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Introduction

The number of wireless telecommunication service

Abstract: Base Transceiver Station (BTS) towers are highly vulnerable to
lightning strikes. A lightning strike is a moving electric charge that generates
an electric field and a magnetic field, both of which are vector quantities,
and induces voltage around the tower. The closer to the tower, the greater
the values of the electric field, magnetic field, and induced voltage
generated. A 49-meter highs tower in Mataram City is located 25 and 300
meters from residential areas and public facilities. The metabolism of living
organisms, such as blood circulation, nerve function, heart rate, lung
function, cell growth, and cell division, are also vector quantities. Exposure
of living organisms to external electric fields exceeding the threshold of 210
kV/m can disrupt their metabolism. It is crucial to determine the magnitude
and direction of the electric field vector caused by lightning strikes on BTS
towers and how it affects living organisms around the tower. Observations
are based on Coulomb's Law and its derivative theories on electric fields.
The peak lightning current in tropical areas ranges from 10 to 100 kA, with
a frequency of 200 kHz. The electric field intensity at distances of 25 and 300
meters is 58.30, 584.50, 4.86, and 48.71 kV/m, respectively. These results
indicate that a distance of 25 meters from the tower is not safe from exposure
to high electric field intensity values.

BTS tower;
Transceiver station.
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directions at the end (Lucas, 2023). Air termination is
connected to the down conductor using a jumper also
made of copper (Damianaki et al., 2020; Lucas, 2023).

users has increased rapidly from year to year. One of the
supporting telecommunication  facilities and
infrastructure is the Base Transceiver Station (BTS)
tower, the number of which is also increasing, to meet
consumer needs. BTS towers must be equipped with an
external Lightning Protection System (SPP). The external
SPP aims to protect the tower and equipment in the BTS
tower from lightning strikes (Negara et al., 2021; Mahadi
et al.,, 2022). Air termination or finial is made of pointed
copper, in the form of an anchor or branching in all

How to Cite:

The down conductor is then connected to the grounding
electrode, namely a single rod electrode, or several
electrode rods (grounding), in the form of a plate, in the
form of a grid or a combination there of (Li & Jin, 2022;
Martinez et al., 2021). Air termination or finial, one to
two meters higher than the tip of the tower, so that
lightning strikes the finial of the lightning protection
system, and does not strike the BTS tower structure.
The lightning strike current is channeled by the
lightning protection system to the ground, so that every
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lightning strike on the external SPP of the tower does not
cause an explosion and thunderous sound (Deng et al.,
2024; Ganongo et al., 2024). A lightning strike is the
movement and meeting of electric charges on the
ground and electric charges in the clouds of different
polarities (Bian et al., 2023; Song et al., 2024). Referring
to the Coulomb Force law, that electric charges of
different polarities will attract each other and those of
the same polarity or similar charges will repel each
other. This theorem formulates that the magnitude of the
Coulomb force is directly proportional to the magnitude
of the two charges, and inversely proportional to the
distance separating the two charges, and inversely
proportional to the permittivity value of the media
where the two charges are located (Poole, 2019). External
SPP consists of air termination or finial, copper
conductor or down conductor and grounding electrode
or grounding, shown in Figure 1 (Bai et al., 2024).

Figure 1. BTS tower located near residential areas and
equipped with external SPP

The electric field is a vector quantity. Metabolism of
living things is also a vector quantity activity. Even the
origin of living things since the fertilization of the egg
cell by the sperm cell, is also a vector quantity activity.
Furthermore, growth, division and cell regeneration,
heartbeat, blood circulation, nervous system, and so on
are also vector-shaped activities (Altyar et al., 2023; Di et
al., 2023; Giannino et al., 2024). If living things are
exposed to an electric field from the outside, it will affect
the work of the living thing's metabolic vector. The
World Health Organization (WHO) Standard, the
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International Commission on Non-ionizing Radiation
Protection (ICNIRP), the International Radiation
Protection Association (IRPA) and the International
Electrotechnical Commission (IEC) issued a decision:
that living things may be exposed to a maximum electric
field intensity of 10 kV/m for a period of time that is not
continuous. Referring to WHO, ICNIRP, IRPA and IEC
standards, it is necessary to analyze the intensity of
electric field exposure on living things, especially a
housing complex 25 m away and a public facility
building 300 m away from the BTS tower position in
Mataram city (Chiaramello et al., 2019; Khadjijah et al.,
2024)).

Previous similar studies that underlie and relate to
the study of electric field intensity are as follows.
(Hopsort et al., 2024), examined the magnitude of the
electric field intensity around a building 19 m high. The
building is equipped with an external SPP with a 2 m
long finial, two down conductors and two rod electrodes
(grounding). A lightning current of 10 kA, 200 kHz flows
divided into 2 down conductors, so that a current of 5
kA flows in each down conductor. The safe distance
from the lightning strike point in terms of the Electric
Field is 75 meters. The objects observed were two houses
70 and 300 m from the location of the building struck by
lightning, the electric field intensity of the two houses
was 11.461 and 0.658 kV/m respectively. Seniari, et al,
2021, conducted a study on the safe distance of
residential areas in terms of the electric field intensity of
a 42 m high BTS tower injected with a 10 kA, 200 kHz
lightning current. The tower only consists of a down
conductor.

The electric field intensity is below 10 kV/m or the
safe distance between residential areas and the BTS
tower, is at a distance of 280 m from the tower position.
(Burtsev & Selivanov, 2021; Florkowski et al., 2021),
studied two BTS towers separated by a distance of 25 m
which were struck by lightning simultaneously. The
radius of the Colonimbus cloud that has the potential for
lightning is within a kilometer radius. So, it is assumed
that lightning strikes occur simultaneously on both
towers. The peak lightning current of 18 kA is evenly
distributed across the two towers' external lightning
protection systems. The electric field intensity at the
middle of the distance between the two towers is zero
V/m because the electric field intensity vectors from
tower 1 and tower 2 are the same in size and opposite in
direction. Other objects studied were two houses with a
distance of 5 m from tower 1 and a distance of 12 m from
tower 2. When lightning struck the two towers, the
houses were exposed to electric fields of 358.119 kV/m
and 144.488 kV/m respectively, and were categorized as
unsafe based on various standards.
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Jalilian et al. (2018) and Park et al. (2020), studied
the electric and magnetic fields generated by medical
equipment with Extremely Low Frequency (ELF)
around the hospital. The results of measuring the
intensity of the ELF electric and magnetic fields at the
operator's position more than 40 cm, the ELF electric
field is in the intensity range of 2.75 - 166 V/m and the
ELF magnetic field is in the intensity range of 0.021-3.26
T. A distance of more than 100 cm from medical
equipment, the intensity of the electric field and the
intensity of the magnetic field are not significantly
different from the intensity of the natural electric and
magnetic fields. The position of the medical equipment
operator is generally more than 40 cm from the position
of the medical equipment. Abdulsalam et al. (2020),
conducted a study to obtain exposure to electric and
magnetic fields at distances of 0, 20, 40, 60 and 80 m from
a mobile base station in Katsina, Nigeria. The average
values of electric and magnetic field intensity were 21.03
mV/m and 5578 pA/m, which are still within
acceptable limits, or do not exceed 61 V/m and 0.16
A/m, which are safe limits.

Bjelland et al. (2024), took additional protection
steps and strategies that exceeded the minimum
requirements of the NFPA standard. The aim is to
protect oil structures and refineries in Indonesia from
lightning strike disasters. Additional lightning
protection is specifically designed to avoid the unique
risk of lightning strikes in tropical climate areas in
Indonesia. The novelty in this study is specifically
analyzing the magnitude of the intensity of the Electric
Field around the tower with a total height of 49 meters,
using the Coulomb Force Law and its derivative
formula, namely residential areas that are 25 m away
and public facility buildings that are 300 m away from
the BTS tower position.

Method

This research was conducted in December 2022 to
July 2023, using a descriptive method, namely a case
study researchs on a tower in the city of Mataram. This
study is to determine whether residential areas 25 m
away and public facility buildings 300 m away from the
BTS tower are safe in terms of exposure to electric field
intensity. The electric field intensity is calculated and
analyzed using the Coulomb Force Law and its
derivative theory, namely electric field intensity.
Indonesia is a tropical area at coordinates 6 ° N -11°S
and 95 ° 'BB-141 ° E. The characteristics of tropical
lightning currents use the measurement results of the
ITB research group in collaboration with JADPEN, and
data from international journals, namely peak lightning
currents (lo) 10 and 100 kA, and a lightning current
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frequency of 200 kHz. The time required for lightning to
reach peak current (t) is 10-6 seconds. The constant
values of materials such as air permittivity, vacuum
permittivity are taken from several reference books.
Lightning current in the form of impulses, namely:

i(t) = I,e/®t = [jel2mft M

Io is the peak lightning current, f is the frequency of
the lightning current and t is the time of the lightning
current wavefront or the time required for lightning to
reach the peak value, which is 1 ps or 1x10-6 seconds.
The intensity of the electric field is analyzed using
Coulomb's Law of Force. Coulomb's Law of Force states
that unlike electric charges will attract each other and
like electric charges will repel each other. The unit of
Coulomb's force is Newton with the attractive force or
repulsive force being directly proportional to the
magnitude of the charge and inversely proportional to
the distance between the two charges and also inversely
proportional to the permittivity of the material
separating the two charges.

1 QQ,—

F ; 2)

4mey 12

This Coulomb force is the attractive force between
two point charges (Zhang & Feng, 2020). The derivative
of Coulomb's law is the Electric Field Intensity. The
electric field intensity is the Coulomb force experienced
by a test charge with a value of one positive charge unit.
The electric field caused by a point charge is formulated

as

- l3 1 Q—

E=-= —a 3
Q 4T[€0r2 r ()

If there are N point charges spread over a conductor
with a length of L (m), then the electric field generated
around the tower struck by lightning is caused by the
density of the long charges, namely:

p,=, C/im )

BTS towers when struck by lightning, what is struck
by lightning is not the structure of the BTS tower, but
rather the lightning strikes the external Lightning
Protection System (SPP) of the tower. The electric charge
of lightning will be evenly distributed along the finial
and down conductor, so that a line charge density
appears, which will generate an electric field. Because:

pL=(L—2C/m so, Q = fOL pL dL, with dL being the length or
height of the down conductor and its finial. The electric

966



Jurnal Penelitian Pendidikan IPA (JPPIPA)

field intensity around the BTS tower is analyzed using a
cylindrical coordinate system with coordinates
A(r,8°, 7). With 1 is the radius of the tube, 070 is the angle
forming the base or lid of the tube valued at 00-3600. Z
is the height of the tube and is positioned as the core or
axis of the tube. The tube coordinate system is used in
the analysis of the electric field around the tower,
because the phenomenon of generating an electric field
around the lightning strike point resembles a tube object.
The density of the length of the lightning charge as the
center of the tube, the radius of the tube as a function of
the distance between the density of the line charge and
the points or locations whose electric fields are analyzed.
The symbol Z is the height of the finial and down
conductor installed on the tower.

This phenomenon shows that at the same height Z,
the angle of 00-3600 will have the same impact as long as
the radius of the tube is the same [Hayt, 2006]. Different
effects will occur as a function of the radius of the tube,
illustrated in Figure 2. The intensity of the electric field
generated by the lightning strike current with constant
parameters, and the same external SPP components,
then the intensity of the electric field around the tower
struck by lightning is a function of the distance between
the tower and the points of location around the tower, or
as a function of the radius of the tube. So that the
intensity of the electric field generated by the density of

line charges Q = fOLpL dL where dL is the length

component of the length of the finial and down
conductor.

Z

(x84

(£,8.7)

T ¥ e =TS s irtiil
= SRl 9 AN DO ROV ET LD axis

Figure 2. [llustration of a tube coordinate system on a BTS
tower
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The electric field in a vacuum by a point charge is

Q —

formulated E = L—ar with a; is a unit vector. If the
4TmEy I2

electric field is generated by the density of line charges
and is in the air, and not in a vacuum, then the electric

field E, = [t 3 Ajr

0 2mey .r
permittivity (g,) is the product of the permittivity of a

vacuum (gy) with the relative permittivity of air (g,) or

written g, = gy.&, N/m = (10‘%{%) (1,0006)N/m, The

electric field intensity is analyzed using a cylindrical
coordinate system with the position A (r,0°Z), with r
being the radius of the cylinder, 8° is the angle forming
the base or lid of the tube with a value of 00-3600 and Z
is the height of the tube and is positioned as the core or
axis of the tube.

The tube coordinate system is used in the analysis
of the electric field around the tower, because the
phenomenon of generating an electric field around the
lightning strike point resembles a tube shape. The
density of the length of the lightning charge as the center
of the tube, the radius of the tube as a function of the
distance between the density of the line charge and the
points or locations whose electric field is to be analyzed.
The symbol Z is the height of the finial and down
conductor installed on the tower. This phenomenon
shows that at the same z height, the angle of 00-3600 will
have the same impact as long as the radius of the tube is
the same. Different impacts will occur as a function of
the radius of the tube. The intensity of the electric field
generated by the lightning strike current with constant
parameters, and the same external SPP components,
then the intensity of the electric field around the tower
struck by lightning is a function of the distance between
the tower and the points of location around the tower, or
as a function of the radius of the tube. So that the Electric
Field Intensity generated by the density of the line

charge Q = fOL pLdL with dL is the length component of
the length of the finial and down conductor. The electric
field intensity around the BTS tower when the external

intensity becomes

SPP installed on the tower is struck by lightning, E=
1 Q—

T A The research tools used are: land meter, Lasser

distance to measure the distance of residential areas with

towers, lasser level. The data are processed with Matlab

R2009a Software with license 12345678901112131415

and Microsoft Excel.

Result and Discussion

At a lightning current frequency of 200 kHz, then
ot =2.m.f.t =2x3.14x200.103x1.10-6 = 1.256 rad. Omega

(@)

” the unit is radians/second so the unit of ot is
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radians. When the peak lightning current 10 kA, 200 kHz
, then :

_ IVZaE™
=16

~10.10% %
el =gl = coswt + jsin wt

So, with wt = 1,256 radians and \'zaluesn = 3,14 = 180°
so that :’;00 =12 5o that wt= %%x180° =
71,96°. so that € 7™ = )" = c0s71,96° + jsin 71,96°

Lightning impulse current

i(t) =10.000 (cos71,96° + jsin 71,96°)
9.508,4

i(t)= 3.096,82 +9.508,42t N/
)=+ G

. s
= 10103 e j2.(3,14).(200-.10%).(107°)

Euler's theorem states that

becomes:

i(t) =10.000£71,96° A
Thus, the magnitude of the lightning electric charge

Q= tj idt
0
1078

Q= j 10x10% 2% dt(C)
0

2™ — gt = Cospt + jSinet = Cos71,96° + jSin71,96°

10x10° (10 ., 40
— ej.400.10 ,ﬁ.tdt
Q 400x103X7rL
Q=- :0 x[C05400.0007 -t + jSin400.oooﬂ-t];°'6
x40z

N j(cos71,96 + jsin 71,96)
407

Q= —ij[0,309 + j0,9508]
407z

1. .
=——=j(~0,6903+ j0,9508
40771( J )

Q=7,57x10"° + j5,496x10°C
Q =+/(0,00757°x0,0054962  tan *(0,005496 / 0,00757)

Q =0,0093547269.,35,98°C
MQ =9,3547269x10°C

The magnitude of the lightning electric charge is
MQ = 9.35x10-3 Coulomb. Next, calculate the density of
the electric charge in the finial and down conductor with
the lightning electric charge evenly distributed on the
finial and down conductor installed on a 47 m high
tower. While the height of the finial is 2 m, so that the
lightning current charge is evenly distributed on the
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length of the conductor 49 m. Because the radius of the
down conductor is very small (in millimeters) compared
to the distance of the influence of the lightning strike
observed in meters, so from a distance the down
conductor is like a line. Furthermore, the density of the
lightning charge in the down conductor is assumed to be
the density of the line charge, namely :

_ MQ 9,3547269x10°°
PETL 49

=0,1909127939mC / meter

The results of the calculation and analysis of the
intensity of the Electric Field of 10 and 100 kA, the
frequency of lightning current 200 kHz with a total
height of the BTS tower is 49 m. The intensity of the
electric field in residential areas is 25 m away, public
facility buildings are 300 m away and the safe distance
according to various standards from the BTS tower
struck by lightning is shown in table 1. The intensity of
the Electric Field as a function of distance from the BTS
tower is 49 meters high with lightning characteristics of
10 and 100 kA, 200 kHz, shown in Figure 3. The intensity
of the electric field around the BTS tower decreases
exponentially. It can be seen that the intensity of the
electric field is greatly influenced by the value of the
peak lightning current, at a constant lightning current
frequency of 200 kHz. Lightning current of 10 kA, 200
kHz generates an electric field intensity of 10 kV/m
according to the safe standards of INIRC, WHO, IEC and
ICNIRP is a distance of 145 m and 1,460 m if the
magnitude of the lightning strike current is 100 kA, 200
kHz.

Previous research (Deng et al., 2022; Shindo, 2018;
Strohle et al., 2018), found a safe distance between
buildings as a lightning strike point at a distance of 75
meters, the building is 19 m high and its external SPP
consists of 2 down conductor channels. The same peak
lightning current is 10 kA, the lightning current
frequency is 200 kHz and the time required for the
lightning current to reach its peak is 10-6 s. Two down
conductor channels divide the lightning current into two
channels on each down conductor so that the intensity
of the electric field generated is also smaller. The height
of the building 19 m indicates that the density of the
lightning charge is greater because the total amount of
lightning charge is divided by 19 m. So the number of
down conductors and the height of the tower or the
height of the building struck by lightning also affect the
intensity of the electric field generated (Ullah et al.,
2017). The higher the tower or building struck by
lightning, the smaller the density of the lightning charge,
and the intensity of the electric field generated is also
smaller (Jiang et al., 2020; Ullah et al., 2022; Wang et al.,
2021).
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Parekh et al. (2018); Thomas et al. (2016), research
indicates that the safe distance between 42 m high
towers is 280 m, because the tower only consists of one
down conductor, so the current that generates a pure
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electric field is 10 kA, but the electric charge density
decreases slightly because the tower is 42 m high.

Table 1. Electric Field Intensity (E) at a distance of 25 and 300 m, and the safe distance from the BTS tower Lightning

Parameters: 10 kA, 200 kHz, lightning reaches peak current in 10-6 seconds

Distance from BTS tower (m)

Electric Charge (milli

Line Charge Density

Electric Field Intensity (E)

Coulombs) (mC/m) kV/m
25 7.96 0.16 58.45
300 7.96 0.16 4.87
145 7.96 0.16 10.07

Lightning Parameters: 100 kA, 200 kHz, lightning reaches peak current in 10-6 seconds

Electric
Coulombs)

Distance from BTS tower (m) Charge
25

300

1.46

(milli

79.61
79.61
79.61

Line  Charge Density Electric Field Intensity (E)
(mC/m) kV/m
1.62 584.59
1.62 48.71
1.62 10.01

2H00000e -0

1 200000807
2000000t -0
I00aA, Jo0uET
L Renenaa f]
E.000000E <05

4.0000008 05

He=n el f

Figure 3. Electric Field Intensity around the 49 m high BTS
Tower

Li et al., 2024; Napolitano et al. (2016), made an
effort to optimize the lightning protection system, by
obtaining the current and voltage induced on the
telecommunications line due to lightning strikes.
Analysis with numerical codes and measurements at the
St. Privat d'Allier trigger station, to measure the
disturbance spike on the telecommunications line near
the station. The telecommunications network and
telecommunications cables behave like very long and
interconnected antennas where electromagnetic fields

induce currents in a wide frequency range. Baliah et al.
(2022) and Boukabou & Kaabouch (2024), conducted a
comparative study with the aim of measuring and
comparing the electric field strength, magnetic field
strength and power density, as a function of distance
from several telecommunications towers. Furthermore,
the impact of exposure to electric fields and magnetic
fields on human health was analyzed.

Denov et al. (2023), measured the peak lightning
current in Central Cilacap with statistical results that
50% of the peak lightning current was 18 kA. The
magnitude of the peak lightning current is useful for
determining the National lightning protection standard,
to reduce the potential for damage to equipment and
electrical systems in the future. Denov et al. (2023),
studied the impact of direct lightning strikes on tower
structures based on surface current distribution and
electric field intensity. Using Hybrid FEM/MoM
software, the simulation of a 75 m high tower structure
modeling and lightning parameters refer to the IEC
62305 standard, which is the tropical lightning standard.
The maximum current occurs when the lightning
current wave front reaches 1.2 ps, the lightning current
amplitude is 40 kA and the lightning current frequency
is 833.33 kHz. This study is useful for showing the
distribution of lightning currents flowing in the tower
foot structure when the tower is struck by lightning.

Conclusion

Residential settlements 25 m from the tower are not
safe in terms of electric field intensity at lightning strikes
of 10 and 100 kA, 200 kHz. Public facility buildings 300
meters from the tower are safe in terms of electric field
intensity at lightning strike currents of 10 kA, 200 kHz,
but not safe at 100 kA, 200 kHz. The safe distance from
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the tower is 145 m from the tower at lightning strike
currents of 10 kA, 200 kHz. Determining the intensity of
the electric field around the tower should be
accompanied by direct measurements using certain
measurement techniques so that they have more
accurate comparison results. The parameters that
contribute to the generation of electric field intensity are
also used in detail.
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