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1. Consider a particle of mass m constrained to move on the surface of a sphere of radius R
subject to an applied force F (0,¢) = F3(8,¢) ep + Fy(6,¢) es. Here, we use the spherical
coordinate systems (r,4, ¢) with the center of the sphere as the origin. Write down the
equations of motion along the §-direction and the ¢-direction, respectively. (20%]

2. The equation of motion of a damped oscillator can be expressed as
i+ 2y +wiz = 0.

Given the initial condition at t = 0 by z(0) = zo and 3 (0) = g, determine the explicit
solutions of z (¢) in the cases of underdamping (wj > ~?), critical damping (w§ = %), and
overdamping (wg < v?), respectively. (30%)

3. Consider a rigid body composed of n particles of masses m, (o = 1,2,...,n ), positioned at
o With respect to the center of mass of this rigid body. The motion of this body can be
decomposed into two parts: a translation (of the center of mass) with the instantaneous linear
velocity V relative to the ground and a rotation with the instantaneous angular velocity w
with respect to the center of mass. What is the velocity v, of the particle a relative to the
ground (expressed in terms of Ta, w, and V). [6%] Show that the total kinetic energy T of
this rigid body can also be divided into two parts: a translational part T}, (independent of
w) and a rotational part T\, (independent of V). [10%] The rotational part can be expressed
as Tip = % ‘2,-=1 I; jwiw;, where the subscripts 3 and j designating the components in the
rectangular coordinates. Write down the 9 elements 1;; of the inertia tensor {I} in terms of
™q and components of r,. {10%)

4. Consider the double pulley system shown below. Assume the pulleys are massless and both
strings across the pulleys are of fixed length [+ 7R, where R is the radius of the pulleys. Use
the method of Lagrange undetermined multiplier to find the tensions in both strings.

(24%)
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