Fival Exom o
1. A 7~ meson strikes a proton and creates a K+ meson and a ¥~ baryon:
T .—l— p— KT+ %~
The masses of these particles are m_ = 140, my, = 938, my- = 1116 and mg+ = 494 ‘

all in units of MeV /c®. What minimum laboratory energy is required for the incoming ‘
7~ if the reaction is to take place? (The numerical values for the masses are provided
for context. Ounly an algebraic solution is needed.) [20 points]
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2. A thin rod of length [ and mass M swings without friction °

P (£
from a fixed pivot P. Initially the rod is vertical and at rest. ‘ T i
A second small mass m moving horizontally to the left with d

velocity v collides elastically with the rod at a distance d /
below P. After the collision m again moves horizontally but
now to the right with velocity v’. The rod is initially at rest !
but immediately after the collision rotates around P with Yo m
angular velocity (. M

(a) The hanging rod can be described as a physical pendulum. Find the oscillation
frequency of this pendulum in the small angle approximation. [5 points]

(b) Find Qg and v'. [25 points]

(c) If 6 is the angle between the rod and the vertical direction defined so that § =0
before the collision, find the maximum value of # during the subsequent motion.
5 points]

(d) How long after the collision does 6 first reach this maximum value? [5 points]
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3. A cylindrical shell of mass M , outer radius R,
and inner radius R; rolls without slipping on an
inclined plane making an angle § with the hori-
zontal. A smaller solid cylinder of radius r and
mass m slides without friction on the inner sur-
face of the cylindrical shell.

(a) If the inner cylinder is not present, find the acceleration of the center-of-

mass of
the cylindrical shell.

[20 points]
(b) Next include the inner cylinder in the problem and assume that the angle ¢
identified in the figure is chosen so that ¢ does not change as the two cylinders
move down the plane. Again find the acceleration of the center-of-mass of the
cylindrical shell, [Hint: treat the pair of cylinders as a single object while
explaining why such a treatment is justified.] [10 points]

(c) Determine the angle ¢. [10 points]
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