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Each cell phone emits electromagnetic waves. This paper describes the interaction between
the electromagnetic radiation, EMR (electrical field, magnetic field and far-field radiation pattern in
linear and in decibels, dB) and the human head in existence of the mobile phone which consists of
three components (plastic casing, metal base antenna and metal washer). The study of the human
head model under the influence of cell phone radiation is carried out using the program EM.CUBE.
The results of these study showed the possibility of using this program to evaluate the interaction of
electromagnetic radiation with biological objects.
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Introduction

In the modern world of international communication, absolutely everyone uses cell phones. Each
cell phone emits the minimum amount of high-frequency electromagnetic energy. Its power flux density
does not exceed 100 pW / cm’. This radiation has various effects on human health. Thermal effects can
lead to organic damage to body cells. According to public opinion polls among mobile phone users, if
they are talking on the phone for more than 20 minutes in a row, the earlobes begin to heat up — this is
due to the heating of the blood due to the effect of microwave radiation from cell phones. More serious
problems begin with pain in the ears, which can develop into tinnitus or a feeling of constant tinnitus,
which ultimately can lead to hearing loss and ear tumors. In addition, the excessive use of cellular
phones leads to drying out of the skin and tear fluid in the eyes, sleep disturbance, loss of attention,
memory loss and even to the development of many cancers [1].

The degree of absorption by a human body of the radiation of a cellular phone may be depend on
the characteristics of the cellular network, the characteristics of the smartphone and its antenna, the posi-
tion of the antenna, and also the energy of the radiation from the handset [2]. The dielectric properties of
the human body also affect the values of the specific absorption rate (SAR), SAR values display the ra-
diated power from mobile smartphone absorbed by human body over a selected volume of 1g or 10 g of
body tissues, and it's measured in watt per kilogram (W/kg) [3]. Individual tissues of the human body
with an increased water content in them also have higher SAR values. The increased water content in
the tissues of the human body means that the tissues of the body have increased conductivity, which
means they are more vulnerable, since they are able to absorb electromagnetic waves well. The values of
the conductivity and permittivity depend on the frequency of irradiation [4]. Conductivity and dielectric
permeability of tissues are constant values if the frequency of irradiation of tissues remains constant. For
this reason, a change in the value of the operating frequency ultimately changed the conductivity and
dielectric permeability of the tissues.

The purpose of the experiment was to calculate and display the electrical field and magnetic field
caused by the electromagnetic radiation of the mobile phone, affecting the human head and various
components of the mobile phone (plastic casing, metal base of the antenna and metal washer) in lin-
ear units and in dB, also three-dimensional (3D) far-field radiation pattern using the EM.CUBE
program.
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Mobile Phone Model and Human Head Model

The simulated mobile phone model with external antenna of monopole type is shown in Fig. 1, and
designed with adjusted frequency of 900 MHz with bandwidth of 600 MHz. The mobile phone model
consists of three parts: Metal washer, Metal base of antenna and a plastic box.

The following parameters are used as input data, presented in Tables 1 and 2. The characteristics of
the dielectric components of the cellular phone model used in this simulation are summarized in Table 1
[5, 6]. The dielectric parameters of the human head model are shown in Table 2 [7].

Table 1
The dielectric parts of the mobile phone
and the corresponding material parameters

Parameter & o (S / m)
Plastic Box 2.2 0.000
Metal Base of Antenna 2.5 0.003
Metal Washer 3.5 0.002

Table 2
The dielectric parameters of a human head model

Parameter € o (S /m)

Human Head 65 0.600

Fig. 2 shows the realistic human head model with mobile phone.

/4

Fig. 1. The mobile phone used in simulation Fig. 2. The realistic human head model
with mobile phone used in simulation

Investigation of the interaction of electromagnetic radiation with models

of a cell phone and a human head

By chosen the desired center frequency of 900 MHz and a bandwidth of 600 MHz for the mobile
phone monopole antenna, it is necessary to enter into the program the dielectric permittivity ( €,) and
conductivity (o) values for the human head and for various cell phone components from Tables 1 and 2.
By importing the model of the human head model and mobile phone model from an external file (with
the extension .STL), it is necessary to place the monopole antenna at the top of the metal box and defi-
ning all the excitations, boundaries, lumped source and assign far field radiation patterns. It is necessary
to define four sensors one for human head and three for mobile phone components to observe the inter-
action between head and the mobile telephone.

The interaction parameters are calculated using the finite difference time domain method (FDTD).
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The effect of the total intensity of the influencing electrical field and the total intensity of the acting
magnetic field in decibels (dB) is shown in Fig. 3 for the sensor (1) at the human head (noticed that
the maximum impact was observed in the immediate vicinity of the human head).
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Fig. 3. Electrical field and magnetic field interaction with a human head, dB

In Fig. 4-6 show the results of the interaction between the electrical and magnetic fields for
the plastic box (sensor 2), the metal base of the antenna (sensor 3), and the metal washer (sensor 4), re-
spectively.
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Fig. 4. Electrical field and magnetic field interaction with a Plastic box, dB
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Fig. 5. Electrical field and magnetic field interaction with a metal base of antenna in linear and in dB
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Fig. 6. Electrical field and magnetic field interaction with a metal washer, dB

Results and Discussions

Table 3 lists the maximum, minimum, average and standard values for the electrical and magnetic
fields that were obtained as a result of the simulation. Notice that the maximum value for the electrical
field (57.8 dB) is near the human head.

Table 3
The resulting values of electrical and magnetic fields
Parameter Electﬁcal Field, dB Magl?etic Field, dB

Max Min Mean STD Max Min Mean STD
Human Head 57.8 =50 -22.2 12.6 13.8 =50 -59.8 | -26.7
Plastic Box 54.8 =50 -17 13.7 14.9 =50 -50.8 | -21.8
Metal Base of Antenna -28.4 =50 —44.8 | 484 ~0 ~0 ~0 ~0
Metal Washer 553 =50 -16.7 12.4 16.2 =50 -57.6 | -25.6

A three-dimensional (3D) diagram of far field radiation pattern (FF) from various angles is shown
in Fig. 7. Notice that the use of the human head model made a far-field radiation pattern of the antenna
extremely directional (Dir. = 2.479).

A two-dimensional (2D) polar radiation pattern in the YZ projection is shown in Fig. 8. It is neces-
sary to set parameter S11 for the antenna in the electromagnetic field grid. Notice from Fig. 9, the return
loss is minimized around 835 MHz.

Fig. 7. 3D far field radiation pattern (FF)
(see also p. 167)
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Fig. 7. 3D far field radiation pattern (FF)
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Fig. 9. S11 parameter of the monopole antenna
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In addition, the frequency of the feeding network, the voltage-frequency and the voltage-time are
schematically presented below, in Fig. 10-12.
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Fig. 10. Frequency of the feeding network of the monopole antenna
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Fig. 11. Voltage frequency of the monopole antenna
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Fig. 12. Voltage time of the monopole antenna
Conclusions

Any mobile phone radiated an electromagnetic radiations that effect on the human health especially
human brain according to the distance of the phone from the head, the type of mobile phones, the type
and the position of the antenna that can used in that phones.
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Undoubtedly, an electromagnetic field exceeding certain specified values can have an effect on
the organic matter. Experiments on healthy volunteers show that the short-term effect of the background
wave radiation of the environment does not have obvious negative consequences. The impact of stronger
radiation, which may be harmful, is limited by national and international standards. Debate is currently
limited to deciding whether long-term exposure to low-intensity radiation can affect organics and human
health. There is as yet no answer to this question.
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WCCNEQOBAHUE BO3OENCTBUA ANEKTPOMAITHUTHOIO
U3NYHYEHUA COTOBOIO TEJIE®OHA HA MOJEJb
rOJNIOBbl YEJTIOBEKA

U.A. Amep, A.O0.[lx. A6OGanzabap, H.B. BdoeuHa
FOxHO-Ypanbckuli 2ocydapcmeeHHbIlU yHusepcumem, 2. YenssibuHck, Poccus

Kaxnprii coToBbIi TeneoH M3IydaeT AIeKTPOMAarHUTHRIE BOJIHBL. B nmaHHON paboTe ommcaHO
BO3/IeiicTBHE AneKTpoMarHuTHoro uamydenns: (OMU) coroBoro TenedoHa Ha 3NMEKTPUIECKOE U Mar-
HHUTHOE TI0JIe, IPUBOIUTCS AMAarpaMMa HalpaBlICHHOCTH B JaJbHEH IIOJIS B IMHEHHBIX €ANHULAX U3-
MepeHus U B genubdenax (nb) s MoJeny TOOBBI YEIOBEKA M JUIS COCTABHBIX KOMIIOHEHTOB COTO-
BOro TenedoHa, TAKHX KaK IJIACTHKOBBIN KOPITyC, METaJUIMYeCKasi OCHOBA aHTEHHBI M MeTajuTiye-
ckas 1maiiba. MccnenoBanue MOIENN TOJIOBEI YEJIOBEKA O] BO3JICHCTBIEM H3IIyYCHHSI COTOBOTO Te-

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 169
2018.T. 18, Ne 1. C. 163-170



KpaTtkme coobLieHus

nedona nponsseneHo B nporpamme EM.CUBE. PesynbraTh! ncciieroBanuii mokasaam BO3MOXKHOCTb
UCIIONIB30BaHUs YKa3aHHOW MPOTPaMMEI IS OIICHKHA B3aWMOJCHCTBHS AIICKTPOMArHUTHBIX U3JIyde-
HUN ¢ OHOJIOTHYECKUMH 00BEKTAMH.

Kniouesvie cnosa: comoeviti meneqhon, 31eKmpoMacHUMHOE USYYeHUe, MOOeTb 20JI08bl YeN08eKd,
ouazpamma usnyyeHus 8 OaivHell 30He, INeKMPOMACHUMHOe 83aumoodeticmaue.
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