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Energy and Gravitation

Question 1 Consider a one-dimensional system which consists of thitielea
of massesn;, ms, andmsg, with coordinatesr;, z,, andzsz (1 < zy < x3),
interacting with one another through gravity
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(a) Using the one-dimensional version of Newton’s Law of\@yadetermine
the forcesFiy, Fo, Fis, F31, Fhs, F52, WhereF;; is the force exerted on the
j-th particle by the-th particle.

(b) Using the relationship between the potential enéf@f the system and the
corresponding forces, show that the above expressionsspand to
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2005 paper.

Question 2 Consider two planets of masses , separated by a distanée and
an object located on the straight line connecting them. Wéieoeld the object be
placed so that the gravity forces exerted on it by the plaaetsn exact balance?
2007 paper.

Question 3 A thin stick of massn and lengthL is rotating around its end with
angular velocityw. Calculate the stick’s kinetic energy. 2008 paper.

Question 4 Two spherical objects, of radit; , and massesz, ,, are attracted
to each other through gravity. The initial velocities of thigects are zero, the
initial distance separating them is infinitely large. Fihdit velocities when they
collide. 2009 paper.
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Question 5 Two particlesP, and P, having same mass collide. We suppose
that before collision particld’, was at rest while particlé’, was moving with
velocity V and that after collision, particl®, has velocityv; and particleP, has
a velocityv,. We suppose the collision is elastic.

(@) Prove that? + v = V2

(b) Prove that the velocities of the two particles afterisah, v; andv, are
orthogonal.

2010 paper.

Question 6 We consider the Sun and Mars as two particles separated bgca fix
distanced. The Sun is supposed fixed while Mars is rotating about it wifixed
angular velocityw. We neglect all forces exerted on Mars except the gravitatio
attraction of the Sun. The mass of the Sudsand the mass of Mars ia. We
will consider a reference frame attached to the Sun.

(a) Write the relation between and the period of rotation of Mars around the
Sun,T.

(b) Write the coordinates of Mafs:(t) , y(t)) in terms ofw, d, andt, supposing
that((0) , 4(0)) = (d, 0).

(c) Find the coordinate&:,, a,) of the acceleratioa of Mars in terms otv, d,
andt.

(d) Find the coordinated,, F,) of the gravitational forc& exerted by the Sun
on Mars in terms of\/, m, the gravitational constagt, d, w, andt.

(e) Apply the second Newton law and find relation betweed, M, andg.

(f) Having the following approximations, give an estimatiof 7" expressed in
days,G ~ 6.67 x 107" m*kg's72,d ~ 227 x 10°m, M ~ 2 x 103°kg.

2010 paper.

Question 7 A meteorite, assimilated to a particle, starts moving taolsahe
Earth from an infinitely large distance with an initial veliycv,. We suppose
that the massn of the meteorite is very small compared to the magof the
Earth and the meteorite is only subject to the gravitatiat@iction of the Earth.
Express the velocity; of the meteorite when it hits the surface of the Earth in
terms ofvy, M, the radius of the Earth, and the gravitational constaigt, 2010
paper.
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