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NEW MEASUREHENT-TECHNIQUES IN STUDYING THE EFFECT OF
SUPERHIGH FREQUENCY FIELDS ON BIOLOGICAL . SUBJECTS
- USSR -

[Article by V. M. Kolesnikov; Leningrad, Izvestiva Vysshikh Uchebnykh
Zavedeniy, Priborostroyenive, Russian, Vol 12, No 7, 1969, pp 9-12].

Leningrad Institute.of Precisioﬁ Mechanics and Optics

In connection with the difficulties arising when set- -
ting up experiments to study the effect of the millimeter
range by means of horn radiators on biosubjects, it is pro- -
posed that dielectric waveguides be used. By means of these
waveguides the electromagnetic energy is fed to the structures
under study both in open form and under the protection of
upper layers. The experiments wereperformed with respect to
determining the operating .conditions of dielectric waveguides
under various loads of a biological nature and when they are
surrounded by small layers of bioclogical material.

-

Investigation of the nonthermal effect of an electromagnetic field
in the superhigh frequency range on biological structures is attracting
the attention of bilologists and physicists as one of the possibtle paths
toward explaining the exchange of energy and information which occurs on
thecéﬁaular and molecular levels in biclogical structures. The theory
of chemical interchange existing at the present time is clearly inadequate
to explain a number of facts which have been detected in biophysical re-
search. The nonthermal effect of superhigh frequency electromagnetic
fields is ome of the most effective manifestations of physical processes
occurring in molecules and cells under the effect of radio-frequency
radiation on them.

The basic investigations of the effect of superhigh freﬁuency fields
on biological subjects are being carried out at present in the 3-150
gigahertz range in order to discover the harmful factor of superhigh fre-
quency radiation, and therefore_appreciable_radiation powers are used
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[1, 4]. The basic cause of the occurrence of biological changes is _
obviously the thermal effect in this case. The subjects are irradiated =
from the open end of a waveguide or horn, and the entire organism ag a . .. -
whole is subjected to the effect. In determining the electrical param- . |
eters of the tissues, samples of tissues are placed directly in the wave-

guide, and the electric and magnetic permeability are studied, - -

In performing finer studies, for example, of the nonthermal effect, °
1t is necessary to vary the ordinary methods. Above all, the power of ~: "
the electromagnetic energy should be less than the power at which the - -
themmal effect occurs. According to the data of H. P. Schwan, G, M. Plersol . .
(2] and other authors, the thermal effect 1s excluded for energy densities “:
less than 7 milliwatts/em2, Therefore, the power of the electromagnetic;}ij
energy in the experiment should not exceed a given amount. This condition
must be satisfied when irradiating any layers of tissue. lowever, in.all
cases it is desirable to estimate the absorbed electromagnetic energy. i .
Variation of the frequencies at which the investigations are performed "
leads to the discovery of the frequency dependence of the effect of the:
electromagnetic energy on the biological structures. R

By using a horn as a radiator, it is possible to theoréticaii?i
estimate the power absorbed in the various layers and calculate the ab-
sorption coefficient by the method proposed in reference [3]. L

Here, it 1s necessary to introduce the corresponding corrections
connected with the neculiarities of biological layers since the absorbing
layer will be not the third layer but the second and, consequently, = .-
changes in the values of the transparency, reflection and absorption
coefficients will be introduced in the final result.

The application of dielectric waveguides as irradiating systems -
when studying the nonthermal effect has a number of indi-putable advan- .
tages. As is known, investigation of the nonthermal effect requires
" local irradiation of the tissue cultures consicdering that the surround-
ing tissue or nutrient were subjected to minimal irradiation. The best
conditions are created in this case with the contact method; however,
utilization of metal waveguides is sharply limited here with respect to
the conditions of verforming the biological experiment: metal is
poorly suited to biological processing, it has greater thermal conduc-
tivity, it is inflexible, and so on. Dielectric waveguides do not have
these disadvantages; therefore, it is possible not only to perform
contact irradiation with them but also to insert them into live tissue
to improve the conditions of transmission of the electromagnetic energy
to certain formations [5].

llowever, when using dielectric waveruides as contact-type radiators
it becomes necessary to study the conditionsof reflection from the end
of the dielectric waveguide under its load om the tissua medium. The
shape of the cut at the end of the dielectric waveguide has no little
significance in tis case. Some results of our investigations of the
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Key: 1. metal waveguide
- 2. superhigh frequency generator
3. modulator
4. attenuator
5. power control and measuring device
6. dielectric waveguide :
7. investigated material

the standing-wave coefficientbperformed according to the schematic in thef';_”f
figure are presented in Table l. As follows from the experimental data, " -

the best results are obtained when working with a round-ended waveguide
(both under load and without it), -

, . F'Table 1 C _ " 4
Values of the standing wave coefficient for various sections of the di-
electric waveguides when operating on water and on the fatty layer (the
data in parentheses) : :

——— . | o

Y Shape of section DN
cx . '
8 = 43° I W=900 | R=a? | 20 = 150°
042 1,45 (1,30) l 1.35 (1,31) 1,30 (1,20) : 1,90 (1,40)
0,49 Lal2 1 1.85(137) 1,15(1,12) 1,18(1,12)
, 054 1,35(1,23) 1,41 (1,20) L52(1,23) | LI7(114)
0.65 1,38 (1.22) 1,49 (1,23) 1,37 (1,21) 1,43 (1,25)
0,74 1,30 (1,11) 1.25(1.17) LIS (1,1¢; 1,52 (1,40)
0,83 1,70 (1,41) ' 1,90 (1,33 LIT(1,14) , 1,35 (1,14)

tissue. In these cases the cell structures were beyond the skin and fat
layer. Therefore, under ordinary external irradiation the amount of
electromagnetic energy passing through these layers with great absorntion
was very low and did not suit the people conducting the experiments.
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Increasing the primary power was impossible since this led to violation
of the conditions of absence of thermal heating of the upper tissue.
Therefore, implanted dielectric waveguides were used by means of which

the electromagnetic énergy was transported to the investigated structures,
In defining the conditions of transmission of energy in various frequency
ranges .along the dielectric waveguide when violating its homogeneity by

tissue cultures absorption loss coefficients were investigated as functions: .

of the length of contact of the tissues with the waveguide surface.

Table 2 A
m=np /p as a function of frequency for fat and tissue (data in
=~ out’ "inp
parentheses) ) o
A, Length of contact surface. mm .
cx 1 | 2 | 3 | 4
- = { . ! \ 9
2.80 0.77 (0.59) 0.63 (0,18) 0.48 (0,36) 0,28 (0,23)
370 060 0.27) L0504 | 038(039) | 0:20 (0,20)
062 0f3(03% | 0B | ok | 01408
0.36 0,45 (0,43) 0.31 (0,33) 0,13 (0.24) i 0.06 (0,14)
0,44 0,33 (0.23) i 022 (0,26) | 0,09 (0.16) l -

For this purpose the results of the loss coefficient ratio :
m = pout/pinp as a function of frequency and length of the contact sur-

face (Tahle 2) were investigated. This permitted determination of the -
energy supplied to the investigated subject to a sufficient degree.

Thus, the methods we used in investigating the effect o~
superhigh frequency radiation on biological subjects pernmit more exact
setting-up of experimental projects in the area of the irradiation
process, and they also permit us to obtain information about the electro-~
magnetic effect on biological structures. 1In addition, the methods in-
dicated in the article solve the problem of direct transmission of
electromagnetic énergy to a biological subject independently of its
form and composition to a sufficient degree. -
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