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Abstract—The formation of blue jets in air at low pressures is simulated using an apokamp discharge. The
field strength is measured in the discharge channel. Assuming the applicability of similarity laws to gas discharges, the field strength in a storm cloud during the formation of blue jets is assessed to be from 6 × 1010
to 1.9 × 10 9 V/m, which is much higher than the values characteristic of the development of cloud-toground lightning discharges. A hypothesis is suggested that excess magnitudes of characteristic fields is
among features of high-voltage pulsed discharge within a cloud, which results in the formation of blue jets
at altitudes of about 12–18 km.
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INTRODUCTION
In the past 20 years, significant progress was
achieved in the study of transient luminous events, or
transients. It is the name of large-scale optical phenomena occurring in the Earth’s middle and upper
atmosphere under conditions of high electrical activity
characteristic of thunderstorms, storms, and hurricanes
[1]. Transients include, in particular, blue jets and blue
starters, which start from altitudes of 12–18 km and
reach an altitude of 38 km (see references in [1]).
Studies of transients commonly follow the path of
both creating new tools for instrumental observation
from aircrafts and from space [2–5] and constructing
mathematical models (see references in [6, 7]).
In 2016, we discovered a new discharge type, which
we called the “apokamp” discharge [8, 9]. This is a
high-voltage pulsed discharge in air under normal
conditions, where a high-voltage electrode has a positive polarity, and the current channel is at a floating
potential and serves as a source of a visually observed
plasma jet—the apokamp. Figure 1 shows the scheme
of the apokamp formation and the characteristic geometric parameters of the apokamp and the discharge
gap are marked. It can be seen that the spatial structure
of the apokamp is nonhomogeneous: it consists of a
bright branch and a faint glow region. The latter, as
follows from high-speed photography [9], is formed by
plasma bullets moving at speeds of ~200 km/s.

In terms of its morphological and spectral properties, an apokamp in air under different pressures is a
convenient experimental model for studying atmospheric discharges in the middle and upper atmosphere [8–14]. In addition, a streamer model of the
phenomenon was developed in [13].
The aim of this work is to assess the electric field
strengths characteristic of the development of blue jets
in the Earth’s atmosphere in numerical experiments.
EXPERIMENTAL SETUP AND TECHNIQUES
A setup similar to that described in [10–14] is used
in the work (see Fig. 1). It provides ignition of a highvoltage pulsed discharge between two steel tip electrodes with diameters of 0.195 cm, which form a discharge gap d = 0.9 cm. One electrode is connected to
a generator of high-voltage positive-polarity pulses
(τ = 1.5 μs, f = 53 kHz, amplitude is up to 12 kV), and
another electrode is at a floating potential. When voltage pulses are applied, an apokamp discharge is
ignited between the electrodes. The electrodes are
placed inside a quartz cylindrical sealed chamber
6.5 cm in diameter and 60 cm in height. The chamber
is pumped out to pressures that correspond to the conditions for blue jet formation in the Earth’s atmosphere, thus simulating the conditions of the Earth’s
middle atmosphere.
During the setup operation, the time behavior of
the voltage is recorded at both electrodes using capac-
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Fig. 3. Time variation in the voltage at the high-voltage
electrode at an air pressure of 60 Torr.
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Fig. 1. Scheme of formation and geometric parameters of
an apokamp discharge: high-voltage electrode (1); electrode at a floating potential (2); pulsed discharge current
channel (3); bright branch of B in height (4); region of
plasma bullets of C in height (5); discharge gap (d); apokamp height (A).

itor voltage dividers; the results are transferred to a
Tektronix TDS3034 oscilloscope. The discharge
appearance is recorded by a Canon PowerShot SX60
HS camera in the time-lapse serial mode with an exposure 0.15 s and a frequency of ~6.4 frames per second.
The experimental procedure includes ignition of an
apokamp discharge at low pressures and then attainment of the ratio between the total height of the apokamp and the branch а = A/B ∼ (2−4), characteristic
of natural blue jets [2, 4], by means of variation in the
voltage at the high-voltage electrode. Under these
conditions, the peak electric field strengths Ea are
measured at the high-voltage electrode (with averaging over 128 pulses) at a given air pressure p.
In our studies, we proceed from the similarity of an
apokamp discharge and the pulsed discharge in a
storm cloud, which initiates the appearance of blue
jets (evidence of that was revealed in [10–14]). In this
case, similarity laws should be obeyed between the
conditions in the apokamp discharge and in a storm
cloud [15]. In our case, the peak intensity of the electric field in a storm cloud Ebj = Ea(lbj/la) = Eak, where
k is the similarity parameter, which is equal to the ratio
of the characteristic length of a natural blue jet lbj [2, 4]
to the apokamp length la in the experiment.
EXPERIMENTAL RESULTS AND DISCUSSION
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Fig. 2. Apokamp in air at different pressures; frame height
is 25.5 cm.

We know that natural blue jets start from altitudes
of 12–18 km. Figure 2 shows the apokamp shape at
two air pressure values. The pressure of 90 Torr
approximately corresponds to an altitude of 15 km,
and 60 Torr, to an altitude of 18 km. For them, the
similarity parameter k, the peak field strength in the
discharge gap Ea, and the field strength in a storm
cloud Ebj have been calculated from the voltage oscillograms (see, for example, Fig. 3). The results are tabulated.
It is known that the electric field is highly inhomogeneous in the gap between the Earth’s surface and the
lower boundary of a storm cloud. Streamers (current
channels) are formed at the electric field strengths E ∼
5 × 105–106 V/m as a result of air ionization; they
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Table 1. Apokamp discharge parameters
p, Torr lbj, m [Ref.]

la, m

k

0.19

105

90

20 ×

60

7.5 × 10 [4] 0.21 2.8 × 105

103

[2]

3

Ea, V/cm Ebj, V/m
1770

1.9 × 10

1570

6 × 109

4.

10

5.

move in steps of 1–60 m at a speed ~106 m/s, mainly
in the cloud-to-Earth direction. The streamer motion
represents the propagation of an ionization wave [16].
Let us compare the values of field strength in a storm
cloud E with our estimates (Table 1). It is possible that
the significantly overestimated strength in our experiments is a cause of streamer development upwards, but
not downwards, which just results in the formation of
blue jets at altitudes of ~12–18 km in nature.
Our estimates are reliable because we use data from
both air and space observations of blue jets to determine the similarity parameter.
The approach suggested can probably be applied to
the estimation of characteristic field strengths necessary for the formation of other transient luminous
phenomena in the Earth’s atmosphere.
CONCLUSIONS
A technique is suggested for the estimation of the
field strength at altitudes that correspond to the development of blue jets in the Earth’s middle atmosphere.
It is based on the similarity law in a gas discharge. The
experimental setup for producing an apokamp discharge at low air pressures is used in the work. The
field strength estimates are 6 ⋅ 109–1.9 ⋅ 1010 V/m.
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