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Question 1 (5 marks)

A force is given by:
F(x,y.2) = yzi+ (xz+ 2y2)j+ (xy + ¥’ )k

(a) Show that this force is conservative.

(b) Find the potential energy, V.

(c) Determine the work done in moving an object in this force field form
(1,1,1) t0 (2,2,2).

Question 2 (7 marks)
A simple harmonic oscillator is described by the equation of motion:
mx + kx=0
This oscillator is altered by the addition of a damping term:
mi+cx+kx=0
(a) Give expressions for the resonant frequency of the original oscillator
and the subsequent damped oscillator.
(b) How are these frequencies related to each other?
The damped oscillator is now driven by a harmonic driving force given by:
F =F coswt
(c) At what frequency will this system resonate?
(d) Describe the behaviour of the resonance as the damping constant is
increased from zero to infinity.
(e) Describe how the phase of the oscillating particle motion is related to

the driving force as a function of frequency
(f) How does this relationship depend on the degree of damping?



Question 3 (8 marks)

ANSWER BOTH PART A AND PART B
Part A

A particle moves in one dimension under the action of a conservative force.
(a) Show that the formal solution to the equation of motion is given by:

dx

t—t,= f \/(2)(15 -V(x))

m

where the particle is at x, at time t,.
Part B

A particle of mass m moves along the x axis under the influence of the potential
V(x)= 10.x%™

which is sketched below.
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(b) Sketch (roughly) the velocity phase space portrait of the system

(©) Indicate the separatrix

(d) From the velocity phase space portrait, discuss the motion of the particle in
the system as a function of energy and initial conditions



