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| l., Introduction

Magnetic field studies of the cislunar geomagnetic tail have
determined the predominately solar anti-solar direction of the field
(Ness, 1965), the dependence of the average field magnitude on the radial
distance from the earth (Behannon, 1968; Mihalov et al., 1968; Mihalov and
Sonett, 1968) and from the solar magnetospheric plane (Behannon, 1970,

In addition, the component of the field perpendicular to the solar

magn etospheric equatorial plane has been shown to be northward most of the
time but southward occasionally (Mihalov et al., 1968; Behannon, 1970).

On one unigue occasion the field briefly had a component 30y southward

at 13 Rp near the center of the tail (lLaird, 1969). Statistical studies
have shown that the tail field tends to be large during times of high Kp
(Behannon and Ness, 1966; Mihalov et al., 1968) and there is further

evidence from particle and field measurements that the total flux in the

td 1 increases during magnetic storms (Ness and Williams, 1966; Williams

and Ness, 1966; Sugiura et al,, 1968), Measurements in the tail (Heppner
et al., 1967; Sugiura 1968) and at 6.6 Rp (Cummings and Coleman, 1968)
have been compared to auroral zone magnetograms yielding correlations

which suggest important changes in the tail field configuration during

v

magnetospheric substorms.
- The present paper extends the observations of tail-ground‘correlations
and discusses their significance inyrelation to the wide range of
substorm effecﬁs that have been observed on the ground and by spacecraft.

Vector magnetic field measurements from the IMP 4 spacecraft (see Fairfield,
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1969 for instrumental details) have been compared to the AE index of
auroral zone ground megnetic activity (Davis and Sugiura, 1966) on 15

orbits during the interva. February 5-April 15, 1968, The IMP U spacecraft

is in an eccentric polar orbit with period of 4.3 days and apogee near
the ecliptic plane. Each orbit is approximately confined to a meridian
plane with the spacecraft outbound in the southern hemisphere and inbound

in the northern hemisphere with neutral sheet crossings occurring beyond

25 Rg.

Section 2 develops a formula which is used in the remainder of the
paper for predicting the location of the neutral sheet. Section 3

statistically examines a large data set to define the average dependence

of the tail field on spatial coordinates and ground activity. Section 4

— describes the direct comparison of the tail data and ground magnetic

activity. Section 5 relates the magnetic field measurements to other
measurements and to theories of suﬁstoms.

Results support the concept of an expa.ndlng plasma sheet during
magnetospheric substorms. The field configuration after substorms has

more lines of force crossing the equatorial plane within 30 RE and thus

% supports the theory of field reconnection., The tail field morphology

and the trapped particles bouncing on newly existing field lines agree

with many other substorm observations. Extremely quiet geomagnetic n‘s

=
S

conditions also correspond to a field configuration with more field lines ™.

crossing the equatorial plane in the cislunar tail region.

i

ngn R
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2. Iocation of the Neutral Sheet

In the initial phase of th 3 tail study a method of predicting the
position of the tail neutral sheet was developed and the accuracy of the
prediction assessed. Although the Z, =0 plane of solar magnetospheric
coordinates (){sm axis along the earth sun line, Zsm axis in the plane
formed by the dipole axis and the X, axis, and Y sm completing a right
handed orthogonal system) is expected to be a reasonable approximation
of the location of the neutral sheet, it does not consider the tip of
the dipole toward or away from the solar direction whose effect is to raise
or lower the neutral sheet relative to the solar magnetospheric equatorial plane
Murayame (1966) guggested that the neutral sheet could be approximated
by a plane parallel to the solar megnetospheric equatorial plane and

attached to the geomsgnetic equatorial plane 8 Ry from the earth. Speiser
am Ness (1967) studied the IMP 1 neutral sheet crossings and found that
10 Ry was a more suitable distance for attaching the neutral sheet, This

plane can be represented by the formula

Zgp = 10 singg, (l)‘

where Xss is the geomagnetic latitude of the sun and an isin units o éarthradii,
:?’RusseZL'L and Brody (1967) extended the ideas of Murayama and suggested

that g’s;;nce the neutral sheet was rooted near the geomagnetic equatorial

plane x;hich intersects the solar magnetospheric equatorial plane in the

da._wn-dusk meridian plane, the neutral sheet surface should be a curved .

surface part of a cylinder with axis parallel to the solsr magnetospheric

X axis). They used the position of IMP 1 and OGO 1 neutral sheet crossings

to choose the appropriate constant and suggested the formulh , B
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Zpp = (11° - Y 2)% siny_ forfy. |< 11 R (2)
RB sm X$ S e E

In an sttempt to extend this work adiltional
neutral sheet crossing locations were determined from the tail data of
IMP'S 2, 3 and 4. Most of the IMP 3 and 4 crossings were from greater

radial distances than the IMP 1 and 0GO-1 crossings and they exhibited

grester scatter when located on a Zem vs. Yo plot (Figure 1 of Russell
sinyegg
and Brody). In spite of the greater scatter the location of the points

suggested that the 11 Ry circle of the earlier work might be generalized
to an ellipse., The formula

u®

2% . !
152 Yo )7 SiKestOT Yol <1585 (3) |

Zy = (1° -

was finally selected as the prediction of tlhe neutral sheet position. It

ig felt that this formula represents a slight, but not very significant,

improvement over thet of Russell and Brody at least for the IMP k4
crossing distances within 33 RE. As pointed out by Russell and Brody,

an improved relationship probably ought to depend on Xy as well as Yeme

Because of the anomalous but real-variations in the position of the neutral
sheet, further attempts to refine such prediction formulas will
undoubtedly be difficult and of limited value.

Some measurement of the adequacy of the above prediction formulas of z
equation 3 can be evaluated with the aid of Figure 1l. Here the trajectory
of IMP 4 projected in the plane perpendicular to the X axis has been
plotted when it is in the region beyond XSm = =25 RE. The top panels

represent periods when the spacecraft was in the northern half of the

tail which is characterized by solar directed fields and the bottom
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panels represent periods in the southern half ofthe tail with anti-solar
directed fields. The vertical sxes are solar ecliptic Z, solar
magnetospheric Z and 7', where Z' is defined as the distance from the

satellite to the predicted neutral sheet

2 2
2 = 2 = Ly (0F - L v D) st ()

where Yana.nd Z an e the solar magnetospheric position coordinates of the
spacecraft,

The gap in the center of the tail is due to the temporary 11 dey failure
of the spacecraft sun sensor which precluded a determination of the
magnetic field direction. The solar ecliptic equatorial plane is
obviously inadequate as an approximate location of the neutral sheet; the
solar magnetospheric Z = O plane is & considerable improvement and Z'
is an improvement over Z.,. Although the Z' formuls appears to give an
adequate prediction for the location of the primary point of division
for the two lobes of the tail, there are numerous brief intervals of
opposite polarity occurring 5 RE or more from Z' = O. These brief
occurrences of the opposite polarity are typically of the order of 10
minutes in length. From existing data it is not clear whether they
represent large amplitude motion of the neutral sheet or more local
perturbations., Since the tail field may sometimes have a substantial
component in the northward direction as will be demonstrated in Sections 3
and 4, the reversals in question are not necessarily all 180° field
reversals,

Z! will be assumed to be the cistance between the spacecraft and the

neutral sheet in the remainder of this paper.
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3. Statistical Study of the IMP 4 Tall Data

The IMP L tail measurements made every 2.56 seconds were studied
statistically by taking 2.5 minute averages of the field magnitude
and the 3 solar magnetospheric components for all intervals when IMP F
was beyond X= - 25 Ry on orbits 60-T6., Exemination of 20 second average
plots confirmed that the spacecraft was always within the tail on these
orbits, This date set consisted of 702,6 hours with the spacecraft
between Xgg = - 25 and Xg, = - 33 Rp. Distributions of relevant quantities
are presented in Figures 2-5.

Figure 2 shows the occurrence frequency of various strength fields

for 2 Ry intervals of distance from the estimated position of the neutral
sheet. The vertical arrows designate average values for the various Z'

% regions. The radial variation of the aversge field magnitude in this region
%g is less than3y (Behamnon, 1968; Mihalov et al., 1968) so most of the spread
in tre distribution is due to time variations., Low values centered near

Z!' = 0 confirm the observation of Behannon (1970) that a weak field region
of width approximately that of the plasma sheet (Bame et al., 1967)

surrounds the neutral sheet,

Figure 3 presents a similar distribution to that of Figure 2 only

for the solar magnetospheric Z component of the field, This figure confirms

previous observations that the northward (positive) Z, fields arc

considerably more frequent than southward fields. If fields with lzmk ly
are neglected as being essentially parallel to the solar magnetospheric plme 225 =
minute average northward fields occur more frequently than southward fields

in the ratio 6.5:1, This ratio is apprgximte_ly that reported by Mihalov _
et al. (1968) for several Explorer 33 orbits at primarily greater distances.

_If fields with |2 | < Sy are neglected this ratio
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increases to 20.4:1. Noteworthy in Figure 3 is the lack of any apparent
dependence of the Zgy component on distance from the neutral sheet. This will be
important in Section 4 where it will be suggested that the component

of the field across the neutral sheet can be deduced from measurements away from
the neutral sheet, This lack of dependence on the Zsm component on distance

from the neutral sheet suggests that the tendency toward more northwaxrd

fields near the neutral sheet (Behannon, 1970) is due to a Z'-independent

positive Zgy component being associated with reduced xsm and 'Y m components

N 1

in the region near the neutral sheet.

Figures 4 and 5 represent distributions illustrating the F and 2 sm
dependence on geomagnetic activity. The solid trace in Figure L shows
the magnitude distribution for all geamagnetic conditions while the
dashed trace represents only 8.4% of the complete data set when the 2.5
minute AE value associated with each measurement is less than 20y (20 is
very near the noise level of the AE index and represents essentially no
auroral zone magnetic activity). The tendency toward weaker fields during
quiet times is in agreement with the findings of Behannon and Ness (1966}
and Mihalov et al., (1968). No tail fields greater than 24 v occur during
these very quiet times.

Figure 5 represents the distribution of Zsm using the same data
sets as in Figuwe L. The interesting difference is that the average Zg,
field during quiet times 152.8 compared to only 1.8 for all geomagnetic
conditions. Z_. components greater than 5 are about twice as likely to

sin
occur during very quiet times. This result suggests that more than the

average number of field lines cross the equatorial plane during quiet
periods leaving less flux in the extended geomagnetic tail. This will be

discussed in more detsil in the next section.
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4, Tail Morphology During Substorms

Although statistical studies such as that of Section 3 can summarize
large quantitites of data and suggest gress effects concerning the
relationship between the magnetic tail and ground activity, it is necessary
to examine the relevant parameters as a function of time to fully appreciate
their relationship. For this purpose the 20 second averages of the IMP L
tail field magnitude F, solar magnetospheric Z component Zg,, latituce |
angle 0, and longitude ¢ were plotted along with the 2.5 \minute values
of the AE index which is a measurement of auroral zone magneti. activity.
The AE index was compiled by superposing magnetograms from the auroral zone
stations - College, Sitka, Meanook, Great Whale River and Leirvogur.

Lack of data from the Soviet Union means that substorms during the universal
time interval 1700-2200 are often not adequately detected. Representative
examples are presented in Figures 6-10.

Figure 6 illustrates the typical behavior of the geomagnetic tail
during clearly defined isolated substorms., Before the substorm and during
its early phases the magnitude of the field increases but the Z,, component
remains small (3:00-4:30 and 6:30-7:5U). At a time which is usually near
the maximm of the substorm, the field decreases over a time interval
which is either of order ten minutes (4:20 in Figure 6) or more abruptly
(7:50). Accompanying or shortly following this decrease in field magnitude
is an increase in the zm component of the field. When the spacecraft is

within a few earth radii of the neutral sheet (Z' small) the F

decrease is often large mmghsmhmm‘z&cmtw the
total field magnitude and the field points north {4:40~5:40 and 8:15-9:30).
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This decreasing field morphology corresponds closely to the morphology
for arrival of enhanced plasma and particles associated with an expanding
plasma sheet (Hones et al., 1967, Rothwell and Wallingtcna, 1963; Meng and
Anderson, 1970) and it is natural to associate the two. Tnis type of behavior
where the field decreases and the plasme increases whilzs *he total energy

density remains constant hss previously been reported for one event (Lazarus

et al., 1968). Two contrasting states of the neutral sheet are illustceted
by comparing the crossing (¢ angle reversal) neer 5:20 where the field is
northward after the substorm with the brief crossings near 7:10 which are
rapid and have little northward flux. The concept of an expanding end
contracting weak field region is also supported by the statistical study of
Figure 4 in which the broadest distribution of F occur in the region from

ltob RE from the neutral sheet,

An example of substorm morphology when the spacecraft is farther
froa the neutrel sheet is presented in Figure 7. Again the field mapnitudes
increase prior to and during the early phases of the substorms which

peak near 12:45 and 16:45., The decreasing fields beginning near the

substorm maxima are more gradual and probebly do not correspond to the

appearance of the plasma sheet, The further F decrease at 18:15 however,
probably correspomis to the arrival of the plasma sheet despite the fact
that the spacecraft is predicted to be almost 9 Ry from the neutral sheet.
The usual 2 increases can be seen beginning shortly after the substorm
maximum,

Although previous work investigating the field across the neutral sheet
nas involved looking at detailed measurements at the time of the crossing,

the IMP 4 data suggests that similar information can be obtained farther




[ U

- 10 -

from the neutral sheet., This is reasonable when one considers that ;
field lines are continuous and the flux crossing

the equatorial plane must be closely related to that crossing a parallel

plane somewhat displaced from the equatorial plane. Although changes in

the orientation of the tail due to solar wind direction changes can |

certainly produce appreciable changes in the Zsm component at any instant
of time (Speiser and Ness, 1967) they certainly do not obscure the

tendency for Zgy, to increase after substorms. This observed Zsm increase
cannot be related to tail tipping since the northward increase is observed
¢ in both northern and southern hemispheres during virtually every well-defined
substorm; whereas, tipping the tail will produce e southward change of
Z.y in one hemisphere or the other,

Although substorms represent an important and dramatic component of

auroral gzone magnetic qctivity, they are seldom as isolated and well-

defined as those of Figures © anrd 7. Figure 8§ illustrates a 7-hour period

on March 2-3, 1968 when moderate auroral zone activity is present but

substorms are not in evidence. Typical of these periods is a substantial

but variasble northwerd Zg, component. Since the spacecraft is near the
neutral sheet region in Figure 8 the field is weak and directed quite
northward. Although one might define the @ change at 1:02 as the neutral
sheet it is clear that the field is substantially northward throughout
this interval and it is only a relatively small XY field component which
is controlling the ¢ angle. With this type of data the selection of

neutral sheet crossings is not sggghtﬁcrw#d which accounts for some of

the difficulties in pursuing work like that of Section 2, B 2
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The tail during a large disturbance is illustrated in Figure 9 (note
the change in scales). Again during a sustained period of high latitude
ground activity there is a strong northward Z,, component throughout most
of the interval. The short southward excursions of Zsm (3:35, L:4o, 6:30
and 8:45) are not uncommon, particulary during disturbed periods, but

their morphology has not been determined.
Figure 10 represents a relatively quiet interval and illustrates how

even very small ground disturbances are associated with inecreasing F and
small Z_. In spite of the very wesk fields nesr 14°30 and 18:00 the
average zsm during these times is greater than that during the disturbed
period fram 15:30-17:00.

Figure 11 presents data from an extended period of 19 hours on
February 14-15, 1968 which is unique because of the total lack of
auroral zone ground activity for the extended period which ends about
21:00. The field data are also unique in that the average Zsm component
of field strength is asbout Ty for this period at a spacecraft position near
apogee more than 33 Ry from the earth and at |2'|< 5 Rg and Yy~ -12 Ry,
Although part of this large Zsm component could reflect a téndency for
northwa.rd field at large ‘Ysm" enhanced Zsm components are also seen
nearer the tail axis. Apparently during this extended quiet period the
field was able to relax to a more dipolar state with more gradual field

line curvature and more flux crossing the equatorial plane.
The very quiet pariod on February 14 is even more unique because of

the occurrence of a small storm sudden commencement at 12:53 on this day

which was followed by only the smallest hint of a main phase type decrease '




at le. few observatories. Explorer 33 in the interplanetary medium measured
an abrupt increase from 8 to lly which is typically associated with the
sudden commencements (Taylor, 1968) and the field remained near 12y during
the succeeding 12 hours. Of apparent importance was the northward-
pointing character of the interplanetary field which persisted until 21:00
when the first southward excursion of the period occurred at the time

of the buildup in tail field magnitude and AE, Moderate disturbance at the

polar cap stations Resolute Bay and Mould Bay did begin as early as 1k:00,
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5. Discussion

The results of Section L4 indicate that the configuration of the
geomagnetic tail changes during substorms with the primary effect being
that additional lines of force cross the equatorial plane in the inner tail
region after the substorms.‘ This supports the reconnection theories
(Dungey, 1968; 1968b, Axford, 1967; Piddington, 1968a, 1968b; Atkinson, 1966),

vwhereby field lines going far into the tail or off into interplanetary

space are converted into closed geomagrnetic field lines. The results
do not prove reconnection since it is possible that field lines that
2 ‘. crossed the neutral sheet far back in the tail before the substorm simply
i contract until they have their crossingpoints much nearer the earth. In
<2 either case, the magnetic tail is in a lower energy state after the substorm
- and the results strongly suggest that energy is stored in the tail until
its release during the substorm (Atkinson,19663 Siscoe and Cummings, 1969).
The contraction of previously extended field lines is probably a factor

in the production of energetic particles associated with the substorms,
Two configurations of the geomagnetic tail are depicted in Figures 12

L

and 13 which illustrate the narrow plasma sheet with little flux crossing
the equatorial plane appropriate to conditions just before a substorm
(Figure 12) and the expanded plasma sheet with enhanced flux crossing
the equatorial plane appropriate to conditions after the substorm or
during quiet conditions (Figure 13).

The creation of additional field lines crossing near the earth haj

several consequences which help to explain other measurements. The increase =
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in 25, is consistent with an expanding field-aligned plasma sheet as has been
suggested by Hones et al. (1967, 1968, 1970), Hones (1969) Rothwell and
Wallington (1968) and Meng and Anderson (1970). Energetic particles are able to
exhibit bounce motion on the newly created field lines. As more closed lines are
formed, the region of closed lines expands explaining the appearance of energetic
particles near 18 Ry, the "electron islands" further back in the tail (Anderson,
1965; Anderson and Ness, 1966; Meng and Anderson, 1970) and the poleward motion
of trapped particle boundaries which are observed to increase their latitude

to at least T6° after substorms (Rao, 1969; Lin et al., 1968; Fritz, 1968,
1970). Fritz (1968) speculated that the field did not control the high

latitude cutoff of trapped particles since he found the boundary could
vary on relatively quiet days but the example of Figure 10 shows that the
tail can change its configuration even in association with very small
disturbances.
The poleward expansion of the auroral arcs and the equatorial electro-
Jet during substorms (Akasofu et al., 1966) and the riometer absorption
region (Jelly and Brice, 1967; Jelly, 1968) are other observations consistent
with the magnetic field behavior. In this connection it is attraétive
to associate the northern boundary of aurora with the outer edge of the
plasma sheet and the last closed field line as suggested by Vasyliunas (1969).
The equatorial ‘crossing points of f_ield,lines can be |
estimated by extending the flux conservation snalysis (Feirfield,1968) to
these quiet and post-substorm periods., In the earlier analysis foi an

average magnetosphaérérit was assumed tha'l; the component of flux across the

equatorial planein the midnight meridian decreased to 5v at 15 Ryine ‘

manner such that the field line from 69° hti;h#de crossed the equatorial




plane near 15 Rp. Results of Section 4 now indicate that normal components of i
Ty aremt unreasonable at distances as great as 33 RE at certain *imes.
In extending this analysis let us assume that the flux from the 150
longitude region near midnight is confined to a longitude section such
that field lines cross the equatorial plane within 1.5 Rg of the noon
midnight meridian plane. If a constent normal field of Ty is assumed
between 15 and 35 RE, the field lines from 70°, 72o and T4° latitutde are
calculated to cross the equatorial plane near 20 RE’ 28 RE and 36 RE.
Obviously these particular numbers are subject to uncertainties and are
sensitive to zsm end its radial variation but they are indicative of the
type of field lines one can expect to find after substorms and during

quiet times when enhanced flux crosses the equatorial plane,

It is of further interest to estimate the affects of the changing
configuration on the extended geomagnetic tail, Fairfield (1968) determined
that TL00y Ryoof flux cross a plane perpendicular to the X axis at
15 RE and go into one quarter of an approximately circular tail., If
the ares of half the equatorial plane in the tail between 15 and 35 Rg

is taken as 20 Rg x 18 Rg = 360 Ry

and the normal field strength as

Ty, then 2520y REZ of flux will cross the equatorial plane and be lost to
the downstream tail, This is 35% of the flux entering the tail at 15 Rg.
‘Although part of the flux entering the tail at 15 Rg crosses the equatorial
plane even during aversge conditions it is apparént that the flux crossing
the tail during extreme conditions represents an appreciable fraction of
that which would go far back into the tail at most other times. If one
considers additional field lines closing béycnﬂ the apogee of IMP k, it

is not unreasonable to suggest that at the ofbit,of the moon (60 Rg) half

the average flux in the tail might disappear at certain times.
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Summary
The following phenomenological description for the processes occurring

in the magnetic tail during magnetospheric substorms contains the ideas
of My authors and will serve to summarize the results of this paper and
their relation to other exlisting work. Association of the plasma sheet
with the auroral oval is & primary assumption in relating low altitude
events to those of the tail,

Conditions in the solar wind such as the occurrence of strong and .
southward directed interplanetary fields (see summary by Hirshberg and
Colburn, 1969) sets into motion or enhances the interaction mechanism
between the solar wind and the magnetosphere., Dayside field reconnection
is & likely mechanism but not necessarily the only possible one. This
increased interaction rate forces additional field lines into the
geomagnetic tail. Since the tail field magnitude is controlled by
magnetosheath plasma pressure acting on the tail boundary the simple
process of adding field lines to the tail does not increase the tail field
strength. Adding flux to the tail does, however, increase the geometrical
cross section of the tail producing more flaring of the boundary and
subjecting it to a larger componentof pressure from the solar plasma
flowing in the magnetosheath, In this manner an enhanced pressure produces
t. » increase in the tail field Observed before and during the early phases
of a substorm (lazarus et al., 1968). Increase in the ambient solar wind
pressure could also produce the observed increase but such an association
between plasma parameters and substorms is not epparent in data reported
to date (Cosling et al., 1967). In this manner energy is stored in the
geomsgnetic tail and conditions are set for a substorm (Siscoe and Cummings,

1969). At this point prior to the explosive begimning of a substorm
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the neutral and plesms sheets attain thelr minimum thicknesses,
relatively little flux crosses the equatorial plane between 10 RE and
35 Rps and a meximum of flux goes into the tail as depicted in Figure 12,

First observable effects of the explosive phase of the substorm seem
to be located on field lines associated with the low latitude edge of the
surcral oval (inner edge of the plasma sheet). Frequently brightening of the most
equatorward auroral arc (Akasofu, 1964) is the first visual indication of
an imminent substorm. A prompt increase in energetic particles and magnetic
field at 6,6 Ry near midnight is observed coincident with the sudden
increase in auroral zone magnetic activity whiciz is often considered the
beginning of the substorm, It seems unlikely that the neutral sheet
(outer edge of the plasma sheet) is inwvolved in initiating the substorm
unless somehow information is transmitted through the plasma sheet without
disrupting the field lines supporting quiet arcs.

As the substorm progresses the plasm& sheet expands accounting for
the post substorm arrival of plasma and energetic particles at spacecraft
in the inner tail region and the appearance of the neutral sheet-related
weak field region at IMP 4, Associated with this expanded sheet are an
increased number of tail magnetic field lines crossing the equatorial plane in
cislunar space (Figure 13). These newly existing field lines are responsible
for the increased Zg, at IMP 4 and allow bouncing particles to exist at
latitudes at least as high as 76° (Rao, 1969; Lin et al., 1968; and Fritz
1968, 1970). Since the outer boundary of the plasma sheet and the outermost
closed field line are still associated with the auroral oval, the creation
of additional closed field lines corresponds to the poleward motion of

surcral arcs and the a.ssociated surcral electrojet and particle precipitation
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regions. The inward motion of the inner edge of the plasma sheet is
associated with the southward expansion of the auroral region. The
reduction of flux in the tail as more field lines become closed near the
earth reduces the cross-sectional area of the tail, decreases the
magnetosheath pressure on the tall, and accounts for the decrease in t~1il
field strength away from the neutral sheet, Although reduction of total
pressure cannot be inferred from themegnetic field data alone, the
similarity of the Pioneer 7 event discussed by Lazarus et al. (1968)
suggests that such may be the case, Other important.processes which couwld
be associated with the earthward motion of field lines involve particle
acceleration and the generation of magnetospheric currents (Axford, 1969s
Vasyliunas, 1970; Taylor, 1970).

In the complete absence of substorms the magnetosphere appears to
remain in s state similar to that attained after substorms with much n
flux crossing the equatorial plane at cislunar distances., The association
of the outer boundary of closed field lines with the northern edge of the
auroral oval is supp§rted’ by. the results of Stringer and Belon (1967)

who show that for Kp = O the occurrence of aurora maximizes at latitudes

above T0°.
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FIGURE CAPTIONS

Figure 1 IMP 4 trajectory plots for times when the spacecraft was
beyond X = =25 Ry in the geomagnetic tail and the field wes
directed toward the earth (top) and away from the earth
(Sottom). In each block the trajectory is projected on the
plane perpendicular to the earth-sun line in solar ecliptic
coordinates, solar magnetospheric coordinates, and in a
coordinate system where the vertical axis Z' takes into
account the tip of the dipole toward or away from the sun.

FPigure 2 Relative occurrence frequencies of 2.5 minute average tail
field magnitudes at position -25 > X > =33 % for 2 BE
intervals of distance from the expected position of the
neutral sheet. The vectors denoting the average values for
each 2 Ry interval have their lowest values in a region
centered on the Z' = O position of the neutral gheet.

Figure 3 Relative occurrence frequencies of 2.5 minutes averages of the
ZSH component of the tail field for 2 RE interval of distance
from the expected position of the netural sheet. The vectors
denoting the aversge in each 2 R, region show an average
northward component which exhibits no apparent variation
with distance from the neutral sheet.

Figure ; Relative occurrence frequency of IMP I tail magnitudes for
all geomagnetic conditions (solid line ) and for very quiet
oonditions (dsshed line). Iow field magnitudes tend to be

associated with quiet conditions.




Figure 5 Relative occurrence frequency of the ZSM component of the
tail field for all geomsgnetic conditions for very quiet
conditions., Higher ZSM components tend to be associated
with quiet timas.

Figure 6 Geomagnetic AE index, tail field magnitude F and solar
magnetospheric field component ZSM' latitude angle © and
longitude angle ¢» Data are typical of that seen during
isolated substorms when IMP ), is in the vicinity of the
neutral sheet. During the early phases of a substorm F
increases and ZSM becomes small, whereas during the later
phases F decreases and ZSM increases.,

Figure 7 Behavior of the tail field during isolated substorms when

| the spacecraft is far from the expected position of the

neutral sheet. The anti correlstim of F and Z_ is still

;fi’; apparent but the decrease in F is generally more gradual.

Figure 8§ Observations of the tail field near the neutral sheet region

~at Xgy = =33 YSM = =2 during an extended period of moderate
geomagnetic disturbance with no well defined substorms.

Figure 9 Obsexvations of the tail field near the neutral sheet during
a period of intense magnetic disturbance. The field is
characterized by a large average northward component but
includes several brief intervals of southward field.

Figure 10 Observations of the tail field during a period of moderate

disturbance surrounded by quiet intervals., The an component

is small and F it large during the distwrbances but Z_, is =
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Figure 11

Figure 12

Figure 13

G !

increased even though F is very small during the quiet
periods.,

Observation of a very northward field during an extended
quiet interval at average position X = =31 133, Y= 12 RE.

The end of the geomagnetically quiet interval is associated
with an increasing F and deoreasing ZSM'

Field configuration in the noon midnight meridian plane
drawn to illustrate the thin plasma sheet and small ZSM
component associated with the early phases of a geomagnetic
substorm.

Field configuration in the near midnight meridian plane
drawn to illustrate an expanded plasma sheet with enhanced

flux crossing the equatorial plane. This configuration

exists during quiet conditions or following a substorm.
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