
Preliminary Examination: Classical Mechanics
Department of Physics and Astronomy

University of New Mexico

Fall 2012

Instructions:
�The exam consists of 10 problems (10 points each).
�Where possible, show all work; partial credit will be given if merited.
�Personal notes on two sides of an 8�11 page are allowed.
�Total time: 3 hours.
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P1. A block with mass m1 is free to slide on the sloping surface of a solid
wedge, at an angle �: The wedge has a mass m2, and is free to slide horizontally
along the �oor. The block is released at a height h, and both the block and the
wedge are initially at rest. Show that, for su¢ ciently small �; when the block
reaches the �oor, the wedge will have acquired a kinetic energy,
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P2. The moving walkway at the Albuquerque airport has a constant
velocity of 2.0 m/s. When a pedestrian walking at a speed of 1.0 m/s steps
onto the walkway, his speed increases to 3.0 m/s, assuming that he resumes his
original pace while on the walkway. If an average pedestrian has a mass of 100
kg, and 20 passengers step on the walkway every minute, what is the average
power required to maintain a constant walkway speed?
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P3. Young�s modulus E is the ratio of the longitudinal stress to the longi-
tudinal strain of an elastic material. Consider the propagation of sound waves
with speed c =

p
E=� along the length of a wooden beam having E = 9:0 GPa,

and mass density � = 400 kg/m3: The fundamental mode of vibration is excited
in a beam that is clamped at both ends, having a length of 2:0 m and a cross
sectional area of 30 cm2: If the vibrational amplitude is 1.0�10�5 m, what is
the maximum force exerted on the clamps?

P4. A bead with mass m slides freely along a rigid wire; its position in
Cartesian coordinates given by the angle � according to the parametric equation
for a helix of radius R and pitch �,

x = R cos �

y = R sin �

z = ��R�

What is the component of force on the bead by the wire in the ẑ direction?
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P5. Consider a pendulum, consisting of a mass m attached to the end of a
light weight rod of length `, as shown in the �gure. The pivot point is driven,
such that its vertical position y(t) = A sin(!t) oscillates in time. Show that, for
small angles, �(t) obeys the equation for a parametrically driven oscillator,

�� +

�
g

`
� A
`
!2 sin!t

�
� = 0

P6. In order to carry out a sliding/rolling experiment with a bowling ball,
one half of the lecture hall was polished and lubricated, to approximate a fric-
tionless surface. The other half was coated with a rubberized compound, to
eliminate sliding altogether. Consider a bowling ball of uniform mass density
initially sliding without rolling with speed v1 on the slippery side. The ball
passes from the slippery side to the rubberized side, and immediately begins
to roll without slipping. What will be the �nal speed v2 of the ball�s center of
mass?
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P7. Consider a planet with mass m orbiting the sun with mass M: The
sun-planet separation r and radial velocity _r are related to one another through
conservation of energy E and angular momentum `, such that

E =
1

2
m _r2 +

`2

2mr2
� GMm

r
:

What is the relation between E and ` if the aphelion (rmax) is three times as
large as the perihelion (rmin)?

P8. The motion of a particle with mass m moving in the x-y plane is
described by the Lagrangian

L = m _x _y � �xy

where � is a positive constant. Find at least one constant of the motion. Obtain
Lagrange�s equations of motion and solve them for x(t) and y(t); for arbitrary
initial conditions. Show explicitly that your constant(s) of the motion does(do)
not change in time.
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P9. A cart with mass m rolls along a frictionless horizontal track that is
punctuated by an s-shaped ramp. As shown in the �gure below, the track to
the right of the ramp is at an elevation h relative to the track to the left of the
ramp. The entire track, along with its support structure, has exactly the same
mass m as the cart, and it is free to slide along a frictionless surface. Initially,
the track is at rest, and the cart begins on the left with an initial velocity vi
so that it approaches the ramp. If vi is high enough, the cart will climb up the
ramp and emerge on the right, but if vi is too low, then the cart will return to
the left after having climbed only part way up the ramp. What is the threshold
value of vi? Find an expression for the �nal velocity of the cart vf as a function
of vi; and sketch a graph of vf vs vi:

P10. A top consists of a uniform sphere of radius R and mass m attached to
the midpoint of a slender lightweight rod of length `: One end of the rod pivots
on a support stand, as shown. Initially the top is given an angular frequency
! about the rod. If placed initially at an angle with respect to the vertical and
gently released at just the right angular velocity 
 about the vertical, the top
will exhibit a stable precession. What should 
 be if the top is to precess at an
angle of 45 degrees from the vertical?
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