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GROUP—A '
1. Answer any six of the following questions :
2x6=12

(@) Is the function f:R —> R, defined by

f(x)=x2, a bijection? What modifi-

cations do you need to make in the

domain and codomain to make it a
bijection?

(b) State the contrapositive of the

implication ‘If A is finite, then A is
countable’.

(c Let x,y>0. Show which is larger,

Jg or 2

x+y-




( 2)

(d) Let X be a nonempty set and P(X)
denotes the power set of X If

(P(X),c) is a Poset, when will < be a
total order on P(X)?

(e) State Zorn’s lemma.

() Find the equation whose roots are the

squares of the roots of 3 —4x+2=0.
(g) State mth power theorem.

(h) Construct a function f:R—>R thatis
onto but not one-to-one. '

GROUP—B

Answer four questions, taking one from each Unit

Unir—I1

2. (a) Negatethe following statements :

(i) He is well-built as he is tall and
muscular.

(i) Ram likes a fruit if it is sweet or
juicy.

(bp) Give an example of an equivalence
relation with proper justification.

26M7/815 ( Continued )

( 8)

(¢ (i) Check whether f:R—=>R defined
by f (x)=logx can be a bijection

or not.

(ii) Also check f:R—->R given by
f(x)=¢€" is a bijection Or not.
What can you do to make it a
bijection? (2+2)+4+(2+2)=12

3. (a) Show equivalence of the following :
{d-«~ a)ab)ac) and ~[(a Vv (~ (bac)A d]

(bj There are two shopping malls next to
each other, on¢ with sign board as
‘Good items arc not cheap’. And the
second with sign board as ‘Cheap items
are not good’. Do they mean same?

Justify.

(c The relation R in a set A is defined
by 2x + 3y =30, X, YeA, where
A={0,1,2,3, .. 15}. Write down Rand
identify its type.

(d) Given that f:R—R defined by
£(x)=tanx. Show that f is mot 2
mapping. 3+3+4+2=12

26M/815 ( Turn Over )



4.

5.

6.

FMAAMMIKRL R

( 4)

UniT—I1

(a) In a Poset (P,c), define upper bound

and least upper bound of a subset.
Give suitable example.

(b) For the Poset (P({1, 2,3)),c), find all
maximal and minimal elements.

(c Explain the equivalence between the
well-ordering principle and mathe-
matical induction.

(d) State Schroder-Bernstein theorem.
3+3+4+2=12

(@) Show that the set of all rational numbers
Qis countable.

(p) What is a chain in a Poset? Give an
example of a Poset in which every chain
has an upper bound but the Poset has
no greatest element.

(c) State both the Peano’s axioms.

4+(1+3)+4=12
UniT—III

(@) Prove that the imaginary roots of a
polynomial  equation with  real

coefficients occur 1n conjugate pairs.

( Continued )

(b)

(c)

(d)

7. (a)

(b)

(o)

(d)

26M/815

( 5)

Find the equation whose roots are the
squares of the differences of the roots

of the cubic 23 -Tx-6=0.

If a,b,c are three positive numbers,
then show that

2
a+b+c) 2a(b+c)
3 2
For two positive real numbers a and b,
show that AM 2 GM. 3+4+3+2=12

If a,0a,G35-% are
numbers in AP, then show that

2
a1+an
af+a§+...+a?l >n(——’——

n positive

2

If the equation
x4+ax3+bx2+cx+d=0

has three equal roots, then show that
each of them is equal to

6c—ab

s A

3a? -8b
State the fundamental _theorem of
algebra.
Find = the

o+ ax? -9x+21 is divided by 2x-7-
4+4+2+2=12

remainder when

( Turmn Over )




8. (a0

()

(c)

9. (a)

(b)

()

26M/815

(6)

UNIT—IV

If a, B, y are the roots of the equation

x3+px® +gx+r=0, then find the

value of

(1 1 1)(1 1 1)(1 1 1)
—t || = || ==
By a/ly o« B)la B v
Solve the following equation by a
suitable method :

x*+5x2 +2x+8=0

Solve by Ferraris method

x*-18x%2+32x-15=0 4+4+4=12

Solve 43_gx-9=0 by Cardon’s
method. ‘

Solve the equation
x* +10x% +26x% +10x+1=0

Apply Descartes’ rule of signs to find
the nature of the roots of the equation

4

x* +qx® +rx~-s=0 (g, r, s being positive)

( Continued )

( 7))

(d) Remove the fractional coefficients of the
following :

x _%x“ .|,_._.x-1=0 3+4+3+2=12

26M—500/815 NEP(Sem-~1)/MT101C/25
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GROUP—A
1. Answer any six of the following questions :
2x6=12

(a) If Ais an invertible matrix, then prove
that Al is also invertible.

(b) Define :ofthogonal matr::ix. Prove that
the product of two orthogonal matrices
is orthogonal. &

(c) State Cayley—Hanii;ton theorem.

(d) Define linear span Give an example.

26M/816 : g ( Turn Over )




(2)

(e) Does the equation
x2 —5xy+4y2 +x+2y-2=0

represent a pair of straight lines?
() Find the nature of the conic

=4-5cos9

~ |00

(g) Find the polar equation of the left

branch of the hyperbola

x2 y2

X 2 -1
16 36

(h) Transform to axes inclined at 45° to the
original axes the equation x? —y2 =a
without changing the origin.

GROUP—B

Answer four questions, taking omne from each Unit

UNIT—I1
2. (a) Determine the values of «, B, v when
the matrix
0 28 v
o B -v
a -B ¥

is orthogonal.

26M/816 ( Continued )

(b)

(c)

(b)

26M/816

( 3)

Define Hermitian matrix. Prove that a
necessary and sufficient condition for a
matrix A to be Hermitian is that
A=A", where A* =[A].

If
1 3 4
A+Is = -—-1 1 3
-2 -3 1

then evaluate (A +I3)(A—-1I3), where I
represents 3x3 identity matrix. 4+4+4=12

Reduce the following matrix to row-
reduced echelon matrix :

4 1 2
-3 2 4
8 -1 -2

Show that the matrix

if b -2y 2
As| -9

= 1 2

L5y 14

is orthogonal. Using that A is orthogonal,
solve the equations, x-2y+2z=2,
-2x+y+2z=-1and 2x+2y+z="7.

( Turn Over )




( 4) (5)

(c) Express (b) Define sub-space of a vector space.
Show that the intersection of two
123 subspaces is always a sub-space of the
345 same. Is the proportion true for union
56 7 of subspaces? Justify your answer.
as the sum of a symmetric and a skew- (c) Prove that the eigenvectors CoIres-
symmetric matrix. 4+4+4=12 ponding to two distinct eigenvalues of a
real symmetric matrix are orthogonal.
4+5+3=12
UniT—IL
UniT—III
4. (a) If
1 2 6. (a) Reduce the equation
A=[_1 3} 4x2+4xy+y2—4x—2y+a=0
then use Cayley-Hamilton theorem to to the canonical form and determine
express A6 —4AS +8A% -12 A3 +14A2 the type of the conic represented by it

as a linear polynomial in A. for different values of a.

(b) Show that the equations x+y+z=06, (b) Find Fhe transformed equation for the
x+2y+3z=14 and x+4y+7z=30 equation
are consistent and solve them. x2 —2xy - 3y? +2x+14y-16=0
(c) Let Vbea vector space over the field. when the origin is shifted to the point
Prove that the set S of non-zero vectors (1, 2) and the axes are turned through
Oy, Olg, O3, -» Op €V i8S linearly depen- an angle 45°. 6+6

dent if and only if some element of S be

a linear combination of the others. .
4+4+4=12 7. (a) If the line Ix+my=n be a normal to

the ellipse

2 32
+Y =1

5. (a) Show that the basis of a vector space -
b

need not be unique.

Qm‘ S

26M/816 ’ ( Continued ) 26M/816 ( Turn Over )




(6) (7))

then show that (b) If the two conics
£+_Z_’_2_=_(a2_b2)2 li:l—elcosﬂ and 12-=1—62008(9—0€)
2 m? n> r r

touch one another, then show that
(b) Find the equation of the diameter of

2(l-e3)+ 122 (1- elz) = 2L1,(1 - e;e; cos @)
the ellipse 3x? +4y? =5 conjugates to 1(1-€

6+6=12
y+3x=0.
(c) The polar of the point P with respect to 9. (a) Sh(z)w th}a;;c thebtréail%l € ff?e; 23;3; ilini:
the circle x?2+y?=a? touches the ax” +2 ly ; ) fy e '
circle 4x?+4y? =a?. Show that the right-angled 1
locus of P is the circle x?+ y2 =4q2. (a+ b)(al2 +2hlm+bm?)=0
(d) Show that the equation (b) If the conics
2 2
x“ —6bxy—-27y“+6x-6y+1=0 I_ 1 4 ecos8 and £1-=1+ecos ®-7)
represents two intersecting straight ¥ r
lines. 3+3+4+2=12 touch at g =0,, then show that
2
jy e B 6+6=12
UNIT—IV e? +2ecosa+1
8 (a) If
ax2+2hxy+by2+29x+2fy+c=0 | * ok k

represents a pair of straight lines, then
prove that the area of the triangle
formed by their bisectors and the axis

of x is
Jla-b)? +4h> ca-g*

2h ab —h?

26M/816 ( Continued ) | 26M—500/816 NEP(Sem-1)/ MT102C/25




9. (a) Prove that the set of all 2x2 real
matrices of the form

Y

forms a field w.r.t. matrix addition and
multiplication.

(b) Show that the set of all integers forms
an integral domain but not a field.

(c) Show that the set {1, 0, ®% forms a

multiplicative cyclic group, where o is
a cube root of unity. 5+4+3=12

* K Kk
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GROUP—A
1. Answer any six of the following questions :
2x6=12
(a) Define compound statement and
contrapositive statement.
(b) If R be a ring such that a*=q, for all
ae R, then prove that
a+a=0, YaeR
(c) Apply Descartes’ rule of signs to show
that the equation x*+2x%2-7x-5=0

has two real roots and two non-real
roots.

(d) Solve the equation x3 -3x2+4=0 , two
of its roots being equal.

26M/842 ( Turn Over )




(2

(e) 1f a, b and c be any three real numbers,
then show that

a2+b2+c2>ab+bc+ca

() State the Weierstrass inequalities.

(g9 Give an example of a relation which
is reflexive and transitive but not
symmetric.

(h) “f(x)=logx is not a mapping from
R > R, the set of real numbers.”
Justify the statement.

GROUP—B

Answer four questions, taking one from each Unit

UNIT—I

2. (a) Define conjunction and disjunction
statements. Write the truth table for
the statement pA(~(qvr)).

(b) The relation R in a set A is defined by
2x+3y =30, x,ye A, where
A={0,1,23, 4, --,15}

Find R. Identify the nature of R with
justification.

(c) In the set of real numbers if f:x —2x,

g:x—>x2 and h:x— (x+1), then find

ho(go f) and (hog)of. (2+4)+3+3=12

26M /842 ( Continued )

(b)

()

4. (a)

(b)

(©

26M/842

(3

Prove that A-(BNC)=(A-B)u(A-C),
where A, B and C are subsets of a
set X.

If f:R— R be defined by f(x)=x?+3,
where R is the set of real numbers,

then show that f1(7)={-2, 2}.

Given that A=R-{3} and B=R-{l1},
where R is the set of real numbers, and
f:A— B is defined by

x —
f (x) = y X € A
x-3
Prove that f is one-one and onto
mapping. 5+3+4=12
UniT—II

Solve x3 - 3x2 +12x +16 = 0 by Cardan’s
method.

If the roots of the equation
x3 —ax?+bx-c=0 are in harmonic
progression, then show that the mean

. C
root 1s —.
b

If a and b be positive, then show that

2 2
(a +l) +(b+i} 212l
a b 2

where a+b=1. ' 5+3+4=12

( Turn Over )




(4)

S. (@) Solve the equation x*-3x2-6x-2=0
- by Ferrari’s method.

(b) If a, p and y be the roots of the
equation x3 + px? + gx+r =0 then form
the equation whose roots are a+l,

1 1 &
B+= and y+—.
B Y
(¢ Ifa, band cbe positive, then prove that

2 - 2 = 2 9
b+c c+a a+b a+b+c

unless a=b=c.

UNIT—III

6. (a) Show that the set Z of all integers does
not form a group under the operation
defined as x*y=x-y for every
X, Yye Z.

(b) Show that the four roots of unity form
an abelian group wunder ordinary
multiplication.

(c) Show that the identity of a subgroup is
the same as that of the group. 3+5+4=12

26M/842

4+4+4=12

{ MCantivricd )

7. (a)

(b)

()

(@)

(b)

(¢

26M /842

(8§

Prove that the intersection of any two
subgroups of a group (G, #) is again a
subgroup of (G, #).

If a be an element of a group G such
that a? =a , then show that a= e, the
identity.

Show that the set of integers
{1,5,7,11} forms a group under
multiplication modulo 12.

Define centre of a group. 3+3+4+2=12

UNIT—IV

If a=(1 2 3 4), then show that the
2 3

set {a, a“, a°, a4} forms a cyclic group.
Prove that every field is an integral
domain.

In the ring (S, +, ), S is the set of 2 x 2
matrices of the form

o]

where a, b and c are even integers and
+ and - are respectively matrix addition
and matrix multiplication. Show that
(S, +, ) is a non-commutative ring with
no unity element. 3+4+5=12

{ Tvirm Naor )
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1.

A sentence in Mathematics is classified
as a statement if it is

[A] a string of words and symbols
having precise meanings

[B] either true or false, but never both
or in between

[C] context specific; such as x+3=7

[D] always decisively known whether
it is true or false

A relation which is reflexive, symmetric

and transitive is called as

[A] one-one relation

[B] partial order

[C] equivalence relation

[D] systematic relation

Which type of memory is volatile and

loses its data when power is turned
off?

[A] Read-only memory

[B] Flash memory

[C] Random access memory

[D] None of the above

Which of the following groups has only
output devices?

[A] Scanner, Printer, Monitor

[B] Keyboard, Printer, Monitor

[C] Mouse, Printer, Monitor

[D] Plotter, Printer, Monitor

If A is a finite set containing n

elements, then the power set P(A)
contains

[A] n elements
[B] n? elements
[C] 2™ elements

[D] n+1 elements

NEP(Sem-1)/MT101ID/25/869-A

10.

Which of the following is not a set?
[A] Collection of vowels

[B] Collection of odd integers

[C] Collection of good students

[D] Collection of natural numbers

Which of the following probabilities
not possible?

[A] [B]

NN

1
5

7
€l 5 D]

N o

What is MS PowerPoint?

[A] A video editing software
[B] A spreadsheet software

[C] A word processing software

[D] A presentation software used
create slideshows

A function f: M — N is onto, if

[A] fis injective

[B] every element of M has an ima,
in N

[C] every element of N has a pr
image in M

[D] None of the above

What 1is the probability that
number selected from the numbe
(1, 2, 3, ..., 15) is a multiple of 4?

4
Bl 3

1
[Al 3

1
€32 D] 3



11. When

12.

13.

14.

15.

is the conjunction of two
statements, S and T, considered true?

[A] If Sis true
[B] If Tis true
[C] If at least one of S or T is true

[D] If each of S and T is true

If set P has 3 elements and set Q has
4 elements, then the number of
relations from P to Q is

A] 28
B] 2%
[c] 212
D] 3%

If a function f:R—>S
then

is Dbijective,

[Al n(R)>n(S)
[B] n(S)>n(R)
[C] n(R)=n(S)
[D] None of the above

The shortcut to save a Word document
in Windows is

[A] Ctrl+$S
[B] Ctrl+C
[C] Ctrl+X
[D] Ctrl+A

If n(A)=3 and n(B)=5, then the total
number of functions from A to B is

[A] 15
B] 5°
[C] °C
[D] °P;

NEP(Sem-1)/MT101ID/25/869-A

16.

17.

18.

19.

A letter is chosen from the letters in
the word ‘ENTERTAINMENT’. The
probability of choosing a consonant is

8
Al 55
5
Bl g
8
€l 13

[D] None of the above

The probability of getting 7 in rolling a
fair dice is

(Al 1

[B] 05

[C] O

D] 07

Given  P(A)= 1 P(B)= = and
4’ 3

1
P(AUB)=-2-. Then P(A|B) is equal to

1
Al 15
1
Bl 7
1
€l 3
3
10) By

If P(E)=0-30, then the probability of
not occurring the event E is

[A] 0-30
[B] 0-70
[C] 0:50
[D] 0-60

[P.T.O.



20.

21.

22.

23.

If A={x,y}, the power set of A is

(Al o {uB
Bl {0} {x y}

[C] {93 {x {h
[D] Nomne of the above

What would be the probability of an
event G if H denotes its complement,
according to the axioms of probability?
[A] P(G)=1/P(H)
[B] P(G)=1-P(H)
[C] P(G)=1+P(H)

[D] P(G)=P(H)

What is the full form of HTTPS?

[A] Hypertext Transfer Protocol
Secure

[B] Hypertext Transfer Procedure
Secure

[C] Hypertext Transfer Process Secure

[D] Hypertext Transfer Policy Secure

A class consists of 6 girls and 10 boys.
If a committee of 3 is chosen at random
from the class, then what is the
probability that exactly two girls are
selected?

3
[A] 12
27
Bl 35
15
€l =5
1
D] 38

NEP(Sem-1)/MT101ID/25/869-A

24.

26.

27.

28.

. Which of the following is

A table with all possible values of a
random variable and its corresponding
probabilities is called

[A] probability mass function
[B] probability density function
[C] cumulative distribution function

[D] probability distribution

not a
programming language?

[A] Java
[B] Python
[C] C++

[D] None of the above

A function f:N —> N is defined by
flx)=x?+12. What is the type of
function here?

[A] Bijective
[B] Surjective
[C] Injective

[D] Neither surjective nor injective

What is the major use of internet?
[A] Sharing data and information

[B] Browsing Webpages

[C] Sending and receiving emails

[D] All of the above

For a function f:X —Y, the set X is
called the of fand Y is called the

of f.

[A] range, domain
[B] domain, range
[C] domain, codomain

[D] codomain, domain



29, The transmission of a file to our
computer from the internet is called

[A] uploading
[B] downloading
[C] receiving file

[D] saving

30. A random variable that can assume
any value between two given points is
called a/an

[A] discrete random variable
[B] continuous random variable
[C] irregular random variable

[D] uncertain random variable

31. If A and B are independent events,
then

[A] A and B° are independent
[B] A€ and B° are independent
[C] Both of the above
[D] None of the above

32. What is the formula for independent
events?

[A] P(AnB)=P(A)P(B)
[B] P(A+B)=P(A)P(B)
[C] P(A-B)=P(A)P(B)
[D] None of the above

33. Which of the following is an open
source software operating system?

[A] Microsoft Windows
[B] MAC OS

[C] LINUX

[D] All of the above

NEP(Sem-1)/MT101ID/25/869-A

34. The negation of the disjunction S or T

35.

36.

37.

38.

is

[A] Sand T

[B] not S or not T
[C] not S and not T
[D] S only if not T

Given that E and F are events such
that P(E)=0-6, P(F)=0-3 and
P(ENF)=0-2, then PE|F) is

1

3

(Al [B]

[C] (D]

N WM
NI

A die is tossed. If the number is odd,
what is the probability that it is prime?

(Al [B]

vijw oN
oo wlN

[C] (D]

How will you define the difference
(B-A4) of the two sets A and B?

[A] {x:xe Aand x¢ B}
[B] {x:x¢ Aand xe B}
[C] {x:xe Aand xe B}

[D] {x:x¢ A and x¢ B}

A that contains billions of
documents in the form of Webpages, is
one of the most popular services on the
Internet.

[A] Web

[B] Web internet
[C] Telnet

[D] FTP

[ P.T.O.



39.

40.

41.

42.

43.

Name of ~ is

[A] negation

[B] conjunction

[C] disjunction

[D] None of the above

Which function will you use to enter
current time in a worksheet cell?

[A] =current()
B] =present()
[C] =now()
[D] =today()

The probabilities that X, Y and Z will be
elected as president of a club are
03, 05 and 02 respectively. The
probability that membership fees of
club will increase is 0-8 if X is elected
president, is 0-1 if Y is elected and is

04 if Z is elected. What is the
probability that there will be an
increase in membership fee?

(Use total probability)
[A] 0-36 [B] 037
[C] 064 [D] 015

If a random variable can take only
integer values between two given
points, it is called

[A]
[B]
[C]
18}

continuous random variable
discrete random variable

irregular random variable
uncertain random variable

Which of the following relations is

the reflexive relation over the set
{, 2,3, 43?

[A] {0,0), (1,1), (2,3), (2,3}

B] {1.1), (1,2), (2,2, 3:3); (4,3), (4,4)
[l {11, (1,2), (2,1), 2.3); (3,4)

D] {O,1), (1,1), (2,3); (2:2); (3,4), (3,1)

NEP(Sem-1)/MT101ID/25/869-A

44,

45.

46.

47.

48.

49.

What is the full form of CPU?
(Al
(Bl
(€]
(D]

Computer Processing Unit
Computer Principle Unit
Central Processing Unit

Control Processing Unit

Who is the father of Computers?
(Al
(Bl
[C]
[D]

James Gosling
Charles Babbage
Dennis Ritchie

Bjarne Stroustrup

If the standard deviation of a data set
is zero, then

(A]
(B]
[C]
(D]

all observations are z€ro
all observations are equal
mean is zero

data has large variation

If the mean and standard deviation of a
data are p and © respectively, then

X;u) is
[B] ©
[D] O

mean of (

[A] W
c] 1

¥ f:R-R, gix)=3x*+7 and
f(x)=\/; , then geo f(x) is equal to

(Al
[C]

3x-7 [B] 3x-9

3x+7 [D] 3x-8

Which of the
probability
applicable
variables?

(A]
[B]
[C]
(D]

following standard
density  functions is
to discrete random

Gaussian distribution
Poisson distribution
Rayleigh distribution

Exponential distribution



—

50.

51.

52.

S3.

54.

An injection is a function which is
[A] many-one

[B] one-one

[C] onto

[D]  None of the above

A software that can be freely accessed
and modified is

[A] synchronous software
[B] package software
[C] open-source software

[D] middleware

Open-source software can be used for
commercial purpose.

[A] True
[B] False
[C] Both of the above
[D] Nomne of the above

What is the shortcut key you can press
to create a copyright symbol?

[A] Alt+C

[B] Ctrl+C

[C] Alt+Ctrl+C
[D] Ctrl+ Shift+C

What is the smallest and largest font
sizes available in font size tool on
formatting toolbar?

[A] 8 and 72
[B] 8 and 64
[C] 12 and 72
[D] 4 and 64

NEP(Sem-1)/MT101ID/25/869-A

55.

56.

57.

58.

59.

60.

Which of the following can only be
used in disproving the statements?

[A] Direct proof
[B] Contrapositive proofs
[C] Counter example

[D] Mathematical induction

If you need to change the typeface of a

document, which menu will you
choose?

[A] Edit [B] Format

[C] Tools [D] View

What is the default file extension for an
Excel workbook?

[A] xlsx
[C] .txt

[B] .xlIs
[D] .csv

Which of the following options is not
available in ‘Paste Special’ dialog box?

[A] Add [B] Subtract
[C] SQRT [D] Divide

What is the term used for the value
that appears most frequently in a data
set?

[A] Mean
[B] Median
[C] Mode
[D] Range

Special effects used to introduce slides
in a presentation are called as

[A] motion effects
[B] custom animation
[C] transitions

[D] special animation

[P.T.O.
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for the questions

GROUP—A

1. Answer any six of the following questions :
2x6=12

(a) Form -the differential equation for the
curve y2 =4a(x+a).

d2y dy
(b) Solve —3-6—"=+9y=0.
) 705z 9
(c) Define exact differential equation.

(d) Solve y=px+p2—p, where p:%_

26M/911 ( Turn Over )




(e)

9

()

(b)

(c)

26M/911

Find the Wronskian of y, = e?! cos(5t),
Yy = et sin(5t) .

Solve xdx+ydy+xdy—ydx =0.

22 + y?
Find the integrating factor of the
differential equation

dy 3
i =
= Xy = x
Find the value of 1 s e
(D-a)

GROUP—B

Answer any four questions

Solve cos? x@-+y =tanx.
dx

Obtain the general solution of the
differential equation
p?-ple*+e*)+1=0

_dy
where p = dx

Find the orthogonal trajectory of
r= aeﬂcotoc . 4+4+4=12

( Continued )

3. (a)

(b)

(c)

(b)

(c)

(b)

(c)

26M/911

(3 )

dy ylogy _y 2
Solve =2 +27789 _ 4 .
olve o xQ(ogy)

Solve (3x%y* + 2xy)dx + (2x3y® - x?)dy = 0.

Solve y+ px =x*p?. 4+4+4=12

Solve the following differential equation
by the method of undetermined
coefficients :

2

5—;%+ 4y = x? sin2x
d’y ,dy 3
Solve 2 ~2—&—;+y=xe il
2d% __dy
Solve x d—x-g——xa+y=210gx. 4+4+4=12
d’y _,dy
Solve 2—23+4y=excosx.

3 2
Solve x3 —c—i—g—+ 2x2 d—‘121+2y = lo(x +l)
dx dx x
Solve (D?-2Djy=e*cosx by the
method of variation of parameters,

where D= 4+4+4=12

£
dx

( Turn Over )




6. (a)
(b)
7. (a)
(b)
8. (a)
(b)
26M/911

Reduce the differential equation
2

é_;/_ - 4x-ciy— +(4x? -1y = _3e*’ sin2x

dx? dx
into the normal form and hence solve it.
Find the eigenvalues and the corres-
ponding eigen functions of the eigen-
value problem y"+Ay=0 (A>0), with
y(0)=0, yln)=0. 6+6=12

Solve the following differential equations
by changing the independent variable :
2
gy ldy + 4x2y =6
dx? xdx

4

Solve and find the singular solution of
the differential equation

(px - y)(x - py)=2p

_dy -
where p_dx' 6+6=12
Solve the following simultaneous

differential equations :
dy +4x+3y =t
dt

izi+2x+5y= et
dt

Solve
2 2
"2y +| 1+ |y = xe”
w-2y {1+ y-

by changing the dependent variable.
6+6=12

( Continued )

9. (a)

(b)

26M—600/911

Reduce the equation
y"+2xy’+(x2 +1l)y = x3 +3x

into normal form and hence solve it.

Solve

dy

b d2y
1-x3) 22, x50
(1= xdx

2
dx2

y=x(1-x

given that y=x is a solution of its
reduced equation. 6+6=12

* kK

NEP(Sem-3)/MT301C/25



(b)

9. (a)

(b)

(c)

26M—590/912

(4

Show that the sequence {x,} defined

by x= J2; Xpi1 = ,/2xn for n2>1,
converges to 2.

State and prove Leibnitz’s theorem of
alternating series.

State Gauss’ test for convergence of
series of non-negative terms. Test the
convergence of the following series :

BEGIRGH]
= + + +
2 2-4 2-4-6

Test the convergence of the series

1 ! !
1+lx+—2—'x2 +§—'x3 +i'-x4 + oo
27 327 4 5

State and prove root test of infinite

series of real numbers. 1+3=4

Define absolute and conditional
convergence of a series. Examine the
series

for convergence. 1+1+3=5

Test the convergence of the series

i B+E)Y)z>"

n=0

* ¥k %
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NEP(Sem-3)/MT302C/25

UG Program (under NEP 2020)
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MATHEMATICS
( Major )
Paper Code : MT302C

Full Marks : 60

Time : 3 hours

The figures in the margin indicate full marks
for the questions

GROUP—A
1. Answer any six of the following : 2x6=12
(a) Prove that
1
limn® =1
(b) State Bolzano-Weierstrass theorem for

set.

() If f(x) is an even function and f'(0)
exists, show that f'(0)=0.

(d) Examine the continuity at x=0 of the

function
flx)= 2+xsin2x , -1<x<0
= lsin2x , O<x<1
x

26M /912 ( Turn Over )



(2)

(e) Find the infimum and the supremum of

{ﬂ- :neN}
n

() Define derived set. Obtain the derived
set of the set

{1+—1- :neN}
n

(99 Show that the set

S =41 -1, ll, —ll, ll, —1l }
2 2 3 3
is closed.

(h) State limit of a sequence.

GRrRoUP—B
Answer any four questions : 12x4=48

2. (a) Define open and closed sets. If G; and
Gy are two open sets, then show that

Gy NG, is also open set. 2+4=6
(b) Using the least upper bound (Lu.b.)

axioms for real numbers, prove that
set of all positive integers is unbounded

above. 6

3. (a) Prove that the union of two countable
sets is also a countable set. 4

(b) Prove that a set is closed iff its
complement is open. o 4

(c) Show that Z is neither bounded above
nor bounded below. 4
26M /912 ( Continued )

(b)

(b)

(b)

26M/912

. 3)

Prove that arbitrary intersection of
closed sets is closed. Is the result
true for arbitrary union? Justify your

answer. 5+1=6

Show that the set of rational numbers
in [0, 1] is countable.

Show that the sequence {x,}, where

1n
e~
s=(1+3)

1 n
is convergent and that limit of (1+;1—)
lies between 2 and 3.

Show that the sequence {x,}, where
X, =i+—1—+i+ +—-1—,' neN
11 21 3I n!

is convergent.

Find all the limit points of the set
1y
s={(—1)—+l tmyn=123, 4,---}
m n

Show that—
- (i) limit of a sequence is unique;

(i) every bounded sequence is

convergent. 3+3=6

( Turn Over )
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UG Program (under NEP 2020)

i Pt s 3rd Semester Exam., 2024 (held in 2025)

log2 px px+logy X+y+z
e dzdydx 4
b=kl _MATHEMATICS
(c) Using Green’s theorem, evaluate i ( Minor )
_[ ” (x2ydx + x2dy)

Paper Code : MT301M

where C is the boundary described
counter-clockwise of the triangle with _ Full Marks : 60
vertices (0, 0), (1, 0), (1, 1). 4 .

: Time : 3 hours

9. (a) Evaluate IC;‘) dr by Stoke’s theorem, ‘The figures in jg:'et;anea;il:s;;dr:scate full marks
where F=y217+x2]'—(x+z)lz: and C is
the boundary of triangle with vertices at GROUP—A
©, 0, 0), (1, 0, 0) and (1, 1, O). 4

1. Answer any six of the following questions :

() Evaluate [[F-fids where 2x6=12
F=4xzi - 2 j +yzk (@) Convert the triple integral
where S is the surface of the cube ' ‘ _[2 4-x Ix+y dz dy dx
bounded by x=0, x=1, y=0, y=1, oJo Jo ,
z=0, z=1. 4 into the order dzdxdy.
f (b) What does Stoke’s theorem say about a
(c) Evaluate ﬂxy(x-i—y)dxdy between the \ vector field with zero curl?
regions bounded by y=.x2 and y=x. 4 ,/)((c) State Taylor’s theorem with Cauchy %
6> form of remainder. )

na | ‘ (@) If f(x, y)= €Y, check whether Soy™ T /’ p

M25—870+110/864 NEP(Sem-3)/MT301M/24 M25/864 ( Turn Over )



(2)

(p;..a (e) Check whether Rolle’s theorem can be
applied to f(x)=|x| on [-1, 1]

() State the conditions for determining
maxima and minima of a function of
two variables. ,

(g) Find the Maclaurin’s series for f(x) =xe* OL\B

up to the x> term. 590
(h) Find the points of inflexion of the

function J—f d

f(x)=x3 -6x%2+12x-8

GROUP—B
Answer any four of the following questions, taking
one from each Unit : 12x4=48
UnNiT—I

2. (a) State and prove Lagrange’s mean value
theorem. 6’1/‘3 1+4=5

(b) If y=cos(msin'x) show that

(1= X2) sz ~ @ + Dy + (m? ~1®)y, =0
Also find y, where x=0.
(c) Evaluate : 2

¢ tanx-x
x-0 xXx—sinx

M25/864 ( Continued )

( 3)
3. (a) Evaluate : ' ' 4
. 1/x
i (smx)
x—0 X
(b) Investigate the continuity of the
function
’ l-cosx :
¥ —— ,for x#0
°ﬁ78 f)=1 x2
1 , for x=0 3

(c) Apply mean-value theorem of
appropriate order to prove that

2

x>log(1+x)>x—%x ; x>0 5

UnNiT—II

4. (a) Find the equations of those tangents
«E/ ~ to the circle x2+y? =52 which are
parallel to the line 2x+3y-6=0. 4

(b) If P, P be the radii of curvature at the

ends of two conjugate diameters of an
(x/ ellipse, prove that

(p2/3 + pr2/3)(ab)2/3 i, a2 +b2 5

(c) Find all asymptotes of
%. xy?-y? -x-y-1=0 3

M25/864 ( Turn Over )




( 4) (5

f the equation in A
S. (a) Find the asymptotes of : 7. (o). Theirools oG :l 5
e exPy-xf -y P -y? =2 4 A -xP +(-yP +(-2) =0
() Find the envelope of the family are u, v, w. Prove that the Jacobian
of straight lines Bu, v, w) -2y-2)(z-x)(x-Y) 5
x,¥_, oy 2  w-ww-uu-v)
X a’b | |
where a? +b% = 2. 4 () If u=e“cosy and v=e”siny,
' calculate
(c) Expand sin x in a finite series in powers : a
S{ of x, with remainder in Lagrange’s form. 4 g = Y and J' = ax, y)
g a(x, y) o(u, v)
_ 5 A
UNIT—III and show that JJ'=1. |
6. (a) Let () Show that the function
’ 2 3,.3
x x, Y)=x° +y° -63(x+y)+12xy
e, y) ==Y g/ Jx y) y \
K x*+y is minimum at (3, 3). ,
Discuss the existence of the limit of
flx, y) as (x, y) - (0, 0). ' 3
UNIT—IV
(b) Determine whether (0,0) is a point of
extremum for f(x, y)=y? + 2x?y+2x*. 5 8. (a) Evaluate
(c) 1 | | (I |a?b? ~Bx? - a?y’? dxdy
v=cos™! Txt%—— E\ a?b? + b2x? + ay?
x+ >
Y ‘ over the positive quadrant of the ellipse
then prove that "o 2
.x2+ a—v+-];cotv—0 x_2+_!%=1 4
Zm y oy 2 4 a® b

( Tumm Over )
M25/864 ( Contiribed’) M25/864
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1. The total number of terms in the

'30

expansion of (x+ a)51 -(x- a)51 after
simplification is

[A] 102
[B] 25
[C] 26
[D] None of the above

If the coefficients of 2nd, 3rd and 4th
terms in the expansion of (1+x)" are
in AP, then the value of n is

(Al 2 B] 7
€] 11 (D] 14

The coefficients of x" in the expansions
of (1+%)2" and (1+x?" are in the
ratio

A] 1:2
B] 1:3
] 3:1
D] 2:1

Which term is independent of x in the

expansion of (x——l—-)g?
: 3x2

[A] 3

B] 4

[C] S

[D] None of the above

Which term of the AP 64, 60, 56, 52, ..
is zero?

[A] 15
[c] 17

[B] 16
[D] 18

NEP(Sem-3)/MT3011D/25/962-A

6.

7.

10.

The value of x when

1+46+11+16+---+x=148
is

[A] 36
[C] 34

[B] 35
(D] 38

The arithmetic mean of a—-b and a+b
is

[A] a-b

[B] a+b

[C] b

[D] a

The 6th term of the GP 2, 6, 18, 54, ...
is

[A] 468

[B] 467

[C] 486

[D] 476

For what vglue of x are the numbers

:'2'x:'7" GP?
717211'1

[A] x=1lor -1
[B] x=2o0r -2
[C] x=3

[D] x=-3

If a b, c¢ are in GP and
al/* = p1/¥ =c!/%, then x, y and z are
in

[A] AP
[B] GP
[C] HP
[D] None of the above



11'

12.

13.

14.

15.

16.

If 2c,,, = 20c, ,, then ris equal to

[A] 10
[C] 19

[B] 11
[D] 12
Three persons enter into a railway
compartment. If there are 5 seats

vacant, in how many ways can they
take these seats?

[A] 60
[C] 15

[B] 20
[D] 125

If '°p_ =5040, then the value of 7 is

[a] 3 [B] 5

[C] 2 (D] 4

if 1°c_=10¢C_,, then the value of °C,
is

(Al S [B] 4

€] 3 [D] 2

If *5p,, =ﬂ-k§:£- k+3p , then the
values of k are

[A] 7 and 11

(B] 6 and 7

[C] 2 and 11

[D] 2 and 6

If "C,=120 and "P =720, then the
value of r is

(Al 3
(B] 4
€] S
[D] 6

NEP(Sem-3)/MT3011D/25/962-A

17.

18.

19.

20.

21.

If a,b >0, then according to AM = GM,
a+b, [ab, the equality sign holds if

[A] a=b
[B] a>b
[C] a<b

[D] a=-g-

If a,b>0 and a+b=10, then the
maximum value of ab is

[B] 24
[D] 30

[A] 21
[C] 25

For any real numbers a;, a,, b;, by, the
Cauchy-Schwarz inequality states that

(af +a3)(bf + b3)2
[A] (@b +agby)
[B] (a1 - azby)?

[C] (ab; +azh)
[D] None of the above

If a b, ¢ are positive numbers
satisfying a2 +b2 +¢2 =25, then the
maximum value of a+b+c is

[A] 5
[B] 52

[C] 5V3
[D] 75

If E(X)=3
E@X +3Y)=?

[A] 21
[C] 18

and E(Y)=5, then

[B] 19
[D] 20

[P.T.O.
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22.

23.

24.

25.

26.

The moment generating function
(m.g.f.) of a random variable X is
defined as

[A] Mx(t)=Et")
[B] My(t)=E(™)
[C] Myft)=e"*"
[D] Mx(t)=tE(X)

My(t)=(0-4¢! +0-6)° is the m.gf. of
which distribution?

[A] Binomial
[B] Poisson
[C] Normal
[D] Exponential

The first moment about mean is always
[A] positive

[B] negative

[C] zero

[D] undefined

The expected value of X2 is also known
as

[A] first moment
[B] second moment about origin
[C] variance

[D] skewness

The Poisson distribution is a limiting
case of

[A] normal distribution
[B] binomial distribution
[C] exponential distribution

[D] geometric distribution

NEP(Sem-3)/MT3011D/25/962-A

27. In a Poisson distribution, mean equals

28.

29.

30.

31.

[A] variance
[B] mode
[C] median

[D] standard deviation

The m.g.f. of Poisson distribution with
mean A is

[A] e;.(e’ -1)
[B] (1-Ae!)
[C] e—M

[D] et—i\

If X be the binomial variate, the
variance is

[A] npq
[B] np
[C] n?p
[D] npq®

The negative binomial distribution is
used when

[A] trials are dependent
[B] number of successes is fixed
[C] number of failures is fixed

[D] probability varies

If two variables X, Y are independent,
then E(XY)=?

[A] E(X)+E(Y)
[B] E(X)E(Y)
[C] O

[D] Undefined



32.

33. The

Conditional expectation E(X|Y)

represents

[A] expectation of X given Y
[B] expectation of Y given X
[C] joint probability

[D] None of the above

sum of probabilities in any

discrete distribution is
[A] 0 B] 1
[c] >1 D] <1

34. The m.g.f. uniquely determines

35.

36.

[A] mean only
[B] variance only
[C] the entire distribution

[D] None of the above

If X~U(a,b), then the variance is
equal to

Al 5b-af
Bl b-a)
1
€l s5b+a)

1 2
D] b+a)

If X and Y are independent, then
var(X+Y)=

[A] var (X )+ var (Y)
[B] var(X)-var(Y)
[C] var (X )x var (Y)
D} O

NEP(Sem-3)/MT301ID/25/962-A

37.

38.

39.

40.

The sum of the two independent
Poisson variables X;, X with
respective means Ay, Ag follows

[A] Poisson distribution
[B] Normal distribution
[C] Binomial distribution

[D] Uniform distribution

The expected value of a discrete
uniform distribution over {1, 2, ..., n} is

[A]

NS

(B]

(€]
(D] “=n==

The variance of first 50 even natural
numbers is

[A] 437

437

Bl =

833
¢ ==
€ =

(D] 833

Let X, Xg,..., X, be the values taken

- by a variable X and Y, Y2, Yn be the

values taken by a variable Y such that
yi=ax;+b, i=1, 2, ..., n. Then

[A] var (V)=a?var (X)
[B] var(X)=a?var(Y)
(C] var(X)=var(_X)+b

[D] None of the above

[P.T.O.
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41. Which of the following is an example of
secondary memory?

[A] RAM

[B] ROM

[C] Hard Disk
[D] Register

42. Which part of the computer performs
calculations and comparisons?

[A] Control unit
[B] ALU

[C] Memory unit
[D] Input unit

43. The smallest unit of data in computer
is

[A] byte
[B] nibble
[C] bit

[D] word

44. Which of the following is system
software?

[A] MS Word
[B] Windows 10
[C] Photoshop
[D] Tally

45. The base of the binary number system
is

[A] 2
B] 8
[C] 10
[D] 16

NEP(Sem-3)/MT301ID/25/962-A

46. The binary number 11111111 is

equivalent to
[A] 127
[B] 255
[C] 256
[D] 511

Binary additon of (1010)3 +(0101); =?
[A] 1110

[B] 1111

[C] 10001

[D] 1100

Decimal equivalent of binary 1011 is
[A] 9

[B] 10

[C] 11

[D] 12

49. Which of the following is an example o

a loop in C?

[A] for

[B] while

[C] do-while

[D] All of the above

50. What is the size of (char) in a 32-bit !

compiler?
[A] 1 bit
[B] 2 bits

[C] 1 byte

[D] 2 bytes



51. scanf() is a pre-defined function in 56. Which operator is used for equality .

which header file? comparison?
[A] stdlib.h [A] =
[B] ctype.h [B] ==
[C] stdio.h [C] =
[D] stdarg.h [D] :=
52. What will be the final value of x in the 57. In Excel, which symbol is used for
following code? formulae?
#include<stdio.h> [A] @
void main()
fint x=5+9/3+9; B] =
I [c] #
[A] 375 D] +
[B] 45
[C] 24 58. The standard header is used for

variable list arguments (...) in C.
[D] 15
[A] <stdio.h>
[B] <stdlib.h>
[C] <math.h>

[D] <stdarg.h>

§3. C-language was developed in
[A] 1960 [B] 1972
[C] 1980 [D] 1990

59. In C language, FILE is of which data

54. Which of the following is a valid type?
identifier in C?

[A] int

[A] 123name

[B] char*
[B] name_1

[C] struct
[C] float

A [D] None of the above
[D] a-b .
60. Which of the following is an operator in
B5. The extension of a C source file is Cc?

[A] .exe (Al /=
[B] .c [B] sizeofl()
[C] .cpp [C] ++
[D] .java [D] All of the above

NEP(Sem-3)/MT301ID/25/962-A 7 [P.T.O.
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GROUP—A |

1. Answer any six from the following questions :
2x6=12
(a) Find the basic feasible solutions of the
system

2x1 + Xo =1
X2+X3 =2

(b) Write down the extreme points, if any,
of the set {x} +x3 <4, 20, x5 20}.

(c) State complementary slackness
theorem.

(d) Define hyperplane.

Navf 11 NAA ( Turn Qver )




(2

(e) Find the dual of the following LPP :
Minimize Z =3x; —2xp
subject to
2x +xp £1
-X; + 3.7C2 >4
X1, Xo >0
() Prove that the solution (2,3, 2) of the
system
X1 + Xo + 2X3 =9
3x; +2x5 +5x3 =22
is not basic.

(g) State the fundamental theorem of LPP.

(h) Express the vector (7,2,3) as a linear
combination of the vectors (1,0, 1) and
2,1, 0).

GRoOUP—B

Answer any four from the following questions :

12x4=48

2. (a) Find all basic feasible solutions of the
following system of equations : 6

2x1 +SJC2 - X3 +4x4 =8
X; —2%xy +6x3 —7Tx4 =-3

NANT I T1DAA

{ Continued )

26M/1046

( 3

() A manufacturer of medicine is
preparing a production plan on
medicines A and B. There are sufficient
ingredients available to make 20000
bottles of A and 40000 bottles of B, but
there are only 45000 bottles into which
either of the medicines can be put.
Furthermore it takes three hours to
prepare enough materials to fill 1000
bottles of A, it takes one hour to
prepare enough materials to fill 1000
bottles of B and other are 66 hours
available for this operation. The profit is

¥ 800 per bottle of A and ¥ 7-00 per
bottle of B.

Formulate this as a linear programming
problem to maximize the profit. 4

(c) Prove thata hypérplane is a convex set. 2

(@) Solve the following LPP graphically : 4
Maximize Z =2x; — X3
subject to
X —Xp <1
x; <3
and x;, x5 20

(b) If x; and x, are real, show that the set

given by X = {(x;, x)| 92 +4x3 <36} is
a convex set. 4

( Turn Qver )
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4. (a)

(b)

5. (a)

(b)

26M/1046

(4)

Whether the set of all convex
combinations of a finite number of

points is a convex set or not? Justify.
1+3=4

Prove that a basic feasible solution of
an LPP corresponds to an extreme
point of the convex set of all feasible
solutions. 6

(2, 1, 3) is a feasible solution of the set
of equations—

4x; +2x9 -3x3 =1, —6x1 —4x5 +5x3 =-1

Reduce it to a basic feasible solution of
the set. 6

Use Charne’s Big-M method to solve
the following LPP : 6

Maximize Z = x; +5xy
subject to the constraints

3x1 +4)C2 <6
X3 +3.7C2 >3
with X1, X9 >0

Prove that the dual of the dual of a
primal LPP is the primal itself. 6

( Continued )

( 5)
6. (a) Formulate the dual of the following
LPP: )
Maximize Z =2x; +3xy +4x3
subject to
X1 —SJCZ +3.7C3 =7
2x1 = SX2 <3
3x1 —X3 >5
X1, X 20 and x3 is unrestricted in
sign.
(b) Show that the LPP
Maximize Z =4x; +14x,
subject to
2x1 + 7X2 <21
7x1 + 2x2 <21
Xy, X5 20
has alternate optimal solutions. Find
two solutions of the LPP. 6
7. (a) Solve the following LPP : 6
Maximize Z =5x; —2x5+3x3
subject to
2x1 +2X2 — X3 =2
3x1 = 4x2 <3
X —3JC3 <5
X1, X9, X3 >0
26M/1046 ( Turn Over )




e L (7)

(bp) Obtain an optimal basic feasible

solution to the following transportation 9. (a) Solve the following LPP by two-phase

problem : 6 method : 6
D, D, D3 D, Maximize Z =5x; +3x,
0,|119(30(50| 10| 7 subject to
0,| 703040 | 60| 9 ' 2x1+x3 <1
3x; +4xy 212
O3 | 40(08 (70 |20]|18
X1, Xo >0

or o TTTTE

(b) Use dual simplex method to solve the

8. (@) By solving the dual of the following , following LPP : 6

problem show that the given problem Minimize Z =6x; +7x3 +3x3 +5x4

has no feasible solution : 6
Minimize Z = x; - xq subject to
subject to 5x; +6xy —3x3 +4x4 212
2x; + X9 22 X +5x3 —6x4 210
—x — Xz 21 2%, +5x9 + X3 +%4 28
X1, X9 20 Xy, X, X3, X4 20

(p) Find the minimum cost of the
assignment problem whose cost

coefficients are as given below : 6 * kK
I o m 1Iv
1 4 5 3 2
2 1 4 | 2 3
3 4 2 1 5

26M/1046 { Continued ) - .



NEP(Sem-5)/MT502C/25

UG Program (under NEP 2020)
5th Semester Exam., 2025 (held in 2026)

MATHEMATICS
( Major )

Paper Code : MT502C
Full Marks : 60
Time : 3 hours

The figures in the margin indicate full marks
for the questions

GROUP—A
Answer any six questions : 2x6=12
1. (a) Determine if the permutation
123456
53 461 2
is odd or even.
(b) Let H be a sub-group of G. Show that
any coset of H other than H is not a
sub-group of G.

(c) Define kernel of a group homo-
morphism.

NENM 11047 { Turn Over )
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(e)

(9)

(h)

Answer any four questions :

2. (0

(b)

(c)

26M/1047

(2)

If S is an ideal of a ring R with unity
and 1€ S, prove that S=R.

State the first isomorphism theorem on
groups.

If a=b(modm) and x = y(modm), then
prove that ax = by(modm).

Find ¢(15) and ¢(19) where ¢ denotes
Euler’s phi function.

State Goldbach conjecture.

GROUP—B
12x4=48

Prove that any non-identity permuta-
tion a € S, (n =2) can be expressed as a
product of disjoint cycles, where each
cycle is of length >2.

If H is a sub-group of G such that
[G:H]=2, prove that H is a normal
sub-group.

Show that the intersection of any two
normal sub-groups of a group G is a
normal sub-group. 4+4+4=12

( Continued )

3. (a)

(b)

(c)

4. (a)

(b)

(c)

5. (@)

(b)

(c)

6. (@)

26M/1047

( 3)

Prove that every finite group G is
isomorphic to a permutation group.

Prove that any two left cosets of a sub-
group are either disjoint or identical.

State and prove Lagrange’s theorem for
groups. 4+4+4=12

State and prove Cauchy’s theorem for
finite Abelian group.

Show that every sub-group of an
Abelian group is normal.

Define ideal of a ring. Show that the
intersection of two ideals of a ring is an
ideal of that ring. 4+4+(1+3)=12

Prove that any two right cosets of a
sub-group are either disjoint or
identical.

State and prove the fundamental
theorem on homomorphism of groups.

Prove that every homomorphic image of
a commutative ring is a commutative
ring. 4+5+3=12

Define kernel of a ring homomorphism.
If ¢ is a homomorphism of a ring R into
a ring R' with kernel S, then show that
S is an ideal of R.

( Turn Over )




7.

(b)

()

(@)
(b)

(c)

(a)

f f:G>G

(4)

is an isomorphism of

groups, then show that the order of an
element a e G is equal to the order of
the f-image of a.

Find the sum and product of the
following polynomials over the ring

(Ig> +6> +6) :

fl(x)=5x%+3x+2, g(x)=2x3 +5x+3

Also find degree.

5+4+3=12

State and prove Fermat’s little theorem.

If ac=bc(modm) and d=(c, m), then

prove that a = b(mod%) :

Find the integers m and n such that

d =mx +ny,

where x =540,

and d=gcd(x, y).

y=168
(143)+4+4=12

Use Chinese remainder theorem to
solve the simultaneous system of linear
congruences :

x = 2(mod 3)
x = 3(mod 5)
x = 2(mod 7)

(b)

(c)

(@)

(b)

(©)

w8 ud

(

5

)

Find the g.c.d. of 256 and 1166 and
hence express the g.c.d. as a linear
combination of 256 and 1166.

Prove that the equation ax+by =c has

an integral solution iff (a, b) divides c
(@ #0, b#0 and c are integers). 4+4+4=12

Define quotient
homomorphism of a ring R into a
ring R’, then show that ¢(R) is a

subring of R'.

ring.

If ¢ is a

If fis a homomorphism of a group G
into a group G' with kernel k, then
show that k is a normal subgroup of G.

If f be mapping from (Z, +) to (G, ")
where G ={l, -1} and fis defined by

= {_

1, when x is even
1, when x is odd

show that fis a homomorphism. Is fan

isomorphism?

L

TEYNANILY

4+4+4=12

YA Y ot aYATA RIS 1



( 6 )

(b)) Show that —1<r<l, where r is the
correlation coefficient of two random
variables X and Y.

(c) If X and Y are two independent random
variables, then show that

E(XY) = E(X)E(Y) 4+4+4=12

* & K
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GROUP—A

1. Answer any six of the following questions :
2x6=12

(a) Let the mean of four numbers 3, 7, 2x |
and y(x > y) be 5. Then find the mean of
four numbers 3+2x, 7+2y, X+Yy and |

x-y. |
(b) Give an example to show - that two |

dependent random variables can be |
uncorrelated. i

(0 Show that the correlation coefficient ‘
between two random variables is the .
geometric mean between the two linear ’
regression coefficients.

26M/1048 ( Turn Over )
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(e) Find the moment-generating function ; =£1_21£, > fi =100, du;=0,

of uniform distribution. S

u; =-20, u? =220, ud =-50,
() Give axiomatic definition of probability. 2 fiu; 2 f 2 f
r e

(99 When are two events said to be 2. fiui =1240

independent? Show that if the events Hence, find the measures of skewness

A, B are independent, then so are their and kurtosis.

complements. (b) The mean and standard deviation of
(h) Calculate the mean deviation about 20 items are found to be 10 and 2

(2

What will be the angle between the
lines of regression, if (i) the variables
are uncorrelated and (i) the variables
are perfectly correlated?

mode from the following :

Value (x) 5[6|7|8]|9]| Total
Frequency (f)|1|4|7]|6|2| 20

i

3. (a)

(3)

Find the second, third and fourth
central moments of the marks x; having
frequency f; (i=1,2, 3,4,5,6,7), given
that

respectively. At the time of checking,
it was found that one item 8 was
incorrect. Calculate the mean and
standard deviation, if (i) the wrong item
is omitted and (i) it is replaced by 12.

GrRoUP—B 6+(3+3)=12
Answer any four of the following questions : 12x4=48 4. (a) Define binomial distribution. Find the
. ; L moment-generating function of binomial
2. (a) Find .the quartile deviation from the distribution with parameters n and p.
following frequency table : Hence deduce mean and variance of
Marks 10-19]20-29|30-39|40-49(50-59 | 60-69 | Total binomial distribution.
Frequency| 8 11 15 17 | 17 7 75 (b) Given that variance of x is 9, the
(b) The first four moments of a distribution iesqugjtcuiri (;); -}-11612 zforeir: ;Slt%ré ogqﬁ a(.)trilo:f
about the point 5 are 2, 20, 40 and 50 of line of regression of x on y is
respectively. Find the mean, variance, 40x-18y =214. Find (i) the mean of
third and fourth central moments and x and the mean of y, (i) correlation
the measures of skewness and kurtosis coefficient between xanc’i y, (iii) standard
of the distribution. 6+6=12 deviation of y. (1+3+2)+(2+2+2)=12
26M/1048 ( Continued ) 26M/1048 ( Turn Over )



(b)

(b)

(c)

(b)

26M/1048

( 4)

Fit a second-degree polynomial of the
form y=a+bx+cx’ to the following
data by the method of least squares :

x11‘522-533-54
y|11]1-3 16| 2 |27]34]|41

State and prove Bayes’ theorem.
6+(2+4)=12

Derive the equations of the lines of
regression by the method of least
squares.

Show that the regression coefficients
are independent of the change of origin
but not of scale.

Define Pearson correlation coefficient.
6+4+2=12

Find the mean and variance of normal
distribution with parameters p and o°.

Find the characteristic ~ function
of a random variable which follows
(i) binomial (n, D) distribution,
(ii) Poisson distribution with parameter j,
(iii) normal distribution with mean p and
variance G°. (3+3)+(2+2+2)=12

( Continued )

8.

( 5)

(a) Let

(b)

(c)

(@)

26M/1048

1
flxy=42"

0, elsewhere

-1<x<l1

be the p.d.f. of the random variable X.
Find the distribution function and
probability density function of Y = X2.

If A and B are two events such that
P(A)=0-7, P(B)=0-4, P(ANB)=0-5

where B denotes the complement of B,
then find the value of P(B|(AV B)).

Bag B, contains 6 white and 4 blue
balls, bag B, contains 4 white and
6 blue balls and bag B; contains
5 white and 5 blue balls. One of the
bags is selected at random and a ball is
drawn from it. If the ball is white, then
find the probability that the ball is
drawn from the bag B. 4+4+4=12

In a binomial distribution B(n,p), the
sum and the product of the mean and
the variance are 5 and 6 respectively,
then find the value of 6(n+p-q).

( Turn Over )



(b)

()

(b)

(¢

26M—550/1049

(6)

Define fundamental tensor. Show that
the fundamental tensor g; is a
symmetric tensor of type (0, 2).

If a;(0) are the components of a

covariant tensor of order 2 such that
baj+cajy =0, where b and c are non-
zero scalars, then show that either
b=c and a; is a skew-symmetric or

b=-c and @; is symmetric.

If a; is a skew-symmetric tensor, then
prove that (8385‘ +8;8’j“. Jay, =O-
(1+4)+5+2=12

Define covariant and contravariant
vectors.

If A{;B,’z =0 for every Bj', then show

that A:J‘ vanishes identically.

Prove that
mk p ;
a§x1 =__gnn {s}_gkt {Z’} 0+5+5=12

* %k k

NEP(Sem-5)/MT504C/25

26M/1049

NEP(Sem-5)/MT504C/25

UG Program (under NEP 2020)

5th Semester Exam., 2025 (held in 2026)

MATHEMATICS
( Major )
Paper Code : MT504C

Full Marks : 60
Time : 3 hours

The figures in the margin indicate full marks
for the questions

GRrOUP—A

1. Answer any six from the following questions :
2x6=12

(a) Two particles are connected by a light
inextensible string passing over a
smooth fixed pulley. If the system
moves with an acceleration of
16 ft/sec?, compare the masses of the
particles.

(b) The velocity of a particle moving in a
straight line at any time t, when its
distance from the origin is x, is given by

1
x = Evz. Show that the acceleration of

the particle is constant.

( Turn Over )




(c)
(d)
(e)

(9)

(h

(b)

26M/ 1049

(2)

Define an apse and apsidal distance.
State Kepler’s laws of planetary motion.

The position of a moving particle at
time t is given by x=acosnt,
y=asinnt. Find its velocity and
acceleration.

In an SHM, f be the acceleration and v
the velocity at any instant and T is the
periodic time, then prove that
272 + 4n%v? is constant.

If AV is a skew-symmetric tensor, then

show that A{ j,ic} =0

99;

Prove that [ij, k]+[kj, i] = ;‘, symbols

have their usual meamngq

GROUP—B

Answer any four questions

A point moves in a straight line so that
its distance s from a fixed point at time
t is proportional to t*. If v be the
velocity and f the acceleratlon at any
time t, then show that (n- 1)v =nfs.

Find the expression for radial and
transverse components of acceleration
of a particle in plane curvilinear motion
in terms of its polar coordinates.

( Continued )

()

(b)

()

26M/1049

( 38)

A particle moves freely in a parabolic
path given by y? = 4ax, under a force
always perpendicular to its axis. Find
the law of force. 4+5+3=12

A particle is performing a simple
harmonic motion of period T about a
centre O and it passes through a point
P where OP= b with velocity v in the
direction OP. Prove that the time which
elapses before it returns to P is

z:tan 1 (_B.T_)

T 2nb
A particle describes an elliptic orbit
under a force which is always directed

towards the centre of the ellipse. Find
the law of force.

A particle describes an equiangular
spiral r = ae® in such a manner that its
acceleration has no radial component.
Prove that its angular velocity is
constant and the magnitude of the
velocity and the acceleration are each
proportional to r. 5+4+3=12

In a central orbit, with usual notations,
prove that

1 : 2
veo— and v? =7\.2|:u2+(flll.) :\
P de

( Turn Over )




(4) (5)

(b) Find the law of force to the pole when (c) A particle describes an equiangular
the path is the cardioid r =a(l-cos0) spiral, whose pedal equation is
and prove that if F be the force at the p=rsina, under a force to the pole.
apse, and v the velocity 3y2? = 4qF . Show that the force varies inversely

with 7. 5+5+2=12

(c) If v; and v, are the linear velocities of
a planet when it is respectively nearest

and farthest from the sun, prove that secelenation a*
(1-eJ; =(1+ ey, . Where e is the eccen- M r
tricity of the planet’s orbit. 4+4+4=12 from an apse at a distance a with a
velocity 2,jua, prove that its path is

r2(2 +cos \/59) =3a?.

6. (a) A particle moves with a central

, being projected

5. (@) A particle moves with a central

acceleration which varies inversely as (] A body projgcted Wikh. an: nial velesisy
the cube of the distance. If it be o at a height h above the sgrface.of
projected from an apse at a distance a ﬂ?e earth 'becomes a satellite with
from the origin with a velocity which is circular orbit. Show that
equal to .2 times the velocity for a 9o
circle of radius a, then show that the Ko =a\/ s
equation of the path is rcos(ij =-a. where g, is the acceleration due to
V2 gravity on the surface of the earth and
a is its radius. 6+6=12
(b) A particle of mass m is projected
vertically upwards under gravity, the 7. (a) State and prove the quotient law for
resistance of the air being mk times the tensors of type (0, 1).
velocity. Show that the greatest height : '
attained by the particle is (b) I Bj=Aj, where A; is a covariant
" tensor, then show that Bj; is a tensor
K—[}»—log(1+k)] of order 2.
9 : JA ;
where V is the terminal velocity of the () If A=A« then show that — = A a’.
particle and AV is the initial velocity. ox 4+4+4=12

26M/ 1049 ( Continued ) 26M/ 1049 ( Turn Over )
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GROUP—A

1. Answer any six questions from the following :
2x6=12

(a) State Archimedean property of real
numbers (any one version).

() Define uncountable sets and give an
example.

(c) Define bounded below sequence with
example.

1
(d) Show that the sequence {1'*;}
converges to the limit 1.

(e) What is monotonic sequence? Give
example.

26M/1071 ( Turn Over )




(). Compute f(1.25) from the following
table :

x |11 12713
fix)| 7887 |96

(@ If y= 3x” -6x, find the percentage
error in y at x=1 if the error in x
is 0-05.

(h) What is shift operator?

GROUP—B

Answer any four questions from the following :
12x4=48

2. (a) Prove that the arbitrary union of open
sets is open. 3

(b) State and prove Bolzano-Weierstrass
theorem for sets. 1+4=5

(c) Let S be a non-empty subset of R and
S is bounded above. Prove that an
upper bound u of S is the supremum of
S iff for.each €¢>03seS such that
u-e<s<u. 4

3. (a) Prove that finite union of closed sets is
closed. 4

26M/1071 ( Continued )

(3 )

(b) Show that the set of rational numbers
in [0,1] is countable. 4
(c) Prove that the intersection of any finite
number of open sets is open. 4
4. (a) Test the convergence of the series
3x2  4x3 (n+1)x"
2xX+—t—+ e F——+ 4
8 27 n3
(b) Prove that a monotonic decreasing
sequence, which is bounded below,
converges to its exact lower bound. 4
(¢ Show that
. 1 1 1
lim + +ot =1 4
L \/n2+1 \/n2+2 n?+n
5. (a) State and prove Cauchy’s convergence
criterion for sequence. 1+4=5
(b) Use comparison test to examine the
convergence of
Sal)
n=1 n n-1
(c) Test the convergence of the following
series : : 4
2 —
Zz—lx", x>0
+1
26M/1071 ( Turn Over )




( 4)

6. (@) Compute f(0-33) using the following
table : 5

x 0-3 0-32 0-34 | 0-36 | 0-38 0-4
fl(x) |1.7196 | 1-7698 | 1-7804 1.7912|1-8024 | 1-8139

(b) Find, by Lagrange interpolation formula,
the interpolation polynomial which
corresponds to the following data : 5

x | -1 ] 0o | 2 5
fx)l 9 | 5 | 3 |15

(0 Find the relative error in the
computation of x-y for x=12-05 and
y=8-02 having absolute errors
Ax =0-005 and Ay=0-001. 2

7. (a) Prove that the nth order forward
difference of a polynomial of degree n is
constant and higher orders vanish. 4

1
(b) Evaluate onsdx by trapezoidal rule
with n=35. 4

" %
() Calculate the value of I——-dx

01+x
correct up to three significant figures,
taking six intervals by Simpson’s one-
third rule. 4

26M/1071 ( Continued )

( §)

8. (@) If y=4x®-5x, find the percentage

error in y.at x =1 if the error in x is

0-04. 2

(b)) Compute f’(1-1) and f”(1-1) from the
following table : 5
x 11 1.2 1.3 1-4 1.5

f(x) |2-0091 |2-0333|2-0692 | 2:1143 | 2-1667

j 06 dx
Evaluat i i ’
( Evaluate Jo =73 using Simpson’s

%th rule. 5

9. (a) From the following table, find the value
of y when x=1-54 : 5

x 1.0 1-1 1.2 1-3 1-4 1.5
y = f(x)]0:24197 | 0-21785 | 0-19419 0-17137 | 0-14973 | 0-12952

(b) Find the first-order derivatives of the
function f(x) tabulated below at the

points x=1.5 and x=4-0 : 2Y%+2%2=5

x 1.5 2-0 2-5 3-0 3-5 4-0
f(x) | 3-375 | 7-000 |13-625 | 24-000 | 38-875 | 59-000

(c If % be represented approximately

by 0-8333, find (i) relative error and
(ii) percentage error. 1+1=2

* % %
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