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Abstract. For more than a decade there has been growing conviction that the burst of energy from a 
solar flare is first stored in magnetic fields and is then released rapidly by magnetic field annihilation 
(magnetic merging). There has also been recognition that magnetic merging may be responsible for the 
energy release manifested in auroral phenomena at the Earth. The most substantial evidence that 
magnetic merging does indeed occur in the Earth's magnetosphere and causes the auroral phenomena 
is provided by recent observations, in the magnetotail, of very rapid (-500 km s -1) tailward, then 
earthward, flow of plasma during magnetospheric substorms. The observations, made with the Vela 
and IMP satellites, reveal also that the component of the tail magnetic field perpendicular to the tail 
neutral sheet changes polarity at the time of the reversal of plasma flow. These features are 
interpreted as indicative of passage of a magnetic neutral line, at which magnetic merging is 
proceeding, past the observing satellite. This paper describes an example of such observations made 
with IMP 6. It is anticipated that such systematic measurements of the plasma, energetic particles and 
magnetic field in the neighborhood of the passing neutral line on many such occasions will provide a 
general understanding of the magnetic merging process which can then be applied to studies of solar 
flares and other astrophysical phenomena. 

1. Introduction 

T h e  though t  tha t  magne t i c  field r econnec t ion ,  or  m a g n e t i c  merg ing ,  p lays  a pa r t  in 

geophys ica l  p h e n o m e n a  o r ig ina t ed  nea r ly  as long ago as d id  the  idea  (Giovane l l i ,  

1947, 1948) tha t  this p rocess  is invo lved  in the  sudden  re lease  o f  ene rgy  tha t  

cha rac t e rac t e r i ze s  a solar  flare. H o y l e  (1949) sugges ted  tha t  if an i n t e r p l a n e t a r y  

magne t i c  field ( IMF)  exists  p e r h a p s  t he re  wou ld  be  magne t i c  neu t r a l  l ines at  the  

in te r face  b e t w e e n  the  E a r t h ' s  field and  the IMF.  The  par t ic les  tha~ p rec ip i t a t e  in to  

the  E a r t h ' s  p o l a r  a t m o s p h e r e ,  p r o d u c i n g  the  auroras ,  might  thus ' de r ive  the i r  

ene rgy  f rom merg ing  of  the  magne t i c  fields a long these  neu t r a l  l ines.  W h e n  it was 

found  ( C o l e m a n  et al., 1960) tha t  an I M F  actual ly  does  exist  in the  o u t w a r d  

f lowing so lar  wind,  D u n g e y  (1961) rev ived  and  e x t e n d e d  H o y l e ' s  idea ,  p r o p o s i n g  

tha t  m a g n e t i c  me rg ing  with  the  I M F  occurs  at the  sunward  surface  of  the  E a r t h ' s  

field when  the  I M F  has  a sou thward  c o m p o n e n t  (i.e., o p p o s i t e  to the  d i rec t ion  of 

the  E a r t h ' s  f ield there) .  A d o m a i n  of ' o p e n '  field l ines is thus p r o d u c e d ;  i.e., 

i n t e r p l a n e t a r y  field l ines whose  feet  are  a t t ached  to the  E a r t h ' s  po l a r  regions .  

Swept  o n w a r d  by  the solar  wind,  open  field l ines f rom oppos i t e  po les  of the  E a r t h  
can la te r  r e connec t  wi th  each  o t h e r  on  the d o w n - w i n d  side of the  E a r t h  to 

b e c o m e  c losed  m a g n e t i c  field l ines once  again,  connec t ed  at  bo th  ends  to the  

Ea r th .  

* Work performed under the auspices of the U.S. Energy Research and Development Administration. 
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Fig. 1. Magnetic field lines (solid lines) and plasma flow streamlines (dashed lines) in Petschek's 
model. (From Vasyliunas, 1975). 

The manner in which magnetic fields merge at the boundary between two 
regions of plasma containing oppositely directed field lines has been the subject of 
a number of theoretical studies. In studies by Sweet (1958) and Parker (1963) the 
merging was assumed to proceed by diffusion, i.e., the magnetic field energy is 
dissipated solely due to the finite conductivity of the plasma. Petschek (1964) 
pointed out that standing magneto-hydrodynamic waves would be generated at 
the boundary and would greatly enhance the rate of merging. In any case the 
plasma moves toward the boundary from both sides, enters a 'diffusion region' 
(also called a magnetic neutral line) and is ejected from it in both directions along 
the boundary. The process is illustrated in Figure 1 which is a representation of 
Petschek's description of the merging process. The theory indicates that the 
plasma is ejected from the diffusion region along the boundary at speeds near the 
Alfv6n speed, VA, characteristic of the conditions outside the boundary. It is to 
be noted (Figure 1) that the magnetic field lines threading the ejected plasma are 
normal to the boundary and have opposite polarity on the two sides of the 
diffusion region. 

This paper describes observations of plasma and magnetic field in the tail of the 
Earth's magnetosphere (the magnetotail) which have revealed these two predicted 
features of magnetic merging (rapid plasma flow in both directions along the 
boundary and reversal of the field components normal to the boundary) occurring 
in association with magnetospheric substorms. These observations constitute a 
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very substantial confirmation that magnetic merging does indeed occur in the 
magnetotail and that it serves to convert stored magnetic energy to kinetic energy 
of auroral particles. 

2. Observations 

2.1  SUBSTORM BEHAVIOR OF THE MAGNETOTAIL PLASMA SHEET 

The discovery of the two direct consequences of magnetic merging noted above 
was made possible in part because of a remarkable behavior of the magnetotail 
plasma sheet during magnetospheric substorms. Recognition of this behavior 
developed from several years of plasma sheet observations with the Vela satel- 
lites. Figure 2 depicts the noon-midnight meridian plane of the magnetosphere. 
The plasma sheet lies along the midplane of the magnetotail and carries the 
current which causes the magnetic field reversal across the mid]plane. The plasma 
sheet extends all the way across the tail and is usually >~6 Earth radii (RE) thick. 
(One Earth radius = 6370 km.) 

The Vela satellites are in circular orbits of radius -18RE that are inclined at an 
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Fig. 2. Noon-midnight meridian plane of the Earth's magnetosphere. The bow shock and mag- 
netopause are shown with arrows indicating the path of solar wind flow through t]he shock and around 
the magnetosphere. Within the magnetotail magnetic field lines point away from the Earth in the 
southern half and toward the Earth in the northern half. The plasma sheet is indicated by the long 
hatched region running off the figure to the right. Its earthward edge is shown reaching in to the region 
of the trapped radiation belts. The dashed line through the plasma sheet represents the magnetic 
'neutral sheet', a region where a rather sharp reversal of the tail magnetic field is sometimes observed. 
The sheet is not strictly neutral because a finite but small (a few times 10 -6 G) field is usually observed 

during its crossings. (From Bame et aL, 1967.) 
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angle of --60 ~ with respect to the ecliptic plane. The satellites carry plasma probes 
that measure the energy spectra of electrons and of protons in the range 
- 1 0  e V < E  < 30 keV. They also carry other particle detectors that measure the 
fluxes of electrons and protons above several higher energy thresholds. The 
plasma sheet is observed by the Vela satellites on each of their passes through the 
tail. Within it the plasma density is -0 .1  to 1.0 cm -3. The plasma electrons and 
protons typically have nearly Maxwellian spectra peaked at a few hundred eV and 
at a few keV, respectively. The flux of energetic electrons (e.g., Ee > 40 keV) can 
be below the thresholds of the detectors during very quiet geomagnetic conditions 
but is often quite intense during active conditions. Energetic protons (e.g., 
Ep ~>0.3 MeV) are observed much less frequently and only in association with 
strong geomagnetic activity (Hones et al., 1976b). Outside the plasma sheet, in the 
'lobes' of the magnetotail, plasma density is very low ( -10  .2 cm -3) and energetic 
particles are not observed. 

Early studies with the Vela satellites showed that the plasma sheet becomes 
very thin during substorms (Hones et al., 1967). The magnetospheric substorm 
was first recognized as a distinct element of magnetospheric behavior by Akasofu 
(1964) who made a detailed examination of its manifestations in the auroras (i.e., 
the 'auroral substorm') at the Earth. An auroral substorm that occurred on 1968, 
September 14, is illustrated in Figure 3. A bright arc of emission appeared south 
of College, Alaska at 0930-0931UT (2330-2331 150~ The bright au- 
roras moved rapidly poleward, reaching far north of College by 0937 UT. 
Thereafter bright auroral emission persisted over the entire visible sky until 
1010 UT. At 1016 UT (picture not shown here) the sky above College suddenly 
started to become clear of auroras and auroras brightened substantially on the far 
northern horizon. This was the 'poleward leap' of the auroral activity that has 
recently come to be recognized as a distinct and identifiable feature that occurs 
late in many substorms (Hones et al., 1973). 

Westward electric currents flow in or near the bright auroral emission and these 
cause negative deflections of the horizontal component of the magnetic field 
measured at the Earth under the auroras. Such a deflection, called a 'negative 
bay' was measured at College during the September 14 substorm (bottom panel of 
Figure 4). The negative bay started at 0930 UT and reached its peak just before 
1000 UT. It was recovering rapidly at 1016 UT. 

The top panel of Figure 4 depicts the intensity of the flux of electrons 
(Ee ~>40 keV) measured at Vela 4A which was in the plasma sheet when the 
substorm began. A brief spike of electron flux began at precisely 0930UT. 
Several minutes later the flux dropped rapidly and fell below the instrument 
threshold. This was the 'thinning' of the plasma sheet that is characteristically 
observed at the onset of a substorm, as was noted above. At 1016 UT the electron 
flux began a rapid rise and soon reached intensities 10 times as great as those 
encountered before the substorm. The essential features of the plasma sheet's 
behavior during this substorm on 1968, September 14 can be summarized as 
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Fig. 3. All-sky camera pictures taken from College, Alaska on 1968, September 14. Magnetic north 
is at the top. Magnetic west is to the left. Times shown are 150 ~ west meridian time. (From Hones et 

al., 1971.) 

follows: 

(a) A brief enhancement of electron flux started coincident with the substorm's 

onset, i.e., with the brightening of auroras and the sudden deepening of a 

magnetic bay. 

(b) The electron flux then soon dropped to background levels and remained 

low for about one-half hour while intense auroras and magnetic activity prevailed 
in the auroral zone. 

(c) The electron flux increased suddenly to high levels coincident with a 
poleward leap of the auroras and with the recovery of the magnetic bay. 

The Vela satellites rotate with a period of - 6 4  s and 16 proton spectra 
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Fig. 4. Top: response of a solid state detector on Vela 4A to energetic electrons (36 < E e < 260 keV) 
in the plasma sheet. Bottom: horizontal component  of the magnetic field at College, Alaska (magnetic 

latitude = 64.6~ Magnetic local midnight at College is -- 1200 UT. (From Akasofu et  al. ,  1971 .) 

are taken during each rotation by the plasma probes. These measurements reveal 
that strong anisotropy of the plasma proton flux develops, having one flux peak 
per rotation, as the plasma sheet thins. The phasing of this flux peak with 
appropriate Sun signals shows that the anisotropy results from a rapid bulk flow of 
protons tailward past the satellite. When the plasma reappears the proton flux is 
again anisotropic but the phasing shows that there is then a bulk flow sunward. 
On occasions when a Vela satellite is very near the tail's midplane during a 
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substorm, the plasma does not disappear entirely during thinning. Rather, the 
satellite remains in a thin residual plasma sheet throughout the substorm, in which 
plasma flows continually tailward. On such occasions a reversal of the plasma flow 
to the sunward direction is seen, together with an enhancement of plasma and 
energetic electron intensity, as the plasma sheet recovers late in the substorm. 

The interpretation that has been made of this plasma sheet behavior during 
substorms is depicted in Figure 5. There may be a gradual thinning of the plasma 
sheet prior to the substorm's onset although this is still rather uncertain and no 
consistent evidence regarding plasma flow at this time has been found, as is 
indicated by the question marks in Figure 5a. At the substorm's onset (T=  0, 
Figure 5b) a magnetic neutral line forms across the tail earthward of the Vela 
satellite (V) causing rapid thinning of the plasma sheet and onset of rapid flow of 
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Fig. 5. Schematic representation of plasma sheet behavior during a magnetospheric substorm. The 
Sun is to the left. B1 represents the interplanetary magnetic field, shown pointing southward (opposite 
to the Earth's field at the nose of the magnetosphere). Dashed arrows depict possible flow of plasma 
and magnetic field lines resulting from magnetic merging at the front of the magnetosphere as 
proposed by Dungey (1961). The plasma sheet is the hatched region. Plasma flow is indicated by 
arrows in the plasma sheet. A star indicates the magnetic neutral line. A Vela satellite is represented 

by the dot labeled V. (From Hones et al. ,  1974.) 
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plasma tailward and sunward as shown by the arrows. Then, for an interval of tens 
of minutes to an hour (Figure 5c) the neutral line persists near the location of its 
formation, causing plasma to be continually ejected sunward and tailward. Only if 
a Vela satellite is in the region occupied by the thin residual plasma sheet will it 
sense the continuing tailward flow. Late in the substorm the neutral line suddenly 
moves far tailward past the satellite (Figure 5d). The thicker portion of the 
plasma sheet earthward of the neutral line then envelops the satellite and rapid 
earthward flow of plasma is detected. The arrow labeled BI represents the IMF 
which is portrayed here as pointing southward. The possible merging of the 
magnetic field at the front of the magnetosphere and the subsequent flow of 
plasma and field lines into the tail, as proposed by Dungey (1961) are indicated in 
the diagrams. 

The interpretation of the observations portrayed in Figure 5 was made without 
benefit of simultaneous measurements of the magnetic field because the Vela 
satellites did not carry magnetometers. Recently, however, it has been possible to 
augment the picture provided by the Vela satellites using data from the Los 
Alamos plasma probe, the Goddard Space Flight Center magnetometer and the 
Berkeley energetic particle detector, all on the IMP 6 satellite. IMP 6 was in a 
highly elliptical orbit with apogee at 32RE. The satellite's,spin axis was oriented 
perpendicular to the ecliptic plane. We shall next describe observations made with 
IMP 6 during a substorm on 1972 October 29. 

2.2 IMP 6 O B S E R V A T I O N S  D U R I N G  A SUBSTORM ON 1972, O C T O B E R  29 

Figure 6 shows magnetic records from several stations in the northern auroral 
zone for 1972, October 29-30. The X (north-south) and Z (vertical) components 
of the field at the polar cap station, Baker Lake, are also shown. A substorm 
started at --0'600 UT, October 29, shown most clearly at Meanook, where the 
negative bay onset occurred at 0556 UT (plus or minus about 1 min). The bay 
reached a peak and immediately started to recover at 0632-0633UT. The 
Z-component of the magnetic field at Baker Lake initially went positive, indicat- 
ing that the westward ionospheric current (and likely, also, the auroras) lay to the 
south of the station. However at 0632-0633 the Z-component started a rapid 
negative excursion which indicates that the current moved rapidly poleward at 
that time (consistent with its departure from the lower latitude station, Meanook, 
starting at the same time). 

The component, Bz, of the magnetic field normal to the tail's midplane (approxi- 
mately normal to the ecliptic plane) was continuously positive (i.e., northward) 
before -0557 at which it began suddenly to go negative (Figure 7). IMP 6 
was 31.1RE from the Earth at solar magnetospheric longitude 160 ~ (20 dcg on the 
evening side of the midnight meridian) and was estimated to be --2.5RE below 
the magnetotail neutral sheet. Bz remained largely negative until -0628 UT 
when it commenced to be mostly positive again. The total field intensity, B, 
increased suddenly to rather high values at --0601-0602UT after which it 
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Fig. 6. 
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Magnetic records from several stations on 1972, October 2 9 - 3 0 .  M indicates the UT of 
magnetic local midnight at each station. (From Hones et  aI., 1 9 7 6 a . )  

decreased, becoming highly variable and generally decreasing further after 
- 0 6 1 0  UT. Energetic electron fluxes increased suddenly at 0556:30 UT and the 
energy spectrum became harder. The fluxes soon decreased, however, and 
reached very low levels at - 0 6 0 3  UT. Thereafter the flux was highly variable and 
often quite low until - 0 6 2 8 - 0 6 2 9  when the fluxes began to increase soon 
reaching values substantially greater than those encountered before the substorm. 

A t - 0 5 5 6 : 3 0  there was a substantial increase of the energy density of plasma 
electrons measured by the plasma probe (Figure 8). This was quickly followed by 
a decrease to very low values, reached at 0604 UT. Thereafter there was a general 
increase of the energy density. Plasma proton measurements revealed the onset 
of very rapid tailward flow of plasma at - 0 5 5 6 : 3 0 ,  continuing until just after 
0600 at which time the proton flux fell to such low values, that t]he flow could no 
longer be measured. When the flux again increased to measurable levels by 
- 0 6 1 0 - 0 6 1 5 ,  the plasma was still flowing tailward. Reversal of the flow to 
sunward began --0628 UT. 

In this substorm we have seen, again, the plasma sheet behavior described 
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Fig. 7. Top two panels: Total magnetic field, B, and magnetic field component perpendicular to the 
tail's midplane, Bz, measured with the Goddard Space Flight Center magnetometer on IMP 6, 1972, 
October 29. The magnitude of the field is given in gammas (~/). One gamma = 10 -2 G. Bottom panel: 
Counting rates of two of the University of California, Berkeley energetic particle detectors on IMP 6. 
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Laboratory plasma probe on IMP 6. Bottom: Energy density of plasma electrons measured with the 

plasma probe. 
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above for the 1968, September substorm. But  here t~he-simultaneous measure- 
ments of plasma, energetic particles and magnetic field have provided further 
insight: 

(a) The spike of energetic electrons starting at 0556 30 UT was accompanied 
by a brief enhancement of plasma energy density and by the onset of tailward flow 
of plasma; these coincided closely with the southward turning of Bz. The onsets 
of all three of these phenomena coincided (as closely as can be determined from 
the ground magnetic records) with the onset of the substorm at the ground. 

(b) The thinning of the plasma sheet left IMP 6 outside the plasma sheet for 
several intervals between 0603 UT and 0611 UT (as shown by the deep drops of 
the >18 keV electrons (Figure 7). Thereafter, until -0628 UT, IMP 6 was in 
tailward flowing plasma containing highly variable electron flux and predomin- 
antly southward Bz. 

(c) The more enduring recovery of the energetic electron flux (i.e., the plasma 
sheet recovery) at -0628 UT was accompanied by northward turning of Bz and 
by reversal of plasma flow from tailward to sunward. These phenomena occurred 
about 4 rain before the bay at Meanook began its recovery. 

4. Discussion and Conclusions 

The behavior of the magnetotail plasma sheet during magnetospheric substorms 
has been illustrated with two examples. The more detailed data :sets available for 
the 1972, October 29 substorm permits us to conclude with considerable confi- 
dence that magnetic merging plays a dominant role in the substorm phenomenon. 

Substorm onset is signalled by the formation of a neutral line at some 
near-Earth location in the plasma sheet. Tailward of the neutral line Bz turns 
southward and a tailward rush of plasma begins. It is to be expected that earthward 
of the neutral line Bz remains northward and that an earthward rush of plasma 
begins there. This earthward rush of plasma earthward of the neutral line at 
substorm onset has, indeed, been observed (Lui et al., 1976). The initial spike of 
plasma and energetic electrons is a manifestation of the initial tailward surge of 
plasma. That it is, indeed, a tailward surge is illustrated by the flow vectors in the 
October 29 substorm (Figure 8). After this initial surge of plasma passes the 
satellite a residual plasma sheet remains which is probably quite thin and in which 
plasma continues to flow tailward. Bz is southward in the thin residual plasma 
sheet and the fluid medium is evidently highly turbulent. Finally, late in the 
substorm (i.e., tens of minutes to an hour or more after its onset) the neutral line 
moves quickly tailward to a much more distant location (possibly beyond the 
Moon's orbit at r ~ 60 RE) after which earthward flowing plasma, northward Bz 
and relatively steady high fluxes of energetic electrons are seen out to distances 
~30RE. 

The total substorm behavior of the plasma sheet illustrated here, when viewed 
in the context of Figure 1, constitutes almost incontrovertible evidence for the 
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occu r r ence  of m a g n e t i c  merg ing .  This  b e h a v i o r  pe rmi t s  us, in effect,  to  view 

a l t e rna t e ly  the  reg ions  t a i lward  and  e a r t h w a r d  of the  diffusion reg ion  in quick  

succession.  T h e  veloci t ies  of p l a s m a  flow a long  the  p l a s m a  shee t  r ange  up to 

- - 1 0 0 0  k m  s -1, a p p r o x i m a t e l y  the  Al fv6n  speed  ou t s ide  the  p l a sma  sheet ,  which  is 

in a cco rdance  wi th  the  theo re t i ca l  resul ts  of Pe t s chek  (1964).  I t  is to be  n o t e d  tha t  

the  reversa l  of  the  m a g n e t i c  field and  the flow d i rec t ion  tha t  t akes  p lace  as the  

p l a s m a  shee t  r ecovers  is ind ica t ive  tha t  the  neu t ra l  l ine or  diffusion reg ion  is 

pass ing  nea r  the  obse rv ing  sa te l l i te .  W e  an t i c ipa te  tha t  full ana lyses  of the  p la sma ,  

the  m a g n e t i c  field and  o t h e r  p a r a m e t e r s  in m a n y  such passages  of  the  diffusion 

reg ion  will c lar i fy our  u n d e r s t a n d i n g  of the  merg ing  process .  

Acknowledgements 

I a m  gra te fu l  to S. 3. B a m e  and  J. R. A s b r i d g e  of the  Los  A l a m o s  Scientif ic 

L a b o r a t o r y ,  to N. F. Ness  and D. H.  Fa i r f ie ld  of the  G o d d a r d  Space  Fl ight  C e n t e r  

and  to K. A .  A n d e r s o n  and C.-I .  M e n g  of  the  Un ive r s i ty  of  Ca l i fo rn ia  at  B e r k e l e y  
for  use  of d a t a  f rom the i r  i n s t rumen t s  on  I M P  6. 

References 

Akasofu, S.-I.,: 1964, Planetary Space Sci. 12, 273. 
Akasofu, S.-I., Hones, Jr., E. W. and Singer, S.: 1971, J. Geophys. Res. 76, 6976. 
Bame, S. J., Asbridge, J. R. Felthauser, H. E. Hones, Jr., E. W. and Strong, I. B.: 1967, J. Geophys. 

Res., 72, 113. 
Coleman, P. J., Jr., Davis, L., and Sonnett, C. P.: 1960, Phys. Rev. Lett. 5, 43. 
Dungey, J. W.: 1961, Phys. Rev. Lett. 6, 47. 
Giovanelli, R. G.: 1947, Monthly Notices Roy. Astron. Soc. 107, 338. 
Giovanelli, R. G.: 1948, Monthly Notices Roy. Astron. Soc. 108, 163. 
Hones, E. W., Jr., Asbridge, J. R., Bame, S. J., and Strong, I. B.: 1967, J. Geophys. Res. 72, 5879. 
Hones, E. W., Jr., Karas, R. H., Lanzerotti, L. J., and Akasofu, S.-I.: 1971, J. Geophys. Res. 76, 6765. 
Hones, E. W., Jr., Asbridge, J. R., Bame, S. J., and Singer, S.: 1973, J. Geophys. Res. 78, 109. 
Hones, E. W., Jr., Lui, A. T. Y., Bame, S. J., and Singer, S.: 1974, J. Geophys. Res. 79, 1385. 
Hones, E. W., Jr., Bame, S. J., and Asbridge, J. R.: 1976a, J. Geophys. Res. 81, 227. 
Hones, E. W., Jr., Palmer, I. D., and Higbie, P. R.: 1976b, J. Geophys. Res. (to be published). 
Hoyle, F.: 1949, Some Recent Researches in Solar Physics, Cambridge University Press, London, pp. 

92-97, 102-10& 
Lui, A. T. Y., Akasofu, S.-I. Hones, Jr. E. W. Bame, S. J. and McIlwain, C. E.: 1976, J. Geophys. Res. 

81, 1415. 
Parker, E. N.: 1963, Astrophys. J. Suppl. Set. 8, 177. 
Petsehek, H. E.: 1964, in W. N. Hess (ed.), A A S - N A S A  Symposium on the Physics of the Solar Flares, 

NASA Spec. Publ. SP-50, p. 425. 
Sweet, P. A.: 1958, in 'Electromagnetic Phenomena in Cosmical Physics', IAU Syrup. 6, (Stockholm, 

1956), p. 123. 
Vasyliunas, V. M.: 1975, Rev. Geophys. Space Phys. 13, 303. 

Discussion 

SHEELEY: What do you suppose causes the neutral line to move suddenly (or at all) tailward during 
substorm recovery? 

HONES: The tailward movement of the neutral line occurs very suddenly and is accompanied, at the 
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Earth,  by a very rapid 'poleward leap' of the bright auroras f rom typical auroral  latitudes (-~65 ~ to 
low polar cap latitudes (~75~ These  p h e n o m e n a  present  the appearance of a sudden change of the 
magnetosphere  from one quasi-stable state to another,  more  stable state. Schindler has  shown that  the 
neutral  line should initially form at the inner end of the tail where it meets  the more  solid dipole-like 
field of the inner  magnetosphere .  Perhaps  this inner 'firm! region at the magnetic  field builds outward 
during the expansive phase,  causing the allowable location for neutral  line location suddenly to 
change. 

PRIEST: Your  observations show a magnetic  field in the magnetospheric  current  sheet  which is rather 
' turbulent ' .  How relevant then  do you think the laminar collisionless models  for a substorm trigger 
are? Is there any indication that the field becomes more  turbulent  after reconnection commences?  

HONES: There  is some indication that the field becomes more turbulent  after reconnection com- 
mences,  but  [his question has not  been studied to the degree necessary to give a definitive answer. 
Nevertheless,  it may  be indicative that  before a substorm the field may be sufficiently laminar for the 
models  to be applicable. 

KAHLER: We know that in solar flares the sizes of the events studied range from great flares to events 
so small that  observers quibble over whether  they are actually flares. We also know that some flares 
occur without an observed impulsive phase.  Is there also a similar range of sizes in substorms and do 
some substorms lack particular phases? 

HONES: There  is a range of sizes of substorms. The manifestat ions (i.e., the auroras and associated 
currents) of the more  intense substorms occur at lower latitudes (e.g., 600-65 ~ on the Ear th  while the 
weaker  substorms are manifested at higher latitudes (e.g., -70~  Plasma flow measurements  reveal 
that the neutral  lines associated with the higher latitude substorms form at a greater distance in the tail 
(e.g., >30RE)  than do those with the lower latitude substorms,  which form at - 1 0 - 1 5 R z .  Both strong 
and weak substorms exhibit impulsive onsets. 


