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Answer Four Questions Only.

1. A heavy particle of mass m is projected vertically upwards with speed U under

gravity in a medium which exerts a resisting force of ma'gnitude mkv® , where v is the
speed of the particle and & is a constant. Let / be the greatest height attained by the
particle. Show that
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Find also the speed with which the particle will return to the point of projection. -

2. One end of a light elastic string.of natural length a and modulus of elasticity 2mg is
attached to a fixed point O and the other end to a mass m. The particle, initially held
at rest at O, is let fall. '

(a) Show that the greatest éxtension of the string during the motion is a(l +\/§)/ 2.
(b) Find the total time taken by the particle to reach back to the point O again.

3. (a) Establlsh the formula F(£)= m(t)é;—+%u for the motlon of a particle of

varymg mass m(¢f) moving with velocity v under a force F(t), matter being
emitted at a rate dm/dr with velocity u relative to the particle.

(b) From a rocket whlch is free to' move vertically upwards matter is ejected
downwards with constant relative velocity g7 at a constant rate 2A4/T. Initially the
rocket is at rest and has mass 2M, half of which is available for ejection.




(i) Neglecimg air resistance and variations in gravitational attraction, show that the -
greatest upward speed ¥, is attained when the mass of the rocket is reduced to

M and it is given by ¥, = (gT/2)(2log2-1).
(i) Show that the rocket rises to a height’ (gT 2/ 2) (1-log2)™

4. (a) With the usual notation show that the velocity and acceleration components m
plane polar coordinates are gwen by . v=re +rr9e3 and .
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(b) A particle P, of mass m, is aftached to one end of a light elastic spring of natural ength
a and modulus 2mg. The other end of the spring is attached to a fixed point O on a
smooth horizontal table on which P is free to move. The particle is projected

horizontally with speed 3./ag in a direction perpendicular to the spring with the
spring at its natural length.

(i) Show that, when the length ofthe spring is r, in the subsequent m@itfon, its
angular speed is‘—?’ﬁ} ga’ .
)

(i) Show that the radial speed of the particle is zero when r = 3a and deduce that »
satisfies the 1nequallty as<r<3a. ,

5. (a) With the usual notatmn show that the equation of the centra] orbit of a particle
_d’u '

moving under a central force! F per unit mass is given by ——- oy d@z —+u,
u

where u=1/r.

(b) A particle describes the curve » cosnﬂ a" under a force F to'the pole. Find the
law of force

6. A particle is released from rest in a height 4 above the surface of the earth. Show that

it will hit the earth W1th a speed equal to ’% where R is the radius and M the

mass of the earth. Fmd an expressmn for time of fall.




