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Abstract. We examine magnetic field variations 

within the frequency range of several millihertz (Pc5-

6/Pi3 geomagnetic pulsations) in the near-Earth magne-

totail and adjacent flank magnetosheath regions, using 

data from Cluster satellites for 2016. Dependence of 

spectral coherence on interval length is analyzed for a 

satellite pair Cluster-1 and Cluster-4 at different satellite 

positions relative to the magnetopause. It is shown that 

absolute coherence and the rate of its decline with in-

creasing time interval length differ for the longitudinal 

and transverse magnetic field components, as well as for 

different satellite positions. We also present a case study 

of a coherent pulsation recorded in the magnetosheath at 

low solar wind velocity and weak fluctuations in front 

of the bow shock. 

Keywords: Pc5-6/Pi3 geomagnetic pulsations, mag-

netotail, magnetopause, magnetosheath, coherence. 

 

 

 

 

 

INTRODUCTION 

The magnetotail features magnetohydrodynamic 

(MHD) oscillations of all main types, recorded in the 

magnetosphere, and its specific flapping modes (see, 

e.g., the review [Leonovich et al., 2015]). Experimental 

data confirms that global geomagnetic pulsations can be 

observed in the magnetotail at distances up to tens of 

Earth radii (RE). Wang et al. [2015] have shown that the 

average amplitude of Pc5 pulsations correlates with 

fluctuations in the solar wind (SW) dynamic pressure 

Psw, which is consistent with the role of SW as an exter-

nal source of excitation of MHD oscillations.  

In [Nosikova et al., 2022; Yagova et al., 2022; Yagova, 

Evsina, 2024], it has been found that the dependence of the 

pulsation amplitude in the tail on the intensity of fluctua-

tions in the interplanetary magnetic field (IMF) and SW 

dynamic pressure components in front of the bow shock 

(we will call such fluctuations “external fluctuations”) 

differs for pulsations of different spatial scales. Large-

scale pulsations are characterized by an almost identical 

form of variations and a small phase incursion at dis-

tances of the order of several RE. Their amplitude weak-

ly depends on the intensity of external fluctuations, and 

hence it is these pulsations that dominate at a low level 

of external disturbance. Under such conditions, the pul-

sations demonstrate a relatively high quality and a weak 

relationship with magnetic field fluctuations in the 

nightside magnetosheath. At a higher level of fluctua-

tion amplitudes in front of the bow shock, the contribu-

tion of smaller-scale pulsations, whose amplitude de-

pends greatly on the amplitude of external fluctuations, 

increases; and the proportion of coherent pulsations 

grows on both sides of the magnetopause.  
The spectral power density and coherence were es-

timated in [Nosikova et al., 2022; Yagova et al., 2022; 

Yagova, Evsina, 2024] for a fixed interval length, but 
the possibility of using the estimates obtained on other 
time scales was not explored. Meanwhile, the time scale 
of coherence is an important characteristic of disturb-
ance of a medium. Analysis of time and spatial scales of 
coherence is widely used for studying turbulence, in 
particular in the interplanetary medium and magne-
tosheath. For example, Gutynska et al. [2008, 2009] 
investigated time scales of coherence with a method 
based on the analysis of individual wave packets. To do 
this, correlations between oscillations in the magnetic 
field modulus were estimated as function of time delay 
for shifts up to 20 min. From this analysis, Gutynska et 
al. [2012] draw a conclusion that for frequencies below 
10

–2
 Hz oscillations always have a source in front of the 

bow shock in contrast to higher frequencies that can be 
excited directly in the magnetosheath. 

The most comprehensive statistical study of turbu-

lence spectra in the magnetosheath in the frequency 

range from millihertz to several hertz has been carried 

out in [Rakhmanova et al., 2024], which continues the 

series of studies [Zastenker et al., 2002; Shevyrev et al., 

2003, 2007; Rakhmanova et al., 2020] (for more detail, 

see [Rakhmanova et al., 2023]).  

When examining turbulence parameters, it is neces-

sary to cover the widest possible frequency range. Stud-

ies on turbulence in the magnetosheath describe spectra 

of variations in plasma and magnetic field parameters. 

The main attention in studies of magnetic field fluctua-

tions in the magnetosheath is paid to higher frequencies 

than the frequencies of long-period pulsations we deal 

with in this paper. Oscillations with frequencies of sev-

eral millihertz are either not examined at all or lie on the 

boundary of the range in question [Gutynska et al., 

2009]. The results on long-period variations are not al-

ways commented on by authors, and in this frequency 
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range there is a risk of decreasing accuracy since the 

lower frequency limit turns out to be on the order of or 

even less than the inverse length of the interval under 

study [Alexandrova et al., 2008; Gutynska et al., 2009].  

Analysis of spectra and polarization of magnetic field 

variations in the magnetosheath in the range from a few 

millihertz to 10 Hz carried out in [Alexandrova et al., 

2008] has shown that in most cases the main power is con-

centrated in the transverse components. The spectra pre-

sented by the authors demonstrate spectral maxima in the 

millihertz spectral region, but the question about properties 

of quasi-harmonic oscillations in the millihertz range in the 

magnetosheath is not addressed in the work. Huang et al. 

[2017] analyze the power spectral density (PSD) and spec-

tral slopes, using Cluster satellite data obtained in the mag-

netosheath in the frequency range from a few millihertz to 

tens of hertz. The emphasis is on the change in the spectral 

slope during the transition from inertial to dissipative mode 

and on properties of oscillations of the longitudinal field 

component. The spectra were calculated and the spectral 

slope was estimated from 1.6 hr intervals, which makes it 

possible to correctly assess spectral parameters in the range 

of several millihertz. For individual events analyzed in the 

paper, there are spectral maxima in the dayside magne-

tosheath, which are not commented on by the authors.  

Stukov and Yagova [2024] have indicated that a de-

crease in the degree of coherence with increasing inter-

val length T is approximately the same for the tail lobe 

and the magnetosheath at T~1 hr, whereas at large T 

values the degree of coherence in the magnetosheath 

decreases faster than in the geomagnetic tail. This paper 

continues the analysis of variations in the millihertz 

range in the magnetotail carried out in [Nosikova et al., 

2022; Yagova et al., 2022; Yagova, Evsina, 2024; Stu-

kov, Yagova, 2024]. The time scales of coherence 

throughout 2016 are studied for the near tail and adjacent 

flank magnetosheath regions from Cluster-1 and -4 data. 

 

1. DATA AND PROCESSING 

The Cluster mission [Escoubet et al., 2001, 2015] in-

cludes four satellites. Their instantaneous positions form 

a tetrahedron that makes it possible to explore 3D dis-

tributions of the magnetic field, plasma parameters, and 

particle fluxes. Orbits of the satellites are highly ellipti-

cal with an apogee of ~20 RE and a perigee of ~4 RE, 

sequentially crossing the magnetosheath, the magneto-

pause, and the magnetotail.  

The magnetic field was measured by a fluxgate 

magnetometer FGM with a time step ~0.045 s. On the 

website [https://cdaweb.gsfc.nasa.gov/], the data is 

available in several time resolutions, from initial to 

several minutes. We have used data for 2016 with a 

time step ~4 s. Their primary processing involved 

choosing the position of the satellites from 

[https://sscweb.gsfc.nasa.gov/], as well as selecting 

intervals lasting more than 2.5 hrs without gaps and 

peaks caused by equipment failures. 
For the selected continuous data fragments, the tran-

sition was made from the geocentric solar-ecliptic coor-
dinate system GSE to the coordinate system associated 
with the magnetic field. The main magnetic field was 
determined from the satellite's measurements. For each 
moment of time t0, the vector of the main magnetic field 
Bav was found by averaging in a 20 min running win-
dow (t0±10 min). For the current value of the magnetic 
field B(t0), a transition was performed to a new coordi-
nate system with Bτ, B, Bϕ, where Bτ is codirectional 
with Bav; B is perpendicular to Bτ and lies in the plane 
formed by Bav and the Earth–satellite line, and Bϕ closes 
the right three vectors. The time series thus obtained has 
the same digitization step as the original one, and allows 
us to examine variations in the magnetic field relative to 
the main field, determined from the satellite's measure-
ments, at frequencies higher than the inverse length of 
the averaging interval. 

For further analysis, we took orbital sections when 
the satellites were located in one of the following re-
gions: tail lobe, high-latitude boundary layer (HLBL), 
and flank magnetosheath — nightside and dayside mag-
netosheath away from the subsolar point (XGSE<3RE). 
Next, we selected time intervals belonging to one of 
three classes determined from the position of Cluster-1 
and -4 relative to the magnetopause: Both IN — both 
satellites in the tail lobe; Both OUT — both satellites in 
the magnetosheath; MPCross — the satellites near the 
magnetopause. The last class includes intervals with 
instants of time when one satellite is in HLBL; and the 
other, in the magnetosheath; for all points in the inter-
val, the distance from the magnetopause DMP (based on 
the model location of the magnetopause according to 
[https://sscweb.gsfc.nasa.gov/]) satisfies the condition –2 
RE<DMP<0.6 RE. For Both IN, DMP<–2 RE; for Both 
OUT, DMP>0.6 RE. Thus, the classes do not touch.  

The total number and total length of intervals in each 

class are listed in Table. We deal with intervals from 48 

The number of intervals for each T and their total length ΣT in minutes 

for three satellite position classes 

Interval length 

T, min 

Both IN Both OUT MPCross 

N ΣT N ΣT N ΣT 

48 945 15888 346 5904 127 2352 

64 897 15424 322 5568 109 2240 

80 851 14880 301 5440 92 1840 

96 807 14400 281 5184 80 1920 

112 764 14224 261 5376 69 1568 

128 723 13696 241 4736 61 1536 

144 683 13680 222 4752 54 1152 

https://cdaweb.gsfc.nasa.gov/
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to 144 min with a step of 16 min. The minimum in-
terval length for spectral analysis is approximately three 
full oscillation periods at the lower limit of the frequen-
cy range under study, and the maximum one is limited 
to the time the satellite is located in the region of inter-
est. The sequence of intervals for spectral analysis is 
selected from continuous data fragments of each class. 
The step between adjacent intervals is 16 min. The use 
of the overlap allows edge effects to be avoided. Due to 
the overlap, the total length of the intervals may be less 
than the product of the interval length by their number. 
ΣT=20T is taken as the threshold value for further anal-
ysis and presentation of the results in plots. The values 
satisfying this condition are highlighted in bold in Table. 

The data was processed in Python with the SciPy li-

brary, which ensures the implementation of spectral 

analysis and time series processing algorithms. Spectral 

estimation was performed using the following parame-

ters: a Blackman window of width ΔT=16 min (960 s), 

a segment of length Nperseg=32, an overlap Noverlap =24, 

and the number of points for fast Fourier transform 

Nfft=128. For the chosen intervals in the frequency band 

1.2÷4.2 mHz, we calculated PSD and spectral coherence 

γ
2
(f). PSD was found for three magnetic field compo-

nents for each satellite; and γ
2
(f), for all pairwise com-

binations of bc1—bc4, where the c index takes the values 

(τ, p, ϕ), and the numeric index corresponds to the Clus-

ter number. To designate variations in the magnetic 

field components and their spectra, lowercase b is used 

to distinguish them from the designations of the compo-

nents of the full field. 

 

2. RESULTS 

2.1. Coherence. Statistics 

The coherence matrix is symmetric and generally 

contains six different elements: three diagonal (for 

components of the same name) and three nondiagonal. 

Figures 1–3 plot the dependences of the band mean ⟨γ2⟩ 
for longitudinal and transverse magnetic field compo-

nents when satellites are in tail lobes, in the vicinity of 

the magnetopause, and in the nightside magnetosheath. 

Figures 1–3 indicate that for all satellite positions and T 

values the nondiagonal elements of the coherence ma-

trix are smaller than the diagonal ones; therefore, they 

are excluded from further analysis. 

Figures 4–6 present a more complete set of coher-

ence parameters for diagonal elements. The band mean 

⟨γ2⟩ and maximum γ
2

max are considered. The ⟨γ2⟩ and 

γ
2

max values average for each class are given in top pan-

els of Figures 4–6. Bottom panels show the probability 

of occurrence of over-threshold values P(⟨γ2⟩>0.5), de-

fined as the ratio of the number of intervals, such that 

⟨γ2⟩>0.5, to the total number of intervals N, and 

P(γ
2

max>0.75), determined similarly for γ
2

max. For brevi-

ty, the term “coherence” is employed to describe the 

results common to all coherence parameters. 

Figure 4 demonstrates the coherence dependence on 

T for the longitudinal component bτ. All coherence pa-

rameters decrease with increasing interval length and 

reveal a qualitatively identical dependence on the posi-

tion of the satellites. Maximum coherence values for all 

T correspond to Both IN: ⟨γ2⟩>0.6 for all T; at T=48 

min it reaches 0.8; γ
2
max>0.8 for all T<128 min. The 

probability of occurrence of over-threshold values for 

both ⟨γ2⟩ and γ
2

max exceeds 0.6 for all T. MPCross has 

the lowest coherence, and for Both OUT the coherence 

parameters assume intermediate values. 

For both parameters describing ⟨γ2⟩, the differences 

between MPCross and Both OUT are small, but they are 

well-defined for γ
2

max. Common to all coherence param-

eters is that the differences between the classes increase 

with T. This effect is weaker for interval-average ⟨γ2⟩ 
and is the strongest for P(γ

2
max>0.75). At T=80 min, 

P(γ
2
max>0.75) for MPCross is almost twice as small as 

that for Both IN, whereas at T=48 min the difference is 

~25 %. 

Thus, the coherence between the longitudinal com-

ponents is characterized by maximum values in the tail 

lobe, minimum values in the vicinity of the magneto-

pause, and intermediate values in the magnetosheath. 

The difference increases with interval length and is 

more pronounced for γ
2
max and the probability of occur-

rence of over-threshold values. 

The same dependences for two transverse field com-

ponents are shown in Figures 5 and 6. The components 

bρ and bϕ for the magnetotail regions considered are 

nonzero, both parallel to the main current at the magne-

topause and normal to it. For both transverse compo-

nents, the coherence parameters for Both IN and the 

differences between the classes are smaller than for the 

longitudinal component. For bρ, there are almost no 

differences between MPCross and Both OUT, and their 

difference from Both IN is more pronounced in the 

probability of occurrence of over-threshold ⟨γ2⟩ and 

γ
2
max than in the averages. For bϕ, the minimum coher-

ence persists for MPCross, whereas Both IN and Both 

OUT differ little in coherence parameters. The differ-

ences between MPCross and the other two classes (as 

for bρ) are most clearly manifested in the probability of 

occurrence of over-threshold values.  

Thus, the minimum coherence in the vicinity of the 

magnetopause, found in [Yagova, Evsina, 2024], exists for 

the transverse components for the entire range of interval 

lengths under study. 

 

2.2. An example of coherent pulsation in the 

magnetosheath 

In addition to the oscillations described in [Kim et 

al., 2002; Kepko et al., 2002] that directly penetrate into 

the magnetosphere from the interplanetary medium, 

pulsations “decoupled” from external fluctuations are 

recorded in the magnetosheath [Zastenker et al., 2002]. 

Yagova and Evsina [2024] have examined properties of 

such Pc5-6/Pi3 pulsations on both sides of the magneto-

pause. Below, the properties of long-period magnetic 

field pulsations are analyzed for the interval when both 

satellites were in the magnetosheath. 

The pulsations occurred on June 22, 2016. Projections 

of satellite orbits and magnetospheric boundaries deter-

mined from [https://sscweb.gsfc.nasa.gov/] for the interval 

https://sscweb.gsfc.nasa.gov/
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Figure 1. Dependences of band mean coherence ⟨γ2⟩ on interval length T for longitudinal and transverse magnetic field com-

ponents for satellites in tail lobes (Both IN): diagonal and nondiagonal elements are denoted by solid and dashed lines respectively 

 

Figure 2. The same as in Figure 1 for the satellites in the vicinity of the magnetopause (MPCross) 

 

Figure 3. The same for the satellites in the flank magnetosheath (Both OUT) 
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Figure 4. Coherence parameters versus interval length T for the longitudinal component bτ: the average over all intervals of a 

given length (top panel) and the proportion of intervals with over-threshold coherence (bottom panel) for the band mean ⟨γ2⟩ 
(left) and maximum γ2

max (right)  

 

Figure 5. The same for the component b

 

Figure 6. The same for the component bϕ 
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12:23–13:27 UT are depicted in Figure 7 together with the 
average IMF interval (recalculated to the subsolar point) 
and the magnetic field at the location of each of the Cluster 
satellites. Figure 7 uses the X–R projection, where 
R

2
=Y

2
+Z

2
 of the GSE system. During the period consid-

ered, both satellites were in the near nightside magne-
tosheath, with the distance between the satellites being 
around 2RE, and Cluster-4 was closer to the subsolar point. 
The direction of the magnetic field at the positions of both 
satellites is almost normal to the magnetopause. 

The PSD spectra for the three magnetic field compo-
nents on the trajectory of each satellite are presented in 
Figure 8. In both cases, the main spectral power is concen-
trated in bϕ, and the main maximum is observed at f1=1.5 
mHz. Let us take a closer look into pulsations in bϕ. Figure 
9 illustrates the time signal waveforms after high-pass fil-
tration with a cutoff frequency of 0.8 mHz, the spectral 
coherence γ

2
, and the phase difference Δϕ. The magneto-

grams (Figure 9, a) show a similarity between the wave-
forms and the phase incursion in the direction from Clus-
ter-4 to Cluster-1, i.e. anti-sunward. The peak-to-peak am-
plitude is ~16 nT for Cluster-1 and 12 nT for Cluster-4, i.e. 
as they propagate, the amplitude increases. 

The spectral coherence (Figure 9, b) reveals two 

maxima: the first at the frequency of the main spectral 

maximum f1≈1.5 mHz with γ
2

max=0.75, the second at the 

frequency f2=3.6 mHz with a plateau in the power spec-

trum according to Cluster-4 data, whereas Cluster-1 data 

shows slowing of the decline in PSD with frequency. In 

the vicinity of f1, the phase difference Δϕ=140°; and in 

the vicinity of f2, Δϕ≈0, i.e. the oscillations are nearly in 

phase. 

Long-period pulsations in the magnetosheath can be 
either a response to quasi-periodic variations in IMF and 
Psw in front of the bow shock, or they can form inside 
the “big magnetosphere” [Yagova, 2015]. To identify 
the nature of excitation of the observed oscillations, we 
examine variations in IMF components and Psw in the 
same frequency range. Coherence time forms and spec-
tra for Psw and IMF components are displayed in Figure 
10. Figure 10, a, b illustrates variations in Psw and IMF 
By and Bz after high-pass filtration with the same cutoff 
frequency of 0.8 mHz as for magnetic field variations in 
the magnetosheath (lowercase letters are used for the 
variations to distinguish them from the complete value 
of the same variable). The peak-to-peak amplitude was 
~2.5 nT for Bz and 1 nT for By, which is several times 
lower than that for bϕ in the magnetosheath, which ex-
ceeded 10 nT according to the data from both satellites 
(see Figure 9, a). The average peak-to-peak amplitude 
of Psw was ~0.3 nPa; and the maximum, 0.5 nPa (Figure 
10, b). This level of amplitudes is typical at low SW 
velocities. The spectral coherence of the variations both 
in Psw (Figure 10, c) and in IMF components (Figure 10, 
d) with variations in bϕ in the magnetosheath does not 
exceed 0.3.  

Let us now consider in more detail the conditions in 
the interplanetary medium for the time interval shown in 
Figures 7–10 and for 80 min before the interval. Figure 11 
depicts variations in the three IMF components, SW 
velocity and dynamic pressure derived from OMNI da-
ta. The SW velocity V≈350 km/s, and Psw varied from 

2.5 to 3 nPa. At around 11:40 UT, Psw began to rise to 
3.5 nPa simultaneously with a turn of Bz to the north 
during which its values changed from slightly negative 
to near-zero. Thus, there were no significant disturb-
ances in the interplanetary medium either before or dur-
ing the time interval considered. Against this back-
ground, quasi-periodic oscillations developed in the 
magnetosheath, coherent on scales of several RE, which 
had predominantly transverse polarization and propa-
gated anti-sunward. 

 

3. DISCUSSION 

Analysis of the dependence of coherence of long-

period magnetic field variations on interval length T has 

revealed that differences in coherence values between 

pulsations in the magnetotail, in the vicinity of the mag-

netopause, and in the flank magnetosheath exist in the T  

 

Figure 7. X–R projections of segments of satellites’ orbits on 

June 22, 2016 (day 174) at 12:23–13:27 UT, magnetospheric 

boundaries according to [https://sscweb.gsfc.nasa.gov/], and 

interval-average magnetic field projection in front of the bow 

shock and in the magnetosheath. The direction of the satellite 

is indicated by an arrow; the direction of the magnetic field, 

by a dashed-dot line 
 

 

Figure 8. PSD spectra of magnetic field component varia-

tions for the interval 12:23–13:27 UT on June 22, 2016 (day 

174) according to Cluster-1 and -4 data 

https://sscweb.gsfc.nasa.gov/
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Figure 9. Magnetograms (a), spectral coherence γ2 (b), and phase difference Δϕ (c) of bϕ variations according to Cluster-1 

and -4 data for the same time interval as in Figures 7, 8 

 

 

Figure 10. Filtered (f>0.8 mHz) variations of the SW dynamic pressure Psw (a), the IMF By and Bz components (b), and their 

coherence with bϕ variations according to Cluster-4 data (c, d) for the same time interval  

 

 

Figure 11. IMF components, SW velocity and dynamic 

pressure for the same time interval as in Figures 7–10 (high-

lighted in red) and for the preceding period. The arrow marks 

the beginning of Psw increase 

 

range from 48 min to ~2.5 hrs. Differences between 

coherence values for different satellite positions almost 

always increase with T. 

These differences are most clearly manifested for 

variations in the longitudinal field component bτ for 

which the maximum coherence is observed in the tail 

lobe (Both IN, τ-τ). It is for Both IN, τ-τ that coherence 

becomes maximum among all the explored combina-

tions of magnetic field components and satellite posi-

tions. 

Coherence in the tail lobe is lower for the trans-

verse components than for the longitudinal one. For bϕ, 

values of the coherence parameters in the tail lobe and 

in the magnetosheath almost coincide in the entire T 

range, and their values are closer to those for Both 

OUT in the longitudinal component. The oscillations 

“decoupled” between positions of Both IN and Both 

OUT exist at least up to T=96 min, which is statistical-

ly manifested in lower coherence in the vicinity of the 

magnetopause. This confirms the conclusion drawn in 

[Yagova, Evsina, 2024] for one T and solar minimum. 

For bρ, as well as for the longitudinal component bτ, the 

maximum coherence is recorded in the tail lobe, but its 

numerical values are lower, as is the contrast of Both 

IN/Both OUT, which brings the picture closer to that 

observed for bϕ. The difference between Both OUT and 

MPCross for bρ is smaller than for the longitudinal 

component, and is virtually absent for the mean coherence.  
A case study of coherent oscillations in the nightside 

magnetosheath has shown that their spectral composition 
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is formed inside the “big magnetosphere”, they have the 
form of anti-sunward quasi-periodic variations with the 
1.5 mHz frequency of the main maximum. The event 
develops at a low level of fluctuations in the interplane-
tary medium and a low SW velocity. Low coherence of 
magnetic variations in the magnetosheath and external 
fluctuations contradicts the conclusion drawn in [Gutyn-
ska et al., 2012] that in the low-frequency region the rela-
tionship with fluctuations in front of the bow shock is 
bound to manifest itself in low-frequency oscillations. 
This difference is probably due to the fact that in [Gutyn-
ska et al., 2012] the analysis was performed for the mag-
netic field modulus, ignoring transverse oscillations. 

In almost the entire interval in question at the subso-

lar point, the ratio |BX |/|Bn|<0.5, i.e. the conditions are 

closer to those for a quasi-perpendicular bow shock (Bn 

is the IMF component normal to the Sun–Earth line), 

whereas on the flank of the magnetopause the condi-

tions are closer to those for a quasi-parallel bow shock. 

Accordingly, the source of the observed variations may 
be variations in the SW dynamic pressure on the trans-
verse components of SW velocity and/or Bx variations, 
which are usually ignored [Belenkaya, 1998; Cowley, 
1981; Kubyshkina et al., 2023]. Moreover, the high var-
iability of plasma and magnetic field parameters re-
quires us to analyze the actual distribution of the veloci-
ty field in the magnetosheath (see, e.g., [Shevyrev, 
Zastenker, 2005]), which is beyond the scope of this 
paper.  

The properties of the time series under study may differ 

from those needed for correct application of standard statis-

tical tests, and the mean coherence of quasi-periodic pro-

cesses with a wide spectrum varies depending on their 

spectral content. Let us analyze the significance of the re-

sults. As an indicator of the relationship between the pro-

cesses, we will use the excess of coherence for the data on 

the same time intervals of mean coherence for these data 

series at any given time. Compare the coherence values for 

the data from simultaneous measurements of the magnetic 

field and the same data with a nonzero displacement of one 

series relative to the other. Since we deal with the pulsa-

tions in the geomagnetic tail and in the magnetosheath, 

there are no diurnal variations in the pulsation parameters, 

and the time of ts displacement is defined by two condi-

tions. On the one hand, ts should be longer than the interval 

length for which the spectral analysis was made, and on the 

other hand, the parameters outside the magnetosphere 

should not change too much during this period. From these 

requirements, we assume ts =6 hr. 

Figure 12 presents the band mean coherence for sim-

ultaneously measured and displaced data series for Both 

OUT intervals, the number of which is maximum at the 

same interval lengths as in Figures 1–6. For all pairs of 

components, the values of ⟨γ2⟩ for displaced data are 

much lower than for simultaneous data. Thus, the test 

with displaced series indirectly confirms the significance 

of the results obtained.  

The choice of the coordinate system for analyzing 

magnetic field variations in the presence of the boundary at 

which a discontinuity occurs in the direction of the main 

field is ambiguous. The adequacy of the chosen coordinate 

system is supported by higher values of the diagonal ele-

ments of the spectral coherence matrix than the nondiago-

nal ones (see Figures 1–3), and by the significant differ-

ence in the results between the longitudinal and transverse 

components (see Figures 4–6). Nevertheless, the choice of 

orientation of the transverse components, implemented 

according to the same scheme as in the inner magneto-

sphere, may not be optimal and requires verification for 

different satellite positions relative to the ecliptic plane and 

magnetospheric boundaries. 

 

CONCLUSIONS 

For all satellite positions relative to the magnetospheric 

boundaries and magnetic field components, the spectral 

coherence γ
2
 decreases with interval length. For the lower 

limit of pulsation coherence <γb
2
>=0.5, determined from 

the band mean γ
2
, we have obtained the following main 

results.  

Coherence is maximum for the longitudinal compo-

nent of the magnetic field variations bτ in the magneto-

tail lobe. For this component, pulsations in the magneto-

tail are coherent in the entire range of explored periods, 

 

Figure 12. Dependences of band mean coherence ⟨γ2⟩ on interval length T for magnetic field components and satellites' positions 

in the magnetosheath (Both OUT). The solid line denotes the dependences for simultaneous data; the dashed line, for displaced data 
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i.e. the coherence scale exceeds 2.5 hrs. For bτ, the max-

imum contrast between the magnetotail and the magne-

tosheath is recorded: in the magnetosheath and in the 

vicinity of the magnetopause, the coherence scale is 1 hr. 

For transverse components of magnetic field varia-

tions, the coherence scale varies from 1 hr to 100 min. 

The influence of the magnetopause is maximum for bϕ. 

For this component, the coherence scale is 100 min for 

the magnetotail and magnetosheath, and 1 hr for the 

vicinity of the magnetopause, which confirms the 

presence of Pc5/Pi3 pulsations in the flank magne-

tosheath, which are “decoupled” with both external 

fluctuations and pulsations in the tail. 

For bρ, the coherence scale is 100 min for the mag-

netotail, as for bϕ; and 1 hr for the magnetosheath and 

the vicinity of the magnetopause, as for bτ. 

Quasi-harmonic transverse ULF wave disturbances, 

coherent in the magnetosheath and “decoupled” from 

external fluctuations, can develop at low SW velocities 

and intensity of IMF and SW dynamic pressure fluctua-

tions. 
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