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ABSTRACT

Plasma and magnetic field variations observed on July 28-30, 1077. in

the near-Earth solar wind are presented and discussed. Both a corotating

stream and a driven shock are present. The driver gas seems to be

enveloped in the rising speed phase of this stream; this appearance is

attributed to a convoluted surface separating the two plasma domains. The

magnetic field in the post shock flow (0030-1230 UT of July 29) has a large

and geoeffective southward component at times; the energy coupling

coefficient " f" reaches f 5.4 x 10 19 ergs/s. In the driver gas (1230 UT of

July 29 to 0110 of July 30) the magnetic field is dominantly northward.

The density and dynamic pressure decrease by almost two orders of magnitude

0 100 to s 2 cm-3 ) from just behind the interplanetary shock to ,r 3 hours

into the driver gas flow. The dominant magnetic field variation in the

driver gas is modeled by a cloud-like structure. Significant plasma

parameter variations within the driver gas are attributed to structure in

"e parent solar mass ejection event and to interplanetary kinematics.



3

INTRODUCTION

The solar wind flow which enveloped the Earth's magnetosphere on

t,	 July 28-29, 1977, was very unusual in a number of aspects. The solar wind

h:

	

	 variations during this period and the magnetospheric response to these

variations have been the subject of a Coordinated Data Analysis Workshop

within the framework of the International Magnetospheric Study. This

paper, which deals primarily with the interplanetary aspects of this event,

is one of a series of related papers to result from that Workshop.

f

	

	 The objectives of this paper are: (1) to describe the disturbed solar

wind flow in terms of temporal variations of basic interplanetary plasma

and magnetic field parameters and of secondary parameters derived
i

therefrom; and (2) to discuss some features of the interplanetary physics
implicit in the data. The first objective is recuired not only in

anticipation of the second, but also to provide the causal input functions

needed by workers investigating the July 29 magnetospheric processes.

As will be seen. the interplanetary medium on July 29. 1977, is marked

by a solar wind stream and associated interface, and by a shock and

associated plug of driver gas. These features, which are related to

differing solar sources. give rise to extreme density and prP$3ure

variations and to complex magnetic field structures which sometimes have

strong and durable southward field components.

The paper addresses, in sequence: (1) salient characteristics of the

spacecraft and experiments from which the data come; (2) construction of

the data plots; (3) identification of the principal variations apparent in

the data; (4) the stream associated and shock/driver gas associated

phenomena responsible for the observed variations.

THE DATA SOURCFS

The data used in this analysis come from the IMP-7 and IMP-8

spacecraft. On July 29, 1977. IMP-7 was .r 34 R E distant from the earth,

near the noon meridian and s 10 R E above the ecliptic plane; thus IMP-7 was
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well upstream of the average location of the Earth's bow shook (Fairfield,

1967). IMP-8 was at a similar distance from the earth, in the local time

range 1820 to 2020, and f 22 RE abo:_ the ecliptic plane. IMP-8 crossed

the bow shock into the msgnetosheath at 0638 UT on the 29th, reemerged into

the solar wind during a data gap, went back into the magnetosheath at 1110

UT, and remained in the magnetosheath until at least 0600 of July 30. In

this paper, data are plotted as functions of IMP-8 observing times, with

appropriate time shifts being made in the data from the upstream IMP-7.

For a 412 km/s solar wind flow, characteristic of most of the period of

interest, the appropriate time shift is 10 min.

The principal data used are the IMP-8 magnetometer data (PI: N. F.

Ness, GSFC) and the IMP-7 and IMP-8 plasma data from two instruments (PI:

H. S. Bridge, MIT; PI: S. J. Bame, LASL). Much of the LASL data for this

period ► g as already been published by Go ;:ling et 31. (1980).

Other data sets examined in identifying boundary crossings are the

TMP-g electric field data (PI: T. L. Aggson, GSFC) and the IMP-7 and IMP-8

LEPEDEA data (PI: L. A. Frank, U. of Iowa). Energetic particle data sets

considered in the study of relevant solar events are those of GSFC (PT: F.

B. McDonald) and JHU/APL (PI: S. M. Krimigis). Hourly resolution profiles

of selected plasma parameters and energetic particle fluxes may be found in

Solar Geophysical Data (1978).

nQgrPV ATTnN-R,

Figure 1 shows one hour resolution profiles of several plasma and

magnetic field parameters taken over the interval July 28-July 31, while

Figures 2 and I show the same parameters at five minute resolutior for two

periods of special interest. The plasma parameter profiles have been

synthesized from the MIT and LASL IMP-7 and IMP-8 data sets, with concern

for cross calibration.

Interplanetary magnetic field (IMF) profiles plotted for times when

IMP-8 was in the magnetosheath show inferred values. We have used the

a33umptions that the IMF and magnetosheath field direction; are the same,
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and that the sheath field intensity is twice that of the IMF intensity.

The analysis of Behannon and Fairfield (1969) suggests that these are good

assumptions at the IMP-8 local time at some reasonable distance from the

magnetopause. At the least, we believe the magnetosheath field direction

should give reliable inferences of IMF polarity and of the north-south

character of the IMF.

In addition to the basic field ant] plasma parameters of Figures 1 -3,
interesting derived parameters are plotted in Figure 4, at 5-minute

resolution for the period of greatest interest for magnetospheric response.

These include the dynamic pressure associated with the bulk solar w:nd

proton flow (N p m  V'), the hydromagnetic (HM) pressure of the plasma

(B'/8 ,ff + Nk';; see below), the ratio of the thermal to magnetic pressures

(i.e., 0), and the energy coupling coefficient "c". This latter is given

by Perreault and Akasc°u (1978) as c = VB 1 tot 31n`(e/2) , where V = solar

wind speed, B = IMF intensity, io s 7 RE , and a is the colatitude of the
(Y-Z)GSM projection of the IMF vector. See Kan et al. (1980) for a

discussion of the physical interpretation of c in terms of a dynamo

process.

Contributions from alpha particle fluxes were not included in the

pressure determination for Figure 4. Gosling et al. (1980) show that over

the period July 28 (2000 UT') - July 29 (1230 UT), the He ++/H+ ratio is

always < .07, rarely > .05, and typically s 0.03. This ratio is enhanced

at > 1230 UT (July 29), with local maxima of .17 and .21 at s 1300 and 1345

UT. Thus, through 1230 UT, the proton dynamic pressure may be an

underestimate of the total dynamic pressure by s 20% (ma Na/mp N p ) or less.

The right scale of the dynamic pressure (P) profile of Figure 4 shows the

subsolar magnetopause distance (RMP ) calculated from the model of Formisano

et al. (1979), i.e., RMP (RE )	 .495 P-1/6, Due to the sixth root

dependence, a 20% underestimate in the total pressure yields only a f 3%

overestimate in the subsolar magnetopause distance. We note that the

Formisano et al. proportionality factor, 0.495, is s 10% less than that of
the earlier analysis of Fairfield (1971) in which less data were available.

........do— ..._....	 .M...	 .. .
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The hydromagnetic pressure (PHN) is computed as B 2/8* + NpkTp + NekTe.

Electron density and temperature data are not available to us, so as

approximations we take N  : N  (change neutrality) and Te = 1.1 x 108OK

before 0415 UT of July 29 and T  a 1.8 x 10 20K thereafter. These are

characteristic pre- and post-stream interface electron temperatures

(Gosling et al.. 1978). (Our later discussion identifies a stream

interface at ,r 0415 UT.) Figure 4 shows both the observed part of PHM.
i.e., P

HM
-N ekTe . as well as PHM itself. The values of g given in Figure 4

are defined as (N pkTp + N ekTe)/(B = /80. The neglect of alpha paruicles

here is not significant for our purposes.

^cNUME RAT ION OF PRINCIPAL V ARIATIONS

We now turn to a brief enumeration of the principal variations visible

in Figures 1-4 (and in yet higher resolution data not ehown). This

er, imeration provides solar wind input function information for studies of

magnet.ospl eric processes of July 29. Interpretation of these variations in

terms of physical, interplanetary processes will be deferred until the next

section.

As seen in Figure 1, proton density increases three-fold from 120(1 UT

of July 28 to 0000 UT of July 29. The IMF turns southward at 2330 UT of

July ?8. Then at 0030:45 UT of July 29 (vertical line 11 1 11 in Figures 1 and

2) the passage of an interplanetary shock causes the following increases:

proton density from 30 to 100 cm-3 . flow speed from 330 to 410 km/s,

temperature from 3.10 4 to 1.5.105OK. and IMF intensity from 6 to 15 nT

(1 nT = 1 nanotesla = 10-5 Gauss). There is only a minor field direction

change at the :hock but a significant northward turning two minutes later.

Fine scale TMF data reveal that the IMF intensity ,jump occurred in < 2.56

see. Similarly fine scale plasma data are not available.

From 0030 to 0410 UT of July 29 the solar wind density is

extraordinarily high. 
s
 100 Prot/cm3 . (Of 67.1R9 hours with density data

in the 196"i-19',8 interplanetary medium compilation, only P have averaged

densities above 75 prat/= 3 .) The high density gives a dynamic pressure

which pushes the subsolar magnetopause in to the unusually low values of
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5.9 to 6.3 R E (cf. Figure 4). (See Knott et al., 1981, for a discussion of

GEOS magnetopause observations after shock passage.) The IMF intensity and

direction are highly variable. The 0 spike at 0330 UT (Figure 4) results

from the IMF intensity decrease (Figure 2); hydromagnetic pressure balance

is little affected since the dominant contribution on either side of 0330

UT is from the plasma. The E function (Figure 4) shows a number of local

maxima, with a peak for these hours of 2.4 x 10 19 ergs/3 at 0235 UT.

At 0415 UT (vertical line "2" in Figures 1 and 2) there is a

significant drop in density and pressure which continues throughout hour 4.

At j, 0413  UT there begins a significant increase in IMF intensity and a

southward turning of the IMF. At 0425 UT, with the IMF vector steeply

southward, the IMF polarity shifts from negative to positive. The field

remains strong and southward for most of hour 4, which gives rise to the

largest value of E , ,r 5.4.10 19 ergs/s, observed during this event.

Integrating E (t) over hour 4 yields a total energy of 1.2.10 23 ergs which

was transferred from the solar wind to the magnetosphere during this hour.

Note from Figure 4 that near 0415 UT the hydromagnetic pressure increases

significantly in crossing from the plasma dominated regime to the 8 < 1
s

regime.

During the rest of the first half of July 29, there are unfortunately

significant data gaps in the field data. However. it is clear that during

hours 5-6, the IMF rz;nains southward and E remains at levels which are high

but reduced relative to hour 4. During hours 9-11, E is observed to be

< 1. 10 
19 

ergs/ s through 1110 UT, and then has an inferred peak ofs
s 3. 1019 ergs/s at 1135 UT. There are two dynamic pressure pulses (s 0505

and s 0800 UT) in an otherwise generally declining pressure profile. IMF

data are not available to examine the s 0800 UT dynamic pressure pulse for

hydromagnetic pressure balance. The observed HM pressure (magnetic and

proton components) across the 0505 UT pulse is nearly constant, suggesting

equilibrium. However inclusion of a reasonable electron contribution

suggests a pressure imbalance, such that this fluid element should be

trying to expand in the plasma rest frame.

t

{
I
i
f
3
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For the second half of July 29 (cf. Figure 3), the IMF, as inferred

from magnetosheeth observations made between 1400 and 2400 UT, is

northward; this corresponds to low vaiuea of a and very little energy
transfer relative to the first half of the day.

The plasma data show a continuing density drop, a temperature

depression, and the previously mentioned He++ /H+ enhancements during the
1230-1500 UT period ( Gosling et al., 1980). Unfortunately the data are

sparse for the 1500-1800 UT period. The limited available data (MIT)

SLIggests that densities fell to very low values, perhaps < 2 can-2 . When
s

combined with the inferred IMF intensity of 12y, we compute a large A1fvfn

speed and low A1fvdn mach number ( ,0r 2) for the solar wind flow. These are

the conditions under which the bow shook may recede upstream from the

ma2aetopau3e by unusually large amounts ( Spreiter et al.. 1966), although

Lhore is no theory available to quantify the expected recession.

Although a somewhat enhanced noise level in the IMP-7 telemetry

reception precluded continuous determination of bulk flow parameters for

"no hour 15-18 interval, the MIT energy channel at which the peak flux Was

being received could be determined nearly continuously (cf. MIT-CSR, 1978.

!'or a discussion of the operation of this instrument.) For the two time

periods 1503-1531 and 1659-1728 the peak flux appeared in channels which

corresponded to bulk flows about 100 km /3 lower than those of the

surrounding and intervening times. It is tempting to suggesL that in the

deeply rarefied, high field flow (very low plasma S), the Earth's bow stock

receded beyond the XGSE a 32 RE location of IMP-7. The IMP-7 LEPEDEA data

of the University of Iowa, while too sparse to prove that a bow shock

crossing occurred, are consistent with this inference ( Ackerson, private

communication, 1980). Very few prior observations of such distant bow

shocks have Been reported ( Fairfield, 1971; Ipavieh and Lepping, 1975).

We note in Figure 3 an abrupt transiticri at 1750 UT involving a tin km/3

drop in speed and a large but indeterminate density and pressure ,jump. The

inferred IMF experiences a s 409 intensity increase between 1750 and 1755

and a shift ( at near constant high latitude angle) of azimuth angle from

t '^;° to 270. A geomagnetic sudden impulse was observed at this time.
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Early in hour 1 of July 30 (vertical line "4" of Figures 1 and 3), the

IMF vector moves through southerly inclinations fron, negative to positive

polarity. This polarity is maintained until IMP-8 enters the magnetosphere

hours later.

INTERPRETATION OF OE"ERVATIONS

We now discuss the observations in terms of physical interplanetary

processes. Here we follow a conceptual rather than chronological sequence.

Our basic picture is one of a transient plug of gas, driving a shock,

superposed on the increasing speed phase of a corotating solar wind stream.

The solar wind stream extends from the speed and density increases of

July 28 (.r 1200 UT), through the peak speed of July 30, to August 3 when a

much higher speed stream begins. The July 28 - August 2 range of speeds is

characteristic of streams of the same phase of the prior solar cycle (cf.

Gosling et al., 1972), although the duration from minimum to peak speed is

somewhat longer and the densities considerably greater, in this stream.

That the stream is corotating is evident from the plots of King (1979),

where generally similar speed structures are seen 27 days earlier and 27

days later. The source of this corotating stream is believed to be the

first long lived ( ,r h months) , low latitude coronal hole of solar cycle 21

(Sheeley and Harvey, 1978). This hole has positive magnetic polarit^i, as

have most appearances of its assiciated stream. The IMF polarity o.' July

28 - August 2 is mixed; the significance of this is discussed subsequently.

The field and plasma changes of hour 4 of July 29 (cf. especially

0415-0425 UT; line "2" of Figures 1 and 2) mark the transition from that

part of the " stream" which is really the preceding ambient plasma as

compressed and accelerated by the following higher speed 2 'low, to the

faster material which has emanated from the coronal hole identified above.

This identification is made on the basis of the density decrease, the

change in flow direction from easterly to westerly. the IMF intensity

increase, and the IMF polarity change to the positive values characteristic
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of the parent coronal hole. We refer to this transition as the stream

interface (Belcher and Davis, 1971; Burlaga, 1974; Hundhausen and Burlaga,

1975; Gosling It al., 1978), although we note that the temperature increase

usually very prominent in classical stream interfaces is not obvious early

in hour 4. On this point we note that (1) passage of tha shock through the

interface may have disrupted the normal temperature signature, and (2) not

all transitions into streams are accompanied by c1a331081 stream interfaces

(Gosling et al., 1978).

It was shown in the preceding section that the hydromagnetic pressure

increases across the stream interface. This implies that, in the solar

wind frame, the interface is moving into the plasma ahead. Burlaga (1074)

has pointed out that this process is one way tangential discontinuities can

form in the solar wind.

We have estimated the direction of minimum variance in the IMF changes

in the neighborhood of the interface, using the approach of Sonnerup and

Cahill (1967). We have chosen the period 0345-0520 UT, during which the

field vector makes a quasi-sinusoidal sweep of the GSE latitude range. For

this period we find the minimum variance direction to be tSE : 1950.

6GSE ' 11
0 • This indicates that the "extended boundary" between the stream

proper and the material in front of it is nearly normal to the ecliptic.

We now shift our focus to the interplanetary shock and associated

driver gas. Consider first the shock seer at IMP-8 at 0030 UT of July 29.

The changes (.P 6 0 and P 18 0 ) in flow and field directions are modest.

although significant Increases in density, speed, temperature, and IMF

intensity (factors of 2.5. 1.25. 2.8, and 2.5, respectively) are

registered, chbracteristic of a fast forward MHD shock (Burlaga. 1071). To

within several degrees, the shock normal is determined to be R : -.9R R +

. 13 9 + . 15 t ( in GSE coordinates) : thus the shock appears to be coming

from the southwest quadrant. about 12 0 off the radial direction. However.

the large scale configuration of the shock cannot be reliably determined

due to distortions caused by passage through the inhomogeneous stream

medium (Hein amann and Siscoe. 1974; Hirshberg et al.. 1974; Burlaga and

Scudder, 1975;. The shock speed parallel to the local normal is 450 km/s.
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which is *4̂' 50 km/3 slower than the average for locally determined speeds of

flare associated shocks at 1 AU (Chao and Lepping, 1974).

The driver gas responsible for the shock arrived at or 1230 UT July 29,
as evidenced by a sharp temperature drop and He" /H + increase (Gosling et
al., 1 080). Of particular interest was the observation of significant

fluxes of singly ionized helium from o 1315 to ,r 1430 UT suggesting a cool

solar source of the driver gas and also magnetic shielding during coron+l

Passage. Gosling et al. ( 1 980) suggest an eruptive prominence as the cool

source. It has been pointed out to us (Jocelyn, private communication,

1980) that a filament extending .r 60 0 in longitude and located at 500-600

north latitude disappeared from the solar surface between 1055 UT of July

25 and 1142 UT of July 26. This event may be the eruptive prominence (a

disappearing filament when viewed at the solar limb) responsible for the

driver gas; if so, considerable latitudinal flow must be involved to have

the observed ecliptic plane effect. (See also Jocelyn and McIntosh, 1981,

and references therein, for studies of eruptive prominence mass ejects as

causative of interplanetary shocks and geomagnetic stnrms. )

Protons with energies to 35 MaV were observed (Solar Geophysical Data,

1Q78) at 1 AU at a time (July 26) consistent with their having a solar

source simultaneous with the solar source of the He +-rich driver gas.

(There is no obvious source !Tare for these 35 MeV protons.) A

determination of possible relations between the sources of these two

particle populations is interesting from a solar physics perspective but is

beyond the scope of this paper.

The end of the driver gas is best identified in the IMF as inferred

from IMP-8 magnetosheath field data. These data are available with only

minor gaps from 1430 UT (two hours after driver gas passage began) to

s 0330 UT of July 30. As illustrated in Figure 3, these data show the IMF

swinging slowly from a positive polarity, lo.. inclination state at 5430 UT.

through a high inclination state, to a negative polarity, low inclination

state by ^r 0030 UT of July 30. As d ^termined by the Sonnerup-Cahill (1967)

method, the minimum variance (MV) direction for this charge, in GSE

coordinates. is s = 216 0 , 9 z - 90 . Tt.is direction is well determined
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(e.g..  the minimum—to— Internediate eigenvalue ratio is 7.7) , and there is a

negligibly small field component along the MV direction (< (B Z ! W CBI > s

0.067). Since the magnetic profile from S 1430 UT (July 29) to o 0110 UT

(July 30) suggests a single structure, it is reasonable to associate the-

driver gas with this structure.

In a period of -P 15 minutes (0110-0125 UT) of July 30. the IMF swings

through southerly inclination from negative to positive polarity. This

change, whose mir.irum variance direction is virtually the same as for the

preceding, much longer variation, probably marks the return to the positive

polarity solar wind stream.

The tentatively identified interplanetary structure containing the

driver gas thus extends from ^ 1230 UT (July 291 through ,r 0110 UT (July

'0), which corresponds to a distance along the line of observation of about

'i' cf ar AU.

As is apparent in Figure 3, there is considerable variability in the

plasm., parameters in this interplanetary structure. It is impossible with

d';Aj taken along only one line through the structure to uniquely model all

thf maxima and minima in the plasma parameters. However, we show in Figure

a highly idealized and non—unique model which can explain some of the

observed variability. This i.s a modification of the magnetic cloud

confiFuration recently invoked by Burlaga et al. (1961).

?magine a series of magnetic loops whose common axis has a latitudinal

tilt but is otherwise nearly radial. 'Then as points '. B, and C (cf.

Figure 5) convect past the earth, the IMF will appear to shift from low

inclination, positive polarity, through high inclination, to low

inclination, negative poleritiy: these changes match the observed IMF

::rectional variatiora. In this scenario plasma parameter variations are

likely to be primarily dependent upon the distance along the structure

axi:, rcfiecting both kinematical effects associated with velocity

gr.Ai#-nts and structure in the parent solar mass ejection event(s). (See

EiLl ner, 1971. for a discussion of mass ejection event structure.)
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Naturally occurring deviations from this ideal geometry would provide

an explanation of some observed features. For instance, the density and

IMF intensity increases at 1750 UT, where the IMF polarity reverses,

suggest a pressure ridge which may shear the Magnetic structure and cause

the structure's equator to move across the observer. Also, low inclination

fields could be present at low latitudes at the two ends of the structure;

this would eliminate the need to posit entrance into, and exit from, the

structure at i^!z top and bottom. Finally, that the structure's minimum

variance longitude Is 216 0 (and not ,r 180° as implied in Figure 5) may be

accommodated by rotating the structure through 36° about ZGSE and

stretching it in the direction normal both to ZGSE and to the minimum

variance direction. This will permit the observer to stay in the region

where IMF lines have a northward character.

Taken alone, the 0110-0125 UT transition back to positive IMF polarity

falls into the category of "stand alone" current sheets separating regions

of opposite magnetic polarity (Burlaga , 1968).  However , that both the

gradual 1230-0110 UT IMF structure and the rapid 0110-0125 UT variation

have the same minimum variance direction suggests a close causal link

between these features of disparate time scales. (It is possible that both

features properly belong to one IMF structure and that their disparate time

scales re- It not from true spatial asymmetry but from the unique

orientation of the line of observation through the structure. Further

pursuit of this point without additional data taken elsewhere in the

structure is not likely to be fruitful.)

We next construct in Figure 6 an ecliptic plane projection showing the

spatial relations, along the line of measurements, of the stream, shock,

and driver gas previously discussed individually. The state of the

interplanetary medium is frozen at 0000 UT (July 29). Non radial flow,

likely to be significant, is not visible. We have constructed corotating

stream lines by (1) subtracting the estimated effect of the shock and

driver gas from the V (t; 1 AU) profile and (2) assuming radial, constant

speed flow back to 0.25 AU. These stream lines are then carried back to

the July 29 (0000 UT) longitude range of the parent coronal hole shown at

0.10 AU. (The 0.10 AU and 0.25 AU figures were chosen for illustrative
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purposes and have no physical content. The apparent asymmetry in

divergence of flow is likely real.) The front of the interaction region,

the interface, and the peak speed location are shown. The driver gas is

shown from S 1230 to s 0100 UT (July 30), and the driven shock with its

approximate orientation is also shown. It appears that the shock and the

interface intersect a few degrees east of the Earth-sun line. However it

is important to note that we have no data on the longitudinal extent of the

driver gas or associated shock for this event. Finally, in Figure 6, we

have sketched the ecliptic plane projections of the observed/inferred IMF

vectors. Recall however, that especially near the middle of the 1230-0100

UT field structure, the field vectors are mostly northward rather than

"outward" a.id "inward" in the ecliptic plane. There is no evidence in the

IMP-8 magneto sheath data (aV21lable through hour 9 of July 30) or in IMF

polarities inferred from high latitude ground magnetogram s (and published

monthly with 12 hour resolution in this Journal) that negative IMF

polarities were encountered in the high speed stream after 0115 UT of

Jul
y
 30.

The most puzzling aspect of Figure 6 is the appearance of the driver

gas within the solar wind stream's rising speed phase. Such a situation is

hard to understand kinematically, for: (1) the front of the strean, being

slower than the driver gas, cannot have overtaken the driver gas; (2) the

driver gas, being slower than the peak of the stream, cannot have moved

through the stream from behind; and (3) the driver gas is not likely to

have emanated from the stream source.

There have been prior cases studied in which driver gas from one source

(a flare) is contiguous to a high speed stream and wherein the driven shock

propagates through the stream (Burlaga and Scudder, 1075). However, we

know of no ^revious example in. which the driver appears to be within the

stream.

We believe we have an incursion from a non radial flow of the driver

gas into the spatial domain of the stream, such that the envelopment of the

driver gas by the stream which emerges from measurements along one

dimension is in fact not realized in real three dimensional space.
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Unfortunately we have neither definitive flow latitude measurements nor a

definitive solar source location to associate with the driver gas. Figure

7 sketches a possible scenario. Note the similarity to Figure 5 of Burlaga

and Scudder (1975). The principal difference is that we have added a

convolution to the boundary between the corotating stream and shock driver

gas. The easterly flow near the arrival of the driver gas and the westerly

flow in the bul gy; of the driver gas are consistent with this scenario.

However, we note that the flow is predominantly radial at 1 AU. Thus the

principal development of the surface convolution probably occurred closer

to the sun (where flows may be less radial) than to then E?rth.

Figure 7 implies that the convolution is principally a longitudinal

phenomenon, as if the driver gas source were to the west of the stream

source. If the driver gas source were predominantly to the north of the

stream source (consistent with the ,r 50 0 north latitude event previously

identified as a possible driver gas source) , then the convolution would be

mainly a latitudinal effect. Such an effect could be visualized by these

modifications to Figure 7: (1) straighten the corotating stream; (2)

remove the flow longitude arrows (3) cons':.der as a meridional plane

projection. If the surface convolution concept is correct, then the most

likely situation is for both latitudinal and longitudinal effects to be

important.

SUMMARY

We have described in some detail the temporal variations of

interplanetary parameters shown in Figures 1-3 for July 28-30, 1977. This

description was oriented towards investigators of the July 29 magneto

spheric processes who needed to know interplanetary input conditions.

Then we discussed the variations from an interplanetary dynamics

perspective. Central meridian passage of a stream-emitting coronal hole, a

"hot" solar process responsible for 35 MeV protons, and a "cool" solar

process responsible for significant He + fluxes, all occurred during the

July 25-26 perioJ. These processes gave rise to a complex state of the

interplanetary medium on July 28-30, with attendant geomagnetic effects.
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We have interpreted the interplanetary variations as an interplanetary

stream on whose rising speed phase is a plug of gas (probably from an

eruptive prominence). This plug of gas drives an interplanetary shook; the

shock and its driver are on opposite sides of the stream interface, which

has many bait not all of the classic Interface signatures. An idealized

model of the IMF structure containing the driver gas was presented.

Some of the key physical questions generated by this analysis are:

(1) How does the driver gas appear to be interior to the corotating

stream? We have argued that we may not have a true enveloament by the

stream but merely some convolution in the boundary between the non radial

stream and driver gas flows which gives the appearance of envelopment along

the one direction of measurement.

(2) In what sense is the IMF structure seen between s 1230 UT July 29

and s 0130 UT July 30 a "cloud?" What are the roles of solar mass ejection

inhomogeneities and of interplanetary dynamics in generating the

variability of plasma parameters within this structure?

(3) What is the relation, if any, oetween the hot and cool solar

processes responsible for 35 MeV protons and singly ionized helium?

(U) What effect on a stream interface is expected when a shock passes

through the interface?
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FIC7RE CAPTIONS

FIGURE 1	 Hourly averaged interplanentary plasma and magnetic field

data for July 28-31, 1977. rie parameters are, from top to

bottom, proton density, proton temperature, bulk flow speed,

flow azimuth angle (positive for flow from west of sun), IMF

magnitude, and IMF latitude and longitude angles in

geocentric solar magnetospheric coordinates. The IMF

parameters past 1110 UT of July 29 are inferred from

magnetosheath observations. The number-labeled vertical

lines denote parameter value changes discussed in the text.

FIGURE 2 The same interplanetary plasma and magnetic field parameters

as in Figure 1. The data are 5 min averages for the first 6

hours of July 29, 1977.

FIGURE 3	 The same as Figure 2, but for the period 1200 UT (July 29) to

0200 UT (July 30). The IMF parameters are inferred from

magnetosheath observations as discussed in the text.

FIGURE 4	 Top panel: dynamic pressure (NpmpV'); nonlinear scale on

right shows resultant subsolar magnetopause distance; see

text for discussion of alpha particle contribution. Second

panel: lower trace is the measured part of the hydromagnetic

(HM) pressure (B'/8* + N pkTp ); upper trace is measured HM

pressure plus inferred electron pressure (N ekTe ; see text for

assumptions). Third panel: plasma a (8w(N pkTe + NekTe)/B=).

Bottom panel: the energy coupling coefficient c.

FIGURE 5	 A schematic of an interplanetary cloud capable of explaining

the dominant variations in the driver gas regime.

FIGURE 6	 Ecliptic plane projection of the state of interplanetary

medium at 0000 UT of July 29 inferred from July 28-August 1

measurements. The vertical line represents the earth-sun
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line; the heavy dot denotes the Earths location. The full

curved lines represent ideal spiral IMF lines computed from

the 1 AU speeds given near the end of each line; we assume

the 370 Ws speed would have been observed where shown in

the absence of the shock and driver gas; see text for

discussion of the solar end of these field lines. The short

arrows give the IMF polarity. The labels 1 through 5 denote,

respectively: (1) the front edge of the region of ambient

solar wind affected by the following stream; (2) the

Interplanetary shock; (3) the stream interface; (4) the

driver gas; (5) the peak speed of the stream. The pictured

closure of the driver gas volume (4) off the earth-sun line

is merely intended to delimit this region in radial extent

and has no physical content.

FIGURE 7	 An idealized scenario for the relation of the corotating

stream and driver gas. The vertical line denotes the

earth-sun line, and the short arrows denote the flow

longitude directions (at exaggerated inclinations relative to

the vertical).
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