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MEASUREMENT OF THE INTENSITY
OF THE ELECTRIC FIELD
OF THE RADIO WAVE EMITTED
BY SELECTED MOBILE PHONES

We are constantly watching the growth of mobile qEghaisers around the world.
This causes interest in the issue of the influefaectromagnetic radiation on the
human body. The sources of electromagnetic fialdsamong others mobile teleph-
ony. Mobile telephony consists of two basic eleraetglephones (terminals) and
base stations. Specific Absorption Rate (SAR) mela@sihit of amount of radiof-
requency energy absorbed by the human body wheg asinobile phone. The aim
of the study was to measure the intensity of thetdt field of the radio wave emit-
ted by selected mobile phones. The measurementésoaetied out in the Radiation
Measurement Laboratory at the Provincial Sanitgsid&miological Station in
Rzeszéw. Measurements were made for devices opgmatitifferent data transmis-
sion systems operating in certain frequency bahlds.electric field of the electro-
magnetic field was measured using an wide fieldtedenagnetic field measuring
device type NBM-550 No. B-0240 with EF-1891 typelgoMeasurements were
made for devices with switched on and off datagnaission at the time of receipt
and during signaling. In the following sections atése mobile telephony and the
basic characteristics of the mobile phone technol@fe last part presents the way
of making measurements and presentation of results.

Keywords: electromagnetic field, mobile telephony, basdatat Specific Absorp-
tion Rate (SAR)

INTRODUCTION

Today we are constantly exposed to many negatietra between other
electromagnetic radiation. Natural electromagnegtdtiation is the result of cos-
mic and atmospheric phenomena. Atrtificial electrgnetic radiation comes from
industrial and everyday equipment. The sourcesleft®magnetic fields are
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power lines, radio and television stations, Inteaweess stations and mobile te-
lephony. The electromagnetic field is an electmagnetic and electromagnetic
field with frequencies from 0 to 300 GHz (accordingArticle 3 point 18 of the
Environmental Protection Law). The electromagngéld is described by: field
power densit{W /m?), intensity of the electric field/ /m), and the intensity of
the magnetic fieldA4/m) [1].

Currently, there are as many as 4.92 billion uniaubile users in the world
— 66% of the population — and 8.05 bhillion activ®S®ards - that means 1.64 of
a single user. Poland is ranked 17th in terms oépation of mobile users — as
many as 74% of our people use mobile phones. $p&#), Singapore, Italy and
Japan (85%), followed by Germany (82%). Data baseal detailed report on the
state of the Internet, mobile and social medidewvorld in 2017.

1. MOBILE TELEPHONY

Mobile telephony is a telecommunications infrasimue that enables sub-
scribers to wirelessly connect to a cellular are@rolled by individual base sta-
tion antennas. A characteristic feature of thistgptelephony is to provide the
user with mobility. It can set up calls in the @doverage area associated with
all base stations on the network. The world's lsirgeobile telephony system is
GSM-second-generation mobile telephony (about 80%he mobile telephony
market). In 2001 the first commercial telephonywark was launched. Among
the world's most deployed 3G systems, most netw(¥&%6) are built on the
UMTS (Universal Mobile Telecommunications Systetanslard. The successor
of the third generation is the wireless data trdssion standard is Long Term
Evolution (LTE). The main goals of the new standard, among other things,
increasing the capacity of mobile telephony bye@asing the speed of data trans-
mission, reducing delays.

Mobile telephony consists of two basic elementsptiebnes (terminals) and
base stations. According to data from the Offic&lettronic Communications in
Poland there are 45.5 thousand base stations.r@flyrtige most common sources
of artificial electromagnetic fields are cellulaade stations. Cellular base stations
consist of sector antennas and radio antennasséddteral antenna is responsible
for communicating with the mobile phone, and thdioantenna for communica-
tion between the base stations [2]. Table 1 showamples of electromagnetic
field sources and their corresponding frequencgean

The main principles of protection of people at Wherkplace against non-
ionizing electromagnetic radiation are defined agiothers in the Regulation of
the Minister of Family, Labor and Social Policy2% June 2016 (Item 950).

Mobile base stations are designed so that the gediald power density
values that could exceed the allowable level areentrated at high altitudes.
Due to the increase in mobile phone users, baterstaare designed for multi-
system operation. In addition, according to the lod\Environmental Protection,
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it is mandatory to obtain a permit to emit electagmetic fields into the environ-
ment without which the newly constructed investnarthe object can not be put
into use [3].

Table 1. Sources and frequency ranges of emitezdreimagnetic fields (Military Institute
of Hygiene and Epidemiology Volume 35, Supplemént 2

Description of the Frequency Sources and circumstances
™ Wavelength '
magnetic field range of occurrences of fields
Static magnetic and 0 ) electric motors, electrolysis and
electromagnetic fields industry
(AC) grid network 50 or 60 Hz 6000 electrical power, lighting, heating,
fields or 5000 km engines, power supply and industry
very Iof\i/(\;lggquency 0,1-1,0 kHz| 300-3000 km industrial equipment
Low frequency fields| 1-100 kHz 3-300 km industeguipment
Radio waves 0,1-300 1-3000 m radiophony, radlo_telephones, medical
MHz devices

radiolocation, radionavigation, mobil
Microwaves 0,3-300 GHz 1-1000 mm | telephony, medical devices, home and
industrial appliances

(12

The electromagnetic field emitted by mobile phodegends on the type of
phone, the distance from the base station, theepbiahe call. Maximum field
values are dialed and their value decreases dtivingall [4]. Due to the dynamic
development of mobile telephony, various data trassion systems have been
developed, including those operating at frequerafi®®0 MHz, 1800 MHz, 2000
MHz and 2100 MHz.

2. PERFORMING MEASUREMENTS

The experiment consisted in checking the indicatibalectrical component
of the electromagnetic field intensity emitted fested smartphones and one
mobile phone. Measurements were made for devicesabpg in different data
transmission systems operating in certain frequéraryds. The measurements
were carried out in the Laboratory of Radiation Bleament in the Provincial
Sanitary-Epidemiological Station in Rzeszéw. Thecwic field of the electro-
magnetic field was measured using an wide fieldtedenagnetic field measuring
device type NBM-550 No. B-0240 with EF-1891 typelpe. The meter and the
probe are attached to a tripod. On the second ;sthadlevice was placed just
below the probe. The distance between the probe¢henkead of the test source
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was determined by means of a measuring tape. Hi@nde between the meas-
urements was constant and was 4 cm. Measuremergswegle from the front of
the phone (Fig. 1, Fig. 2).

Fig. 1. Method of measurement (side view)

Fig. 2. Method of measurement (top view)

Measurements were made for 5 different smartphané®ne mobile phone.
During the experiment the phones range was maxiftad. average results of
electrical component of electromagnetic fielasurements based on the ten
readings are summarized in Table 2. Measurements performed with data
switched on and off while receiving and during siljmg.
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Table 2. Measurement of electrical component aftedenagnetic field for selected devices

Measurement Measurement
Data with data enabled, without data transmission,
Device type | transmission Vim Vim

technology during at the time during at the time

signaling of recept signaling of recept

Smartphone 1 LTE <0,5* <0,5* 0,56 <0,5*
Smartphone 2 LTE <0,5* <0,5* <0,5* <0,5*
Smartphone 3 LTE 0,83 0,95 0,89 0,98
Smartphone 4 HSDPA <0,5* <0,5* <0,5* <0,5*
Smartphone 5 LTE 0,95 1,43 0,72 0,63

Mobile phone - — - 15,9 57

* indication below the detection limit of the meteccording to the calibration certificate of the
device.

The results shown in Table 2 read directly from tieter were corrected
according to the calibration certificate of the idevaccording to the formula:

Ecor = Em- Cd - Cf )

where: Ecor — corrected value; Em — measured valde; dynamic characteris-
tics; Cf —frequency characteristics.

According to the calibration certificate, resulging from 0,5 to less than
or equal to 0.75 V/m were corrected for correcfartor Cd - Cf) 1.05. Values in
the range of greater than 0.75-1.5 V/m were coecebdr a correction factor of
1.09. Values in greater than 0.75-1.5 V/m wereeazded for a correction factor
of 1.09. The calculated values are shown in Table 3

Table 3. Measurement results after correction wattrection factors

Measurement Measurement
Data with data enabled, without data transmission,
Device type transmission Vim Vim
technology during at the time during at the time

signaling of recept signaling of recept
Smartphone 1 LTE <0,5* <0,5* 0,59 <0,5*
Smartphone 2 LTE <0,5* <0,5* <0,5* <0,5*
Smartphone3 LTE 0,91 1,04 0,97 1,07
Smartphone 4 HSDPA <0,5* <0,5* <0,5* <0,5*
Smartphone 5 LTE 1,04 1,56 0,76 0,66
Mobile phone - - - 18,3 6,3

After analyzing the results of the measurementBable 3, it is concluded
that most of the measured values for smartphoregtads around 0.5 to 1.56 V/m.
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Measurements for cellular phones gave values &f\L8n during connection and
at the time of recept of 6.3 V/m.

During the measurements for all devices, a momegtarease in the elec-
tromagnetic field (about one second) to 2.5 V/m wlaserved at such phases as
the start of the connection and at the time ofpeckhis can be explained by the
fact that when making a call, the phone transnaitsafshort while with a power
close to the maximum. When the connection is astadd, the signal parameters
are adjusted to the reception and transmissionittons! and the signal strength
is reduced. It is recommended that you wait a wetere applying the telephone
to your ear [5].

3. CONCLUSIONS

During a call the phone is usually kept close ® llead, so measurements
are taken at a distance of 4 cm. Due to the cartitruof the probe, it was not
possible to carry out measurements at a closeantist

In order to limit the impact of mobile phones, yzan use certain recommen-
dations such as:

* increasing the distance between the head and th#denmione,

« use headset and handsfree with internal or extamtahna in your car,

e shortening talk time,

< avoid making calls away from base stations, turroffgphones where

there is no coverage (in the absence of coveragdl attempt to connect
to the base station, acting with full power of ttensmitter),

* you can move closer to the window when the cafl [rogress so that the

transmitter and base stations can work with lesgepo

Electromagnetic radiation from cell phones and satons is not indiffer-
ent to human health. Negative effects depend omlserbed value of the elec-
tromagnetic energy and the resistance of the b&dy [

It is certain that every cell phone emits radiatibherefore, choose a model
that has the lowest SAR value. Specific AbsorpRate (SAR) means the unit of
amount of radiofrequency energy absorbed by theanumody when using a mo-
bile phone. EU law requires the SAR value for eaciile phone to be given in
Europe - this value can not be higher than 2 W/kg.

The SAR is difficult to determine and may be estaddor example by meas-
urements of the electric field strength of the atidn, the temperature increase or
by numerical simulations [7, 8].

REFERENCES

[1] Rézycki S.,Ochronasrodowiska przed polami elektromagnetycznymi. In&omdla
administracji samorzdowej Generalna Dyrekcja Ochror§rodowiska, Warszawa
2011.



Measurement of the intensity... 33

[2] http://lwww.wios.warszawa.pl/pl/monitoring-srodowégknonitoring-pol-elektro/zro-
dla-promieniowania/78,Zrodla-promieniowania-elektegnetycznego.print
(available: 03.11.2017).

[3] Michatowska-Samonek JAktualne zasady dotygz badania pél elektromagnetycz-
nych wysokiej eatotliwasci, Prace Instytutu Elektroniki, 2008, z. 238.

[4] Zmyslony M., Politaxski P., Zagratenia zdrowia i ochrona zdrowia praegych
w naraeniu na pola i promieniowanie elektromagnetyczn@00-GHz Instytut
Medycyny Pracy im. prof. J. Nofera, t0@009.

[5] http:/lwsse.krakow.pl/strona/index.php/obszary{drifoadzor-sanitarny/108-pro-
mieniowanie/67-bezpieczne-korzystanie-z-telefonammrkowych (available: 03.11.
2017).

[6] Kucinski S., Wptyw telefonii komorkowej na zdrowie cziowieKaKrajowa Kon-
ferencja Naukowo-Techniczna ,Ekologia w Elektrofijd¥arszawa 5-6.12.2002.

[7] Christian P. KargeiMobile phones and health: A literature overviedv Med. Phys.,
2005, 15, pp. 73-85.

[8] Fazlul Hoquel A.K.M., Sazzad Hossain Md., SattafdlsoA., Akramuzzaman Md.,
A study on specific absorption rate (SAR) due teinaizing radiation from wireless/
/telecommunicationin BangladesAmerican Journal of Physics and Applications,
2013, 1(3), pp. 104-110.

POMIAR NAT EZENIA SKLADOWEJ ELEKTRYCZNEJ POLA
ELEKTROMAGNETYCZNEGO SYGNALU FAL RADIOWYCH
EMITOWANYCH PRZEZ WYBRANE TELEFONY KOMORKOWE

Obecnie stale obserwuje sizrost liczby uytkownikéw telefonéw komérkowych na catyswie-
cie. Powoduje to zainteresowanie zagadnieniem wpfyr@mieniowania elektromagnetycznego na
organizm ludzkiZrodiem pola elektromagnetycznego jest m.in. telisfomaorkowa, ktora sktada
sie z dwoch podstawowych elementéw: telefonéw (termjimatacji bazowych. Wspétczynnik ab-
sorpcji swoistej (SAR) oznacza jednastnergii o cegstotliwosci radiowej zaabsorbowanej przez
ludzkie ciato podczas korzystania z telefonu koroérkgo. Celem pracy byto zmierzeniegiania
pola elektrycznego sygnatu fal radiowych emitowdnpczez wybrane telefony komérkowe. Po-
miary przeprowadzono w Laboratorium Pomiaréw Promoeania w Wojewddzkiej Stacji Sani-
tarno-Epidemiologicznej w Rzeszowie. Pomiary przemdzono dla urgzer pracujcych w ré-
nych systemach transmisji danych, dzigggh w okrélonych pasmach estotliwosci. Pomiary
wykonano za pomacwywzorcowanego, uniwersalnego, szerokopasmowegonika nagzenia
pola elektromagnetycznego typu NBM-550 nr B-0240rzds pomiarowy typu EF-1891. Wskaza-
nia urzdzeir sprawdzano dla wtzonej i wyhczonej transmisji danych podczas odebrania i w trak
cie gczenia sygnatu. Opisano telefelkibmaérkowy i podstawowe cechy tej technologii. W ostatniej
czegsci artykutu przedstawiono sposéb wykonania pomiaréwniki.
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