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Abstract: The rapid technological developments in the modern era have led
to increased electrical equipment in our daily lives, work, and homes. From
this standpoint, the main objective of this study is to evaluate the potential
relationship between the intensity of electromagnetic radiation and the total
energy of household appliances in the living environment within the building
by measuring and analyzing the strength of the electric field and the entire elec-
tromagnetic radiation flux density of electrical devices operating at frequencies
(5 Hz to 1 kHz). The living room was chosen as a center for measurement at
15 homes in three different environmental regions (urban, suburbs, and open
areas). The three measurement methods are (Mode 1: people in a sitting posi-
tion with electrical appliances on. Mode 2: People in a standing position with
electrical appliances on. Mode 3: People are in the upright position while turn-
ing off the electrical devices) in the living room. These measurement methods
and their results reinforce the importance of this research. The results showed
that the average electric field strength measured in Mode 2 is much greater than
the two methods, and we also found less electromagnetic radiation in Mode
3 than in the two modes. All results remain within the recommended overall
exposure developed by the International Committee for the Prevention of
Non-lonizing Radiation and the International Electrotechnical Commission.
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1 Introduction

The rapid progress and growth of technology in the field of electronic devices and technolo-
gies, and their developments in our personal and business lives and those around us have led to
make electrical appliances indispensable in our lives [1]. At the same time, the public is exposed to
increasing numbers of several sources of electromagnetic fields (EMF) (transmission lines, power
supplies, transformers, and other electronic and electrical technologies), which may have potential
health effects [2—4]. Many epidemiological studies explain the possible relationship between human
health and electromagnetic fields [5-7], and some studies have found shallow frequency (ELF)
considered being a carcinogen [8,9]. As the devices emit electric fields (EF) and magnetic fields
(MF), which increases the importance of knowing the public’s exposure to EMF emissions, what
is its effect? Is there a comprehensive relationship between the (cumulative) frequencies between
them? Thus, we find new questions that must be asked, which need more practical and varied
studies.

Electromagnetic fields are generally subject to restrictions according to the type of frequencies
from international commissions, bodies, etc., to protect the public from adverse effects that may
affect potential human health. For example, electromagnetic fields for household appliances (i.e.,
less than 1 MHz) are subject to restrictions based on recommendations of the international
authorities as (ICNIRP) [10]. There are varying efforts according to frequency type (typical,
limited, rare, and dominant) in terms of studies to determine the public’s exposure to electro-
magnetic fields of different frequencies in many countries and especially developing countries in
several different ways over the past three decades [11,12]. In this panorama, the International
Non-Ionizing Radiation Protection Committee (ICNIRP) also published proposed guidelines for
exposure limits for ELF-EMF fields in 1998 [13] and updated them in 2020 [14].

We find that there are relatively few public exposure studies to intermediate frequencies (IF)
and (EMF). What is meant here is new equipment, or in the sense of electronic monitoring,
energy-saving lamps, cooking ovens, monitoring systems, and electronic article monitoring systems
(EAS) with all its various and complex applications. It has shown the results of the study exceeded
the reference levels for most of the spatial locations of the network [15], and this is what our
research concerns, because most devices operate at a frequency of 50 Hz to 60 Hz, which is the
frequency (5 Hz to 1 kHz), which is part of the intermediate frequencies.

In this paper, we are interested in this problem and the questions raised. From this point,
our research aims to measure the strength of the electric field in real estate covering 15 homes
with home appliances (5 Hz to 1 kHz) and different environmental regions (urban, suburban and
open areas) to describe audience exposure to these frequencies. The measurement was made in
the living room, which represents most of the appliances at home.

As part of our human and scientific mission, conducting this research will fill essential gaps
in science and request more studies to answer the questions. This research’s importance lies in two
main points, namely whether there is a comprehensive (cumulative) relationship for the different
frequency bands. The second point is summarized by the three measurement methods, which are
almost non-existent in other studies. Our research results posed many essential questions that
enhance our research and request more reviews on this topic.

The rest of this paper has more six sections. Section 2 provides the proposed system model.
Theoretical background and formulation are provided in Section 3. Section 4 provides the mate-
rials and methods. Results discussion and comparison are provided in Section 5. Special and rare
cases are provided in Section 6. Finally, section 7 concludes the article.
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2 System Model

Suppose the proposed system model has four core parts are measurement devices, measuring
site, analysis and statistics, and results and comparison.

The first part is focusing on measuring devices based on three areas which are urban area,
suburban area, and open area. Each of those areas will be measured in five houses. The second
part is focusing on measuring the site (living rooms) based on different three modes. The param-
eters of the first mode are electric appliances (5 Hz to 1 KHz), turned off, and people in the
standing case. Though, the factors of the second mode are electric appliances (5 Hz to 1 KHz),
turned on, and people in the standing case. However, the factors of the third mode are electric
appliances (5 Hz to 1 KHz), turned on, and people in the sitting case. The third part provides
analysis and statistics, and the fourth part provides an evaluation of the proposed system model
and comparison as illustrated in Fig. 1.

There are similar works to the topic that we have discussed in general [11,12]. Still, they
are few compared to the rapid progress and growth of technology, the increase in electronic
devices and technologies, and at the same time, the considerable time lag that relates to updating
the proposed guidelines for exposure limits to areas developed by International Commission on
Non-Ionizing Radiation Protection (ICNIRP). However, regarding the three measurement methods
that we will use in the measurement process in our research, and more importantly, is there a
comprehensive relationship between the different frequencies? Through this, it becomes apparent
that these topics and methods are virtually non-existent which enhances and distinguishes this
paper as shown in Fig. 1 (Mode 1, 2, and 3). The results of the research and its questions support
this.

However, this research was limited to measuring the amount of the electric field for household
appliances that operate with frequency limits (5 Hz to 1 kHz), for fifteen homes distributed over
three different environments.

Our hypotheses in this paper include that the results of the electromagnetic field radiation will
be massive that may exceed the limits of field exposure from ICNIRP. On the other hand, we are
sure that there will be unexpected results because we are confident that the diversity of different
frequencies surrounding us affects the unknown. We assume that the results of measurement in
crowded areas will differ from the ones in open areas by a massive difference.

3 Theoretical Background and Formulation

The electromagnetic waves are invisible, odorless, and can penetrate any substance, including
humans. According to statistics, the results showed that more than one billion people are infected
with indoor electromagnetic pollution [16]. The electromagnetic radiation indoors has two primary
sources. The first source is the open-air that is widespread and mainly concentrated in the radio
frequencies (30 MHz-300 GHz) that pass through the windows to form multiple paths (between
the sender and the receiver) to reach our personal and household appliances [17,18]. The second
source is the electromagnetic radiation of extremely low-frequency ELF (0 Hz-100 Hz) frequencies
emitted from our modern household electrical appliances and electrical wires. Fig. 2 shows the
range of devices that are connected to the wireless [19].

The most common sources of exposure are shown in Tab. 1 [16].

Fig. 3 illustrates the limitations and exposure level to safe exposure.
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Figure 1: Core parts of the proposed system model
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Figure 2: The range of connected devices

Table 1: Main features of the electromagnetic field in various field regions

EMF source Operating frequency Transmission power Number

AM/FM tower 540 KHz-108 MHz 1 KW-30 KW 380

TV tower 48 MHz-814 MHz 10-500 Watt 1201

Wi-Fi 2.4-2.5 GHz 10-100 MW

Cell towers 800, 900, 1800, 2100, 2300 MHz 20 W ~5x105

Mobile phones GSM-1800/CDMA 1w +900
GSM-900 2 W Million

4

increasing exposure

<ae_threshold of the critical effect I

- basic restriction I

Figure 3: EMF safety guidelines for ICNIRP
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The International Electrotechnical Commission (IEC) and ICNIRP guidelines on comparing
electric- (EF) and magnetic-field (MF) measurements at different frequencies lower than 10 MHz
with reference levels [10] are as follows:

N

EQmien=) _

i=1

F peak,i

Fr) (1

Eq. (1) is ICNIRP guidelines, where frequency-weighted sum restricted to N peaks (Fpear,) is not
defined,

Fpeak 18 a spectral peak in the EF (F = E) or MF (F = H) at frequency fi, and Fr is the
corresponding reference level [10].

)

EQpjcn =

Eq. (2) is IEC guidelines, where the square root of the quadratic sum is restricted to N spectral
peaks, with Fpe >0.05 x Fr.

Tab. 2 shows the main instructions of measurement and numerical prediction of electromag-
netic fields for telecommunication installations general information concerning measurement and
calculation [16].

Table 2: The electromagnetic features in different regions of the field.

Reactive Reactive radiating Radiating Radiating
near-field near field near-field far-field
Inner boundary 0 A 3 Max (3 A;2D2/A)
Outer boundary A 34 Max(3 1;2D?/1) o0
E L H No No Locally Yes
Z=E/H #+ 7 + 7y ~ 7o =7

Power density reactive near field and reactive radiating near field are shown in Eq. (3) and
radiating near and far-field are given by Eq. (4).

S<|E||H| 3)
|E|?
S=|E||H|=——=Z |H|? 4)
0
where

S refers to power density [W/m?2].
E refers to electric field [W/m?].
H is the magnetic field [W/m?].
A is the wave length [W/m?2].

D is the distance [W/m?].

Zy refer to the characteristic impedance ratio [W/m?].
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The levels of exposure in typical electronic and electric equipment are shown in Tab. 3
below [16].

Table 3: EMF in a home environment

Equipment EMF (V/m) At distance
Microwave oven 3 Vim 40 cm
Energy-saving bub 15 V/im 30 cm
Wi-Fi router 1.8 V/m 40 cm
Cordless phone 0.3 V/im 40 cm
Induction cooking 6 V/m 40 cm
Computer 4 V/m 50 cm

4 Materials and Methods
4.1 Device Measurement Specification

To describe the electric field levels of the frequency (5 Hz to 1000 Hz) in housing from home
appliances, the devices are shown in Tab. 4 were used.

Table 4: Main specifications of device measurement

Device measurement specification

Designation Spectrum analyzer Antenna specification

Name (Handheld spectrum analyzer) RF near field probe set DC to 9 GHz
Series HF-6060 V4 PBS2

Industry Germany Germany

The spectrum analyzer (HF-6060 V4) has also been set up with the maximum retention
(maximum preservation values) for reading stability with a rough thirty-second period.

The power of all household electrical appliances (50 Hz/60 Hz) ranges in the frequency from
5 Hz to 1 kHz.

4.2 Measurement Procedures

4.2.1 Home Choice

Three different environments (urban area, suburban area, and open area) have been chosen
and divided into three groups (A, B, C).

e Open area: is a sparsely populated undeveloped or partially developed countryside with
traditional modest homes and barns.

e Suburban area: contains a mix of residential and clean industrial uses, such as warehouses,
shopping malls, and light industry, as well as moderate vehicular traffic.
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e The urban area: is primarily business and industrial, with a large number of high-rise
residential buildings. Many huge structures characterize business districts. Almost all of the
time, there is a lot of traffic.

To be far apart, group A is from the urban areas and located in the city center and group B
is from the suburban areas and located northwest of the city, whereas group C is an open area
situated to the south of the town. Also, five residential houses were designated in each group,
bringing the total number of dwellings to fifteen.

4.2.2 Methods of Analysis and Measurement

The electric field density frequency (5 Hz to 1 KHz) will be measured out of all the frequen-
cies operating in the house that include the frequencies (0 Hz—100 Hz) with which the household
appliances operate.

The living room was designated as the center of measurement and three methods for measur-
ing the electric field strength (V/m) were set, therefore, each process consists of two modes. The
first mode is related to the position (sitting or standing) of people. The second mode is concerned
with the equipment position (working or extinguishing).

The first method of measurement is when people are in a standing position while the internal
electrical appliances are turned off.

The second method of measurement is when people are standing while operating internal
electrical devices.

The third method of measurement is when people are in a sitting position while operating
the internal electrical appliances.

The measurement was carried out on two heights. The first height was 1.65 meters above the
ground when people were standing, and the second height was 1.4 meters above the ground when
people were sitting. Microsoft software (XML) has been used with its related functions to find
the average values of the electric field.

5 Results Discussion and Comparison

The results of our obtained measurements are shown in Tabs. 5-7 and illustrated in
Fig. 4 below which are in the first measurement method when people were standing com-
pared to Fig. 4. Electrical appliances in the living room were turned off, in urban areas
17.99 V/m, suburbs 17.88 V/m, and open areas 17.78 V/m. In Mode 1 there is a value
for the electric field’s intensity which is strange because all electrical appliances are closed,
although we have checked the equipment in the rooms, kitchen, and bedroom. Meanwhile, we
closed the windows. Some very low-frequency electromagnetic waves may generate a specific
density.

In the second method of measurement when people were standing and electrical appliances
were turned on in the living room, the results showed in urban areas are 78.11 V/m, its envi-
rons were 77.57 V/m, and 77.02 V/m in open regions. Likewise, it appears that the average
electric field density as measured was much more significant than method 1 and method 3.
We should also point out that we have re-measured several times and we have also removed
the devices and many things from the living room. When the radiation value has changed in
each order, we have been convinced of the same as it was repeated at other homes and our
homes.
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Table 5: The intensities average of the electric field in urban areas

Urban areas

Measurement methods  Strength of electric field intensity (E)

Minimum values [V/m] Maximum values [V/m]

Mode 1 0.08 17.99
Mode 2 0.69 78.11
Mode 3 0.9 24.17

Table 6: The average electric field intensities (living room) in suburban areas

Suburban area

Measurement methods  Strength of electric field intensity (E)

Minimum values [V/m] Maximum values [V/m]

Mode 1 0.06 17.88
Mode 2 0.66 77.57
Mode 3 0.04 24.04

Table 7: The average electric field intensities (living room) in open areas

Open areas

Measurement methods  Strength of electric field intensity (E)

Minimum values [V/m] Maximum values [V/m]

Mode 1 0.06 17.78
Mode 2 0.64 77.02
Mode 3 0.04 24.01

The second method is based on our research and interest and to understand why this
country’s value differs from the values of other countries. We must focus and know that the
electromagnetic radiation inside it are two primary sources. The first source is the diffuse open-air
mainly focused on radio frequency (30 MHz-300 GHz) that passes through windows to form
multiple paths (between the transmitter and the receiver) to reach our personal and home devices.
The second source is the electromagnetic radiation of ELF frequencies (0 Hz-100 Hz) from
household electrical appliances and modern electrical wires. We have the same environment and
within multiple groups of frequency bands that produce different density capabilities with long-
term exposure to the resulting total capacitance. When standing with the operation of internal
electrical appliances, it forms a barrier and a mediator between the emission of external radiation
and the radiation reception from and near home appliances. More importantly, we are in a closed



5430 CMC, 2022, vol.70, no.3

area (the living room). That is, we are exposed to several reflections while the intensity of the
waves. Electromagnetism decreases dramatically with increasing distance which is the property of
electromagnetic waves as this was proven by the results shown above.

Average electric field (v/m) in various environments

70

60 u State 1

50

40 u State 2

30

20 State 3
0

Urban Area Suburban Area Open Area

Electric field (v/m)

Figure 4: Average electric field (V/m)

In the third method of measurement, when people were sitting and electrical appliances were
turned on in the living room, urban areas are 24.17 V/m, suburbs are 24.04 V/m, and the open
regions are 24.01 V/m. We note that the value of the field strength of the electric field got a
slight increase compared to the first mode. Theoretically, it can be first said that there should
be no change. Second, according to electromagnetic waves’ environmental health standards, there
are no standards for electromagnetic waves below the frequency (100 kHz). Third, there must
be a difference in the electric field values between the three environments. Fourth, the results
obtained in Mode 2 are close to the limited values in the CNIRP guidelines (87/f1/2, f’s unit is
MHz) [10]. Therefore, there must be protective standards for electromagnetic radiation for this
internal frequency.

However, the results confirm theoretically and practically that high-energy radiation sources
increase the intensity of the resulting electromagnetic radiation in different environments. More-
over, we find that the difference in manufacturing technology and its materials can increase or
decrease electromagnetic radiation value.

6 Special and Rare Cases

During the measuring procedure, we came across an instance where the house had inside
antennae, which were measured to be the accurate results of our measurements within the
dwellings. This scenario accounted for 0.9 percent of all residences (15 houses) and has been taken
into account by the limits of safety limits in the design of mobile phone stations (Indoor) [20].

e Low-gain antennas should be used for 7.5 dB.

e The maximum density of electromagnetic power exposed to humans must be about
0.4 mW/Cm2

e The height of the building should be at least 2.5 meters from the ground surface inside or
outside the building.

e The distance between man and stations shall not be less than half a meter.

e The installation of antennas (small antennas for cellular stations) is prohibited in hospitals
and school buildings in full.
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To calculate the total capacity resulting from the indoor antenna where the gain of the
antenna is 2 dB, (Indoor cellular & LTE omnidirectional antenna (CMS69273-30NF)).

6.1 Mathematical Analysis and Results

Path loss is the attenuation of a signal radiated from a transmitter due to the distance traveled
and characteristics of the propagation channel. Signal coverage and power constraint aspects are
two main issues for engineers who want to get involved in the design and deployment of a wireless
communication network. Both of them require being able to model the path loss as realistic as
possible. This is an experimental study of path loss for indoor wireless sensor networks. The main
goal is to validate some of the related literature and to contribute to it if possible.

The electrical field strength is given by Eq. (5), whereas the signal strength = EIRP — Path
Loss [20].
Path Loss= A+ 10nlogd+ L (5)
where,

EIRP refers to an effective isotropic radiated power.

D refers to the distance from the antenna (Cm).

A = 31.52 for GSM 900 MHz, 37.52 for GSM 1800 MHz and 38.9 for 3G 2.1GHz.
n is the path loss exponent (n = 2 for free space and n = 3.1 for indoor in average).
L refers to extra losses, L= 0 for indoor.

Tabs. 8-10 show the signal strength measured indoors at different distances for the three links
(GSM 900 MHz, GSM 1800 MHz, and 3G 2.1 GHz).

Table 8: Strength of measured signal at various distances for GSM 900 MHz (indoor)

System Distance from  Path loss Signal strength (dBm)  Signal strength (dBm)
type the Antenna (dBi) for peak output power for peak average power
(Cm) n=3.1 EIRP= 13 dBm EIRP=7 dBm
GSM 900 MHz 100 31.5 -18.5 -24.5
200 40.9 -27.9 -33.9
300 46.3 -33.3 -39.3
400 50.2 -37.2 —43.2
500 53.2 —40.2 —46.2
800 59,5 —46.5 -52.5
1200 65.0 -52.0 -58.0

6.2 Comparison and Discussion

Now we will compare the communication links (GSM 900 MHz, GSM 1800 MHz, and 3G
2.1 GHz), as shown in Figs. 5-7 below.

The measured results for (Path loss and Signal strength) for the three systems (GSM900 MHz,
GSM1800 MHz, and 3G 2.1 GHz) showed no electromagnetic radiation indoors. When comparing
the three cellular networks, 3G 2.1 GHz is the best.



5432

CMC, 2022, vol.70, no.3

Table 9: Strength of measured signal at various distances for GSM 1800 MHz (indoor)

System Distance from Path loss Signal strength (dBm)  Signal strength (dBm)
type the Antenna (dBi) for peak output power for peak average power
(Cm) n=3.1 EIRP=13 dBm EIRP=7 dBm
GSM 1800 MHz 100 37.5 -24.5 -30.5
200 46.9 -33.9 -39.9
300 52.3 -39,3 -45.3
400 56.2 -43.2 —-49.2
500 59.2 —-46.2 -52.2
800 65.5 -52.5 -58.5
1200 71.0 -58.0 —64.0

Table 10: Strength of measured signal at various distances for 3G 2.1 GHz (indoor)

System Distance Path loss  Signal strength (dBm) Signal strength (dBm)
type from the (dBi) for peak output power  for peak average power
Antenna (Cm) n=3.1 EIRP=13 dBm EIRP=7 dBm
3G 2.1 GHz 100 38.9 -25.9 -31.9
200 48.2 -35.2 —41.2
300 53.7 —40.7 —46.7
400 57.6 —44.6 -50.6
500 60.6 -47.6 -53.6
800 66.9 -53.9 -59.9
1200 72.4 -59.4 —65.4

Path loss (dBi)

80
60

Path loss (dBi)

n=3.1

40 —_—

20

100 200

300

400

500

800

Distance from the Antenna (Cm)

——3G2.1GHz ——GSM 1800MHz

1200

GSM 900MHz

Figure 5: Comparison of indoor route loss for (GSM 900 MHz, GSM 1800 MHz, and 3G 2.1
GHz) at various distances

For several reasons, the results are the most important of which the criteria were mentioned
at the beginning of this section of the research and ascertain them. There are standards for
the installation of stations with international specifications for the density of the electromagnetic
power emitted from the antennas according to the conditions and specifications of each of the
following: World Health Organization (WHO), American National Standards Institute (ANSI),
International Electrotechnical Commission (IEC), International Commission on Non-Ionizing
Radiation (ICNIRP), and International Society of Electrical and Electronics Engineers (IEEE).
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Another reason is the quality of coverage factor, which is a critical factor for cellular phone
companies, and at the same time, a key factor for technological development in cellular commu-
nications. Modern technologies, such as third-generation (3G), allow more significant number of
communication channels. Each of the third-generation stations serves about 178 subscribers at
the same time. The second-generation serves about 61 subscribers simultancously in each station
to provide the appropriate number of communication channels. It increases the number of base
stations in the cellular communication networks that serve each region [20]. We will not diverge

about this section because it is a particular case and not based on the research as shown in the
study’s name and purpose.

EIRP = 13dBm

100 200 30 400 500 800 1200

\/

40 \

-60

-20

Signal strength (dBm)

-80 R
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——3GSM ——GSM 1800MHz GSM 900MHz

Figure 6: Comparison of peak output power (EIRP= 13 dBm) at various distances for (GSM 900
MHz, GSM 1800 MHz, and 3G 2.1 GHz) indoor
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Figure 7: Comparison of peak output power (EIRP=7 dBm) at various distances for (GSM 900
MHz, GSM 1800 MHz, and 3G 2.1 GHz) indoor

7 Conclusion

This research has shown the measuring results of indoor electric field and the total density
of the magnetic flow of electrical devices operating at frequencies from (5 Hz to 1 kHz) in living
rooms in different environments. Using three measurement methods, Mode 2 in which people
were in a standing position and electrical appliances were turned on in the living room had 78.11
V/m in urban, 77.57 V/m in suburban, and 77.02 V/m in open areas. likewise, it shows that the
average electric field intensity measured was much more significant than Mode 1 and Mode 3. The
calculated results of Path loss and signal strength for the three systems (GSM900 MHz, GSM 1800
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MHz, 3G2.1 GHz) showed no electromagnetic radiation indoor in some houses. When comparing
the three cellular networks, 3G 2.1 GHz is the best.

All the results of the internal electromagnetic radiation obtained in 15 houses from various
environments in Sana’a city and other different states remain within the limits of the recom-
mended public exposure developed by (ICNIRP) and (IEC) guidelines (87/f1/2, f’s) with unit in
MHz.

The practical results in this paper show that there is no relationship between the intensity
of indoor electromagnetic radiation and the total energy of household appliances surrounding
us; simultaneously, the results confirm, in theory, and practice, that high-energy radiation sources
increase the intensity of electromagnetic radiation. Some proposals that work to prevent elec-
tromagnetic radiation and other submissions from solving the problems and questions shown in
this study have been put forward. The results presented here may be an additional resource for
epidemiological and other tasks that analyze the potential relationship between health effects and
exposure to electromagnetic fields in a range of (5 Hz to 1 kHz).
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