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Annotation 

Based on the diff erences between RNA and DNA, formulas for the natural frequency of 
torsional vibrations of single and double RNAs are obtained.

It is shown that, despite the fact that millimeter waves are delayed by the skin of the human 
body, there are conditions under which they can freely penetrate through the human body.

It is shown that centimeter waves, whose frequencies are multiples of the natural frequencies 
of torsional vibrations of the spirals of short DNA or RNA viruses, can cause subharmonic 
resonance in the spirals of RNA and DNA, which leads to the destruction of these molecules. 
Centimeter waves of non-thermal power fl ux density freely pass through the human body, which 
makes it possible to use them in vivo.

A table has been compiled with the physical characteristics of DNA and RNA of the most 
dangerous viruses, indicating the frequencies of the external electromagnetic fi eld that cause 
resonance in the DNA and RNA helices, which leads to the denaturation of molecules.

In a series of experiments, it was shown that irradiation with microwaves with a resonant 
frequency of 180,402 GHz on samples with COVID-19 for 20 seconds. It has a disinfecting eff ect.

cells is presented in a number of articles by Zalyubovskaya, 
Smolyanskaya, Chernavsky, et al. in a special issue of the 
journal “Successes of Physical Sciences” [8]. The effect of 
millimeter and shorter waves on DNA was also studied in 
[9-14].

In experiments on the effect of centimeter waves on 
bacteria, a sharp decrease in the survival rate of E. coli ATCC 
25922 (up to 20%), complete destruction of M. Avium 104, and 
a thousandfold decrease in the survival rate of Mycobacterium 
tuberculosis H37RV (Pasteur) ATCC 25618 were obtained 
[15,16]. A decrease in survival occurred when the frequency 
of the electromagnetic ϐield (EMF) coincided with the natural 
frequency of torsional vibrations of the helices of bacterial 
DNA molecules.

In [17] it was proved that in vitro DNA molecules of 
bacteria E. coli M17, M. Avium and Mycobacterium Tuberculosis 
are able to absorb centimeter waves of EMF. This happens 
when the frequency of the microwave EMF is in resonance 
with the natural frequency of torsional vibrations of the helix 
of the DNA molecule. In the elastic rod model, using Lagrange 
formalism and experimental data, general formula for these 
oscillations was obtained:

1/221, 75f BP THz                       (1)

Introduction
The therapeutic effect of millimeter-wave waves 

(extremely high frequency, EHF) at a non-thermal level is 
widely used in clinical oncology. EHF therapy is used to treat 
gastric polyps and uterine ϐibroids, benign ovarian tumors, 
localized ϐibroadenomatosis and ϐibroadenoma of the breast, 
cancer of the stomach, breast, ovaries, body, and cervix, 
esophagus, lung, colon, ENT organs, etc. In oncology, EHF 
therapy can be used only for the treatment of benign tumors 
or as a palliative effect in order to reduce the severity of pain 
and toxic syndromes, combined with surgical treatment or 
with chemotherapy and radiation therapy [1-5].

At the same time, the mechanisms of EHF exposure during 
treatment have not been identiϐied, the very effect of EHF on 
any organs has not been proven. In view of the impossibility 
of penetration of EHF through the skin of the human body, an 
effect on acupuncture points is assumed, but EHF does not 
have a point character. Probably, there is a thermal effect in 
combination with the placebo effect.

At the cellular level, millimeter waves can be absorbed by 
NH4

+ cations or H2P04
-, HP04

2-, HCO3
-, NO3

2-, SO4
2- anions, whose 

spectra also lie in the terahertz and IR regions, see [6,7]. An 
extensive study of the effect of millimeter waves on living 
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Where BP is the number of base pairs. The numerical 
coefϐicient 21.75 integrally takes into account the 
heterogeneity of the DNA chain, its compactiϐication, and its 
environment.

As a result of excitation by an external ϐield of torsional 
vibrations in DNA molecules, the number of single-strand 
breaks in DNA increases dramatically, and the bacterium dies.

It was shown in [18] that the effect of centimeter and 
millimeter waves on the short DNA of lymphocytes leads to 
a sharp increase in the number of single-strand breaks (OR) 
in the DNA helix. The samples were irradiated for 10 minutes. 
The number of OR DNA molecules in lymphocytes increases 
compared to control samples: when exposed to radiation 
at a frequency of 3.5 GHz by (32.3 ± 0.9)%, at a frequency 
of 50 GHz by (40.1 ± 1.1)%, at a frequency of 70 GHz by 
(49.8 ± 0.7)%. These points belong not to one, but to three 
curves, whose extremes can be obtained by extrapolation, 
approximately counting the curves of the dependence of the 
number of OP on the frequency as parabolas, which is quite 
correct [15]. The molecular weight of the DNA of lymphocytes 
is. At the maximum mass of DNA lymphocytes (5330 bp), 
the frequency of torsional vibrations of its spiral is 298 GHz 
according to the formula (1). This frequency is very close 
to the extrapolation of 310 GHz using a parabola for the 70 
GHz point, the difference can be explained by the fact that the 
DNA of lymphocytes was taken outside the cell. This proves 
that the OR in the DNA isolated from lymphocytes arises as a 
result of the excitation of torsional vibrations of the helices of 
molecules by microwaves in DNA molecules. In turn, the data 
[18], conϐirm the results [15-17].

The question arises: is it possible to apply a similar 
approach to short RNA viruses?

Single RNAs

In most single RNA, there are short complementary 
sequences that pair and form loops, so short intramolecular 
double-stranded sections are constantly formed in single 
chains. Base pairing leads to the formation of nucleotide 
sections in the form of loops, spiral sections form U-shaped 
fragments in which antiparallel sequences of nucleotides 
connected by hydrogen bonds are connected by at least three 
nucleotides forming a bend. Due to the interaction of RNA 
nucleotides and their combination into pairs according to the 
principle of complementarity, in addition to loops, hairpins, 
hairpins with an inner loop, duplexes with two protrusions, 
pseudo-nodes (two hairpins combined in a special way), and 
molotoid ribozymes appear in the molecule.

Thus, a single RNA molecule has the form of a randomly 
folded chain. Local conformations of nucleotides are close to 
the optimal canonical for 85% of nucleotides, and 15% are in 
one of the more intense canonical conformations [19,20].

The moment of inertia of the single helix turn of RNA 

J is half that of DNA, therefore, half that of BP. Accordingly, 
the natural frequency for RNA is 21/2 times greater than the 
frequency for DNA. But the rigidity of a single chain is half as 
much, it would seem that the formula should not change.

However, in DNA, two connected helices rotate relative 
to each other. I.e., two DNA helices react to microwaves 
separately, the rigidity in (1) during the transition from DNA 
to RNA relative to torsional vibrations can be considered 
unchanged, therefore, the multiplier 21/2 in the formula for 
RNA is preserved.

The nitrogenous base in RNA, complementary to adenine, 
is not thymine with a molar mass of 126.11334 g/mol, as 
in DNA, but uracil with a molar mass of 112.08676 g/mol 
(an unmethylated form of thymine). That is, the mass and, 
accordingly, the moment of inertia of the spiral coil is less.

The effect of an external electromagnetic ϐield on 
disordered RNA twists non-spiral sections of the chain into a 
spiral, therefore formula (1) is also valid for single RNAs. As a 
result, we have:

1/231,196_f NRNA SINGLE
                    (2)

Where N is the number of bases (not pairs). For double 
helix RNA or two RNAs in a capsid

1/222, 0589_f NRNA DUBLE
                          (3)

Where N is the number of base pairs.

Virus genome

The monkey virus SV40 has a double-stranded ring DNA. 
The genome of herpesviruses is represented by linear DNA, 
which closes into a ring in an infected cell. The double-stranded 
ring genomes of papovaviruses are replicated with the 
preservation of the ring structure. The genome of retroviruses 
is formed by RNA. The M13 and ϐiH174 phages parasitizing in 
E. coli bacterial cells have ring-shaped single-stranded DNA. 
The genome of the hepatitis B virus is a double-stranded 
ring of DNA, the length of the genome is different in different 
isolates. One of the chains (“plus-chain”) DNA is shorter than 
the other (its length is 1700-2800 nucleotides), i.e. the spiral 
is only partially double-stranded. The second chain is also not 
closed, a polymerase molecule (P) is covalently attached to its 
5’ end.

Let’s estimate the characteristic lengths of DNA or RNA 
helices of viruses using formulas (1), (2), and (3).

For example, bacteriophage T4 has one double-stranded 
linear DNA molecule consisting of only 160-103 pairs of 
nucleotides, frequencies – 1.72 – 2.14 THz.

The inϐluenza virus has an absolute value of the total 
molecular weight of the vRNA. Depending on the method 
of its determination, it varies from 4,86 × 105 to 5,9 × 106 
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Da for different authors. Since the mass of one nucleotide is 
approximately 345 Da, the lengths of the vRNA are from 7000 
to 8500 nucleotides.

HIV genetic material is represented by two copies of 
positive-sense (+) RNA.

The number of nucleotide pairs of short DNA and RNA 
viruses lies in the range of 100 – 240,000 bp.

The calculation shows that the lengths of RNA or DNA 
of most dangerous viruses correspond to frequencies lying 
in the sub-terahertz (at the limit of the millimeter range), 
terahertz, and IR ranges, and this, it would seem, does not 
allow radiation to be delivered directly to the infected cell due 
to the skin effect. The shorter the wavelength, the greater the 
skin effect.

Even in the absence of heating, the EMF of the millimeter 
range attenuates in the upper layers of the skin at a thickness 
of 0.2 mm - 0.8 mm, especially strongly weakened by the 
conductive germ layer (hydrated proteins, collagen molecules, 
connective tissue cells).

However, ϐirstly, the skin effect strongly depends on the 
magnitude of the EMF intensity. For example, the EMF power 
ϐlux density of 10 mW/cm2 allows overcoming the skin. 
Accordingly, with a wavelength of 3.7 – 8.7 times smaller, 
power ϐlux densities of 1.15 - 2.7 mW/cm2 are required to 
eliminate the skin effect. For example, the energy density 
of relic radiation in the millimeter range is extremely small, 
about 400-500 photons per 1 cm3, the radiation reveals itself 
in decimeter antennas as noise with an effective temperature 
of 2.7 K. Therefore, the relic radiation passes freely through 
the human body, about 105 relic photons are constantly 
present in the human oral cavity.

Curiously, there are no viruses with an RNA length in 
the region of 37,826 nucleotides, which corresponds to the 
frequency of torsional vibrations of the RNA helix of 160.4 

GHz. Perhaps the fact is that this is the peak frequency of 
background radiation. Although its energy density is small, 
because its effects are constant, it can affect the evolution of 
RNA viruses.

If we take into account that the skin layer is not an ideal 
surface, but a layer with many folds and pores, then the 
possibility of ϐield penetration beyond this layer increases, 
and the density of the EMF power ϐlow can be doubled.

Secondly, it is possible to use subharmonic resonance. In 
addition to the natural frequency, resonance also occurs on 
subharmonics, at frequencies of the driving force that are 
multiples of the natural frequency, for example, etc. With 
increasing multiplicity, the resonance intensity decreases 
rapidly, the greater the multiplicity, the slower the amplitude 
increase [21,22]. Therefore, the exposure time should be 
increased. Under the action of a driving force with a frequency 
n time less than its own, the oscillation amplitude increases 
to a maximum exceeding the amplitude of the free oscillator 
oscillations. Thus, to inϐluence short macromolecules, 
centimeter waves with frequencies of the order of 10 GHz can 
be used, the frequencies of which are multiples of the natural 
frequencies of the millimeter range. EMF of such frequencies 
freely passes through the human body. Resonance occurs at 
all frequencies of the driving force that satisfy the relation, 
where m and n are integers.

Thus, it is advisable to calculate the natural frequencies 
of torsional vibrations of DNA and RNA spirals of the 
most dangerous viruses and the frequency of EMF in the 
centimeter range, which lead to their destruction. The data 
are summarized in Table 1.

Experimental confi rmation

In [23], a method for inactivating the inϐluenza A (H3N2) 
virus was found. It is noted that the inactivation coefϐicient 
above 50% can be observed in the entire studied frequency 
range of 8-8.4 GHz.

Table 1: Physical characteristics of virus genomes.
Name Length Genome f1, GHz f2, GHz Multiplicity

Monkeypox virus 196 858 bp DNA 49,0 9,804 5
Variola major virus 240 000 bp DNA 44,4 11,100 4

Adenoviridae 34-36 тыс. bp DNA 118 - 114  -  -
Human respiratory syncytial virus, HRSV 15 277 bp DNA 176 10,351 17

Rhinovirus 10 000 n RNA 217,5 10,357 21
Hepatitis B virus, HBV 3200 n DNA f3  -  -

HIV-1 9180 2 RNA 230,23 10,010 23
Coxsackievirus 7396 bp DNA 252,9 10,116 25

Ebola virus Zaire 18 959 RNA 226,56 10,298 22
E.v. Sudan 18 875 RNA 227,07 10,321 22

E.v.Bundibugyo 18 940 RNA 226,68 10,3035 22
Infl uenza viruses 7000-8500 n vRNA 372,86-338,37  -  -

A (H3N2) 13 628 n RNA 267,228 8,35 32
Coronaviruses 26-30 тыс. n RNA 193,47-180,11  -  - 
SARS-CoV-2 29 903 RNA 180,402 10,022 18

Here bp is a base pair, n is a nucleotide, f1 is the natural frequency of torsional vibrations of the DNA or RNA helix, f2 is the frequency of the generator in the centimeter range 
necessary for the destruction of DNA or RNA, f3 is the frequency, the value of which must be established experimentally.
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At a frequency of 8.35 GHz, a 100% inactivation coefϐicient 
has been achieved, that is, this frequency is resonant. However, 
there are a number of signiϐicant shortcomings in the article.

1) The authors used a spherical model of the virus [24], 
that is, together with a capsid, which can have the shape 
of an icosahedron. However, the virus RNA is an irregular 
spiral, it has a different topology, and different properties, 
hence a different frequency spectrum. Although the authors 
established the resonant frequency not from the selected 
model, but by experimental selection.

2) The article claims that the inϐluenza virus dies at 
temperatures above 55 degrees. At a temperature of 37.5 
degrees. The inϐluenza virus stops multiplying, at 38.5 C the 
virus dies. In clinical practice, when the thermometer readings 
are no more than 38.5 C, antipyretics are not indicated.

3) In the experiments conducted by the authors, the 
temperature increased by 7 degrees, to 34.5 degrees. This 
is not a critical temperature, but the thermal effect is of a 
statistical nature, so an increase in temperature had an effect 
on reducing the activity of viruses.

4) That is why, far from resonance, the results of 50% 
inactivation of viruses were obtained (although it is unclear 
how 50% can be obtained with a PCR test, except in real-time).

5) The article speciϐies several values of the power ϐlow 
density: 765 - 882 W/m2, 810 W/m2, 486 W/m2, 320 W/m2. 
The used power ϐlow density is 20 - 40 times higher than 
sanitary standards. However, the exposure time is only 15 
minutes, which corresponds to the exposure time for dm- 
and cm-therapy used in pulmonology. At the same time, the 
question remains about the achievability of the organ affected 
by the coronavirus by the electromagnetic ϐield, since at 
thermal capacities, the depth of penetration of microwave 
EMF into the body is about 12-15 cm.

The length of the A (H3N2) virus RNA is 13628 nucleotides. 
The calculation by formula (1) gives the natural frequency of 
torsional vibrations of the virus spiral as 267.228546 GHz, 
which is a multiple of the frequency of 8.35 GHz with a high 
degree of accuracy. Thus, the data [23] conϐirm formula (2).

Indirect conϐirmation of formula (2) is the data of DNA 
irradiation of arthropod hemolymph amoebocytes [25].

A direct conϐirmation is the data of experiments on the 
irradiation of COVID-19 [26]: positive samples of COVID-19 
were used. In 14 experiments, it was shown that microwaves 
at an estimated frequency of 10.022 GHz completely destruct 
COVID-19 RNA molecules. The control and experimental 
positive samples were selected, and the exposure time for 
the experimental sample was 2 hours. The RT-LAMP test was 
used for veriϐication. The radiation source was an Agilent 
Technologies E82570 1 microwave generator, an Agilent 
Technologies E82570 power ampliϐier was used to amplify 

the signal to 1 W. The density of the microwave power ϐlux 
was 2.5 mW/cm2.

The corresponding experiments to test formula (1) in 
terms of disinfection of COVID-19 outside the human body 
using millimeter waves were carried out using an EHF-
ND type generator. 15 samples containing COVID-19 were 
examined on dry gauze, in insulating capsules. The density 
of the radiation power ϐlux on the capsule surface is 3 MW/
cm2. The irradiated samples were analyzed using RT-LAMP 
PCR tests. At a resonant frequency of 180,402 GHz, 3 samples 
were irradiated for 10 seconds, the result was negative. 4 
samples were irradiated for 15 seconds, and 1 sample showed 
the presence of COVID-19. 8 samples were trained for 20 
seconds, all samples showed the absence of COVID-19. At a 
non-resonant frequency of 180.0 GHz, 4 experiments were 
conducted, samples were irradiated for 25 seconds, and all 
samples showed the presence of COVID-19.

Conclusion
Thus, the assumption is conϐirmed that microwaves, 

whose frequency coincides with the natural frequency of 
torsional vibrations of the spirals of RNA viruses, as well as 
their subharmonics, lead to the destruction of these RNAs.

Millimeter waves can be used for disinfection [27]. 
Centimeter microwaves of a non-thermal level of power ϐlux 
density freely pass through the human body, the action of 
microwaves with frequencies that are multiples of the natural 
frequencies of torsional vibrations of RNA and DNA spirals 
of viruses leads to their destruction [28]. That is, the results 
obtained can be used in medicine.
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