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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. Choose the correct alternative : 1x10

(@) A particle moves along a straight line according to the law $2 =672 + 47 + 3,

where S is the displacement and  is the time. Then its acceleration varies as

Ll 1
® sl (i) 3
(i) $2 (V) %

2 e .
(b) For a Simple Harmonic Motion x = COS(—), the time period is

3
(i) 9 unit (i) 6 unit
(iii) 3 unit (iv) 12 unit.
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(c) If the radial and cross-radial components of velocity of a moving particle be proportional then the
path of the particle is

@ r=4e?® @) - =%

(i) =49 Gv) r =A4¢® (4 is a constant).

(d) If ¢ be regarded as a function of velocity v, then the rate of decrease of acceleration fis

2 3
. 34t ~ 3dt
G S =2 @ S =3
3 2
o 24t ., 4t
@iy S & (iv) el
(e) The work done in raising a mass of 2 kg to a height of 5 meter is
(i) 49 joules (i) 98 joules
(iii) 147 joules. (iv) 196 joules.

(f) If the central orbit described by a particle moving under central force is the conic i =1+ecosH, then
r

the force varies as

1
@ (i) 2z

1
i) 5 @v) r2.

(g) For a rectilinear motion of a particle, if an impulse I changes its velocity from u to v, then the change
in Kinetic energy is

0 51+ @) 51w

(i) 27(u+v) (iv) 2I(u-v)-

(h) A shell of mass m is fired from a gun of mass M which generates Kinetic energy E. Then the initial
velocity of the shell is equal to

2ME 2E

® (M +m)m (@ m+M
@\ 2m W) s

Please Turn Over

(0544+0761)



(B(sth Sm.)-Mathematics-G/DSE-A-1 & DSE-A-2/cBcs)  (6)

(i) Two unequal masses m; and m, are connected by a light inextensible string passing over a smooth
fixed pully. The tension T of the string is

: my +m ] 2mym
(l) T= 1 2 g (ll) T'= Raiddd Ul 8
mymy my +my
my —m a nym:
(i) T=—""2¢ (v) T=—1"2_¢g.
my +my my —ny

() The dimension of Power is

G ML2T? (i) ML2T
(i) Mmz277 (iv) ML2T3.
2. Answer any one question : 5x1

0 .
(a) A particle describes a parabola, r=asec25 such that the cross-radial component of the velocity

2
X d‘r
1s constant. Show that _dtz is constant.

(b) Prove that the differential equation of the path of a particle moving under a central force F is given
d*u

b m—
Y 402

F
+u =hz—2 (The symbols used have their usual meaning).
u

3. Answer any five questions :

(a) A particle moves from rest in a straight line under an attractive force p(distance)—2 per unit mass
to a fixed point on the line. Show that if the initial distance from the centre of force be ‘24, then

N =

3
the distance of the particle will be ‘a’ after a time (g_”)[a_] . 10
B

® A particle performing a simple harmonic motion in a straight line has velocities v}, v, V3 respectively
at distances x,, x,, x3 from the centre of the path.

Prove that xlz(vg—v32)+x22(v32—-v12)+x§(v12—v§)=0~ 10

(c) A particle moving in a straight line is acted on by a force whic

c : : ; k h works at a constant rate and
changes its velocity from u to v in passing over a distance x.

— HIE

Prove that the time taken is 5
2(u2 +uv+ v2) 10
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(d) Find the law of force parallel to the axis of y under which a particle describes the plane curve
xy=c? where ¢ is a constant. 10

(¢) Find the radial and cross-radial components of velocity and acceleration of a particle moving in a
plane. 10

(f) A particle of mass m is projected vertically under gravity, the resistance of air being mk times the

V2
velocity. Show that the greatest height attained by the particle is —[A —log(1+ )], where V is the
g
terminal velocity of the particle and AV is its initial vertical velocity. 10
(g) () What do you mean by impulse and impulsive force?

2 and it is projected with a velocity

(i) A particle moves with a central acceleration (distance)

¥ at a distance R. Show that its path is a rectangular hyperbola if the angle of projection
is

Sin-l ——“'__l- . 2+8

VR(V? -2uR)?

(h) A particle moves in a catenary S = c tany, the direction of its acceleration at any point makes equal
angles with the tangent and normal to the path at the point. If the speed at the vertex (y =0) be

V2 o

. : 2 2
u, then show that the velocity and acceleration at any other point y are eV and Tu e”¥ cos”y

respectively. 10
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Paper : DSE-A-2
(Graph Theory)
Full Marks : 65

1. Choose the correct alternative :

(@) In a graph, any vertex without any edge is called

(i) pendant vertex (i) isolated vertex
(i) end vertex (iv) null vertex.
(b) The graph
v Vs
) 3 Vs
is
(i) complete (i) regular
(iii) non-null (iv) planar.

(¢) The maximum number of edges in a simple graph with 10 vertices and 3 components is

@ 12 @ 13
(i) 28 (iv) 42.
(d) The contribution (in degree) of any loop at its vertex is
@ o (i) 1
(i) 2 @iv) 3

(e) Choose the correct statement :
() Bipartite graph may have odd cycle
() Kj is the smallest non-bipartite simple graph
(iii) Bipartite graph must be regular
(iv) Bipartite graph may have self-loop.
() Size of 3-regular connected graph of order 6 is
@6 @ 9
(iii) 18 (iv) 24.
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(8) Kyyis
(i) Eulerian, but non-Hamiltonian
(ii) Hamiltonian, but non-Eulerian
(iii) Both Eulerian and Hamiltonian
(iv) Neither Eulerian nor Hamiltonian.
(h) Number of pendant vertices in a rooted binary tree with 45 vertices is

@ 15 (i) 16
(i) 18 (iv) 23.
() In a connected simple planar graph of order 20 with degree of each vertex being 3, number of
regions is
@ 8 (i) 10
(i) 12 (iv) 14.
() If a graph has 12 edges, then sum of degrees of all the vertices is
@ 12 (i) 18
(i) 20 (iv) 24.

. Answer any three questions :
(@ (i) Define regular graph. Give 2 examples of 3-regular graph.
(i) Draw a graph with degree sequence {5, 5,3, 3,2,2,2}. (1+2)+2

(b) (@) Let G be a graph of order 16 and size 29 respectively: The degree of the vertices are 3, 4 or
5. There are 8 vertices of degree 4. How many vertices of G have degree 5?

(i) Determine whether the following graphs are isomorphic or not.

I 4 Vs
2
X¢ ;V l \_/ '
3 5 . a
Y Vs 342
G G

(c) Find the number of different walks of length 3 between V and V; of the following graphs and
indicate the walks.

e
N e
83 es
€4
14
Vs &5*
€6

: s _—
Interpret the result using adjacency matrix?
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(d) (i) Find two Non-isomorphic spanning tree of the following graph.

(i) Define a path. Give an example of a walk which is not a path. 3+2
(e) In the graph
A G F
E

B Cc D
(i) Construct all paths from B to E.
(i) Find the distance between B and E.
(iii) Find the distance between G and D. 3+1+1

3. Answer any four questions :
(a) (i) Define pseudograph with an example.
(i) Prove that G has a Eulerian trail if and only if G has exactly two vertices of odd degree.
(iii) Prove that every closed odd walk contains an odd cycle. 2+5+3
(®) (i) Prove that every finite tree is bipartite and verify the statement with the following graph.

Vs Vs
\Vl Vs
&

/ *
Vs
s ¥
(i) Draw 2 self-complementary graphs with 5 vertices.
(iii) If G be a p-regular graph of order n2 2(p + 1), for p2 1, prove that G is Hamiltonian,
(2+2)+2+4
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(c) Apply Dijkstra’s algorithm to determine a shortest path between V| and V. it
v, 5 Va
4 4
" i 6 4 4 Ve
5 3
V3 4 Vs
6

(d) (i) Find the minimal spanning tree of the following graph :

v, 8 V.
3 9
7, 9 6
3 7 ,
v, 5 s
T

(i) If G be a simple planar graph with ¥t least 11 vertices, then show that G is non-plamar

() (i) Construct adjacency and incidence matrix of the following digraph :
€

l

Vi

vy .

AT

eq & \ Yc:

2 :

(i) Prove that Peterson’s graph is non-planar. Does T3
answer.
(® (@) A medical representative has to visit four Wi == :
town twice before completing his tour t JLWWS -3
to another are given below

gy

AlRICD
A nES,é :
Bi3{-1T7.3
g"’_‘r‘ <
Disid

Draw the graph and find all po\\lbl: TS SRR SR
optimal root (or roots) and the MR <

[
T
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(i) Find the incidency and adjacency matrices for the simple graph. 743
A
€ &3
B € c D

(g () Draw the graph from the incidence matrix

E, E, E3 E4 Es Eg
ml1 0o 0 0 -1 0
“Bi-1 1.0 0 0 1
Blo-1-1 0 0 0
o 0o 1 1 0 -1
|0 0 0 -1 1 0
(ii) Show that a simple connected planar graph G has a vertex of degree <6. 5+5
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