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Q1 1.1 A particle of mass m is moving along the x-axis, and is slowed by a frictional
force F = −α

√
v, where v is the speed of the particle and α is a constant. If

the initial speed is u, how long does it take the particle to come to rest?

1.2 A particle of mass m moves on the half-line x > 0, and is repelled from x = 0
by a force F = k/

√
x, where k is a positive constant. Determine the position

x(t) of the particle, given the initial conditions x(0) = 1 and ẋ(0) = 2
√
k/m.

1.3 A particle of unit mass moves along a line, attached to a spring with spring
constant 5, and subject to a damping force of magnitude α|v| where α is a
positive constant and v is the velocity of the particle.

(a) Write down the equation of motion for the position x(t) of the particle.

(b) Calculate x(t) if α = 2, the particle is initially at equilibrium, and it is
given the initial velocity v(0) = 1.

(c) For which values of α is the system overdamped?

Q2 2.1 A particle of mass m moves along the x-axis, acted on by a force arising from
the potential V (x) = mex(x− 1)2.

(a) Sketch the graph of V , and find the equilibrium position(s) of the particle.

(b) Calculate the period of small oscillations about the stable equilibrium.

(c) The particle starts from x = 0 with initial speed u. How large does u have
to be in order that x(t)→ −∞ as t→∞?

2.2 A particle of mass m travelling with speed v along the x-axis hits a stationary
particle of mass 2m. After the collision, both particles are moving in the
same direction; particle m has speed v1 and particle 2m has speed v2, where
v1 − v2 = v/2. Compute the loss of kinetic energy in the collision, in terms of
m and v.

Q3 3.1 A ball of mass m = 1 and electric charge q = 1 moves under the influence of
gravity and of the Lorentz force F = v × B, where v is the velocity of the
ball, and B is a constant magnetic field of magnitude B which points vertically
upwards from the ground. The ball is thrown from ground level with speed u,
at an angle α to the ground. Determine the subsequent position of the ball.
Hence find a condition on the quantity S = Bu sinα which ensures that the
ball will fall back to the ground at exactly the position it was thrown from.
[Denote by g the magnitude of the the acceleration due to gravity.]

3.2 (a) Write down the wave equation with wave speed c, and its general solution
(no derivation or proof is needed).

(b) Find the deviation u(x, t) of a vibrating string which satisfies the initial
conditions u(x, 0) = 0 and ∂u(x, 0)/∂t = cx/(1 + x2).
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Q4 4.1 A particle of unit mass m = 1 moves under the action of an attractive central
force f(r) = −α/r2 − β/r3, where α and β are positive constants, and (r, θ)
are polar coordinates. You may use the fact that u = 1/r satisfies the equation

d2u

dθ2
+ u = −f(u−1)

L2u2
,

where L is the magnitude of the angular momentum. At time t = 0, the
particle is at (r, θ) = (c, 0), and is moving with speed

√
4β/(3c2) in a direction

perpendicular to the line joining it to the centre.

(a) Evaluate L.

(b) Find the function u(θ), in terms of θ and the constants α, β and c.

4.2 A compound pendulum consists of a light rigid rod of length L which swings
freely in a vertical plane, about a horizontal axis through one end. A mass m
is attached to the other end of the rod, and a mass 2m is attached halfway
along the rod.

(a) How far from the axis is the centre of mass of this system?

(b) Compute the moment of inertia of the system about its axis.

(c) If the rod is rotating with angular velocity ω, what is the total kinetic
energy K?

(d) Compute its potential energy V in terms of the angle θ by which the rod
deviates from hanging downwards. [Let g denote the acceleration due to
gravity.]

(e) Hence write down the equation of motion for θ(t).
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