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MATHEMATICS — GENERAL
Paper : DSE-A-1 and DSE-A-2 '
Candidates are required to give their answers in their own words
as far as practicable.
Paper : DSE-A-1
(Particle Dynamics)
Full Marks : 65
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[English Version]

The figures in the margin indicate full marks.

1. Answer the following questions : 10
(a) If the velocity v of a particle moving in a straj
distance travelled from a fixed point on the line

ght line is given by v2 =ax2? + b, where x is the
and a, b are constants, the acceleration varies as

() 1/x2 () 1/x
(i) x (iv) x2.

(b) If the tangential and normal components of acceleration be equal, then the velocity is proportional
to
0 v (i) e¥
(iii) €2V @iv) eV,

where tan y = gradient of the tangent.
(¢) The impulse acting on a body is given by
(i) Impulse = Change in Kinetic energy
(i) Impulse = Change in Momentum
(iii) Impulse = Work done by acting force
(iv) None of the above.
(d) The period of oscillation of simple harmonic motion is given by

i T:L 1 =.L
@ \/E @ T 2\/;
2n T
@) T=— i =—
N W T=

(Symbols have their usual meaning)

(e) If a particle moves in a straight line according to the rule x = a sin(ur + ¢),
constants, then the velocity v is given by the relation

where a, i and ¢ are

@ v2=p(a?-x?) (i)) v2=p%(x?-a?)
(iii) v2=p(x2-q2) (iv) v2=p2(a? - x2)
(®) A particle describes a curve = ae® with constant angular velocity. Then the radial acceleration
is
(i) proprotional to r (ii) proportional to 6

(iii) non-zero constant (iv) zero.
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L . ;
(g) A cricket ball weighing Rlb 1S moving with a velocity of 80 ft /second and is struck by a bat which

causes it to travel in the opposite direction with a velocity of 48 ft/second. Then the impulsive force

of the bat is
(i) 10 poundal sec. (i) 20 poundal sec.
(iii) 30 poundal sec. (iv) 40 poundal sec.

(h) If a particle moves with constant angular velocity about a point O (origin) in its plane of motion,
then the cross-radial acceleration is proportional to

ar ..
@ wz (ii) Zmd_:
i) 0o ) o2
(i 1 Horsepower =
(i) 746.3 watts (approx.) (i) 750 watts (approx.)
(i) 740 watts (approx.) (iv) None of these.
() According to Kepler’s law, if T is the time period and a be the semi-major axis then 72 varies as
@ a (i) a2
(i) a3 (iv) a%.
2. Answer any one question : 5x1

() A particle is moving in a straight line starts from rest and the acceleration at any time ¢ is
b-kr?, where b and k are positive constants. Show that the maximum velocity attainable by the

3
particle is 2 b—

3V«k

(b) A particle describes the path 4= a%cos40 under a force which is always directed to the pole.
Find the law of force.

3. Answer any five questions :

(a) A particle of mass m moves in a straight line under an attractive force mn2x towards a fixed point
on the line when at a distance x from it. If it be projected with a velocity ¥ towards the centre
of force from an initial distance a, then prove that it reaches the centre of force after a time

L (ﬂ) _ 10
n 14
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(b) A particle is perforr.ning a simple harmonic motion of period T about a centre O and it passes
through a point P with a velocity ¥ in the direction OP. If the particle returns to P in time ¢, then

T | VT
show that t=—tan | — |, where OP=x 10
T 2mx

4
(c) A particle of mass m is acted on by a attractive force m;,{x+ a—3J , 1t being constant, towards the
x

origin. If it starts from rest at a distance a from origin, find the time it takes to arrive at the origin.
10

(d) Prove that the kinetic energy of two particles of masses m, and m, moving in a plane is

m In2 2

1 1 . . :
E(ml +n12)u2 th— v", where u is the velocity at the centre of mass of the particles and

2 my+my

v is the velocity of either of them relative to the other. 10

(e) A particle describes a plane curve under the action of a central attractive force F per unit mass.
. ; : : ; N dp

Prove that in usual notation the differential equation to the path of the particle is ——=F,

p3 ar

10
(® (@ Define apse and apsidal distance.

(i) A particle of mass m moves under a central attractive force mpr=3 and is projected from an

apse at a distance C with velocity 3‘5/2? . Prove that the orbit of the particle is » cos%g =C.

2+8

(8) If v, and v, are the linear velocities of a planet when it is respectively at nearest and farthest from

the Sun, then prove that (1 — e)v; = (1 + e)v,, where e is the eccentricity of the elliptic orbit of the
planet. 10

(h) (i) State the Kepler’s laws of planetary motion.

(i) A particle describes a parabola x2 = 8y under a force always perpendicular to y axis. Find
the law of force and the velocity of the particle at any point of its orbit. 3+7
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Paper : DSE-A-2
(Graph Theory)
Full Marks : 65

The figures in the margin indicate full marks.

1. Choose the correct alternatives :

(a) The number of vertices necessary to construct a graph with exac

of degree 2 is
@ 6
(i) 10

(b) Let G, and G, be the only two component

(i)
(i)

8
12.

A(G,) respectively. Then the adjacency matrix of G is

CA(G)) | AG
(i) __-L)—T—-(—-z—)_]

o [AG0L 0
014G

(D)

@iv)

[0 being the null matrix of suitable order]

(c) In a cycle

(i) each vertex is visited exactly once
(ii) each edge is visited exactly once

(iii) both vertex and edge may be repeated

(iv) a path begins and ends at the sam

(d) Maximum number of edges in an acycli

@) n

n(n-1)
2

(iii)

(i)

(iv)

e vertex.
¢ undirected graph with » vertices is

n-1

2"

1x10

tly 8 edges and each vertex being

s of a graph G with adjacency matrices 4(G;) and
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(¢) Which of the following is a property of a bipartite graph?
() Ithasa Eulerian circuit.
(ii) It has a Hamiltonian cycle.
(iii) It does not contain odd cycle.

(iv) It is always non-planar.

® w3
A \
Y vy
V5 v,
¢ 7
Gis
(i) planar and regular (i) planar and non-regular
(ili) non-planar and regular (iv) non-planar and non-regular.

(g) The number of different spanning trees of the graph Kj is

o 1 Gi) 2
G 3 i 4
)]
Y v;
1 v,
Y, - . |
Gis

(i) Eulerian and Hamiltonian
(i) Eulerian and non-Hamiltonian
(ili) Non-Eulerian and Hamiltonian
(iv) Non-Eulerian and non-Hamiltonian.

@) Let I(G) be the incidence matrix of a graph G without loop. Then the number of 1’s in each column
of I(G) is

® 0 G 1
i) 2 @ 3.
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v, Y,

G

Number of directed walks of length. 2 from V, to V, is

@
(iii)

0 (i) 1
2 (iv) 3.

2. Answer any three questions :

(a)

(b)

(©)

(d)

®
(ii)

@
(D)

(D)

(i)
(iii)

Define a path. Give an example of a walk which is not a path.

Find the connected components of the graph.

(142)+2
Draw a graph with 5 vertices which is isomorphic to its complement. Justify your answer.

Determine whether the following graphs are isomorphic or not.

243
Determine whether the following graph is bipartite. Justify your answer.
1 2 3
6 4
7 8 9
Prove that a graph which contains a triangle cannot be bipartite. 3+2
Find the number of pendant vertices in a binary tree with 31 vertices.
i ircuit.
i minimally connected graph cannot have a CIr¢
Prove or disprove that 2 -

i ?
When a connected graph will be a tree:
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(e) () Examine the following graph is bipartite or not.
F E D

A B C

(i) What is the least number of vertices in a simple connected graph with 10 edges?
(iii) In the graph

construct a path from V, to V, of length four. 2+2+1

3. Answer any four questions :

(a) Use Floyd-Warshall algorithm to find the length of the shortest path between any pair of vertices

a,b,c,d, e and f of the following weighted directed graph. 10
a 1 b 2 ¢
» 3 A10
4 2 i 7 -8
d 3 e f

(b) (i) Determine the minimaj spanning tree and minimum weight corresponding to the following
graph :

(ii) Prove that there is one and only one path between every pair of vertices in a tree T
- T3



) @

(d)

(e)

®

(i1)

(iii)

)

(i)

@
(i)
(iii)

®
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Prove that a complete bipartite graph K, . is Hamiltonian iff m =n
\n -

A B C

F E D
Check if the graph is planar or not.

Prove that K is non-planar, but removal of one edge of K makes a planar graph.
4+2+4

Construct the incidence matrix of the following diagraph :

Find all the spanning trees of the following graph:

A\ F
H
B D B

rder 2K -1 is Hamiltonian and verify this statement by
-regular graph of order 7.

Show that a K-regular graph' of o

finding a Hamiltonian cycle in 2 4 . o

D aph that is Eulerian put non-Hamiltonian and a graph that is Hamiltonian, but
raw a gr )

non-Eulerian.
h of order 8. Find the number of faces and
Let G be a connected 4-regular planar grap Py

sum of the degrees of the faces of G. I
Construct a di-graph whose adjacency matrix 1s given y

0 1000 0
000001
001010
100000
000000
001 10 0]
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(i) Find the longest and shortest path found in the graph

14 7'

1}
Vz v,
V3 v
Vy v,
Vs pg’

(iiiy Prove that the number of pendant vertices in a binary tree with n vertices is #il

3+3+4

(g () Prove that a connected graph G is a tree if and only if the number of vertices is one more
than the number of edges in G.

(ii) Prove that a connected planar graph with » vertices and e edges has e—n+ 2 regions.
(3+2)+5




