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MATHEMATICS - GENERAL
Paper : DSE-A-I and DSE-A-2

Candidates are required to give their answers in their own words
as far as practicable.

Paper: DSE-A-I

(Particle Dynamics)

Full Marks : 65
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[English Version]

The figures in the margin indicate full marks.

1. Answer the following questions ' 1x10

(a) If the velocity y of a particle moving in a straight line is given b} 1l:.?.rl - &. ri-here -t is the

distance travelled from a fixed point on the line and a, b are constants. the acceleration varies as

(i) tlx2 (ii) 1/x

(iii) r (iv) x2.

(b) If the tangential and normal components of acceleration be equal, then the velocit-v is proportional

to

(ii) ev

(iv) e-v,

w-here tan y : gradient of the tangent.

(c) The lmpulse acting on a body is given by

{i} lrnpulse : Change in Kinetic energy

{ii) Irnpulse: Change in Momentum

(iii) Imparlse - lVork done by acting force

(iv) None of the above.

(d) The period ct oscillation of simple harmonic motion is given by

$ r-

(iii) r =

(Symbols have their usual meaning)

(e) If aparticle moves in a straight iine accordingto the rule x:asin(pr+s), where a, p and e are

constants, then the velocity v is given by the relation

(i) ,2 : v@2 - *2) (ii) r,2 : u21*2 - a2)

(iii) r,2 : rt(x2 - o2) (iv) r,2 : V2k2 - x2)

(t) A particle describes * curve , : neo with constant angular velocity. Then the radial acceleration

is

(i) proprotional to r (ii) proportional to 0

(iii) non-zero constant (iv) zero.
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(s) A cricket ball weighins ] fU is moving with a velocity of B0 ft/second and is struck by a bat whichto
causes it to travel in the opposite direction with a velocity of 48 ftlsecond. Then the impulsive force
of the bat is

(i) 10 poundal sec. (ii) 20 poundal sec.

(iii) 30 poundal sec. (iv) a0 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

.drdr
dl dr

,i::\ I ..dr ', dr(lll) - 0-; (iv) a'-"2dr dr

(i) 1 Horsepower :
(i) 746.3 watts (approx.) (ii) 750 watts (approx.)

(iii) 740 watts (approx.) (iv) None of these.

'j r According to Kepler's law, if 7 is the time period and a be the semi-major axis then TQ varies as

rit ct (1i) a2

riiit ci (iv) aa.

2. Ansu-er ony cne question: 5x1

(a) A particle is moving in a straight line starts from rest and the acceleration at any time r is
b Arl. uhere b and' k are positive constants. Show that the maximum velocity attainable by the

----..:.t ' 2 FPartlcle lS -. r- .

3Yk

(b) A particle describes the path 14 : a4cos40 under a force which is always directed to the pole.
Find the law of force.

3. Answer any Jive questions :

(a) A particle of mass /i/ lltoves in a straight line under an attractive fotce mn2x tor,vards a fixed point
on the line when at a distance r from it. If it be projected with a velocity tr/towards the centre
of force from an initial distance a, then prove that it reaches the centre of force after a time .

I -r( na\_tan 'l _ 
|,'u" lr ) l0
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(b) A particle is performing a simple harmonic motion of period I about a centre O and it passes

through a point P with a velocity V in the direction OP. lf the parlicle returns to P in time /, then

show rhar r =Ltun-1] lL),where op:x.n [2rcr_]

(c) A parlicle of mass m is actedon by a attractive for.. ,prIr-r4'], pt being constant, towards the
1'. rt)

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

l0

10

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

ll*r*m2\,,2.:thr2, where r,r is the velocity at the centre of mass of the particles and

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

(e) A particle describes a piane cllrve under the action of a central attractive force F per unit mass.

,2

Prove that in usual nctatian the differential equation to the path of the particteis )ff=n

10

(0 (i) Define apse and apsidal distance.

(i1) A particle of mass rE lnol,a: under a central attractive force rlprr-3 and is projected from an

^ r_

apseatadistanceCivithvelocity * 
Provethattheorbitof theparticleis rcos4=C.

2+8

(g) If v, and v, are the trinear velocities of aplanet when it is respectively at nearest and farthest from

the 
-Sun, 

thin prove that (1 - e)r,, - (l +e)vr, r.vhere e is the eccentricity of the elliptic orbit of the

planet. 10

(h) (i) State the Kepler's larvs of planetary motion.

(ii) A particle describes a parabola -r2 :8"y under a force ahvays perpendicular to .t' axis. Find

the lar.r, 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: 1x10

(a) The number of vertices necessary to construct a graph with exactly 8 edges and each vertex being
of degree 2 is

(, 6 (il) 8

ful) 10 (iv) 12.

(b) Let G, and Grbe the only two components of a graph G with adjacency matrices A(G) and
A(G) respectively. Then the adjacency matrix of G is

leg) | t(c)f lzrql I ol(I) .-; i a 
-l (tt) 

L7G;tio]

[z(c,ll o I . I o t,aG)1
(u) 

l- a- i-ue,1) (rv) 
[;ia;i;--;-]

[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 same vertex.

(d) Maximum number of edges in an acyclic undirected graph with re vertices is

0)" (i1) n-r

n(n -l\(iil) 

- 

(iv) 2'.
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(e) Which of the following is a property of a bipartite graph?

(i) lt has a Eulerian circuit.

(ii) It has a Hamiltonian cycle.

(iii) It does not contain odd cycle.

(iv) It is always non-planar.

Y(0

(g) The number of difterent spanning trees of the graph ,K, is

(i) 1 (iil ?

(iii) 3 (ir,} 4.

Gis

(i) Eulerian and Hamiltonian

(ii) Eulerian and non-Hamiltonian

(iii) Non-Eulerian and Hamiltonian

(iv) Non-Eulerian and non-Hamiltonian.

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

(00
(iii) 2

Gis

(i) planar and regular

(iii) non-planar and regular

(ii) planar and non-regular

(ir* non-planar and non-regular.

(iD 1

(iv) 3.

(h)

G
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Number of directed walks ol length 2 from Vo to V, is

(i) 0

(iii) 2

(ii)

(iv)

1

--) -

2. Ansrver any three questions :

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

(ii) Find the connected components of the graph.

F (t+2)+2

O) Q) Ihaw a graph with 5 vertices which is isomorphic to its complement. Justifu your answer.

(ii) Deternpine whether the following graphs are isomorphic or not.

li)

(c) (, following graph is bipartite. Jtistify your answer.

23

Determine whether the

1

j-rtq,)

(d) (i)

(ii)

(iii)

789
Prove that a graph which contains a triangle cannot

Find the number of pendant vertices in a binary tree

Prove or disprove that a minimally connected graph

When a connected graph will be a tree?

be bipartite.

with 31 vertices.

cannot have a circuit.

2+2+1

Please Turn Over
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2

(10)

(.) (i) Examine the following graph is bipartite or not.wIZA
(ii) What is the least number of vertices in a simple connected graph u ith 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-Warshali algorithm to find the length of tl-re shortest path between an1' pair ol r,ertices
a, b, c, d, e and f of the following weighted directed graph. 10

albTc

-4

d

{b) (i) Deterrnine the rninimal spanning tree and minimum weight corresponding to the follorving
graph:

3 A

L v N
4

/q
./.

C

(ii) Prove that there is one and onll'one path betu,een every patr of rertices in a tree f.
I r)

B

_t
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(c) $ Prore &at a complete bipartite graph K^,, is Hamiltonian iff m:n.
Gi)ABC

(ii,

(d) (i)

Check if the graph is planar or not.

Prove that K, is non-p1anar. but removal of one edge of K, makes a planar graph.
4+2+4

Construct the incidence matrix of the foliolving diagraph :

(ii) Find all the spanning trees of the following graph :

A\ ,,f{\ ,/l\B.-------------- ) H
,/" 

E\ ,/"r/v/CG

S.-.--''. :'..- . -'i-::iilrar graph of order 2K- 1 is Hamiltonian and verify this statement by
---:c-:: " Hanlltonian c1'cle in a ,l-reguiar graph of order 7.

Drau a -uraph that is Eulerian, but non-Hamiltonian and a graph that is Hamiltonian, but
non-Eulerian

Let G be a connected 4-regular planar graph of order 8. Find the number of faces and

5+5

4+2+4

r;ir

(iii)

r ir (i)

sum of the degrees of the faces of G.

Construct a di-graph whose adjacency matrix is given by

010000
000001
001010
100000
000000
001100

Please Turn Over

I



' 1tk,fu )- M ath em ati c s - G,D S E -A - 1 &

(ii) Find the longest and shortest path

(12)

found in the graph

vt

v2

v3

v4

vs

Irj

V,,

l/.')

vo'

V,,

(ii1) Prove that the number of pendant vertices in a binary tree u'ith ir verlices i, "+1.
2

3+3+4

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.

Prove that a connected planar graph with n vertices and e edges has e-r+2 re_eions.

(3+2)+5

(e) (D

(ii)

I


