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Question 1. (15 points) A spacecraft was launched with an initial speed v, = /LSRGM parallel to the
horizon on the surface of a perfectly spherical planet with radius R and mass M and no atmosphere.
After some time, the spacecraft returned to its launch position. Its minimum speed duringits journey

GM

was v, = 15k

a) How far was the spacecraft from the center of the planet at its minimum speed? (Answer in
terms of R)

b) How Far was the spacecraft from the launch point at its minimum speed? (Answer in terms
of R)

c) We wantto launch the same spacecraft in the same direction and have it return to the
launch point again. To save fuel, we want to launch with the minimum possible speed. Find
this minimum speed. (Answer interms of R, G, M)

d) Forthe case of minimum speed, calculate the time it will take For the spacecraft to return to
the launch point. (Answer in terms of R, G, M.)

e) Calculate the minimum speed at which, if launched, the spacecraft will not return to the

launch point. (Answer interms of R, G, M)
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Question 2. (15 points) It is known in Physics that the problem of two bodies moving around each
other, like motion of the Earth around the Sun, can be solved completely, as shown in Kepler's laws.
However, when there are more than two bodies, solving the problem in general becomes very
difficult. In this problem, you will solve a special case of the four-body problem in gravity. Assume
that there are four identical stars, the mass of each ism, arranged such that every star lies at a vertex
of asquare of side length a. These stars move with the same speed v such that the distance between

them remains constant, as shown.

a) Find the radius of rotation r For these stars.
b) Find the magnitude of the net gravitational force acting on one of the stars in terms of G, m
and a, and show that it points towards the center of the square.

c) Find an expression for vin terms of m, a and the universal gravitational constant G.
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Question 3. (15 points) A building has a rectangular front with height h and horizontal width L. What
is the minimum initial speed required for a stone to be thrown From ground level so that it passes

over the building without striking it?
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Question 4. (15 points) A block of mass m,; = 2.0 kg is attached to one end of a horizontal spring
with negligible mass and spring constant k = 200.0 N/m, while the other end of the spring is free,
see the figure. Another block of mass m, = 1.0 kg is approaching the First block from the free end

of the spring with speed u = 6.0 m/s. The blocks are on a horizontal smooth surface.

a) Find the final velocities of block 1and block 2, v, and v, ¢ after the collision.
b) Find the maximum compression of the spring, Ax,,,. Hint: What is the relative velocity

between the two objects at that moment?
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Question 5. (15 points) Three identical long logs of mass m each float in a long channel. The left and
right logs are half submerged in water. The central log touches the surface of the water. There is no

Friction in the system. Acceleration due to gravity is g.

3) Findthe ratio of density of logs to density of water.

b) Find the force between the left log and the channel wall.
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