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Abstract — The Preliminary Breakdown Pulses (PBP) train preceding the first return stroke either in negative or positive cloud-to-
ground flash consistently found to be a typical profile of lightning ground flashes. This analysis is important as a scientific value for 
electromagnetic compatibility community, lightning protection and meteorology science for designing a proper lightning detection 
system. This study greatly become important in lightning study in order to understand the initiation process of lightning ground 
flashes. Mostly, the investigators reported that the polarities of bipolar train pulses are identical to that of first return stroke. 
However, it is very rare if the polarity of bipolar PBP train pulses become non identical compared to negative return stroke pulse. 
The problematic issue of non identical of PBP train polarity compared to the first return stroke may have tendency to cause 
misleading of lightning ground flashes type (positive/negative) especially for the most highest amplitude of PBP train pulse that 
comparable or higher than the first return stoke amplitude. The problem above motivated our team to explore the criteria in PBP 
train which were not same polarity as that of negative return stroke. Therefore, the electric fields generated by lightning negative 
ground flashes in Malaysia were measured with nanosecond resolution using the combination of flat plat antenna, fast electric field 
buffer and recorder (Yokogawa 1000 and HDO 4240 LeCroy). The numbers of 721 of negative ground flashes were analyzed and 
43 samples of negative ground flashes were found to have PBP train polarities which were not identical to that of negative first 
return stroke. It means that the amount of uncommon PBP from the total of the sample is considered very small (6%). However 
some thunderstorm event we found to have significant amount of uncommon PBP which suggested that this profile may depend on 
the type of thunderstorm and season. Furthermore, uniquely the majority of stroke number of uncommon PBP is single stroke. It 
is suggested that a large number of data need to be analyzed in future in order to have more comprehensive information  
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I. INTRODUCTION 
 
The measurements of electromagnetic field from 

lightning showed that the negative ground flash process is 
associated with the motion of charge initiated in the 
thundercloud. This motion initially develops typically 
downward direction and transport negative charges to the 
ground [14]. The investigators such as [4],[7],[10],[11], [12], 
[17],[18],[19],[20] and [21] reported that the electric field 
radiation preceding to the first return stroke in a negative 
cloud-to-ground flash has a duration from a few hundred 
milliseconds with a typical value of of some tens of 
milliseconds. This duration is composed of a leader initiating 
the first return stroke and is preceded by the preliminary 
breakdown pulses (PBP) which may involve a single channel 
or a sequence of channels [14]. 

The PBP process in ground flashes may preceded by a 
train of relatively large microsecond-scale bipolar pulses, as 
reported by many investigator such as [18], [19], [20], and 
[21]. In addition[21], the polarity of bipolar pulses in the 
train were have a same polarity as that of negative first 
return stroke (atmospheric electricity sign convention). 
However some study by [5] and [19] reported that there were 
small cases to have the preliminary breakdown pulse train 

which the polarity is opposite to that of the succeeding return 
stroke. In Sweden, the work of [5] found that only 5 out of 
71 positive ground flash where the initial polarity were not 
same polarity as that of first positive return stroke. On other 
hand, our preliminary study about this uncommon 
phenomena as reported in [18] found that 9 cases of negative 
ground flash in Malaysia showed the polarity of preliminary 
breakdown pulse train is opposite to that of the succeeding 
return stroke (see Fig.15 in [18]). Furthermore it was found 
from [18] reported that the PBP trains have the highest PBP– 
RS durations which vary from 79 to 230 ms. According to 
[5] speculated that the preliminary breakdown pulse train 
with the initial polarity being opposite to that of the 
succeeding return stroke may be caused by a breakdown 
between the main charge centers and irregularly-located 
charged regions or screening layers. Therefore, there is a 
needed in identifying and examining the characteristics PBP 
train which were not same polarity as that of negative return 
stroke. This phenomenon has motivated us to investigate 
whether the uncommon of PBP train as a part of cloud-to-
ground lightning flash process or intra-cloud activity that 
associates with the PBP process. 
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II. DATA AND METHODOLOGY 

 
We examined the total from 721 negative cloud-to-

ground lightning flashes from the total of 14 thunderstorms 
in Malaysia .The data was recorded in Melaka (Latitude: 
2 18'51'' N, Longitude: 102 19'12" E) from April to May 
2014 and July 2015 .While in Johor (Latitude: 1°N, 
Longitude:103°E).The measurement station altitude is 132 m 
above sea level and approximately 30 km away from the 
Tebrau Straits (May 2009). We used parallel flat plate 
antennas to sense fast electric field. The antenna systems for 
the fast electric field and slow electric field electronic buffer 
circuits used for both measuring sites are identical to the 
literature described in [18],[19],[20] and [21]. The plane of 
antenna is oriented parallel position to the ground to ensure 
the horizontal electric field effect can be eliminated. A 60 cm 
long coaxial cable (RG58) was used to connect the antenna 
to the electronic buffer circuit for a slow and fast electric 
fields. The zero-to-peak rise time of the output was less than 
30ns when the step input pulse is applied to the fast electric 
fields antenna system. The decay time constant for the fast 
and slow electric field circuit is determined by the RC 
circuit. We tune the decay time constant for the certainty fast 
and slow electric field circuit to the 15ms and 1s, 
respectively.The decay time constant for the fast electric 
field was found to be sufficient for faithful reproduction of 
micro-second scale while the value for the slow electric field 
was long enough to allow in our analysis. Signals from all 
antenna were fed by 10m length coaxial cables (RG-58) into 
a 4-channel 12-bit digital transient recorder (Yokogawa 
SL1000 equipped with DAQ modules 720210 and HDO 
4240 Lecroy) through proper termination (50  termination). 
The sampling rate was set to 20 or 100MS/s with the total 
length recorded being 1 second or 2 seconds. The transient 
recorder was operated either in 125 or 300ms in pre-trigger 
mode. The trigger setting of the oscilloscope was set such 
that for the signals of both polarities could be captured. The 
close distance of the negative ground flashes with a distance 
less than 16km were calculated using the thunder ranging 
method. In this method , the elapsed time between the 
arrivals of the electric pulses and acoustic signals is divided 
by the speed of the sound to arrive at the distance of the 
flash. There is an approximate 1s delay of a possible error 
when the first electric pulse is displayed in the scope. The 
trigger level is set in a range of 500mV- 2V, to ensure only 
close flash could be recorded. Although the thunders for the 
close flashes were audible for less than 20km, we only limit 
our selection to less than 16km to prevent from an 
uncertainty in time correspond to an uncertainty in distance. 

 
 

III. RESULT AND DISCUSSION 
 
Table 1 shows the details of negative cloud-to-ground 

flashes from 14 thunderstorms. From the total of negative 
cloud-to-ground flashes, 43 samples are found to have non 
identical polarity of PBP train to that of the first return stroke 
(also define as uncommon, see Table 1) while 678 are 
common PBP train. Although the number of uncommon PBP 
train is not significant (6 %), however some of the data such 
as in 9th of May 2014 and 11th of May 2014, found to be 
significant value. Those data were had the number of 40 % 
and 16 % out of 30 and 50 samples, respectively. 

 

TABLE I.  THE NUMBER OF CLOUD –TO- GROUND FLASHES (CG) 
COMPRISES OF COMMON AND UNCOMMON OF PRELIMINARY BREAKDOWN 

PULSES TRAIN 

Date Of 
Recording 

Data 

No.Of 
Cloud - 

To -
Ground 
Flash 

Preliminary Breakdown 
Pulse Train 

Percentage 
Existence Of 
Uncommon 

Pbp 
(%) 

Common 
Uncommo

n 

C2:21may2009 56 55 1 1.8 

C2:23may2009 79 77 2 2.5 

C2:26may2009 104 101 3 2.9 

C2:29may2009 66 65 1 1.5 

C2:30may2009 20 19 1 5.0 

C2:02april2014 20 19 1 5.0 

C2:08april2014 8 7 1 12.5 

C2:13april2014 4 3 1 25 

C2:14april2014 49 45 4 8.2 

C2:09may2014 30 18 12 40 

C2:11may2014 50 42 8 16 

C2:12may2014 10 9 1 10 

C2:24july2014 75 74 1 1.3 

C2:26july2014 150 144 6 4 

Total 721 678 43 6 

 
Figure 1 shows the two profiles of uncommon PBP train 

from thunderstorm occurred in 9th of May 2014. 
Unofficially, we observed that the uncommon profile found 
during heavy rain and when the base of the thundercloud 
become very close to ground level. We suggested that the 
uncommon PBP may depend on the type of the 
thunderstorm, changes of monsoon season and the condition 
of rainfall. However, one has to have a bulky of uncommon 
data together with the precipitation information in order to 
obtain very comprehensive information regarding on this 
matter 
 



PUTERI NUR SUHAILA AB. RAHMAN et al: INVESTIGATION OF NON-IDENTICAL POLARITY OF LIGHTNING . 

DOI 10.5013/IJSSST.a.17.41.40                                            40.3                            ISSN: 1473-804x online, 1473-8031 print 

 
 

Figure 1.  (a) Highest Preliminary Breakdown Pulse (PBP) for date 2 April 2014 data 00017 by using HD0 4240 Lecroy. 
 
 

 
 

Figure 1.  (b) Highest Preliminary Breakdown Pulse (PBP) for date 23may2009 data 00004 by using Yokogawa SL1000 equipped with DAQ modules. 
 720210. 
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Figure 2.  Frequency (return stroke) vs number of return stroke order. 
 
 
In this paper, we also analyzed the property of number of 

return stroke and the ratio between the highest of PBP and 
the first return stroke amplitude. Obviously, the majority of 
the number of return stroke in uncommon negative ground 
flashes is single return stroke. Only two samples (5 %) have 
the highest return stroke with 8 stroke orders (see Figure 2). 

Next, we interested to see the significant of PBP 
amplitude by comparing the highest amplitude of PBP with 
the amplitude of first return stroke (PBP/1st RS). From Table 
2, our result indicated that the PBP/1st RS ranging from 0.01 
to 0.91. The average arithmetic and geometric mean of 
PBP/1st RS is 0.14 and 0.08, respectively. Almost 7% were 
found to be comparable (the PBP/1st RS that more than 0.5) 
with the first return stroke. Typically the trigger voltage level 
of recording system was set to 0.1 to 0.4 Volt to allow the 
data in the range of 80 to 100 km can be detected. In 
principle, the average value of PBP/1st RS indicated that the 
amplitude of uncommon PBP can caused lightning detection 
system can be recorded. The tendency of misleading in 
determining the type of flashes (either positive or negative 
ground flashes and positive narrow bipolar pulse) may 

happen if certain condition and parameter of the whole 
lightning ground flashes does not taken into account 
correctly, especially if lightning detection system only 
depends on the amplitude and the polarity of return stroke. 
To the best of our knowledge, this analysis is important as a 
scientific value for power engineer and meteorology science 
to consider all the important parameters in the mechanisms 
of ground flashes especially for designing a proper lightning 
detection system. Therefore one has to characterize the 
uncommon PBP train with the detail description of the 
criteria use for identification and selection for lightning 
detection system. The uncommon PBP train has to be 
included the number of pulses in the train, pulse train 
duration, inter-pulse interval, pulse duration, regularity of the 
pulse and polarity of initial half cycle. We aim to provide 
those information above for our further study so that it will 
be beneficially useful for lightning detection system for 
future innovation then to be more reliable as lightning 
detection system. 
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TABLE II. THE UNCOMMON CHARACTERISTICS OF BIPOLAR PULSES PRECEDING  TO THE FIRST RETURN STROKE IN NEGATIVE-
CLOUD-TO-GROUND FLASH 

 NO DATE HIGHEST PBP(MV) 1ST RS (MV) RATIO SUBSEQUENT 
STROKE 

TOTAL OF RETURN STROKE 

PBP/RS
1 C2:21may200900051 126 762 0.165 0 1 

2 C2:23may200900004 5 46 0.109 6 7 

3 C2:23may200900005 47 1148 0.041 1 2 

4 C2:26may200900063 10 11 0.909 7 8 

5 C2:26may200900084 211 1280 0.165 3 4 

6 C2:26may200900088 49 1006 0.049 1 2 

7 C2:29may200900028 44 1855 0.024 3 4 

8 C2:30may200900000 14 34 0.412 1 2 

9 C2:2april201400017 174 216 0.806 3 4 

10 C2:8april201400008 168 507 0.331 0 1 

11 C2:13april201400003 57 395 0.144 2 3 

12 C2:14april201400007 17 234 0.073 2 3 

13 C2:14april201400025 12 276 0.043 1 2 

14 C2:14april201400044 190 454 0.419 0 1 

15 C2:14april201400047 81 629 0.129 0 1 

16 C2:9may201400000 10 118 0.085 0 1 

17 C2:9may201400001 14 145 0.097 1 2 

18 C2:9may201400002 10 88 0.114 0 1 

19 C2:9may201400008 10 98 0.102 0 1 

20 C2:9may201400009 22 102 0.216 0 1 

21 C2:9may201400021 14 220 0.064 1 2 

22 C2:9may201400022 12 184 0.066 1 2 

23 C2:9may201400023 10 153 0.065 3 4 

24 C2:9may201400024 27 112 0.241 1 2 

25 C2:9may201400025 13 220 0.059 0 1 

26 C2:9may201400028 63 114 0.553 0 1 

27 C2:9may201400029 13 288 0.045 0 1 

28 C2:11may201400000 12 316 0.038 3 4 

29 C2:11may201400006 14 199 0.07 3 4 

30 C2:11may201400015 18 482 0.037 0 1 

31 C2:11may201400016 11 796 0.014 0 1 

32 C2:11may201400021 10 490 0.02 7 8 

33 C2:11may201400027 29 480 0.06 0 1 

34 C2:11may201400036 13 492 0.026 0 1 

35 C2:11may201400049 11 450 0.024 0 1 

36 C2:12may201400002 13 428 0.024 0 1 

37 C2:24july201500062 16 808 0.02 0 1 

38 C2:26july201500026 8 202 0.04 3 4 

39 C2:26july201500037 2 64 0.031 0 1 

40 C2:26july201500061 12 203 0.059 0 1 

41 C2:26july201500062 10 187 0.053 0 1 

42 C2:26july201500094 4 300 0.013 3 4 

43 C2:26july201500097 10 169 0.059 3 4 

   min 0.01  

   max 0.91  

   ave 0.14  

   geo ave 0.08  

   std dev 0.20  
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IV. CONCLUSION 
 
The number of 43 samples of non identical of 

preliminary breakdown pulse train to that of negative first 
return stroke in Malaysia were analyzed and discussed in this 
paper. The results of uncommon preliminary breakdown 
pulse train shows that this study is significant and showed as 
a unique mechanism during the initiation process. 
Interestingly, the majority of this initiation process finally 
found to produce a single stroke. This characteristic and its 
mechanism still open into question therefore a bulky of 
uncommon preliminary breakdown pulse data need to be 
acquired for future analysis. 
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