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Abstract

We used the spectrum analyzer with logarithmic — periodic antenna and we adjusted the parameters of spectrum. The
purpose of the measurements is to detect whether there are cellular mobile antennas in the particular gym that is of
interest to the health due to this area a lot of children play every day. The frequencies we analyzed were GSM-1800 and
GSM-900. The specific frequencies were measured, analyzed in five points of interest and in three directions for finding
signals of the mobile antennas in the broader area. Cellular mobile antenna signals were detected in specific areas
calculated and analyzed the summary of the electromagnetic field strength. We made measurements for educational
purposes and the results are indicative and didn’t correspond to measurements with more precision and certified
equipment.
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1. Introduction

Electromagnetic waves are oscillations transmitted to the
free space at the speed of light (¢ = 299.792.500+300m/sec,
for more applications ¢ = 3 x 108 m/sec). The propagation of
electromagnetic waves has many similarities to the
propagation of waves created by the in water when a stone
disturbs its balance, with a significant difference.

Electromagnetic waves are transverse while waves in
the water longitudinal. The electrical and magnetic fields of
electromagnetic wave are vertically between them as shown
in figure 1. This is a theory that practically cannot be
verified since electromagnetic waves are invisible.
However, this approach can be used to predict the behavior
of waves according to refraction, transmission and
diffraction [1].
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Fig. 1 Electromagnetic Wave
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2. Free space transmission

An electromagnetic wave transmitted by a point source is
propagated in the free space evenly towards all directions.
The wave propagation is spherical as shown in figure 2. To
simplify the concept of propagation we imagine rays
transmitted from the point source in all directions.

At a distance P from the point source the wave has a
specific phase. The radius leaves the point source when the
voltage and current are maximized in a circuit that supplies
the point source e.g. maximum of the electric and magnetic
field.

Fig. 2 Spherical Wave

All those points which have the same form a level of
called wave front. If the length of ray Q is twice the P then
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the new sphere created has a surface 4 times larger than P
ray sphere. So if we set the power density as the radiated
power per unit area then the power density decreases to % of
its value when the distance from the source doubles [2].

It is shown that the power density is inversely
proportional to the square of the distance from the source.
This law is called the inverse square law and applies to all
forms of dissemination in the open space. So we have:

i (1.1)

4rrt

where P = power density at distance r from the isotropic
source. P;=radiated power.

By isotropic source we mean a source that radiates
uniformly in all directions in space. Although it doesn’t
really is not isotropic source, the concept of isotropic
radiation is very useful and very often used. It turns out that
the inverse square law applies even when the source is not
isotropic. However, for spherical waves, the radiation
propagation rate must be constant at all points in space (such
as in free space, for example). A space for which the above
applies during the propagation of spherical electromagnetic
waves is called isotropic [3].

The electric and magnetic field intensities of an
electromagnetic wave are also important. These two
quantities represent the voltage and current in an electrical
circuit, and their units are Volt / m and A / m respectively.
For an electric circuit we have V = ZI, while for an
electromagnetic wave we have:

e=f-H (1.2)

where ¢ = active value of the electric field strength, H=
active value of magnetic field strength, f= characteristic
vertical resistance ().

The characteristic vertical resistance is given by the
relation:

(1.3)

where 1 = magnetic reluctance of the means, ¢ = dielectric
constant of the means
For Free Space we have:

£=28,854-10"F /m
1=1257-10°H /m

We recall that permeability is equivalent to induction
and dielectric constant is the equivalent of capacity in
electrical circuits. We can now calculate from the above
relation characteristic resistance of the free space [4].

\/Z:
&
Knowledge of the characteristic resistance makes it

possible to calculate the field intensity at a distance r from
the isotropic source. Thus, as in the electrical circuits applies

1207 =377Q (1.4)

z=

P=V"/Z, for an electromagnetic wave applies P=¢*/Z.
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From the last equation and equations (1.1) and (1.2) we
have:

P 30P
e=PxZ= ’2><1207z= 2’
4rr r
+/30P
Le=Y—~"2= (1.5)
r

It can be seen from the equation (1.5) that the intensity of the
electric field is inversely proportional to the distance from
the source and proportional to the square root of the power
density.

3. Measurements and Results

3.1 Channel Power

Frequency CELL A PSx PSy PSz
dBm -702.15 -704.41 -708.16
1.879 GHZ E (V/m) 5.97e-8 3.37e-8 2.41e-8
s (w/m?) 7.45¢-8 1.66e-9 2.79¢-9
dBm -706.52 -706.59 -705.25
975,5 MHZ E (V/m) 5.22e-8 3.85¢e-8 5.32¢-8
s (w/m?) 2.97e-8 3.99¢-8 5.45e-9
Frequency CELL B PSx PSy PSz
dBm -703.03 -715.28 -707.7
1.851 GHZ E (V/m) 3.17e-8 5.97e-8 5.97e-8
s (wm?) 9.08¢-9 5.41e-8 4.85¢-8
dBm -702.78 -705.63 -708.4
952.5MHZ E (V/m) 1.17e-8 2.37e-8 4.77e-8
s (w/m?) 1.52¢-8 4.99¢-8 1.66¢-8
Frequency CELL C PSx PSy PSz
dBm -704.38 -707.28 -706.91
1.873 GHZ E (V/m) 4.33e-8 6.29¢-8 7.44¢-8
s(w/m?) | 6.65¢-8 3.41e-9 3.72e-8
dBm -707.66 -707.06 -703.25
930.5 MHZ | E (V/m) 2.67e-8 2.55e-8 7.97e-8
s(wm?y | 3.13e9 3.59¢-9 8.63e-8
Frequency CELLD PSx PSy PSz
dBm -705.51 -701.69 -704.53
1.873 GHZ E (V/m) 3.97e-9 5.90e-8 3.41e-8
s(w/m?) | 5.14e-8 1.24¢-8 6.43e-9
dBm -703.44 -701.19 -705.38
957.5 MHZ E (V/m) 1.91e-8 5.95¢-8 2.57e-8
s (w/m?) 1.44e-8 1.39¢-8 5.28e-9
Frequency CELL E PSx PSy PSz
dBm -701.47 -709.13 -707.44
1.873 GHZ E (V/m) 5.88e-8 4.97e-9 3.97e-8
s (w/m?) | 1.30e-8 1.77e-9 3.29¢-7
dBm -708.55 -705.97 -709.09
957.5 MHZ E (V/m) 2.27e-8 2.51e-8 4.35¢e-8
sw/m?) | 1.22¢-8 1.99¢-8 2.25¢-8

3.2 Electromagnetic Field Power
We are in our measurements we used the spectrum analyzer
and the parameters of the spectrum analyzer shall be
presented in appendix. The following images (Fig. 5-14) as
shown the results of our measurements. All measurements
became in a closed gym (Kalamitsa) in a Kavala area.

We found that there are the nearest base station that was
the reference point of us transmitted two frequency bands
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(GSM 900 and UMTS 1800) and we received measurements
in five points in the gym area which they received from the
nearest base station from 260m to 410m, Fig. 4. The Cell
points A, D and E have visual contact with the nearest base
station and there is intersymbol interference only the
atmospheric air.

Cell Distance From
. Nearest Base | Frequency V/m A/m W/m?
point .
Station
1.879 GHZ 1.5e-8 |2.47e-9 |2.87e-10
A 400m
957.5 MHZ 1.0e-8 |1.97e-9 |3.47¢-9
1.851 GHZ 5.0e-8 [1.38¢-9 |2.92e-9
B 260m
952.5MHZ |6.0e-8 |1.55¢-9 |1.45e-9
1.873 GHZ 1.7e-8 |2.31e-9 |5.11e-8
C 280m
930.5 MHZ |2.8e-8 |1.91e-9 |1.74e-8
1.873 GHZ 2.7e-8 |2.19¢-9 |4.65¢-9
D 410m
957.5 MHZ |2.3e-8 |1.78e-9 |3.47¢-10
1.873 GHZ 8.0e-8 [1.87¢-9 |4.93¢-9
E 300m
957.5 MHZ 1.1e-8 |1.27e-9 |2.22e-9

The Cell’s B and C there are intersymbol interference
depending the shadowing and reflection of buildings, cars
and trees but the most important thing is that there are
altitudes different between the measurement points and
nearest base station [5]. The direction of the antenna receiver
of spectrum analyzer is to the nearest base station and in
each point shall be taken by polarization X, Y, Z. There is
fading of the signal depending on the distance between the
transmitter and the receiver. One of the causes of
intersymbol interference is multipath propagation in which a
wireless signal from a transmitter to the receiver via multiple
paths. Shadowing is the effect that the received signal power
fluctuates due to objects obstructing the propagation path
between transmitter and receiver [1].

Generally the phenomenon in which the transmitter
signal reaches the receiver attenuated and results in the
alteration of the data being sent is called fading [3].

The Cell’s B and C there are intersymbol interference
depending the shadowing and reflection of buildings, cars
and trees but the most important thing is that there are
altitudes different between the measurement points and
nearest base station. The direction of the antenna receiver of
spectrum analyzer is to the nearest base station and in each
point shall be taken by polarization X, Y, Z. There is fading
of the signal depending on the distance between the
transmitter and the receiver. One of the causes of
intersymbol interference is multipath propagation in which a
wireless signal from a transmitter to the receiver via multiple
paths. Shadowing is the effect that the received signal power
fluctuates due to objects obstructing the propagation path
between transmitter and receiver [5].

Generally the phenomenon in which the transmitter
signal reaches the receiver attenuated and results in the
alteration of the data being sent is called fading.

® v »
EL1 D D]
Fig. 4 Cell Points of Measurements
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Fig. 5 Point Cell A in 1.8 GHZ Frequency
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Fig. 6 Point Cell A in 800 MHZ Frequency
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Fig. 7 Point Cell B in 1.8 GHZ Frequency
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Fig. 9 Point Cell C in 1.8GHZ Frequency
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Fig. 10 Point Cell C in 800 MHZ Frequency
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4. Conclusions

Based on the measurements, we calculated the results and
analyzed of the electromagnetic field strength via the signal
power. We carried out the measurements at a high — health
interest point. We made measurements for educational
purposes and the results are indicative and didn’t
correspond to measurements with more precision and
certified equipment. The area has been confirmed to have
mobile antennas. Also, the Poynting vector is frequently
used to calculate the power density. It may be necessary to
further analyze with more specialized machines to
determine if they are within the permissible limits based
on the legislation in force in Greece due to our non-
specialized equipments deviations that had occurred.
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