) Analysing of literature

A fundamental characteristic of a good research is:
a) Generality b) Usefulness
c) Objectivity d) Comprehensibility

When the population is heterogeneous which of the following sampling method is preferred
a) Random sampling b) Cluster sampling
¢) Quota sampling d) Stratied sampling

When the population is difficult to enumerate or is hidden which of the following sampling
techniquesis preferred

a) Random sampling b) Snowball sampling

¢) Quota sampling d) Stratified sampling

Two events are mutually exclusive if

a) Both can occur at the same time

b) Occurrence of one implies the occurrence of the other

¢) Occurrence of one implies the non-occurrence of the other

d) none of these

12
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Which of the following is a habit or a trait of a critical mind

a) Desire to follow evidence and reason wherever they may lead
b) Desire of follow the established rules

¢) Desire of follow the authority

d) All of these

Which of the following is not a charateristic of a research

a) Research is rigorous b) Research is systematic

¢) Research need not be verifiable d) Rsearch needs to be objective

96. In research we use methods that

97.

98.

99.

100.

a) have been tested for validity b) have been tested for reliability

c¢) are unbiased d) are subjective and simple

The main objective of a qualitative study is to

a) describe the variation in a phenomenon

b) describe the deversity in a situation or attitude

¢) describe the variation and deversity in a phenomenon
d) all of these

Number theory uses methods of
a) Analysis b) Geometry
c) Algebra d) all of these

A null hypothesis is

a) when there is a difference between variables

b) no difference between certain characteristics of a population
c¢) same as the research hypothesis

d) always subjective

Historical research falls into the category of
a) Fundamental research b) Experimental research
c¢) Descriptive research d) None of these

13



SPACE FOR ROUGH WORK



