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Q1-(25 pts) Assume that two spherical stars of mass 724 and 772z form a binary star system by
circling around their common center of mass. The distance between the centers of the stars is d.

a) What is the period of rotation for this system? (15 pts)

b) What is the speed of star A with respect to the common center of mass? (5 pts)

¢) What would be the magnitude of the gravitational force a small mass m feels if it is placed at
the common center of mass of the stars? (5 pts)
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Q2-(25 pts) The motion of a point particle of mass m is described by the position vector
7(t) = [R cos(wt)] i + [Rsin (wt)] j — Rk , where R and  are constants.

a) Find the force acting on the particle. (8 pts)

b) Find the angular momentum of the particle with respect to the origin. (10 pts)

c) What is the torque acting on the particle with respect to the origin? (7 pts)
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Q3-(25 pts) A thin uniform rod of mass 3m and length L is 0
pivoted at its top end with a frictionless axle, and is at rest * 4
hanging vertically. A small object with mass m and initial l

O

velocity vo collides with the rod, and sticks to the free end, as
shown in the figure. After the collision, the rod swings up until it
makes a maximum angle &max with the vertical. (The moment of
inertia of a rod with mass M and length Z about its center of mass
is Icu=ML?12.) 4

3m L

a) Which of the physical quantities below are conserved during m Vo ‘
the collision? (5 pts) o—r v

Angular momentum with respect to the pivot.
Linear momentum on the horizontal.
Total mechanical energy

b) What is the angular speed of the rod immediately after the collision? (8 pts)

c) Following the collision, the rod-mass system will be oscillating about the axle without any friction.
Write the equation of motion and find the period of small oscillations. (12 pts)
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Q4-(25 pts) Two uniform, solid cylinders of
radius R and total mass M are connected along
their common axis by a short, light rod and rest
on a horizontal table top. A frictionless ring at the
rod’s center is attached to a spring of force
constant k; the spring’s other end is fixed. The
cylinders are pulled to the left a distance X,

Figure 14.29 M
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stretching the spring, then released from rest. Due to the friction between the tabletop and the cylinders,
the cylinders roll without slipping as they oscillate. (For a single cylinder of mass m and radius R,

lcn=mR?/2)

a) Show that the motion of the center of mass of the cylinders is simple harmonic. (15 pts)

b) Find the period of the simple harmonic motion. (10 pts)
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