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Introduction  The organs of the inner ear, comprising the cochlea,
the otolith syster and the semi-circular canals, respond in normal
life to different frequency ranges. The cochlea is usvally regarded
as responding to pressure changes in the form of acoustic waves frem
20iiz. ypwards, the otoloith system will respond at rest to the force
of pravity, which implies that it has a 'D.{.' response, while the
semi-circular canals have a response repion between these two
extremes, However, the frequency response of each system is not a
sharply defined limit, Lut merely the {requency at which the response
is appreciably reduced, the gistinction dravn between the three
organs in terms of [requency response is therefore not absolute and
each system will respound, although to a lesser extent, outside its
normal rarge.

It is fouud experimentally that both tone and noise signals in
the range 1-20Lz give rise to a conscious sensation, somewhat akin
to hearing or to feeling, the precise origin of this sensation is
not clear. This 1-20kz frequency range also covers the sensitive
rapnge of the semicircular canals and the upper part of the range of
the otolith system, it therefore seems possible that infrascund may
affect the static and dynamic labyrinths. This proposition has now
received considerable experimental support.

Apparatus Equipment has been developed in this laboratory to
Lenerate intense infrasound with closely controlled acoustie para-
meters. ‘lhe apparatus consists Lasically of suitable larpe loud-
speaker units, ane to each ear, coupled directly to headphone-type
noise excluding earcups. Trovided precautions are takes to ensure
an adequate seal hertween the earcups and the head sound pressure
levels approaching 15Gdbk can Le gfencrated at frequencies down to liz.
The assp¢lated electronic eguipment c¢an provide both rondom noise
and pure tone signals and the levels of harmonic distortion, hum and
unwanted high frequency noise are lov cnouph to perrit rclialle
determinations of the detectioun thresholes.

noal Tiresholds The h.4L1, thresholds [or pure tomes dovn to 1.5
Lz and for ectave banus of neise down to 4Lz were detertdned using
che coustant stimulus techoicue (1,2). ihe paiu results of tiils

\ronaural) experiment dare shown i fipure I, tmsideriop fitst the
tone thresiolds, the rost olvious resull is that the threshold
continues to rise spoethly witii vecreasing froguency ripht uow to
the lowest frequency includec in the experizent. The initial rise,
at frequencies above 1ihz, is at alout ital jer octave, vhile at
lower frequencies the rise takes place at alowtl LZol per occtave.
The obscrvers were asheu te describe what tiiey heard at the various



Crucuencies and the replies, although somewhat varied, can be sunm—
arized as Lollows

Above 20§z Srooth, tomal
Lettecu 19 and 5 1z Popping sound
below 5 hz Chugging, whooshing.

Loth the chanpe in slope at lEbz and the departure of the sound
fron. a tonal character at 15-2¢0 Uz sugpeat that there is some change
in the nature of tie subjective experience at this frequency, and
presumably a corresponding change in the detection process at the
same time. 7This view receives support from the work of Brecher (3)
whe reports the existence of a 'fusion' frerquency at 18liz above which
sounds have a tonal character and below which they do not.

The neise thresholds, obtained with octave band gaussian noise,
show a very interesting effect in that they are not significantly
difierent from the tonal thresholds at frequencies of 32Hz and above,
but at l6Lz and below they tend to depart from the tones, the noise
thresholy being several dE more sensitive. An experiment designed
specifically to investigate the tone-noise differences in threshold
showea that at 16liz and below the differences were of sratistical
significance (p less than 0.001) and led to consideration of a .
pussible explanation of the differences. It was concluded that the
vffect could be explained if it were assumed that the eardetects the
peal. levels in the signal at these very low frequencies. A circuit
model of the ear, including a time constant of 200m$ and a detector
aceurately reproduced the relative tone-ncise threshoeld difference.

Infrasonic effects on the organs of equilibrium Basically the same
apparatus as was used in the threshold work was availatle for the
study of thc effects of infrasound on the sense of balance.

One of the most easily recorded and reliable indications of any
disturbance of balance is the occurrence of involuntary eye movements,
any particularly of nystagmua. Initial experiments have therefore
been concentrated on recording eye movements under infrasonic stimu
-lation., Normal electronystagmographic techniques are used to
record any vertical or horizontal eye movements, although for
practical reasons most experiments have been limited to either one
or the other. '

Lxperimental procedure The first stage of each experiment was a five
minute period in which the observer sat in the darkened test room
while the pattern of eye novements was examined, at this stage no
stimuli of any kind was applied. Some observers exhibited a spootan-
ecus nystagmus, or were disturbed by the experimental conditions,

and were asked to terminate the experiment at this point. Low
frequency tones were then applied monaurally and the effects on eye
movenment were recorded. After the test each observer was asked to
describe his subjective impressions.

Each test included a range of stimulus frequencies, intensities
and stimulus durations, and separate experiments were performed to
measure horizontal and vertical eye movements in each of two body
positions, sitting upright in a chair anrd lying flar, face upwards,
with the head raised slightly. C[ach 2xperiment was repeated with
the eyes open and closed.

Results Of the four experiments ocutlined above (horizomtal and
vertical eye movements in each of two body positions) only one, the
measurement of vertical eye movements in a sitting position produced
any well-defined eye movements in normal observers. In this experi-
ment Sound Pressure Levels ranged from 130 to 146dB, frequencies




from 2 to lUliz and stimulus durations fron 5 to UL,

Some 25 normal observers took part and producee a variety of
responses which are sct out inm tabular form below.

keaction ~ Mumber of ubscrvers
Nil 1
Spontaneous nystagmus with the cyes open 2
Excessive blinking masking other rcsponses 5

Small nyatagmic response (diffiecult to identify) 10
Clear nystagmic response

The subjective responsc reported by a number of the observers
was one of swaying., Two other ratiler brief experiments also merit a
mention here. The first was on two observers who reported that they
had some abnormality of balance, both being easily subject to balance
disturbances. In both cases it was found that infrasound caused such
a violent disturbance and sensation of nausea that the experiment had
to be discontinued, the actual levels involved in the tests being
105dB at ZHz and l40dB at lkz respectively. The other cxperirent,
seill at a preliminary stage, is the application of a binaural
signal to a group of normal cbservers. In this case 7Lz signals
{(found to be the most effective frequency) were applied to five
normal observers, in all cases levels of 140 dB were sufficient to
produce a poditive vertical nystagmic response.

Conciusions In the case of the threshald work described first in
this paper, no satisfactory conclusion as to the site of the detect-
ion process has been reached. The observers' own comments, that the
experience is similar to a physical movement of the tympanic membrane
suggest that detection may be essentially a process of feeling, how-
ever this view is not supported by the fact that at the lowest
frequency tested the threshold is still changing at abouwt 12dE per
octave; the feeling hypothesis would lead one to expect a flae
response to frequency, once the pressure had reached the feeling
threshold.

The work on balance disturbance, which is still at a prelimin-
ary stage, shows that intense infrasound at around 7Hz seems to
produce & balance disturbance in most individuale and the resulting
vertical nystagmus, together with the report of a swaying rather
than a spinning sensation suggests that the oteolith system rather
than the semi-circular canals may be responsible., The small magni-
tude of the effects produced in nermal observers seems to indicate
that the levels used (up to 140dB binaurally and 146dE monaurally) 4)
are only just exceeding the threshold for the effect. Parker et a{,
in some work at higher intensities (up to about 165dB) on guinea-pigs
have found nystagmus, eye-rolling and eye-movements in synchronism
with the stimulus. This result fits in with our hypothesis that our
own work is in fact only just reaching the threshold for balance
disturbance.
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Fig1i Low frequency 'hecring' thresholds.




