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Abstract—The hypothesis about the possibility of using strong electromagnetic pulses for effective action on
bacteria and viruses is discussed. A simple coronavirus model that allows us to obtain in a quasi-static approx-
imation estimates of the electric field strength is analyzed.
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The problem of the effect of electromagnetic waves
on biological media or objects has a relatively long his-
tory. In relation to medical aspects, various diagnostic
methods, physiotherapy, and determination of per-
missible radiation doses were studied when working
with radiating devices used for communication, radar,
or other applications. In recent years, work has
appeared on the effects of microwaves on bacteria and
viruses. Thus, in [1], a mechanism of resonant action
on viruses based on the transformation of electromag-
netic waves into acoustic ones is proposed. This com-
munication is about nonthermal effects on biological
objects of powerful electromagnetic pulses, the char-
acteristic frequencies of which lie in the microwave
range and the duration of which is in the nanosecond
range. Such pulses were used to extract precious met-
als from refractory ores [2], to open vesicles in solving
the problem of targeted drug delivery [3, 4], and to
determine effects on the cell membrane [5], as well as
in some other applications. The physical idea of these
studies, in contrast to their implementation, is quite
simple.

When exposed to a pulse with high field strength E,
charges arise on the medium with electrophysical
inhomogeneities at the interfaces, which provoke var-
ious, rather complex physical phenomena, such as
micro-breakdowns, mechanical deformation, and
cracking under the action of pondermotor forces and
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other processes leading to modification of the
medium. In particular, when exposed to biological
objects with sizes of 0.1—1 um, which is characteristic
of viruses and bacteria, their destruction is possible. It
should be noted that the effectiveness of the effect
depends on the shape of the bio-object; in particular,
the COVID-19 virus has characteristic nano-protru-
sions [6—9], which facilitate penetration into the body
cell. As is known, the field strength near micro- or
nano-points increases, which should lead to damage
at a lower value of the external field strength.

Here are some estimates for a fairly simple model
that demonstrates a pondermotor effect. As a model of
the spiny process containing receptor-binding pro-
teins and forming the “solar corona” of the virus, we
choose a dielectric ellipsoid. Consider the problem of
the occurrence of torque N pondermotor forces
applied to a spherically asymmetric dielectric object
with a dielectric constant €, surrounded by a dielectric
medium with a dielectric constant €,, when exposed to
an external electric field E,. The spherically asymmet-
ric (elongated) dielectric body considered can simu-
late the behavior of the spikelike element of the
“crown” of the virus, due to external electrical expo-
sure. Air can be considered as the environment (in this
case €, = 1) or another weakly conducting medium.
For simplicity, we assume that the shape of the spine-
shaped process of the virus has the shape of an elongated
ellipsoid with the main semi-axes a > b > ¢ (Fig. 1).

In this case, the torque moment N applied to the
elongated ellipsoidal body tending (in the case a > b > ¢)
to turn the main axis in the direction of the electric
field E,:
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where ¥ is the angle between E; and the largest semi-
axis of the ellipsoid, Vis the ellipsoid volume, and n(a,
b, c) is the depolarization coefficient
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which in the case of an ellipsoid of revolution (a > b = ¢)
can be represented in elementary functions:
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where e = / 1- b—2 is the eccentricity of the ellipsoid of
a

revolution (n = 1 for a sphere and » <« 1 for a very

elongated body b < a).

In the case when the magnitude of the torque of
forces (1) is comparable with the energy of chemical

bondse, (g,=1 ¢eV)

N =g, 3)

we can expect a destructive effect of the rotating ellip-
tical object on the connection with the nearest struc-
tural elements of the virus. Condition (3) determines
the critical value of the electric field strength
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at which the magnitude of the torque becomes suffi-
cient for the destructive action of the spikelike pro-
cesses. For the characteristic values of the parameters
of the problem under consideration €,, = 1 (air), €, = 3,

€,=1 €V, the largest ellipsoid size is 40 nm, % =0.5,

and the critical field value takes on the value

E\ = 450 kV/cm. 5)

Fig. 1. Torque applied to an ellipsoidal body.
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It is clear from the above estimate that a similar, at
first glance, fairly high value of the electric field for
biological objects is, rather, the upper estimate due to
the assumption that the object is smooth. However,
even when implemented, it will not have a noticeable
effect on more homogeneous cellular structures of
biological objects in the case of ultrashort exposure
with a pulse duration on the order of 10~ s, since the
electric strength of the media increases significantly
with shortening the pulse duration [10].

The electrophysical properties of biological sys-
tems, especially viruses, are generally unknown. The
criteria for the optimal intensity of the electric compo-
nent of the field, the duration of the pulses, and their
repetition rate must be selected experimentally.

The example of the current COVID-19 pandemic
shows the need for not only chemical, but also physical
sterilization methods. The proposed electromagnetic
method compares favorably with other methods in its
simplicity and the absence of long-term side effects.
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