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2020
MATHEMATICS — GENERAL

Paper : DSE-A-1

(Particle Dynamics)

Full Marks : 65

Candidates are required to give their answers in their own words
as far as practicable.
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[English Version]

The figures in the margin indicate full marks.

Multiple Choice Questions

1. Answer all the questions : 1×10

(a) A particle moves along a straight line according to the law 2 26 4 3S t t   , where S is the
displacement and t is the time. Then its acceleration varies as

(i) 3
1

S
(ii) 2

1
S

(iii) S2 (iv)
1
S

.

(b) If a particle describes the curve cosr a   under a central force to the pole, then the force varies
as

(i) 5
1
r

(ii) 3
1
r

(iii) r3 (iv) r5.

(c) In C.G.S. system the absolute unit of work is

(i) Foot-poundal (ii) Erg (iii) Horsepower (iv) None of these.

(d) The work done in raising a mass of 2kg to a height of 5 meter is

(i) 98 joules (ii) 95 joules (iii) 97 joules (iv) 96 joules.

(e) For a central orbit, the expression for the constant h is

(i) dh r
dt


 (ii) dh
dt


 (iii) 1 dh
r dt


 (iv) 2 dh r

dt


 .

(f) For a Simple Harmonic motion cos
3
tx    

 
, the time period is

(i) 9 unit (ii) 6 unit (iii) 3 unit (iv) 12 unit.

(g) The impulse acting on a body is given by

(i) Impulse = Change in Kinetic energy (ii) Impulse = Change in Momentum

(iii) Impulse = Workdone by acting force (iv) None of these.
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(h) A cricket ball weighing 1
4

lb  is moving with a velocity of 15ft/second and is struck by a bat which

causes it to travel in the opposite direction with a velocity of 40ft/second. Then the impulsive force
of the bat is

(i) 313
4

 sec-pondals (ii) 13 sec-poundals

(iii) 3
4

  sec-pondals (iv) None of these.

(i) The law of motion of a particle moving in a straight line is 
1
2

S vt . Then the acceleration is

(i) proportional to velocity (ii) proportional to square of velocity
(iii) proportional to inverse of velocity (iv) constant.
[v is the velocity of the particle]

(j) A particle describes a curve r ae with constant angular velocity. Then the radial acceleration is
(i) proportional to r (ii) proportional to 

(iii) non-zero constant (iv) zero.

2. Answer any one question : 5×1

(a) Find the expression for tangential component of velocity of a particle moving in a plane.

(b) A Cannon ball of mass m is projected from a Cannon of mass M by an explosion which generates

kinetic energy E. Prove that the initial velocity of the Cannon ball is 
2

( )
ME

M m m


Answer any five questions. 10×5

3. (a) An engine works at a constant power H units of work per second. It pulls a train of total mass M
against a constant resistant R. Show that the train acquires velocity V in time

2 logMH H MV
H RV RR

 
  

 seconds.

(b) What is the Horsepower of the engine which keeps a train moving with velocity V ft/second against
a resistance of R poundals? 8+2

4. (a) A particle moves along a straight live under the law of motion given by x = a cos (nt + b). Show
that the acceleration is directed to the origin and varies as the distance.

(b) A particle is performing a simple harmonic motion of period T about a centre O and it passes through
a point P with a velocity V in the direction OP. If the particle returns to P in time t, then show that

1tan
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T VTt
x

      
 and cot

2
VT tOP

T





, where OP x . 2+(4+4)
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5. (a) State Second law of Newton.
(b) A particle moves in a straight line under the action of an attractive force 

5
3x , when at a distance

x from the centre of force O. If it starts from rest at a distance ‘a’ from O, then show that it will

arrive at O in time 

4
32

3
a
 . 2+8

6. (a) A particle describes a parabola x2 = 8y under a force which is always perpendicular to y-axis. Find
the law of force and the velocity of the particle at any point on its orbit.

(b) State the principle of conservation of linear momentum. 8+2

7. (a) A particle of mass m moves under a central attractive force 3 2 5( 8 )m r c r    and is projected from

an apse at a distance c with velocity 
3

c


. Prove that the equation of the orbit is 
2cos
3

r c    
 

.

(b) Write Kepler’s laws on planetary motion. 8+2

8. (a) A particle is projected in a medium whose resistance is proportional to the cube of the velocity and
no other force acts on the particle. While the velocity diminishes from v1 to v2, the particle traverses

a distance d in time t. Show that  
1 2

1 2

2v vd
t v v



.

(b) State the principle of conservation of energy. 8+2

9. (a) Establish the differential equation of the path for the motion of a particle moving in a central orbit under

an attractive force F per unit mass, in the form 
2

2 2 2
d u Fu
d h u

 


 (symbols have their usual meanings).

(b) Define apse and apsidal distances. 8+2

10. A particle of mass m is moving with central acceleration   2distance  . It is projected with a velocity

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

1 2 2sin VR V
R
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