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Abstract: This article describes in detail ultra-low frequency (ULF) burst of oscillations, which was 
observed on April 23, 2002 immediately after a sudden geomagnetic pulse. The source of the pulse 
was a sharp inhomogeneity of the solar wind, which was acting on the magnetosphere, accompanied 
by a jump in dynamic pressure. We used simultaneous measurements of the magnetic and electric 
fields, as well as plasma parameters from the Polar satellite and data from induction magnetometers 
at the Mondy and Borok observatories. Polar spacecraft and obs. Mondy were near the noon meridian 
at the time of the burst recording. Comparing the time regime of dynamic spectra of oscillations on 
Earth and in space with on-board records of variations in the intensity and anisotropy of charged 
particles, we assumed that the burst of ion-cyclotron waves was excited as a result of the effect of a 
sudden impulse on the magnetosphere. The packet of these waves ran along the field line to the 
conjugate point in the ionosphere, and then propagated along the ionospheric waveguide. These 
conclusions are compared with another event on June 28, 1999, also associated with a sudden 
impulse. In this case, the form of the dynamic spectrum of the burst is characteristic not of ion-
cyclotron, but of fast magnetosonic waves. Possible burst generation mechanisms of both types are 
discussed. 
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INTRODUCTION 

 
A sudden change in the dynamic pressure 

of the solar wind, affecting the magnetosphere, 
leads to the development of various oscillatory 
processes, which are observed in the 
magnetosphere in the form of magnetic 
oscillations, primarily, in the ultra low 
frequency (ULF) range [10, 18]. 
Electromagnetic ion cyclotron (EMIC) waves 

are one of the manifestations of these wave 
processes. The main mechanism of EMIC wave 
generation in the magnetosphere is the 
cyclotron instability of the medium-energy ring 
current protons [4, 7] coming from the plasma 
sheet during an increase in magnetospheric 
convection.  
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In this case, a sharp growth in the solar 
wind dynamic pressure causes amplification in 
the thermal anisotropy of the magnetospheric 
plasma, which increases the growth rate of 
EMIC waves [14]. On the Earth's surface, these 
waves are recorded as Pc1 geomagnetic 
pulsations in the frequency range from 0.2 to 5 
Hz. A number of authors divide Pc1s according 
to their spectral properties into two main types: 
structured quasi-sinusoidal oscillations 
(“pearls”) and unstructured bursts [15]. The 
authors [8] were the first to carry out 
morphological study of the diurnal distribution 
of various types of hydromagnetic emissions in 
the Pc1 range at Syowa (L~6) station. Based on 
the type of registered spectral structures of 
more than 3000 events, the authors identified 8 
different emission subtypes. One of the types of 
emissions found are burst-like structures that 
are observed in the daytime sector of the 
magnetosphere and correlate with sudden 
impulse (SI) events. As illustrated in Figure 6 
by Fukunishi et al. [8], the emission frequency 
of this subtype (from 0.7 to 1.2 Hz on average) 
is higher as compared to other subtypes. The 
occurrence probability of the bursts is largest 
near magnetic local noon. These 
hydromagnetic emissions differ from classical 
Pi1B geomagnetic bursts (which are a high-
frequency continuation of the broadband 
irregular PiB bursts and are associated with 
substorms) by the position of the daily 
maximum in the occurrence frequency, lower 
intensity, and significantly higher frequency. 

The study [1] is dedicated to high-latitude 
ground-based observations of Pc1 pulsations in 
the Antarctica and Greenland (L~7.5), and 
simultaneous observation of ULF emissions on 
the Polar satellite. In 20 minutes after a strong 
increase in solar wind dynamic pressure (from 
5 nPa to more than 20 nPa), the magnetometer 
on the Polar satellite registered two bursts, and 
quasi-structured emissions were observed 
around noon at stations in the Antarctica in the 
frequency range of 0.6–0.8 Hz. Moreover, the 
authors noted that bursts of Pi1 pulsations are 
observed at the moment of arrival of the solar 
wind pressure impulse. 

Data analysis of synchronous 
observations from Van Allen probes and the 
Canadian network of magnetometers during the 

recovery phase of a moderate geomagnetic 
storm [11] showed that the excitation of EMIC 
waves in the magnetosphere occurs in a very 
narrow (ΔL~0.1–0.4 Re) latitudinal band of the 
inner magnetosphere (L ~ 4) in the form of 
short-term narrow-band emission. The ground-
based network of magnetometers at that time 
registered long structured oscillations, the so-
called "pearls". Comparing three identical 
events from satellite and ground-based 
observations, Pilipenko et al. [16] concluded 
that the ion-cyclotron instability does not 
develop continuously, but in a pulsating regime 
with a characteristic cycle time of up to ~10 
min. These studies refer to EMIC waves 
generated in the magnetosphere during the 
recovery phase of a magnetic storm, as a rule.  

Most of the published works that have 
studied the excitation and propagation of EMIC 
waves in the magnetosphere deal with events 
observed either during quiet times in the inner 
magnetosphere or during disturbances 
(geomagnetic storms and substorms) on the 
night side. Much less attention has been paid to 
EMIC-related processes occurring in the noon 
sector near the magnetopause. But it is there 
that wave processes can occur, including in the 
EMIC range, affecting the transfer of energy 
from solar wind to magnetosphere through 
wave-particle interaction and the occurrence of 
turbulence. Such processes are especially 
probable at times of sharp increases in the 
pressure of solar wind on the magnetosphere. In 
this regard, in this article, we set ourselves the 
goal of studying in detail the conditions under 
which EMIC bursts occur in the near-noon 
region of the magnetosphere, using both 
ground-based and satellite data. 

Here, we examine short-term ULF 
emissions in the daytime sector of the 
magnetosphere at the moment of the 
magnetopause contact with the front of an 
interplanetary shock wave. These events differ 
from those previously considered by other 
authors in that the appearance of burst-like ULF 
emissions in the frequency range of 0.1–3.0 Hz 
did not occur against the background of the 
recovery phase or the expansion phase of a 
magnetic storm. We were interested in the 
moment of sudden impulses SSC (Sudden 
Storm Commencement) or SI after a prolonging 
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quiet geomagnetic period, so that other 
processes in the excitation of bursts would not 
affect, except for an isolated impulse. 

The main objective of this work is to 
carry out a comparative study of bursts of 
geomagnetic pulsations observed in the 
daytime magnetosphere and at the mid-latitude 

ground-based observatories, at the moment of a 
sharp increase in the solar wind dynamic 
pressure. Spectral structure analysis of these 
pulsations will be performed and a discussion 
about possible source of their generation will be 
presented. 

 
MATERIALS AND METHODS 

 
Our study of burst-like ULF emissions is 

based on synchronous observation of the 
geomagnetic field on the Earth, the 
electromagnetic field and plasma in the 
magnetosphere and in interplanetary space. All 
satellite data are taken from the Coordinated 
Data analysis web 
(https://cdaweb.gsfc.nasa.gov/istp_public/). 
CDAWeb contains selected public non-solar 
heliophysics data from current heliophysics 
missions and projects. 

According to the bulletins of 
geomagnetic indices, SSC or SI events were 
selected, during which obs. Mondy was near 
geomagnetic noon. For detailed analysis, IMF 
values, solar wind parameters and geomagnetic 
indices were selected prior to the event of April 
23, 2002 before they were disturbed by the 
sudden sharp enhancement in solar wind 
pressure, i.e., when the geophysical condition 
was quiet. Additionally, when discussing the 
results, the event of June 28, 1999, occurred 
against a quiet geomagnetic background, will 
be considered. The choice of quiet conditions 
allows us to believe that a key role in the 
excitation of geomagnetic pulsations was 
played by a sudden impulse caused by the 
contact of the solar wind inhomogeneity with 
the Earth's magnetosphere.  

The characteristics of the solar wind 
plasma and the interplanetary magnetic field 
(IMF) were studied, using data from the SWE 
(Solar Wind Experiment) and MFI (Magnetic 
Field Instrument) instruments installed on the 
ACE (Advanced Composition Explorer) 
satellite. ACE orbits the L1 libration point, 
which is a point of Earth-Sun gravitational 
equilibrium about 1.5 million km from Earth 
and 148.5 million km from the Sun. The exact 
coordinates of this spacecraft during the April 
23, 2002 event are shown below.  

The properties of hydromagnetic 
emissions on the ground were analyzed using 
digital data from induction magnetometers 
(sampling frequency 10 Hz) installed at the 
Mondy (Φ = 470, Λ = 1740, 𝐿𝐿 = 2.2), Borok 
(Φ = 540, Λ = 1130, 𝐿𝐿 = 2.9), and Lovozero 
(Φ = 640, Λ = 1150, 𝐿𝐿 = 5.2) observatories 
(corrected geomagnetic coordinates are 
indicated). During the events under 
consideration, identical magnetometers 
operated at the Mondy and Borok 
observatories. 

We used data from the following 4 
instruments installed on the Polar satellite in 
order to investigate hydromagnetic emissions 
observed in the daytime magnetosphere: 

 
1.  Ion hot plasma instrument HYDRA (a three-

dimensional electron with energies between 
10-19 keV, sampling step Δt = 13.8 s [18]);   

2. The electric field instrument (EFI) (vector 
electric field, measurement with Δt = 0.05 s; 
in the National Space Science Data Center 
data are exposed with resolution 1 data point 
about every 6 seconds (Δt = 6 s) [9]); 

3. Thermal Ion Dynamics Experiment (TIDE) 
instrument (thermal/superthermal ion 
population from 0.32 to 410.62 eV, Δt = 6 s, 
[13]); 

4. The MFI - three components of the high-
resolution magnetic field vector with Δt = 
0.12 s (represented in satellite coordinate 
system) and of low resolution Δt ≈ 6 s (in 
GSM coordinate system) [17]). 

For comparison with ground-based 
observations, Polar satellite magnetic data with 
a time resolution of 0.12 s are interpolated by a 
cubic spline with sampling rate of Δt = 0.1 s, 
which is equivalent to the sampling rate of 
ground-based magnetic data. 

https://cdaweb.gsfc.nasa.gov/istp_public/
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The electric and magnetic field measured 
data on the Polar satellite are presented in the 
satellite coordinates. Converting algorithm of 
these measurements to the GSM coordinate 
system is given in the Appendix. 

The spectral structure of the magnetic 
field variations was studied by the Fourier 
transform with 0.1 s time resolution of the 
initial ground and interpolated satellite data. 
The fluctuation spectrum of ULF emissions was 
in the frequency range 0.5–2.0 Hz. Emissions 
were filtered using a digital filter based on an 
algorithm that does not distort the phase 
characteristic of the original signal [12]. 

The method used in our study was to 
reconstruct the time history of the appearance 
of EMIC bursts in the magnetosphere and on 
the Earth's surface against the background of 
variations in ion fluxes and longitudinal electric 
field. At the same time, variations in the 
parameters of the solar wind and the 
interplanetary magnetic field were monitored, 
and their influence on the generation of EMIC 
bursts was estimated. Next, the dynamic spectra 
of the emissions observed on the satellite and 
on the ground were constructed, and based on 
their comparison relevant conclusions were 
drawn about the propagation paths of the 
oscillations. 

  
RESULTS AND DISCUSSION 

 
Geophysical conditions during the April 23, 
2002 event 

On April 23, 2002, during the sudden 
impulse of the solar wind dynamic pressure, 
obs. Mondy was near geomagnetic noon (11:14 
MLT (Magnetic Local Time)), and the Polar 
satellite was 9.5 arc degrees west (10:36 MLT) 
of the geomagnetic field line with L = 8.7 at a 
point with coordinates XGSM, YGSM, ZGSM = 4.16, 
–1.49, 3.19 Re (Earth radius), respectively. The 
geographic coordinates of the foot of the 
geomagnetic field line passing through the 
satellite (φ = 75.190 N, λ = 82.610 E) were 
determined using the program posted on the 
website https://sscweb.gsfc.nasa.gov/cgi-
bin/CoordCalculator.cgi. 

A discontinuity in the solar wind at 04:14 
UT, the ACE satellite (X = 224.4 Re; Y = 27.8 
Re; Z = –22.7 Re) was registered, at the leading 
edge of which the density Np of the solar wind 
increased sharply from ~5 to ~17 cm-3, and the 
velocity Vsw from ~400 to ~600 km/s, which 
corresponded to an increase in dynamic 
pressure from 2 to 10 nPa. The jump in Np and 
Vsw was accompanied by an increase in IMF 
from 8 to 20 nT.  

To move from these data to the situation 
at the magnetosphere boundary, we used the 

results presented at the OMNI website. OMNI 
data center, using the measurements of 
spacecraft located near the libration point L1, 
recalculates them to values approximately 
corresponding to the parameters before the 
front of the near-Earth bow shock. (The 
transformation details can be found in 
[https://omniweb.gsfc.nasa.gov/form/omni_mi
n.html]). Figure 1 shows that according to the 
1-minute OMNI data, there was a sudden 
increase in the solar wind push, at the leading 
front of which the density Np rose sharply from 
~4 to ~16 см-3 (fourth plot from the top), and 
the velocity Vsw from ~400 to ~600 km/s (third 
plot from the top), which corresponded to 
magnification in dynamic pressure from 1 to 11 
nPa (third plot from the bottom). The jump in 
Np and Vsw was accompanied by an increase 
in the IMF from 6 to 16 nT (the top plot). Before 
the solar wind pressure increase, the BZ 
component (second plot from the top) of the 
IMF was positive and did not experience strong 
jumps, but in 1.5 minutes after the sharp growth 
in pressure, it became negative (BZ < 0). Also, 
the beta parameter had a dramatic increase (the 
bottom plot). 

https://sscweb.gsfc.nasa.gov/cgi-bin/CoordCalculator.cgi
https://sscweb.gsfc.nasa.gov/cgi-bin/CoordCalculator.cgi
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Figure 1. The conditions in near-Earth space environment for the April 23, 2003 event from OMNI data. 
From the top to the bottom, panels show magnitude of the IMF (|B|), vertical component of the IMF (BZ), 
solar wind velocity (VSW), proton density (Np), solar wind dynamic pressure (P), beta parameter of plasma 

(β), bow shock displacement of the near-Earth shock wave (XBS) 
 

Figure 2 shows variations in the SYM-H 
index representing intensity of the symmetric 
part of the Earth’s ring current, a discontinuity 
in the solar wind initiated a moderate magnetic 
storm at 04:48 UT with SSC (there was a sharp 
jump in the SYM-H index by approximately 55 
nT for 4 min, followed by a gradual decrease in 
SYM-H to –80 nT). During SSC, the AE index 
of auroral activity sharply amplified from 80 to 

580 nT, after which it grew to 1600 nT over the 
next two hours. Before the moment of SSC, 
since the beginning of the day, the SYM-H 
index remained almost unchanged, and the AE 
index did not exceed 100 nT. 

Thus, this SSC event developed against 
the background of a quasi-stationary weakly 
enhanced ring current and low auroral activity.

 

 
Figure 2. Variations in SYM-H (red line) and AE (blue line) indices 
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High frequency ULF disturbances 

At 04:48 UT the Polar satellite was 
located in the daytime magnetosphere on the 
field line with geomagnetic coordinates Φ =
70.080, Λ = 158.250. According to data from 

the Polar, the solar wind pressure impulse 
excited short-term broadband oscillations in the 
Earth's magnetosphere, against which bursts of 
high-frequency pulsations were observed (Fig. 
3). 
 

 
Figure 3. Magnetic field fluctuations recorded by the Polar satellite. Field components are shown in 

satellite coordinate system (see the coordinate description on the site http://www-
ssc.igpp.ucla.edu/forms/polar/ascii_full.html) 

 
Figure 4 shows the dynamic spectra of the 

ULF oscillations recorded at the Mondy 
observatory (the bottom spectrum) and by the 
inductional magnetometer on-board of the 
Polar (the top spectrum). We see that in 30 
seconds after the beginning of the sudden 
impulse, high-frequency ULF disturbances 
were recorded both by the satellite and on the 
ground. They had similar spectral composition, 
but with a different shape of dynamic spectrum. 
The structure presented in the dynamic 
spectrum of Polar consists of two sharp vertical 
bursts occupying the frequency band of 0.6–1.4 

on and a relatively narrow-band emission 
whose frequency increases over time. The 
presence of these three structures can also be 
seen in the bottom panel of Fig. 5, which shows 
variations in the Bx component of the 
magnetospheric magnetic field in the 0.6–1.4 
Hz frequency band. They are extracted from 
satellite magnetic data using their interpolation 
with a Marmet bandpass filter. The average 
frequency of local spectral maxima increases as 
the ULF disturbance develops, thus forming a 
signal of increasing frequency.  
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Figure 4. Dynamic spectrum of the ULF emission recorded by magnetometers on  

the Polar satellite and obs. Mondy 
 
For this rare case, when the satellite was 

near the noon meridian at the moment of shock 
wave arrival, obs. Mondy was located nearby 
noon sector (LT≈11:40). A noise signal can be 
seen from dynamic spectrum of the obs. Mondy 
on the same frequencies of 0.6–1.4 Hz. The 
time of this signal almost coincides with the 
beginning of the first ULF burst at Polar. In 
contrast to the pulsations observed in the 
magnetosphere, the high-frequency ULF 

emission on the ground is longer. In the first 
two minutes, the dynamic spectrum of the 
ground-based emission resembles the spectrum 
of the emission observed on the satellite: two 
vertical lines are noticeable, but they are much 
more blurred and had a slight positive slope to 
the time axis. Later, the frequency structure is 
smeared and the emission amplitude maximum 
shifts down.  
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A linkage of bursts to the magnetospheric parameters 

 
Figure 5. Time series of parameters and magnetospheric field recorded by the instruments on the Polar 

satellite. From top to bottom: magnetic field magnitude (|B|), calculated anisotropy of ion temperature (A), 
the density of thermal ions and their transverse velocities (Vx, Vy) relative to the magnetic field, converted 

longitudinal electric field (|Е|), high-frequency filtered Bx component of the magnetic field 
 

Figure 5 illustrates a comparison of the 
time series of the main geomagnetic field (the 
top plot) and the filtered high-frequency part of 
the MFE-measured magnetic field in the 
magnetosphere (the bottom plot) with the 
environmental parameters recorded by different 
instruments located on the Polar satellite: 
anisotropy 𝐴𝐴 = 𝑇𝑇⊥/𝑇𝑇∥ − 1 𝑇𝑇⊥ and 𝑇𝑇∥ are ion 
temperature across and along geomagnetic 
field) of thermal ions calculated from TIDE 
measurements (second plot from the top), 
thermal ion density and velocities along X and 
Y axis (third to fifth plot from the top), all 
measured with TIDE, and the longitudinal 
electric field measured by EFI. 

The magnetic field strength begins to 
decrease (first panel from the top) at the onset 
moment of a sharp increase in the solar wind 
dynamic pressure. Simultaneously, the 
amplification of the electric field components 
directed along the external magnetic field 
begins (second panel from the bottom). Due to 
the impulsive action of the solar wind, an abrupt 
jump in the anisotropy of thermal ions occurred 

(second panel from the top). Anisotropy arises 
when thermal ions "rocked" in the azimuth 
direction, moving first in one direction and then 
in the other, as shown in the third panel from 
the bottom. In this case, the ion velocity in the 
radial direction does not change. The ion 
density, shown in the third panel from the top, 
begins to gradually grow, but with the second 
sharp increase in anisotropy, it also sharply 
rises and reaches a maximum at about 4:48:30 
UT. At this time, the direction of the 
longitudinal electric field abruptly changes to 
the opposite, i.e., it is set against the direction 
of the main magnetic field. Note that the 
electric field research instrument is designed to 
register the field only in the low-frequency 
region.  

We studied daytime Pc1 geomagnetic 
emissions that were observed after SSC, using 
data from the Polar satellite and on-ground 
induction magnetometer in the Mondy 
observatory both being located in the vicinity of 
the noon meridian at the moment of the SSC. 
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We believe that the observed emissions are 
electromagnetic ion cyclotron (EMIC) waves. 

EMIC waves are generated in the 
magnetosphere due to the resonance cyclotron 
instability of ring current ions with temperature 
anisotropy. Olson et al. [14], using a simple 
model describing the change in the 
characteristics of the daytime magnetospheric 
plasma, showed that sudden increases in the 
solar wind dynamic pressure can cause bursts 
of ULF emissions near the local noon. A 
dramatic compression of the magnetosphere 
due to an increase in solar wind pressure causes 
the maximum distortion of the magnetospheric 
plasma around noon at high latitudes [14] 
leading to sudden increase of thermal 
anisotropy of the ring current ions. This, in turn, 
increases the increment of the ion-cyclotron 
instability and amplifies excited EMIC waves. 
This picture is consistent with the results of 
observations made on the Polar satellite for the 
April 23, 2002 event. Figure 5 demonstrates 
that, namely, the sharp jump of solar wind 
pressure led to the dramatic acceleration of 
thermal plasma ions, whose velocity reached 20 
km/s in the azimuth direction. Together with a 
jump-type growth in the azimuthal velocity of 
the thermal plasma, a significant increase in 
temperature anisotropy occurs synchronously 
up to the maximum value A = 1. The generation 
of ULF bursts begins 30 sec after the arrival of 
SI, demonstrating that wave-particle interaction 
occurs on the field lines near noon. 

The further emission development 
correlates with a gradual rise in the plasma 
density shown in the third panel from the top in 
Figure 5. This gradual increase, i.e., the 
injection of ions into the magnetosphere, takes 
place against the background of a continuing 
growth in the anisotropy 𝑇𝑇⊥ > 𝑇𝑇∥ of the 
distribution of ions, which, in turn, preserves 
the conditions for the excitation of the EMIC 
waves by their cyclotron resonance with ions, 
which is the main mechanism for generating 
these waves (see [4, 19] and references therein). 

At the same time, the longitudinal electric 
field is enhanced, first against and then in the 
direction of the external magnetic field; 
direction of the electric field changes 
approximately in antiphase with the azimuthal 
velocity of thermal ions.  

Localization and observation on earth's 
surface 

It is known that the EMIC waves 
propagate in the magnetosphere mainly along 
geomagnetic field lines, they penetrate through 
the ionosphere to the Earth's surface, and are 
observed in the form of Pc1 geomagnetic 
pulsations. At ionospheric heights, these waves 
are partially transformed into magnetosonic 
waves, which propagate along the earth's 
surface over long distances in the so-called 
ionospheric MHD waveguide. 

Observations carried out on several 
satellites indicate a narrow localization of 
EMIC wave sources and their channeled 
propagation along the geomagnetic field [11, 
16]. Based on the results of these studies, it can 
be assumed that the burst of ULF emission 
generated around noon at the moment of a 
sudden pressure impulse and it was observed on 
the Polar satellite and in the obs. Mondy (Fig. 
5), should have propagated from the 
magnetosphere to the polar ionosphere along 
the geomagnetic field line with L ~ 8–9, and 
further run along the ionospheric waveguide to 
obs. Mondy (L = 2.2). 
Spectral structure 

In the event under consideration, the first 
two structural elements of the ULF burst on the 
spectrograms are located vertically on the Polar 
satellite and with a slight positive slope with 
respect to the time axis at the Mondy 
observatory (rising frequency change). This 
fully corresponds to the frequency dispersion of 
ion-cyclotron waves propagating from a source 
located in the magnetosphere along the field 
line to the ionosphere. The third element on the 
Polar spectrogram (the top panel of Figure 4) 
has a clear positive slope. Possibly, it 
corresponds to the reflection of the second 
impulse from the ionosphere. However, this 
type of structure is not always observed. 
According to obs. Syowa (Antarctica) [8] near 
noon, after a sudden impulse of solar wind 
pressure, bursts are generated with a vertical 
spectral structure with frequency of about 1 Hz 
and higher. 

Nevertheless, at obs. Mondy, under the 
same conditions, bursts of pulsations are 
sometimes observed, which have a descending 
spectral structure.  
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The results of observations of two events 
from data of the mid-latitude observatories 
Mondy and Borok, as well as the subauroral 
observatory Lovozero [20], show a noticeable 
descending, or falling structure of wave packets 
accompanying SI. Dynamic spectra of one of 
the events observed on June 28, 1999 is shown 
in Figure 6, where one station (Mondy) was 
located around noon, and the other two (Borok 

and Lovozero) were in the morning sector. The 
spectra were plotted from magnetic 
measurements at these three observatories 
equipped with induction magnetometers. There 
are no satellite data for this event around noon, 
so we could not compare the spectral 
characteristics of bursts in the magnetosphere 
and on the Earth's surface.  

 

 
Figure 6. Dynamic spectrum of ULF emission of the June 28, 1999 event. From top to bottom: obs. 

Lovozero, Borok and Mondy 
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The descending shape of the structural 

elements of the burst dynamic spectrum 
suggests that the high frequencies of the burst 
propagate faster than the lower frequencies. 
Frequency dispersion of this kind can be 
conventionally called R-mode dispersion, 
since, for example, it is characteristic of fast 
magnetosonic waves with right-hand 
polarization propagating along an external 
magnetic field (R-waves). However, this 
dispersion is not typical for EMIC waves. They 
have left-hand polarization (L-mode) when 
propagating along the magnetic field, and the 
higher-frequency ion-cyclotron waves 
propagate more slowly than the low-frequency 
ones, which lead to a positive slope of the 
structure patterns in the EMIC dynamic 
spectrum. Therefore, it remains unclear how the 
descending elements of the dynamic spectrum 
structure could be formed.  

One of the possible options may be the 
mechanism proposed in [6]. The authors found 
cases of ground-based observations of 
structured emissions in the Pc1 range with an 
unusual frequency dispersion of discrete 
elements: they had a negative slope to the time 
axis on the spectrogram, that is, a descending 
structure characteristic not for the L-mode, but 
for the R-mode, located on the same branch of 
the dispersion equation with fast magnetic 
sound. To explain their observations [6] have 
invoked model of R-wave generation by a 
longitudinal proton beam with an energy of 10–
100 keV. 

It is quite possible that a similar 
mechanism worked in the event of June 28, 
1999, if we assume that the sudden compression 
of the magnetosphere somehow launched a 
longitudinal proton beam in the region of 
magnetic shells L ~ 6–7, in the longitudinal 
sector MLT ~ 10–12 hours, where a sharp 
increase in the ion flux was recorded on the 

LANL-1994 and, a little later, on the LANL-97 
satellites [20]. Almost simultaneously with this, 
a burst of emission was observed at the obs. 
Mondy, and 12 s later, at the Lovozero-Borok 
meridian (Fig. 6, see also [20]). 

Note that for the two cases of Pc1 
pulsations analyzed in [6], the use of this 
mechanism looks unconvincing, since the 
generation of pearl pulsation series requires 
multiple runs of wave packets between 
conjugated ionospheres along the field line, and 
R-waves, in contrast to ion-cyclotron L-waves, 
are not channeled by the magnetic field. 
Another mechanism for the appearance of 
emissions with downward dispersion can be the 
excitation of ion-cyclotron L-waves in a 
multicomponent plasma discussed in the same 
article [6] with their subsequent transformation 
into R-waves on their way to the Earth's surface 
along the field line. This effect was considered 
theoretically in work [5]. 

One more source of frequency dispersion, 
leading to the appearance of a descending 
signal structure in the dynamic spectrum, is the 
waveguide dispersion considered for the ULF 
range in [2, 3]. Its appearance requires signal 
propagation in the form of a fast magnetosonic 
wave in a waveguide formed by a large-scale 
plasma inhomogeneity. An example of such an 
inhomogeneity is the plasma sheet in the 
magnetotail. However, in our case it is difficult 
to imagine the existence of the required 
structure in the dayside magnetosphere. 

The possible development of the research 
started in this article can lie in two directions. 
On the one hand, this is the development of the 
theory in an attempt to explain the mechanisms 
of generation and propagation of the studied 
ULF emissions, and on the other hand, the 
involvement of new satellite and ground-based 
observations for detailing and, possibly, 
statistical analysis of the phenomenon.

 
CONCLUSIONS 
 

We found that the impact on the 
magnetosphere of an impulse caused by a sharp 
inhomogeneity of the solar wind can lead to the 
excitation of two ULF bursts of different nature 
in the daytime magnetosphere. In one case, this 

is a burst of EMIC waves with their 
characteristic L-dispersion, and in the other 
case, a burst of ULF waves of an unknown 
nature with R-dispersion. To explain the second 
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case, we have proposed three different possible 
mechanisms. 
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Appendix 
 
The electric field in the Polar data is represented 
as two orthogonal components lying in the 
satellite rotation plane (spin plane). These 
components are the 𝐸𝐸𝑋𝑋𝑋𝑋 component directed 
along the line of intersection of the spin plane 
(it is assumed that it coincides with the plane of 
the orbit) with the plane of the ecliptic and the 
𝐸𝐸𝑍𝑍 - component perpendicular to the 𝐸𝐸𝑋𝑋𝑋𝑋 - 
component. Components 𝐸𝐸𝑋𝑋𝑋𝑋 and 𝐸𝐸𝑍𝑍 are 
positive in the antisolar and northern directions, 
respectively. The angles of declination of the 

satellite spin vector to the XOYGSM (Θ) plane 
and right ascension (Φ) of the spin vector 
projection onto the XOYGSM plane relative to the 
OXGSM axis indicated in the Polar data allows to 
convert the electric field vector to the 
geomagnetic solar-magnetospheric coordinate 
system GSM, and then calculate its longitudinal 
and transverse relatively smoothed magnetic 
field components. 
Illustration explaining the values of the oriented 
angles Θ and Φ are shown in Fig A1

 
Figure A1. Declination and right ascension angles of  
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the Polar satellite spin vector in the GSM coordinate system 
The transition from the satellite to the GSM coordinate system was carried out according to the 
following standard formulas: 
 

cos ,GSM
Z ZE E= Θ  

0 0

0 0

cos (90 ) ( sin ) sin (90 ),
sin (90 ) ( sin ) cos (90 ),

GSM
X XY Z
GSM
Y XY Z

E E E
E E E

= +Φ − Θ +Φ

= +Φ + Θ +Φ
 

sin ( sin ) cos ,
cos ( sin ) sin ,

cos .

GSM
X XY Z
GSM
Y XY Z
GSM
Z Z

E E E
E E E
E E

= − Φ − Θ Φ

= Φ − Θ Φ

= Θ

 

The longitudinal electric field component was calculated with a 6-second time resolution: 
𝐸𝐸|| = |𝐸𝐸| cos𝜃𝜃 

( )arccosθ ⋅
=

⋅
B E
B E

 

Where θ is the angle between the vectors of the magnetic (B) and electric (E) fields, found from the 
scalar product of the above vectors, presented in the GSM coordinate system. 
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