
Vibrations and Waves (Nov-Dec 2017) Problem Sheet 1 (not assessed)

Vibrations and Waves — Problem Sheet 1 (not assessed)
(Covers material in Lectures 1 & 2)

1. Some simple harmonic oscillators were found to follow:

(i) x̃(t) = 2 exp( i6t)

(ii) x̃(t) = i3 exp( i5t)

(iii) x̃(t) = (2 + i3) exp( i6t)

(iv) x̃(t) = (1 − i5) exp( i6t)

Find the real part of these solutions.

2. Consider two springs of stiffness k1 and k2 connected in series, as shown in the figure
below. Let x1 be the displacement of spring 1 and x2 the displacement of spring 2.

(i) Apply Hooke’s law to each spring separately to show that x1 = k2x2/k1. Hint: the
force is the same on each spring.

(ii) We want to find the effective spring constant, keff, for the two springs in series,
i.e. F = −keff(x1 + x2). Use this together with the result from (i) to show that keff =
(1/k1 + 1/k2)−1.

(iii) What would be the effective spring constant for the two springs in parallel?

3. A spring is hung vertically from a support. A mass is attached to the end of the spring.
The vertical displacement of the mass is observed to follow the equation:

x(t) = 0.05 cos(7.51t)

where everything is in SI units. What, in SI units, is (i) the amplitude A , (ii) the natural
frequency ω0, (iii) the frequency f and (iv) the period T . If the mass is 0.1 kg, what is
the spring constant k of the spring?

How far would the spring have stretched when the mass was initially attached to its
end?

Take g = 9.8 m/s2.

4. The motion of the horizontal mass on a spring has the general solution:

x(t) = A cos(4t + φ)

Work out the variation of the velocity v(t) with time. By considering the initial condi-
tions, work out the value of A and φ for the following cases:

(i) t = 0, x = 0.3 m, v = 0

(ii) t = 0, x = −0.5 m, v = 0

(iii) t = 0, x = 0, v = 1.2 m/s
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5. A U shaped tube of cross-sectional area A is filled with a liquid of density ρ. A total
length L is filled, as illustrated below:

L

x

A

ρ

The liquid is initially displaced by +h on one side and h on the other side and is then
released.

(i) Show that the Equation of Motion is given by:

LAρ
d2x
dt2

= −2Aρgx

(ii) By solving the Equation of Motion, find the variation of the vertical displacement
x(t) of the liquid with time t .

(iii) At what natural frequency ω0 does the liquid oscillate?

(iv) What is the velocity v(t) of the oscillating liquid?

(v) What is the acceleration a(t)?

(vi) Derive the variation of the potential energy PE of the liquid with x and t .

(vii) Derive the variation of the kinetic energy KE of the oscillating liquid with t .

(viii) Find the total energy TE of the oscillating liquid.

(ix) Find the variation of KE with x.
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