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1. A n'- meson strikes a proton and creates a K+ meson and a x- baryon:

"-\P-+K++E-
The masses of these particles are m; : L40, mr:93B, TrLy- :1116 and my+ :4g4
all in units of MeV f c2. What minimum laboratory energy is required for the incoming
n-- if the reaction is to take place? (The numerical values for the masses are provided
for context. Only an algebraic solution is needed.) [20 points]
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z A thin rod of length I and mass M swings without friction
from a fixed pivot P. Initially the rod is vertical and at rest.
A second small mass rn moving horizontally to the left with
velocity 'us 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 u'. The rod is initially at rest
but immediately after the collision rotates around P with
angular velocity 06.

(a) The hanging rod can be described as a physical pendulum. Find the oscillation
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(b)

(")

frequency of this pendulum in the small angle approximation.

Find f)n and u'.

lc polmsl

[25 points]

If I is the angle between the rod and the vertical direction defined so that d : 0

before the collision, find the maximum value of I during the subsequent motion.
c polntsl

(d) How long after the collision does 0 flrst reach this maximum value? 15 points]
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A thin rod of length I and mass M swings without friction
from a fixed pivot P. Initially the rod is vertical and at rest'

A second small mass rn moving horizontally to the left with
velocity us collides elastically with the rod at a distance d

below P. Afber the collision m again moves horizontally but
now to the right with velocity u/. The rod is initially at rest

but immediately after the collision rotates around P with
angular velocity f)6.

(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 Os and u/. [25 Points]

(c) If d is the angle between the rod and the vertical direction defined so that d : 0

before the collision, find the maximum value of I during the subsequent motion.

5 points]

(d) How long after the collision does d fi.rst reach this maximum value? [5 points]
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A cylindrical shell of mass M, ottter radius -Ro
and inner radius .R; rolls without slipping on an
inclined plane making an angle d with the hori_
zontal. A smaller solid cylinder of radius r and
mass rn slides without friction on the inner sur_
face of the cylindrical shell.
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(a) If the inner cylinder is not present, find the acceleration of the center-of-mass ofthe cylindrical shell. 
t20 points]

(o) 
I::1,r1-".9".,11" 

inner cvlinder in the probrem and assume that the angle @tdentified in the figure is chosen so that / does not change as the two cyliidersmove down the plafle. Again find the acceleration of the center-of-mass of thecvlindrical shelr. fHint: treat the pair of cylinders as a singre object whileexplaining why such a treatment is justified.] 
t10 points]

(c) Determine the angle /. 
[10 points]
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A cylindrical shell of mass M, ottter radius .Bo
and inner radius R.; rolls without slipping on an
inclined plane making an angle d with the hori_
zontal. A smaller solid cylinder of radius r and
mass rn slides without friction on the inner sur_
face of the cylindricai shell.
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(a) If the inner cylinder is not present, find the acceleration of the center-of-mass ofthe cvlindrical shelr. 
[20 points]

(b) Next include the inner cylinder in the problem and assume that the angle @identified in the figule is chosen so that @ does not change as the two cyiiiders
move down the plale. Again find the acceleration of the center-of-mass of thecvlindrical shell. fHint: treat the pair of cylinders as a single object whiie
explaining why such a treatment is justified.] 

[10 points]
(c) Determine the angle /. [10 pointsl
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