Problem 1: Rocket launch

A rocket of initial mass m; is launched from the earth at rest and accelerates until all of its fuel has been
exhausted. The residual (final) mass of the rocket’s structure is my. Assume that the fuel is burned
at a constant positive rate o and the exhaust gas is released vertically downward with a relative speed
u = const. Neglect air resistance and assume the gravitational acceleration g (acting downwards) is
constant.

Given: m;, my, o, u, g
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1. What is the velocity of the rocket v(¢) at a given time ¢ after launch?

2. What altitude z3(ts) has the rocket reached, when all its fuel has been burned at time ¢;?
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Problem 2: Chain reaction

Three particles of equal masses m and negligible dimensions are at rest on a frictionless curvilinear guide
lying in the vertical plane, as shown below (the black particles). The first particle is released from rest
from an initial height 2h and eventually impacts the second particle with a perfectly plastic collision. After
the impact, these two particles slide together, until they collide with the third particle. The coefficient
of restitution of this last impact is a known value e. What is the maximum height hjp; reached by the
last particle? Assume that the particles never detach from the guide and that gravity acts downwards,
as shown.

Given: h, e, m, g
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Problem 3: Kinematics of coupled rigid bodies

The system sketched below consists of two rigid bodies OA and OB, connected at point O by a joint that
allows relative rotation. In the configuration shown, the two bodies enclose an angle a.. The velocities at
points A and B are given by v4 = v4ez and vg = —vpgey, respectively, and |ra0| = |[rpo| = L. What is
the magnitude wp 4 of the angular velocity wopa of body OA?
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Problem 4: Pulley mechanism

As part of a pulley mechanism, three disks are connected to each other by non-slipping ropes, as shown
below. What are the velocities of the centers of the two smaller rolls, if the large disk rotates with an
angular velocity wi, as shown? What are their angular velocities?

Given: r, R, w
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