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ISI B.Math

Total Marks: 70. Time: 2 and a half hours
Answer questions 1 and 2 and any two from questions 3, 4, and 5.

Question 1. Total Marks:15
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d.) If the particle has the same energy as above but is found to at + infinity
moving towards the origin, how close can it come to the origin? [3]
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f.) What are the possible motion of the particle if it has zero total energy [2]



Question 2. Total Marks: 15

tween time 7y and is

show that the angle between the acceleratlon and the velocity vector is al-
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b.) Two stars are moving in each other’s gravitational field. The mass of
one star is twice the mass of the other. It is known that the trajectory of the
relative position vector is a circle of radius r. Draw the trajectories of both
the stars in the center of mass frame. Show clearly at least two positions of
the two stars in their orbits. [4]

force actlng on the partlcle What is the angle swept out as it moves from
the nearest to the farthest position? Discuss if the orbit is periodic or not.[4]

d.) Sketch traJectory of a crltlcally damped one dlm harmomc oscﬂlator (
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being driven by a large amplitude high frequency sinusoidal force, sketch the
new trajectory and compare with the undriven case near t = 0 and ¢t = oco. [4]

A fixed hollow sphere has center O and a smooth inner surface of radius b.
A particle inside the sphere is projected horizontally from the lowest interior
point with speed u. Let (t) be the angle the particle makes with the vertical
radius at time t.

Derive the expression of speed of the particle in terms of u, g, b and 6.

Derive the expression of the Normal force exerted by the sphere on the par-
ticle in terms of m, u, g, b and 6 where m is the mass of the particle.

Find the conditions on the initial speed so that the particle can perform



complete circles.

How large the initial speed must be to satisfy these conditions?

Question 4. Total Mark:20

A partially damped oscillator satisfies the equation & + 2ka + Q%z = 0.

Here € is a positive constant and « is given by
k=0 for x < 0 and
k= K for x > 0.

successive crossing the origin in the same direction) and the ratio of the suc-
cessive maximum values of x.[Hint: Find solutions for x > 0 and z < 0 and
combine them. Draw the graph of x vs. t.]

Question 5. Total Mark:20

A spaceship of mass m is far far away ( "at infinity” ) from an infinitely
massive planet when all its propulsion engines fail. It has an initial speed V
towards the planet and if there was no force between the planet and the space-
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the plant is attracting the spaceship with a central force of magnitude m~y /3.
Show that if v = 8p?V2/9, then the trajectory of the spaceship is given by

u= o §sin(9/3)
r.p
Plot the trajectory. Show that the spaceship will go around the plant once
and then escape to infinity. Calculate the distance of closest approach and
the speed of the aircraft at that instant. [Hint: What is the angular momen-
tum of the spaceship? Use path equation and correct boundary conditions]



