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ABSTRACT,

Eighteen interplanetary sector boundary crossings observed at 1 AU
during the periocd January 1971 to January 1974 by the magnetometer on the
IMP-6 spacecraft are discussed. The events were exanined on many different
time scales ranging from days on either side of the boundary to high
resolution meésurements of 12.5 vectors per second. Two categories of
boundaries were found, one greup being relatively thin (averaging » 10ukm),
and the other being thick (averaging v 106km). In many cases the field
vector rotated in a plane from one polarity to the other. Only two of the
transitions were null sheets. Using the minimum variance analysis to
determine the normals o thé plane of rotation, and assuming that this is
the same as the normal to the sector boundary surface, it was found that
the normals were close to (£ 45°) the ecliptic plane. The high inelination
of the sector boundary surfaces during 1971~1973 may be related to the
presence of large equatorial coronal holes abt this time. An analysis of
tangential discontinuities contained in Ud-day periods about our events
showed that their orientations were generally not related to the orienta-
tions of the sector boundary surface, but rather their chaﬁécteriStics were
about the same as those for discontinuities outside the sector boundaries.
Magnetic holes were found in thick sector boundaries, at a rate about three
times that elsewhere. The lioles were especially prevalent near stream
interfaces, suggesting that they might be related to the convergence and/op
slip of adjacent solar w;nd streams. '



1. JIntroduction

Interplanetary sectors are extended regions in which the interplanetary
magnetic field is directed primarily away from (or toward) the sun.

Sectors have been studied extensively since their discovery by Wilcox and
Ness (1965). The boundaries between sectors are often relatively distinet
in plots of the magnetic field direction for intervals of $ 27 days, and
perhaps for this reason sector boundaries have been correlated with many
solar-terrestrial phenomena. For example, they have been correlated with
solar features and interplanetary streams (Ness and Wilcox, 1964; and see
Hundhausen, 1972, 1977), with geomagnetic activity (Wilcox, 1968), and even
with weather systems (Wilcox et al., 1974, Svalgaard, 1976). These studies
have shown that the sector toundaries and sector structure often provide a
means of organizing sclar-terrestrial data, even though the reason for this
is not always clear. In order to understand the origin of sector
boundaries and the relations between sector boundaries and other phenomena,
it is important.to learn more about the nature, morphology and internal
‘structure of sector boundaries. That is the aim of this work.

The morphology, especially the latitudinal extent, of sector boundaries
has been discussed in several papers, with a variety of results. Wilcox
and Svalgdard (1974) suggested that the surfaces of sector boundaries might
be oriented perpendicular to the solar equatorial plane; Rosenberg and
Coleman (1969), Rosenberg (1970, 1975), Fairfield and Ness (1974), Behannon
and Neubauer (1979), and Behannon et al. (1979) presented evidence that
sector boundary surfaces might lie close to the ecliptic plane; Svalgaard
et al.(1974) showed how intermediate inclinations might be obtained; and
Sehulz (19735, Levy (f976), and Alfven (1977} argued theoretically that the
sector boundary surface might lie near the solar equatorial plane on
average. Receﬁt indirect evidence for the shape of sector boundaries,
based on measurements of the sector structure and on coronal holes and open
magnetic field lines at:the sun (Hundhausen, 1977; Burlaga gt al., 1978),
tends ko support the Schulz-Levy-Alfven picture.. Burlaga et al. (1973)'
-pointed out that a variety of shapes and qrientations is possible,
depending on the relative positions of_coronal holes which produce the
streamsﬁthab coﬁtéin sectors. (Stationary interplanetary sﬁreams are

geherally’unipolar, and sector boundaries aiways oceur between streams,)
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Thus, the morphology of the sector boundary surface might change with solar
activity. Measurements have recently been made of the latitudinal
variations of the sector boundary surface in 1976. Pioneer 11 observations

obtained at 3.7-5 AU, showed that the sector structure disappeared at 16°

above the ecliptic and positive sectors became inereasingly dominant as the
spacecraft moved to higher latitudes (Smith et &l., 1978). Helios 1 and 2
observations obtained between 1 AU and 0.3 AU, determined the latitudes of
recurrent sector boundary crossings as a function of longitude for four
solar rotations, giving a direct measurement of the shape of a sector
boundary surface (Villante et al., 1979). Both the Pioneer 11 and Helios
results are consistent with a warped current sheet inclined.$'10° to 15°
with respect to the solar equator. In this paper (section 3) we
investigate the orientation of sector buvundaries in the period 1971-1973,
using data on the internal stﬁucturé of sector boundaries obtained at 1 All.
We find higher inelinations than observed in 1976, suggesting a possible
solar c¢ycle variation.

The internal structure of sector boundaries has been found to be very
complex (Behannon and Neubauer, 1979). We observed similar complexity and
found no uniform way to describe it. We consider only two of the phenomena
which are found inside of sector boundaries--directional discontinuities
and magnetic holes. We investigated directional discontinuities (section
4) in the hope that they might provide inrofmation on the orientation of
sector boundary surfaces, but the results were negative for the set of
discontinuities that we considered. Magnetic holes were considered
(section 5) because they are a prominent feature in sector boundaries; the
results do not, however, support the widely-held view that sector

boundaries aré null sheets.
2. electjon and Classification o darie

For bhié study, ﬁe define a sector boundary {hereafter designated 3B)
as a transition between two sectors, each sector being a nearly unipolar
region in which the magnetic field is close to the spiral direction and
which passes.the earth in 2 days or more. Sector boundaries were _
identified in 27-day plots of hour averages of B, compiled by King (1977).
The only restriction on the thickness was that the transition should occur



in significantly less than 2 days. We excluded intervals containing shock
waves, to avold flare-associated flow configurations and any other such
transients. We also required that the data coverage in the 4-~day interval
containing the SB should be nearly complete.

Eighteen sector boundaries were selected in the 3~year interval that
was examined [January, 1971 to January, 1974). This is only a fraction
(approximately 1/4 to 1/8) of all the SBs that were present but it is
probably a representative sampie. The size of cur sample is limited,
primarily because 1) we considered only periods for which we have IMP-6
observations (IMP-6 is in the solar wind only " 6 months/yr), 2) we
required fairly continuous magnetic field coverage in the 4-day interval
containing each sector boundary, and 3) we required that piasma data should
be available for the intervals selected,.

Throughout this paper, B is measured in solar ecliptic coordinates.
The azimuthal direction (¢) is measured in the ecliptic plane, increasing
counter-clockwise as seen by an observer north of the ecliptie; it is zero
when B points toward the sun. The inclination of B with respect to the
ecliptic plane (0) is positive when ; points above the plane.

Figure 1 shows the distribution of ¢ angles before and after the SBs
that were selected for this sthdy. This aﬁd Figure 7 (to be discussed
later) confirm that the magnetic field was predominantly along the spiral
diyeqtion and that the polarity of B reversed across the chosen boundaries.
Also shown in Figure 1 are the distributions of the magnetic field
intensity and the vériance (o) in the Cartesian components of B over i-hr
intervals. The distributions of B and © abe significantly broader after
the SB than before. This is because SBs are usually followed by
interaction regions, where the intensity and fluctuations in B are.
generaily higher than average. _ _

The high resolution magnetic field data (up to 12.5 vectors/s) that
were used in our study of the structure of SBs were obtained by the
NASA/GSFC magnetometer on IMP-6. The principal investigator of that.
~experiment is M. F. Ness. A description of the instrument was presented by
Fairfield (f97ﬂ); The high sampling rates of the IMP—S-magnetometer_
resolved structures with scales smaller than the thermal ion gyfbradius;
thus, all of the important magnetic field characteristics of SBs were

clearly resolved,



Let us now consider specific examples of sector boundaries and show how
they can be olassified. Figure 2 shows a SB on January 6,1973; the data
are 12.5 averages of B. There are 4 gignificant characteristics of this
SB. First, the transition occursz in less than '0 min. Thls 1= an example
of one class of sector bou,daries which we refer to as “thin" boundaries.
Second, the magnetic field intensity does net go to zero while the magnetic
field changes direction, i.e., the SR ia not a null sheet, The magnetic
field direction changes by means of a :otation of B rather than by [§|
shrinking to zeéro along a fixed direction. Third, the field moves out of
the ecliptic (high values of {9|) during the sector transition. Fourth,
the reversal of B vccurs by means of a rotation in a plane, i.e., the
"structure of the SB resembled that of z tangential discontinuity. The
large values of |@] in the transition imply that the rotation plane was
highly inclined with respect to the ecliptie.

We used the standard minimum variance technique (Sonnerup and Cahill,
1967) to analyze the change in B across a 3B (see Lepping and Behannon,
(1979), Burlaga et azl., 1977, and the references therein for a discussion
of this method). Basically, the technique determines a plane which best
fits the vectors Pi - <3 ?y where < B > is the average field in the
transition, and gi are the measured values. The normal to this plane (z)
is called th§ minimum variance directiovn, because the veétors vary the
least zlong 7. '(Ef ﬁ rotated exaatly in a plane, the variance of
_pi - £ B> along z would be zero.) The extent to whieh the vectors lie in
a plane is measured by the ratio of intermediate to minimum eigenvalues,
12/A3; valies 2 2 are usually taken to indicate rotation in a plane, The
normal to this plane (BN, ¢N) is determined by the minimum variance
analysis.

' Applying the minimum variance analysis to the high-resolution data for
the évent in Figure 2, and plotting the magnetic field in the minimum
variance coordinate system, we obtained the results shown on the right of
Figure 2. There is little scatter in the z direction, consistent with the
computed eigenvalue ratio A,/A; = 30. The magnetic field changes mainly by
rotating in the x-y plane. .The normal to the Xy plane is BN = -7°,
¢N = 239° in solar ecliptic coordinates. '

- The "Lhin! sector boundaries are not always isolated transitions, i.e.,
a SB may consist of several rapid reversals in the direction of B



Figure 3 shows a plot of 5§ min averages of B, ¢, and & for a 6-hr interval
on January 18 and 19, 1973. A SB can be seen in the ¢-direction at
approximately hour § on January 19. The abrupt rise in field magnitude at
v hour 15 is at an interface %o a high speed stream. The transition
appears to be an isolated thin SB at this resolution, but higher resolution
data (Figure 4) show that the transition actually consists of at least
three abrupt reversals in B--one at » 0418:40 UT, a second at 50“22:15 uT
and a third at 3 0428:40 UT., In two of the crossings (0422 and 0l28 UT)
the magnetic field intensity drops to near zere; i.e., these transitions
are essentially null-sheets, in which the field reverses direction by
shrinking to zero along a line and then increasing in the opposite
direction on that line. This behavior is not discernible in the 5 min
averages shown in Figure }. This example illustrates the importance of
using high resolution measurements to study the structure of 38Bs; it shows
that even seemingly simple SBs can be relatively complex; it points out a
limitation of our classification scheme; and 1t indicates the difficulties
in trying to find a desoriptive classification schenme. _

Figure 5 shows an example of a second type of SB transition, which we
call a "thick" SB. Hourly averages of B and & are shown in the top panel,
together, with hourly averages of the proton temperature (T), density (N),
and bulk speed (V}. . In this case the SB lasts = 12 hr. Note that B
rotates out of the ecliptic and back again during the SB transition; & is
nearly 90° where ¢ appears to change by 180°. Recall that we have defined
a.SB as a tpansition of B from one spiral direction to the opposite
direction.__Since 8 0 for a spiral direction, the sector boundary
.transition is defihed'by the variations in 9 as well as in ¢. In Figure 5,
it happens that the SB is defined mainly by 6. Three additional
characteristics of the SB in Figure 5 should be noted. First, the maghetio
field intensity is higher inside than ocutside: the SB is not a null sheet.
Second, a minimum'vafiance énalysis 5h°WS that B in the sector boundary
rotates through % 180° in a plane. This is illustrated in the bottom of
Figure 5. The component of B in one direction (the minimum vardiance
direction, here labeled 2z) is very small. The vector B rotates from one
sector to the other in a plane perpendicular to z, i.e.; the transition has
the same structure as the current sheet associated with a tangential

discontinuity. Third, the SB occurs just ahead of a stream at a stream



interface, where T increases abruptly and N decreases {see Belcher and
bDavis, 1971 and Burlaga, 1974).

In some casns the SB transition is very complex. It may be difficult
to identify a beginning or end; the magnetic field direction may fluctuate
irreqularly; and no simple patterns may be found. It is difficult to speak
of the orientation or "the" internal structure of such sector boundaries.
We found three "complex" SBs like this. They will be discussed separately.

Table 1 lists the 18 sector boundaries examined in this study.. Eight
are classified as thin, seven as thick, and 3 as complex. There is some
subjectivity in this classification. For example, the thick SB on March 5,
1973 might have been classified as "complex"; and the "thin" SB on June 16,
1971, actually consists of several thin SBs. Nevertheless, our
classification is useful, and it is physically meaningful,

3. Large-Scale Configurations

Consider an isolated thin or thick SB in which the magnetic field
direction reverses by rotating uniformly in a plane (e.g., as in Figures 2
and 5). It is reasonable to expect that the normal to the plane of
rotation is the same as the nommal to the sector boundary surface. This
can be verified using simultaneous cobservations from two suitably separated
spacecraft (e.g., Helios-1, 2 or VWyager-1, 2), but in lieu of such results
we shall assume it is true. A measure of planarity, AZ/A3, is given in
Table 1. (Thls cannot be determined for null sheets, in which B varies
along a line rather than in a plane.) One sees that for most thick SBs and
for the isolated, thin SBs that are not null sheets, the B vectors do lie
close ko a plane (A,/A5 > 2). Our assumption that the normal to this
minimum variance plane is parallel to the SB surface nomal is true only if
the 5B is a tangential discontinuity, i.e., only if B is perpendicular to
the surface nomal. Thus, we shall. consider only isolated events for which
the angle (B} between the minimum variance normal and the average B is
"close" to 98°. Lepping and Behannon (1979) showed that "close" is 3 75°
for measurements of directional dlscontlnu1t1es by an instrument like that
on IMP-G. Most of the thin and thick SBs in Table 1 satisfy this
condition.



The normals (ON,¢N) determined for each SB using the minimum variance
method (when that was possible and meaningful) are given in Tabie 1. _
Figure 6 shows the distribution of eH and N for the thin and thick SBs for
the events with A2/13 > 2. The ¢ distributions show that the normals tend
to lie perpendicular to the spiral direction {shown by the solid arrow
marked'ﬁ), as they must if SBs are tangential discontinuities {or resemble
them, in the case of thick SBs) and if B is along the spiral direction on
each side of the TD. Thus, the ¢ distribution gives support for our
assumption that the minimum variance normals are the same as the SB surface
normalas. It 1s significant that the distribution of normals is essentially
the same for thin and thick SBs, HMost significant, however, is the result
shown by the 8 distributions, viz. the minimum variance normals (and by
inference, the sector boundary surface normals) lie close to the ecliptic
plane. In other words, the 8B surfaces are highly inclined (A 4§o° - 90°)
with respeet to the ecliptic plane.

The high inclination of the sector boundariss is related to the
observations that |8] usually reaches relatively large values in SBs and
I§| tends to be constant in the SBs that we observed. We have already
noted this behavior in two examples (Figures 2 and 5). Figure 7 shows this
explicitly for a thick SB. 'The 8 and B distributions on the right were
obtained from hour-averages of data inside thick SBs; the v and B -
distributions on the left were obtained from hour averages outside the SBs,
i.e., excluding the 3B and intervals cn either side of the SB roughly equal
to the duration of the SB but including only data within * 2 days of the
SBE. The B distributions insid: the SB are essentially the same as those
outside, supporting our assertion that on average B does not change
appreclably inside SBs. The 8 distribution inside 8Bs, however, differs
significantly from that outside SBs. Qutside, the distribution has a
single peak at 6 = 0 and 1s typical of that for the solar wind in general.
(This distribution together with the ¢ distribution in Figure 1 shdws that
the magnetic field did usually lie along the spiral direction in the
sectors bordering the SBs considered in this paper.) 1Inside the SBs, the @
distribution is essentially bimodal, and there is a relatively high
probability of finding large |8| values. This indicates that B often
changes direation in a SB by rotating out of the ecliptie, and it is
consistent with SBs being appreciably inclined with respect to the
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ecliptie,

Qur conclusion that SB surfaces were highly inelined with respect to
the ecliptic during 1971-1974 is consistent with and complements the
results of Korzhov (1978). Using 0S0-7 observations of the white-light
corona to determine the configuration of coronal streamers and thersby
infer the orientation of the sector boundary surfacys between 3-10 Ro' he
showed that the S$Bs of May 12, May 27, and June 10, 1973, were highly
inclined with respect to the solar equator near the sun (Figure Bﬁ). Qur
results (Table 1) show that the same SBs were highly ineclined with respect
to the ecliptic (9, = 20°, 36°, -15°, respectively) near 1 AU. Our results
are also consistent with the general orientations of near-sun sector
boundaries computed from photophere maghetic field measurements for the
period November 3, 1973-February 16, 1974 (Burlaga et gl., 1978).

The conclusion that the S8R surfaces were highly inelined to the
ecliptic might appear to conflict with the result of Smith et al. (1978)
that SBs are confined to ) 16° latitude and with the result of Villante et
al. (1979) that the SB surface was approxiuately a sinusoid with an
amplitude in latitude of s 10°, Note, however, that their results were
obbained in 1976 near solar minimum, whereas our results refer te the
period 1971 through 1973, near solar maximum and during the decline in
solar activity. In the latter period, it is known that there were
large equatorial coronal holes, and Burlaga et al. (1978) have shown how
closely spaced equatorial coronal holes can lead to highly inclined 3B
surfaces. By 6ontrast, in the former period (1976) there were presumably
few if any large equatorial holes (Nolte et al., 1977) and the flows may
have originated at higher latitudes, giving a nearuequatorial SB with a
small inclination to the ecliptic most of the time. Thus, there may be a
solar cycle variation'in the inclination of SB surfaces, as suggested
schematieally in Figure 8. Our results suggest such a relation, but they
do not prove it. It is important to carry out an analysis similar to 6urs
for $Bs observed near solar minimum.

4, Direstional Discontinuities in ggd near SBs

. It is well known that the interplanetary magnetic field is
"discontinuous", i.e., a stationary observer finds that appre.:.ately once



11

or twice per hour “he direction of B changes by > 30° in $ 30 sec. (Ness et
al., 7966; Burlaga and Ness, 1968; Burlaga, 1969; Siscoe et al., 1968).
Many of these directional discontinuities are tangential discontinuities
(see Burlaga et al., 1977 and the references therein). We have found that
directional discontinuities are present inside thick SBs and ocutside near
all types of SB. Since tangential discontinuities are current sheets one
might ask whether the orientations of current sheets in and near SBs are
related to the orientations of SB surfaces. If this were 80, 6ne would
have an additional tool for studying the morphology of SBs.

We identified directional discontinuities by inspection of 1-hr plots
of 15s averages of B, ¢, ¢ for the 4-day inlervals containing the SBs
listed in Table 1. Approximately 700 discontinuities were selected from *
900 hrs of data. Each of these was analyzed using the minimum variance
analysis described above. In order to select the tangential
discontinuities, we considered only events for which 1) AQ/A3 2 2.0, 2} the
change in magnetic field direction (w) was > 60° (Fitzenreiter, private
communication, showed that the condition u 2 30° used in most previous
studies can lead to mistakes in identifying rotational discontinuities,
because of certain systematic errors), and 3) the angle (p) between the
minimum variance direction and the average field vector was 3 75° (Lepping
and Behannon, 1979).

Table 2 shows statistics describing the tangential discontinuities that
we selected in and near SBs. Th2 rate of direetional discontinuities was $
1/hr, consistent with previous results. Only a fraction of these (15%)
were selected for studies of m ‘phology, because of our conservative
definition of a tangential discontinuity. There are two significant new -
results in Table 2: 1) The rate 6f these tangential discontinuities inside
thick SB is essentially the same as that outside, and 2) The rate of
tangential discontinuities with w > 120° is significantly higher inside SBs
than outside; these are not themselves SBs, since they mark no clear change
from one sector polarity to another.

The normals which were determined for the tangential discontinuities by
the ﬁinimum variance aﬁalysis should be accurate to within several degrees.
The distributionis of BN and ¢N for these normals are shown in Figure 9. As
expected, the distributions for tangential discontinuities outside the SBs
closely resemble those published previously (Burlaga, 1969; Siscoe et al.,
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1968); the normals tend to be perpendicular to the spiral direction and at
latitudes between #45°, The GN, &N distributions for tangent;al
discontinuties inside thick sector boundaries are found to closely resemble
those outside SBs. 1In particular, the average direotions and the range of
directions of normals inside SBs are similar to those of normals outsids.
Inspeation of normals in individual SBs shows that the scatter of normal
directions is large in almost every case. Thus, the results in Figure /;
are not due to a coincidence in the orientations of SBs, but rather to the
fact that discontinuities inside SBs have the same statistical orientations
as those outside. We conclude that tangential discontinuities among the
directional discontinuities in thick SBs cannot generally be used to
determine the orientations of SBs.

5. Magpetic Holes in and near Jector Boundaries

Although we have shown that most SBs are not null sheets, it is
nevertheless true that null sheets may often be found in SBs, 1In the
followi. 37 discussion, we shall include current sheets in which the magnetic
field drops to low but ncu-zero values. These are called magnetic holes
(Turner et al., 1977). 4An example of a thick SB containing magnetic holes
in shown in Figure 10. '

Magnetic holes pass Earth at the rate of & 1 to 2 per day (Turner et
al., 1977). We found a similar rate (0.06/hr or 1.l4/day) for 15 hour
intervals adjacent to the thick SBs which we selected., Inside the thick
SBs, however, the rate was significantly higher--0.15/hr or 3.6/day. The
absolute rates for holes inside and dutside SBs depend. on our subjective
selection procedure, but the relative rate (inside to éutside), which is
the most signifieant number, is not sensitive to the selection procedure.
Considering that SBs occur in low-speed flows, the ratio of the spatial
"density" of magnetic holes inside SBs to that cutside is » 0.15/0.06 =
2.5. A preponderance of magnetic dips in SBs was also noted by Behannon
and Neubauer (1979). .

The rate at which magnetic holes are observed in and near thiek and
thin SBs, depends on the distance from the sector houndary. This is shown
in Figure 11 where the number of magnetic holes in successive 3-hr
intervals is plotted as a functioﬁ of the time befere and after the passage
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of the genter of a SB for our set of SBs. Clearly, most magnetic holes
ogeur betweenh 0 to 12 hrs after the passage of the center of a SB.

Sector boundaries usually occur 0-12 hr ahead of stream interfaces when
interfaces are present. This is shown in Figure 11z, where the time of the
stream interface relative to the time of the center of the sector boundary
i=s shown by the vertical lines on the abecissa. Ws have plotted the rate of
magnetic holes with respect to the time of the stream interface (Figure
11b) for 15 hrs before and after each interface. Here one sees a clear
peak at the time of passage of the stream interface, suggesting that the
holes are more closely related to the interfaces than to the centers of
SBa. An interface represents the transition between two flows. The
magnetic holes near inbterfaces could be due fo material trappéd between the
adjacent converging fiows near the sun, or they might be due to some
instability at the interface. ' '

6. Summary

We have examined the orientations of sector boundaries (SBs) observed
by IMP-6 between January 1971-January 1974, choosing only those cases with
relatively complete sets of plasma and magnetic field data within *2 days
of the SB. It was found that the durations of the SBs were either
relatively short (§ 10 min) or relatively long (3 3 hr); hence we
classified them as "thin®" and "thick". We diébinguished relatively simple
boundaries (in which there was a well-defined minimum variance direction)
from complex boundaries. It was assumed that if the magnetic field changed
direction by rotating in a plane with a negligible component of § norital to
the plane, then that plane was parallel to the surface of the SB. Using
the minimum variance technique, it was found that the sector boundary
surfaces were inclined appreciably with respect bo the ecliptic at this
epoch of the solar cycle (1971-1973). However, it was suggested that this
might be due to the presence of near-equatorial coronal holes, and it was
noted that the inclinations.of the seector boundary surfaces might be
different at another epcch, when there are no neér-equatorial eoronal
holes,. : . ‘

We examined the orientations of tangential discontinuities among

direetional diacontinuities near all SBs, and inside thick SBs, considering




the possibility that they might be related to the orientations of the SBs.
However, the distributions of their normals were very simils. to the
eorresponding distributions for tangential discontinuities located away
from SBs.

Magnetic holes were found in and near sector boundaries at a higher
than average rate. This apbears to be related to the proximity of magnetic
holes to stream interface and converging flows rather than simply to the

S5Bs themselves.
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JABLE 2.

Directional Discontinuities at SBs

 Number Nuber/hr
Directional Discontinuities 758 0.92
Events with 1,/A3 > 2 and w 3 60° 250 0.39
™s (8 > 75°) | 129 0.14
TDs in SBs 27 0.21
TDs outside SBs . 107 0.15
TDs with w > 320° in SBs 14 0.18

TDs with w > 120° outside SBs . 30 _ 0.04



FIGURE 2

FIGURE 3

FIGURE 4

FIGURE 5

FIGURE 7

FLQQBE 8

FIGURE. CAPTIONS

Distributions of hour averages of ¢, B and o tefore and after
the sector boundaries considered in this study.

Observations of a thin sector boundary. Alsc shown are the

variations of B in the Bx-B plane (normal to the minimum

Y
variance direction Bz) and in the Bz'By plane.

Example of a thin sector boundary with structure that is

unresslved in the averages shown here (see Figure 4).

Discontinuities observed in high resolution data for the
sector boundary shown in Figure 3.

Example of a thick sector boundary. The SB occurs ahead of
an interface in front of a high speed stream. The field
changes direction by rotating in a plane through large |8|
angles.

Distributions of eN and ¢N for normais to thick and thin
sector boundaries. The normals tend to be perpendicular to

the spiral direction and close to the ecliptie in 1971-1973.

Distributions of hour averéges of 0 and B inside and outside
of the thick S8B. The 0 angles tend to be larger inside SB
than outside, while ithe magnitude remain near the average
value for the sblar wind, indicating that B tends to change

direction in SiBs by botating out of* the ecliptic.

An illustration of a possible solar cyele dependence of the

orientation at the SB surface. a) Results after Korzhov
{1978) Shoﬁing high inclinations with respeet to £he solar
equatorial plane in 1973. b) Results éfter Villante et al.
(1979) showing low inclinations in 1976. -




Distributions of the directions of normals to tangential
discontinuities at SBs and away from SBs.

Example of a magnetic hole in a sector boundary.

a) Distribution of magnetic holes relative to the centers of
the sector boundaries for the cases when stream interfaces
(IF) were present. The positions of the interfaces relative
to the centers of the sector bouadaries are shown., b) Dis-
tribution of magnetic holes relative to stream interfaces.
This figure shows that magnetic holes are predominant near
stream interfaces. . ' ' o
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