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so that to destroy the diseased cells of the body. A numerical estimate of the frequency
range in which this is carried out is given.
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Introduction

In previous author’s works [1-3] we investigated some individ-
ual cases of the manifestation of the body’s reaction to the influ-
ence of external variables of electromagnetic (abbreviated - EM)
fields. In this paper we will continue our research in this direction
and try to answer the question of finding the frequency range in
which the destruction of the affected cells is possible. In this mes-
sage, we will expand the search a bit and consider acoustic fields
along with an alternating electric field. As we will see later there is
a certain frequency range in reality when such a possibility is re-
alizable. It is also worth noting that when any magnetic additives
for example iron or manganese are artificially introduced into the
body cell structure affected by oncology the reaction of these cells

to the alternating magnetic field becomes much more effective. At
the same time the same natural question arises: is it possible to find
such a frequency range of the external alternating magnetic field
so that the affected cells begin to collapse as well as in the result of
exposure of the body to alternating electric and acoustic fields? It
would be biased on our part not to say that work was carried out
in this direction but in the vast majority it was purely experimental
research. However, although a number of works are theoretical in
nature (see for example [4-11] the approach discussed below al-
lows to find specific values of “therapeutic” frequencies. Further on
we will focus on the study of the effects on the body of electric and
acoustic fields only and we will not consider the magnetic field yet.
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Interaction of Cells with an Electric Field

Consider this situation. Let a constant electric field EO affect the
body for a certain period of time At. Time At is defined as the time
of occurrence of a polarizing moment p induced in each affected cell
by a constant and uniform field means that if the body is additionaly
exposed to the alternating field

E(t)= Ecoswt (1)

Where E(; -, is its amplitude and @ is the frequency the in-
duced dipole moments d_will begin to oscillate. The lower index c
indicates that we are talking about a diseased cell. The connection
of the dipole moment vector with polarization as it is known [12] is
determined in our case by the dependence

d.=ry,®

where V.~ is the volume of one cell. Based on the motion

equation ma = I where m — is the mass of the cellular matter
exposed to the electric field and the force acting on it is determined

by the expression

[=4E(1) ®

where g- is the charge induced by the field E’0 in accordance

with the dependence (1) we have

N Al
my=q FE 0°08 wt
Integrating this equation twice over the time we find

r0)=ry-'m 03()
)

where ¥, -is one integration constant. The second constant is
set to zero. It follows from (4) that the dipole moment according to
the definition of [13] but in relation to our problem is That is

q2E (t)

r=d.=

Hence the internal energy of the cell resulting from the super-
position of both electric fields based on the general definition of

[12] namely E’1 = -d.E according to (1) and (5) will be

2E'2(t
H1=—d.E=—q 2() (6)

maw

Taking also into account the energy of the cell surface tension

a. which should keep it from disintegrating the total energy tak-
ing into account (6) may be represented as

22
g E=(1)
&= + (7)
’naf czmgc

where S.- is the total cell surface area. We will introduce the

average density of the diseased cell p into consideration and we
c

will consider it a sphere with radius R . for simplicity. As a result
the total energy (7) may then be rewritten as follows:

3¢°E* (1)

e(t) = + R’
arp R 4ralR: s

Where it was taken into account that the sphere area is S.=

472'a CRZ and its volume is

2
- 4 R;
‘ 3
Further averaging the energy (8) over the oscillation period

T = — which in accordance with (1) allows to simply replace
w

the cosine squared with a multiplier — we find for its average val-

ue:

To find the full force acting inside the cell expression (9) should
be differentiated by radius Rc . As a result we get

og
OR.

9¢°E;

F=- = 2
Sﬂp Rcza)

-8ra k. (o

Based on the condition F > 0 we find the threshold value of
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the frequency at which the cell destruction process should occur

3¢E,
872",p aCRC

Formula (11) answers the first question about the theoretical
possibility of the external electric field influence on oncological dis-
eases. Upper frequency threshold (right side in (11))

3¢E,
o, :—05
872',[p IaCRC

may be estimated based on the following numerical values of the

(12)

parameters. The cell density may be set equal to the water density

thatis Pc =1 T we will take the surface tension the same as for
cm
er: _
water a, =74 % the cell radius R, =100nm =10 Sem

cm
the induced charge q = ze ~ 4,48.10_9SGS and we will set
the value of the alternating external electric field amplitude to

E(’) =10°SGS Substituting all these values into the formula
(12), we come to the following estimate for the threshold frequency

3ZeE(;
a)lh = 5
Sﬂ\/p acRc

Such a frequency in the case of EM oscillations corresponds to

-9 3
_ 3.10.4,48.107.10 ~20s" (13)

874/1.74.107"°

approximately a kilometer wavelength range.

It is worth emphasizing that since both healthy and diseased
cells are quite close in physical parameters great caution should be
exercised here and it is necessary previously purely experimental-
ly determine all the physical indicators of oncological and healthy
cells. After that it will be possible to say quite definitely which spe-
cific frequency not affecting healthy cells should lead to the death
of the diseased cells.

Acoustic Influence

In order to assess the influence of an acoustic wave on the cell

we will proceed as follows. Let f = é(x, y) -be the deviation of
the cell surface points associated with an external acoustic influ-
ence from some of its average value (see Figure 1) R. As a simple
approximation we will consider the cells to be ideal spheres of radi-

us R . If the cell surface tension is denoted as @ (in dimension this

is the energy attributed to the unit of its surface) and the surface

dm
density as P which is defined in the usual way in the form o=

where dm- is the mass of cellular matter in the surface layer dS .
Then the total internal energy of the cell may be represented as the
following additive expression:

£ =%Ips§2ds ~[ads a4

sc

_%¢

where B Ot Sc- is the cell surface. Since we have the right

to represent the surface element in the form

ds =1+ &} +Eldxdy , (15)

o o
where 6% :6_x’§y :5

Then provided that the surface deviation is slight compared to

the radius that is 5 < Rc we have the right to represent expres-
sion (15) as a decomposition

2 + 2
ds =1+ &2 + fyzdxdy ~ (1 +%)dxdy. (16)

Omitting an insignificant constant we write expression (14)
taking into account (16) in a more general form assuming that the

shift 5 is a vector f

%y +(a—5)2]]dxdy a7

L, 98y
8_2SJ;[pS(8t) | GG

Finding the variation of functional (17) by é: and setting it to
zero we come to the equation

pé—aA,E =0, (18)

o0’¢

Where ~ Ot® and Az-is

the two-dimensional
Laplace operator that is
o> o
ox~ Oy

In equation (18) it is also necessary to take into account the
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external force which should appear in its right part. In the hydro-
dynamic approximation given that a human body is eighty percent
water the role of this force should be reduced to a pressure gradient
(see [9]) which eventually leads to the acoustic influence we are
interested in. That is instead of (18) the equation should be written

p—arE=-LAp, 19
opP

Where D, - is the cell density. Since Op ) where Ap
"is the entropy, p’- is the density deviation in the sound wave. Then

Ap =

assuming that
p' = plcos(wt—kr), (20)

where @ is the frequency, k — is the wave vector, and p; —is
the amplitude of the sound wave we get from eq. (19)

aSA2§:—K a_P p;

E_
D, op ). p,

sin(a)t - K.l’). (21)

Choosing vector & in the radial direction and assuming that the
wave inside the cell is homogeneous that is its length A significantly

exceeds the linear size of the cell RL, and this in turn allows to as-
sume that the length of the wave vector may be represented in the

2 2rm
k= | k| ==

form A [ where the length parameter L is the
degree of uniformity of the sound field. As a result according to the
above equation (21) reduces to the form specified below for radial

displacements:

a 2r(OP) p, .
— “esinat. (37

D, L\op)_ p,

The partial derivative appearing here may be transformed as
follows. We will proceed from the state equation of an ideal gas [8]

according to which pv. = KbNTc , where kB - is the Boltzmann
constant, N- is the number of particles, and T -is the temperature
of the cell. Modifying the Clapeyron-Mendeleev equation for our

case we may write that

pc,(23)
m

c

p=K,T,

where mc- is the effective mass of the inner part of the cell.
Based on the formula

oP
op = P )r =, (24)
), | T pfop (@Vj
C, v\ op)\oT ),

where Cp - is isobaric heat capacity taking into account the
dependence (23) we obtain

(i”] B K,T, K, _KJTC, PC,
), T p. PV N) mC pC (25)
m|1-—=—— 1 m|1-—
Cvrnl C,

where CV- is the isobaric heat capacity. For the cell we may as-

sume that Cv = Cp. (26) Thus according to (25) and condition
(26) equation (22) may be rewritten as

. 2 -
E— % A¢ = 2P Pogin o, (27)
b, L p.p.

AEr—2
Rc , which “works”
well for a spherical surface when it comes to the matter surface os-

Further using the approximation

cillations we come to the equation below instead of (27)

gg+ a)jé: =—A—sinwt, (28)

where the amplitude is

4-2zrp,

(29)
L p.p.

And the natural frequency of the cell surface oscillations

w =— [ (30
o T R (30)

« \PS

The resonant solution of equation (29) is found trivially and as
aresult we find

2Ayw,
(a)o2 -’ ) +42 w0

E=

> COs wt, (31)
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where we have formally introduced attenuation y which must

satisfy the condition
W>Yy. (32)

At resonance the wave amplitude appearing in solution (31)
takes the value

24yw,

B=1; = . (33)
ng}(wj_w2)+472w2 2y,

Let’s estimate the values of frequency @, have and amplitude
B . According to (30) we

1 |a, 1

~ 10" ‘/7—14 ~8.6.10°s™" (34)

=R \p

And according to (29) and (33) we get

A _7_p p

B = =
2yw, L yow,p. p,

(35)

In the CGS system the pressure may be set equal to P =10* SGS .
The attenuation based on the inequality (32) and the estimate (34)

_ -1
let be equal to V= 10s The length of the inhomogeneity may be
set equal to the linear size of the cell that is L= 2R. Thus, we will
have from (35)

R E_D p,_ 10* .
Lyo,p, p, 2.10710.8,6.10°.1 p,

(cm).

Lo 107

It may be seen that for a real ratio P. the amplitude
will be about one tenth of a centimeter which significantly exceeds

the cell size that is leads to its rupture.
Conclusion
Concluding this message we note.

1. Itisshown thatata frequency close to the ultrasonic threshold
(formula (30)) acoustic oscillations may well lead to the de-
struction of the diseased cells.

2. For the alternating electric fields the frequency must be ex-
tremely low that is the EM wavelength is very large and that
practically allows us to deem the applied electric field to be

simply homogeneous.

References

1. Gladkov SO (2019) On the Possibility of Detecting Different Kinds
of Diseases with the Help of Fixation of Electromagnetic Radiation
Intensity of Red Blood Cells. Biomed ] Sci & Tech Res 20(1).

2. Gladkov SO (2021) On the Effect of the Variable Electromagnetic Field
on theMovement of Red Blood Cells on the Circulatory System. Biomed
] Sci & Tech Res 36(3).

3. Gladkov SO (2021) On Possible Regulation of Cancer Cells Growth
Dynamics Using Electromagnetic Effects on the Body. Biomed ] Sci &
Tech Res 40(1).

4. Mochalkin LI, Rik GR, Batygin NF (1962) On the Issue of the Magnetic
Field Influence on Biological Objects: Publication on agronomical
physics. M 10: 48-50.

5. Barnothy MF (1964) Biological effects of magnetic fields. NY Plenum
Press 1:287.

6. Markuze II, Ambartsumian RG, Chibrikin VM, Piruzian LA (1973) Study
of the Constant Magnetic Field Effect on Changes in the Concentration
of Electrolytes in the Blood and Organs of Animals. Izvestia of the
Academy of Sciences of the USSR. Biological series 2: 281-283.

7. Tenforde TS, Gaffey CT, Moyer BR, Budinger TF (1983) Cardiovascular
Alternations in Macace Cynomolyus Monkeys Exposed to Stationary
Magnetic Fields: Experimental Observations and Theoretical Analysis.
Bioelectromagnetic 4(1): 1-9.

8. Kuznetsov AN (1994) Biophysics of Electromagnetic Effects. M, pp. 255.

9. Betsky OV, Deviatkov ND (1996) Mechanisms of Interaction of
Electromagnetic Waves with Biological Objects. Radio engineering. 41:
4-11.

10. Lednev VV (1996) Bioeffects of Weak Combined Constant and
Alternating Magnetic Fields. Biophysics 41:224-232.

11. Bingi VN, Savin AV (2003) Physical Problems of the Weak Magnetic
Fields Effect on Biological Systems. Advances in Physical Sciences 177:
265-300.

12. Landau LD, Lifshitz EM (1984) Electrodynamics of Continuous Media.
8ed Nauka, pp. 620.

13. Landau LD, Lifshitz EM (1986) Field Theory. 5M Nauka.

Copyright@ SO Gladkov | Biomed ] Sci & Tech Res | BJSTR. MS.ID.007388.

37719


https://dx.doi.org/10.26717/BJSTR.2022.46.007388
https://biomedres.us/fulltexts/BJSTR.MS.ID.003404.php
https://biomedres.us/fulltexts/BJSTR.MS.ID.003404.php
https://biomedres.us/fulltexts/BJSTR.MS.ID.003404.php
https://biomedres.us/pdfs/BJSTR.MS.ID.005843.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.005843.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.005843.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.006543.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.006543.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.006543.pdf
https://pubmed.ncbi.nlm.nih.gov/4703197/
https://pubmed.ncbi.nlm.nih.gov/4703197/
https://pubmed.ncbi.nlm.nih.gov/4703197/
https://pubmed.ncbi.nlm.nih.gov/4703197/
https://pubmed.ncbi.nlm.nih.gov/6838664/
https://pubmed.ncbi.nlm.nih.gov/6838664/
https://pubmed.ncbi.nlm.nih.gov/6838664/
https://pubmed.ncbi.nlm.nih.gov/6838664/
https://pubmed.ncbi.nlm.nih.gov/8714474/
https://pubmed.ncbi.nlm.nih.gov/8714474/
https://www.elsevier.com/books/electrodynamics-of-continuous-media/landau/978-0-08-057060-0
https://www.elsevier.com/books/electrodynamics-of-continuous-media/landau/978-0-08-057060-0

Volume 46- Issue 4

DOI: 10.26717/BJSTR.2022.46.007388

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2022.46.007388
SO Gladkov. Biomed ] Sci & Tech Res

@ @ This work is licensed under Creative
Commons Attribution 4.0 License

Submission Link: https://biomedres.us/submit-manuscript.php

BIOMEDICAL

RESEARCHES

ISSN: 2574-1241

Assets of Publishing with us

Global archiving of articles
Immediate, unrestricted online access
Rigorous Peer Review Process
Authors Retain Copyrights

Unique DOI for all articles

https://biomedres.us/

Copyright@ SO Gladkov | Biomed ] Sci & Tech Res | BJSTR. MS.ID.007388.

37720


https://dx.doi.org/10.26717/BJSTR.2022.46.007388
https://www.itmedicalteam.pl/articles/evaluation-of-target-definition-for-stereotactic-reirradiation-of-recurrent-glioblastoma-102879.html
https://biomedres.us/
https://dx.doi.org/10.26717/BJSTR.2022.46.007388

	_Hlk116657245

