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Parameters of the Electric and Magnetic Fields Due
to Cloud-to-Ground Lightnings
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Abstract

One of the topics concerning the electromagnetic compatibility of modern electronic circuits is to
take protection from transient overvoltages caused by not only cloud-to-ground lightnings but also
induced lightning discharges. In this paper, the vertical electric and horizontal magnetic fields from
cloud-to-ground lightnings were measured and analyzed. The electric and magnetic fields waveforms
associated with cloud-to-ground lightnings have several subsidiary peaks which decrease with time,
There were not much differences between the electric and magnetic field due to long distance cloud-to-
ground discharges. Average values of 10~90 % rise times of electric fields are 4.65 ps for the positive
cloud-to-ground lightning and 3.29 us for the negative cloud-to-gro{md lightning, respectively. Also, in
the positive and negative cloud-to-ground lightning discharges, the zero-to-zero crossing times in the
wave tail of magnetic fields are significantly longer than those of the electric fields.
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in atmosphere are very severe, Especially

1. Introduction cloud-to-ground lightnings injure human body

and bring about malfunction of small sized

The injurious effects of lightrung discharge electronic circuits such as semiconductor de-
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vices, computer and control units, information
systems, telecommunication facilities, and so
on. In the view of lightning protection, it is
very important to determine parameters of
spatial electric and magnetic fields associated
with lightning discharges. Therefore, this field
has become an area of increasing public con-
cern, and a lot of research concerning cloud-to-
ground lightnings have been carried out by nu-
merous workers in all over the world,[1~(4]

In this study, the measuring systems of
transient electric and magnetic fields were
designed and fabricated with the object of
analyzing the change of electric and magnetic
field waveforms produced by lightning dis-
charges, Thus the results of the statistical
characteristics such as physical properties, the
rise time of the electric and magnetic fields
waveforms, the distribution of zero-to-zero
crossing time associated with cloud-to-ground
lightnings were reported.

The data described in this paper were meas-
ured at the seaside of Inchon from June 1995
to August 1996. All of the detected signals
were not fine, but we report the only fine
data.

[l. Theoretical Consideration_ of Electric and
Magnetic Fields due to Cloud-to-Ground
Lightnings

The thundercloud is made by the seperation
and accumulation of the electric charges due
to ascending air in atmosphere, Lightning
discharges then are origiriated from insulation
breakdown of the air, the electromagnetic
waves corresponding to movement of electric
charge or flowing current in air are radiated.
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Fig. 1. Geometrical parameters used in calculat-
ing cloud-to-ground discharge.

The wave length of electromagnetic waves
is longer than wave length of the return
strokes flowing large current, otherwise it is
shorter than that of shock wave during the
producing new discharge channel, The geo-
metrical and physical parameters were shown
in Fig. 1 to express the ideal conduction chan-
nel and the electromagnetic fields produced by
flowing current in the channel,

The vertical compoment of electric field and
the horizontal component of magnetic field at
a distance R away from the vertical channel of
height H are given by(8.{11]
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where equations (1) and (2) are in cylindri-
cal coordinates, &, m and ¢ are electric permi-
ttivity, permeability of vacuum and the hght
velocity, respectively.!s! Also, equation (1)
gives the electrostatic component by the first
term, induced component by the second term
and radiation component by the third term.
And equation (2) gives the induced component
by the first term and radiation component by
the second term. The electric field of low fre-
quency bandwidth in short distance mainly
presents electrostatic component of the first
term in equation (1). The electric and mag-
netic fields produced by cloud-to-ground light-
ning discharges depend on the distance from
the lightning stroke point to the measuring
point. Generally, the electric and magnetic
field waveforms have the zero crossing points
and the shapes of them resemble closely each
other when the distance from lightning stroke
point to observation station 1s more than 50
km 161.111]

Il. Measuring System of Electric and Magne-
tic Fields

The hemisphere-type electric field sensor,
whose diameter i1s 30 cm, was designed and
fabricated to prevent a short circuit between
the sensing electrode and earth plate by rain-
water, ice and snow. The signal processing cir-
cuit including the amplification circuit and
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buffer circuit was installed within the shield
box at the lower part of the sensor to reduce
the electromagnetic noises due to magnetic
field to be measured. The frequency bandwith
of the electric field measuring system is in the
range of 200 Hz~1.56 MHz and the sensitivity
i 0.96 mV /V /m.!7]

The senscr of magnetic fields is made of
loop-type coaxial cable to reduce the effects of
electric field to be measured. [t is necessary to
intergrate the detected signal because the
loop-type magnectic field sensor detects the
time derivatives of signal to be measured. Ac-
cordingly, an active-type intergrating circuit
was designed and the BNC connector was used
In connection part for impedance matching.
The frequency bandwith of magnetic field
measuring system ranges from 270 Hz to 2.3
MHz and the sensitivity is 135 mV /4T.[8]

Fig. 2 shows a schematic diagram of the
electric and magnetic field measuring system
and the data recorder. In order to remove the
effects of geographical feature and the earth-
ing and neighboring metal structures for the
fine data measurement, careful attentions
were paid to the selection of the measuring
site of electric and magnetic fields. Earthing

Hemisphere Sensor

Loop Sensor
g T Transient Analyzer
Pc;l:J* (Nicolet Pro.3$)
{ ?
Output T_ Filter &
Surge 509 Cable
Absorber
: - LC Filte
P Voltage ||Active
reamp. 1 gojower | | Integrator

Fig. 2. Schematic diagram of electric and mag-

netic field sensors and data recorder.
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rods were established, and copper plate of
900 1600 mm was covered at the bottom of
earth, The data acquisition system(Nicolet
Pro30) has the vertical resolution of 12 bit and
the memory capacity of 512 kbytes per one
event, and the sampling time could be ad-
justed in the range of 100 ns~500 s.

IV. Results and Discussion

4-1 Parameters of the electric and magnetic
field waveforms

The electric field waveforms radiated by
cloud-to-ground lightning slightly differ from
the magnetic field waveforms because of the
dependence of distance from the lightning
stroke point to measuring point as described in
Sec. 2.

The characteristics of wave front in the
electric and magnetic field waveforms asso-
ciated with cloud-to-ground lightnings are di-
vided into the initial slow part produced by the
progress of last leader due to propagation on
the ground with limited electric conductivity
or sea and the fast transient part produced by
lightning return strokes.!®! Also the fast tran-
sient part of wave front corresponds to change
of lightning current.

The characteristics of wave tail are strongly
dependent on ihe distance from the lightning
stroke point to the measuring point. Genarally,
the wave tail gives the droop waveform in pro-
portion to the change of vertical components
of electrostatic field after initial peak in sev-
eral km. The electric and magnetic field wave-
forms are shown with the mixed waveform by
radiated and induced components for the order
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of 50 km distance and with the radiated com-
ponent only in long distance of more than 50
km,[0L01] Tt is very effective to statistically
analyze the electric and magnetic field wave-
forms produced by cloud-to-ground lightnings
since those involve informations about lighting
current as a radiation source. The electric and
magnetic field waveforms, which are variable
on the distance from lightning stroke point to
detecting point, are characterized by parame-
ters such as the rise time, the zero-crossing
time and the overshoot to the inverse direc-
tion, and so on. Especially, the cloud-to-ground
lightning location positioning system must de-
tect the waveforms produced by cloud-to-
ground lightning excluding intracloud dis-
charges. In order to improve the detecting ac-
curacy of the lightning location positioning
system and to develop the effective lightning
protection.of power system, it is very import-
ant to analyze the characteristics of the elec-
tric and magnetic field waveforms produced by
cloud-to-ground lightning in Korea.

Fig. 3 shows the definition of parameters
such as a leader pulse of preceding discharge,

Dp Time

Fig. 3. Definition of parameters of the electric
and magnetic field waveforms produced by
cloud- to-ground lightning,



the rise time of wave front, the second peak
value, the zero-to-zero crossing time, the dep-
th of the dip after zero-crossing in the electric
and magnetic field waveforms associated with
cloud-to-ground lightnings. The 10 to 90 % rise
time(T,) of the electric and magnetic field
waveforms is very useful since there is uncer-
tainty in determining the virtual zero point of
the waveform,

The zero-to-zero crossing time(T,) presents
the time interval from the origin point to the
second zero crossing point. The depth of the
dip(D,) is presented the ratio of the second
peak value in the opposite polarity relative to
the first peak value.!'?) T, and D, stand for the
characteristics of wave tail. We analyzed the
only data of the electric and magnetic field
waveforms produced in long distance because
the cloud-to-ground lightning is exactly dis-
tinguished from intracloud discharges, and Ta-
ble 1 shows the typical discrimination criteria
of the lightning return strokes used in the
lightning location positioning system.

Three parameters(T., T, D,) character-

Table 1. Discrimination criteria of lightning return

strokes from electric and magnetic field

waveforms,
Polarity N
Positive | Negative
Parameter
Rise time [ ps] T.<32 T.<32
Zero crossing time [ 48] Tz>6 Tz>6

7Peak value of the
. P’<0.23P | P’<0.2P
preliminary breakdown

Peak value for the
inverse direction after Dp<P Dp<P

Z€ro Ccrossing
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izing the fine structure of electric and mag-
netic field waveforms from the first return
strokes are statisticlly examined in this paper.
In order to remove the distortion caused by
propagation and by the effect of the induced
field, the electric and magnetic field wave-
forms produced by cloud-to-ground lightnings
in the case of existing the zero crossing point
were analyzed.

4-2 Rise time
The statistical distributions of the rise time in

the electric field waveforms produced by cloud-
to-ground lightnings were shown in Fig. 4.
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Fig. 4. The rise time of the electric field wave-

forms,
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The mean value of the rise time for the posi-
tive electric field waveforms is 4.65 gs and the
standard deviation is 2.76 gs. Most of the rise
times for the negative lightning return strokes
are concentrated in the time range of 2~5 ps.
The mean value of the rise time for the nega-
tive is 3.29 s and the standard deviation is 1.
59 ps. Accordingly, it was known that the pro-
gress velocity of the positive lightning return
strokes 1s slower than that of the negative
lightning return strokes.,

The rise time of the magnetic field wave-
forms radiated from lightning return strokes
gives the dependence of polarity like the elec-
tric field waveforms as shown in Fig, 5.
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0r Mean = 5.74 us
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(b) Negative

Fig. 5. The rise time of the magnetic field wave-

forms,
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Most of the rise times of magnetic field
waveforms for the negative polarity are chief-
ly concentrated in the time range of 2~7 s,
The mean value of the rise time of the nega-
tive magnetic field waveforms is 3.72 us and it
is slightly longer than that of the electric field
waveforms, And the standard deviation is
about 1.92 xs. The mean value of the rise time
of the positive magnetic field is longer than
that of the electric field waveforms too. And
the mean value of the rise time is 5.74 ps and
the standard deviation is 3.17 us.

As a result, it was found that the rise time
of the wave front in the electric field wave-
forms produced by lightning return strokes is
shorter than that for the magnetic field wave-
forms up to about 20 [%] for both polarities.
The front part of the electric and magnectic
field waveforms is constituted of the slow part
produced by attachment of preliminary break-
down leader and the fast part around the peak
value. The 10 to 90 % rise time is substantially
the same as rise tme of the slow part, because
the deviation of the fast transition part is less
than 1zs. Therefore the nature of the 10 to 90
% rise time is characterized by the attachment
process of lightning return strokes, and the
dispersion of the 10 to 90 % rise time orig-
inates from discharge process of the preceding
leaders. The rise time of the electric and
magnectic field waveforms produced by light-
ning return strokes is a critical parameter in
the area of analysis of lightning phenomena.
Also in the view of engineering issue, the rise
time is very important factor in design of
lightning protection devices because it is di-
rectly influenced on the response character-

istics of lightning protection devices against



the very fast transient overvoltages.
4-3 Zero-to-zero crossing time

The zero-to-zero crossing time(Tz) is the
time interval between the beginning point of
the waveform and the crossing point to zero
after the first peak, and it is applied to evalu-
ate the energy quantity transmited by light-
ning strokes to ground in relation to the dura-
tion of lightning return strokes. Also it has a
strong dependence of the distance from the
lightning stroke point to observatory.

As shown in Fig. 6, the mean value of the
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=
2w
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Zero-to—zero crossing time [us]

(b) Negative

Fig. 6. Zero-to-zero crossing time of the electric

field waveforms,
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positive zero-to-zero crossing time for the elec-
tric field waveforms is 40.75 us and the stand-
ard deviation is 16.78 us. On the other hand,
the mean zero-to-zero crossing time in the
negative polarity is 30.73 gs and the standard
deviation is 10.44 gs. The mean zero-to-Cross-
ing time of the positive electric field wave-
forms is much longer than that of the nega-
tive.

The mean value of the positive zero-to-zero
crossing time of the magnetic field waveforms
as shown in Fig. 7 is 54.37 us and the standard
deviation is 20.46 us. And the mean zero-to-
zero crossing time of the negative magnetic

50 r Number = 219
Mean = 54.37 us
ST.Dev= 20.46 us

Number

10 20 30 40 50 60 70 8 90 100
zero-to-zero crossing time [us]

(a) Positive
Number = 382

80 P Mean = 46.71 us
ST.Dev = 19.16 us

Number

10 20 30 40 50 60 70 8 90 100

Zero-to-zero crossing [us]

(b) Negative

Fig. 7. Zero-to-zero crossing time of the magnetic

field waveforms,
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field waveforms is 46.71 ps and the standard
deviation is 19.16 gs.

The positive zero-to-zero crossing times for
both electric and magnectic field waveforms
are longer than the negative zero-to-zero cross-
ing times and wider dispersions in the histo-
grams, The difference might be because of the
long duration current among the positive
cloud-to-ground lightning. 33 Also the zero-to-
zero crossing times of the electric field wave-
forms for both polarities are mainly concen-
trated before and after the mean value where-
as those of the magnectic field waveforms are
widely distributed.

The mean values of the zero-to-zero crossing
times of the electric and magnetic field wave-
forms obtained in this work are slightly short-
er than other researcher’s data.!3! It was in-
ferred that the djfference might be caused by
the following factors such as the distance from
the lightning stroke point to the observatory,
the geographical and seasonal effects, and so

on,
4-4 Depth of the dip

The depth of the dip, which presents the
ratio of the second peak value in the opposite
polarity to the first peak value, shows the
characteristics of the wave tail. The depth of
the dip for the cloud-to-ground lightnings at
long distance is deeper than that at close dis-
tance, because it is changed by the distance
from the lightning stroke point to the meas-
wring point,

Fig. 8 and 9 show the depths of the dip for
the electric and magnetic field waveform pro-
duced by lightning return strokes.
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Fig. 8. Depth of the dip of the electric field wave-

forms,

The mean depth of the dip for the positive
electric field waveforms is 33.68 % and the
standard deviation is 17.45 %. Also, the mean
depth of the dip for the negative polarity is 28.
36 % and the standard deviation is 13.22 %.
The depths of the dip for the positive electric
field waveform are distributed before and after
20 to 50 %. The mean depth of the dip for the
positive magnetic field waveforms is 32.83 %
and the standard deviation is 19.91 %. Also,
the mean depth of the dip for the negative po-
larity is 25.32 % and the standard deviation is
15.64 %.
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Fig. 9. Depth of the dip of the magnetic field

waveforms,

The positive depths of the dip for both elec-
tric and magnetic fields are deeper than the
negative depths of the dip. And the depths of
the dip of the electric fields for both the posi-
tive and negative polarties are deeper than
those of the magnetic fields. The trend can be
explained by the irregularity of lightning dis-
charges.

V. Conclusion

The electric and magnetic field waveforms
associated with cloud-to-ground lightnings are
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dependent on the geographical and seasonal ef-
fects and the distance from the lightning
stroke point to the measuring point. In sum-
mer, a lot of the negative cloud-to-ground
were occured. The rise times of the positive
electric and magnetic field waveforms are
longer than those of the negative, and the
mean rise time of the magnetic fields are
longer than that of the electric fields. The
zero-to-zero crossing times of the electric
fields for both positive and negative polarities
are shorter than those of the magnetic fields.
The rise time and the zero-to-zero crossing
time are very useful data in determination of
the response time and the energy capacity on
lightning arresters, protection facilities, re-
spectively. The positive depths of the dip of
the electric and magnetic fields are deeper
than the negative depths of the dip. The
results of the statistical distribution for the
rise time, the zero-to-zero crossing time and
the depth of the dip obtained in this work will
provide the valuable informations on the de-
sign of surge protectors and lightning protec-
tion devices,
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