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~ _ On hearing
meteors and

“What we are concerned with here is
the fundamental interconnectedness
of all things” [1].

Introduction

Many amateur operators using the lower
VHF bands from 50 to 144MHz have
exploited the propagation modes of aurcral
scatter, meteor scatter and tropospheric
scatter. Auroral and meteor scatter occur in
the E region of the ionosphere at a height
around 80 1o 120km, whereas tropospheric
scatter is due to changes in refractive
index caused hy turbulence in the lower
atmosphere. This article is concerned with
the interactions between these regions, and
their ohservahle effects both by radio and by
direct observation.

Aurora

It was in October 2017 that | bhecame
interested in a report by Martin Andrew,
GMEVXEB about the signal from the GB3LER
beacon on bOMHz [2]. Martin had noted
that the tropospheric signal from GB3LER
{Lerwick, Shetland Is) on 50MHz seemed
to fade just before an aurora, He asked if
there was an explanation for this effect. The
beacon is about 276km from his location on
the north east coast of Scotland and could
be heard most of the time by troposcatter,
In this case the troposcatter did not involve
ducting or anomalous propagation. It was
almaost always noticeable that the troposcatter
signal dropped into the noise followed a few
minutes later by the signal re-appearing as
auroral, The troposcatter signal would also
reappear with the auroral signal being the
stronger one.

Photo: Mike Reva.

Aurora stretches high into the atmosphere, as photographed from the 1SS by NASA astronaut Scott Kelly.

There was some detailed discussion
abaut this by the RSGB propagation studies
committee but no conclusion could be drawn.

The question then is whether the
tropospheric signal can be affected by an
aurora. It is known that the supersonic
motion of auroral arcs can sometimes create
infrasonic waves — low frequency acoustic
energy — with periods between 0.1 and 100
seconds, These periods correspond  with
frequencies below 10Hz and are thus outside
the range of human hearing. The pressure
wave will reach the ground after some
delay [3], usually about 6 minutes after
the aurora arrives at the zenith. A reflected
infrasonic wave can also be ohserved,
refracted back to the earth by the ionosphere,

after a further delay of several minutes. Iis
effect on the atmosphere near the ground is
likely to be present for a similar length of time,
perhaps consistent with Martin's observation.
We really need a set of recordings and
analysis to be sure of what is happening.
Although this cbservation might have a
number of explanations, | was curious about
the interaction between the troposphere
and the ionosphere. This is an area of
study being investigated in other contexts,
notably by Jim Bacon, G3YLA regarding
Sporadic-E [4], although in this case the
interaction is in the opposite direction -
ie the weather in the troposphere may
cause changes in the ionosphere. All these
phenomena (meteor scatter, Sporadic-E and



Meteor trails can sometimes be incredibly bright. Image: Ultra Mendoza.

auroral scatter) occur at similar heights of 80
to 120km in the ionosphere.

Leoking for  work  covering  such
interactions, | found some interesting
research on sounds produced during an
aurora [5, 6, 7]. In these reports, Laine
(Aalte  University, Finland) writes: “Eerie
sounds associated with bright and lively
maving aurora borealis have surprised and
even frightened chservers for thousands of
years, Since the 17th century their existence
and cause have basn at the centre of many
speculations and hypotheses. These have
ranged from a totally sceptical view of their
existence to some possible physical or
physiological explanation”. He continues [6]
“Strange sounds that sometimes accompany
bright northern lights have bean difficult
to study and even more difficult o explain
since the light phenomenon occurs at such a
high altitude. Due to the strong atmospheric
attenuation of sound waves, no audible
components remain after their long travel
time from the ionosphere to ground level.
Only infra sounds (= 20Hz) are able to survive
the long journey. Ancther strange aspect is
connected to this phenomenon: the sounds
are observed sometimes simultaneous!y with
mavements or intensity modulations of the
lights. This should not happen if the sound
source is located close to the light source {at
the ionosphere level), These two facts have
caused many physicists to be deeply sceptical
about the existence of these sounds entirely.
According to them the sound observations
must be illusions or a kind of malfunction of
our senses ar our cognitive system.”

The research addressed these issues by
installing a microphone array and recording
equipment to monitor sounds and a WLF
antenna to measure electric field fluctuations
during auroral activity. Measurements taken
during the event of 17-18 March 2013

March 2021

detected some sixty loud sound events,
and they all had a counterpart event in the
magnetic field signal. The time difference
between the electrical and acoustic events
indicated that the altitude of the sound
Sources were on average 75 meires above
ground.

In [7] Laine expands on this: “Rank
correlation betwesn the RMS values of the
magnetic pulses and the sounds showed
a 99.9% nprobahility that the sounds had
a causal relation to discharging currents
(possibly corona) about 75 meters above
the ground. Concurrent  atmospheric
measurement data also show that a
temperature inversion layer was located at
the same altitude.”

Laine’s research thus postulates that the
noises are caused by charged particles in
an inversion layer of the atmosphere formed
during a cold night. The charged particles
discharge when particles from the Sun hit
the inversion layer, creating the noise.

In a more general sense, acoustic effects
can be created by illumination with light or
other radiation. This photoacoustic effect
(sometimes called electrophonic  sounds)
was discovered by Alexander Graham Bell in
1880 [8]. He observed that when a beam of
sunlight is focussed on a dark sample and
rapidly interrupted with a rotating disk, sound
is produced. This observation led him ta the
invention of the ‘Photophone’ for transmitting
the human voice, More recenily the effect is
used in medical imaging, and a historical
review can be found at [9]. Put very simply,
the incident radiation causes an increase in
temperature of (for example) the gas. This
causes a very brief thermal expansion, which
generates a pressure wave that propagates
through the gas and can be detected as a
sound. It's evident that solids and liquids can
exhibit the effect also.

Meteors

| guess it was in August in about the year
2000 when my wife and | joined our then
neighbours for a walk on the downs to watch
the Perseid meteor shower. The meteor
shower is a stream of debris that stretches
along the orbit of the comet Swift-Tuttle [10].
There were about six of us and it was very
amusing as someone would say “There’s
one!” and point to it, but of course by the
time we all looked in that direction it was
gone. We all had a good time and saw plenty
of meteors, but it was a comment by our
neighbour Chris that | found curious — she
said that on a previous occasion she had
seen meteors and heard them, roughly
simultaneously. | pointed out that meteors
bum up at around 100km aliitude and the
time for the sound of that to reach the ground
would be several minutes. But Chris seemed
sure that she had indeed heard tham. | gave
this no further thought until recently.

Reading of the sounds heard during
an aurora and outlined here, | wondered
if meteors really could be heard. Can the
radiated heat and light from a meteor really be
significant? Perhaps the most extreme recent
answer to this was the fireball created by
the meteor that passed close to Chelyabinsk
on 15 February 2013. The video evidence
from CCTV and dash-cams was dramatic,
and the pressure wave that struck the fown
after a few minutes caused many injuries
and significant damage [11, 12]. Sounds
simultaneous with the visible fireball were
widely reported by eyewitnesses. Reporis
indicate that such sounds were heard at
ranges to at least — 100 km from the fireball’s
path.

But for a less extreme example, is it
really possible to hear a meteor more or less
simultaneously with seeing it? Many people
have reported hearing a swishing or hissing
sound, but the difficulty of recording such
events has been an obstacle to a convincing
explanation. It appears that only a minority of
meteors — probably the largest and brightest
— are heard.

It's worth mentioning that scepiicism
about this has bedevilled research for
decades. Many respected astronomers have
expressed the opinion that the sounds are
psychological or imagined by the observer.
But as more reports were made, researchers
came to the view that the cause was
physical rather than psychological. Reporis
by respected ohservers who heard a sound
before seeing the meteor helped to show that
this was a real phenomenon.

Graham Kimbell, G3TCT

g3tct@ g3tct.co.uk
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Auroras and meteors sometimes combine to make fabulous night skies. Photo: Mol Bauza.

How might the sound he created? One
theory suggested that the meteor or its trail
emitted strong radic waves and that these
were then transduced into acoustic energy
and detected close to the ground. However,
measurements showed that very little energy
was radiated in the HF and VHF spectrum. In
1993 Keay [13] suggested that the meteor or
itstrail mightberadiatinginthe ELF/VLF rangs,
even down to —40Hz. In 2011, Rault [14]
conducted experiments to measure ELF/VLF
signals coincident with meteor reflections of
the Graves 143MHz radar. There did seem to
be evidence supporting the ELF/VLF theory,
although the paper noted that more data are
needed to confirm such a conclusion. (For
those wishing to pursue this themselves, the
paper includes details of circuitry for the ELF/
WLF receiver used).

An alternative theory was examined in
a 2017 research paper by Spalding [15],
which describes experiments to evaluate the
magnitude of sounds produced by irradiation
with modulated light. Mote that the light fram
a meteor will fluctuate, with significant energy
below 100Hz.

The paper contains the following abstract:
“Concurrent sound associated with very bright
metears manifests as popping, hissing, and
faint rustling sounds cccurring simultaneously
with the arrival of light from meteors,

“Numerous  instances  have  been
documented with [Magnitude]l —11 to —13
brightness. These sounds cannot be attributed
to direct acoustic propagation from the upper
atmosphere for which travel time would be
several minutes. Concurrent sounds must be
associated with some form of electromagnetic
energy generated by the meteor, propagated

to the vicinity of the observer, and transduced
into  acoustic waves. Previously, energy
propagated from meteors was  assumed
to be RF emissions. This has not been
well validated experimentally. Herein we
describe experimental results and numerical
madels in support of photoacoustic coupling
as the mechanism. Recent photometric
measurements of fireballs reveal strong
millisecond flares and significant brightness
oscillations at frequencies =40Hz. Strongly
maodulated light at these freguencies with
sufficient intensity can create concurrent
sounds through radiative heating of common
dielectric materials like hair, clothing, and
leaves.

“This heating produces small pressure
oscillations in the air contacting the
absorbers. Calculations show that —12
brightness meteors can generate audible
sound at —25dB sound pressure level (SPL).
The photoacoustic hypothesis provides an
alternative explanation for this longstanding
mystery about generation of concurrent
sounds by fireballs.”

A brightness magnitude of -12 is a little
less than the full moon [16]. A 25dB SPL
is very quiet, but audible [17]. A fireball of
brightness -11 can weigh from a few kg up to
several tens of kg, It follows that such events
are rather unusual.

So whether the significant EM energy from
the metear is in the ELF/VLF range or infrared/
visible, it may be capable of causing heating
effects in local materials, which then create
the sound. It seems that my neighbour was
right, she had indeed heard meteors. And the
likely cause relates 1o Bell's discovery of the
phatoacoustic effect,

There are indeed a number of interactions
between the ijonosphere and the lower
atmosphere, even down to ground level. Or
as Dirk Gently [1] in a different context puts
it: “What we are concerned with here is the
fundamental interconnectedness of all things”.
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