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Abstract. We have studied the properties of impul-

sive geomagnetic disturbances, which are observed syn-

chronously at the network of induction magnetometers 

of the Institute of Solar-Terrestrial Physics (ISTP SB 

RAS) and Canadian stations of the CARISMA project 

[Mann, et al., 2008]. A feature of the pulses we detected 

is that their frequency range (f~5–30 Hz) lies at the 

junction of the ranges of two known classes of electro-

magnetic oscillations: ultra-low-frequency (ULF) oscil-

lations (f<5–10 Hz), or geomagnetic pulsations, and 

extra-low frequency (ELF) oscillations (f~30–300 Hz); 

therefore, the 5–30 Hz range is poorly studied. The 

work is of undoubted interest for physics of processes in 

the magnetosphere–ionosphere–atmosphere system. 

Morphological analysis of the pulses detected has been 

carried out using data from ISTP stations. As a result, 

we obtained statistical characteristics of the pulses, plot-

ted their dynamic spectra, and determined a number of 

unusual properties that distinguish them, on the one 

hand, from geomagnetic pulsations of the pulsed type 

(irregular pulsations of the Pi1B type), and, on the other 

hand, from higher frequency ELF and VLF signals (at-

mospherics, whistlers, etc.). On the basis of the results, 

we have made an assumption that a source of the pulses 

under study can be electrical sprites caused by powerful 

thunderstorms at middle and low latitudes. Using the 

results obtained by Wang, et al. in [2019] on spatial and 

temporal fixation of sprites in North China, we have 

confirmed that ultra-short-period pulses occur following 

the emergence of sprites. Thunderstorm activity, both 

local and global, is considered to be one of the main 

sources of excitation of the ionospheric Alfvén resona-

tor (IAR), which plays an important role in coupling the 

ionosphere and the magnetosphere. The pulsed oscillations 

of interest may be one of the agents through which the 

energy of thunderstorms is transferred to IAR, thereby 

including the atmosphere in the system considered. 

Keywords: geomagnetic pulsations, magnetosphere, 

ULF-ELF frequency range, red sprites, lightning, 

Alfvén resonator. 

 

 

INTRODUCTION 

Natural electromagnetic emission at the boundary of 
the ultra-low-frequency (ULF, 0.001–5 Hz) and extra- and 
very low-frequency (ELF/VLF, 3–300 Hz) ranges have not 
been studied in sufficient detail. For the present, the best 
known emissions in the frequency range 5–100 Hz are 
from the ionospheric Alfvén resonator (IAR) (see the re-
view [Potapov et al., 2021]) with harmonic frequencies 
from fractions of hertz to 8–10 Hz and from the Schumann 
resonator (Earth–ionosphere) with a fundamental frequen-
cy of ~8 Hz. At the same time, electrical activity in the 
atmosphere, associated primarily with thunderstorms, is 
known to generate sufficiently powerful electromagnetic 
signals (spherics, atmospherics, tweaks, whistles) [Gersh-
man, Ugarov, 1960]. Thunderstorm activity is diverse, and 
lightning discharges of different types generate pulses of 
different frequencies, some of which fall within the bound-
ary range mentioned above. Energy of these pulses feeds 
waveguides and resonators, including IAR and the Schu-
mann resonator. Of particular importance is the transfer of 
thunderstorm energy to IAR, which connects the iono-
sphere with the atmosphere on the one hand, and with the 
magnetosphere on the other.  

Thunderstorms as sources of energy for IAR and the 
Schumann resonator emissions have been considered by 

many authors [Belyaev et al., 1989; Fedorov et al., 
2006; Nose at al., 2017]. But what thunderstorms can be 
the main supplier of energy for excitation of resonance 
atmospheric-ionospheric structures? This question needs 
to be answered. 

In this paper, we study properties of impulsive geo-
magnetic disturbances observed synchronously at induc-
tion magnetometer networks of the Institute of Solar-
Terrestrial Physics (ISTP SB RAS) and Canadian sta-
tions of CARISMA project [Mann et al., 2008], (Figure 1). 
Using data from Russian stations, we perform a mor-
phological analysis of pulses detected and assume that 
their source may be electrical sprites [Wang et al., 2019] 
caused by powerful thunderstorms at middle and low 
latitudes. The possibility of feeding IAR oscillations 
through the energy of pulses detected is discussed. 

 

1. OBSERVATIONS 

We have used data from a combined network com-
posed of stations of two networks. Location of these 
stations is shown in Figure 1; green circles mark ISTP 
SB RAS stations; red triangles indicate CARISMA sta-
tions. Geographic coordinates of these stations, models 
of the magnetometers installed, and their sample rates 
are listed in Table 1. 

https://orcid.org/0000-0002-4864-0993
mailto:potapov@iszf.irk.ru
https://orcid.org/0000-0002-2729-2862
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Table 1 

Coordinates of the stations whose data is used in this paper 

Observatory 

(station) 

Geographic 

coordinates 
Magnetometer 

sample rate, Hz 
Magnetometer model 

φ λ 

Istok (IST) 70.0 88.0 64  LEMI-30 

Mondy (MND) 51.6 100.9 64 LEMI-30 

Uzur (UZR) 53.1 107.4 40 LEMI-418 

Ministik Lake (MSTK) 53.4 247.0 100 LEMI-30 

Thief River Falls (THRF) 48.0 263.6 100 LEMI-30 

Characteristics of the induction magnetometers are 

identical at all the stations, only their sample rates differ. 

Figure 2 plots the frequency response and the noise level of 

the LEMI-30 induction magnetometer at the station Mondy 

[http://lemisensors.com/wp-content/uploads/2018/03/ 

LEMI-030_Datasheet.pdf]. Magnetometers at the stations 

of the CARISMA network have the same characteris-

tics; for more details see [http://www.carisma.ca 

/backgrounder/ carisma-induction-coils] and [Mann et 

al., 2008]. The magnetotelluric station LEMI-418 at the 

station Uzur is equipped, in addition to induction sen-

sors, with a ferrosonde and LEMI-701 telluric current 

sensors. The induction part of the LEMI-418 station is 

identical to the LEMI-30 magnetometer. 

 

Figure 1. Map of stations whose data was used in the 

analysis 

 

 

 

Figure 2. Frequency response (a) and noise level (b) of 

LEMI-30 

1.1. Ultrashort-period pulses  

of the geomagnetic field 

When analyzing data from the Integrated Magnetic-
Ionospheric Observatory (IMIO) of ISTP SB RAS, we 
detected ultrashort-period pulses (USP) of the geo-
magnetic field, observed synchronously at the mid-
latitude stations Mondy, Uzur, and at the high-latitude 
station Istok (Figure 3). 

The typical form of the impulsive disturbances de-
tected is a damped sinusoid with one intense pulse at the 
beginning (Figure 3, a). A form with several paired 
pulses is observed less frequently (Figure 3, b). A train 
of these pulsations can contain up to ten oscillations. 

The double amplitude (peak-to-peak) of the pulses 
varies in the range B~0.001–0.1 nT. The occurrence rate 
of the pulsations detected is extremely high; according to 
our data, it is about several tens (from 30 to 60) of pulses 
per 5 min, i.e. 6–12 pulses/min (Figure 4). Duration of 
one wave packet (train) is from 0.3 to 2 s. 

The pulses under study usually retain the shape of 
the signal wave packet in the data from all the three 
stations; however, at the station Uzur in all cases detect-
ed, these oscillations are in antiphase compared to those 
obtained at the stations Istok and Mondy. We suspect 
that this is due to the incorrect installation of the X 
component sensor in the station Uzur. 

Magnetic variations as an alternating magnetic field 

should induce electric currents in the earth. The rela-

tionship between telluric currents and geomagnetic pul-

sations was theoretically established as early as the 

middle of the last century in [Tikhonov, 1950; Cagniard, 

1953]. The pulses detected also manifest themselves in 

telluric currents; for example, the station Uzur, simulta-

neously with USP in the geomagnetic field, observed 

disturbances of telluric currents (Figure 5). 

 

2. MORPHOLOGICAL ANALYSIS 

OF PULSATIONS 

To determine statistical characteristics of the pulses 

detected, we have analyzed USP recordings made at the 

IMIO stations on April 16, 2019. We took 5 min inter-

vals that began at 01:30, 08:30, 11:25, 16:55, 19:10 UT 

and searched for USP in them. The criterion for the 

presence of USP was the synchronous occurrence of 

characteristic short-period disturbances, similar to those 

shown in Figure 3, at all three IMIO stations. As a re-

sult, we have found 152 USP events. Data and results of 

their preliminary analysis are available at 
  

http://lemisensors.com/wp-content/uploads/2018/03/%20LEMI-030_Datasheet.pdf
http://lemisensors.com/wp-content/uploads/2018/03/%20LEMI-030_Datasheet.pdf


Synchronous globally observable ultrashort-period pulses 

 49 

 

 

Figure 3. Examples of USP: oscillations in the form of a train on April 23, 2018 (a) and a paired pulse on October 11, 2017 (b) 
 

 

Figure 4. Geomagnetic pulsations on April 16, 2019 at 

22:50–22:55 UT. Arrows indicate the most pronounced 

USP 

 

[https://docs.google.com/spreadsheets/d/1f10yd47JKR7

FJ8HgUzIVI3bxfju2Utz0/edit?usp=sharing&ouid=1087

94281214343087703&rtpof=true&sd=true]. 

Time, signal duration, amplitudes at three stations, 

and the ratio between amplitudes measured at the mid-

latitude (MND) and high-latitude (IST) stations are given. 

The results obtained are presented in Figure 6 in 

the form of distributions of the number of events over 

their amplitude (a), duration (b), and ratio between the 

amplitudes at the stations Mondy and Istok (c). 

As mentioned above, duration of the pulses ranges 

from 0.3 to 2 s, while in 77 % of cases it falls within 0.3–

0.8 s. The mean and median are about 0.7 s. The amplitude 

distributions (everywhere we mean the range of oscilla-

tions in a pulse, or the so-called double amplitude) at the 

stations Istok and Mondy have a sharp peak corresponding 

to the intervals 12–14 and 10–14 pT respectively. 

It also includes medians of the amplitude distribu-

tions. The average amplitudes are shifted toward their 

 

Figure 5. Disturbances of the geomagnetic field and tel-

luric currents on April 23, 2018: three top panels show the Bx 

component at the IMIO stations, three bottom panels are 

variations in electric field components from recordings of 

telluric current sensors at the station Uzur 
 

higher values: ~16 pT at the station Istok and 18 pT at 
the station Mondy. At the station Uzur, the amplitude 
distribution is more diffuse, and the average value is 
20.5 pT. It is interesting to compare the USP ampli-
tudes obtained at the stations Mondy and Istok. Figure 
6, c illustrates the distribution of the logarithm of the 
amplitude ratio at these stations. The cases when the 
amplitude at one station exceeds the amplitude at an-
other are seen to be almost equally probable. 

Nonetheless, the question about the USP amplitude ra-
tio at different points of Earth’s surface is not as simple as 
it might seem. With the frequency range of the pulses, 

https://docs.google.com/spreadsheets/d/1f10yd47JKR7FJ8HgUzIVI3bxfju2Utz0/edit?usp=sharing&ouid=108794281214343087703&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1f10yd47JKR7FJ8HgUzIVI3bxfju2Utz0/edit?usp=sharing&ouid=108794281214343087703&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1f10yd47JKR7FJ8HgUzIVI3bxfju2Utz0/edit?usp=sharing&ouid=108794281214343087703&rtpof=true&sd=true
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Figure 6. Statistical characteristics of USP obtained from 

the results of the morphological analysis for April 16, 2019 

 

they can be considered as short-term perturbations of 

modes (standing waves) of the Schumann resonator. 

These modes, or harmonics, in the horizontal direc-

tion have alternating nodes and antinodes, the dis-

tance between which depends on the harmonic num-

ber [Satori et al., 2012; http://janto.ru/repository/ 

008/annex-b.html]. The USP amplitude measured on 

the ground is likely to depend on the phase of a 

standing wave at the measurement point, i.e. it will 

be maximum at antinodes and minimum or zero at 

nodes. In this article, we do not delve into the inter-

action between the pulses observed and the Schu-

mann resonator modes; their analysis requires further 

investigations. 

To analyze the energy distribution over the frequen-

cies of the pulses analyzed, we have plotted dynamic 

spectra, using the wavelet analysis (Figure 7).  

The spectra show that the main energy of the pulsa-

tions is in the frequency range 4–32 Hz. In this case, 

maxima correspond to frequencies of 8, 14, 20, and 26 

Hz, which are close to the harmonic frequencies of the 

Schumann resonance.  

The closest analogue of the USP considered in the 

range of geomagnetic pulsations are Pi1B pulsations, 

which are excited and propagate in the ionosphere dur-

ing precipitation of energetic charged particles in the 

region of maximum intensity of the westward electrojet 

[Parkhomov, Rakhmatulin, 1975]. Pi1B have a peri-

odic spectrum structure similar to USP, but their fre-

quency range is at lower frequencies 0.1–5 Hz. In 

terms of the train duration, the USP events of interest 

are much shorter (≤2 s) than the Pi1B pulsations last-

ed for ≤1–10 min. In addition, the occurrence rate of 

Pi1B is much lower than that of USP. The Pi1B pulsa-

tions depend on auroral activity, appear during periods 

of its intensification, occur most often in the auroral 

zone; and in middle latitudes, only during powerful dis-

turbances (magnetic storms) [Mishin et al., 2020]. The 

analysis did not reveal any correlation between USP and 

 

Figure 7. USP in Bx (two top left panels) and By (two top right panels) observed at the stations Istok and Mondy on 

April 16, 2019 at 19:13:36 UT, and associated dynamic spectra (third and fourth panels from the top)  

http://janto.ru/repository/%20008/annex-b.html
http://janto.ru/repository/%20008/annex-b.html
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geomagnetic activity. Based on the facts described 

above, we can confidently assert that the USP events 

considered differ morphologically and genetically from 

irregular geomagnetic pulsations. 

 

3. ANALYSIS OF USP  

OBSERVATIONS AT DIFFERENT 

LONGITUDES 

To study the extent of USP propagation in longitude, 

we have analyzed observations made at a wide network 

of ground stations, using data from the Canadian net-

work CARISMA (Canadian Array for Realtime Investi-

gations of Magnetic Activity). We chose data from the 

stations Ministik Lake (MSTK) and Thief River Falls 

(THRF) located in the Western Hemisphere in the sector 

opposite in longitude to the ISTP SB RAS stations. 

The analysis of observations for February 17, 2019 

has revealed the presence of synchronous pulses in the 

geomagnetic field at the stations of the CARISMA and 

ISTP SB RAS networks (Figure 8). We have studied the 

delays between the first USP extrema at these stations 

for about 20 most intense USP events: they varied from 

0 (taking into account the finiteness of sampling inter-

vals) to 30±20 ms. It should be considered that the sam-

ple rate of induction magnetometers differs at the ISTP 

SB RAS and CARISMA stations, and USP trains might 

be subject to distortions at such large distances due to 

the influence of the Earth–ionosphere waveguide, re-

sulting in that the peaks can move apart and come to-

gether, and the delay may increase. 

With allowances made for the high degree of synchro-

nism of USP occurrence at the global network of stations, 

it is reasonable to assume that the signals propagate at the 

speed of light or close to it, and lightning discharges in 

thunderstorm cells can be the source of pulses. Such cells 

are located in equatorial regions, and thunderstorm activity 

in them is constant.  

Using data from [Christian et al., 2003], we selected 

points in the regions described above, where thunder-

storm flashes happen most often. In this case, they should 

be the most common generation source of USP. Next, we 

obtained the distance from these points to the stations  

 

Figure 8. Two examples of USP events observed at four 

stations on February 17, 2019 

selected, using the Mathematica software package with-

GeoDistance function, which computes the distance be-

tween points on Earth from their coordinates in the ideal 

ellipsoid approximation. Then we calculated the theoreti-

cal minimum propagation time of USP, assuming the 

propagation velocity equal to the velocity of light, and 

the delays compared to the minimum propagation time 

for each station. 

The results obtained show (Table 2) that signals dur-

ing propagation of emission at the velocity of light are 

detected at the limit of the magnetometer resolving 

power. When thunderstorms occur in South America or 

Asia, we can still see the delay between USP events, but 

during thunderstorms in Africa or at higher latitudes 

than those taken for calculations in Table 2 with the 

available temporal resolution USP events will be rec-

orded synchronously at all stations employed. Note, 

however, that all the delays obtained are positive or ze-

ro, which is quite understandable. In fact, signals propa-

gate not strictly along Earth’s surface, but above, re-

flecting alternately from Earth and the ionosphere. 

Another interesting question arises here. Judging 

from the comparison between amplitudes of synchro-

nous pulses at different stations, attenuation of sig-

nals is very low. Why then is there no effect of a 

round-the-world echo in this case? Probably because 

it is very difficult to detect such an effect with the 

existing waveform: the signal travel time around 

Earth (~0.13 s) is comparable to the pulse duration 

(0.3–2 s) and the repeated signal is lost against the 

pulse tail. Yet the occasionally observed double puls-

es (see Figure 1, b) may well be a manifestation of 

the round-the-world echo, but this issue requires ad-

ditional consideration. 

 

1. RELATIONSHIP BETWEEN USP 

AND GLOBAL THUNDERSTORM 

ACTIVITY 

Generation of geomagnetic pulsations close to the 

range under study — Schumann resonances and IAR 

emission — during thunderstorm activity has been stud-

ied in [Surkov et al., 2006; Fedorov et al., 2006]. It has 

been experimentally analyzed in [Schekotov et al., 

2011]. These papers deal only with the generation of 

pulsations from nearby thunderstorms, whereas the con-

tribution from distant thunderstorms is considered insig-

nificant. The USP events we observe also occur with the 

same frequency in winter periods when there is no thun-

derstorm activity in the Northern Hemisphere at middle 

and high latitudes. We therefore put forward an assumption 

that the generation source of the pulsations detected is in 

the equatorial zone, where constant zones of powerful 

thunderstorms are located [Blakeslee et al., 2014]. 

Lightning discharges caused by a large electric po-

tential gradient, which produces a strong electric field, 

generate powerful electromagnetic pulses. These pulses 

are called atmospherics, or spherics. They can propagate 

for many kilometers through the waveguide between 

the lower ionosphere and Earth’s surface. A maximum  
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Table 2 

Results of calculations of the propagation time of emission from zones of increased thunderstorm activity 

Point (−27.75°, −56.25°): South America, Posadas, Argentina 

Station  
Distance to station, 

thousand km 

Theoretical 

minimum time of 

distribution, ms 

Delay compared to the min-

imum propagation time, ms 

Istok 14.8 49.3 18.25±15.6 

Mondy 16.7 55.8 24.76±15.6 

Uzur 16.9 56.3 25.23±25 

Ministik Lake 10.5 35.2 4.07±10 

Thief River Falls 9.3 31.1 0±10 

Point (−1.25°, 27.75°): Africa, Kamembe, Ruanda 

Istok 9 30.20 0.30±15.6 

Mondy 8.9 29.90 0±15.6 

Uzur 9.4 31.46 1.55±25 

Ministik Lake 13.2 44.00 14.10±10 

Thief River Falls 12.5 41.94 12.03±10 

Point (3.25°, 101.75°): Asia, Kuala Lumpur, Malaysia 

Istok 9 24.92 7.05±15.6 

Mondy 8.9 17.87 0±15.6 

Uzur 9.4 18.51 0.64±25 

Ministik Lake 13.1 43.09 25.22±10 

Thief River Falls 12.5 46.80 28.93±10 

 

propagation distance of spherics may be as large as sev-

eral thousand kilometers [Shvets et al., 2015]. If the 

spherics seep through the ionosphere along geomagnetic 

field lines (also known as whistlers), they can propagate 

to even greater distances, if not to polar latitudes 

[Gershman, Ugarov, 1960; Allcock, 1960]. The main 

part of the energy of spherics lies in ELF (30–300 Hz) 

and VLF (3–30 kHz) ranges, i.e. the emission frequency 

of spherics and whistling atmospherics is much higher 

than the ULF range. 

The choice of lightning discharges as a source of 

USP can explain their high occurrence rate, the global 

scale of observation, and the propagation velocity. Yet, 

according to satellite data, the occurrence rate of light-

ning discharges all over Earth’s atmosphere ≤44±5 s–1, 

and in general ~1.4·10
9
 lightnings occur per year [En-

cyclopedia…, 2005], which is by an order of magnitude 

higher than the occurrence rate of USP (6–12 puls-

es/min). Consequently, not all lightning discharges trig-

ger USP events.  

After analyzing literature on the frequency range of 

lightning discharges of different types, we have figured 

out that the closest to the USP range is the frequency 

range excited by lightnings of a special type, the so-

called red sprites. These are lightning discharges in the 

upper atmosphere at altitudes from 40 to 100 km 

[Rodger, 1999], initiated by strong positive cloud-to-

ground discharges [Huang et al., 1999; Price et al., 

2002; Williams et al., 2007]. Duration of luminosity of 

sprites is usually equal to several milliseconds, but lu-

minosity of individual parts of a sprite might exceed 

100 ms [Lu et al., 2013]. The time delay with respect to 

the beginning of a triggering lightning ranges from ~3 ms 

[Winckler, 1995] to several tens of milliseconds [Fu-

kunishi et al., 1995], and according to observations 

[Wang et al., 2019] it may be as long as hundreds of 

milliseconds. 

As inferred from [Paras, Rai, 2012], the main emis-

sion range of red sprites is at frequencies to 300 Hz with 

a maximum emission at 40 Hz. The sprite occurrence 

rate according to [Price, 2016] is of the order of several 

sprites per minute. These characteristics are much closer 

to those of USP. 

4.1. Analysis of the relationship between 

ultrashort pulses and red sprites 

To test the assumption about USP generation by red 

sprites, we have used the article [Wang et al., 2019] that 

recorded the time of occurrence of red sprites based on 

simultaneous observations at two stations in North Chi-

na. The sprites were detected at 15:29:11.2815, 

15:40:19.1388, 15:48:58.4567, 15:57:27.6660, 

16:00:28.6739, and 17:29:50.5918 UT. Comparing the 

results with the data on pulsations from the stations 

Istok, Mondy, and MSTK, we have found that after each 

of the six cases of detection of red sprites analyzed in 

[Wang et al., 2019] USP events are observed at the sta-

tions of our integrated network. This is seen in Figure 9, 

where dashed red lines show the moments of occurrence 

of red sprites. 
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Figure 9. USP events observed at the stations Istok, Mondy, and MSTK after the sprites recorded in North China on August 

8, 2017 [Wang et al., 2019] 

 

Of principal interest is the second event in which a 

sprite in the form of a jellyfish was observed with peak 

current of the first discharge. It caused USP with an 

amplitude of ~0.2 nT. Such a large amplitude is usual-

ly typical of slow geomagnetic pulsations with minute 

periods associated with the development of geomag-

netic activity, and not of short-period pulsations. Such 

USP events with an amplitude of ~0.1 nT can be rec-

orded several times per 5 min. The characteristic USP 

amplitudes (~20 pT depending on station), described 

above in the section Morphological Analysis, occur 

when less powerful red sprites emerge (events 1, 3–6). 

It is difficult to determine the exact delay between 

USP and the occurrence of red sprites due to the low 

resolution of induction magnetometers, and also be-

cause it is difficult to determine the beginning of USP 

against noise in geomagnetic pulsation data. It can, 

however, be estimated that the delay is several tens of 

milliseconds. For example, for event 2 the time between 

the occurrence of a red sprite and the first peaks of an 

oscillation train at the stations Istok, Mondy, and MSTK 

were 32.8±15.6, 17.2±15.6, and 61±10 ms respectively. 

The event coordinates are the following (see Figure 7 in 

[Wang et al., 2019]): 40.4° N, 116.7° E. The theoretical 

estimate of the delay for this event is, therefore, 12.3, 

5.8, and 28.6 ms respectively. Thus, for the nearest sta-

tion, Mondy, according to our estimates, the delay falls 

within the measurement uncertainty interval of 1.6 to 

32.8 ms; in the most distant station, MSTK, the delay is 

already far from the corresponding uncertainty interval 

51–71 ms. In all cases, the value lies below the measure-

ment uncertainty interval or in its lower part, i.e. the sig-

nal propagation velocity is lower than the velocity of 

light, and the greater the distance, the more noticeable the 

difference (the same can be seen in Table 2).  

This suggests that the process of signal propagation 

is not similar to the simple pulse transfer at a constant 

speed in a homogeneous medium. In reality, we are deal-

ing with propagation of an impulsive disturbance in a 

spherical inhomogeneous waveguide, which is also the 

Schumann resonator. The problem is that we do not know 

how the pulse as a set of frequencies improper for the 

resonator interacts with eigenmodes of the resonator. This 

question warrants serious theoretical consideration. Our 

paper provides some empirical material for such work. 

In summing up, we should note that all six cases of 

electric sprites from [Wang et al., 2019] resulted in 

USP. Unfortunately, we are unable to conduct a rigor-

ous statistical analysis of the relationship between 

sprites and USP due to lack of additional observational 

data on sprites. We can conclude that it is very likely 

that all sprites generate USP, but we cannot say whether 

all USP events originate from sprites. 

 

CONCLUSION 

We have detected and analyzed ultrashort-period 

pulsations observed synchronously at a network of in-

duction magnetometer stations at middle and high lati-

tudes. We have carried out a morphological analysis of 

more than 150 cases of USP observation and obtained 

their statistical characteristics. The spectra of the pulsa-

tions were examined. Then, we extended the survey 

coverage along the parallel to the Western Hemisphere. 

An assumption has been put forward that the source of 

the pulses under study is thunderstorms. After analyzing 

the literature on this topic, we assumed that the source 

of USP is not any lightning discharges, but red sprites 

that occur during especially powerful thunderstorms 

whose emission is in a range close to the USP range. 

We have found that USP events occur after each red 

sprite recorded by Wang et al. [2019] in North China. 

As a continuation of this work, attention should be 

paid to the classification of USP events and to the iden-
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tification of characteristic morphological properties of 

individual USP subtypes. It is also of interest to study 

the degree of attenuation of these pulses depending on 

the state of the Earth–ionosphere waveguide. It is also 

useful to try to find cases of round-the-world echoes of 

such pulses (which should be observed with such small 

amplitude damping). Besides, in order to reveal the cor-

relation between USP characteristics with the time of 

day and geomagnetic activity, it is necessary to learn 

how to identify USP automatically by correlation meth-

ods. It is also necessary to compare USP with a large 

number of globally observable red sprites and to study the 

relationship between USP and other lightning discharges 

of the upper atmosphere such as blue jets and elves.  

The findings provide new information about redis-

tribution of thunderstorm energy in the atmosphere and 

its partial transfer to waveguide atmospheric-

ionospheric structures. Thus, the fact that USP spectral 

maxima coincide with the harmonic frequencies of the 

Schumann resonator clearly indicates that the pulses we 

detected feed oscillations in this resonator. We can as-

sume that further this energy can flow both into IAR 

and into the magnetosonic waveguide in the F2 layer of 

the ionosphere. There is a lot of evidence, both theoretical 

and experimental, of a close link and interaction between 

the above mentioned waveguide and resonant structures 

[Lysak, Yoshikawa, 2006; Potapov et al., 2021]. 
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