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ABRSTRACT

HELTOS-1 moved from 1 AU on December 10, 1974, to 0,31 AU on
March 15, 1975, and the sun rotated beneath the spacecraft nearly foux
times during the interval, Recurrent high~speed streams with uniform
magnetic polarity were observed, and they were asscciated with coronal
holes of the same polarity. Although recurrent, the streams and thelr
magnetie field patterns were not stationary, because the coronal holes
which produced them changed in shape and latitude from one rotation to
the next. We estimated that the magnetic [ield intensity of open [ield
lines in some of these holes was on the order of 10 to 20 gauss. Reecurrent
slow flows were also observed. The magnetic field polarity and intensity
in these flows were irregular and they changed from one rotatilon to the
next.

Cold magnetilc enhancements (CME's) choracterized by a 2 to 3 fold
enhancement of magnetiec field intensity and a 5 to 7 fold depression of
proton temperature relative to conditions ahead of the CME's, were observed
in some slow flows. Some of these CME's were contiguous with iInteraction
regions of streams,

At perihelion, HELIOS observed a recurrent stream which was assoclated
with a lobe of the south polar coronal hole, The longitudinal width of
the stream was three times that of the hole. We estimate that the width
of the eastern and western houndaries of the streams at the coronal holes
was only 2.5% & 1.50, and we infer that the width at the nerthern boundary
of the stream was & 5°. We conclude that between the sun and 0.3 AU

there was a diverpging stream surrounded by a thin boundary layer in which
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there was a large velocity shear. There is evidence for compression of
the magnetic Field in the western boundary layer (interaction region),
presumably due to steepening of the stream within 0.31 AU. The magnetic

fleld must be considered in models of the boundary layer and the stream.
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I. TINTRODUCTION

The prineipal purpose of this paper is to describe and interpret
the flow-related interplanctary magnetic fileld patterns observed by
HELIOS-1 as it moved from 1 AU on December 10, 1974 to 0.31 AU on
March 15, 1975, and back to 0.54 AU on April 7, The radlal position of
the spacecraft is shown in the bottom panel of Figure 1. The solar
longitude of the spacecraft, measured in units of 360° and counted from
the longitude at launch, is shown in the top of panel of Figure 1. The
sun rotated beneath the spacecraft nearly four times in thie interval to
be discussed,

The magnetic field data presented below are from the Rome/GSFC

1. (1975) and by

magnetometer, which is described by bScearce et

Mariani et al. (1977). 1In order to understand the magnetic field patterns,

one must consider them in relation to the plasma, for the magnetic field

and plasma are strongly coupled because of the very high electrical con-

ductivity of the plasma. The plasma data presented below were obtained

by the instrument of Rosenbauer et al. (1977) on HELIOS-A. Hourly averages

of the proton speed, density, and temperature will be discussed insofar

as they are relevant to understanding the magnetic field observations.
Seetion IT describes the recurrent flow and field patterns observed

by HELIOS and the relation between fhese patterns and coronal holes.

Four types of recurrent patterns were observed: a large recurrent stream,

a recurrent slow ("quiet") flow, a rapldly evelving flow, and a recurrent

compound stream. It is shown that the recurrent streams were not stationary,

for although the sources recurred at approximately the same longitudes on
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successlve rotatilons, the shapes and latitudinal patterns changed
appreciably from one rotation to the next,

A new type of magnetie field and plasma structure characterized by
o low ifon temperature and a high mapnetilc field intensiiy is discussed
in Section IV. We call this a cold magnetic enhancement, CME, Its
nature, structure, and relatlon to streams are described in this section.

The structure of streom boundaries between the sun and * 0,3 AU
ils discussed in Sectlon IV, We show that near the sun intevaction
reglons can be narrower and streams can be steeper than at 1 AU
It Is shown that recurrent streams can have sharp
boundaries In both latitude and longitude between the sun and 0.3 AU,
with large velocilty shears across these boundaries. The cvolution of
streams in this case is very different from that described by the recurrent
stream models In the literature.

The structure of the boundaries of streams between 0.3 AU and 1 AU
has been studied by Schwenn et al. (1977) and by Rosenbauer gt al. (1978),
who concluded that the boundaries are thin at 0.3 AU. The present re-
sults supgest that the boundarvies are narrow because the [lows originate
in coronal holes which themselves have sharp boundaries. Indirect
gvidence for sharp boundaries near the sun has been found in obsgervations
of the solar wind at 1 AU, Considering the trailing part of recurrent

streams, Lazarus (1975) and Nolte and Roelof (1977) inferred that the

[+

width of the trailing edges of streams in the high corona is & £° o 6 R

assuming that the solar wind speed is cffectively constant between the
corona and 1 AU, Gosling et al. (1977) suggested that stream interfaces
at the leading cdges of streams at 1 AU (Belcher and Davis, 1971;

4



Burlaga, 1974; Burlaga et al., 1971) are the result of a discontinuous

longitudinal shear boundary near the sun,
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TL. RECURRENT MAGNETIC FIELD AND FLOW PATTERNS AND THEIR RELATIONS TO
CORONAL HOLES

Figure 2 shows the polarity of the magnetic field (+ away from the
sun) and the speed of the solar wind versus longitude (in units of 3600)
for the four solar rotations during which HELIQS-1 moved from L AU at
launch to 0.31 AU and back out to 0.54 AU. HSR 0 is the lengltude of
HELIOS at the time of launch., Tour digtinct sequences are ldentified
by the vertical lines and Roman numerals in the Figure. In Sequence I a
large, unipolar stream recurs with apparently litcle change duving the
first three rotations. It was not scen in its entirety on the fourth
rotation for reasons which will be discussed 1n Secktion IV. In Saquence 11,
the speeds are relatively low, the polarity is variable, and there are
no distinct streams. One might say that this is a recurrent "quiet" svlar
wind, or more precisely a recurrent slow flow. In Sequence IIL one sees
an evolving pattern in the magnetic polarity and the speed profile., The
emergence of a stream is seen on rotation four. Sequence IV consists of
a unipolar, compound, recurrent stream which changes in detail from oue
rotation to the next. The approximate spatial structure of the four
sequences 1s shown in Figure 3.

The magnetic field intensity patterns corresponding to the polarity
and speed patterns are shown in Figure 4., Three types of magnetic field
enhancements can be seen. The type of enhancement indicated by the
shaded areas in Figure 4 occurred in the interaction regions of recurrent
streams (interaction regions have been defined by Burlaga and Ogilvie (1970)
and Burlaga (1975) as regions in which the speed {s increasing and the
pressure 1s high). Such enhancements are seen in the interaction regions
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in Sequence I, in Sequence IV on HSR 0 and 1, and in Sequence IIX on
HSR 3. A second type of magnetie fileld enhancement occurred in the slow
flows and was not related to interaction regions. This type is most
evident on HSR 0 and lSR 1 in Sequence IIT and on HSR 1 In Sequence II
(see Figure 4). A third type of enhancement, which was produced by a
shock wave, occurred on HSE 1.03, corresponding to January 6, hour 20,
Enhancements which occur In interaction regilons are partly due to the
kinematic effect of the steepening of a stream (e.g., see Hundhousen,
19723 Burlaga and Barouch, 1976). Since the enhancements in slow flows
are not closely related to velocity gradients, 1t is likely that they
originate near the sun; however, their specific source is unknown at
present.

et us now conslder the sources of the streams in Figure 2. In
particular, we shall consider the relationship between the streams and
coronal holes, since a relationship has been demonstrated for other streams
by many authors (Pneuman, 1973; Noci, 1973; Krileger et al.,, 1973; Neupert
and Pizzo, 1974; Sheeley et al., 1977; Burlaga et al., 1977; Hundhausen, 1977).
Coronal holes are most clearly seen in high resolution X-ray images of the
sun, such as those obtained by Skylab., They can also be seen in XUV images,
in ground-based observations of the K-coronal brightness (Hansen et al.,

1969) and in ground-based observations of the He T 10830A line (Harvey et al.,
1975a,b). The white light observatilons refer to skructure at a distance

of ~ 1.1 R, to 1.8 R, from the sun's center, while the He I 108304 ob-
servations refer to structures just above the photosphere. The

K~coronometer observations are daily, line-of-sight observationy of

brightness over the limb. They give a plobal picture of the coronal holes
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over many years, but they are relatively insensitive to amall equatordal
holes, Thnw He I 10830A obsexvations indicate the location of coronal
holes against the solur disk as areas in which the chromospheric netwerk
is relatively weak or absent. They give coronal hole boundaries similax
to the X-ray and XUV boundaries, with somewhat lower resolutilon (&50).
Thus the He I 10830A observations and the K-coronometer obaervavions are
complementary, the former giving the detalled gtructure of corenal holes
near the chromosphere and the latter given the large-scale structure » 1,1
to 2.0 R, above the chramosphere.

Schwenn et al. (1977) bave shown a relationship between the large-
scale stream structure observed duxing the prime HELIOS-1 missicn and
the K-coronograph (white-light) ohservations at that time, In this paper
we relate the streams to coronal holes observed in the Kitt Peak He T 108304
images., Tigure 5 shows the coronal holes identifled during the primary
mission of HEﬁIOS—l. The coordinates are solar latitude and solar longltude
in Carrington rotations. Longitude is shown decreasing to the right (in
contrast to the conventilonal plot), so that the patterns can be comparved
directly with the stream patterns in Figure 2. Coronal hole boundaries
indicatad by the elosed golid gurves in Figure 5 are considered to be
aceurate to within 10°. The dashed lines indicate possible coronal hole
boundaries, but the ldentifications are not firm. The solid areas indicnté
active reglons., The solar projection of the trajectories of the earth
and the HELIOS spacecraft are shown by the solid curves across each panel;
the motion of the earth and the spacecraft Is from left to right. Note
that on HSR O through 2 (CR 1622-1625}, HELIOS and Earth have the same
solar latitude. On HSR 3 (CR 1625-1626) HELIOS moves 15° norchward with

8
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reapect to Earth as 1t goes to the opposilte side of the sun, which is
inelined 7.5° with reospect to the ecliptic plane.

In previous papers, streams were related to coronal holes by projecting
the styeams to the sun backward in time, assuming that cach volume element
moves with a constaont speed. One can obtain the relative positions of
gtreams iand holes without making such a projection. In Figure 2, the
front edge of each stream is marked by a vertical line with a label AO,

Al, LO ond L3, cte. Note that the speed ic approximately 402 km/s in
every case, In Figure 4 the front edge of cach coronal hole 1s marked
by a vertical arrow, and cach arrow is labeled with the symbol of the
gstream in Figure 2 that we associate with the coronal hole. For example,
the front odge of the hole A2 in Figure 5 is assoclated with the edge of
the stream labeled A2 in Figure 2. If our associatlons are correct, a
plot of the longitude of the stream reges seen by HELIOS versus the
Carrington longitude of the front edges of the coronal holes should give
a gmooth rurve. Figure 6 shows such a plot, and indeed the polnts fall
near a line. The relative position of the leading edge of the source of
any particular stream can be determined from this line within approximately

10°, For example, stream A2 in Figure 2 was observed at HSR 2,23 and

Figure 6 implies that its source is at 143° on CR 1624, as observed,
The agsoclations made in this way are confirmed by comparing the Iinter-
planetary magnetic field polarity with the measured photospheric magnetic
field polarity beneath the coronal holes (Table I).

The coronal holes in Figure 5 can be grouped into four sequences
corresponding to the [low and polarity sequences in Figure 2. The recurrent
streams In Sequence I are related to an extension of the southern polar

9
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coronal hole. The coronul hole obascrvations corresponding to Sequence I are
not complete. The evolving flow in Sequence ITIL 46 related to a coronal

hole sequence (G in Figure 5), due to a hole in the southern hemisphere

on HSR 1 and holes just north of the equator on HSR 2 and 3. Apparently

only edge flowc were seen on HSR 1 and 2 whereas a fully developed stream
with sharp boundaries was observed on HSR 3; the implications of this

are discuseed in Section IV. The recurrent compound stveam in Sequence IV

16 related to a recurrent, evolving palr of coronal heles (L and M in

Figure 2).

An important Feature of the coronal holes in Figure 5 is that although
they tend to recur at the same longitude from one rotation to the next there
18 considerable change in the boundavies of the coronal holes from
one rotation to the next. Thus, the coronal holes are recurrent but not
stationary., The streams which originate in these holes are likewlse re~
current, but may change in detail from one rotation to the next due to the
changing shape and latitude of the coronal holes. In other words, the
recurrent streams are not stationary, and changes from one rotation to the
next can be attributed to changing conditions in Ehe source.

It is possible to estimate the magnctic field intensity in some of
the coronal holes which produced streams and fields observed by HELIOS.

In particular, if one considers nearly circular, near-cquatorial holes,

then one can use the method of Burlaga et al, (1977) to calculate the
average field in the hole, By s given a) the average ingemsity of the measured
interplanetary magnetic field which comes from that hole, < Bx >, measured

at some distance rs from the sun, b) the width of the stream, as’ and

e) the longitudinal width of the coronal holes, Q. If the field lines

expand equally in latitude and longitude, if the stream fields are unipolar,

10
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and 1l the angular extent of the open field lines at the source is the

aame ag that of the coronal hole, thenr the prineiple of flux conservation

gives
v 2 “ 2 5
Bh =B, e o cos” J (1)
Q h

where g is the angle that the spiral magnetic field makes with the radial
direction. Equation (1) actually gives an upper limit on Bh’ pince the
divergence of the field lines is generally less than or equal to that
agsumed in deriving (1), and since the field is generally not unipolar

in a stveam. The coronal holes which best satisfy the assumptions used
in decdving (1) are 1.0, L1, L2, and G¢3. The relevant measurements

of these holes and the associated magnetic fields are given in Table 2,
together with Bh from 1, We conclude that the magnetic field intensities
in the holes are on the order of 10 to 20 gauss, conslstent with the
estlmates of -ursega et al. (1977) for equatorial holes observed in 1473,

1474,

e A A e A e et e At S T o+ e
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Stream
A0
Al
A2
A3

LO
L1
L2
L3

MO
M1
M2

Gl
G2
G3

NO
E2
P2
B3
€3

TABLE 1

COMPARISON OF INTERPLANETARY AND SOLAR POLARITIES

Solar Polarity

-
-

-

12
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HOLE

LO

L1

L2

G3

13°

PROJECTED MAGNETIC FIELDS IN CORONAL HOLES

TABLE 2

54,50
39, 5%

46.4°

< B > {y)

6.2

10.5

22.0

18.4

13

2
43, 5°
37.9°
24,2°

26.0°

0.45

0.49

Eﬂ (gauss)
21,7
16.8

10.5

12.2



ITT.  COLD, MAGNETIC FIFLD ENIANCEMENTS

Figure 7 shows n structure characterized by an enhancement in magnetic
field intensity and a depression in temperature lasting 30 hirs, corvesponding
to a radial extent of 4,06 x 107km or 0.31 AU, We shall eall such structures
cold magnetic enhancoments (CME's). The CME in Plgure 7 occeurs Just abead
of a recurrent stream, where the solar wind speed is low (% 425 km/sec),
The magnetic field intensity in the fillament is2.1 times that just ahead
of the [{lament, and the corvesponding temperature ratlo is 0.2,

Another CME s shown in Flpure 8. This was observed by HELTOS at
0.48 AU, The ratio of the magnetie fleld intensity in the filament to
that abead of it 1s 2.5 The temperature proflle is somewhat complicated,
but the temperature does decrease by a Factor of « 7 in the filament,

The filament cccurs just ahead of a stream, where the speed is low. It
1s so c¢lose to the interactlon region that the magnetic field enhancement
appears to be a single structure, but close ilnspection shows separate
maxima corresponding to the CME and the interaction region.

Two additional CME's arve shown in Fipure 9 (labeled L2 and P2a)., The
enhancement labeled L2 oceurs just abead of a stream, but the enhancement
in B and depression in T are smoller than fin the other examples that
were discussed. The CME labeled P2a shows a large enhancement in B
(approximately a factor of 3) and a very large depression in Tp
(approximately a factor of 22). This occurs in the middle of a compound

stream, where the speed i

#r)

A 500 km/sec. lHowever, it just precedes a large
gradient 1n V and it is adjacent to a secondary enhancement in B and which
occur in the interaction region corresponding to the speed yradient.

Thus, it 1s possible that this CME does not originate in a coronal

14
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hole, but rather comes [rom a reglon between the coronal holes that
produced the compound stream. This source, detorminea from Flgure 6,
s shown by the circled x between M2 and P2 on CR 1625 in Figure 5.

The four CME's described above éhow thaot some streams do not move
throughi a nearly uniform, amblent medfium, contrary to thie agsunptions
in all current stream models; vather, they are preceded by and interact
with cold magnetic mbancements. To determine the gquantitative size of these
effects, one must model the interaction of a stream with a CME. This will
be conaidered in another paper, The magnetic [ilaments are, of course,
modifled by the stream, and again a model is needed to evaluate the
quantitative cffects., Qualitatively, however, the stream will tend to
compress the filament, causing an increase in B, n, and 7. If the com-
pression is confined to a reglon with a dimension of a few tenths of on
AU along B, o mass £low can be driven along B which will tend to diminish
the density enhancement. Similarly, a heat flux along B could reduce
the size of any increase in T which might be produced by compression,
Thus, the enhancement in B in a CME would be increased by the stream

interaction and the size of the temperature depression would tend to be

reduced.  In this picture, the temperature depression in a CME is likely
due to a low temperature at the source of the filament,

The source of CME's presents a problem for which we have no unique
solution. One possibility is that a CME 1s related to the boundary-zone
between the edges of a coxonal hole and the neutral lines of the “unipolar"
magnetic ceil in which the hole lies. S$uch boundary-zones were identified
for the Sky-lab period (Bohlin, 1976). The low temperature in a CME might

be due to a predominance of elosed magnetic field lines in the boundary zone,

15
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If this is toe case, the fLact that the high fleld inteusity appears in

the low temperature reglon which precedes the stream but not in the low
temperature veglon following the stream suggests that the enhancement

1s due at least {u part to compression by the stream, CME's have three
characterigtics In common with structures called non-compresslve density
enhancements (NCLE'sy Gosling et al., 1977), viz., 1) their observed
durations ave similar, 2) the temperature is low iIn both, and 3) both
oceur just ahead of [ast streams., However, they differ in two respects:

1) the magnetic field dintensity 1s always high in CME's, but it is gencrally
not high in NCDE's (Gosling et al., 1977), and 2} the density is always
high in NCDE's, but it is generally not high in CME's. It is possible

that CME's and NCDE's are just two subscts of a more gencral phenomenon,
the esgsential feature of which s a low tempervature just ahead of a stream.
Both might be due to boundary conditions adjacent to a coronal hele, but
Gosling et al. (1977) argued that NCDE's might be transilents that have

been swept-up hy streams.
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1V, BOUNDARIES OF STREAMS FROM CORONAL HOLES

HELTIOS-1 observed a xeeurrent stream at 0.3 AU, providing
an exceptional opportunity to study the structure of a stream at this
distance and its relation to the sun, Observations of the stream and
its magnetic f£feld are shown in Figure 10, in the interval labeled A3.
Observations nf coronal holes at this time are shown at the bottom of
Figure 10: the scale and position of the coronal hole map were chosen such
that it can be compared directly with the Flows shown above it. Schwenn et al,
(1977) have already shown that the gencral location of the stream iz related
to a broad extension of the southern polar hole as seen with low resclution
ac &~ 1.5 %3 in K-coronometer observations, and they have demonstrated that
the latitudinal boundary of the stream was sharp between 0.3 AU and 1 AU,

We shall show that the structure of the stream was rrlated in detail to
the structure of the coronal hole seen In He I 10830A images of the
chromosphere and that the latitudinal and longitudinal boundaries of the
stream were sharp between the sun and 0.3 AU.

The utreain A3 In Figure 10 had a longitudinal extent of only 30°. 1t
was assnclated with a narrow lobe of the southern polar hole, the longitudinal,
extent of which was # 10°, If the width of the stream near the sun was the
same ag that of the coronal hole, this implies that the flow diverged by
a factor of 3 In longltude between the sun and 0.3 AU, This is consgistent
with the divergence of flow from a polar coronal hole measured directly by
Monroe and Jackson (1976), who obtained a divergence factor of ~ 2.9
between the gun and 5 &3. No sector boundary was observed near the stream
A3, and the magnetic polarity was uniform for several days preceding and

following the stream as well as in the stream itself. This indicates

17



that the gtream and its associated coronal hole were imbedded in a large,
"unipolar" magnetic region.
The plasma observations presented in Flgure 10 show that the

longitudinal boundaries of the stream were very sharp at 0.3 AU, At

the front boundary, the speed increased from 345 km/s to 625 km/s over

an angle 6H = 2.1°. since the velocity ond magnetic fleld were nearly
radlal, this implies a veloelty shear of > 130 km/s/deg. At the rear
boundary of the stream the speed decreased from 625 km/s to 345 km/s over
an angle of 6nz = 12.3%, corresponding to a velocity shear of = 20 km/s/deg.
The fact that the front boundary is thinner than the rear boundary can

be attributed to kinematic steepening between the sun and 0.3 AU, This
interpretation is supported by the observation that the magnetic field
reached a maximum within the forward boundary, which is a natural con-
sequence of the compression that accompanies kinematic steepening, If
dynamical effects could be neglected within 0.3 AU, we could project the
measured widths of the stream boundaries to some sphere close to the sun

(say r, = 2.5 %9) using the equations for spiral field lines. This

gives
V. -V
o0k = ok 4 - £ s
o T % Ei (ry -r ) V. v (2)
s

where X% = 2,8 x 10"6 sec_l is the angular rotation rate of the sun and
the minus (plus) sign is chosen when discussing a region of increasing

(decreasing) speed. Considering the front boundary of the stream A3

observed by HELIOS, where V increased from 345 km/s to 625 km/s over an

o

angle 6; = 2.1, we find that at #~ 2.5 53,6: = 11,8°. Similarly, con-

sidering that part of the trailing boundary of the stream where the

18
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gpeed decreased from 625 km/s to 345 km/s over an angle bﬁ 1_?..30 we

find that 6; o 2,0 ar ® 2,5 Ry The inequalilty between §; and 0;
suggests that our assumption of constant V and negligible pressure

(i.e., the kinematic approximation) is not valid. Nevertheless, ot is

an upper limit and b; is a lower limit, so we can conclude that the

width of the stream boundaries at = 2.5 Kg was ® 7,4° & 4.5°, Assuning

a2 longitudinal divergence factor of 3 between the coxona and 2.5 Qg, we find

that the longitudinal width of the stream bBoundary around the covonal hole was

only =~ 2.5° & 1.5°.  This ls consistent with the width of the coronal hole
boundery, which is & 107,

We can infer that the latitudinal boundary of the stream was also
thin between the sun and 0.3 AU, due to a fortunate alignment between the
gspacecraft trajectory and the nerthern boundary of the coxonal hole,
Figure 10 shows that HELIOS moved nearly parallel to the northern bounlsry
of the coronal hole between March 14 and 16, approximately 15° above the
boundary. No stream was observed by HELIOS in associlatilon with this part
of the coronal hole. If the speed was high above the coronal hole, the
absence of high speeds at HELIOS implies that the thickness of the northern
boundary of the stream was 15° between the sun and 0.3 AU. Assuming a
diverpgence factor of 3 between the corona and a source surface, we infer
that the thickness of the northern boundary of this part of the coronal
hole was & 5°. This is consistent with our estimates of the thickness of
the eastern and western boundaries of the lobe of the coronal hole.

The results presented above lead to the concept that between the
sun and & 0.3 AU at least some streams which originate in coronal holes

are bounded by a chin shear layer, in which the velocity shear can be as

19



large as 100 Ym/yec/depree, The stream boundaries are related to and
arc a consequence of the coronal hole boundaries. This shear-layer
concept is fllustrated in Figure 11. It is consistent with the views
that recurrent streams orlginate in coronal holes and that coronal holes
have sharxp boundaries.

The concept that some streams are bounded by thin shear-layers ncar
the sun conflicts with the published models of recurrent streams, These
models assume that near the sun the velocity shear is small, ~ 3 km/s/degree,
in a broad reglon, whereas the HELIOS observation indicate that the velocity
shear is large, % 50 km/s/degree, in a narrow region. Thus, even if the
physics of the models is correct, the boundary conditions that have been
used may not be approprilate. This is certainly true for the stream A3,

and it is probably alsc true for other streams from coronal holes.

The concept of a narrow shear layer bounding recurrent streams within
~ 0.3 AU has several dyonamical implications. Non-linear effects are

important closer to the sun than has been assumed. The magnetic field will

he more important in the dynamics, betause near the sun the magnetic
pressure greatly cexceeds the plasma pressure, and aignals can be carried
much faster by hydromagnetic waves than by sound waves; in other words,

stream models must be based on MHD theory rather than on gas dynamic

This point was stressed previously by Burlaga et al. (1971) and several

MHD models have been construcked (see Hundhausen, 1972). The large velocity
ghear in the boundary layer might lead to the Kelvin-Helmholtz instability,
which would produce MHD waves near the sun (Bavassano et al., 1978;
Dobrowolny, 1977; Chandrasekhar, 1961).
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V. SUMMARY

HELIOS-1 obscerved four types of recurtenc flows en route to 0,31 AU
between December 1Q, 1974 and March 15, 1975: a broad, recurrent stream
of positive polarity; a slow flow ("quiet! wind) of posiilve and mixed
polarity; an evolving slow flow and/or "edge~flow", whose polaxity
changed from predominantly negatdive on the filrat solar rotation to pro-
dominantly positiva on the third solar rotation} and an evolving compound
stream with positive polarity. The streams were related to coronal holes

measured in coronal He I lOBBOﬂ, and we estimated that the magnetic {ield

intensity in some of these coronal holes was 10 to 20 gauss, Although the

streams were recurrent, they were not stationary. They changed in detail
from one golar rotatlon to the next, because the coronal holes which
produced them changed in shape and latitude, while thelr longitude re=

mained nearly constant.

Intense magnetice fields were found iIn interactilon regilons, as expected

due to kinematic steepening of the streams, Magnetic field enhancements
were also found in the form of cold filaments which have not been dis-
cussed previously. The field intensity in these CME's (cold, magnetic
intensity enhancements) is 2 to 3 times the amblent intensity ahead of
them, and the lowest temperature is 0.15 to 0.2 times the ambient
temperature. The CME's were observed just ahead of some streams, In the
middle of a compound stream, and in gome slow flows. The gource of the
CME's is not understood, but they are probably due to conditions at the
sun such as the boundary-zones which surround some coronal holes. CME's
which precede streams will influence the dynamics of iﬁteraction reglons,
and thus should be considered in models of streams; thie customary
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agsumption that streams expand into a uniform, "quiet" wind is not
always wvalid.

A narrow recurrent stream was observed at perihelion., This stream
was agsocinted with an equatorial extension of a lobe of the south polar
hole. The width of the stream wasg three times the longitudinal width
of the coronal hole, consistunt with the divergence factors thaot were
derived for flows and fields from coronal holes in other studies. The
boundaries of the stream were very thin at 0.3 AU the width of the
forward boundary was 3° and that of the tralling boundary was only 12°,
Assuming a dilvergence factor of three, we infer that the eastern and
western boundaries of the stream at the coronal hole were ® 2,5° & 1,5°
wide. We also found that the width of the northern boundary of tie
stream was s 15° between the sun and 0,3 AU and thus & 5° at the coronal
hole. Since the velocitles and magnetic fields are nearly radilal at
& 0,3 AU, there was a large velocity shear, on the order of 50 km/sec/degree,
in the boundary layer surrounding the stream. The thin boundary layer of
the stream 1s a natural consequence of the sharpness of the coronal hole
boundary, which presumably marks a transition between open and closed
magnetic field lines., Since most coronal holes have sharp boundaries, it
is possible that most coronal-hole associated streams are surrounded by
thin boundary layers in which there is a large velocity shear. The ex-
isting models of streams assume much smaller velocity gradlents near the
sun. Gasg-dynamlic models with large velocity gradients would imply the
formation of shock pairs near the sun. The formation of shocks would
occur at larger distances in a model which considers the effects of the

magnetic fileld and the low density in streams. The magnetoacoustic
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apeed greatly exceeds the sound speed near the sun, and will cause

the presaure pulse to broaden much more rapldly thun predicted by a
gaa=dynamic model. 7he low density in the streams implics the momentum
flux which derives the pressure pulse is smaller than is usually asgumed
in gas-dynamic models,
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Figure 1

Figure 2
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FIGURE CAPTIONS

The top panel shows the solar longltude of HELI0S measured
in unita of 360° (HSR) with HSR = O at the time of lounch
{December 10, 1974). The bottom pancl shows tha distance

of HELIOS from the sun as a function ¢f time,

The bulk speed and magnetic field polarity (+ fields point
away from the sun) as a function of solar longitude for
four solar rotation:. Tour flow patterns are ldentificd by

the vertical lines and Roman numerals.

A shketch of the basdc flow patterns observed by HELIOS.

Hourly averages of magnetic tield intensity measured at
HELIOS as a function of solar Jongitude for four solar
rotations. The shaded areas show the locations of iInter-

action regions,

Ccronal holes corresponding to the flows in Figuve 2.

The longitude (in units of HSR) of the front edges of a
stream 1s plotted versus the Carrington longirude of the
front edge of the coronal hole which we assoclate with that

gtream. All of the streams in Figure 2 ariy shown.

A cold magnetic f£ilament (A2a), preceding the interaction
reglon (A2b) of a corotating stream. The essential features
of the CMF, are the high-field intensity and the low

temperature.
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Figure 10

Figure 11

A cold magnetic enhancement, which ils nearly lndistinpuishable

Lrom an interaction veglon ut the boundary of a stream.

Cold magnetic enhancements assoclated with a compound, recuxrent

gtream.

Observations of a coronal<hole aspocinted stream with thin,

shear boundaries at 0.3 AU,

This 1llustrates the congcept of @ shear boundary layew

surrounding a coronal-hole associated stream near the sun,
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