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Vibrations and Waves – Problem Sheet 3

1. It is observed that a pulse takes 0.1 sec to travel from one end to the other of a long
stretched string. The tension in the string is provided by passing one end over a pulley
and attaching it to a hanging weight of mass 153 times that of the string. What is the
length of the string? Take g = 9.8 m/s2.

2. A transverse wave travels down a stretched string in the positive z direction. The
resulting motion of two points on the string at z1 = 0 and z2 = 2 m is given by

ψ1(z1, t) = 0.2 cos(3πt)

ψ2(z2, t) = 0.2 cos(3πt − π/8)

i) What is the frequency of the wave in Hz?

ii) What is the wavelength? Hint: is your answer the only one consistent with the
given information?

iii) What is the velocity of the wave?

3. Prove the principle of superposition for the non-dispersive wave equation.

4. If f is an arbitrary function, show that ψ(z, t) = f (z − vt) is a solution to the wave
equation

∂2ψ

∂t2
= v2∂

2ψ

∂z2

Hint: write f (z − vt) as f (y) and use the chain rule to differentiate w.r.t t and z.

5. To convince yourself that f (z − vt) is indeed the function f (z) moving at velocity v
along the z axis, consider a “top-hat” function given by

f (z) =

{
1 m −0.5 m ≤ z ≤ 0.5 m
0 z < −0.5 m, z > 0.5 m

(The reason for the name “top-hat” will become evident in a moment).

i) Sketch f (z) as a function of z

ii) Assume v = 1 m/s. Sketch on the same axes f (z − vt) for t = 1 s and t = 5 s. By
considering the displacement of the top-hat in ∆t = 5 s − 1 s = 4 s, show that its
velocity is indeed v.

iii) Repeat (b) for v = −1 m/s.

6. Make the following functions solutions to the wave equation:

i) f (z) = A exp(−z2/w2) moving in the positive z direction at speed 5 m/s. f (z)
here is a Gaussian function of width w.

ii) f (z) = (1 + z2/w2)−1 moving in the negative z direction at speed 2 m/s. f (z) here
is a Lorentzian function of width w
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7. The following waves describe disturbances on stretched strings, where z is distance
in metres and t is time in seconds. For each wave, determine the wave amplitude,
angular frequency, frequency in Hz, period, wavenumber, wavelength and phase ve-
locity. Ensure you give the units for each quantity. Now calculate the transverse
velocity and transverse acceleration of the string for each wave at (z, t) = (0.0, 1.0).

i) ψ(z, t) = 0.2 cos(4πt − z/5)m

ii) ψ(z, t) = 80 sin[π(t − 10z)]mm

8. The wave equation that governs electrical disturbances on a lossless uniform two-
conductor cable such as the cable connecting an aerial (antenna) to a TV set is given
by

∂2V
∂t2

L0C0 =
∂2V
∂y2

where V (y, t) is the potential difference between the conductors, y is the distance
along the cable and L0, C0 are the inductance and capacitance per unit length of the
cable.

i) What is the speed of voltage waves along the cable in terms of the cable param-
eters?

ii) How long does it take for a voltage pulse to travel 100 m along a cable with
L0 = 0.8 × 10−6 H/m and C0 = 20 × 10−12 F/m.
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