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One clear night in August, 1783, the inhabitants of Great Britain
were startled by the sudden appearance of a flaming ball of light high
over the Shetland Islands. The brilliant meteor passed rapidly on a
horizontal course over most of England, separated into two pieces over
Lincolnshire, and proceeded thereafter to Calais, Brussels and Paris.
Shortly after it left Lincolnshire and Kent, a loud thump - like some-
thing heavy falling in an upstairs room - was heard.

In those days, a satisfactory explanation for meteors was lacking.
In fact, the existence of meteorites as "stones from the sky" was not
accepted by the Paris Academy until 1803. The literature is full of.
papers speculating on the physical origin of the streaks of light, as
to whether they were some electrical phenomenon, or whether they were
solid incandescent bodies. One of these papers was written by Sir
Charles Blagdon, an Army physician who was also the Seecretary of the
Royal Society of London. Blagdon, who collected all the observations
of this meteor into a paper for the Royal Society,** was puzzled by
reports from some observers that a kind of hissing sound attended the
meteor as it passed across the sky. He was skeptical that sound should
be converged in am instant from an object over 50 miles distant. But
he concluded that "testimony in support of it is, however, so consider-
able, on the occasion of this as well as former meteors, that I cannot

venture to reject it...but would leave it as a point to be cleared up

by future observers."

*Any views expressed in this paper are those of the authors. They
should not be interpreted as reflecting the views of The RAND Corpora-
tion or the official opinion or policy of any of its govermmental or
private research sponsors. Papers are reproduced by The RAND Corpora-
tion as a courtesy to members of its staff.

*k
Blagdon, Charles, "An Account of Some Late Fiery Meteors; with
Observations," Phil. Trans. Roy. Soc. London 74, 201-32 (1784).



Almost two centuries have passed since these words were written.

Hissing sounds continue to be reported by fireball observers, but no
satisfactory explanation for them yet exists. Blagdon's account is
not singular in its reference to the noises. There has been consist~
ently, throughout historical times, a minority of fireball observers
who claim to have heard sounds simultaneously with seeing the light.
These sounds have been described in many different languages as hiss-
ing, swishing, whizzing, whirring, buzzing and erackling noises.
Since the distance between the observer and the fireball is toeo large
(semetimes as much as several hundred kilometers) for ordimary sound
transmissien, these noises have been called "anemalous" because they
appear to be transmitted at the speed of light. The sounds of explo-
sions, like the loud thump deseribed by Blagden, are always heard by
moere people, and after a suitable time interval.

The careful investigation of the Treysa fireball by the German
geologist A. Wegener illustrates very well the distances involved in
the perééétion of anomalous sounds. Figure 1 shows the ground trace
of the flight path of this fireball, which was so brilliant it was
seen in daylight over distanees of 100 km. Anomalous sounds of a
hissing nature were reported at these locations enclosed by rectangu-
lar ocutlines in Fig. 1. Although Wegener did not believe in the real-
ity of such sounds (because it was physically impossible for sound to
be transmitted at such velocities) he carefully differentiated between
the anemalous sounds, and the noises from the detonations, which are
indicated by the shaded zones in Fig. 1. Netice that ne anemalous
sounds were heard outside the region illuminated by the fireball.

The passage of time has not changed the character or type of
anomalous sound heard, but it has diminished the number of reports
which are made. There are several reasons for this. For one, the
standard of education has risen in most parts of the world, so that
a fireball observer now appreciates the large distances and velocities
involved. An educated observer thus might disregard the impressien
of simultaneous sound because he knows it cannot emanate from the fire-
ball. Modern man has also grown more immune to odd sounds as well as

to lights in the sky because of jet planes, missile launchings and
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satellite entries, He is also more likely to be inside watching tel-
evision during the hours when his ancestors were out taking the night
air.

One of the few recent bright fireballs which brought forth anom-
alous sound reports was the '"Mad Ann'" fireball of September 1, 1962,
seen in West Virgina, Virginia and Ohio. The locations of observers
of anomalous sounds are shown by number in Fig. 2, along with the
fireball trajectory. 1t is most interesting to note that observer
No. 7 stated in an interview that a hissing noise made him look up
and see the fireball.

A recent survey of the astronemical literature of the 19th and
20th centuries* indicates that this particular effect - of hearing the
sound before seeing the light - has occurred several times, often in
connection with daylight fireballs; the Texas fireball of June 23,
1928 is such an example, The survey also indicates that fireballs
resulting in anemalous sound reports may have any cosmic veloeity but
must be relatively bright (the average magnitude is -13). Neither
the f£light path, nor the location of the gbserver relative to it, are
oriented in any particular way with the earth's magnetic field.

Aside from the persistence of reports, and the remarkable simi-
larity of anomalous noises in all languages, there is little evidence
to indicate that these sounds are physically real. If they are real,
they must certainly be the result of an electromagnetic process. But
only a few electromagnetic disturbances, which may have been coineci-
dental, have occurred during a fireball passage. (@bviously, an ob-
server of such a rare event is not prepared to make such measurements).
Systematic observation of bright meteors in the Seviet Union have
shown that seme (but not all) of them are associated with radio dis-
turbances. During the passage of the Sikhote:Alin meteorite of 1947,
an electrician on a telephone pole received a strong shock from the
disconnected wires at the instant the flash eceurred. He was, how-
ever, quite near the impact region, and it is knewn that streng deto-

nation waves can induce currents in suitable objects.

3

Remig, Mary F., and D. L. Lamar, "Anemaleus Sounds and Electro-
magnetic Effeets Assoeiated with Fireball Entry," The RAND Corporation,
RM-3724-ARPA, July 1963.
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It appears that Blagdon's puzzling mystery must remain unexplained,
even though the science of meteor entry has developed rapidly over the
past several decades. Although aerodynamicists today are studying the
problems of entry from lunar missions, the velocities incurred here
only approach the lower limit of fireball entry velocities. Hence
we too can only speculate as to the physical nature and causes of si-
multaneous sounds, unless we were to assume that they are subjectively
induced or coincidental. These explanations have been most often im-
plicitly assumed correct by contemperary astronemers. It is indeed
possible that some of these noises are imagined because of the observ-
er's unconscious association of the fireball with a skyrocket. However
it is difficult to imagine that all coincidental sounds are of a hiss-
ing nature. It has also been asserted that - in general - only the
less educated observer reports simultaneous sounds. However our re-
search has disclosed that college professors, trained observers, and
a regular contributor to this magazine (Walter Scott Houston) have
heard anemaleus sounds.

If we therefore tentatively accept these sounds as physically
real, what possible mechanisms exist for their production? First of
all, it should be mentioned that two other natural phenomena cause
sounds of a hissing nature: lightning leader strokes produce "bronto-
phonic"” sounds, heard just before the thunderclap from the return
stroke; and aurorae evidently produce hissing sounds, although there
are only reports from oebservers to substantiate this. The bronto-
phonic noise is due to tiny corona discharges from the vegetation near
the observer. The origin of auroral noise is presently unexplained;
however, a program at the University of Alaska has been established
to investigate them, and it is known that large-scale electroemagnetic
disturbances occur during major aureral displays.

It seems unlikely, however, that a fireball passage could deposit
enough free charges to cause electrostatic discharges such as these
associated with brontophenic sounds. And it is just as difficult to
conceive of a major perturbatien of the earth's magnetic field by the
fireball passage. We are left with electromagnetic radiation from the

fireball itself.



This idea, which was proposed by H. H. Nininger in the 1930's,
is not as unusual as it first seems. After all, fireballs evidently
deposit an enormous quantity if their kinetic energy into visible
light, as indicated by their brilliance, and visible light occupies
only a small pertion of the electromagnetic spectrum. If some of
this radiation were in the far infrared or radiofrequency regime, a
possible explanation for the sounds might emerge from some recent ex-
periments on electrophonic hearing carried out by A. H. Frey.

Frey found that some human subjects exposed to beams of low-power
radar sets perceived sensations of sound deseribed as buzzing, click-
ing, hissing or knocking, depending on the transmitter parameters.
Care was taken to exclude possible rectificatien (by loose fillings,
etc.) of the pulse-modulated signal. A peak electremagnetic power
density of as low as 400 microwatts per square centimeter at the ob-
server could be perceived as sound. The effects occurred only in
those subjects whose audible hearing by air or bone conduction was
good above 5000 cycles per second. If the ambient noise level was
higher than 90 decibels the radio-frequency sound was somewhat masked
(wearing earplugs improved the reception). We do net have space to
diseuss the possible mechanisms for electrophonic hearing; perhaps
the electremagnetic waves act directly on the brain. But is is ap-
parent that there are similarities between these sounds and the anom-
alous sounds associated with fireballs, and the power levels are neot
prohibitively large.

ngieﬁsly,'much further work on this Subjéct is necessary before
the phenemenon of anemalous sounds can be properly explained. Such
research should be directed toward a study of receptien mechanisms,
as well as radiative processes at the fireball. It weuld aid these
studies greatly if fireball reports in the future centained enough
informatioen on anomaleus sounds so that the observers ceuld be inter-

viewed and have their hearing tested.
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