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2021

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 : 1x10

(a) If a particle moves in a straight line and the distance x from the fixed point at any time ¢ is

1 . . . . .
X= Evt, where v is the velocity at the time 7, then acceleration f'is

(i) constant (i) fe x (iii) f« —x @iv) fe 1/x.
(b) Which of the following is correct?
(i) Power = Force/velocity (i) Power = Force x velocity
(iiiy Power = Force x (velocity)? (iv) None of these.
(c) A particle of mass m is acted on by force mpu [x + é] towards the origin. If it starts from rest at
X

a distance a, then its velocity at time ¢

4 & 4 7 4
) \/ﬁ[z—z—xz] (i) \/E[Z—4+x2] (iit) \/ﬁ{—Z—ersz

Y

4 72
(iv) —\/ﬁ{“—z—sz .
X

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

0 %I(u +) (ii) % I(u—v) (iii) 27(u + v) (iv) 2I(u — v).

(e¢) The maximum horizontal range of a particle with initial velocity u is given by
u u?
i £ (i) ug (i) — (iv) £ .
g g u?

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

then the force varies as
@) € (i) r2 (iii) 1 (iv) RS .
r 2 r r 3
(g) If the tangential and normal components of acceleration be equal, then the velocity is proportional to
O v (i) eV (i) €2V (iv) e V.

where tan y = slope of the tangent.
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(h) The kinetic energy in ergs of a cannon ball of 10,000 grammes discharged with a velocity of
5000 cm/second is

(i) 100 x 10° ergs (i) 125 x 10% ergs (iii) 200 x 10 ergs (iv) 25 x 1010 ergs.

(i) A particle moves under a force which is always directed towards a fixed point and is equal to

% per unit mass, then its path will be a hyperbola if
,

() p2( 2 i) p2=2 (i) p2) 28 i) p2_ M.
r r r r
(V is the initial velocity)

() If ¢ be regarded as a function of velocity v, then the rate of decrease of acceleration f'is

2 2 2 2
W 2L G 124t iy £t (v) L.
dv dv dv dv
2. Answer any one from the following : 5x%1

(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 V' towards the centre of
force from an initial distance a then prove that it reaches the centre of force after a time

| ( na j
—tan —|.
n V
(b) Deduce expressions for radial velocity and radial accelerations.

Answer any five questions.

3. A particle moving in a straight line is acted on by a force which works at a constant rate and changes

3(u+v)x
its velocity from u to v in passing over a distance x. Prove that the time taken is T2 o\ 10
2(u +uv+v )

4. In an SHM the distance of a particle from the middle point its path at three consecutive seconds are

. . s 2
x, y, z respectively. Show that the time period is —n) 10

COS_I X+z
2y

5. A particle describes an ellipse under a force u/ (distance)2 towards a forces. If it was projected with a

velocity V from a point distant R from the centre of force, then show that the periodic time is 10
275
22
Ju[R n
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6.

10.

A particle of unit mass is projected with a velocity V at an angle a above the horizon in a medium
whose resistance is k times the velocity of the particle. Prove that the direction of its velocity will make

an angle % above the horizon after a time %bg(l & an gj. 10
g

. If a planet was suddenly stopped in its orbit supposed circular then prove that it would fall into the Sun

in a time which is % times the period of the planet’s revolution. 10

. A particle describes a path with an acceleration B Wwhich is always parallel to the axis of Y and

3
y

m

directed towards the X-axis. If the particle be projected from a point (0, a) with the velocity ~—
a

parallel to X-axis, show that the path described is a circle. 10

. A particle falls from rest within a straight smooth tube which is revolving with uniform angular velocity

o about a point O in its length, being acted on by a force equal to mpu(distance) towards O. Show that

o - -0’
the equation to its path in space is r=a cos / 3 0|, or, r=acos 5 0| according as
® ®
w2 o’ If n= coz, show that the path is a circular. 10
(a) Write down Kepler’s third Law.
h? Ip
(b) Establish the relation _3d_=F for a central orbit under an attractive force F per unit mass.
p r

[Symbols have their usual meaning] 2+8




