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Abstract

In this paper, we investigate the iconic humming noise produced by the lightsaber from the Star

Wars movie franchise. We apply a magnetohydrodynamic model to investigate the formation of

standing Alfvén waves within the lightsaber plasma and find that for the fundamental frequency

of these waves to be within the range of human hearing, a lightsaber of magnetic field 1T would

require a plasma density of 1026 m~3,

Introduction

One of the most iconic weapons in cinema,
the lightsaber, while often referred to as a laser
sword, is a beam of plasma spatially confined
to form a blade [I]. Lightsabers emit a charac-
teristic hum. In this paper, we apply a magne-
tohydrodynamic (MHD) model to the lightsaber
plasma in an attempt to explain the formation
of this famous sound.

Theory

In his seminal 1942 work, Hannes Alfvén [2]
described how the application of a magnetic field
to a plasma can give rise to perturbations per-
pendicular to the field, resulting in transverse
motion that is analogous to that of a wave on a
string.

We propose that the characteristic hum of a
lightsaber may be explained by the formation of
these Alfvén waves within the confined plasma
blade. First, we assume that the blade of a
lightsaber may be modelled as a perfect cylinder
of length L and radius a with a constant mag-
netic field B = B2 that points parallel to the
length and exists only within the plasma-filled

cylinder.

Following from Alfvén, a mechanical disturbance
in this plasma perpendicular to the field direc-
tion leads to the magnetic tension acting as a
restoring force [3] which results in a transverse
wave propagating along the magnetic field line.
This motion is governed by the equation:
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where all the terms have their usual meanings,
B denotes the component of the field that has
been perturbed perpendicular to the rest field.
We have made slight modifications to the results
of Alfvén [2] to write our wave equation in terms
of the more familiar B rather than the magnetic
intensity H.

Using Equation [} it is easy to verify that the
simplest valid waveform is a plane wave given

by:
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where k and w are the wavenumber and (angular)
frequency, respectively, and that the ratio:
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where v4 is the wave or Alfvén speed and the
mass density p = nm; where n is the plasma
density and m; is the mass of the plasma
particles. We assume that the lightsaber plasma
is largely protons and electrons, and so to a
good approximation the plasma mass is simply
the proton mass.

As this wave propagates in the [lightsaber
cylinder, it may reflect at either endpoint,
resulting in two opposing waves which will
superpose to form a standing wave [4]. This
standing wave will have a series of resonant
frequencies, fp, which can be expressed in terms
of the Alfvén speed via the standing wave
condition [4]:
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where p is simply an integer denoting the har-
monic frequency number. By assuming the mo-
tion of the plasma-magnetic field system in the
lightsaber forms a standing wave resonating at
the fundamental frequency fi, we can estimate
the scale of magnetic field and plasma density
required to generate the characteristic hum.
We make two key assumptions, first that the
leghtsaber has a blade length L = 1 m and ra-
dius @ = 2.5 cm. And we’ve implicitly assumed
that the plasma behaves as an ideal MHD system
[2] [3]. We can safely make this assumption if the
length scale along the direction of gyration, that
is to say the cylindrical radius a, is much larger
than the particle gyro radius r, [3]:
muv |
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where v, is the speed of gyration, which we can
approximate as the thermal speed [5]:
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and so by combining Equations [f| and [6] and
assuming a reasonable temperature inside the
lightsaber of 1 MK, we find the proton gyro ra-
dius for our 1T magnetic field to be ry = 1.3 mm.
This is much smaller than our estimate of the
blade radius, and therefore, the assumption of
ideal MHD can be considered valid.
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Figure 1: Contour plot showing how the fundamental
frequency varies with magnetic field B and plasma density
n. Note that the y-axis has a log scale and the x-axis has
a linear scale.

Discussion & Conclusion

In Figure [I] we display the fundamental fre-
quency as a function of the magnetic field
strength B and plasma density n for our assumed
length L.
From Figure we can see that for common
plasma densities and magnetic field strengths [6],
the fundamental frequency is in the kHz to MHz
range. Taking an upper estimate for the range of
human hearing as 20kHz [7], we find that for a
reasonable magnetic field strength of B = 1T,
the lightsaber must have a plasma density of
n ~ 1023m~3. This is comparable to the den-
sity of plasmas produced by modern-day high-
powered lasers [6] and so would be well within
the technological capabilities of the Jed:.
This result is for a high 20kHz hum, in the
movies the lightsaber hum is a much lower pitch
and so we would likely require a density of
1026—10%® m—3, assuming that the magnetic field
of lightsaber lies in the 1 — 100 T range.
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