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INTRODUCTION

The search for the solar source or origin of disturbances in the solar

wind is a problem of continuing wide-spread interest dating from the firt

measurements of the solar wind which showed high speed streams. Progress in

understanding the specific relationships involved has accelerated since the

launch of Skylab particularly with the identification of high speed streams as

emanating from equatorial coronal holes (Kreiger et al., 1973, 1974; Nolte et

al., 1975) and with the association of two high speed streams with the

equatorial extens_.on of the polar holes (Levine et at., 1977). However, the

problem of direct identification of the solar source still remains for the

lower speed solar wind in general and for structures in the solar wind

variable on time scales < 4 days. Not surprisingly, several different

mechanisms give rise to these solar wind structures.
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In order to relate variable structures or fluctuations in the solar wind

to coronal features, the use of subterrestrial point solar observations is

dictated by the time scales involved. Using this approach, Sullivan and Nolte

k19T8) established a probable connection between a filament eruption and a

small solar wind speed increase. The methodology used was to select a class

of coronal transient events and to search for consequent disturbances of the

solar wind.

The results found in this study on "coronal Sources of the Instrastream

Structure of the Solar Wind" were obtained by using an.alternate approach of

indentifying a class of structures in the solar wind, speed P'_;.ctuations

within a high speed stream, and seeking to establish a connection with changes

in the the solar corona, again at the subterrestrial point.
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DATA SETS

Solar wind data were obtained from the MIT observations on IMP-T/8,

hourly averages of the bulk proton parameter were used in this study. Solar

corona data at the subterrestrial point were obtained from the ATM X-ray

Spectrographic Telescope with varying time resolutions from 3 hours to 12

hours. In addition, for part of the study calculated field lines (Levine,

19T8) were used to correct the correction point from the subterrestrial point

to an estimated magnetic connection point.



METHODS AND PROCEDURES

The general analysis procedure was:

1) To identify good overlap periods between the data sets.

2) Within each overlap period to identify changes in solar wind speed

(+100km S-1) within a high speed stream. This was normally near CMP

(Central Meridian Passage) of a coronal hole. Each such change was called an

event. This identification required tha extrapolation of the solar wind

data to a reference surface near the sun; a surface at two solar nadii was

used.

3) For each event the X-ray observations were mal. ,^ed to the reference

surface; initially this mapping was simply radial, but later the potential

field topology was used for a mapping along field lines.

4) To search for changes in tb- low corona a number of X-ray features

which vary in time were examined. The list of X-ray features examined

included transients, bright points, boundary shifts of coronal holes, area

changes of coronal holes, etc.

5) From the list of possibly correlated events (X-ray and solar wind) we

then tried to determine which coronal features best accounted for the observed

intrastream structure. This analysis was guided by the twin criteria of

longitude (and latitude) matching and the time duration of each event.



Results

The principal result of this study are summarized in the conclusion of E.

Aslakson's Bachelor's thesis (Attachment A): "Short time scale changes in the

bulk speed were found not to coincide with X-ray transients near the sub-earth

point nor with the number of X-ray bright points within a coronal hole and

near the equator. Instead, this study shows that the chang:a in bulk speed

are associated with changes in light areas in a hole which may be associated

with the opening or closing of magnetic field lines within the coronal hole.

That there is a casual connection between these sudden changes (appearance or

disappearance) in light area and sudden changes in the bulk speed of the solar

wind is further evidenced by the spatial proximity on the sun of these

changing light regions to the source position of stream lines from Levine's

(19T8) model that connect into the same solar wind streams."

This study also emphasizes the importance of continued monitoring of the

region of the sun around the subterrestrial point with good time resoultion to

have any prospect of unraveling the complex solar wind phenomena near earth

(and also the need for continuous solar wind data). Limb observations are so

time aliased as to have minimum value in understanding the variations in the

solar wind on time scales of days.

Further progress in understanding the intrastream structure with the

current data sets is possible but a really significant advance will require

time continuous solar wind data and monitoring of the low corona at least

every three hours. One hopes that, new observations in the current epoch of

high speed streams will become available.
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Changes of features in coronal holes observed from American Science
i Engineering's (ASW X-ray telescope pictures were examined to find a
possible cause of short time scale Ql day) changes (±100 km/s) in the
bulk speed of the solar wind observed by the MIT solar wind experiment on
IMP-1 and 3 within a stream. X-ray bright points, X-ray transients, and
changes in area and boundaries within and around five central meridian
passages of two coronal holes were examined. In all, five coronal hole
crossings were studied. Levine's (1978) calculated field lines were used
to give an estimate of the longitude and latitude on the stn of the field
line connecting with the earth.

The best correlation with the solar wind was a change in area of light
regions within the coronal holes which occurred near the predicted magnetic
field line connection point on the solar surface at the times that correspond
to large changes in the bui k , speed observed at the earth.
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I. ,statement of Problem

Since the observation of the effect of the solar wind on the magneto-

sheath from Explorer 10 (Bonetti at al., 1962), questions of its ,)racist

origin or driving mechanism have ruined unresolved, *spec-lally the prob-

lam of the presumably different origin of the high and low speed wind in

the corona. Progress in understanding the source origin of high speed

solar wind stream with coronal holes. This was later verified by Nolte

at al., 1976. In that study, high speed solar wind streams were found to

emanate. from the coronal holes, which are areas of decreased X-ray intensity

in the solar corona, with low density and low temperature.

There are still questions about the origin of the lower speed solar

wind (•300-400 km/s) and about short time scale variations (• day) in the

solar wind parameters. In this study, an attempt is made to identify short

time scale changes in the bulk speed of the solar wind observed at the earth

by the MIT solar wind experiment on the IMP spacecraft with specific features

or changes in morphology within or near the coronal holes. During the flight

of Skylab, in 1973 9 X-ray pictures, taken with the ATM 5-054 telescope by

American Science 6 Engineering, provided for the first time a detailed look

at coronal holes and other features on the sun. These pictures were examined

to see if any iarge-scale changes in area, bright point number, or transient

activity could be associated with the short tiiae scale variations in the

solar wind.

II. Introduction

A. Description of Coronal Holes and Bright Points

Coronal holes are regions in the solar corona which begins at 1.03 %

and extends outward. They are regions of low density and temperature and

l ow X-ray brightness compared to the surrounding coronal area. (Waidnier,
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1957, 1975; Newkirk, 1967; Altschul ar at al., 1972.) They are most numerous

in years immediately preceding the sunspot minimum. They are also known ^a

exist in unipolar regions on the sun and have open field line topology.

That is, the magnetic lines of force open into interplanetary space con-

trasting with most non-coronal hole areas where the lines are closed close

to the sun. Open magnetic field lines emanate from the photosphere and

extend to such heights that the dynamic forces of the outflowing solar

wind exceed the restoring tensions and pressures of 'the magnetic field.

The open structure partly accounts for the relative darkness of the coronal

holes, since particles confined to field lines that are closed near the sun

decelerate when they near the photosphere and emit X-ray radiation (see

Figure 1).

As previously mentioned, coronal holes show a strong statistical

association with high-speal streams to the solar wind and with geomagnetic

disturbances on the earth (Krieger at al., 1973; Bell and Noci, '1976;

Neupert and Pico, 1974; Manson at al., 1976). One of the first clues to

the existence of such special regions on the sun was the tendency for geo-

magnetic disturbances to have a 27-day period which is near the rotation

period of the sun. The cause of the storms was thought to be intermittent

long-lived streams of ionized solar material witted from some specific

region on the see. This 27-day geomagnetic storm period was most prominent

at the and of each sunspot cycle. These plasma emitting solar regions were

name; MM-regions by Bartali in 1P32, and have been of the perplexing problems

of solar physics since then.

There were also visual investigations (by Waldmejer, 1957, 1975) who

Drq

recognized persistent depression% in the intensity of the monochromatic	 '
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corona in ground-based coronagraphs. He called these areas "holes" (Lacher

in German).

In the 1960's the knowledge of the solar wind grew from spacecraft

measurements of its properties. As predicted by Parker, 1958, a solar

wind of a continuous nature was observed.

During and after the Skylab mission (May 1973-February 1974, a period

of declining solar activity and therefore high activity of holes) when

observations in soft X-ray, XUV, vacuum-ultraviolet, visible, near-infrared,

and radio wavelengths were made, the connection between high bulk speed

solar wind streams and coronal holes was firmly made (Nolte et al., 1976).

Snail (2x108 km2) areas bright in X-rays are seen within coronas holes

and are called bright points. They have an average lifetime of eight hours

and exist outside-coronal holes as well. By comparing their locations with

a solar magnetogram, they are seen to be tiny bipolar magnetic structures.

There emerge, on the average, 1500 X-ray bright points per day; and their

areas correlate roughly with their lifetimes. By comparing bright point

intensities at two wavelengths, Golub et al., 1974, have estimated the

tewperatures of the brightest bright points to be 1.3 - 1.7x10 6K and their

densities to be two to four times higher than the coronal average.

B. Description of X-ray Transients

X-ray transients as defined by Hebb et al., 1976, are a class rr

large-scale transient X-ray brightenings in the lower corona that are.

typically associated with the disappearance of He filaments. In 'Webb's

study, h p defined "'l arge-scale brightenings" as all regions outside active

regions having a brightness at least equivalent to the diffuse, large-scale
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corena with a projected arm on the solar disk -1019 cm2 . These brightenings

have a lifetime less than 30 to 40 hours and the associated He filament

disappearances have lifetimes on the order of minutes to several hours with

an-average diration of four hours. After the He filament disappearance,

there appeared in the same cavity an X-ray transient. In these brightening

filament regions, there were apparent expansion velocities on the order of

tens of km/sec and observed peak temperatures on the order of a few million

degrees..

In a later work, Webb, 1978, confirmed a spatial association between

the transients and neutral magnetic field 1 i nes . These neutral 1 i ne occur

over magnetic polarity inversion in the photosphere.. Most of the transients

were also related to large-scale changes in coronal hole areas. For this

reason, the X-ray transients were investigated in this study as one of many

possibilities for pos4ibie shaping of the antra-stream structure.

C. Description of ATM Telescope

The 5-054 X-ray telescope is described by Vaiana at al., 1977; Giaconni

and Rossi, 1460, were the first to propose the use of paraboloid mirrors

for X-ray photographs. The S-054 telescope's primary optics is a nested

pair of coaxial and confocal , grazing-incidence mirrors of paraboloid/

hyperboloid design (see Figure 2). Its focal length is 213 cm with a geo-

metrical area of 42 cm2 0 The solar image produced is 1.9 cm in diameter

and has a spatial resolution of 2". There is instrument scattering of very

bright features by the grazing incidence mirrors that affects the quality

of the images in rcgions near the very bright features in the corona.

There were six different broad band filters available for the purpose of
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looking at the corona in different X-ray wavelengths and different flux

levels (see Table 1). There were also eight possible exposure times

available.

Coronal hole boundaries are most apparent in the longest exposure
e

time (256s) with the thinnest filter (passband 2-32 and 44-54 A) because

this combination allows one to see features that are faintly emitting.

This combination allows one to see the features that are faintly emitting

such as soft X-rays emitted from coronal plasma at temperatures slightly

over a million degrees. 	 At such temperatures, the pictures on "internegs"

used in this study "look" into the region at the base of the corona (above

1.03 %).

The energy flux incident on the focal plane is given by:

1 • —A rne' dl f" P(X 1Te) n (1) d X
4^rf'	 Al

where A is the telescope area, f is the focal length, re is the electron

density, P (X Te ) is the power at wavelength X and electron temperature

Te of an emission whose integral is 1, n (a) is the product of the filter

transmission of the i th filter and the telescope efficiency, and 1 is the

path length along the line of sight. In the range of wavelengths that pass

through the thinnest filter, P(A,T) is proportional to T2 . This means that

the brightness of X-rays seen at the telescope is proportional to n et Tel

integrated along the line of sight. Coronal holes appear dark mainly because

of their low density.

D. Solar Wind Data - Propagation Method and Levine ' s Solar Maaneti

The solar wind data used in this study were principally from the MIT

IMP-7 8 8 spacecraft. These data were supplemented by data from other
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experimenters including the Interplanetary Medium Data Book by Joseph H.

Ki ng.

The solar wind data were projected to the sun using a radial, constant-

velocity approximation. This technique is discussed by Nolte and R.dlof,

1973, and was first used by Snyder and Neugebauer, 1966. The solar wind

was propagated inward to a source.height of 2 solar radii. To find the

source longitude of the solar wind, the Earth-to-Sun distance is simply

divided by the bulk speed as observed at the earth and the source longitude

at the sun is then calculated. The reference height of 2 solar radii was

chosen because of its closeness to the corotation height, which is the place

with it and the plasma stops corotating. This method can, of course, only

roughly predict the true source longitude because of uncertainties in the

velocity of the solar wind less than 20 solar radii from the sun.

In this study Levine's model of the magnetic fields near the sun was

used. If one assumes that the currents producing the magnetic field near

the sun exist below the photosphere, thed the magnetic field near the sun

my be found by finding the solution to Laplace's equation:

710 = 0

in terms of a spherical harmonic expansion:

N n
R E E	

E R^n+1 Pm (9) 
( gm cos mo + hm sin mo)

n=1 m.0• r	 n	 n	 n

One solves for the coefficients 
9  

and hmb y applying boundary conditions

at the photosphere and at a source surface at 1.6 solar radii. The boundary

condition at the solar surface is obtained from daily magnetograms from Kitt

Peak National Observatory. These magnetograms are line of sight measurements
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of the magnetic field at the photosphere. These magnetic field measure-

ments for a full solar rotation are averaged onto a synoptic grid contain-

ing 180 latitude bins with equal intervals of sin A and 36 0 longitude bins.

Thit magnetic field lines are perpendicular to the source surface at 1.6

solar radii. This supplies another boundary condition and a model of the

magnetic field may be calculated.

III. Event Selection

Because of the large number of coronal holes crossing the central

peridian (see Figure 3), it was- necessary to restrict the number of cross-

ings studied. The crossing studied are indicated..in Figure 3. The central

meridian passages (C.M.P.) of coronal hole 1 (CHI) ilk the Carrington rota-

tions T602, 1603, and 1604 were chosen because of the intra-stream structure

seen in the bulk speed, i.e., short time scale (—i day) variations in the

bulk speed within a specific stream. Some examples of this intra-stream

structure can be seen in Rotation 1602, Carrington longitude 30, in Rota-

tion 1603, longitude 28°, and V in Rotation 1604, longitude 43 0 , and 230.

There are two types of coronal holes: those that are an extension of the

North Polar hole, and those called equatorial holes, that are not connected

to the polar holes. They have different characteristics especially in the

variability of their enclosed area (Nolte et ai., 1978). In order to study

not only a polar hole such CH1, an equatorial hole, CH2, in Rotations 1606

and 1607 was also examined. Specifically, changes in the coronal hole

corresponding to sudden changes in the bulk speed at longitudes 95 and 820

in Rotation 1606 and longitude 120, 90, and 80° in Rotation 1606 were sought.

Passages of coronal holes in Rotation 1609-1610 were not studied because

of a limited number of X-ray images available during periods when there were
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no #stronauts in Skylab and, hence, poor time resolution. There were also

gaps in the IMP data because the spacecraft was periodically in the magneto-

sheath or magnetosphere•. Whenever those gaps occurred during the main

crossing of the coronal hole, the crossing was not examined. Also, the

crossin gs of mature coronal holes were chosen because of the difficulty

in defining the boundaries of newly formed coronal holes.

Six crossings were chosen and they are marked in Figure 3. The X-ray

;p1aures were also numbered. The frames used in this study and the times

torresponding to each frame are given in Table 2.

IV. Sumry of Procedure

A tracing paper was laid over the X-ray pictures or internegs and the

boundaries within -±10° (North and South, East and West) of C.M.P. of the

toronal holes were marked. The bright points within the coronal holes that

were +100 of C.M.P. and those outside the coronal holes within +200 of

L.M.P. were marked on the overlays. A relative brightness scale with three

brightnesses was used for the bright points. Also included on the tracing

were any very bright or dark regions within -±40 0 of C.M.P. These very

bright regions were also given a relative brightness scaling of three.

Any light areas within the coronal holes were also marked on the tracings.

The areas of coronal holes lying within 20°x20° and 40°x40° "windows"

centered on the C.M.P. were then measured from the tracings and can be

seen in Figures 4b, 6b, 8b, 10b,c, 12b. The area of light regions within

the coronal holes and inside the windows was also calculated for each coronal

hole. The number of bright points lying in these 2 windows were also counted

and plotted. For some of the events, a movable window was used which was

centered on the coronal hole and followed it as it traversed the solar disk.

a:
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s For nearly every event, or the crossing of a particular coronal hole

across the sub-earth point, the highest time resolution available was used

to make the tracings. The best time resolution was the August crossing of

CHI with an interneg examined every three hours. In the other events, the

h ghost available resolution was an interneg every 12 hours. A more complete

description of the procedure may be found in the appendix.

Y: Summary of Results

Following is a summary of the resul t,,& given in'the Appendix.

During the passage of CH1 in Rotation 1604, there was a sudden change

iii the bulk speed that mapped (using a radial, constant velocity approxima-

Lion of the solar wind to two solar radii) to the sun at 18° Carrington

longitude (see Figure 4a). The magnetic field line from Carrington longi-

trade 18° at 1.6 solar radii (Levine's source surface) connects with the

'solar surface in a part of the coronas hole that underwent a sudden change

in light area. This changing region is near Carrington long. 25 and lat. S5

and was light in interneg #25224, but five hours later in interneg #25298

it had darkened suddenly (see Figure 5a). The number of bright points in

the 20°x20° and 40°00 6 window made no difference in the change in bulk

speed in this or later passage.

The passage of CH1 across the C.M.P. during Rotation 1603 had only

one sudden change in the bulk speed corresponding to a Carrington longitude

of 1° (see Figure 6a). There were no transients close to this time, and

the changes of tight area in the hole and boundary movements were small

compared to the changes observed in other passages. There was an increase

6# light area near Levine's source position (about 2 0 distant) that could

account for the change in bulk speed, although the magnitude of the area
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Chaps was not large. The changing area can be seen in interneg #F21236

(see Figure 7a) at Carrington longitude 12.6, latitude S10. The uncer-

tainty of the connection between this bulk speed change and the changing

light area in the coronal hole on interneg #21236 is further increased by

the long time between internegs.

The passage of CHI during the Rotation 1602 had a sudden decrease in

bulk speed corresponding to a Carrington longitude of 24° (see Figure Be).

The source position of this stream according to ievine's model ties in an

area within the hole that changed from light to dark (-12 deg2 area change

at Carrington longitude 17, and latitude S5). This my be seen on iriterneg

#~20301 (see Figure 9a).

There were three sudden changes in the bulk speed observed during

the Carrington Rotation 1607 passage of CH2 at Carrington longitude 122°,

90• , and 74° (see Figure 10a). The solar surface source location of the

74• stream existed directly beside a region in which a boundary change

occurred (Carrington longitude 14° and latitude N15°). The 90° stream

kource location was in a region where light area within the hole changed

to dark area and a shrinkage of the boundaries of the hole occurred at

Carrington longitude  86° and latitude  12°. There was also a disappearance

of light area in the hole at the same time as the change in the 122° stream.

There were two structures in the solar wind that were investigated

during , the 1606 passage of CH2. . They were at 82.5° and 103° Carrington

longitude (see Figure 12a). The source location of the 1030 stream on the

solar surface is at a point between the two parts or lobes of CH2 and

coincides with the shifting of the boundaries as seen in internegs #40524-

40540 (see Figure 13a). The source location for the stream at 82.50

j
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Carrington longitude is in the upper left lobe of CH2 which was relatively

stable at that time.

VI. Conclusion

Short time scale changes in the bulk speed were found not to coincide

with X-ray transients near the sub-earth point nor the number of X-ray

bright points within a coronal hole and near the equator. Instead, this

study stows that the changes in bulk speed are associated with changes in

light areas in a hole which may be associated with the opening or closing

of magnetic field lines within the coronal hole. That there is a casual

connection between these sudden changes (appearance or disappearance) in

light area and sudden changes in the bulk speed of the solar wind is further

evidenced by the spatial proximity on the sun of these changing light regions

to the source position of stream lines from Levine's (1978) model that

connect into the same solar wind streams.

VII. Appendix

A. Proms

Following is an explanation of the method used to determine the changes

of shaded and dark areas in the coronal holes studied. Because of the need

to compare many different pictures of the sun that were separated from each

other by three to twelve hours and the difficulties in achieving an absolute

measure of intensity due to differences in developing and scattering of ligr ►t

in the corona, it was decided that the X-ray pictures should be compared

without a densitometer.

A Carrington heliographic longitude and latitude system, or Stonynurst

grid was overlaid on the X-ray picture. A tracing paper was then set over
I
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the.combination of X-ray picture and Stonyhurst grid and the boundary of

the coronal hole was.drawn.

Also included on these tracings were bright points and "active regions"

or very bright areas (10092 in area). In addition, any area which appeared

light or shaded within the coronal hole was also marked. Often these lighter

areas within the coronal hole included bright points and often they reached

to the boundaries of the coronal hole.

Occasionally, it was a matter of some debate where the exact boundary

of the coronal hol e should be drawn and whether one should define light

area next to the boundary as being in or out of the coronas hole. This

problem was worse with the crossings of CW2 examined. Its boundaries were

less well defined than in the Oil crossings.

In order to lessen the effect of the possibility of difference in the

judged intensities, each event or passage of a coronal hole completed at

the same sitting. An effort was also made to compare the boundaries and

intensities of later pictures with earlier ones during the same day in

order to achieve some degree of consistency. If it was riot possible to

do a complete crossing of a coronal hole in one sitting, the previously

drawn boundaries for this hole were reexamined at the next time sitting.

The boundary for one of the events was also checked by having another

person determine them independently. The agreement was good with the

earlier boundaries.
	 .

The bright points in the area within and around the coronal hole

were classified in a three-level system: X as most bright, V as less bright,

and - as barely visible. If a bright point occurred at the edge of a

coronal hole, it was not counted as being in the coronal hole. During the

-	 -^
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Augyst 9 crossing of CHI, each individual bright point was followed from

picture to picture; but otherwise, the points were simply counted within

longitude and latitude regions. The bright points in CHI were found to

last on the order of 9 hours in close agreement with Golub at a1., 1974.

The active regions were also classified in a three-level system: 3

as bright, 2 as less bright, and 1 as barely visible. If X -ray transients,

as defined by Webb, 1976, existed near the time or source longitude of the

solar wind streams studied, they were also considered as candidates for

contributing to the tntra-street structure. Long regions of light and

dark near the coronal hole sasetimes corresponding to X-ray transients

were also marked on the tracing paper.

.v
	 IS

. 40

}

Within the coronal holes there often appeared regions that were not

as bright as the area outside the boundary of the coronal hole but were

definitely lighter than surrounding regions within the coronal hole. In

this study, these light regions within the hole will be referred to as

light area. The other dark regions will be tailed dark area. The boundaries
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of that regions were marked on the tracing paper and lt. and dk. were

written to distinguish the different areas within the hole. An example

is given above.

Once the maps were drawn, they were overlaid with another Stonyhurst

grid with 2-degree separations between- longitude and latitude lines. The

areas of the dark and light regions in the coronas ho 1 es were tabulated in

unit of square degrees of solar surface area. The area was calculated to

within one square degree. The area which was examined was determined in

to ways: the first was with a square "wing" cantered on the sub-earth

point and extending ±10• from that point, i.e., the window was fixed and

the coronal hole was observed as it passed underneath. The second method

followed the coronal hole across the solar disk by taking all of the area

within a +10' band of latitude.

The number of bright points within a 20 640' square window and also

within a 40'x40' square window both defined by the first method. Bright

points with brightness of - were not counted. Any X-ray transients from

the list given in Table 3 were marked on the area vs. time graphs (see

Figures 4, 6 9 8 9 10, 12b,c).

After all of the light and dark areas within the coronai holes using

both methods and the number of bright points were calculated, times when

there were large changes in the areas, or eruptions of X-ray transients,

or sudden increase of bright points were more closely examined. In the

case of the area calculations, the specific changes in the hole responsible

for changes in the area were examined. These locations of changing area

were also compared with Levine's 1978 predictions of solar surface longitude

and latitude of solar wind reaching his source surface to see if they

coincided. TM a aA4 "ri An»,-. .......1 .+1 ..4.... -	 &16-  _  -  .
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an#s actually influenced the solar wind. The locations of X-ray transients

were also noted and taken into account.

8. ^l

In this section the crossings of the individual coronal holes across

the central meridian passage (C.M.P.) that were examined in this study will

be discussed.

The crossing in Carrington Rotation 1604 of coronal hol O2 1 (CHI) will

not be coroiderid. As one can see in Figure 4a. there are two structures

in the delayed solae wind bulk speed versus solar source longitude that

bear investigation. One can sea sharp decreases in the bulk speed at 18•

and a smal-ler increase at 2. long. One must bear in -mind  that these longi-

tudes are only approximate due to inherent difficulties in the delay method.

One such difficulty is streamostream interactions between the sun and earth

that accelerates the solar wind, especially the wind at the beginning of a

high speed stream. There is also a sharp increase at 44 •.long., but this

probably not associated with CHI since it is well past its boundaries and

even exists very near or on the other side of a sector change In the magnetic

field.
CHI on interneg #25224, August 20, 2003 GMT appeared as in Figure 5a.

CHI was the longest lived coronal hole during the Skylab mission aside from

the polar toles. It lasted from Carrington Rotation 1601 to 1607. It

existed in a positive magnetic call reaching from the north pole and as

such, was an extension of the north polar hole.

During this rotation, the boundaries of the coronae hole at the ecliptic

equator stretched from 16° to 32 • Carrington longitude. The bright point =6

in Figure 5a later developed into a very bright region within the coronal hole

one quarter solar rotation later than this interneg.
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Thera were also two X-ray transients in the vicinity of this hole.

From the table from Webb at al. (1976) of X-ray transients (see Table 3)

within ±15• of C.M.P., we see transients on August 18 and August 24. Only

the transients near the passages consic*red in this study will be given.

The first of thus transients was too far south to be considered a

possible source of the structure In the bulk speed, but the second is rather

near the coronal hole. Even though it is near the cord hole, it is

also most likely not responsible for the change in the bulk speed since it

Is first visible August 24 which is 2-3 days after the prosscted change in

bulk speed and since the lifetimes of X-ray transients are on the order of

hours (Webb at al., 1975).

A plot of the area within a 20'x20• window centered at the sub-Garth

point and the n<ober of bright points.with brightness 2 or 3 within a 20x20

and 40•x40• bin is to be found in Figure 4b. There is a large increase in

dark area at intermog #25298. This change occurred when the Carrington

longitude of the sub-sarth point was very near 18' which suggests a comac-

tion with the change in bulk speed at this longitude. Looking at the graph

(see Figure 4c) of the total area of the coronal hole in a band of longitude

within +100 latitude versus 1 ongi tude of the C.M.P. for that interns„ one

sees this save increase of dark-am at interneq #25298. There are also

increases of dark area on interneg #25496 and +24870 and slow decreases in

the light area in #24990-25107 dr,d #25388-25420. Some of these changes are

caused by a mixture of boundary changes and inner shaded region changes and

some are caused by either a change in boundary or a change in inner shaded

area. These changes are summarized in the following table.
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	'-M,."=-25298	 48	 -6 to 6	 16

	

-25420	 -20	 -1	 27

	

35=-25496	 8	 2	 .25

	

M-25583	 ---

''he new area is dark.

Changes of Area in CH

Area (de o
2 Location (deg)

lat. Ion .

+56 -10 to 10 0 to -10

-15 8 -18

-8 -6 -8

-4 -6 -16

-48 -3 6

-13 5 12

-64 -4 17

28 -4 25

Interne	 CH Boundary Change

Area de 
2	 Location (deg)

tat.	 ION.

,n490-25107	 ---	 ---	 ---

23825-24870 .	10*	 8 to 12	 0

6	 3	 -5

The coordinates of the changing area in this table will be given rela-

tive to the point defined by the intersection of the sub-earth longitude and

the solar equator. A negative latitude means south of the equator, and a

negative longitude means left (east) of the sub-earth longitude. A positive

change of area will be taken to mean the appearance in the coronal hole of

a light region. These conventions will be* followed in this appendix unless

otherwise stated by indicating, for example, 22°N Carrington longitude in

which case the longitude refers to the Carrington system.

When an area change is given between two internegs, i.e., #25496-

25583, the position . of the changing-area is given in terms of the coordinates

of the later interneg.

The farther that one gets from the center of the coronas hole passage

in interneg #25224, the less effect any changes should have on the solar wind
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since they are so far separated from the coronas hole and from the source

of the solar wind (assuming a flow where the magnetic field lines bend

little  near the solar surface) . Also, the error in the area measurements

Arrows because of projection effects near the limb and Instrument resolution

(see Description of ATM Telescope). In other words, the areas in Figure 4c

should most accurately reflect or signal changes in the solar wind for area

measurements near the center of the graph. The reason that the changes in

araa in internegs #25496 and #24870 n Figure 4c are not visible in Figure 4b

is that they occurred outside the 206x200 set window used to make Figure 4b.

It is interesting to note unit the sub-earth point longitude for #25496 and

#124870 is it ° and 320 respectively. There is, unfortunately, a data gap in.

the solar wind data at 11°. As stated before, the boundary of the hole -is

at (161-32° longitude) and the change in the hole responsible for this small

increase in the dark area is the disappearance of light area mostly at the

left-hand side (east side) of the hole. This is the furthest side of CHI

from the sub-earth point and one could therefore expect that the connecting

stream line is therefore not affected. This stream line assumption also fits

with the calculated stream lines by Levine (1978) who shows the connecting

longitude of the stream line intersecting his source surface at 30° (and

therefore seen at the earth as if the stream originated near 30 0 connect-

ing with the sun's surface at 27 0 . This is on the right-hand side of CH1

and therefore might not be affected by a change on the outer side of the

coronal hole. Levine's model predicts connection points of field lines at

the solar surface very near the equator so the window at +10 0 latitude is
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In summary there are two times when the dark area in the hole is-seen

to increase drastically. They are at #25224-25298, where a large increase

of dark area (48 deg2 ) at long. 6, lat. -3 occurred, and at #25420-25496

where a large increase of dark area (+64t deg 2 ) at long. v17, lat. -4 occurred.

The change in area in #25420-25496 occurred at a time that falls in a data

gap in the solar wind data. There is a decrease of light area in interneg

#25831 that could correspond to the sudden change at 2° Carrington longitude.

Since the boundarty of the hole is at 13° Carrington longitude, this change

occurs when the stream line connecting the solar surface at this point and

the earth is very non-rat .al . This can be seen in the Levine's model. Below

is given one particular field line that connects to the earth at a time

corresponding to a longitude of V. It is given at six intermediate points

between the source surface and the solar surface. a is the angle from the

north pole, 0 is the Carrington longitude, and R is the distance from the

sun expressed in solar radii.

R e I

1.6 94.00 4.00

1.36 96.21 8.76

1.31 97.02 10.05

1.26 97.77 11.06
1.21 98.41 12.04
1.00 103.27 15.32

The change in area in +25224-25298 occurs near the connection point in

Levine's model.
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1.6 84.00 16.00 1.6 94.00 20.00

1.38 84.18 16.98 1.38 94.65 20.45

1.32 84.23 17.26 1.32 94.87 20.78

1.26 84.35 17.73 1.26 95.01 21.32

1.21 84.46 17.99 1.21 95.04 21.95

1.00 8347 17.23 1.00 97.93 22.88

The sub-earth longitude for interneg #25224 is 200 and thus the connection

points of the stream showing the sudden change in bulk speed lie in the

changing area. It should also be pointed out, that the change in area

observed after #25224 at 18° Carrington longitude that is perhaps responsible

for the change of 150 km/sec in the bulk speed is rou ghly comparable to the

velocity of stream versus coronal hole area figure observed by Nolte et al.

(1976). In this study the total area of coronal holes and solar wind velocity

for all of the coronal holes observed during Skylab were included. Nolte et

al. found an empirical relationship between the area and velocity,

V s (80±2)A + 426+5

mere A is the area in 1010 km2 and V is the km/sec. From this,one can get

H = 1.184

where a is in square degrees. This means that the area change in #25224-

25298 implies a change in velocity of 56-km/sec.

The 1603 crossing of CHI is shown in Figure 6a. There is a small

increase (50 km/sec) at 1° Carrington longitude. CH1 in 1602 appeared as

in Figure 7a on 24 July, 14:12 in interneg #21204. There was a persi-,tent

bright area in the hole where the 3 brightness is shown. There was also a

light shaded area usually containing bright points at -10 (relative long,

23
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and lat.) that was 41most a constant feature of the hole. There was also

a large shaded reglan (area 42 dog 2 ) at northern latitudes (+15) that,

4fter a boundary c:hnnge, caused a shrinkage of the width of the hole in the

north. At the ecl l1,tic equator, however, the width of the hole remained a

natant 12 degree; (±1 degree) . Except for the light area in th e north,

this was probably -the most stable hole observed as far as boundary motions

Ore concerned. Levine's model shows the field lines in the ecliptic plane

Inecting at equal latitudes on the sun or perhaps bending a little into

Ift southern hemisphere for this passage.

R 8 R 8 ^,

1.6 86, cM1 24.00 1.60 86.00 16.00

1.39 86.; , 22,40 1.38 86.13 16.07
1.32 86.19 21.87 1.32 86.16 16.19

1.27 86.71 21.49 1.26 86.30 16.44
1.21 86..; 21.06 1.21 86.58 16.74

1.00 86.17. 20.83 1.00 86.67 17.19

'there were three X-ray transient events that occurred near this crossing.

They are shown in (able 3 and occurred on July 20/21, 21/22, and July 27.

The X-ray transieta .•. on July 27 and July 20 /21 were 30-40 degrees away from

the closest edge ur Lhe cororial hole and the transient on July 21/22 could

have been a cand i thg j! For affecting the solar wind except that it was too

far north.

The areas iii I i (jure 6b and c are seen to be very smooth with no large

changes. As went it„ Ig•d before, there is an increase in light  area in the

hole at northern l,f ltudes (#21156-21188) and following this a decrease in

total area at = '1.' ',6 ,,long with a boundary change (area -24 deg) in the
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fmo l ati tude -12 to tat. +4. This occurs at a Carrington source longitude

710 . At interneg 121236-21244, there was a decrease in the area of the light

region inside the hole. Levine ' s field lines are given below for this period.

R A R

1.6 86.00 0.00 1.6 86.00 8.00

1.35 87.11 6.43 1.38 86.27 9.12•
1.26 87.71 7.65 1.32 86.40 9.94

1.21 88.25 8.16 1.27 83.53 10.73

1.00 92.95 9.22 1.22 86.65 11.51

1.00 86.69 16.47

The sub-earth longitude of 021236 was 7.63 and 121244 was . 778 as can

be seen in Table 2. The connection point on the solar surface for 121236

is at long. 8 . 5, lat. 0, relative coordinates on interneg 121236.	 The connec-

tion point for 121244 lies at the left-hand boundary -6 1' to the south. It

is possible that the decrease in bulk speed at I° Carrington longitude is

due to this expansion of the light region that lay to the south of the

equator at long. 5, lat. -10 on interneg 21236, although one would have
y

expected the change to appear in the bulk speed a couple degrees earlier.

A complicating factor during this passage has the poor time resolution

of the X-ray internegs. There was, however, no large sudden change in the

bulk speed and also no large change in light area within the hole near Levine's

source positions.

The next crossing to be considered was the 1602 crossing of CHI. As

can be seen in Figure 8a, there is a large increase and decrease in the bulk

speed at 240 . Corona] hole 1 appeared in interneg 120301 as shorn in Figure

9a. At this time, CHI had boundaries on the equator of 1.9° and 27.9°.

There was an X-ray transient at long. 13, lat. -13 of X-ray importance 2

on June 25/26. This transient was associated with an active region (see
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Webb, 1976 11 . It can be seen on i nterneg #20301 as the bright area (labeled

3X). It seems possible that the transient at long. 13, tat. -13 could have

an impact on the solar wind; however, when it exploded, it would not contribute

matter to a stream line that would intercept the earth. As the coronas hole

when by the sub-earth point, this transient was steadily decreasing in bright-

ness. A plot of the area within a.20° x 20 0 window centered at the sub-earth

and the number of b.p.'s within this 20 0 x 20° and a 40° x 40° bin are given

and may be found in Figure 8b. A graph of the area within +10 0 lat. may be

found in Figure Sc. A list of the changes in CHI responsible for these area

changes in Figure 8c and b will be given in the following table.

The biggest increase of light area is in #20301. This comes about

partly from a +18 degz boundary increase at the right edge of the hole and

fluctuations about the boundary of the light area within the hole. Later,

part of this area disappears in #20309.

Levine's field line intersecting the source surface at 24° Carrington

longitude is given below.

R a I
1.60 89.00 24.00

1.39 89.57 22.32

1.33 89.84 21.48

1.27 90.23 20.71

•	 1.22 90.65 19.97

1.00 94.12 16.97

It can be seen in Figure 9a that this intersects interned #20301 at relative

long. -1, lat. -3. It is marked on 20301 and 20277 with an X. This particular

2location changes from light to dark in #30377-20301 with an area change -12 deg.



20245-20269 ±16

	

20269-20277	 +20

	

20277-20301	 +16

+18

	

20301-20309	 -32

let long,

at left boundary

-8 -20

-12 to -26

at left boundary

8 -8

at right boundary

at right boundary
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There are several possible explanations for the decrease in bulk speed.

It is possible that the magnetic field Tine that shows the change in bulk

speed can from a dark region in the hole that later ( in 20277) changed to

a light region. This region later turned dark. What is clear, however,

is that there is a change of a light region in the vicinity of Levine's

source position for the time when there is a sudden change in the bulk speed.

Changes in Area
Interneo 	 CH Boundaryt^ ►̂ 	 in Coronal Hole

Area	 Location	 Area	 Location

20309-20341	 -35	 at left boundary

The new area is dark.

tat	 +long

	

+112	 -10 to 20	 -4

	

-34	 near right boundary

-12 8 0
+8 14 0

+8 -8 -2

+13 8 4

+12 9 -4

-8 4 4

-8 -6 2

+4 0 to 8 12

The next event considered will be the 1607 crossing of CH2. There

were several relatively short time scale changes in the solar wind. There

were three sudden decreases in the bulk speed at 122 0 , 900 , and 74 0 (see

Figure 10a). CH2 appeared as in Figure Ila, in 41434 during Rotation 1607.
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It was an equatorial hole and existed in a negative polarity magnetic sector.

Its boundaries were generally defined less clearly than in CHI and it was

9enerally harder to be consistent in the determination of the light area

within the hole.

There were no X-ray transients nearer to CH2 than 48° N-5 or E-W dur-

JRg this rotation. The area in a 40° x 40° window is given in Figure 10c.

For this crossing, the area in a 10 0 band around the ecliptic equator was

net calculated. -The area in a ±10° band of latitudes.was not helpful because

#e coronal hole was so long in longitude with separation between its individual

Arts. If the stream lines connect at a certain point within the hole, then

taking the whole area over a large ranee in longitude-would be as unhelpful

as taking the area over a large range in latitude, since the area plots are

only used to sea large changes in the light or dark areas and then these

internegs in which areas changed are examined to see what specific changes

occurred. The 40° x 40° window was used because of the position of this.

hole in the northern hemisphere.

There were two times when there was a sudden increase in dark area

due.to the disappearance of light area and one time when a sudden boundary

change occurred decreasing the dark area. These can be seen on internegs

41402, 41490, and 41506, respectively. Other changes in CHI will be summarized

in the following table.

The change of area in #41378-41402 was mainly a disappearance of light

area that existed in the hole. The change of area in #41466-41490 was also

a disappearance of small regions of light area within the hole. Levine's

field lines of these two sets of internegs a  ! given below. The connection
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CH Boundary Changes 	 Changes in Area in CH

Are de 
2 

Location (deQ^_ Area de 2n Location (deg)

1_	 1 ono, 	1;	 Iona

	

-10	 18	 -14

	

-13	 18	 0

Intern

41378-41402

41466-41490

41506-41522	 +28*	 4 to 10 6 to 12

w
New area i s dark.

-8 11 3

-16 12 to 22 -4

-4 11 -2

points on the solar surface of the stream lines with sudden changes in bulk

speed are marked in the corresponding internegs (41466 and 41522) with stars.

These points are near or at the locations that there are changes in light

area in 41466 and changes in boundary in 41522.

R e A

1.60' 85.00 72.00

1.36 80.89 74.87

1.30 80.09 75.31

1.25 79.24 75.65

1.00 75.18 74.80

R 8 A

1.60 85.00 88.00

•	 1.38 84.11 88.61

1.32 83.58 88.67

1.26 82.95 88.63

1.21 82.24 88.38

1.00 77.83 85.82

To summarize, the solar surfaue source locations of the streams at

9010 and 94° Carrington longitude ' be in regions in which there are boundary

changes or changes of light to dark area. There are also charges in area

of light regions in CH2 that could correspond to the stream at 122 ° Carrington

longitude.

The crossing of CH2 in Rotation 1606 is shown in Figure 12a. There

was a sharp decrease_ of the _bulk -speed at 82.5° and 103° lgnq W- _ AppgACjgMAW
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as in Figure 13d in interneg 040596. There was an X-ray transient on

October 8/9, 01:23. It is the lightish (1) region to the south of the lower

part of the coronal hole on X140595. It is far to the south and did not

explode until it was around 11 9' to the right of the central meridian, and

It is possible that it affected the solar wind. It is marked with an X

on Figure 12b.

The aria in a 201 x 201 window is shown in Figure 12b. The specific

changes in the hole within a 20' x 20° window responsible for the changes

in the graph are listed in the table below. The band of longitudes within

±10 latitude method of calculating areas was not used here because of the

length of the hole in longitude.

Just as during the 1607 crossing of CH2 9 the boundaries of this hole

were very changeable. This v.-s partly due to the time resolution of the

X-ray pictures but also because of the changeable characteristic of the

equatorial holes during the Skylab period. It was not not as easy during

the passages of CH2 to map the boundaries'as it was for the passages of Oil.

There were times during this passage, when the coronas hole separated itself

into two parts.

According to Levine's predictions, the connection point for the field

line at 1000 is near the place where there is a boundary change in #40524.

and later the connection point moves up to higher latitudes into the region

R 8 R 8

1.60 94.00 100.00 1.60 94.00 108.00

1.39 92.67 100.84 1.38 93.25 108.20

1.33 91.67 100.93 1.32 92.73 108.46

1.28 90.49 100.98 1.26 92.04 108.59

1.23 89.52 101.41 1.21 91.41 108.90

•	 1.00 86.17 104.61 1.00 89.97 110.14
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in tin center of the large upper left lobe which was relatively stable.

Thus, when there is a big area change at #4405969 it is possible that it

does not affect the solar wind due to the fact that the changing area

responsible for the change in area is located to the lower connection region

between the two parts of CH2.

9 R

74.00 84.00 1.60

89.88 85.68 1.35.

88.69 86.06 1.29

87.48 86.09 1.24

86.17 86.18 1.20

80.29 83.40 1.50

Interneg ,	 CH Boundary Changes 	 Changes of Area in CH

Area deal) Location (deg) Area (dog 2) Location (deg)
1 t	 long	 1_	 long

	

40476-40508	 none

	

40508-40524	 -49

+28

	

40524-40540	 -32

	

-3	 0

	

-10	 0

0to-4 -8to2

-6 to -10 2 to 9

(upper boundary
of lower part
of hole)

none

In interneg #40556-40596 there is a separation of the 2 parts of CH2

at lat. 0 9 long. 5. The upper part of CH2 is during the time of thm a two

internegs relatively stable.



, C. Carrington Longitude and Latitude

The Carrington longitude and latitude of the sub-earth point on the

see was needed to connect the delayed solar wind data with the X-ray pic-

tures of the see which had coordinates in Carrington longitude. A subroutine

was written to give this PA-earth point in Carrington 1 ongi tude and latitude.

In Carrington's hi iographic system, an arbitrary starting point was chosen

for the zero meridian. Carrington's zero meridian passed the ascending node

of the solar equator January 1, 1834 at zero hours, 6 4wnwic h time. This

heliographic system rotates with a defined sideareal period of 25.38 moan

solar days. The synodic period which is the time between successive Zeros

of the Carrington longitude at the sub-earth point is 27.2753 days.

Referring to Figure 14, one knows from Kepler's second law,

Area SPA	 t - T
Area of ellipse'*

 _=

Area SPA • 1/2 n a b (t - T),

where n •	 and T is the period of rotation and t is the starting time,

a and b are the semi-major and semi-minor axes respectively.

We next define a circle tangent to the ellipse at the perihelion A

and aphelion B with radius A and extend A perpendicular to the major axis

AS through P to a point on the Circle Q.

The angle QCA is the angle E and is called the eccentric anomaly.

The PSA is the angle U and is called the true anomaly. y is the direction

of the vernal equinox and points in a direction in an inertial frame that

is almost constant,

According to a property of ellipses,

PRI = a, expressing PR and QR in terms of V and E, one gets
r sin Y - b sinE, SR = CR-CS = a cosE-ae
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wherg a is the eccentricity or

r cos v • a (COSE-e)

squaring x and-y and adding, noting that b 2 • a2 (1-e2 ) 9 we obtain

tan I • ( 1 - !)1I2 tan I
Careful examination of the arcs in Figure 14 establish a relation

bet teen the eccentric anomaly and the mean anomaly defined as,

N n n(t - t) where n ' 
2T
T

this relation is k w-in as Kipler's equation and is,.

E - asinF=M

where E and M are in radians. Since a « 1, this equation is solvable by

a recursive method.

Referring to Figure 15, one sees that N and N' are the ascending and

descending nodes respectively, and if y is the direction of the vernal equinox,

and if A is the perihelion, then angle ASP "s the true anomaly v. The arc NA.,

measured from the ascending node to the perigee is called w. The arc yN is

the longitude of.the ascending node and is denoted by 9. The sum of the

two arcs NA and M is the longitude of perihelion and is denoted by W.

Finally, the true longitude L = w + v W + v..

The values of the mean longitude of perigee, the mean anomaly, and the

eccentricity are given in the Explanatory Supplement to the Astronomical

Ephemeris and American Ephemeris and Nautical Almanac, pg. 98, and the

longitude of the ascending node of the solar equator on the ecliptic (c1)

and the heliograpnic longitude of the node of the equator (M) are given- on
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pqs. ,1 307-306. Examining the Figure 16 where E is the sub-earth point and

Lo and So are the heliographic longitude and latitude of the sub-earth

point on the sun, one can form a spherical triangle. In this triangle,

tan (Lo - M) = tan (l - 12) cosI, sin B = sin (A - D) sinl

where I is the inclination of the equator with respect to ecliptic, and a

is the geocentric longitude of the sun.

If A denotes the geocentric longitude of the sun, then yE = A + 1800.

From these relationships, one can find the longitude and latitude of the

sub-earth point on the sun as a function of time. Table 4 contains the

Fortran subroutine written to calculate these parameters.
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IX. Fig, u^d T a_s

Figure Cgtions

Figure 1 - Structure of the Corona above Corona] Holes

Figure 2 - Diagram of ATM X-ray Telescope

Figure 3 - Val (kx/sec) versus Carrington longitude during indicated

Carrington rotation number.

Figures4a, 6a, Be. 10a, l2a - Vel .(km/sec) versus Carrington longitude during

indicated Carrington rotation <<umber.

Figures 4b, 6b, 8b, 10b, 12b - Area (deg2 ; versus time (days). The areas

are the dark, light ant' otal (= dark + light) areas within

the hole and within a 20° x 20 10 window centered at the sub-

earth point. Al po marked are the interneg numbers used for

each data point.

Figures 4c, 6c, 8c -Area (deg2 ) versus time (days).  The areas are the dark,

light, and total areas within the hole and within a ±100band

of latitudes. The interneg numbers used are also marked.

Figures 5a, 5b - Internegs of the 1604 crossing of CHI

Figure 7a -	 Internegs of the 1603 crossing of CHI

Figures 9a, 9b-Internegs of the 1602 crossing of CHI

Figure 10c - Area (deg 2 ) versus time (days). The areas are the dark, light

and total areas within the hole-and within a 10° x 10° window

centered at the sub-earth point. Also marked are the interneg

numbers used for each data point.

Figures Ila, ilb - Internegs of the 1607 crossing of CH2.



Tables

Table 1 - ATM Telescope Filters

Table 2 - A List of Internegs Used in this Study

Table 3 - X-ray Transients within ±450 of C.M.P.

Table 4 - A FORTRAN Program to Calculate Carrington Longitude

and Latitude
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Table 1

ATM Telescope Filters

5.7x10-4

5.1x10-3

2.5x10-3

Pass Bands
A

2-17

2-14; 19-22

2-32; 44-54

2-18; 44-47

2-11

2-14

0.65'

9.54

4.72

Nominal Measured
Thickness MasThickness

(c®) (m9 =,)

'.3x10-3 2.67

1.2x 103 0.62

1 Beryllium

2 Teflon(CF2 )

3 None

4 Parylene -N**(C$H8)

5 Beryl l i um

6 Beryllium

39

Filter Wheel
Position No.	 Material
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Table 2: A List of Internegs Used In This Study

40

nterne
	

Timm (all in 1973) ,	Sub-earth Longitude (deg)

* 20245
	

176:21:17
	

40.2
20269
	

177:13:00
	

31.6
20277
	

177:20:33
	

27.4
20301
	

178:13:56
	

17.9
20309
	

178:21:25
	

13.8
20341
	

179:13:13
	

5.1
20349
	

179:21:26
	

0.6
20373
	

180:14:07
	

351.4
20381
	

180:20:46
	

347.7

*21156 203:23:31 41.7
21188 204:21:21 29.7
21204 205:14:12 20.4
21236 206:13:20 7.63
21244 207:02:02 0.8
Z1268 207:14:07 354.0

24347 230:12:10 50.9
24508 231:02:24 43.1
24556 231:09:49 39.0
24663 231:14:36 36.4
24723 231:17:43 34.6
24825 231:20:48 32.9
24870 231:23:07 31.7
24990 232:05:09 28.3
25107 232:14:40 23.1
25224 232:20:03 20.1
25298 232:23:15 18.4
25388 233:04:23 15.5
25420 233:09:09 12.9
25496 233:13:09 10.7
25583 233:16:22 8.9
25660 233:21:14 6.3
25831 234:12:53 357.6
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Table 2 (continued)

In_,^ Time (a11 in 1913? Sub-earth Longitude (deg)_

* 40476 279:02:00 129.5

40492 279:14:16 122.7

40508 280:01:14 116.7

40524 280:13:32 110.0

40540 281:00032 103.9

40556 281:14:16 96.4

40572 282:01:25 ' 90.2

40596 282:13:42 83.5

40612 283:02:35 76.3

40628 283:13:06 _	 70.5

40644 284:0001 64.6

40660 284:14:09 56.8

40692 285:13:11 44.1

# 41332 305:15:02 139.3
41340 306:03:25 132.6

41362 306:14:12 126.7

41378 307:02:53 119.7

41402 307:15:06 112.9

41418 308:03:50 106.0

41434 308:14:24 100.0

41450 309:02:50 93.3

41466 309:13:37 87.3

41490 310:02:12 80.5

41506 310:14:58 73.5
41522 311:01:27 67.6

41538 311:14:20 60.5

t
Finest time resolution available was used.
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Table 3: X-Ray Transients Within ±15' of G.M.P_.

Fi rst X-Ray AR Est Prob .
Date LOPE---- Vis Lat— Lon Imp, no_ Onset Time

25/25 June 2116 1259 S13 -W13 2 AR 1245-
1259

20/21 July 1343 0059 S30 CM 3 N 2093-

21/22 July 1314 0015 N35 El 1 N 21,15-

27 July 0257 1507 525-40 ESO-10 3	 ON 27,0-

18 August 2131 2255 540-50 EO5-W40 3 N 1892140-'
2145

24 August 0024 2347 S05 cm 2 N

8/9 October 1416 0123 S20 W15 2+ N 8,1745-
2240



a

gs'
a •

IN J •- •.r

^Ng^ Sys
w 111	 N r Q ..

1•.

W

It.

t

r

da A ^wW
! S

ft
 lZ3

.E lmo ;pa

OF

I
.•

Imb

	

a.. 	 1

	

a410	 4L	 1

	

•^	 ^i a	 e0i	w j 	•	 ( wrf	 N	 ^^

	

a.	 f	 a a;	 r w	 =f f
low

	r p	 Is..O	 'S A+	
^Q	

' J	 Ww10106Q644 	 49S	 an	 a	 joist .• W ^i1 O

W
+
p: O

S
w rS pQ r.wr	 1 116 ^W • • yOW

N ..^ .. N w	 O 1 .• J	 s •	 s	 1	 pl rt >^	 i s s t` g -N a O	 •• , O'
J	 V r r 1 t	 Q	 1	 w	 t► ^^	 a M1 •/t	 ' r rr•u• r^II11h w

•	 ..r 
M^ 
rl	 IA	 N	 .. w is Y.!O	 $>	 w	 •$ b	

-all J ill—
a r

• SW	 1 S	 I w •1	 t	 . J	 •	 el••41•	 wwiw X 00	 ti 1 I'J WPM

	

WW r•t wl+h	 3
S 40 W	 AW w N	 ++	 17	 bt:	 vu

ww	 19	 •ee
	 : am. •J	 i,1 	 w ^	 ooYYY^^^t

Nss W 	 !► i W	 <WO W ,; W; hf<S W 1 11 %	t^u•wwl+• ^WMO •^	 o-
O= z  M	 V ON, 4N -9 O OAa •aAOw	 N rr •rp	 w = Jw	 ^

x r r	 > w	 w A	 O O lit W09

	

  ^y	 •.^ NIA	 /1^^ y11^̂	 A r W ^p	 !I^	 t	 • •Qa >• ♦ . h 1^ ♦ 	 >w S	 s w••r > c7i7S • W^1ipyZi	 >w+ IA •	 ^it SOOM.6 QQAO	 Or'Ir 1• r	 r DON	 e+111. Nh /A•r v	 a • w O 	 K •• 8 • a +r w ^ +O 111 ^'S L:1w Q	 5A	 t^ rw•^ 	 1^wh11r 1
O^O^	 w	 N	 w	 •OA •! T^tltAA •f6,1 V	 O	 • =<K + 10 :L'AOWJ a <N ; — ^00	 (lZ W O +OIA Y • h 	 fR •hr w r	 •	 V <NU	 •WrIA J	 I

• O<rWr K 1 to 1A	 Q•+lq r"̂̂ A•	 w^^^yyA w ROa	 t^	 N ti' rWW	 J •M C4 •WtitlW>O •+':a • Ow	 rWh^17 •1► f ^O r T.7 Orwr1^	 V
	 7. 1.3'*	

a40
J	

N
•	 7• In h ♦ 	 J V •1f J I ••	 W r •. O	 = J1 S	 W 	 N	 1 1	 w r^ h r•<CW O J^ M ZtVO/V	 S1t•Wm ^^ 07,hMQ ,̂  M0CrWhW>	 M rr.t l W • WWWb► wrR/1

U20 <9 rVWI O	 H	 •<fr•=14A1r•N10 tJW IAi iYOwOQ7t/WQ ♦ wwr•JW.
rNrW O••••••OON WW	 a

•^O+•0^ • Q1lQQ QOi.i w J^^ w ^ <i OsQ ?IOW <NW O

	

W	 %a I» e4+raN	 =• Y-• 	• O	 W w ^wOW	 WWtOwONN/••J rOtAW	 ^j IA K tt ; '+ +ti h t4 J + h n• r O 	 MIA t{1 '	 • I J J a W	 fJ	 ^• !'	 K 9 ♦ r.. _ y1 ^ w e•1 w	 ^ A ♦• • +^ ^ e•f ,3 /w l ►̂ N s. L^ /lt, w o w ^ •n w N	 yt w w ^i iA to w	 o r..• t y	 i
♦• O'Mwr > w ♦ ^^wN ^	 A Mi	 Q	 Z	 •t	 ^ww YrJdIS	 i	 < 1^2 - WWtm g 4 pwA0	 +BaK^	 ♦••4 • @$-a • • ,Ir •$- M 9 • ^11m	 •r C. .4 	 is ar r • • IAt
Qr &  2040 • • r Q1n • • •	 H O r	 00	 w0QW I^	 JOg	 N•1	 {A{JNr.(w•trNdly/1•NW^+++NJ.J{f1WW00 • 9 O=7N2 /+IA ^+ N ^ r	 r1^	 wVwr/J t^^wr MrW	 rJWr4/1 •AW
^ r,A C<'^ ♦ .tCQQ' •- r	 WA wW r udcuia	 f+►r WW 3 1p1ANr wWrN r MCAN K	 MNN ci	 {iN•tWNaNr•.rQWwr+.•JNMWNNWr+ W Q W w W	 r	 V y ii	 :A N W W	 •+^	 +A	 J W

r.Q^ '77	 3	 W.	 O	 W to U.	 7rrJ r	 W	 m W^•	 N7	 7	 MWI	 I Nt	 r I N+ NW	 OOOW N'	 N N Nr
iI	 w	 +

v u ao cat v	 ;cr	 u ^►' u	 ui	 •u v (	 c>tC tll va	 I u u.0	 ^	 ,u	 (u 	I^ s^

+	 +	 I	 a
er	 '+	 H •O	 h tDNO whA'	 • N1r h	 701 0 —	 !11 -1<N N1.' OAO	 Op	 t4	 000	 O 00pw prpwpw	 p .r w	 w••0074	 hp IVNcm 1V /r Mhl

S 00 990	 S SS_ $SQ I $ O- :n SO e S	 $A A:A_ cam_

	

w..- _	 --



f

r.
•

s

asp
	 a •e;vhM Ww

ee P.O. '•^

OX gpp v ^i Y ^si owJN ^4YN AOWi.IR^ s'8rJ •
44
tr.AA h10r.<^ •^t.^►

wt^t7N^_f==^1AA*yOW^8
g ^^̂rr O

^ Wi Oh 1A^i ow^1rON^0
rJ YlIpAMgJ <x ^tAher
w.A f J-Af•WMaMJ ^ A^•JW y1NN.rYr .w Ae;

Qo JM .JJJ Q ^ ^W Oq Wa•e^Wfjf- ^^W+rJJJO <OMJOJe^tY{i
<• MNJWWW YO+ • A • A r.0^..• • MNMS •+	 O f'1^JW

R	 NQ{ W^WNraWN• r O W ••• • r W is N N +f •• •
,•• M AW WWWC7^e;JRJO • • Ms
lAw • vA1ANMZJe^W-W J aw •SJ.•Iirlr^.JJrJw«+A^A^sWJJww JJJJ Wft,̂^ r r <NWFiMWOi314WWWW 	 146a30.WAM1M^wMMM fA-OX1y +Nwr+>.	 J O	 • ..I	 °4I

I

e —nwr ysmh•	 m•+ ^• —NArR wArr nM0 AA r rrrr
^S2:2 333 33 3 S °oSd



REVISED

ORIGINAL PAGE fl
OF POOR QUALITY

INTRA-STREAM STRUCTURE OF SOLAR WIND

ERIC R. ASLAKSON
James D. Sullivan (both at: Center for Space

Research and Department of Physics, M.I.T.,
Cambridge, MA 02139)

David F. Webb, American Science & Engineering,
Arlington, MA 02174)

Changes of features in coronal holes observed
from American Science & Engineering's (AS&E)
x-ray telescope pictures were examined to find a
possible cause of short time scale (<l day)
changes (±100 km/s) in the bulk speed of the
solar wind observed by the M.I.T. solar wind ex-
periment on IMP-7 and 8 within a stream. X-ray
bright points, x-ray transients, and changes in
area and boundaries within and around five cen-
tral meridian passages of two coronal holes were
examined. In all, five coronal hole crossings
were studied. Levine's (1978) calculated field
lines were used to give an estimate of the longi-
tude and latitude on the sun of the field line
connecting with the earth. For each crossing
with sufficient x-ray coverage, there was a
change in area of light regions, within the co-
ronal holes, which occurred near the predicted
magnetic field line connection point on the solar
surface at the times that correspond to large
changes in the bulk speed observed at the earth.

This work was supported in part by NASA con-
tract NAS8-33137.
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