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Abstract 
In order to develop a remote lightning mapping system using the existing telecommunication 
subscriber line (TSL), it is importance to investigate the relation between distances and heights of 
the TSL on its induced voltages to lightning current sources. This work deals with the 
experimental thing that mimics the lightning current that strikes a TSL nearby. The experiment 
shows that the induced voltage is significantly affected by TSL height and distance relative the 
surge current sources location. 
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I. Intoduction 
A Telecommunication Subscriber Line (TSL) 

and power distribution line are the two systems that 
always in danger of lightning strike nearby. Many 
studies have been done to understand this lightning 
effect to the system in order to achieve a better 
design of a lightning protection system. For example, 
the effect of distances and height of TSL to lightning 
strike position explained in [1] and [2]. The 
induction voltage in a complex TSL, a simplified 
wire model was simulated in [3]. In a different work, 
lightning surges induced in a telecommunication 
building observed in [4]. The stroke locations 
approximately along the line prolongation and their 
effect to the amplitude and shape of the induced 
voltages are discussed in [5]. The techniques to 
calculate the electromagnetic fields from known 
sources applied to lightning are discussed in [6].The 
experimental approach to test the theory of lightning 
induced voltages on an overhead wire was done in [7] 
and [8].  

All of the above studies give the information 
about parameters of lightning induced voltage on the 
overhead wire mostly for lightning protection 
purpose but in this work, the induced voltages are 
measured in order to predict the lighting current. 
This is possible by using the concept developed in 
[9]. 

This paper will present our experimental work in 
a TSL reduced scaled model in order to investigate 
further the relationship between lightning parameters 
and their induced voltage in a different height and 
distance. This is a preliminary work to gather some 
knowledge to develop a local lightning mapping 
utilizing the existing TSL. 

II. Experimental Set up 
The high surge current is generated by a high 

surge current generator that consists of a high 
voltage DC generator and an impulse circuit that are 
connected in parallel, see figure 1. The impulse 
circuit consists of a trigger switch that is connected 
in parallel with a high voltage capacitor 2x0.3 pF. 
To enable current flowing through the copper strip 
measured, a high voltage resistor, 5-10 Ω, is added 
in series with the capacitor. The height of the copper 
strip is 2 m. The coaxial cable, RG 59, 50 Ω, is 
installed to mimic the Telecommunication 
Subscribers Line (TSL) in a certain distance, d, and 
height, h. The length of the cable, l, is 4 m. The high 
current is measured by a Rogowski coil that has a 
sensitivity of 0.01 v/m. The induced voltage on the 
cable is measured through a 50 Ω resistor. These 
signals then be captured and visualized by 3052 
series textronic oscilloscope through a 10 m data 
cable. 

Before the voltage is applied, the trigger switch 
distance is set up for 0.8 mm length to enable 
discharge taken place at constant voltage 20 kV and 
current about 480 A. The capacitor is charged 
through 10 M ohm resistor. The choice of value is 
merely based on the availability of the high 
resistance equipment on site. This high resistance 
not only functions as the charging resistance but also 
as a protection for the High Voltage (HV) 
transformer from return high current from the surge 
circuit or ground after the discharge. 
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Figure-1 The circuit connection to simulate the 
lightning induced voltage on a coaxial cable for 

reduced scale model 
 

 
The following data were taken during the 
experiment: 
1. The peak of high surge current and voltage 
2. The peak induced voltage in the height of 50 cm, 

100 cm, and cm 
3. The peak induced voltage with a distance of 10 

cm, 20 cm, 30 cm, 40, cm, 50 cm and 60 cm in 
every height from 2. 

 

III. Results and Discussion 
The next tables and figures show the result of the 

experiment. Tabel 1 is the data taken on April 2, 
2007. The polarity is negative and the room 
temperature is 20o C. The room is well covered by 
Faraday Cage. The cable is tightened to the roof of 
the cage using an insulated wire in 6 six point.  
  
Tabel-1 Cable induced peak voltage, Vp, in a 
different distance and height 

 
Height, 

cm 

Distance (d), cm 

10 20 30 40 50 60 
50 6.4 6 6.6 5 5 4.8 
100 9 8 7.4 7.2 7 6 
150 10 8.8 7.8 7.4 6.8 6.6 

 
Tabel 1, shows the average peak of induced 

voltage on the coaxial cable in a differen distances. 
The voltage varies with distance, d, and height, h. In 
the distance of 10 cm for example, the induced 
voltage are 6,4 volt, 8,8 volt and 10 volt for the 
height of 50 cm, 100 cm and 150 cm from the floor 
or ground. In the distance of 20 cm, the induced 
voltage are 6,0 volt, 8,0 volt and 8.8 volt for the 
height of 50 cm, 100 cm and 150 cm from the floor 
or ground. The last for distance of 60 cm, the 
induced voltage becomes smaller then the induced 
voltage from the shorter distance. The graphical 
verse is shown in figure 2. 
 

 
Figure-2 Cable Induced voltage in different distance 

and height 
 

Tabel 2 shows the induced voltage on the cable 
at different distances and heights for positive 
polarity. The data is taken on April 5, 2007. The 
temperature is about 20o C. The result shows the 
somewhat similar with negative polarity. The line 
trend is typical. The highest induced voltage, 7.4 
volt, given by the nearest position of cable, 10 cm, to 
the copper bar that pass the high surge current and at 
the highest height, 150 cm. The smallest induced 
voltage, 4.6 volt, given by the most distance, 60 cm, 
at the height of 50 cm. 

 
Tabel-2 Cable induced peak voltage, Vp, in a 

different distance and height 

Height, 
cm 

Distance (d), cm 
10 20 30 40 50 60 

50 6.4 6 5 4.8 4.8 4.4 
100 6.4 6.2 5.2 5 5 4.8 
150 7.2 7 6.8 6.4 6.2 4.8 

 
If we compare figure 2 and figure 3, we could 

see some differences in the peak magnitude of 
induced voltage. The peak magnitude of negative 
polarity in general is higher than the positive one. It 
happened because of the trigger switch we use is the 
plate electrodes that have the same diameter and 
surface. For the plate electrode, the electric field is 
uniform for both positive polarity and negative 
polarity. For ideal situation, the discharge voltage 
should the same and it is true in our case. But there 
is some different, the induced voltage on the cable it 
depends on the high current produced by surge 
voltage at the trigger switch. The discharge for 
positive polarity happened earlier than the negative 
polarity. Because of that, the capacitor has a shorter 
charging time and result of smaller current. This is 
explaining why the induced current for positive 
polarity is smaller than negative. 
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Figure-3 Cable Induced voltages in different 

distance and height for positive polarity 
 

The relation between the induced voltage and the 
current sources could be seen in table 4 and figure 5. 
The lowest value of current source, 663 A, gives 
about 36 volt of induced voltage on the cable. The 
biggest value of current source, 2483 A, gives about 
183 volt of induced voltage. As a whole the 
relationship between current sources and induced 
voltages on the cable are also linear as relation 
between the current sources and the voltage sources. 
 

Tabel-3 Relationship between voltage sources and 
current sources. 

 
 

Tabel-3 and figure-4 shows how the current 
sources varied with the voltage sources. The lowest 
voltage sources in this experiment are 20 kV and the 
highest one is 60 kV. The lowest current is 653 A 
and the heist one is 2483 A in averages. It is clearly 
seen that in the range of the experiment, the value 
voltage increase as the current increase. It seems that 
the relation between values tend to be linear. It is 
true that some values are not exactly in line but it is 
still in the range of accepted error, and in average it 
is linear.   
 

 
Figure-4 Relationship between voltage sources and 
current sources. The cable distance is 20 cm from 

copper bar. 

 
Tabel-4 Relation between induced voltage and 

current sources 

 
 
 

 
Figure-5 Relation between induced voltage and 

current sources. The cable distance is 20 cm from 
copper bar. 

IV. Conclusion 

The data shows that the height and distance of 
TSL has the significant effect to the surge induced 
voltage on it. The extreme effect is given by the 
combination of the highest height and the closest 
distance to the surge current sources. 
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