
Second-order equations and mechanics-problems.

1. A particle of unit mass moves on a line under a force with potential
function: U(y) = −y(y2 − 4). (i) Plot the potential, and find and classify
the equilibria; (ii) For which values of the initial (total) energy E0 will the
motion be bounded? (iii) If E0 = 0, what is the range of the motion?

2. A particle executes simple harmonic motion, with frequency three
revolutions per second. At t=1 sec., it is 3 ft from the equilibrium position
and moving with a velocity 6ft/sec. Find the equation for the motion y(t)
(in amplitude-phase form, using sine.)

3. A particle executes simple harmonic motion. A t = 0, it is −5m from
the equilibrium position, its velocity is 6m/s and the acceleration is 10m/s2.
Find the equation y(t) for position (in amplitude-phase form, using sines.)

4. A vertically hanging spring is stretched a distance l by a mass m and
brought to rest. Then (without further stretching) it is given a downward
velocity v0 and released. Find the amplitude, frequency (cycles per second)
and period of the motion.

5. A spring has a period of 4s when an object with mass 16kg is attached.
If the 16kg object is removed and a new mass M is attached, the spring
oscillates with a period 3s. Find M .

6. A particle moves with constant angular speed on the circumference
of a circle of radius 4m. Its projection on a diameter (taken as the y axis)
oscillates with period 2s. When t = 0, y = 4 (and the velocity is zero). Find
the equation y(t) for the motion of the projection.

7. A simple pendulum with length 20cm is released from the position
y(0) = 1/12 rad (y denotes angular displacement from the vertical) at time
t = 0. (i) Find the value of y when t = π/16. (ii) When and with what
linear velocity does the pendulum cross the equilibrium point?

8. A particle of mass m moving in a straight line is repelled from the
origin by a force proportional to the distance of the particle from 0. Find
the equation for the position of the particle as a function of time, assuming
it is located at distance 1 from the origin, with zero velocity, at t = 0. Note:
this motion is not a simple harmonic motion!

9. Consider the motion on a line of a particle of unit mass under a force
with potential given by U(y) = 3y4−8y3−6y2 +24y. (i) Show that ȳ = 2 is
a stable equilibrium. (ii) Find the frequency ω2 of small oscillations about
ȳ = 2, and write down the approximate equation of motion.

1


