
SP211 Worksheet 22

10.5 Energy Diagrams

10.6 Force and Potential Energy

10.7 Conservative and Nonconservative Forces

The problem below is very mathy. Assume that all inputs and outputs are in standard units. To
write out all the units that are implied in these problems would make things look very confusing.

----- Problem 1 ----- A particle of mass 1 kg moves in 1D with its motion confined to the x-axis.
The potential energy of this particle varies with position x and is described as

U(x) = 30 + 3x− 7x2 + x3.

The only force on the particle is the force that goes along with this potential energy.

• (1) At what locations is the force on the particle zero? There are two such locations, both are
at positive values of x.

• (2) Show that the location closer to the origin is a point of unstable equilibrium.

unstable equilibrium: A particle released from a position just the smallest tiniest bit away
from this location would run away (like a ball bearing on top of a turned-over bowl).

• (3) Show that the 2nd location is a point of stable equilibrium.

stable equilibrium: A particle released nearby oscillates back and forth passing through the
equilibrium point with maximum speed.

• (4) What is the force on our 1 kg particle at x = 6 m? If this particle were released from here.....

• (5) what would be its speed when it zips through the stable equilibrium point?

• (6) Would the particle make it over the hump whose peak is our unstable equilibrium point?
Yes or no, ....

• (7) What will the particle do?

Answers:

(1) x1 = 0.2251 m, x2 = 4.442 m

(2) At x1, U(x) has negative curvature (2nd derivative of U is - at x1).

(3) At x2, U(x) has positive curvature (2nd derivative of U is + at x2).

(4) Fx = -27 N (points back towards our stable equilibrium point)

(5) Ui = 12 J, Uf = -7.15 J, Kf = 19.15 J, vf = 6.188 m/s

(6) (U at x1) = 30.33, so NO! There is not enough energy to get up the hill.

(7) > It moves back and forth, returning to our release point each cycle.

> Through x2 back and forth, each time with the max speed reported in (5).

> Minimum value of x? xmin = 2.303 m, here U = 12 J just like at release.


