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Abstract

The eye is considered as a vibrating combined shell, consisting of two or more chambers of different curvature, filled from the inside with an
elastic substance. In addition to the functions of optical vision, the properties of the eye as the mechanical resonant vibrator, which can emit and

receive acoustic signals, are discussed.

Introduction

The structure and configuration of the eyeball of human,
mammals, birds, reptiles, and fish are almost the same. They are
a little different only with geometrical forms. In particular, they all
represent polymer shells (sclera + cornea), and their parts represent
oneself fragments surfaces of revolution (Figure 1). The insect eye
is structurally more complex, but the considerations given below
can be generalized and calculated for them as well (Figure 2).
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Figure 1: The structural scheme of human eye.

To simplify the discussion of general issues based on the
considerations presented below consider a biomechanical model
of the membrane of only the human eyeball. The shell of the
human eyeball combines two fragments of approximately spherical

membranes - the anterior chamber, consisting of the cornea, and
the posterior chamber, which consists of the sclera (Figure 1).
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Figure 2: The structural scheme of insect’s eye.

The cornea is about 1/6 of the total shell of the human eyeball
and is heterogeneous in thickness from the center to the edges from
0.52-0.6mm, up to 1-1.2mm. The radius of its curvature is about
7.8mm. A sclera outer dense shell of the eye is 5/6 of the fibrous
membrane of the eyeball. Its average thickness is from 0.3 to
1mm.The radius of curvature of the sclera of the human eyeball is
approximately 12mm.

Analysis

The human eyeball is a polymeric shell filled with an elastic
substance, consisting of two chambers, limited by fragments of
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membranes of different curvature - the sclera and the cornea.
Naturally, such a structure is a biomechanical resonance system
for certain frequencies of mechanical vibrations, which depend on
the average elasticity of the intraocular contents and the polymer
membrane of the human eyeball. The biomechanical resonance
model of the human eyeball is widely used in non-contact
tonometry to determine and diagnose intraocular pressure (IOP)
[1-5]. In the mentioned case, the resonant oscillations of the eyeball
are excited only from the outside by a pulsed air flow, and the
corresponding response from the surface of the eye is examined.
However, the excitation of the resonant oscillations of the eyeball is
possible both due to external excitations (pulses of air, sound, light,
etc.), and due to internal impulses from the eye muscles and optic
nerve at the emotional perturbations. Despite the heterogeneity
of the intraocular contents (vitreous body, lens, aqueous humor,
retina, choroid, etc.) and external restrictions on the part of the eye
muscles and eyelids, the outer polymer membrane of the eyeball
(sclera + cornea) must be able to vibrate with a strictly certain
resonant frequency.

Accordingly, since any mechanical oscillatory system is at the
same time both an emitter and a receiver of acoustic waves, the eye
may be additionally considered as a generator and as an acoustic
pulses sensor. In ophthalmology, only a nystagram is considered as
anatural oscillation of the eye, which has little in common with real
physic-mechanical resonance vibrations of the shell of the eyeball
excited by internal impulses [6-9]. The biomechanical properties
of the eye have been studied by many authors based on a two-
component model of the eyeball for the study of accommodation
and other optical-physiological problems [10,11]. The elasticity
characteristics of the eyeball and the strength indices of its different
fragments also studied [12-15]. Despite the heterogeneity of these
parameters of the eyeball, from the point of view of physics, the
possibility of the occurrence of standing mechanical waves, both
along the entire shell and inside the eyeball, is completely obvious.
The resonance frequencies of these oscillations on the surface of the
eyeball in a rough approximation can be estimated by the formula:
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Where ¢ ;s the average speed of mechanical waves along
and inside of the plots of eyeball surface, is the average diameter
of the eyeball, is the geometric plot size of the shell part; is the
function of the elasticity for every plot of the eyeball; m ; and n ;
are quantities of mechanical half waves along and inside of the
eyeball; [=1,2,3,..,N; and j=1,2,3,...k the quantity and site number of
the corresponding fragment of the eyeball. Despite the difference in
the length of mechanical waves in different parts of the shell of the
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eyeball, according to the universal law of wave propagation in an

inhomogeneous medium, their frequency is the same.

The reasons for the excitation of mechanical vibrations of the
eyeball can be both external influences (light, acoustic, electric,
etc.), and internal excitations, caused by the muscles of the eye or
nerve impulses associated with internal emotional states. Naturally,
these two factors are interconnected when external influences are
manifested in the internal responses of the body and in emotions.
In any case, the impulses of mechanical vibration of the eye must be
transmitted to the environment, and the eyeball must also respond
to external stimuli with mechanical vibrations. Accordingly, these
acoustic impulses can be a means of communication between living
objects (people, animals, etc.) located, from each other, in the zone
of effective impact of acoustic pulses on the eyes. Therefore, in
addition to usual visual and sound contact between people (and in
general between living objects), there must be exist contact due to

the acoustic activity of the eyes (Figure 3).

—

Figure 3: Example of mutual communication with the help of
acoustic signals generated and received by the eyes.

Thus, the eye can simultaneously act both as a radiator and a
sensor (receiver) of acoustic signals, and, according to the author,
this or that expression of the eyes should relate to the biomechanical
vibrations of the eyeball. There are some expressions related to

» o«

human eyes: “talk by eyes”,

» o«

evil eye”, “eyes are the mirror of the

soul”, etc., which are associated with internal emotional states.

So, according to the author, the perception of such eye
expressions is due to the corresponding acoustic signals generated
by the eyes. Moreover, as you know, the open eye of a sleeping,
blind or deceased person is devoid of expressiveness, which should
be a consequence of the absence of signals of internal excitement
of mechanical vibrations of eyes. The lack of expressiveness of
the eye in these cases can be caused only by the inertness of the
eye muscles and the weakening of signals coming from the brain
through the optic nerve to the eye. Linking these facts only with
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the observer’s visual susceptibility is completely illogical. To one
degree or another, approximately the same can be said about the
eyes of mammals, birds, reptiles, and fish, considering the capacities
of their psychological and emotional spheres.

For insects, this approach is more complicated due to the
complexity of the structure of their eyes. However, in this case
too, we will deal with resonant mechanical vibrations of the eye
generating acoustic fields in the external environment and with
the perception of acoustic signals of corresponding frequencies.
Unfortunately, vibrations not only of the eyes, but also of complex
(for example, two-chamber) elastic, filled and partially bounded
shells have not been sufficiently studied even in physics [16-19].
Therefore, author cannot discuss the frequency range of these
vibrations, but it can be said that they can be both in the ultrasonic
region and in the infrasound region because of beatings between
vibrations given by the different chambers of the eyes. In the future,
author expects to conduct some theoretical and experimental
studies of the human eye in this direction, for the confirmation the
considerations stated above.

Conclusions

Proposed approach to the acoustic functions of the eye allows
us to expand the scope of the study of the communication potential
ofliving beings. On the other hand, this approach can stimulate new
methods of diagnosis and treatment, as well as the creation of new

instrumental methods to solve the problems of ophthalmology.
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