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[1] We have examined Wind field and plasma data over the time period from November
of 1994 through August of 2003 to find cases of interplanetary shocks and pressure pulses
internal to magnetic clouds for which we could determine accurate shock normal
directions. We have found eight cases in 82 clouds, so these shocks and pressure pulses
occurred in approximately 10% of the Wind magnetic clouds. Of the eight cases, six were
forward shocks and two were pressure pulses. The internal shocks and pressure pulses
tend to occur in the latter half of the clouds, i.e., timewise, about two-thirds of the way
through. In every case the magnetic field change is highly compressive at the shock
showing little or no change (<10") in angle during or after the magnitude jump. These
shocks and pressure pulses internal to magnetic clouds appear to be associated with outline
asymmetric halo coronal mass ejections of greater than average speed which may imply
an interaction between an earlier, slower halo CME and a later, faster, off-center CME
driving a strong shock, but other interpretations are possible and they are discussed.
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1. Introduction

[2] Magnetic clouds are a subset of interplanetary (IP)
ejecta which have three characteristics: (1) strong magnetic
fields, (2) a smooth rotation of the magnetic field direction
through a large angle, and (3) a low proton temperature and
proton plasma bp [Burlaga, 1995]. They are associated with
solar flares and disappearing filaments and, although there
are interplanetary coronal mass ejections (ICMEs) without
these signatures [Bothmer and Rust, 1997], magnetic clouds
are also associated with ICMEs [e.g., Berdichevsky et al.,
2002]. Typically, magnetic clouds at 1 AU have a radial
cross section whose diameter is about 0.25 AU and last for
about a day, although the determination of the beginning
and end times of magnetic clouds can be subjective
[Burlaga, 1995; Lepping and Berdichevsky, 2000; Lepping
et al., 2006].
[3] A small fraction of magnetic clouds exhibits large and

sudden magnetic field magnitude increases inside, which we
will show are frequently internal interplanetary (IP) shocks
or pressure pulses (PPs). The phenomenon of internal
shocks and pressure pulses, although recognized for many
years [e.g., Lepping et al., 1997], has not been studied
systematically until now.
[4] An example of a well-studied magnetic cloud which

exhibits an internal shock passed the Wind spacecraft on
18–19 October 1995 [Lepping et al., 1997; Collier et al.,
2001]. One of the unusual features of this particular internal

shock is its normal orientation, which was roughly perpen-
dicular to the magnetic field (qnB = 105") and close to
antiparallel to the cloud axis (qaxis–norm = 150").
[5] As will be discussed later, many of the features of the

18 October 1995 internal shock are general features statis-
tically present for almost all of the cases where interplan-
etary shocks and pressure pulses were observed internal to
magnetic clouds in the Wind data set. These features
include: (1) appearing in the latter half of the cloud,
(2) having associated density and velocity increases, and
(3) showing little or no change in the magnetic field
direction across the transition. In spite of these similarities,
there is also some indication that the shock internal to the
18–19 October 1995 magnetic cloud is not typical [Lepping
et al., 1997].
[6] This paper reports a study of all shocks and pressure

pulses internal to magnetic clouds observed by the Wind
spacecraft from November of 1994 through August of 2003.
Although this paper addresses magnetic clouds only at
1 AU, this phenomenon is not restricted to 1 AU or its
vicinity. For example, the magnetometer on Ulysses appears
to have observed a shock internal to a magnetic cloud at
about 5 AU late on day 228 in 1997 [Forsyth et al., 1999].
[7] Although the term ‘‘internal shock’’ is used through-

out the remainder of this manuscript, it should be noted that
this really means ‘‘internal shock or pressure pulse’’ as two
of our cases, to be discussed, have magnetosonic Mach
numbers below unity (cases 1 and 5).

2. Method

[8] All cases of magnetic clouds that appear in the Wind
data set from launch in November of 1994 through August
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of 2003 were considered candidate magnetic clouds for this
study. An internal shock or pressure pulse is defined as an
unbalanced (in a pressure sense), sharp (quicker than
12 min), large (DB/B > 0.23) change in the magnitude of
the magnetic field within the boundaries of a magnetic
cloud and which is well-fit by the Rankine-Hugoniot jump
conditions, so an accurate structure normal can be deter-
mined from the data.
[9] This search, which included 82 clouds, resulted in the

eight cases listed in Table 1. The first column shows the
case number for the purpose of this paper while the second
column shows the magnetic cloud number from the Wind/
MFI Web page (http://lepmfi.gsfc.nasa.gov/mfi/mag_cloud_
pub1.html) and links from there. This table also includes the
cloud start and end times based on the magnetic cloud
parameter fits of Lepping et al. [1990] from the Wind/MFI
Web page along with the cloud duration in hours, the time
of the internal shock, the fraction of the way through the
cloud that the shock occurs (timewise) and finally the type
of discontinuity, either a pressure pulse (PP) or a fast
forward shock (FS). The related magnetic cloud fit param-
eters are provided in Table 1 of Lepping et al. [2006].
Forward shock (FS) applies to the cases in which the
upstream speed exceeds the Alfvén speed and magnetosonic
speed, and pressure pulse (PP) applies when the ratios are
less than unity.
[10] The first two columns in Table 2, again for conve-

nience, list the case numbers from this study and the
numbers from the Wind/MFI Web page. The next three
columns are the components of the shock normal unit vector
in GSE coordinate directions x, y, and z. The sixth column
is the angle qBn between the upstream magnetic field and
the shock normal. The seventh column is the cloud axis
angles in the ecliptic plane (longitude, fA) and out of the
ecliptic plane (latitude, qA) so that the orientation of the
cloud axis in GSE coordinates is given by the unit vector

n̂cloud = cosqAcosfAx̂ + cosqAsinfAŷ + sinqA ẑ. The next
three columns are the magnetic cloud axis vector in GSE
coordinates, and the last column is the angle between the
magnetic cloud axis and the shock normal vector, with the
related acute angle in parentheses.
[11] The Rankine-Hugoniot jump conditions were deter-

mined using the method of Berdichevsky et al. [2000, 2001].
The uncertainties in the angles between the magnetic field
and the normal, qBn, were evaluated using the root-mean-
square deviation for a distribution of solutions.

3. Previous Work

[12] There has been relatively little work done on these
shocks and pressure pulses internal to magnetic clouds and,
indeed, they appear to have been largely unrecognized as a
class of phenomena by the community. However, some
cases have been addressed by a few investigators.
[13] Chao et al. [1999] examined number 2 of our

cases. The unusual normal orientation of the shock in the
18–19 October 1995 magnetic cloud led them to suggest
that this internal shock is related to an X-ray flare observed
on the Sun at 9"N, 54"W on 16 October 1995 at 1221 UT.
The propagation of the interplanetary disturbance associated
with this flare would have produced the observed shock
orientation from simple geometrical considerations.
[14] Collier et al. [2001] also examined case 2 using a

greater variety of Wind data. On the basis of the unusual
shock orientation as well as an electron heat flux dropout
that occurred on the same side of the cloud from whence the
shock came and a cold 5 keV proton beam observed nearly
coincident with the shock, they proposed that the internal
shock was due to some of the magnetic cloud’s field lines
reconnecting near the foot points of the magnetic cloud.
[15] Burlaga et al. [2003] discuss cases 6 and 7. They

interpret case 6 as being due to ejecta related to a halo CME

Table 1. Magnetic Cloud and Shock Times

Case LN Magnetic Cloud Start Time Magnetic Cloud End Time Duration, hours Shock Time Frac Type

1 02 95 Mar 04 (063) 10.8 95 Mar 05 (064) 03.8 17.0 95 Mar 04 (063) 20.0 0.54 PP
2 06 95 Oct 18 (291) 19.8 95 Oct 20 (293) 01.3 29.5 95 Oct 19 (292) 17.9 0.75 FS
3 25 97 Nov 07 (311) 15.8 97 Nov 08 (312) 04.3 12.5 97 Nov 07 (311) 17.8 0.16 FS
4 34 98 Jun 24 (175) 16.8 98 Jun 25 (176) 21.8 29.0 98 Jun 25 (176) 16.2 0.81 FS
5 51 00 Oct 03 (277) 17.1 00 Oct 04 (278) 14.1 21.0 00 Oct 04 (278) 06.6 0.64 PP
6 64 02 Mar 19 (078) 22.9 02 Mar 20 (079) 15.4 16.5 02 Mar 20 (079) 13.4 0.88 FS
7 65 02 Mar 24 (083) 03.8 02 Mar 25 (084) 22.8 43.0 02 Mar 25 (084) 01.2 0.50 FS
8 74 03 Jun 17 (168) 17.8 03 Jun 18 (169) 08.3 14.5 03 Jun 18 (169) 04.7 0.75 FS

Table 2. Magnetic Cloud and Shock Parameters

Case LN Shock Normal GSE JBn, deg

MC Axis

Jaxis – norm, degfA, deg, GSE JA, deg, GSE x, GSE y, GSE z, GSE

1 02 "0.87 "0.05 0.50 82 ± 7 205 "76 "0.22 "0.10 "0.97 107 (73)
2 06 "0.58 0.74 0.37 75 ± 1*                  287 "8 0.29 "0.95 "0.14 156 (24)
3 25 "0.61 0.78 "0.18 63 ± 3 244 38 "0.35 "0.71 0.62 117 (63)
4 34 "0.85 "0.50 "0.20 81 ± 6 151 21 "0.82 0.45 0.36 67
5 51 "0.92 0.35 0.18 75 ± 7 58 33 0.44 0.71 0.54 93 (87)
6 64 "0.70 0.31 0.64 89 ± 1 45 20 0.66 0.66 0.34 92 (88)
7 65 "0.70 0.14 0.70 85 ± 2 288 35 0.25 "0.78 0.57 83
8 74 "0.73 "0.68 0.00 55 ± 1 264 "52 "0.06 "0.61 "0.79 63
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observed on 18 March 2002 (day 77). They interpret case 7
as being associated with a CME observed on 22 March
2002 (day 81). As will be discussed later in this paper, these
identifications are consistent with an association between
fast shocks internal to magnetic clouds and outline asym-
metric CMEs.
[16] Berdichevsky et al. [2005] discuss a magnetic cloud

observed near Earth on 20 March 2003 which was preceded
by about 8 hours by a shock. Although not one of the cases
listed in Tables 1 and 2, this case is notable because the
authors argue that the upstream shock is not driven by the
magnetic cloud. This conclusion was based on the fact that
the velocity of the magnetic cloud’s leading edge was less
than the shock propagation velocity, the orientations of the
cloud boundaries and the shock normal were inconsistent
with the cloud driving the shock, and the ram pressure at the
front of the cloud was less than that in the shock sheath. The
implication of the Berdichevsky et al. [2005] study is that,
apparently, the shock had encountered and overtaken the
magnetic cloud. It is possible that the shocks and pressure
pulses studied here, which are internal to magnetic clouds,
are cases like those in the Berdichevsky et al. [2005] study
in which the shocks are caught in the process of traversing
a magnetic cloud. If this should be the case, then the
common behavior of these internal shocks and pressure
pulses may suggest that some interesting processes occur in
the traversal.
[17] These ideas address the origin of particular internal

shocks and pressure pulses inside particular magnetic
clouds which may not be representative of the origin of
shocks and pressure pulses inside of magnetic clouds in a
general sense.

4. Discussion

[18] Figure 1 shows the magnetic field and plasma
parameters from the eight cases of shocks internal to
magnetic clouds found in this study. The thin solid grey
vertical line is the time of the shock ramp and the two
thicker lines are the start and end times of the magnetic
clouds.
[19] Figure 2 shows a series of higher-resolution images

similar to those of Figure 1 but covering a 2 hour time
period centered on the shock. In each of the eight cases in
Figure 2, the rows show the magnetic field magnitude,
latitude, and longitude and the solar wind convection speed,
density, and thermal speed from top to bottom. These
profiles give ‘‘plausibility’’ support for the nature of these
signatures as being shock-like, i.e. either bona fide shocks
or pressure pulses, as claimed. In every case, the shock is
most notable in the magnetic field magnitude, given at the
top, while hardly appearing at all in the two magnetic field
angles. Thus the shocks are compressive also in magnetic
field. In every case, both the magnetic field magnitude and
density increase across the discontinuity.
[20] For the 18 October 1995 magnetic cloud, the shock

normal was quasi-perpendicular to the magnetic field and
quasi-parallel to the cloud axis. To compare these character-
istics with those of the other seven cases, Figure 3 shows a
scatterplot of the angle between the shock normal and
the upstream magnetic field, qBn, versus the angle between
the cloud axis and the shock normal, qaxis–norm. Seven of the

eight cases suggest a loose linear relationship, with qBn
correlating with qaxis–norm.
[21] Interestingly, these seven cases also have angles

between the cloud axis and the shock discontinuity normal
greater than 50 degrees; i.e., they are propagating largely
perpendicular to the cloud axis, a property that would
ostensibly support the idea that another structure has im-
pacted the rear of the cloud causing the observed internal
shock. The one notable exception to this behavior is the
internal shock of the 18 October 1995 magnetic cloud
which appears to be propagating primarily antiparallel to
the magnetic cloud axis, as was pointed out by Lepping et
al. [1997] and Collier et al. [2001]. This behavior along
with the other signatures reported by Collier et al. suggest
that the 18 October 1995 internal shock may have a
different origin than most shocks internal to magnetic
clouds.
[22] The Figure 4 scatterplot indicates another very inter-

esting characteristic of these internal shocks and pressure
pulses, namely that they appear to occur preferentially in the
latter half of the cloud, timewise. This is indicated by the
clustering of the points above the central horizontal line in
the plot. The choice of plotting the fraction of the cloud
traversed in time prior to the passage of the shock or
pressure pulse versus qBn rather than some other parameter
was arbitrary.
[23] Referring to Table 1, most of the cases (6 of 8)

considered here were fast interplanetary shocks rather than
pressure pulses.

5. Conclusions

[24] The internal shocks and pressure pulses studied here
occurred in eight of 82 magnetic clouds observed by Wind
from November of 1994 through August of 2003, i.e., in
about 10% of the clouds. Considering that the magnetic
field profile within magnetic clouds is almost always very
steady and slowly rotating, to observe such sudden, large,
and systematic changes in the field in 10% of magnetic
clouds may be surprising. However, even though 10% may
constitute a minority of magnetic clouds, it is frequently
through an understanding of such unusual cases that we
gain the greatest insight into the subject at hand.
[25] Table 3 addresses the question whether or not there

exists any obvious correspondence between the frequency
of these shocks internal to magnetic clouds and the fre-
quency of CMEs themselves. The first column of this table
shows the calendar year 1996 (solar minimum) through
2002 (late solar maximum). The second column shows the
number of observed CMEs based on SOHO Large Angle
and Spectrometric Coronagraph Experiment (LASCO) data
from Yashiro et al. [2004]. The third column shows the
number of magnetic clouds observed by Wind at 1 AU and
the fourth column shows the number of these clouds
containing internal shocks.
[26] There are many caveats concerning the CME number

listed in the second column mentioned by Yashiro et al., not
the least of which are that manual CME identification is
subjective and that SOHO suffered many months of down-
time in late 1998. Nevertheless, low statistics notwithstand-
ing, Table 3 does appear to suggest that the occurrence of
magnetic clouds with internal shocks does not increase with
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the number of CMEs observed at all solar latitudes, which
might be expected if the internal shocks were due to CME
interactions. However, it is also the case that when com-

paring the results of this study with the CME rate, the speed
of the CMEs also plays a role, as will be discussed later.
[27] As discussed previously, in three of the eight cases

(2, 6, and 7) examined, potential external sources of these

Figure 1. The cases of internal shocks and pressure pulses considered in this study. Each case is labeled
with this study’s case number in the upper right corner. Each row in each case is the magnetic field
magnitude, the bulk convection speed, and the thermal speed.
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Figure 2
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internal shocks and pressure pulses have been identified
[Collier et al., 2001; Burlaga et al., 2003]. However, in one
of these cases (2) a flare was identified which may have
been associated with a CME driving a shock [Sheeley et al.,
1986], but no evidence in the low corona for associated
ejecta or shocks could be found [Collier et al., 2001].
[28] One might expect that if diverse external sources are

responsible for these internal shocks, then they would
produce a wide range of characteristics. However, this does
not seem to be the case. Remarkably, almost all, if not all, of
the interplanetary shocks and pressure pulses internal to
magnetic clouds have the following properties.

5.1.1*   Occurrence Distribution

[29] The internal shocks and pressure pulses appear to
occur preferentially in the latter half of the magnetic clouds,
timewise. This is the case for seven of the eight cases
studied here, as illustrated by Figure 4. This behavior seems
odd and would ostensibly argue against an interpretation in
which the shocks simply pass through the cloud, in which
case the distribution might be expected to be more uniform,
or at least not so clumped as observed.
[30] It is possible, of course, that this ‘‘nonuniform’’

distribution is simply the result of poor statistics. However,
it is also possible that these interplanetary shocks and
pressure pulses occur preferentially in the latter half of the
magnetic clouds because generally the Alfvén speed is
lower in the trailing part of the cloud than in the leading

part. The asymmetry in the Alfvén speed is due to the
asymmetry in jBj within most magnetic clouds caused
mainly by the magnetic cloud’s interaction with the up-
stream solar wind and partly is due to magnetic cloud
expansion. That is, jBj is on average higher in front and
lower in the rear of magnetic clouds. (Note that the shock
Alvénic Mach number, M = vs/vA with vA = jBj/ ffiffiffiffiffiffiffiffi

4pn
p

, is
larger in the rear of magnetic clouds because there jBj tends
to be smaller and in some cases n is larger [see, e.g.,
Lepping et al., 2003].) This property makes it easier to
form shocks in the latter parts of most magnetic clouds. As
Figure 1 shows, however, clearly not all of our cases can be
explained this way. For example, cases 2, 3, and 7 could
not. Also note that many clouds at 1 AU show a speed
gradient from front to rear which may also contribute to
making an internal shock encounter more likely in the rear.

5.2.1   Quasi-Perpendicular Character

[31] In all cases found in this study, the shocks are quasi-
perpendicular in nature (i.e., the upstream magnetic field is
approximately perpendicular to the shock normal), and
therefore the magnetic field magnitude, the solar wind
velocity, and the density all rise across the shock or pressure
pulse (a fast forward mode wave).

5.3.1   Magnetic Field Orientation

[32] In every one of the internal shocks and pressure
pulses examined, the field magnitude increases across them

Figure 2. A 2 hour period centered around the shock time for each of the eight cases shown in Figure 1. Each case is
labeled with this study’s case number in the upper right corner. Each row in each case is the magnetic field magnitude, the
latitude and longitude angles of the field, the solar wind convection speed, the solar wind density, and the solar wind
thermal speed from top to bottom.

Figure 3. Scatterplot showing the angle between the cloud
axis and the shock normal qaxis–norm versus the angle between
the upstreammagnetic field and the shock normal qBn, both in
degrees, for all eight of the cases comprising this study.

Figure 4. Scatterplot of the angle between the magnetic
field and the shock normal qBn in degrees versus the fraction
of the way through the cloud, timewise, that the shock
occurs.
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(as time increases), but the magnetic field direction remains
almost unchanged through the transition. In one case (case 6)
it is very close to perpendicular, consistent with an angle
between the magnetic field just upstream of the shock and
shock-normal of 90", within a degree.
[33] However, the small angle between the shock normal

and the cloud axis in the 18 October 1995 event (case 2)
appears to be unusual (see Figure 3). In general for these
events, the angle between the shock normal and cloud axis
correlates well with the angle between the shock normal and
the local magnetic field, with the angle between the shock
normal and cloud axis typically being greater than 45". The
18 October 1995 event, however, does not follow this trend.
The correlation coefficient for the seven events shown in
Figure 3 excluding the 18 October 1995 event is 0.71.*
[34] There are a number of possibilities that could explain

the existence of these internal shocks:
[35] 1. The internal shocks arise by chance due to distant

sources unrelated to the magnetic clouds [e.g., Chao et al.,
1999]. In this case, the nonuniformity shown in Figure 4,
namely that the internal shocks appear to occur overwhelm-
ingly in the latter half of the magnetic clouds, would be
explained by poor statistics.
[36] 2. The internal shocks result from some solar wind

structure impacting the rear of the magnetic cloud near the
time of observations at 1 AU. One piece of evidence for
such a process is the observation of a faster stream in the
rear of the magnetic cloud than in the front, especially than
in front of the upstream shock. Cases 2, 4, 5, 6, 7, and 8 all
appear to exhibit this gradient in speed at the rear of the
magnetic cloud consistent with interpreting the shock as the
result of an impinging structure on the magnetic clouds.
However, most of these cases are marginal (e.g., 7). Other
possibilities may be at work in cases 1 and 3 which show a
lower speed at the rear than upstream of the shock.
[37] Indeed, independent of whether or not the internal

shocks result from some solar wind structure impacting the

rear, the likelihood of encountering a shock in the rear of a
cloud may be higher because many clouds at 1 AU show a
speed gradient from front to rear, with higher speeds in the
front. In this interpretation, the shocks will spend a longer
time in regions of lower solar wind speed and hence will
have a higher probability of being observed there. Note,
however, from Figure 1 that the relative speed change
across the cloud is generally not that large.
[38] Finally, it is worth mentioning SOHO observations

associated with these events for which SOHO data are
available. For all cases of fast shocks observed within
magnetic clouds during the SOHO era (cases 3, 4, 6, 7,
and 8), we were able to determine associated halo CMEs in
the SOHO LASCO CME catalogue (cdaw.gsfc.nasa.gov/
CME_list/). These were identified as the closest (in time)
halo CME which occurred before the start of the magnetic
cloud. Table 4 summarizes the properties of these halo
CMEs. The first column indicates the case number of the
study along with the start time of the magnetic cloud from
Table 1 in column 2. Column 3 shows the date and time of
the CME’s first appearance in the LASCO/C2 field of view.
Column 4 shows the linear speed of the CME observed by
LASCO, and column 5 shows the type of halo CME:
symmetric, brightness asymmetry, or outline asymmetry.
[39] Interestingly, all of these cases are ‘‘outline asym-

metric’’ CMEs of greater than average speed. Outline
asymmetric CMEs are characterized by a heliocentric dis-
tance of the CME’s leading edge significantly different at
different position angles around the disk.
[40] It has been suggested (N. Gopalswamy, private

communication, 2006) that these internal shocks and pres-
sure pulses may result from the interaction between an
earlier, slower halo CME and a later, faster off-center
CME which drives a strong shock. In this interpretation,
the outline asymmetric CMEs identified in Table 4 would
not directly correspond to the Wind magnetic clouds in the
second column of Table 4 [Gopalswamy et al., 2001] but
rather would be responsible for the internal shocks.
[41] 3. The internal shocks represent an intrinsic property

of some magnetic clouds. In this case, perhaps some shocks
are created later in the same region as the magnetic cloud
originated and propagate with almost the same speed as the
magnetic cloud’s leading edge. So, they are a ‘‘part’’ of the
magnetic cloud, at least in some regions of the magnetic
cloud. The shock forms close to the Sun either completely
inside the cloud or partially inside and partially outside
the cloud. Later, at say 1 AU, the shock is still inside of the
magnetic cloud because the speed of the nose of the
magnetic cloud is close to the shock’s speed.

Table 3. Relationship to CMEs

Year CME Numbera Magnetic Clouds
Clouds With

Internal Shocks

1996 204 4 0
1997 351 17 1
1998 697 11 1
1999 957 4 0
2000 1580 14 1
2001 1465 10 0
2002 1652 10 2

aCME number from Yashiro et al. [2004].

Table 4. Summary of SOHO Halo CME Observations Associated With Fast Shocks Internal to Magnetic Clouds

Case
Magnetic Cloud

Start Time Halo CME Timea Speed, km/s Type

3 97 Nov 07 (311) 15.8 97 Nov 06 (310) 12.2 1556 outline asym.
4 98 Jun 24 (175) 16.8 98 Jun 20 (171) 18.3 964 outline asym.
6 02 Mar 19 (078) 22.9 02 Mar 18 (077) 02.9 989 outline asym.
7 02 Mar 24 (083) 03.8 02 Mar 22 (081) 11.3 1750 outline asym.
8 03 Jun 17 (168) 17.8 03 Jun 15 (166) 23.9 2053 outline asym.
aFrom cdaw.gsfc.nasa.gov/CME_list/.
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[42] These types of nondriven interplanetary shocks were
formerly known as ‘‘blast shocks’’ [e.g., Gopalswamy et al.,
1998] but have since fallen out of favor and may not be
physically possible, at least not all the way out to 1 AU
(blast shocks may form close to the Sun but then damp
quickly). However, some may have been observed at this
greater distance. Berdichevsky et al. [2000] examined all
interplanetary shocks observed by the Wind spacecraft
between November 1994 and May 1997 to determine a
number of different parameters including whether there was
a driver associated with the shock. They found eight cases
lacking apparent drivers (out of 42 total cases or 19%).
Berdichevsky et al. point out that blast shockwaves gener-
ated at the Sun (which would have no association with any
driver at all) cannot be easily distinguished from a shock
having a driver with a single spacecraft, because the driver
might be missed by a single spacecraft. Furthermore, they
found that the distribution of weak shocks without apparent
drivers shows orientations pointing well out of the ecliptic
plane which might suggest unobserved drivers rather than
the local observation of a blast wave with an origin at the
Sun.
[43] 4. The one internal shock with a normal approxi-

mately aligned with the cloud axis (the 18 October 1995
case) may have a shock source at or near the footpoint
which is ducted along the magnetic cloud axis [Collier et
al., 2001].
[44] Whatever their origin, these interplanetary shocks

and pressure pulses have appeared inside about 10% of
magnetic clouds observed over 9 years by Wind. They
exhibit many surprising features but appear to constitute a
class of physical phenomena that have largely gone unno-
ticed by the community.
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[46] Zuyin Pu thanks Volker Bothmer and another reviewer for their
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