
CSEE JOURNAL OF POWER AND ENERGY SYSTEMS, VOL. 1, NO. 3, SEPTEMBER 2015 49

Characteristics of Long Air Gap Discharge Current
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Abstract—Measuring the pre-breakdown current of long
sparks in air is important for investigating the discharge mech-
anism. Since the breakdown of long air gaps is conducted by
a series of streamer-leader processes, the corresponding current
signals cover a bandwidth of 0 to more than 20 MHz. Mea-
surement accuracy of the current from the high voltage side is
affected by the displacement current and impulse electromagnetic
interference. In this paper, a coaxial current sensor with a
DC bandwidth of 74.45 MHz is developed. A displacement
current-restrained electrode structure is proposed to reduce
the equivalent capacitance between the current sensor and the
ground over 30 times. Combined with the digital optical fiber
synchronous acquisition unit, a current measurement system for
long air gap discharge is established. For the purpose of the UHV
system’s external insulation optimization design, the discharge
current waveform of a 6 m rod-plane air gap under positive
switching impulse voltage with 250 µs and 1000 µs time to crest
is obtained. Discharge images and stressed voltage are combined
to analyze the continuous feature of a current waveform under
critical time to crest impulse and discontinuous feature under
long front duration impulse. For the purposes of a lightning
protection study, the current waveform of a 10 m rod-plane air
gap is subjected to negative switching impulse. Finally, the pulse
characteristics of the current corresponding to the single channel
and branching stepped negative leader are discussed.

Index Terms—Charge density, fluctuation coefficient, leader
discharge, long air gap discharge, transient current measurement.

I. INTRODUCTION

MECHANISM research of long air gap discharge is rel-
evant to studies in design optimization of the external

insulation of electric power systems [1], [2] and lightning
protection [3]–[5]. Conducting long air gap experiments to
acquire key physical parameters is the main method for under-
standing these mechanisms [6]–[8]. Accurate measurements
of discharge current under different electrode structures and
applied voltages are needed in order to understand the pro-
duction and migration process of charged particles in long air
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gap discharges [9]. Many other physical parameters, including
the streamer or leader inception voltage, charge density, and
space charge volume in long sparks could be derived through
an association with other discharge current signals, high-speed
discharge images, and applied voltage waveforms.

There are two stages in long air gap discharge: streamer dis-
charge and leader discharge. The streamer discharge produces
an impulse current with a short rise-time of 10 to 50 ns, which
has a bandwidth of up to tens of MHz. The leader current
contains a greater DC component as well as the impulse
current that is generated by the streamer in front of the leader.
The amplitude of the leader current is related to the polarity of
the discharge, ranging from hundreds of mA to hundreds of A.
Furthermore, the discharge current can reach several kA during
gap breakdowns. Therefore, the long gap discharge current
has wide bandwidth characteristics, and a large measurement
range. In addition, the current sensor is required to be on the
high voltage side and near the discharge electrode in order to
exactly measure the current that is produced in the discharge.

The literature in long air gap discharge provides many
examples of measurement techniques. The Les Renardières
Group employed a resistance sensor and a battery supply
oscilloscope operated by technician in a Faraday cage to
measure the discharge current in long air gap with bandwidths
ranging from 25 Hz to 25 MHz [10]. In [11] and [12], a
17 mΩ shunt was used to measure the leader current of a
16.7 m air rod-plane gap under positive and negative voltage
with a bandwidth of 1 MHz and measurements ranging from
3 A to 18 kA to obtain the average discharge current and
charge density. In [13] the corona current was measured using
a light emitting diode (LED) with a transient response of 10
ns. The Rogowski coil was used to measure positive leader
streamer current in [14]. The streamer current of 1 m rod-
plane gap was measured using a passive analog signal isolation
and transmission system based on the resistance sensor and
M-Z electro-optical integrated technology [15]. The discharge
current was measured in the high voltage electrode of the
sphere-plane gaps [16]. The whole current of conductor and
ground wire discharge was measured in a 6 m plane-rod
electrode to conductor (ground wire) air gap [17]. In summary,
there are three technical problems that need to be investigated
to arrive at accurate measurements of the discharge current in
long air gap discharge for the whole conductor current:

1) In addition to the current produced by the discharge,
current sensor measurements also include displacement
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current generated by the stray capacitance between the
high voltage electrode and the ground. This displace-
ment current should be restrained for accurate measure-
ment of discharge current.

2) A current sensor with wide bandwidth and large measur-
ing range should be fabricated to measure the discharge
current.

3) The electrical isolation between high voltage side and
ground should be solved. In addition, the influence of the
transient electromagnetic interference associated with
the applied high voltage on the signal acquisition unit
must be determined.

A transient current measurement system with wide band-
width characteristics and a large measuring range for calcu-
lating the discharge current of the whole discharge process is
proposed in this paper. The electrode structure is optimized
to control the influence of the displacement current; a step
response test is performed to evaluate the overall performance
of the system. The positive leader discharge current subjected
to critical wave front, long wave front, and negative leader dis-
charge current is measured using this system. Combined with
the applied voltage and discharge images, the characterstics of
measured current are analyzed and the key physical parameters
of different experiments are extracted and discussed.

II. MEASUREMENT METHOD

A. Design of Optimized Electrode

The displacement current can be expressed as

id = Cstr ·
du

dt
(1)

where Cstr is the stray capacitance of the gap and du/dt
is the rising rate of the applied voltage. The displacement
current is reduced by lowering the stray capacitance under
a certain voltage waveform. The stray capacitance is related
to surface area S of the high-voltage electrode and the gap
distance D. Therefore, when the gap distance is chosen, the
electrode structure could be optimally designed by decreasing
the corresponding superficial area when stray capacitance
flows through the current sensor for the purpose of restraining
the displacement current. A discharge electrode configuration
aimed at decreasing the displacement current is proposed in
this paper, as shown in Fig. 1(b). In a typical rod electrode,
for example, the current sensor is installed inside the electrode
to deflect any serious electromagnetic interference. The main
body of the electrode is insulated from the discharge electrode
with an insulating plug, preventing the displacement current
generated by the main body from flowing through the current
sensor. In comparison with an ordinary configuration, the
equivalent area related to the displacement current flowing
through the current sensor is reduced from S1 to S2.

Take the 2 m rod-plane gap for example. The diameter and
length of the main body are 36 cm and 6 m, respectively,
and the electrode tip is a hemispherical head rod with 7 cm
in length and 2 cm in diameter. The stray capacitance is
calculated using the COMSOL multi-physics finite element
tool to evaluate the effectiveness of the optimal configuration.

S2S1

Insulating 
plug

(a)  (b) 

Fig. 1. Schematic diagram of the optimized electrode. (a) Ordinary configu-
ration. (b) Optimal configuration.

The calculated stray capacitance is 74 pF of the ordinary
configuration and 1.9 pF of optimal configuration. The re-
sults show that the stray capacitance can be reduced by
approximately 38 times by using the optimal configuration;
the displacement current caused by the stray capacitance thus
decreases significantly. Moreover, the optimal method is also
suited for any other electrode structures.

The optimal configuration applied in the discharge experi-
ments is shown in the schematic diagram in Fig. 2. Owing to
the voltage drop of the current sensor, there is capacitance C1

between the current sensor and iron shield. When the lead
inductance of current sensor L1 is taken into account, the
resistance of current sensor R forms the resonant circuit, and
the stray capacitance to the ground forms a resonance loop,
which generates an oscillating current signal flowing through
the current sensor. In this paper, the damping effect of the
current sensor is used to inhibit the high frequency oscillating
current.
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Current 
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Fig. 2. Schematic diagram of experiment.

The equivalent circuit of the experiment is established to
calculate the response of the circuit under different values
of current sensor; the range of resistance is obtained by
comparing the output signals of the current source and current
sensor. The equivalent circuit of the experiment is depicted
in Fig. 3, where C1 is the capacitance between electrode tip
and shield, C2 is the capacitance between electrode tip and
ground, C3 is the capacitance between shield and ground, C4

is the capacitance of divider, C5 is the capacitance of Marx
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generator, L1 is the inductance of current sensor, L2 is the
inductance of current sensor lead, L3 is the inductance of high
voltage lead, R1 is the resistor of current sensor, and R2 is
the resistor of current-limiting resistance.

Current 
sensor

C1

C2

L1 L3R1 R2

C5C4

L2

C3

I

Fig. 3. Equivalent circuit of experiment.

Using the geometric parameters mentioned above, the stray
capacitances are calculated as C1 = 20 pF, C2 = 1.9
pF, and C3 = 72.1 pF using COMSOL multi-physics. The
capacitances of C4 and C5 are 300 pF and 0.3 µF. L2 is
20 nH calculated using the calculation formula of a straight
cylindrical conductor. L3 = 10 µH by using the principle of 1
µH/m, and R2 is chosen to be 650 Ω. An impulse current
with 10 ns wave front and 100 ns wave tail is produced
by the current source to simulate the streamer current. The
resistances of the current sensor are 5 Ω, 15 Ω, and 35 Ω, and
the calculation results are shown in Fig. 4.
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Fig. 4. Calculation results of using different resistances.

The calculation results show that the resistors are effective
for diminishing the oscillating current in 2 m gap distance.
The relative error between the currents measured in the current
source and the current sensor is less than 1%, and the lower
limit of the resistor value is 35 Ω. Moreover, the capacitance
between electrode tip and ground is reduced to 0.41 pF when
the gap distance is 10 m; hence the lower limit could be set
to 3 Ω. The resistor value could be chosen using this method
in the current measurement under different gap structures.

B. Current Sensor

The current sensor is made up of the inductance-free resistor
and the total voltage drop e(t) of the resistor. It contains the
resistive and inductive components, which can be given as:

e(t) = R · i(t) + L · di(t)
dt

(2)

where L is the stray inductance of the current sensor. Accord-
ing to the range of the resistor value calculated in Section II.
A, a coaxial resistor network consists of several inductance-
free resistors in parallel. The magnetic field is zero along
the axis because of the vector superposition of the magnetic
fields produced by currents flowing through resistors, which
can reduce the stray inductances in the resistor network and
increase the upper limit of bandwidth.

In the case of a current sensor, which consists of six thick-
film-type resistors with resistance of 330 Ω and inductance
of less than 60 nH at MHz frequencies, a step response test
is used to validate the accuracy and frequency bandwidth of
the current sensor. The schematic diagram of the calibration
circuit is shown in Fig. 5.

Signal 
generator

Pearson 6600
current probe

Current sensor

Matched 
resistance

I r Im

Fig. 5. Schematic diagram of the calibration circuit.

The signal generator used is a high frequency noise gen-
erator (SKS-H04GA) with a rise time of less than 5 ns,
while the referenced current transducer is a current probe
(Pearson current monitor 6600) with a 120 MHz bandwidth.
The results of the current probe are recorded using a TDS
3054B oscilloscope (bandwidth of 500 MHz and sampling rate
of 5 GS/s).

The step response data are shown in Fig. 6. The error of
the current sensor is ± 0.7%. The rise time of the current
measured by the current sensor is 4.7 ns, and the bandwidth
fBW is given in [18]:

fBW =
0.35

tr
(3)

where tr is the signal rise time. The bandwidth of the current
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Fig. 6. Step response of the current sensor.
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sensor can be calculated as 74.45 MHz, which meets the
requirements of current measurement of the long air gap.

C. Synchronous Acquisition Unit

A digital optical fiber synchronous acquisition unit installed
in the high voltage side is developed to solve the electrical
isolation problem between the high voltage side and ground,
and to eliminate the influence of transient electromagnetic
interference. The block diagram of the proposed unit is shown
in Fig. 7.
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Fig. 7. Block diagram of the digital synchronous acquisition unit.

A high-speed data acquisition card with a 200 MHz band-
width and 500 MHz sampling rate is chosen. The card acquires
the real-time output signal of the current sensor and converts
it to a digital signal in the high voltage side. The digital
data of the acquisition card are then converted to an optical
signal through an optical transmitter and transferred to the
local unit in the ground by an optical cable. The high voltage
unit is supplied by a storage battery. The optical signal is
converted into an electrical signal in the local unit, and the
data is then saved in a computer. For simultaneous observation
purposes, the external signal is received and converted into an
optical signal by the trigger source. The trigger signal is then
transmitted to the data acquisition card through an optical fiber
to synchronize the current measurement system with other
measurement devices. The delay of the trigger signal is 80 ns.
The schematic of the current measurement system is shown in
Fig. 8.

III. EXPERIMENTAL SETUP

A. Experiment Design

Based on the discharge current measurement system men-
tioned above and combined with the Marx generator and high-
speed camera, several discharge experiments under certain
conditions were conducted in order to obtain the current
waveforms and characteristic parameters of the typical positive
and negative discharge. The rod plane air gap was chosen for
the experiment as it is the most commonly found geometric
structure in power systems. The discharge experiments were
as follows:
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Fig. 8. Schematic of the current measurement system.

1) Positive Leader Discharge Subjected to Critical Wave
Front: Many tests have shown that the flashover voltage for
various geometrical arrangements under switching voltages
decreases by increasing the front time duration of the switch-
ing impulse, which can reach the lowest value in the range
between 100 and 500 µs [19]. In other words, the critical wave
front switching impulse has the minimum breakdown voltage
of air gaps. Thus, the critical condition for leader continuous
development can be obtained through positive leader discharge
research under this condition. According to the critical wave
front calculation formula of positive rod-plane gap:

Tcr = 50(D − 1). (4)

A 6 m rod-plane gap is adopted and the corresponding critical
wave front time is 250 µs using a 250/2500 µs impulse
voltage.

2) Positive Leader Discharge Subjected to Long Wave
Front: In ultra-high voltage transmission systems, the wave
front time reaches up to thousands of µs, which is longer
than an extra high voltage system [20]. Research on leader
propagation characteristics under long wave front switching
impulse makes great sense to the design of external insulation
of ultra-high voltage system. The impulse employed in this
paper is 1000/2500 µs.

3) Negative Leader Discharge: Negative downward thun-
derclouds account for 90% of the cloud-to-ground lightning
flashes. After the formation of the negative charged thunder-
cloud, the negative stepped leader propagates downwards from
the cloud base. Research on the negative leader discharge un-
der critical wave front switching impulse provides a reference
for the study of downward leader discharge mechanisms.

Tcr = 10D. (5)

The air gap distance is 10 m, and the 80/2500 µs negative
impulse voltage is adopted.

B. Experimental Platform

A schematic diagram of the experimental setup is shown
in Fig. 9. The voltage data are measured by the capacitor
divider and recorded with a DPO4104B-L oscilloscope. The
current is measured using the system proposed in this paper.
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A high-speed camera (Photron Fastcam SAX2) with capture
maximum parameters of 1000 kilo-frames per second, 1280
× 800 pixel full-resolution is used to observe the optical
characteristics of the discharge. The synchronous signal is
produced by the oscilloscope.
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Fig. 9. Schematic diagram of the digital synchronous acquisition device.

IV. POSITIVE LEADER CURRENT SUBJECTED TO
CRITICAL WAVE FRONT

A. Characteristics of Discharge Current Waveform

Typical observation results obtained from 6 m rod-plane gap
positive leader discharge experiments are shown in Fig. 10.
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Fig. 10. Observation results of the discharge phenomena in a 6 m rod-plane
gap subjected to positive switching impulse under critical wave front. (a)
Discharge current and applied voltage. (b) Discharge image.

At t = 11.75 µs, the first corona impulse begins. The first
corona current impulse is similar to an exponential waveform
with 36 ns rise time and 290 ns fall time. Then the current
decays to zero without any discharge images because the
positive space charge generated by the first corona impulse

weakens the electric field of the electrode tip. With an increase
in applied voltage, the second corona emerges accompanied by
leader discharge at t = 17.85 µs. As the electrons generated
by the continuous corona discharge of the leader tip flow into
the anode through the leader channel, the discharge current is
successive in the continuous leader propagation period. The tip
of the streamer reaches the plane electrode at t = 295.62 µs
and the final jump emerges and forms the rod-plane discharge
channel resulting in a sudden rise in the current and gap
breakdown.

When applying a critical waveform, the leader current is
nearly a direct current before the breakdown and the average
value Im is 0.69 A. In order to quantify the fluctuation
of discharge current waveform, the fluctuation coefficient k
is introduced here. It is defined as the ratio between the
fluctuation value Ip-p and average value Im of the leader
discharge current shown in Fig. 10 (a). In the example shown
in Fig. 10, k is equal to 1.74.

The first corona inception voltage Uci, the leader inception
voltage Uli and the leader channel charge density qL, all can
be acquired through the current waveform. The relationship
between qL and the leader propagation velocity v and leader
discharge current I can be expressed as follows:

qL =
I

v
. (6)

B. Characteristic Parameters of Discharge Current

The statistical results of the average value of discharge
current and fluctuation coefficient among 10 discharge exper-
iments are shown in Table I.

TABLE I
STATISTICAL RESULTS OF THE MEAN CURRENT AND FLUCTUATION

COEFFICIENT

Sample Order Average Current (A) Fluctuation Coefficient
1 0.77696 1.52444
2 0.75923 1.76220
3 0.62290 2.54524
4 0.67730 1.88325
5 0.71440 1.48818
6 0.69000 1.73913
7 0.74117 1.25255
8 0.79571 1.65780
9 0.86333 1.54212
10 0.70095 2.11829
Standard deviation 0.73 1.75

Statistical results show that the mean value of discharge
current and fluctuation coefficient are 0.73 A and 1.75, re-
spectively. The leader inception voltages and correlative first
corona inception voltages are listed in Table II.

Measurement results show that the leader inception voltage
increases with an increase in the first corona inception voltage.
In other words, because of an increase generated in the first
corona as inception voltage increases, the leader inception
voltage increases in order to gain more energy to offset the
shielding effect of the space charge. The relationship between
them is approximately linear:

Uli = 2.04Uci − 45.3. (7)
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TABLE II
FIRST CORONA INCEPTION VOLTAGE AND LEADER INCEPTION VOLTAGE

First Corona Inception Leader Inception First Corona Charge
Voltage (kV) Voltage (kV) Quantity (µC)
137.94 236.43 0.27
140.59 247.65 0.26
142.69 229.13 0.22
160.08 287.87 0.36
161.94 274.00 0.34
169.16 276.78 0.32
169.29 315.16 0.43
170.94 340.39 0.51
185.01 325.82 0.51
185.02 344.84 0.54

The experimental probability distribution of charge density
qL is reported in Fig. 11. The average charge density is 57.9
µC/m.
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Fig. 11. Probability distribution of charge density.

V. POSITIVE LEADER CURRENT SUBJECTED TO LONG
WAVE FRONT

A. Characteristics of Discharge Current Waveform

Typical observation results obtained from a 6 m rod-plane
gap subjected to positive switching impulse under 1000 µs
wave front are shown in Fig. 12.

Unlike the critical wave front discharge current, the current
under a long wave front is in the form of discontinuous im-
pulses. Discharge images indicate that discontinuous impulses
are always accompanied by a sudden brightening of the leader
channel, which means plenty of electrons are produced by
strong ionization activities.

As the increasing rate of applied voltage under long wave
front conditions decreases, the increment of the electric field
around leader tip is not enough to maintain the continuous
development of discharge, so the streamer ionization dies
down and the electrons produced by ionization attaches to
neutral oxygen molecules when flowing through the branches
of streamers.

The leader channel then eventually results in a zero current
entering the rod electrode. With an increase in applied voltage,
corona incepts again when satisfying the corona inception
condition and produces plenty of electrons that is injected
into the leader channel that makes the current impulse. Large

amounts of photoelectrons are produced during the migration
of electrons leading to a sudden brightening of the leader
channel. The impulse current before final jump is called
“Restrike” [21].
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Fig. 12. Observation results of the discharge phenomena in a 6 m rod-
plane gap subjected to positive switching impulse under longer wave front.
(a) Discharge current and applied voltage. (b) Discharge image.

Two typical impulse current waveforms are found through
statistical results of the Restrike current waveform, as shown
in Fig. 13.

The wave front time and decline time of the bell-shaped
current impulse are almost the same, and the wave front time
is 3.8 µs. The wave front time of the double-exponential type
is 0.97 µs.

The initial current of the bell-shaped current impulse is not
equal to zero because there still exists ionization activities
in the streamer zone, and the generated electrons are not
completely absorbed by the neutral molecules. The potential of
leader tip increases gently because of small increases in the
applied voltage, which results in relatively weak ionization
activities in the streamer tip. This is similar to the condition
of continuous leader propagation. Double-exponential type
current has an initial value of zero because there are no
ionization activities in the leader tip, which has the same
mechanism with streamer discharge. The charge density of
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the Restrike current impulse can be acquired indirectly from
the measured current waveform.
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Fig. 13. Typical discharge current of the Restrike. (a) Bell-shaped type. (b)
Double-exponential type.

B. Characteristic Parameters of Discharge Current

The charge density probability distribution of 30 Restrikes
is reported in Fig. 14. The average charge density of Restrike
current impulse is 84.6 µC/m, which is larger than the value
under critical wave front circumstances. The reason is that
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Fig. 14. Probability distribution of Restrike charge density.

the temperature of leader channel decreases gradually through
conduction without the injection of electrons and energy under
zero current condition. In addition to heat, the leader tip and
the electrons produced by the second corona have to provide
the energy needed to improve the temperature of the leader
channel so that the average charge density is higher.

VI. NEGATIVE LEADER CURRENT

A. Characteristics of Discharge Current Waveform

Typical observation results obtained from 10 m rod-plane
gap negative leader discharge experiments are shown in Fig.
15.
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Fig. 15. Observation results of the discharge phenomena in a 10 m rod-plane
gap subjected to negative switching impulse. (a) Discharge current and applied
voltage. (b) Discharge image.

The negative leader current is in the form of discontinuous
impulses, and the peak of the impulse reaches up to several
hundred A. Unlike the positive discharge, the electrons pro-
duced near the rod electrode move away from the rod under the
effect of the background electric field; the positive ions head
to the rod electrode, which forms a bi-directional streamer.
The electrons generated by the negative streamer move away
from the rod so that there is no continuous current. The
migrating electrons collide with neutral molecules and transfer
part of their kinetic energy resulting in increased temperatures
of the neutral molecules and space leader. The positive ions
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and electrons gather at both ends of space leader. When the
discharge channel from the rod electrode connects with the
positive discharge of the space leader, the discharge generates
strong luminescence accompanied by a large current impulse
and then the main discharge channel elongates until the gap
breaks down.

There are two types of negative leader discharge currents,
as shown in Fig. 16. The wave front time of single type is
0.28 µs and lasts 0.98 µs while the numbers are 1.18 µs and
2.48 µs, respectively, for the bifurcation type.
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Fig. 16. Discharge current of the typical negative stepped leader. (a) Single
type. (b) Bifurcation type.

The bifurcation type leader is formed because the negative
leader connects two space leaders simultaneously, as shown in
Fig. 17.

(a)                                           (b)

Fig. 17. Type discharge images the typical negative stepped leader. (a) Single
type. (b) Bifurcation type.

B. Characteristic Parameters of Discharge Current

The charge density probability distribution of 30 stepped
leaders is reported in Fig. 18.
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Fig. 18. Probability distribution of stepped leader charge density.

The average charge density of stepped leader is −107.1
µC/m. Its absolute value is larger than the value of positive
Restrike, because it is the summation of negative downward
streamer charge and the charge of the space leader.

VII. CONCLUSION

1) An optimized electrode was proposed to reduce the dis-
placement current by 38 times. A coaxial current sensor
with 0.7% accuracy and bandwidth from DC to 74.45
MHz was designed. The digital optical fiber synchronous
acquisition unit in the high voltage was fabricated. The
accurate measurement of discharge current in whole
process of long gap discharge can be realized by carrying
out these steps.

2) A rod-plane experimental observation system was set up.
The statistical average current of 6 m positive discharge
subjected to critical wave front time was 0.73 A, the
fluctuation coefficient was 1.75. It was found that the
leader inception voltage increased with the increase of
the first corona inception voltage. The fitting formula be-
tween these two parameters were obtained. The extreme
probability distribution of charge density was obtained
and the average charge density was 57.9 µC/m.

3) Two types of Restrike current impulses with wave front
time of 3.8 µs and 0.97 µs, respectively through 6 m
rod-plane gap subjected to positive switching impulse
under 1000 µs wave front were acquired. The difference
in the current type resulted from different degrees of
ionization. The charge density probability distribution of
Restrike current impulse was obtained, and the average
charge density was seen to be 84.6 µC/m, which was
larger than the value under the critical wave front
circumstance. The reason was that the temperature of
leader channel decreases during the Restrike period and
needs more energy injected into it to sustain the leader
development.

4) Two typical current impulses of negative stepped
leader—single type and bifurcation type—were acquired
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through 10 m negative discharge experiments. The bi-
furcation type leader was formed because the nega-
tive leader connects two space leaders, simultaneously.
The charge density probability distribution of negative
stepped leader was obtained and the average charge
density was −107.1 µC/m, whose absolute value was
larger than the value of positive Restrike because it was
the summation of negative downward streamer charge
and charge of the space leader.
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