
PH 253 / LeClair Spring 2013

Problem Set 1: Review of Classical Physics

Instructions:

1. Answer all questions below. Show your work for full credit.

2. All problems are due Tues 15 January 2013 by the end of the day.

3. You may collaborate, but everyone must turn in their own work.

1. An atom of mass m1=m moves in the positive x direction with velocity v1=v. It collides with

and sticks to an atom of mass m2=2m moving in the positive y direction with speed v2=
2
3v. (a)

Find the resultant speed and direction of motion of the combination. (b) Find the kinetic energy

lost in this inelastic collision.

2. (a) On the unrealistic assumption that there are no other charged particles in the vicinity, at

what distance below a proton would the upward force on an electron equal its weight? (b) What

is the induced EMF between the ends of the wingtips of a Boeing 737 when it is flying over the

magnetic north pole? Google has the numbers you require.

3. In Rutherford’s famous scattering experiments that led to the planetary model of the atom,

alpha particles (having charge +2e and masses of 6.64× 10−27 kg) were fired toward a gold nucleus

with charge +79e. An alpha particle, initially very far from the gold nucleus, is fired at a speed of

vi=2.00× 107 m/s directly toward the nucleus, as shown below. How close does the alpha particle

get to the gold nucleus before turning around? Assume the gold nucleus remains stationary, and

that energy is conserved.
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4. A block of mass m is connected to two springs of force constants k1 and k2 as shown below. The

block moves on a frictionless table after it is displaced from equilibrium and released. Determine

the period of simple harmonic motion.
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spring, as shown in Figure P15.68. (a) Static extensions
of 17.0, 29.3, 35.3, 41.3, 47.1, and 49.3 cm are measured
for M values of 20.0, 40.0, 50.0, 60.0, 70.0, and 80.0 g, re-
spectively. Construct a graph of Mg versus x, and per-
form a linear least-squares fit to the data. From the slope
of your graph, determine a value for k for this spring.
(b) The system is now set into simple harmonic motion,
and periods are measured with a stopwatch. With
M ! 80.0 g, the total time for 10 oscillations is measured
to be 13.41 s. The experiment is repeated with M values
of 70.0, 60.0, 50.0, 40.0, and 20.0 g, with corresponding
times for 10 oscillations of 12.52, 11.67, 10.67, 9.62, and
7.03 s. Compute the experimental value for T from each
of these measurements. Plot a graph of T 2 versus M, and
determine a value for k from the slope of the linear least-
squares fit through the data points. Compare this value
of k with that obtained in part (a). (c) Obtain a value for
ms from your graph and compare it with the given value
of 7.40 g.

A smaller disk of radius r and mass m is attached rigidly to
the face of a second larger disk of radius R and mass M as
shown in Figure P15.69. The center of the small disk is
located at the edge of the large disk. The large disk is
mounted at its center on a frictionless axle. The assembly is
rotated through a small angle " from its equilibrium position
and released. (a) Show that the speed of the center of the
small disk as it passes through the equilibrium position is

(b) Show that the period of the motion is

T ! 2# ! (M $ 2m)R  2 $ mr  2

2mgR "1/2

v ! 2 ! Rg(1 % cos ")
(M/m) $ (r/R)2 $ 2 "

1/2

69.

70. Consider a damped oscillator as illustrated in Figures
15.21 and 15.22. Assume the mass is 375 g, the spring
constant is 100 N/m, and b ! 0.100 N & s/m. (a) How
long does it takes for the amplitude to drop to half its
initial value? (b) What If? How long does it take for the
mechanical energy to drop to half its initial value? 
(c) Show that, in general, the fractional rate at which the
amplitude decreases in a damped harmonic oscillator is
half the fractional rate at which the mechanical energy
decreases.

71. A block of mass m is connected to two springs of force con-
stants k1 and k2 as shown in Figures P15.71a and P15.71b.
In each case, the block moves on a frictionless table after it
is displaced from equilibrium and released. Show that in
the two cases the block exhibits simple harmonic motion
with periods

(b)      T ! 2# √ m
k1 $ k2

(a)      T ! 2# √ m(k1 $ k2)
k1k2

72. A lobsterman’s buoy is a solid wooden cylinder of radius r
and mass M. It is weighted at one end so that it floats up-
right in calm sea water, having density '. A passing shark
tugs on the slack rope mooring the buoy to a lobster trap,
pulling the buoy down a distance x from its equilibrium
position and releasing it. Show that the buoy will execute
simple harmonic motion if the resistive effects of the
water are neglected, and determine the period of the
oscillations.

73. Consider a bob on a light stiff rod, forming a simple
pendulum of length L ! 1.20 m. It is displaced from the
vertical by an angle "max and then released. Predict the
subsequent angular positions if "max is small or if it is large.
Proceed as follows: Set up and carry out a numerical
method to integrate the equation of motion for the simple
pendulum:

d  2"
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5. Calculate the fraction of molecules in a gas that are moving with translational kinetic energies

between 0.02kBT and 0.04 kBT .


