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Figure 2. Trajectories of RBSP-A (red), RBSP-B (blue), G-13
(black), and G-15 (purple) from 15:00 to 24:00 UT on 1 Jan-
uary 2016 in the X–Y and X–Z GSM planes. Open circles mark the
beginning of the spacecraft trajectories which are duskward for the
GOES spacecraft and duskward at apogee for the Van Allen Probes.
The thick line segments indicate the locations of the spacecraft at
the times when compressional Pc5 magnetic field pulsations oc-
curred. Dots mark their locations where weak pulsations (A< 5 nT)
occurred.

an interval of depressed magnetic field strengths and gen-
erally anticorrelated enhanced densities, velocities, and so-
lar wind dynamic pressures. The cone angle, θ , defined as
the angle between the IMF and the Sun–Earth line was less
than 45� during this interval. The magnetic field was briefly
aligned with the Sun–Earth line (Bx) at the center of the inter-
val from 20:00–21:00 UT. For most of the � 4 h long shaded
interval, IMF Bx (By) was predominantly positive (nega-
tive) and the Bz component remained almost constant near
0 nT, indicating a spiral and equatorial IMF configuration.
The total magnetic field strength decreased from 7.9 nT at
18:00 UT to 2.2 nT at 19:48 UT, and the solar wind velocity
and dynamic pressure increased from 426 km/s and 0.62 nPa
at 18:00 UT to 457 km/s and to 3.37 nPa at 20:47 UT, respec-
tively. At � 22:20 UT almost all parameters returned to their
initial undisturbed values.

Figure 2 presents RBSP-A, RBSP-B, G-13 (MLT is
� UT � 5, where MLT represents magnetic local time), and
G-15 (MLT is � UT� 9) trajectories from 15:00 to 24:00 UT
on 1 January 2016 in the X–Y and X–Z GSM planes. Open
circles mark the beginning of the spacecraft trajectories
which are duskward for the GOES spacecraft and duskward
at apogee for the Van Allen Probes. All of the spacecraft were
north of the equator when in the dayside magnetosphere. The
thick line segments (dots) indicate the locations of the space-
craft at the times when (weak) Pc5 magnetic field pulsations
occurred.

Figure 3 compares lagged Wind solar wind dynamic pres-
sure variations with G-13 and G-15 observations of the day-
side magnetospheric magnetic field. The arrows connect en-
hancements of the solar wind dynamic pressure to corre-
sponding compressions of the magnetosphere. To determine
the lag time between the Wind and GOES-15 observations,
we related individual magnetosphere compressions to corre-

sponding dynamic pressure variations. Additionally, we con-
firmed these empirically derived lag times with simple bal-
listic estimates based on the solar wind velocity and the dis-
tance of Wind from Earth. It is relatively easy to associate
the GOES magnetic field enhancements with corresponding
features in the solar wind dynamic pressure at the begin-
ning and the end of the interval but less easy from 19:50
to 21:20 UT corresponding to � 20:45 and 22:15 UT at the
GOES spacecraft. The lag time from Wind to the Earth is not
uniform and depends on IMF orientation. At the beginning
and end of the interval, when the IMF was spiral (Bx> 0,
By< 0), the lag was in the range of � 46 to 58 min. Consis-
tent with expectations, the lag became greater for the interval
from � 19:50 to 21:20 UT when the IMF was nearly radial
(By and Bz � 0 nT). The reasonable correspondence of the
magnetosphere compressions to solar wind dynamic pressure
variations demonstrates that Wind was a good monitor for
solar wind conditions and that a series of pressure enhance-
ments were applied to the magnetosphere during the interval
of interest. Pc5 pulsation amplitudes at G-13 and G-15 were
greater during the interval of enhanced solar wind dynamic
pressure and magnetospheric magnetic field strengths than
they were at earlier and later times.

4 Pulsation observations

4.1 Spatial characteristics of Pc5 pulsations

Consider the spatial, temporal, and spectral characteristics of
the compressional Pc5 pulsations. Figure 4a shows G-13 and
G-15 observations of the total magnetic field strength from
18:00 to 24:00 UT. The spacecraft observed long-duration
Pc5 pulsations over a wide longitudinal region in the pre- and
postnoon magnetosphere from 10:00 to 15:20 MLT (Fig. 2).
G-15 observed weak, less than � 5 nT amplitude, Pc5 waves
from 18:28 to 19:04 UT prior to the main event. During the
main event from 19:04 to 23:00 UT, the magnetosphere was
compressed (Fig. 3), magnetic field strengths increased, and
the amplitude of these waves increased to values ranging
from 10 to 16 nT with peak amplitudes prior to local noon.
G-13 observed weak Pc5 pulsations with amplitudes of 2–
4 nT throughout most of the time interval from 16:40 UT
(not shown) to 21:00 UT. During the interval from 19:34 UT
(� 14:45 MLT) to 20:10 UT (� 15:20 MLT), the pulsations
reached slightly stronger amplitudes of 5–8 nT. At 23:02 UT
all Pc5 wave activity at both GOES stopped.

Figure 4b shows the RBSP-A and RBSP-B total magnetic
field strength from 18:40 to 21:10 UT and from 20:40 to
23:10 UT, respectively, on 1 January 2016. Taken together,
RBSP-A and RBSP-B observed Pc5 pulsations that occu-
pied the inner dayside magnetosphere from 5.26 to 5.75 Re
and from 09:56 to 12:44 MLT (Fig. 2). Prior to the arrival
of the strong solar wind dynamic pressure variations from
18:15 to 18:55 UT, RBSP-A observed very weak pulsations
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Figure 3. Observations of the solar wind dynamic pressure at Wind (time shifted) and the total magnetic field strength at G-13 and G-15
from 18:00 to 24:00 UT. The arrows connect enhancements of the solar wind dynamic pressure to corresponding compressions of the
magnetosphere.

Figure 4. (a, b) G-15 and G-13 (a) total magnetic field strength from 18:00 to 24:00 UT on 1 January 2016. RBSP-A and RBSP-B (b) total
magnetic field strength from 18:40 to 21:10 UT and from 20:40 to 23:10 UT on 1 January 2016, respectively, Beneath the panels are listed
the universal time (UT) and magnetic local time (MLT).

with Pc5 periods and amplitudes of 1–3 nT (not visible at this
scale). After the compression of the magnetosphere just after
19:00 UT, the pulsation amplitude at RBSP-A increased to
values ranging from 10 to 15 nT with the peak amplitude oc-
curring prior to local noon (Fig. 4b). RBSP-B observed sim-
ilar compressional Pc5 pulsations from 20:46 UT that ceased

simultaneously with the end of the magnetospheric compres-
sion at about 23:02 UT.

To determine the type of the Pc5 waves, we converted the
magnetic field observations from GSE into the field-aligned
coordinate system (FAC). Here the Z axis lies parallel to the
locally averaged magnetic field. The Y axis points approx-
imately azimuthally eastward and is transverse to B and to
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