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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 questions : 1×10
(a) The work done by gravity on a stone of mass 80 gms during the 8th second of its fall from rest is

[g = 980 cm/sec2]
(i) 588000 ergs (ii) 5880 ergs

(iii) 588 ergs (iv) None of these.
(b) If the velocity v of a particle moving in a straight line is given by v2 = ax2 + b, where x is the

distance travelled from a fixed point on the line and a, b are constants, the acceleration varies as
(i) x (ii) x2

(iii)
1
x (iv)

2
1
x

(c) If the time t be regarded as function of velocity v, then the rate of decrease of acceleration f is

(i)
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(iv) None of these.

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

(i) T 



(ii)
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(iv)
2
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.

[The symbols used have their usual meanings]
(e) For a particle describing a central orbit under F = r, the velocity acquired by the particle in falling

from rest at a given distance r from the centre of force to the centre is

(i) 2 2
0v r  (ii) 2

0v r  (iii) 2
0 2v

r


 (iv) 2
0v

r


 .

(f) The speed v of a particle moving along x-axis is given by v2 = 16 – x2. Then the amplitude of motion
is

(i) 2 units (ii) 1 unit (iii)
1
2

 unit (iv) 3
2

 units.
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(g) Which of the following is scalar?
(i) Displacement (ii) Speed (iii) Velocity (iv) None of these.

(h) If u and v be the components of velocity of a particle at a point P parallel to the axis at time t,
then the components of acceleration parallel to the axes are

(i) ,du dvu v
dx dy

(ii) ,du dv
dx dy

(iii) ,dv duu v
dy dx

(iv) None of these.

(i) A particle describes a circle of radius a with uniform speed v. At any instant the normal acceleration
is

(i)
3v
a

(ii)
v
a

(iii)
2v
a

(iv)
2

2
v
a

.

(j) If the angular velocity of a moving point about a fixed origin be constant, then the transverse velocity
is given by which of the following?

(i) Transverse velocity varies as radial velocity.
(ii) Transverse velocity varies as square of radial velocity.
(iii) Transverse velocity is constant.
(iv) Transverse velocity varies as cube of radial velocity.

Answer any one question.

2. (a) A particle describes the path r 4 = a4 cos4 under a force which is always directed to the pole. Find
the law of force. 5

(b) A particle is moving in a straight line with an acceleration n2x towards a fixed origin on the line and
is simultaneously acted on by a periodic force Fcospt per unit mass. Discuss the motion when n  p.

5

Answer any five questions.

3. (a) Define apse and apsidal distance.

(b) A particle of mass m moves under a central attractive force mr–3 and is projected from an apse

at a distance c with velocity 
3 5

5c


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

r c
 . 2+8
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4. Find the radial and cross radial components of velocity and acceleration of a particle moving in a plane.
10

5. Prove that the kinetic energy of two particles of masses m1 and m2 moving in a plane is

  2 21 2
1 2

1 2

1 1
2 2

m mm m u v
m m

 


, where u is the velocity at the center of mass of the particles and  is

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

6. A particle describes the catinary cos xy c h
c

  under a force which is always parallel to the positive

direction of y-axis. Find the law of force. 10

7. A particle moves with a central acceleration ×(distance)–2. It is projected with velocity V at a distance
R. Show that if the path is a rectangular hyperbola, then the angle of projection is

1
1
22

sin
2VR V
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10

8. If V1, V2 are the linear velocities of a planet when it is respectively at nearest and farthest from the Sun,
prove that (1 – e)V1 = (1 + e)V2, where e is the eccentricity of the orbit of the planet. 10

9. If h be the height attained by a particle when projected vertically upwards with a velocity V from the
earth’s surface supposing its attraction to be constant, and H be the corresponding height when variation

of gravity is taken into account, prove that 
1 1 1 ,
h H R

   
 

 where R is the radius of the earth. 10

10. A particle is describing a circle of radius a in such a way that its tangential acceleration is K times the
normal acceleration of the particle, where K is a constant. If the speed of the particle at any point be u,

prove that it will return to the same point after a time  21 Ka e
Ku

  . 10


