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NEPRT—14—2024

FACULTY OF SCIENCE AND TECHNOLOGY

M.A./M.Sc. (NEP) (First Year) (First Semester) EXAMINATION

APRIL/MAY, 2024

MATHEMATICS
SMATC-401
(Algebra)
(Friday, 19-4-2024) Time : 10.00 a.m. to 1.00 p.m.
Time—3 Hours Maximum Marks—80
N.B. :— (i) All questions carry equal marks.
(i) Question No. 1 is compulsory.
(zi1) Answer any three from Q. No. 2 to Q. No. 6.
(tv) Figures to the right indicate full marks.
1. Answer the following : 20
(@) Prove that the multiplicative group of the nth roots of unity is a cyclic

®)

(c)

(d)

group of order n.

Prove that an abelian group G has a composition series if and only

if G is finite.
Prove that there is no simple group of order 63.

Prove that intersection of ideals in a ring R is again ideal.

P.T.O.
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Answer the following : 20
(@) Prove that every infinite cyclic group is isomorphic to Z
b) If N is a subgroup of G, then the following are equivalent :
@ NAG
@) xNx! = N for every x e G
(@) xN = Nx for every xeG.
Answer the following : 20

(@) If G is a solvable group, then prove that every subgroup of G and every

homomorphic image is solvable.
b) Write down all the composition series for the Qg.
Answer the following : 20
(@) State and prove first Sylow theorem.
b) Find the non-isomorphic abelian group of order 360.
Answer the following : 20

(@) If R is a ring ¢ € R, then prove that aR is right ideal of R and Ra

is left ideal of R.

b) Prove that every Euclidean domain is a UFD.
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6. Answer the following : 20

(@) If H and K are cyclic group of order m and n respectively such that

(m, n) = 1, then prove that H x K is a cyclic group of order mn.

b) Prove that a Sylow p-subgroup of a finite group G is unique if and

only if it is normal.

NEPRT—14—2024 3
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This question paper contains 3 printed pages]
NEPRT—50—2024
FACULTY OF SCIENCE AND TECHNOLOGY
M.A/M.Sc. (NEP) (First Year) (First Semester) EXAMINATION

APRIL/MAY, 2024

MATHEMATICS
(SMATC-403)

(Complex Analysis)

(Wednesday, 24-04-2024) Time : 10.00 a.m. to 1.00 p.m.

Time—Three Hours Maximum Marks—80

N.B. .— (i) All questions carry equal marks.
(i1) Question No. 1 is compulsory.
(1ii) Answer any three from Q. Nos. 2 to 6.

(tv) Figures to the right indicate full marks.

1. Answer the following : 20
(@) Find all the values of z such that e = 5 + 5i.

(b)  Show that the function u(x, y) = 2xy + 3x%y — y3 is harmonic. Also

determine the harmonic conjugate of wu(x, y).

I 1 .
(c) Evaluate _[22 > 1(2 + ;), where C : z(t) = e? (—n < t < m).
C

(d) Find the principal part of the Laurent's expansion for the function

z
flz) = Za valid in the neighborhood of z = 2i.
z

P.T.O.
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Answer the following : 20

(@)

®)

Prove that, for given three distinct points z;, z, and z; in extended
z-plane and three distinct points w,, w, and w, in extended w-plane
there exist a unique bilinear transformation w = T(z) such that
T(z,) = w, for :

k=1, 2 3.
Show that the exponential function f{z) = ¢® is periodic function with
purely imaginary period 2ni. Also show the following :

@) sin 2z = 2 sin z . cos z

@) sin [g + z) = CoS z.

Answer the following : 20

(@)

®)

Define Analytic function. Prove that the necessary condition for the

differentiability of the function flz) at a point z = a is that f, = 0.

Calculate I|2|2 dz along the curves :
C
(@) Ciz®) =t +ut(0<t <1

@ C:z,0) =t +it2(0<t<]1).

Answer the following : 20

(@)
®)

State and prove Taylor's theorem.
Evaluate :

J~324+22—6

dz
C (Z = 2)3

@)

dz

J-ezsinz

W Le-2?

where, C : |z| = 3.
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5. Answer the following : 20

(@ Define non-isolated singularity. State and prove residue

theorem.

T 1
dx = m.

6. Answer the following : 20

(@)  Define Harmonic function. Show that the function u(x, y) = x3 — 3xy?
— 2x is harmonic. Also find the harmonic conjugate of u(x, y) and all

the analytic functions f{z) such that Re(fz)) = u(x, y).
(b) Find all the singularities of the function flz) = cot nz. Also find the

principal part of Laurent's expansion in the deleted neighborhood of

the each singularity.

NEPRT—50—2024 3
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This question paper contains 3 printed pages]
NEPRT—82—2024
FACULTY OF ARTS/SCIENCE
M.A./M.Sc. (NEP) (First Year) (First Semester) EXAMINATION
APRIL/MAY, 2024
MATHEMATICS
(SAMATE 401-B)
(Discrete Mathematics)

(Tuesday, 30-04-2024) Time : 10.00 a.m. to 1.00 p.m.

Time—Three Hours Maximum Marks—=80
N.B. :— (i) All questions carry equal marks.

(z1) Question No. 1 is compulsory.
(zi1) Attempt any three questions from Q. Nos. 2 to 6.
(tv) Figures to the right indicate full marks.
1. Answer the following : 20
(@) In a distributive lattice, if b A ¢ =0, then prove that b < c.
(b)  Write a short note on isomorphism of graphs.
(c) Write a short note on centre of a tree with suitable examples.

(d)  Obtain an incidence matrix of the following graph :

Uy

P.T.O.
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Answer the following : 20

(@)

)

For any a, b, ¢, d in lattice (A, <) , if a < b and ¢ > d, then prove
that a ve <b vdanda rc <b Ad.

For every a in a lattice (A, <), prove that :

@) ava=aandaAa-=a

(i) avi@anb)=aanda A (@ v b)) =a.

Answer the following : 20

(@)

®)

Define a simple graph. Prove that a simple graph with n vertices and
k components can have at most (n — k) (n — £ + 1)/2 number of edges.
Define a unicursal graph with suitable examples. In a connected graph
G with exactly 2k odd vertices, prove that there exists £ edge-disjoint
subgraphs such that they together contain all edges of G and that each

is a unicursal graph.

Answer the following : 20

(@)

®)

Define a tree with suitable example. Prove that a tree with n vertices
has n — 1 edges.

Define that distance between two vertices and eccentricity of a vertex
in a connected graph. Prove that every tree has either one or two

centres.

Answer the following : 20

(@)

Let A(G) be an incidence matrix of a connected graph G with n vertices.
Then prove that an (n — 1) x (n — 1) submatrix of A(G) is non-singular
if and only if the n — 1 edges corresponding to the n — 1 columns of

this matrix constitute a spanning tree in G.

X301Y7FAS572X301Y7FAS72X301Y7FAS572X301Y7FAS572
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(b)  Let B and A be, respectively, the circuit matrix and the incidence matrix
of a self-loop-free graph whose columns are arranged using the same
order of edges. Then prove that every row of B is orthogonal to every
row A; that is A.BT = B.AT = 0 (mod 2), where the subscript T denoted
the transposed matrix.

6. Answer the following : 20

(@)  Define Hamiltonian circuits. Prove that in a complete graph with n
vertices, there are (n — 1)/2 edge-disjoint Hamiltonian circuits if n is
an odd number > 3.

(b)  Define vertex and edge connectivity of a connnected graph with suitable
examples. Prove that the vertex connectivity of graph G cannot exceed

the edge connectivity of G.

NEPRT—82—2024 3
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NEPRT—83—2024
FACULTY OF SCIENCE
M.Sc. (NEP) (First Year) (First Semester) EXAMINATION
APRIL/MAY, 2024
MATHEMATICS
(SMATE-401-C)
(Dynamics and Continuum Mechanics-I)

(Tuesday, 30-04-2024) Time : 10.00 a.m. to 1.00 p.m.

Time—Three Hours Maximum Marks—80

N.B. .— (i) All questions carry equal marks.
(z1) Question No. 1 is compulsory.
(zi1) Attempt any three questions from Q. Nos. 2 to 6.

(tv) Figures to the right indicate full marks.

1. Attempt the following : 5 marks each
(@) Write a short note on relative velocity and acceleration.

(b)  An impulse I changes the velocity of particle of mass m from v, to v,
. : 1
show that kinetic energy gained is EI(Vl + Vo).

(c) Prove that "total external impulse applied to the system of particle is

equal to the total change of linear momentum".

(d)  Prove that central force of type F = F(r)r is conservative.

P.T.O.

X301Y5F7C24X301Y5F7C24X301YSF7C24X301YS5F7C24



WT

( 2 ) NEPRT—83—2024

Attempt the following : 10 marks each

(@)  Derive an expression for vector moment about a point and scalar moment
about an axis.

(b) A particle is constrained to move along equiangular spiral so that the
radius vector moves with constant angular velocity. Determine the
velocity and acceleration components.

Attempt the following : 10 each

(@)  Prove that, “Earth's gravitational force is conservative”.

(b) A uniform rectangular lamina ABCD is such that AB = 2a, BC = 2b.
Find the direction of the principal axes at A.

Attempt the following : 10 marks each

(@)  Prove that, “The K.E. of a system of particle moving generally in a
space is equal to the some of K.E. of a single particle of total mass
equal to that of the system, concentrated at its centroid and
moving with centroid's velocity, together with the K.E. of the system
in its.

b) Particle A, B, C of masses m, m,, m, lie on a smooth horizontal table
and are connected together by taut inextensible strings AB, BC. The
angle ABC is n — a, o being acute. If an impulse I is applied to C
along BC show that B starts to move indirection making with AB

my

an angle tan’! [(1 + m_zj tan 0‘}, find initial velocity of A.

X301Y5F7C24X301Y5F7C24X301YSF7C24X301YS5F7C24
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5. Attempt the following : 10 marks each
(a) Show that the products in inertia with respect to the principal axes

are zero.
(b) A uniform rigid rod AB moves so that A and B have velocities u,, ug

at any instant.

1
Show that the K.E. is then T = gM(ui +upug +ug), M being the

mass.
6. Attempt the following : 10 marks each
(@)  Prove that for single particle in conservative field of force the sum of
kinetic and potential energies is constant.

(b)  Find an equimomental system of particles for a uniform rod AB of mass
M, where O be the centroid of the rod, 2a its length ?

NEPRT—83—2024 3
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NEPRT—81—2024
FACULTY OF SCIENCE/ARTS
M.Sc/M.A. (NEP) (First Year) (First Semester) EXAMINATION
APRIL/MAY, 2024

MATHEMATICS
(SMATE-401-A)

(Ordinary Differential Equations)

(Tuesday, 30-04-2024) Time : 10.00 a.m. to 1.00 p.m.

Time—Three Hours Maximum Marks—80

N.B. .— (i) All questions carry equal marks.
(71) Question No. 1 is compulsory.
(111) Attempt any three questions from Q. Nos. 2 to 6.
(tv) Figures to the right indicate full marks.
1. Answer the following : 20
(@)  Solve :
y" + 16y = 0.
(b)  Verify that ¢,(x) = e*(x > 0) satisfies the equation xy"— (x + 1) y" +

y = 0 and find the second independent solution.

(c) Solve :

2y + 2%y — xy' + y = 0 for x > 0.
(d)  Solve :
2xydx + (x2 + 3y2) dy = 0.

P.T.O.

X301Y5F3171X301Y5F3171X301Y5F3171X301Y5F3171



WT

( 2) NEPRT—81—2024

Answer the following : 20
(@)  Prove that every solution y of L(y) = b(x) on I is y = Y, + C1dy + o0,
where v, is particular solution. Where ¢,, ¢, are two linearly

independent solutions of L(y) = 0 and c,, ¢, are constants.

(b)  Solve :
y' -y =2y = e

Answer the following : 20

(a) One solution of L(y) = 0 on interval I is v, .............. v, is any basis
on I for the solutions of the linear equation ¢1v(”‘1) + e +
[nd)(l"_l) + al(n—l)d)(ln_Z) F i + an_1¢1] v = 0 of order n — 1 and if
v, = U, (kR =2,3, ... , n), then prove that ¢;, ugdq, -....... ,u,dy is a
basis for the solution of L(y) = 0 on I.

(b) Solve y" — xy = 0 by using power series expansion.

Answer the following : 20

(@)  Prove that the solution of x2y" + a(x)xy’ + b(x)y = 0 is given by

ok
b; (x) =| x| ri Z Crx”, where i = 1, 2 and a, b have convergent power
k=0

series expansions.
(b)  Find two solution of Bessel equation.
Answer the following : 20
(@) Prove that a function ¢ is a solution of the initial value problem

y' = flx, ), y(x,) = y,on an interval I if and only if it is solution of

X
the intergral equation y = y, + I f(¢, y)dt on L

X0
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(b)  Prove that the £th successive appoximation ¢; to the solution ¢ of the

inital value problem y' = flx, y), y(x,) = y, satisfies |¢(x) — ¢p(x)| <

M(K—a)kﬂeka for all x in I, where %2 is Lipschitz constant and
Kk+D!
|, y)| < M.
6. Answer the following : 20
(@)  Solve :
y® — 4y = 0.
(0)  Solve :
y' = xy, y(0) = 1.
NEPRT—81—2024 3
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NEPRT—32—2024
FACULTY OF SCIENCE AND TECHNOLOGY

M.A/M.Sc. (NEP) (First Year) (First Semester) EXAMINATION

APRIL/MAY, 2024
MATHEMATICS
SMARTC-402

(Real Analysis)

(Monday, 22-04-2024) Time : 10.00 a.m. to 1.00 p.m.
Time—3 Hours Maximum Marks—80
N.B. .— () All questions carry equal marks.

(@7)
(i17)

@iv)

Q. No. 1 is compulsory.
Answer any three from Q. No. 2 to Q. No. 6.

Figures to the right indicate full marks.

1. Answer the following : 20

(@)

®)

(c)

(d)

If f € R(o) and g €R(a) on [a, b], then prove that fg € R(w).

Let f,(x) = %, xeR,n=1,2, ... ), then show that lim,,_, ,.f;,'(0)

Tn
# [(0).

Does the every member of an equicontinuous family is uniformly

continuous ? Justify your answer.

Let f: R2 — R2 be defined by the equation flx, y) = (e*cos y, e¥sin y).
Calculate Df and |Df]|.

P.T.O.
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Answer the following : 20

(@) If i € R(aw) and £, € R(o) on [a, b], then prove that f; + £, € R(a)

b b b
and J.(fl + f)da = Iﬁda + J-fzda,

b) Suppose f > 0, f is continuous on [a, b] and Jj f(x)dx =0. Show that

flx) = 0 for all x € [a, b]. Also, show that, if f is continuous on [a, b],

then f € R(a) on [a, b]

Answer the following : 20
(@) State and prove the Cauchy criterion for uniform convergence.
. m
b) (@) Form =1, 2, 3, ..... ,n=1 2, ... ,let S, . =
m+n
Show that :

lim  lim S #lim lim S

n—ow m—x mn

2

ﬁ,(x eR,n=0,1,2, ... ). Then prove that
x

() Let f,) = ¢

the series Zn=0fn(x) of continuous functions converges to a

discontinuous sum.

Answer the following : 20

(@) Suppose the series ijocnx” converges for |x| < R, and define flx)

= Z:zocnx”(|x| < R).

X301Y6918EAX301Y6918EAX301Y6918EAX301Y6918EA
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Then Z:

_,¢,x" converges uniformly on [-R + ¢, R — €], no matter which

e > 0 is chosen. the function f is continuous and differentiable on

(-R, R) and f(x) = incnx"‘1 (|x] < R).

) If f is continuous on [0, 1] and if Ef(x)x”dx =0,n=0,1, 2, ....., show
that flx) = 0 on [0, 1].
Answer the following : 20
() (@) Let A < R™, let f: A —» R", if f is differentiable at g, then
prove that all the directional derivative of f at g exist and
f (a,z)=Df@).u
(@) Let A < R™ let f: A — R if fis differentiable at g, then
prove that f is continuous at g.
b) Letf:R?2 > R3and g : R3 — R2 be given by the equation :
fx) = (ele“cz,Sx2 — €OS X, X; + X, + 2)
g @= 3y +2y, +55, 07 — ¥, +2)
@ If GG)=f(g®), find DG(0).
G) If f(x)=g(f®), find DF(0).
Answer the following : 20
(@) (2) Suppose F and G are differentiable functions on [a, 6], F' =

[ € R and G' = g € R, then show that

Lb f(x)g(x)dx = F(b)G(b) — F(a)Gla) — Jj f(0)G(x)dx .

X301Y6918EAX301Y6918EAX301Y6918EAX301Y6918EA
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@) Letf,(x) =n?% 1-x2",0<x<landn =12, 3, ..., show
that :

1 1
115{ | fn(x)dx} " [lnig £, (x)]dx.
0 0

b) State the Stone-Weierstrass theorem.
x2
Define f : R2 - R by setting f(0)=0 and flx, y) = PR if
fx, y) # 0.
Show that all directional derivatives of f exist to ( but that f is not
differentiable at .
NEPRT—32—2024 4
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NEPRT—190—2024
FACULTY OF ARTS/SCIENCE
M.A./M.Sc. (NEP) (First Year) (Second Semester) EXAMINATION

APRIL/MAY, 2024
MATHEMATICS

Paper (SMATE-452)
(Combinatorics)

(Monday, 29-04-2024) Time : 10.00 a.m. to 1.00 p.m.

Time—Three Hours Maximum Marks—80
N.B. .— (i) All questions carry equal marks.

(@) Q. No. 1 is compulsory.

(zi1) Answer any three from Q. Nos. 2 to 6.

(tv) Figures to the right indicate full marks.
1. Answer the following : 20

(@) How many different sequences of heads nd tails are possible if a coin
is flipped 100 times ? Using the fact that 21° = 1024 ~ 1000 = 103,
give your answer in terms of an approximate power of 10.

(b)  Find the generating function for a_, the number of ways to select r
balls from three green, three white and three gold balls.

(c) Find a recurrence relation for number of ways to arrange n distinct

objects on a row. Find the number of arrangements of eight

objects.

P.T.O.
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If a school has 100 students with 50 students taking French, 40 stu-
dents taking Latin, and 20 students taking both languages how many

students take no language ?

Answser the following : 20

(@)

®)

Prove that the number of selections with repetition of r objects chosen
from n type of objects is given by C(r + n — 1, r).

Given five distinct pairs of gloves, 10 distinct gloves in all, how
many ways are there to distribute two gloves to each of five
sisters :

(@) If the two gloves someone recieves might both be for the left hand

or right hand ?
(i) If each sister gets one left-hand glove and one right hand

glove ?

Answer the following : 20

(@)

®)

Use a generating function to model the problem of counting all
selections of six objects chosen from three types of objects with rep-
etition of up to four objects of each type. Also model the problem with
unlimited repetition.

Use generating function to find the number of ways to collect
Rs. 15 and 20 distinct people if each of the first 19 people can give
a rupee (or nothing) and the twentieth person can give either Rs. 1

or Rs. 5 (or nothing).

X301Y115B54X301Y115B54X301Y115B54X301Y115B54
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Answer the following : 20

(@)

®)

Find recurrence relations for :

@) The number of n-digit ternary sequences with an even number
of Os.

(t1)  The number of n-digit ternary sequences with an even number
of Os and an even number of 1s.

Find a recurrence relation for the number of ways to distribute n distinct

objects onto four boxes. What is the initial condition ?

Answer the following : 20

(@)

)

Let A, Ay, .o , A, be n sets in the universal set U of N elements.
Let S, denote the sum of the sizes of all k-tuple intersection of the
As. Then prove that :

NA;. Ay ... A )=N-8; +Sy —Sg + ... + 1*S, +......+(=1"S,.
How many ways are there to send six different birthday cards, denoted
C,, C,, C4, Cy, C;, C, to three aunts and three uncles, denoted
A, A, A;, Uy, U, U, if the aunt A; would not like cards C, and C,;
if A, would not like C, or Cg; if A4 likes all cards; if U; would not like
C, or C;; if U, would not like C,; and if U; would not like C; ?

Answer the following : 20

(@)

How many ways are there to distribute 36 identical jelly beans among

four children :

(@) Without repetition ?

P.T.O.
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(1)  With each child getting 9 beans ?
(@11) With each child getting at least 1 bean ?

(b) A bank pays 4 percent interest each year on maney on savings
account. Find recurrence relations for the amount of money a
gnome would have after n years if it follows the investment
strategies of :

(@) Investing Rs. 1000 and leaving it in the bank for n years.

(z1) Investing Rs. 100 at the end of each year.

NEPRT—190—2024 4
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NEPRT—191—2024

FACULTY OF SCIENCE & TECHNOLOGY

M.A/M.Sc. (Second Semester) (NEP) EXAMINATION

APRIL/MAY, 2024
MATHEMATICS
SMATE-453

(Dynamics and Continuum Mechanics-II)

(Monday, 29-04-2024) Time : 10.00 a.m. to 1.00 p.m.

Time—3 Hours

Maximum Marks—80

N.B. .— (i) All questions carry equal marks.
(iz1) Q. No. 1 is compulsory.
(7it) Answer any three from Q. No. 2 to Q. No. 6.
(tv) Figures to the right indicate full marks.
1. Answer the following : 20

(@)

®)

Given Tij =

If ¢ = x; x9 + 2x4, find a unit vector 7 normal to the surface of constant

passing through point (2, 1, 0)

_ A
- N DN
—-

decompose the tensor into synmmetric and an antisymmetric part.

P.T.O.
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(c) Show that there is no shearing stress on any plane containing the point.

If the state of stress at a certain point is T = — PT where P is scalar.

d) Discuss material derivative.

Answer the following : 20

() Write a short note on Dyadic product of vector

2 00
b) Find the eigen values and eigen vector for tensor [T] = |0 3 4

0 4 3
Answer the following : 20

(@) Consider the Scalar field
(I) = x12 + 3x1x2 + 2x3 .

@) Find unit vector normal to the surface of derivative of ¢ at origin

and at (1, 0, 1)
(z1) What is max value of the directional derivative of ¢ at origin

and at (1, 0, 1).

d
(@) Evaluate d_(f at the origin if dr = ds (e; + ey).

b) Discuss divergence of a vector field, divergence to tensor field and curl

of vector field.

X301Y113E3DX301Y113E3DX301Y113E3DX301Y113E3D
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Answer the following : 20
(@) If dx =(ds)n, where j is a unit vector in the direction of Jx, then
1D A
show that, — —(ds)=nDn=Dnxn,
ds Dt
b) Given the motion of a continuum to be :
xl = Xl + KtXZ, x2 = (1 + kt) X2, x3 = X3
If the temperature field is given by the spatial description
[D]C)
® = alx; + xy), then find i
Answer the following : 20
(@) Define stress tensor and show that,
T (nlé1 + nye, + n3E3) = n{T (e)) + nyT (eg) + ng Tley).
b) The distribution of stress inside a body is given by the matrix :

-p + pgy 0 0
[T] = 0 —D+ p8gy 0
0 0 —D+ p8y

where p, p, g are constants :

(@) What is distribution of the stress vector on the six faces of

block ?

(@z) Find the total resultant force acting on the face y = 0 and

x = 0.

X301Y113E3DX301Y113E3DX301Y113E3DX301Y113E3D
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6. Answer the following : 20

() Given that R is a rotation tensor and that m is a unit vector in the
direction of the axis of rotation, prove that the dual vector ¢ of RA

is parallel to m.

b) Define strain tensor. Write its components.

NEPRT—191—2024 4
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NEPRT—110—2024
FACULTY OF SCIENCE AND TECHNOLOGY
M.Sc. (NEP) (First Year) (Second Semester) EXAMINATION
NOVEMBER/DECEMBER, 2024
MATHEMATICS
SMATC-451
(Linear Algebra)

(Thursday, 18-04-2024) Time : 10.00 a.m. to 1.00 p.m.

Time—3 Hours Maximum Marks—80

N.B. .— (i) All questions carry equal marks.
(ii1) Q. No. 1 is compulsory.
(i1zi) Answer any three from Q. No. 2 to Q. No. 6.

(iv) Figures to the right indicate full marks.

1. Answer the following (5 marks each) :

(a) Let V be a vector space over field F, and S, S,cV. If Sy is linearly

independent, then prove that S; is also linearly independent.

b) If V and W are vector spaces over field F and T : V —- W be a linear

and invertible, then prove that T:W - V is linear.
P.T.O.

X301YA64F1FX301YA64F1FX301YA64F1FX301YA64F1F
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11
If A= ( 4 J, then find all eigen values and corresponding eigen

vectors of A.

For x = (ay, ag, ........... a,),y = (by ....... b,) € F* and ( , ) :
F?* x F* — F be a function defined by :

(x, y) = zaigi .
i=1

Then prove that (x, y) be an inner product on F".

Answer the following (10 marks each) :

(@)

(b)

If S be a linearly independent subset of a vector space, Vand v € V
be a vector such that v ¢ S. Then prove that SU{v} is linearly dependent
iff V e Span(S).

If W be a subspace of a finite dimensional vector space V. Then prove

that W is also finite dimensional and dim (W) < dim(V).

Answer the following (10 marks each) :

(@)

®)

Let V and W are vector space and T : V— W be a linear transformation.

If V is a finite dimensional, then prove that :
dim(V) = rank (T) + nullity (T).

If V and W are vector space and T : V - W be a linear mapping,

then prove that T is one-one iff N(T) = {0}.

X301YA64F1FX301YA64F1FX301YA64F1FX301YA64F1F
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4, Answer the following (10 marks each) :

(@)

(®)

Let A be an m x n matrix. If P and Q are m x m and n x n matrices

respectively, then prove that :

@) rank (AQ) = rank (A)

(@z) rank (PA) = rank (A).

Let AX = B be a system of linear equations. Then prove that system

AX = B is consistent iff rank(A) = rank (A|B).

5. Answer the following (10 marks each) :

(@)

()

If T and U are linear operators on inner product space V over F, then

prove that :
@ T =T, Gi) I" = 1.

Let V be an inner product space and S = {Vy, Vg, ....... V) be an orthogonal
subset of V consisting non-zero vectors. If y € span(S), then prove

that :

5 (y, V)
=Zyv2w

1

=

P.T.O.

X301YA64F1FX301YA64F1FX301YA64F1FX301YA64F1F
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6. Answer the following (10 marks each) :

(@) If T, U; and U, are linear operator on vector space V, then

prove that :

@ T(U; + Uy = TU; + TU,

(b) State and prove parallelogram law on an inner product space V.

NEPRT—110—2024 4
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NEPRT—131—2024
FACULTY OF SCIENCE AND TECHNOLOGY
M.A./M.Sc. (NEP) (First Year) (Second Semester) EXAMINATION
APRIL/MAY, 2024
MATHEMATICS
Paper SMATC-452
(Measure and Integration Theory)

(Saturday, 20-04-2024) Time : 10.00 a.m. to 1.00 p.m.

Time—Three Hours Maximum Marks—S80

Note :— (i) All questions carry equal marks.
(Zi) Question No. 1 is compulsory.
(7it) Answer any three from Q. No. 2 to Q. No. 6.

(tv) Figures to the right indicate full marks.

1. Answer the following : 20
(@) Show that, outer measure is translation invariant.
b) Give an example to show that :
D*(f+g) - Dt f+ Dt g
P.T.O.

X301YF9106FX301YF9106FX301YF9106FX301YFI106F



WT

( 2) NEPRT—131—2024

(c) Let f =g a. e (1), where p is a complete measure. Show that if f

is measurable, so is g.

(d) Show that if v, vy and p are measures and :
vl v, Lp, then v,+v, L n.
Answer the following : 20
(@) Prove that, the outer measure of an interval equals its length.
b) () Show that, if m*(A) = 0, then prove that :
m* (A U B) = m*B),
for any set B.
(@) Show that the set [0, 1] is uncountable.

Answer the following : 20

(@) If feL(a,b) then prove that ]if (t)dt is a continuous function on
[, b] and :
fe BVla, b]
b) Let f be defined by :
f(x)=xsin 1/ x) for x =0, f(0) =0,

find the four derivatives at x = 0.

X301YF9106FX301YF9106FX301YF9106FX301YFI106F



WT ( 3 ) NEPRT—131—2024
4. Answer the following : 20
(@) Define Hereditary. Let p* be an outer measure on H(R) defined by
u on R, then show that S* contains S(R), the o -ring generated by R.
b) Show that :
HR)={E!EcU;_, E E R}
5. Answer the following : 20
(@) State and prove Hahn decomposition theorem.
b) Show that if :
O(E)= [ fly
E
where de,u is defined, then ¢ is a signed measure.
6. Answer the following : 20
(@) Show that the continuous functions are measurable. Also show that
BVla, b] is a vector space over the real numbers.
) (1) Show that, if p is a o -finite measure on R, then the extension
n of n to s* is also o -finite.
(2) State Radon-Nikodym theorem.
NEPRT—131—2024 3
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NEPRT—189—2024
FACULTY OF SCIENCE/ARTS
M.Sc. (NEP) (First Year) (Second Semester) EXAMINATION
APRIL/MAY, 2024
MATHEMATICS
Paper SMATE-451(A)

(Partial Differential Equations)

(Monday, 29-4-2024) Time : 10.00 a.m. to 1.00 p.m.

Time—Three Hours Maximum Marks—S80

N.B. :— (i) All questions carry equal marks.

(1) Question No. 1 is compulsory.
(zit) Attempt any three questions from Q. No. 2 to Q. No. 6.
(tv) Figures to the right indicate full marks.

1. Answer the following : 20

(@) Solve :
yzp+xzq=x+Yy.
b) Prove that there always exists an integrating factor for Pfaffian

differential equation in two variables.

P.T.O.
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(c) Solve :
Uy — Uy =0,
(d) Show that the solution of the Dirichlet problem if it exists is
unique.
Answer the following : 20
(@) Let wu(x, y) and v(x, y) be two functions of x and y such that 3—;¢ 0,
If further s((;t—:;)) =Y, then prove that there exist a relation between
v and v not involving x and y explicity.
(b) If XcurlX=0, where X=P; +Qj+Rk and p is an arbitrary
differentiable function of x, y and z, then prove that pX.curl(uX)=0.
Answer the following : 20
(@) Find complete integral of 2(z+xp+ yq) = ypz by Charpit’s method.
b) Find the integral surface of the partial differential equation
p2x+qy—z =(0 containing the initial line xy(s)=s, yo(s)=1,
zo(s) =—s.
Answer the following : 20
(@)  Reduce into canonical forms and solve u,, —(xz)uyy =0.
b) Find an expression of d’ Alembert’s solution which describes the

vibrations of an infinite string.

X301Y20DF29X301Y20DF29X301Y20DF29X301Y20DF29
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5. Answer the following : 20
(@) Explain analytic expression for the Monge cone at (xy, ¥y, 2g) -

b) Show that the solution for the Dirichlet problem for a circle is given

by the Poisson integral formula.
6. Answer the following : 20
(a) Solve Xz, —yz, =z with the initial condition z(x, 0) = f(x),x>0.

b) Find complete integral of p?+¢g% =x+y.

NEPRT—189—2024 3
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M.A./M.S

NEPRT—152—2024
FACULTY OF SCIENCE AND TECHNOLOGY
c. (NEP) (First Year) (Second Semester) EXAMINATION
APRIL/MAY, 2024
MATHEMATICS
Paper SMATC-453

(Topology)

(Tuesday, 23-04-2024) Time : 10.00 a.m. to 1.00 p.m.
Time—3 Hours Maximum Marks—80
N.B. :— (i) All questions carry equal marks.

(ii) Question No. 1 is compulsory.

(iif) Answer any three questions from Q. No. 2 to Q. No. 6.

(tv)  Figures to the right indicate full marks.
1. Answer the following : 20

(@)

®)

If X is a non-empty set, then show that t; = {set of all subjects of X}
is a topology on X.

If A is subspace of X, then show that the inclusion mapping

J : A — X is continuous function.

(c)
(d)

If X is finite set, then show that a discrete topological space is compact.

Show that the set of real numbers with usual topology is normal space.

2. Answer the following : 20

(@)

If Y be the subspace of X, then prove that a set A is closed in Y if
and only if A equals the intersection of closed set of X with Y.

P.T.O.
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b) Define basis of the topology. If B’ denotes the collection of all rectangular
regions whose sides are parallel to the coordinate axes. B denotes the
collection of all circular regions, then show that topologies generated
by B and B’ are same.

Answer the following : 20

(@) If X and Y are topological spaces then prove that following conditions
are equivalent :

(@) f: X — Y is continuous.

(@) If V is closed in Y, then f~1(V) is closed in X.

b) Prove that the product of connected set is a connected set.

Answer the following : 20

(@) If X is compact and Y is Hausdorff space and f: X — Y is bijective
continuous function, then prove that f is homeomorphism.

b) Define locally compact topological space. Prove that if X is compact
topological space, then X is locally compact topological space.
Answer the following : 20

(@) Prove that closed subspace of normal space is normal.

b) Let (X, 1) be a topological space, then prove the following :

(@) Subspace of first countable space is first countable space.

(11) Subspace of second countable space is second countable space.
Answer the following : 20
(@) If (X, 1) be a topological space, A c X, then prove that A=A U A’.
b) Prove that subspace of Regular space is regular space.

NEPRT—152—2024 2
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RT—272—2024
FACULTY OF ARTS/SCIENCE
M.A./M.Sc. (First Year) (First Semester) EXAMINATION
APRIL/MAY, 2024
(New/CBCS Pattern)
MATHEMATICS
Paper IV
(Complex Analysis-I)
(Wednesday, 24-04-2024) Time : 10.00 a.m. to 1.00 p.m.

Time—Three Hours Maximum Marks—75

N.B. :— (i) All questions are compulsory.

(z1) Figures to the right indicate full marks.
1. Attempt the following :

N | =

(@)  Prove that, the mapping w = —, z # 0 maps the circles and straight

lines onto circles and straight lines. 15
Or
b) () Find a bilinear transformation mapping the points
2, =1, 2y = 2, z; = =2 onto the points w, = i, w, = 1,
wy = -1
(@1) Find the image of half-plane Re(z) > 0 under the
transformation : 15

1) w =2z — 1

- 1.

l
z

(2) w =
P.T.O.

X301YDC63C8X301YDC63C8X301YDC63C8X301YDC63C8
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Attempt the following :

(@)

®)

Define Branch of logarithm and principle branch of logarithm.

If z=x + 1ty and z # 0. Find all the values of log z. For z # 0, prove

that log |z| < |log z| < log |z| + |Arg z]|. 15
Or

Find all the values of z for which :

@ e =1

@) e =1

Gi) & =1

(v) secli

 2F

Attempt the following :

(@)

®)

Define Analytic function. If Az) = u(x, y) + iv(x, y) is defined in domain
D and u(x, y ) and v(x, y) are continuous with continuous partials that
satisfy the Cauchy-Reimann equations u = v, and u, =-v, in D, then
prove that f(z) is analytic in D. 15
Or

Define Harmonic function. 15
Show that the function u(x, y) = e*(x . cos y — y . sin y) is harmonic.
Also find the harmonic conjugate of u(x, y) and all the analytic functions
flz) such that Re(fz)) = u(x, y).

Attempt the following :

(@)

®)

State and prove cauchy's main theorem. 15
Or

Calculate JCZZ dz along the curves :
@) C:z®=t+it (0<t<1
@ C:z@)=t+it2(0<t<1).

X301YDC63C8X301YDC63C8X301YDC63C8X301YDC63C8
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5. Attempt any three of the following : 15
(@) Find all the values of log (1 + i) and log 1.
(b)  Find the values of a, b and ¢ such that the function Az) = a(x? + y?)

+ itbxy + c¢ is an entire function.
(¢) Find all the values of :
@) secl i

(@) cos! g

(d) Find the lenght of the curve :

C:20) =3e% + 2 (—-n <t < m.

RT—272—2024 3
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RT—367—2024
FACULTY OF ARTS/SCIENCE
M.A./M.Sc. (First Year) (First Semester) EXAMINATION
APRIL/MAY, 2024
(New/CBCS Pattern)
MATHEMATICS
Paper-V
(Discrete Mathematics)

(Tuesday, 30-04-2024) Time : 10.00 a.m. to 1.00 p.m.

Time—Three Hours Maximum Marks—175
N.B. — (i) All questions are compulsory.
(z1) Figures to the right indicate full marks.
1. Attempt the following : 15
(@)  Define the universal upper and lower bounds in a lattice with a suitable
example. Let (A, <) be a lattice with universal upper and lower bounds
1 and 0. Then for every a in (A, <), prove that :
avl1=1 anl=a

av0=a anO0=0.

(b)  Define a boolean algebra with a suitable example. With usual notations,

for any a and b in boolean algebra, prove that :

avb=aArb and andb =a v b.

P.T.O.
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2. Attempt the following : 15

(@)

®)

Define a connected and a disconnected graph with a suitable example.
Prove that a graph G is disconnected if and only if it vertex set V can
be partitioned into two non-empty, disjoint subsets V, and V,, such that
there exists no edge in G whose one end vertex is in the subset V,
and the other in subset V,,
Also prove that if a graph (connected or disconnected) has exactly two
vertices of odd degree, then there must be a path joining these two
vertices.

Or
Define degree of a vertex in a graph. Prove that the number of vertices
of odd degree in a graph is always even.
In a connected graph G with exactly 2k odd vertices, prove
that there exists £ edge-disjoint subgraphs such that they
together contain all edges of G and that each is a unicursal

graph.

3. Attempt the following : 15

(@)

Define the distance between two vertices and eccentricity of a vertex
in a connected graph. Prove that every tree has either one or two
centres.

Prove that a connected graph G is a tree if and only if adding an edge

between any two vertices in G creates exactly one circuit.

X301Y5SBABSEX301Y5SBABSEX301Y5SBABSEX301Y5SBABSE
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Or
(b)  Define vertex and edge connectivity of a graph with suitable examples.
Prove that the vertex connectivity of a graph G cannot exceed the edge
connectivity of G.
4. Attempt the following : 15
(@) If A(G) is an incidence matrix of a connected graph G with n vertices,

then prove that the rank of A(G) is n — 1.

Also, obtain the incidence matrix of the following graph.

vy h Ys

(b) If B is a circuit matrix of a connected graph G with e edges and
n vertices, then prove that rank of B = e — n + 1.

Obtain the circuit matrix of the following graph.

LYY

P.T.O.
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5. Attempt any three of the following : 15
(a) Let a, b, ¢ be elements in a lattice (A, <). If a < b, then show that
avbarc)<bnalavo).
(b)  Write a short note on operation on a graph.
(c) Prove that every connected graph has at least one spanning tree.

(d)  Write a short note on directed graph.

RT—367—2024 4
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RT—15—2024
FACULTY OF SCIENCE
M.A./M.Sc. (First Year) (First Semester) EXAMINATION
APRIL/MAY, 2024
(New/CBCS Pattern)
MATHEMATICS
Paper—I

(Abstract Algebra) (Group & Ring Theory)

(Tuesday, 16-04-2024) Time : 10.00 a.m. to 1.00 p.m.
Time—3 Hours Maximum Marks—T5
N.B. :— () All questions are compulsory.

(7i) Figures to the right indicate full marks.
1. Attempt any one of the following : 15
(@) State and prove first Isomorphism Theorem of a group.

(b)  Prove that every cyclic group of order n is isomorphic to Z, further
more, prove that multiplicative group of nth root of unity is a cyclic

group of order n.
2 Attempt any one of the following : 15

(@)  If order of group G is p”?, then prove that G has non-trivial center.

Also prove that every group of p? is abelian.

(b)  Prove that every subgroup of solvable group is solvable.

P.T.O.
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3. Attempt any one of the following : 15

(@)  Prove that every finitely generated abelian group G is a direct product

of finite number of cyclic group.
(b) State and prove finitely generated abelian group.
4. Attempt any one of the following : 15

(@)  Prove that every Euclidian domain is PID.

(b) If f: R —> S be a homomorphism of a ring R into a ring S, then prove
that ker(f) = {0} iff f is one-one.
5. Attempt any three of the following : 15
(@)  Prove that sum of two ideal is ideal.
(b)  Find all non-isomorphic abelian group of order 81
(©) Find all normal series and composition series of Zg.

(d)  Prove that Intersection of two ideal in a ring R is again ideal.

RT—156—2024 2
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RT-176-2024
FACULTY OF SCIENCE
M.Sc. Mathematics (First Year) (Semester-I)
April , 2024
Paper No.: 11
(Ordinary Differential Equations P-III (New CBCS Pattern)
(Monday, 22-04-2024) Time: 10.00 a.m. to 01.00 p.m.

Time - Three Hours Maximum Marks-75

N.B: 1) All questions are compulsory.
2) Figures to the right indicate full marks.

Q,No.1 ) Attempt any one of the following (15 marks)

A) Prove that the two solutions ¢ (x). ¢, (x) of L(y) =0 are linearly independent on an interval I if and
only if W(¢,.¢,)(x)# 0 forall x in I

B) Prove that W (g, ¢, )(x) =¢ “"“"“'W(d.¢ )(x,), Where @, , ¢, are two linearly independent

solutions of L(y) = 0 on an interval | containing a point x;.

Q,No. 2 ) Attempt any one of the following (15 marks)
A) Solve y"—xy =0 by using power series expansion.
B) Derive two solutions of Legendre equation

Q,No. 3) Attempt any one of the following (15 marks)
A) Find two solution of Bessel Equation.
B) Derive two solutions of Legendre equation

Q,No. 4 ) Attempt any one of the following (15 marks)
A) Prove that a function ¢ is a solution of the initial value problem y'= f(x,y).»(x,) =y, onan

interval | if and only if it is solution of the integral equation y = y, +J" f(t,y)dt onl.

oM oN
B) Prove that M (x, y)+ N(x,y)y'=0 is exact on some rectangle R if and only if =
dy ©ox

-~

solve 2xydx +(x* +3y")dy =0
Q, No. 5 ) Attempt any three of the following (15 marks)
i) Solve y¥ —4y'=0

e
e 4

ii) Find all real valued solutions of y'= :
l+e

iii) Solve y"+16y'=cosx

iv) Verify that ¢,(x) = x(x > 0) satisfies the equation x*y"—xy '+ y = 0and find the second
independent solution.

X301Y6ECE2DX301Y6ECE2DX301Y6ECE2DX301Y6ECE2D
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RT—95—2024
FACULTY OF ARTS/SCIENCE
M.A./M.Sc. (First Year) (First Semester) EXAMINATION
APRIL/MAY, 2024
(New/CBCS Pattern)
MATHEMATICS
Paper II(A)
(Real Analysis)

(Friday, 19-4-2024) Time : 10.00 a.m. to 1.00 p.m.
Time—Three Hours Maximum Marks—75
N.B. :— (i) All questions are compulsory.

(i1) Figures to the right indicate full marks.
1. Attempt the following : 15

(@) Prove that feR(a) on [a, b] if and only if for every ¢>( there
exists a partition p on [a, b] such that U(P, f, a) - L(P, f, o) < ¢. Also,
suppose f >0, fis continuous on [a, b] and J-: f(x) dx=0. Prove that
flx) = 0 for all xela, b].

Or

b) If f,eR() and f,eR(a) on [a, b], then show that f, +f, e R(o)

and
b b b
[ (h+fydo=] fda+] fda

P.T.O.
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2. Attempt the following : 15

(@) State and prove the Cauchy criterion for uniform convergence.

sinx
Furthermore, let /,(x) = Tn (xeR,n=1,2,.....) then prove that :

lim f,(0) # £'(0),
Or

b) Let o be monotonically increasing on [a, b]. Suppose f, e R(ct) on
la, b] for n =1, 2, 3, ........ and suppose f, — f uniformly on [a, b].

Then prove that feR(a) on [a, b] and
b b
[ fda=lim [ fdo

3. Attempt the following : 15

(@) Suppose the series 2::0 c,x" converges for |x| < R, and define :
f@)=Y" ¢« (|x|<R).

Then 2;0 ¢, x" converges uniformly on [-R + ¢, R — €], no matter which

¢>0 1is chosen. The function f is continuous and differentiable on
(-R, R), and :

f'(x) = i ne,x"" (|x|<R),
n=1

X301Y24EC9CX301Y24ECI9CX301Y24EC9CX301Y24EC9C
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Or

(b)  Given a double sequence {q;

1i=1,2,3....., j=1,2,3 ...... , suppose
that :

and Yb, converges. Then prove that :

22 w=2 > a
i=1 j=1 j=1 i=1

4. Attempt the following : 15
(@) I Let AcR™, let f:A—>R", if f is differentiable at g, then
prove that all the directional derivative of f at g exist and
f'@,u)=Df(a).u.
(II) Let Ac R™,let f:A — R", if fis differentiable at g, then prove
that f is continuous at g.
Or
b) State implicit function theorem. Given f:R°— R? of class Cl. Let
a=(1,2,-1,+3,0). Suppose that f(@)=0 and

_ 1 31 -1 2
Df(a)=[ }

001 2 -4

D Show there is a function f:B — R? of class Cl defined on an
open set B of R3 such that : f(x,, g,(x), g,(x), x2x3)=6 for
X =(x,x,x)eB and g¢=(1,3,0)=(2,-1)

(II)  Find Dg(1, 3, 0).

P.T.O.
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5. Attempt any three of the following : 15
(@) If feR(x) and geR(a) on [a, b], then prove that fge R(o).

b) Form =1, 2, 3, ...... ,n=1 2 ........ , let
__m
"o om+n’
Show that :
fim 1im S... lim im S...
() Prove that every uniformly convergent sequence of bounded function
is uniformly bounded.
d) Define :
f:R?> > R by setting f(0)=0 and
2
flx, )= iy if f(x,y)#0.
Show that all directional derivative of f exist to ¢ but that f is not
differentiable at (.
RT—95—2024 4
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N.B. .— (i) All questions carry equal marks.

(21) Question No. 1 is compulsory.

(z11) Attempt any three questions from Q. Nos. 2 to 6.

(tv) Figures to the right indicate full marks.

(v) Use of non-programmable calculator is allowed.

(v1) Use of table for area under standard normal curve is allowed.
1. Answer the following : 20

(@)  What is the probability of getting 9 cards of the same suite in one hand

of the game of bridge ?

(b) If the moments of a variate X are defined by EX" = 0.6; r =
1, 2, 3 ..... ), show that :

PX =0 =04, PX =1) = 0.6, PX>2)=0

P.T.O.
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(c) Six coins are tossed 6400 times. Using Poisson distribution, find the
approximate probability of getting six heads r times.

(d) If Xis normally distributed and the mean of X is 12 and the standard
deviation is 4, find the probability of X < 20.

Answer the following : 20

(@) For any three events A, B and C, prove that :

@) PAAUB|C)=PA|C)+PB|C)-PANB|C)
@) PANB|C)+PANB|C)=PA|C).

(b)  The probabilities of X, Y and Z becoming managers are 4/9, 2/9 and
1/3 respectively. The probabilities that the Bonus Scheme will be in-
troduced if X, Y and Z becomes managers are 3/10, 1/2 and 4/5 respec-
tively :

@) What is the probability that the Bonus scheme will be
introduced ?

(t1)  Ifthe Bonus Scheme has been introduced, what is the probability
that the manager appointed was X ?

Answer the following : 20

(@)

)

Define cumulants generating function of a random variable. Obtain an

expression for first four cumulants in terms of moments.

() A coin is tossed until a head appears. What is the expectation
of the number of tosses required ?

(z1)  What is the expectation of the number of failures preceding the
first success in an infinite series of independent trials with con-

stant probability p of success in each trial ?
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Answer the following : 20

(@)

)

Obtain the recurrence relation for the central moments of the Poisson
distribution. Also obtain the expressions for the moments generating
function and the cumulants generating function of the Poisson
distribution.

The probability of a man hitting a target is 1/4 :

@) If he fires 7 tmes, what is the probability of his hitting the target

at least twice ?
(z1)) How many times must he fire so that the probability of his hitting

the target at least once is greater than 2/3 ?

Answer the following : 20

(@)

)

Define normal distribution. Obtain the expression for the moments
generating function and cumulants generating function of normal
distribution.

The marks obtained by a number of students for a certain subject are
assumed to be approximately normally distributed with mean 65 and
standard deviation of 5. If 3 students are taken at random from this
set, what is the probability that exactly 2 of them will have marks

over 70 ?

Answer the following : 20

(@)

A factory produces certain types of outputs by three types of machines.

The respectiive daily production figures are :

Machine I : 3000 units; Machine II : 2500 units; Machine III : 4500

units

P.T.O.
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Past experience shows that 1% of the output produced by Machine I
is defective. The corresponding fractions of defectives for the other two
machines are 1.2% and 2% respectively. An item is drawn at random
from the day’s production run and it is found to be defective. What
is the probability that it comes from the output of (i) Machine I
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