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FINAL REPORT
“"ANALYSIS OF ATS-5 DATA"

Contract NASw 2L2h

Our prinecipal activity under this contract has been in the ares of cooper
ative studies of various events for which coordinated deta from ATE-95 and
other satellites or ground observaticns are avalilable. One of these stu-
dies in cooperation with the University of Alberta has recently been come
pleted and the resulting paper entitled "The Expansive Phase of Magneto-
spheric Substorms. II - The Response at Synchronous Altitude of Particles
of Different Energy Ranges" is included as Appendix A, An invited paper on
these results will be presented by Dr. Richard D, Sharp at the topical
conference on "The Electro-dynamics of Substorms and Magnetic Storms" at
Bryce Mountain, Virginia, 11-14 June 1974, Several other similar projects
are in various stages of completion as will be described below., We hope to
finish these projects under a follow-on program for which a proposal has
been submitted (ATS-5 Data Analysis, A Proposal for a Follow-On to Contract
NASw 2L2k, dated November 1973).

1. VELA Coord;ggtiona

The VELA 5A and VELA 6A satellites were located in the magnetotail during
the substom of 1 September 1970 which is discussed in Appendix A. A com-
parison of the energetic particle data from these satellites with the ATS-5
data is currently in progress, Dr, Edward W. Hones, Jr,, of th~ los Alamos
Scientific Laboratory is cooperating in this study., Plasma sheet "thinning"
begaon at VELA weil in advence of the clearly defined onset of the substorm
expansion phase, t vist sicul taneously with the observed "thinning" at ATS-5,
Recovery of the particic fiuxes occurred almost simultaneously at both VELA
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sabellibes, mueh later in the cubgstorm evend thon it was obuerved at APS-5.
The sirnificance of this appurent yudlal dependence of the recovery time of

the plasma sheet is currently under study.

2. Univerpgliy of Alberfa Coordipationu

A further and more quantitobive study of simulbaneous ATS-5 and mapnetometer
data in cooperation with Prof. Gordon Rostoker has reveasled 2 surprising
ralationship between the electron encrgy flux ot ADS-5 and the strength of
the westward electrojet modeled from the magnetometer chain data, In four
substorm events, these two guantities exhibited a linear relsabionship over

an exbended time period and g larse dynumic range. Thie relationship wono
observed for the clectrojet amplitude at the projected latitude of the ATS-%
field line and did not hold for the eleetrojet maximum amplitude which varies
in latitude over the course of the events, Some preliminary working drawings
illustrating this relationship are included in Appendix B. It should be noted
that the proportionality constant bebween the energy flux and the mapnelic
field perturbations is vourhly the same for all four cases studied. This
linear relationship 45 not expected on the basis 6f glmple consgiderations of
ionoapherle conductivitles and elecbric fields during substorms and may
imply that the controlling factor in the amplitude of the electrojet iz the
Birkeland current in series with it whieh could be carried by, or be propor-
tional to, the measured fluxes in the keV range.

3. Low-Latitude Substorm Signatures

Professor A, Nishida of the Univer: ity of Tokyo is a specialist in interpret-
ing substorm signabures from low-satitude nighbtside magnetograms, We are
working with him inan attempt to order a substantial body of ATE-5 cbzerva-
tions with respect to the timing inferred from these magnetogram signotures.
Tn an initlal survey of 16 isclated events we have found thirteen cases where
the onselb of the low-latitude posibtive bay is detected in association with

the plasma events at synchronous altitude., In FNicshida'a latesh worlck he has

lNishida, A., and N, Nagayama, "Synoptic Survey for the Weubral Line in the

Magnetotail during the Substorm Expansion Phase," dJ. Geopliys, Res., 78, 3782,
1972, ]
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éhuwn that thess sighatures sipnify the onset of neutral line formation in
the maptetotall, We are currently investipating the behavior of the plooma

at ATS-E an a time frame Jdefined by this onget,

L, ALl-8ky Camera Coordinstions

Dr, Bteven B. Mende of the Lockheed Palo Alto Rosearch Laboratory has acquired
a subsbantial bedy of ground-based optical data, all-sky camers and photo-
meter data, in coprdination with the ATS-5 partlcie data, These optical daba,
although more rastricted in their latitudinal extent than the naznetometer
chain data, have the advantage that on. can guantitatively estimate the
particle precipitation rase from the intensity of bhe emissions, and thereby
estimate the ptrength of pitch-angle zeatterine and the particle lifebimes

in cenjunetion with the plasma data. We have begun a comparison, in cooper-
ation with Dr. Mende, of two substorm events on 13 and 14 Pebruary 1970.

5. HNASA Alrvborne Aurcral Expedition

Professor G. G. Sivees of the Geophysical ITnstitubte of the University of
Alazka is currently analyzing data from the 1960 KASA Airborne Auroral Expedi-
tion in which the NASA CV-990 made opbtical observations near the foot of the
ATS-5 field line, We are cooperating with him in snalyzing some of the
coordinated results. In one event, an estimate of the precipitation intensity
of electrons irom the opbical data yields 1.9 ergs/cmz—sec-sterad (assuming
isobropy) while the ATS-5 data give the trapped electron flux at 1h.0 ergs/
cmg;sec sterad, The electron lifetime inferred from the comparison bears

out the puzzling trend reported by us carlier® for an increansing particle
lifetime with increasing flux intensity. These earlier resulbds vere based

on coordinated ATS-5 and polar satellite measurements,

2
Sharp, K, D., D, L, Carr, R. G. Johuoson, and E. G, Sheliey, "Covordinated

Aurorsl. Electron Observations from a Synchronous asnd a Folur Satellite,”
J. Geophys. Res., 76, 7669, 1971.
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6. September 1969 Bvents

Dr. Richard D. Sharp has been invited to participate in a seminar on selected
substorms in September 1969 at the conference on "The Electrodynamics of Sub-
storms and Magnetic Storms" at Bryce Mountain, Virginia, 11-1h June 1974. Dr.
Sharp will present the ATS-5 results during the selected substorms for which
multiply-coordinated data exist. The study of these events is being carried
out in cooperation with R. L. McPhervon (UCIA), G. Rostoker (Univ. of Alberta),
and E, W. Hones, Jr. (LASL).

T. Plasma Properties

We have begun a statistical study of the plasma properties at ATS-5 under
this contract. Unexpscted difficulties with the rather noisy data tapes

and an unexpectedly large number of requests from scientists wanting to
collaborate with us on various projects have prevented us from finishing

the project to this time. We have, however, completed the development of

a new computer program applicable to this task which overcomes the diffi-
culties assceiated with the noisy data tapes and provides for the automatic
processing of the in-flight calibration sequence data in order to allow us

to evaluate the effects of channel multiplier degradation on the experimental

results.

Iy
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APPENDIX A

THE EXPANSIVE PHASE OF MAGNELOSTHERIC SUBSTORMS

I%, THE RESPONSE AT SYNCHRONOUS ALTITUDE OF
PARTICLEE OF DIFFERBNT ENERGY RANGES

NOTE: Unfortunstely, three figures (2, 3, and 7) and

a few numbers in theée btext., 21l to be provided by the
University of Alberta co-suthors, hed to be left oub
of this version o¢f the paper ginece they were nct avail-
able in time o make the deadline for this report. The
final version of the poper as submitied to the Journal
of Geophysical Research will be forwarded as soon as

it is available,

A-1,
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The Expiansive Phase of Nagnetoupherie Subsforms

IT The Respense nt Synchronous Altltude of Pahticles
g . kY
of Different Energy Ranges

by

G, Rositoker and J. L, Kisabeth
Instdtuke of Earth and Planctary Physidces
Univeesity of Alboerta
Ldmonton, Canada
and

R, B, Sharp and E. G. Shelley

Tockheed Palo Alto Research Laboratory
Palo Alto, Californla 94304
Ul sl Al

Abstract

Data from the Lockheed particle detectors on ATS-5 in
gsynchronous orbit and from the ﬁeridinn line of magnetomcters
opetated by the University of Alberta are correclated for
periods of well defined substorm activity, Spécific substorm
events are presented whose veglon of maxlmum perturbation can
be accurately Ldentified using current system modelling tech-
niques, It is found that impulsive particle response at ATS-5
is correlated with changes 1n the auroral electrojet strudcture
during the development of the substorm expansive phase. The
response of the particle detectors appears to differ from event
to event depending on the geometry of the disturbed veglon of
the magnetosphere. It 1is concluded that the substorm distur—.
bance typlcally begins at low latditude and propagates poleward
in impulsive steps nnd that energetle éluqtron“cnhancements
are observed at ATS~5 when the poleward borvder of the electrojet

intensifies in the latitude range of the ATS-5 field line,
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This fact permits the mapplng of field lines in the equatorial
plane to the carth's surfnece at speelfic lnstants during the
substorm cxpansinn phase,

Introduction

With the {increasing interest Ln the theoretlcal des-
eription of substorm mechanigms over the last few years, 1t
has become necessary to attempt to define in great detall the
merpholopgy of the development of 'all aspects of the magneto-
spheric substorm, This has been done to some extent through
ground bascd monitoring and through recordings of interplanetary
and magnetospheric plasma and mapnetie fileld parameters ob-
tained by spacecraft instrumentation, The readex is refarred
to a revlew on polar magnetic substorms by Rostoker (1972) for
the detaills of such studies and a comprehensive bibliography.

Unfortunately interpretatlion of the data obtalned by
spacecraft and ground based instrumentation has always been
subject to 'some degree of ambiguity, particulariy in the
attempts to correiate the two sultes of data, On the part
of the satellite, it is extremely difficﬁlt to separate
spatial and temporal variations recorded on a moving vehicle
and multisatellite correlation studles are vare and alse
subject to considerable limitations, ”With regard to the
ground based studies, theve 1s a great problem in using
the existing widely apd irrvregulafly spaced network of

observatories to étudy vhat is essentially a spatially

a




localized and temporally short lived perturbation.

Data taken on synchronous satellites have bean very
valuable Iin establlahing the statdstdlcal behaviour of the
enevrpetiec particle distribution duri?g gubstorms, Silnce
the field lines at synchronous orbit drop Into the average
auroral zone, the satellite often sees intense particle
fluxes near the onset of substerm perturbations. In %ddition,
it 1s known that the inner edge of the plasma sh?et tends
to move 1inwards in assoclation with substorm ncti:ity
(Vasyllunas, 1968) and the average locatlon of the inner
edge of the plasmae sheet is such that 1t often sweeps over
a satellite at synchronous orbit (Schield and Frank, 1970;
Shelley et al., 1971).

Fluxes of very energetic electrons (E > 50 kev) asso-
clated with substorms have been astudied by Parks and Winekler
(1968), Arnoldy and Chan (1969), and Leznilak and Winckler
(1971) among others using ATS—A data, In particular Lezniak
and Winckler noted a statlstically significant difference
in the behaviour of the energetlc electron fluxes depending
upon the position of the satelllte with respect to lopal
midnight, They concluded fLrom theilr results that in the
evening sector substorms are assoclated with inflation of

the magnetosphere while in the morning sector they are




acecompanted by collapse, More recently Erdickson and Winckler
(1973) have shown that marked decreases in the encrpetic
electron flux 1n the cvening sector are assoclated with
substorm expansdve phases in the midnipht seetor,

Studies of the behaviour of energetie clectrons and
protons over a wlde energy range have been carried out
recently uaing ATS-5 data by DeForest and MeIlwain (1971)
and Shelley et al., (1971), and some of the results have
been summarized by Sharp and Johnson (1972), In particular,
DeForest and Mellwailn have elaimed on the bagis of their
data that they ecan use knowledge of the dispersion in the
energy traces of thedr speccrograms to infer the time of
injeection of the paritdcles into the trapping reglon. However,
at the present time it is unknown as to whether the energetic
particles exist prlor to the substorm and sre convected
inward in association with,the substorm expansion phase, or
whether they are accelerated durdnpg thac expansive phase.
Only in the correlative study %y Mende et al, (1972) has it
been established that for the one event which was studied
the increase in electvon £lux was a temporal and not
spatial event.

In our paper we hope to look further at this question
of-the separation of spatial and temporal effeects., To do so

we 'shall use data from the meridian line of magnetometers




eperated by the Unilversity of Alberta, Data from this meridian
line have been uged te separate the spatial and temporal five~
tuatlons of the auroral electrojet using techniques deveawvped

by Bonnevier et al, (1970) and Kigabeth (:972), 1In additien

the geometry of perturbabtlon current systems asscelanted with
clectrojet development has been modelled (Rostoker and Kisabeth,
1973; Kisabeth and Rostoker, 1973) and these modelling tech~
niques will be used to estimate the posltdion of ATS-5 with

respect te the intensified reglon of the wes:ward electrojet,

Degeription of the Dats Acquisition and Preésentation

The Lockheed experiment has been described by Sharp
etal, (1970). It includes six individual channel multiplier
detecvvrs whielh will be principally utilized in this work.

Four electren detectors use 180° permanent magnet analyzers

to define the differential energy windows listed in Table 1.
Two proton detectors utilize thin foils to define proton
thresholds at 5 and 15 keV. These detectors employ broom
maznets to sweep out electrons with energidas helow about 500
keV. Opne should bedr 4in mind that in constrast to the electron
detectors the proton detectors are inteéegral channels. The view
angles of the detectors are orlented approximately parallel to

the spacecraft spin axis and toward geojraphic north. Data




Table 1 Energy Ranges

of Detectors

Chan.idl

CHE=-A

CME-B

CME-C

CME-D

CTP-A

Crp-3

Particle
electrons
electrons
eclectrons
electrons
protons

protons

Enerpy Ranpe (keV)
0.65-1.9
1,9-5.4
5.9~17.8




from the ATS5-~5 wagnetometer are available through the courtesy
of T, Skillman, These doata have not been corrected for velhicle
backgrounds and iInstrumental effects and are used here only as
a qualitatdve guide. The Foot of the ATS-5 field line drops
into Central Canada near Lynn Lake, Saskatchewan (67.3°N,
316.1°E corrected geomagnetic), which 418 "~ 15° te the east of
thr meridian line of magnetometers, Local midnight at the
gatelllte d1s approximately 0700 UT,

The locations of the sites of the Universlty of Alberra
magnetometer line have appeared Lin several publlications (see,
for example,.&isabeth and Rostokexr, 1971). The coordinates
are listed fin Table 2 aloug with the code names which appear
in the presentation of the data 1dn magnetogram format, A
detadled description of the data acquisition appears in the
first paper of this series (Kisabeth and Rostoker, 1874) and
1t will suffice to sas here that the daota sampling rate of the
magnetometers gives a resolution of #2 geconds which is com-
parable to that obtalned for the ATS-5 data. The modelling
techniques are found in Kisabetl (1972) and invoive current
flow along the auroral oval while taking inte account the
effects of earth Induction. Tn the following sectlion we will
study the detalled development of three substorms, paying con=
siderqble attention to temporal and spatlal varlations of the

current systems during the expansion phases.




; Table 2

i Correeted Geomagnetic Coordinates of Magnetomater Line Sites

Correctad

E ' ” Code Invaricut Geomagnetic

‘5 Site Name LatLtude (°N) Longitude(oﬁ)

?

% Resolute Bay RESO 83.2 306.0

? Cambridge Bay CAMD V6,9 300.3

é Fort Reliance RELI . 70,5 + 300.0
Fort Smith SMIT 67.5 299.8
Fort Chipewyan FTCH 66.5 _ 301.3
Fort McMurray MCMU 64,5 302,7
Meanook MENK “ 62,2 301.2
Lech LEDU 60.9 301.35
Calgary CALG 58.8 - 302.0

- Newport NWPT 55.9 299.5
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Analyses of the Substorm Events

(1) Day 244, 197

—m

This day has some typlcal features common to many sub-
storms and also contailns some unusual agpects to the responsc
of the particles at synchronous orbit to the buildup of sub-
storm conditions. In additdon, the magnetoprams exhibit a
well-deflned behavior in the polar cap, auroral zone, and middle-
to-low latitudes which s 1nterpfcfnble In terms of the phase
of substorm sctdvity., The wmagnetograms from the statlon line
arve shown in Figure 3 of paper I; sclected magnetograms from
high-latitude, auroral zone, and low-latitude statlons are
shown in TFigure 2 of paper I, In addiclon to these data and
the ATS-5 data shown in TFigure 1, théwfollowing informatilon
was avallable: .

(1) Intervplanetary fleld data (Figure 1 of paper I);

(ii) All-sky camera datsz at SMIT; and

"(L44) Visual auroral observatlons at SMIT accurate to
* 10 seconds.

The interval of interest commences at ~ 0530 UT before
wlileh the actdvity was rather weak at auroral zone latitudes
and the interplanctary magnetlc fleld hal a northward compo-
nent. At v 0535 UT the IMF turned southward (the IMF was
observed. to turn southward at 0515 UT at Explorer 35; sce

paper I for extrapolation to earth) and stayed in that con-
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figuration for the durvation of the incerval of Interest,

At v~ 0530 a sharp substorm-type disturbance was noted
in the Alert magnetogram (Flgure 1 of paper 1), and at
auroral zone lotitudes (sce Figurves 2b of paper I) an eagt-
ward electrojet was observed to grow in the cvening sector
and a westward jet in the morning sector, By 0600 UT there
was clear eastward electrojet activity 4in the evenlng sector
and westward clectrojet activlity In the morning secctor (sec
Leirvopur in Flgure 2b of paper 1), During this time low-
latitude observatories bepan to show depresgion in the

H-component (see Huancayo in Filgure 1 of paper 1) and at

the ATS-5 orbit all celectron channels showed iIncreasing fluxkes

until about 0625 UL, This type of increase has been inter~-
preted by Shelley et al, (1L971) as che signatuce of the
inward conveeting plaswa sheet engulfing the satellite, On
the ground no visual aves were apparent at the station line,
although one cannet rule out the possibility of diffiuse
subvisual auroral luminosdity. Also at about 0600 UT the
encrgetic proton fluxes began to decrease (sce CFP-D }n
Fipure 1) as a characteristic midnlght sector signature in
these particles began to develop (Sharp et al,, 1970;

Mende et al., 19723,



From % 0620-0640 UT the elestron fluxes decreascd in

i ' all channels, starting at high energles and moving sequentlally
P to lower energles., By 0648 UT clectron fluxes were obscrved
above detector Dackground only 4in the lowest encrgy channel

(CME=-A), This snquence of events was quite unusual. Decreases

in the more energetic particle fluxes In conjunctlion with

i substorms are a common occurrence at synchronous orbit (Leznlak and
i .. Winckler, 1970; Bogott and Mrzer, 1972; Erickson and Winckler,
ﬁ‘”1973) and are generally intcrprétcd ag the result of ecarthward
- motions of the trapped, particle populatlons with stecp negative
radial gradients (i.e., boundaries) to the fluxeé; however,
g the electron fluxes in the energy range of the Lockheed spec-—
trometer rarvely reach such low levels as secn in Figure 1.
A reasonable dnterpretation of this event is discussed later.
The 2 c¢omponent qf the ATS magnetometer, BZ (the
component along the spacecraft spin axls - approximately
geographic north) was generally decreasing during this period,
reaching a minimum at v 0630 UT after which 1t was level untll
the onset of the major substorm. Examination of the other
components of the spacecraft magnetometer (which are available
only at much reduced temporal resolutdion) iIindicates that the
change in the Z component was principally due to a rotation

of the fleld intn a more tall-llke configuration rather than

a magnitude change,




After Q647 UT a quiet arc beecame vislble at SHMIT; the

are appeared to be approximately over FIoU (67.09N) and was

quite faine,

The above-mentioned sequence of events appears to have
oceurred durdlng a tlme intevval when there was no substorm
activity din the average adroral zone. Such a period might
be construed as the growth or development phase of the ensulng
substorm cxpansive phase sctdlvity. On the other hand, there
appears to be very high-latitude substorm-like activity going
on at this time which 1s discuesed in detail in paper I of
this series. At Alert (gee Figure 2 of paper I) we sce
evidence of a2 lavpe amplitude magnetic perturbation near
0530 UT when the IMF turned southward and subscquent substorm-
type activity untdl ~ 0640 UT, it is Interestlnyg to note
that the cessation of actilvity in the polar cap corresponded
to the appearance of visual are activity In the auroval zone,

The substorm which folliowed this buildup of activity
wns observed to onset In both the magnetdle and auroral sipg-
natures at 0654:34 UT. 'The center of the current system was
v 64°N (dnvarient latitude) and Lt was dnltially
no more than 3% in width. The diagrﬁms showing the develop~
ment of the expansive phase are shown in Figures 6-11 of

paper L,

e et ko amemt 82
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At ATS-5, no responsce to the substorm onset was ob-
served untdl 0658:20, At that tlme the electron fluxes began
to dnerecase simultaneously in all enerpy ehannels and Bz
increased by approximately 10 gamma. Examination.of the
other cowponents of the magnetle field dindicated that this
change was also primarlly a rotatilon, but this time to a
more dipele-like confilguration. Approximately one minute
later there was a very rapild dinerease in proton flux. The
fact that the electron flux increases began nearly simul-
tanecously in all energy channels Iindlcates that the particles
originated Iin the near vicinity'of the satelllte rather than
being Injected or heated elsewhere and drifted to the satellite,
It is noteworthy that there was a delay of about four minutes
between the onset of the expansion phase Iin the auroral zone
and the rapid changes dn particle fluxes at ATS-5. This
implies Lhat the indtiol substerm onset did not cGeecur on the
field iine passing through ATS-5, Since the prinelpal effect
tn the ground observations was a poleward propagation of the
expanding northern border of the electrojet, we infer that
the radial outward motion of this disturbance was the cause of
the sudden particle changes beginning at 0658:20 UL, We also
note that after the initial omset at 0654:34 UT the peak

disturbance of the electrojet was " 100y and it retalned that
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magnitude wntil afcer 0657:37 UT. MNowever, by 00658:34 UT,
the disturbance had move than doubled ladleating that at

Y 0658 the currvent flow dntensifded shavply. In additiown,
there was a pronounced northward motion of the auroral ares
over the statlon Iine at this time. Finally, we note that
the D-component vesponse at the station llne was negative,
indlcating that any surge actlivity was to the casgt of the
lLine aud ecloser to the gatellilte.

Lf onc associates the sudden particle flux inerease
at ATS din the perdod aftew the onset of the expansion phase
of the substorm with the poleward propagation of the northern
bordewr of the electrojet, one can infer seme valupble dnfor-
matlion about the location on the ground of the fleld line
pasdging through ATS. At the tlme of the fnicial development
of the eurrent system (v 0654 UT) theve was no Elux increase
ochserved at ATS, dmplydng tha§ the nevrthern border of the
glectrojet at about 65° (invardient Llatitude) was
equatorward of the ATS field line., This puts a limit on the
tail-like distortion of the geomagnetic fleld at thils time
close toe the onset of the substorm when such a distortion
should be at a maximum, At the time of the rapid particie
Elux dnecrease {0658:20 UT) the lacation of the fiorthern border

of the electrojet was at 56° = 0,5° {invarient
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latttude)., We Lﬁfcr that thils 1s the fleld lince passing
through ATS at vhis time, This ls to be compared with the
prediction of the internal filiceld model (GSFC 12-66) which
gives the invariant latitude of the ATS fleld Line as 67.6°
and the model of Falrficld (1968) whiceh gives a magnetic
latitude of approximotely 66°. Thus, at this point in
substorm time, the gromagnetic fileld line at ATS was 1in pood
agreement with nmodels of the avevage fleld,

Between 0701 and 0702 UT the electrojet Intensified
sharply, and until 0704 UT the poleward border expanded
northward again. Between 0704 and 0705 uUT, there was again
a sharp intensification of the electrojet. The markaed +AD
near SMIT indicates the presence of a surge or loop {whieh
was vigible on the ASCA). The surge wag short-lived and had
vanished by 0706 UT, During this period between 0701 and
0706 UT the electron spectrum ,continued te harden and there
were many rapild vardiations 4dn the particle fluxes, but there
was no clear one-to-one correépondcnce between the particle
flux variations and the electrojet intensificatlons. These
large rapid reversible variationq‘in the particle fluxes
are frequently observed to be superimposed on general flux
increases and have previously been interpreted as adiabatdic

motions of existing particle populationsg vather than new
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injection and rapild loss of particles at the satellive (Shelley
et al., 1971), The mindmum Lifetime Foy these trapped particles
duc to strong pitch-angle diffusion is long compared to the
times of the obscrved fluctuatiouns; thus, to produce the
observed flux reduction rates by loss processes would require
a mechanism mueh more efficlent than piltch-angle diffusion,
On the other hand, a possible mechanism for the adiabatice
motions of the particles 18 a d;ifc wave instabllity in this
riaglon of steep radial gradients in the partiele fluxes
(Hasegawa, 1970), | |

Although there was a lack of detalled cerrelation
between the particle flux var}ations and the magnetle pertur-
bations on the ground, there was general ngreemen; between
the time durdng which the electron flux observed at ATE in-
creased and hardened and the time during which the electrojet
intensified (based on the Al pcrturbation) near the ATS field
line. This strongly indicates that ATS was insdde the expan-
slon phase Begtox approximﬁtely‘lSO cagt of the western
edge of the substorm-assoclated westward electrojéi.
The modelling in Kisabeth (1972) sugpests this westward
electrojet 18 ~ 50° in longitudinal extent, so that
ATS 1s still 10° west of the center of the glectrojet., It

is also interesting to note that 1t was just duriug this



period of vapld clectron encrgy flux increase and Lntensified
clectrojet activity that the equatorlial magnetic Efeld was
rapldly rotating toeward a more dipele-like configuration.

As has been indicated there was an cnergy dispersion
in the dropout of the various electron channels 4in the perlod
after 0625 UT with the more encrgetle eclectrons decreasing
first, The order of this dispersion was reversed in the
rapld recovery after 0658 UT, A posedble interprotation of
this saquence 1s suggested by the magnetle latitude dependence
of the average cnergy of the plasma sheet clectrons ot 18 RE
as reported by Hones (1968), These results indlicate a
softening of the spectrum with Jluercasing latltude, The ATS
satellite at 105°W longitude is approximately 11° above the
geomagnetie equator. Thus, 1f the plasma sheet on this
occaslon had a limited latltudinal extent, gradually con-
tracted equatorward beginning.at 0625 UT, and thereafter
rapldly expanded at 0658 UT, one might expect a signature
similar to the one observed in the electron channels during
this period. This is,.of course, under the assumption that
the plasma sheet electron spectrum on this occasion had a
latitudinal dependence at 6.7 RE gimilar to that reported at

18 RE.
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flones et al, (1973) report that a gradual thinning of
the plagma sheet takes place for some tens of minutes before
the expanslve phase of at least some substorms, This gradual
thinning Ls obsexved [rom KSM.?’"G RE to at least xSM " -GORE.
They further report that the onget of the expansive phage of
the substorm {8 accompanlied by further thinning at distances
beyond XSM’5 -15 RE but inftiates rvrapid thickening at closer
distances to the earth, The later thickening beyond Xey ™ ~1l5
RE 18 asseciated with a rapid peleward shift of the prineipal
current of the auroral electrojet, In Elgure 1, we see what
could be interpreted as "thinnlng" starting at about 0625 uT,
30 minutes before the onsct of the expansive phase, and the
corresponding "thickening" four minutes after this onset,
The "thickening” was associated with the rapid northward
expansion of the poleward border of the westward electrojet, We
feel that the remarkable morphological correspondence between

the ATS vesults and the vresults of Hones et al. (1973) pro-

vides support for the interpretatlye of the electron data

outlilned above. :
This passage of ATS inte the lobe of the tail is an

unusual event relative to the body of data we have examined

to this time, It dimplies a magnetic field configuration such

that the plasma sheet is displaced southward with respect to




- 17 =

the geomagnetic equator, which in turn is about 21° south of
the ATS location on the geographic equator, Some support for
this pleture is provided by the data from Ploncer § (Lazarus
et al,, 1973) which indicate that the solav wind is [lowing
with a relatively strong north-to-south component near the
time of interest, The one~hour average value of the flow
component normal to the ecliptiec plane 1s -68 km/sec for the
period from 05 to 06 UT on September L, 1970 (the closest
avallable data)., This Lls the 9th largest hourly value of

the 296 values tabulated for the month of September,

For the duratlon of this substorm event after 0706 UT
there wera persistent guasi-perlodic intensifilceations of the
peleward border of the electrojet, as described in paper I,
However, none of the ATS parameters respond slgnlficantly
in conjunctioen with any one of these events, The electrons
malntained approximately constant flux intensitles which were
slignificantly harder and more intense than those assoclated
with pre-substorm conditdons and the ﬁrotons gradually re-~
turned to about their pre-substorm levels hy 0745 1. The
fact that no further impulsive intensifications of energetic
particle flux were noted after 0706 UT suggests that any
further injections did not take place as close to the earth

as the ATS-=5 orbit.
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One further fact Ls apparent from this event, That

: 1s, after the Lnitlel part of the expanslve phase, there is

every reagon to believe that ATS~5 1s on fleld lines which

§! drop into the auroval electrojet, Now it 1s clear that for

f " an hour (at least) after the onset of the event, the electro-

k jet 48 very wlde and very intense, so that there must be

I
j‘
li
i
i
'

considerable precipicatlon of energetiec partlcles to maintain

ik, The relative constaney of the fluxes measured by ATS~5

in this period dndicate that the loss of e¢lecctrons to maintain
! . the level of lonospherle conductivity is gmall compared to

the net flux available.

One can see 1f this i1s ruasoﬁable by estimating from
the measured f{lux level at ATS, what time would be necessary
to dump the entire contents of the f£flux tube dnto the lono-
sphere at a rate mnecesgary to nmaintaldn say an IBC, Class I,
aurora, Assuming lsotropy, the omnidirectional electron
énergy flux at ATS (¢ATS) between 0700-0900 UT was of the
order of 100 ergs/cmz-scc. The precipitation rate into the
necessary to maintain a Class I aurora

¢ion)
1s 0.6 ergs/cmz—sec (Dalgarno et al., 1965)., The electron lifetime

: fonosphere (

Yars t Pion
Pion 8 Bars




- 19 -

wvhere T 1s the pavtiecle bounce perted and B 1y the fleld r
magnitude at the appropriate location, For l0-keV electrons,'

T 1s approximately four seconds, is approximately

Bion/BATS
400 and TLtv 9 hours, This 4is approximately a factor of ten
longer than the minimum lifetime due to strong pitch~angle
diffusion (Keunel, 1969)., 8o we sce the £lux at ATS is
sufficient to malntain a considerable percipltation level

for an extended perioed of time,

In summary, the perlod of Lnterest for this substorm
began at about 0530 UT with the sﬁarp onset of magnetic
activity at high latitudes Iin conjunction with the southward
turning of the interplanetary magnetic field followilng =
period of several hours during which the field was northward,
A rapid thinning of the plasma sheet was initiated at ~ 0625
UT, resulting 1in a marked drop in the fluxes of energetic
electrons but no significant.ground»based magnetic signatures.
The onset of the expansive phase of the major substorm
vccurred at about 0654 UT. The electrojet intensified and
gexpanded northward in several impulslve events in the period
between 0654 and 0709 UT, The poleward border remained

unchanged for approximately the next hour while the entire

- electrojet was subject to localized irregular intensifications.

Thereafter the northern border decayed while the southern
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border experienced marked fluctuatlons, At synchronous orbit,
the ATS-5 pavticle observatlons showed the clectron fluxes

te he pradually {ncreasiong Letween 0530 and 0620 UT and then
decaydng untdl the substorm expanslve phase onset., During
this period the magnetic fleld at ATS was becoming more tall-
like., We have dnterpreted thils sequence of events ag a
motion of the plasma sheet over the satellite leaving the
satellite temporavily above the high-labtitude edge of the
plasma sheet and therefore in the lobe of the taill, At about
0658 UT there was a very rapld fintensifdcation of both the
electron and proton [luxes. The energetdec (E » 6 keV)
clectron £lux continued to increase sipnificantly while the
magnetic fleld of ATS became more dipole-like between 00658 and
0707 UT, the period of rapild growth of the electrojet. Ve
have interpreted thig as the outward propagation of a distur-
bance which 18 heantlng the eltetrons and thereby expanding

or thickening the plasma sheet. After about 0707 UT the
particle fluxes did not change dramaticaliy during the
remadinder of the substotw, but the Llux dntensities werse
ndequate to provide the precipltation necessary to malntain
the electrojet wilthout significantly diminishing the trapped

pnpulatién.




(L1i) Day 195, 1970 (July 1l4)

This was a relatively active day with pronounced
substorm netivity In the Intervals 0130-0500 UT and 0640~
0900 UTL. Only durdng the latter perlod were ATS-5 and the
statlon line in the disturbed sector of the nightsailide magneto-
sphere se only that sequence of activity will be studied in
detatl, The statdon line magnetoegrams for this perlod are
showti In Figure 2 and selected normal magnetograms Erom the
North Amerilcan sector are shown in Figure 3. The data from
the ATS-5 particle detectors and magnetometer nre shown in
Figure 4., The fivst iIndication of the development of activity
in the North Ameridcan sector was at 0640 UT, when the growth
of a weak westward electrojet was noted at Churchill
agssoclated with a substorm onset. The center of the eclectro-

jet was somewhat south of Churehill, Theve was a second weak

intengification at v 0700 UT, .again slightly south of Churchill,

but there was virtually no activity at the magnetometer line
save for a weak eastward jet centered at v 66°N.

At ATS there was a gradual but continuous increase in
the soft electron fluxes. The increase initially appeared in
CME-A and then 4in CME-B and CME-C in that order. There was no
significant increase in the highest energy'elcctron channel

during this perdod,
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The next signtfleant event began at v 0730 UT, and
tnvolved the shavp dintensifilecation of the westward electrojet
noted at our statlon line., The center of the electrojet was
at ﬁ?oN, and 1t was rather narvrow with the cquatorward border
belng at v 659N,  The sharp =-AD response indicates the current
flow was tllted with respect to a Lline of zonstant peomagnetic
latitude., The castward clectrojet remained relatively un-
changed at this time and produces a +AH peak equatorward of
the Harvang dilscontdnudty., The electrojet reached Lts peak
intenslty of " 80y ncar 0736 UT, by which time Lt had
broadened to streteh from 66-71N and its center had moved
slightlyhpolaward (see Figure Ba), During this event, there
were no signlficant changes at ATS unedl ~ 0735 uT. Between 0735
andVOfSG UT the electron flux increased and hardened slgnificantly
(the CME-D electron flux Lnercased by a facter of 6 - sce
Figure 4) and there was a ﬂlight increase in the proton flux,
There was also a very slight dec;ease in BZ {v 3y). The fact
that the electron flux increase occurred nearly simultancougly
in channel: € and D indicates that the satellite was in or
very near the source region. Inspectlon of the magnetometer
chain data via latitude r + profiles (sece Figure 5b) iIndicates
that there was an intensification of the northern border of

the electrojet at ™~ 0736 UT,
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Thus, while there was no chanpe 1In
the particle Ffluxes at ATS in assocdation with the substorm
onset at 0730 U7, there was a2 sipgnlficant eleekron flux
increase assoclated with the dntensification of the poleward
berder of the electrojet and the magnetic perturbatlon din
the equaterdal region at v 0736 UT. We can agaln interpret this
event in terms of a disturbance propagating outward after the -
substorm onset and thus producing a poleward shift of the
northern edge of the electrojet. However, the characteristics
of this event at ATS are different from the others discussed
here in at least two respects. First, the flux increase is
quite smooth and there appears to be little, 4if any, effect
in the low-energy electrons, Second, there was no gsignifi-
cant reconfiguration of the magnetlc field of ATS. Thus, it
may be that ATS~5 was slightlx to the east of the actual
diéturbance and the heated electrons rapldly drifted to the
satellite, It should also be pointed out that this was not
a large event in terms of the electrojet intenslty even though
it dnvolved a substantial perturbation in the equatorial
electron flux. After 0736 UT the event decayed up until
0748 UT, at which time the electrojet strengthened again

slowly with its peak being over SMIT (GB.ION). It is

l
1;
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noticeable that the +AN regime over MCMU (65.09N) {nvensified
simultancously with the -AN regime over SMIT. It 148 interes-

ting to note that the gatelldte B, Fleld became depressed in

v
associntion with a rotatlon of the field intoe a more tall-like
cenfiguration after 0752 UT. This Ls consilstent wlkth a sub-
storm Eo the cast of both the satelllte and the station line,
Alsa, there wag a slight lnerease In the CFP-B protong at

0752 UT consistent with Injection of these protons to the

enst of the satellite where substorm activity was in pro-

press  as sven at Churehill and Great Whale., Datn from these
two stations plnpolnt the subsgtorm onsat at 0742 UT, and around
thils time quiet auvoral avcs appeared over the station line

at the latitude of SMIT. The aves, whiech appeaved dnitially

in the ecast, gradualiy extended into the zenith by 0758 UT

at which time the westward electrojet completely dominated

the eastward electrojet to the south (see Figure 5¢), After
0802 UT the strength of the current flow decayed gradually,

and the aves and A2 = 0 erossover of the latitude profile

moved equotorward, By 08L9 UT the arcg were qulte weak and

the electrojet was centeved near " 67.5°N (sece Figure 3d).

Over the perlod after the 0752 UT ovent up until 0819 UT, the
fluxes of electrons and protons fell off slowly and the

magnecic field at ATS remained neavly constant.
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At 0819 UT, an event commepced durilng whose course the
entire nipghtidde magnetosphere was violently distorted, Expan-
slon phase sipgnatures were observed cleavly to eccur simul-
tancously From Huancaye (353.8%E) to Honolulu (266.5°E) at low
latitudes, fndicating that the disturbed region of the
magnetosphere extended over abt least 909 of longltude. We
shall sece that the wmaerostructure of this event was quite
complex., We wlsh to point out at this time that no ground based
signature of growth appeared to precede thilis wajor event, and ;
all that was noted vwas weak, but well defined, expansive phase
ackivity, lNowever, the magnetic field in the ATS-5 sector re-
mained in a tall~like configuration threoughout the period from

0700 UT uatll the onset of this event.

Fliret of all we note that a weak resldual westwaxrd :

electrojet remained across the statlon line at 0818:40 UT,

centeved at v 67.5°N {(sce Figqre 5dY. The sizeable -AD and
asymmetric character of AD dndleate our station line to be
neay the western edge of the westward jet. From Figure 3, we
see that fhis resldual electroijet is observed to the south

of both Churchill and Great Whale, biut the lack of AD distur~
bance Indlcates they are well away from the ends of the
cirrent system, It also indlcates this weak westward jet to

be quilte long.

-
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When the disturbance in questlon exploded, the onset
time was estimnted as close to G819:12 UT. At the station
Jine, the Inltial two minutes foeatured the growth of a
latitudinplly localized (670 < ¢ < 690) current element with
some small 44D perturbation, wherveas at Churelhill all three
components changed simultancously, At Churchill the lack of
+AD Iindleates no surge at that longitude: liowever, the
quasi-perdodic appeavance of AZ Indicates several impulsive
bursts of activity in this sector, whilch can be seen better
using the magnetometer line data,

By 0821:18 UT a sipgnificant +AD was in progress over
the station line indicating the presence of a surge ever
SMIT (Figure Oa).

The surge grew until 0823:21 UT (sce Fipure 6b) after
which 1t bepan to decay: however, at 08B23:3Z UT the
auroral arcs bripghtened and a ' new surge formed over SMIT
moving te the northwest. By 0825:24 UT (see Figure 6c)
an intense +AD region developed between SMIT and RELI, and
RELL was in a strong =AH (v 600Y) vepime., The surge died by 0827:26
UT (see Figure 6d), only to be regenerated near RELI at ;
n 0828 UT and again at v 0832 UT and ~ 0839 UT. Eaceh of
these intensifications invelved a +AD regime to-the north

of RELI. . ' !
|
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The Flrst ceffect observed in the particles was a
marked decreage in the high—eneréy electrons (CME-C and
CME=D) from 0815 to ~ 0818 UT, prior to any apparent activity
of either an auroral or mwagnetlc nature in the statlion line
g«'toer. There was mevely continued decay of the weak residual
electrojet centered at ~ 67°N. The ares were very diffuse
at that time but when they were brighter, near 0810 UT, they
had been noted as moving equatorward, This deerecase in the
higher-encrgy electron fluxes can be interpreted as an adla-
batie motion of the exdsting particle population resulting
from enhanced inward convective flow during this phase of
the substorm.

Between 0818 and 0819 UT, less than one winute prior
to the onset of the substorm, the energetlc electron fluxes
began to increase slowly, returning to thelr prior levels at
approximately the time of thc_suhstorm onset., Beglinning at
approximately the saome time, the ATS BZ field component slso
began te idncrease very slowly; however, due to the rather
poor resolution on the other magnetometer axes, it was not
possilble to distingulsh between a field line rotatlion and an
intensity change. In the period between 0820 and 0824 UT whan
the electrojet dntensity was increasing at the latitude near

the foot of the ATS~5 field line there was a generanl increase
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in the energetle clectron fluxes, During this perdod there
were also large osceillations In all the particle fluxes and
the magnetlc fileld inercasced from approximately 120y to 140Y
and rotated to a more dipole-like confipuration., The slow
Elux increases prior to 0820 UT may well have resulted from
adlabatic motions of the existing partiecle populations; but
the more rapid Increases, occurving after 0820 UT Iin conjunc-
tion with the fleld configuration changge and the Iintensifleca-
tion and northward shifting of tﬁe elccérojet, are again
most consistent with the outward (poleward) propagation of
a disturbance which is heating the plasma and enhancing the
precipitating particle encrgy flux, We estimate frowm the
groupd magnetometer data that the northern border of the
electrojet was at approximately 69° invarient
latitude at this time. Apadn, we should point out that the
rapld up and down fluctuationq of the particle £luxes are
most prohably the result of adiabatic motliens of the particle
populations in the reglon of steep rad}nl gradients, We also
note that at least part of the net overall flux change that
we observed could have been due te motions of the parcicle
drift shells resulting from the increased magnetic fileld.

By 0824 UT all particle parameters had reached
relatively stable values with a higher avercapge energy than

prior to the substorm intensification, 1In addition, the
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auroral actlvity over the station line had degenerated into
milky dirfuse activity over the entire night sky,

At 0824:20 UT, the auroral ares brightened strongly
to the southwest of SMIT, and the magnetle vecords (Figure 9¢)
show an intense electrojet developed to the north near RELT

(71.5°N). Tt Ls dimportant te note that there was not o

sipgnificant response to this event at ATS, In addition

there were no signiflecant effoects observed at ATS in asso-
eiatlon with the intensifications of the olectrojet which
followed at ~ 0828 UT, 0832 UT and 0839 UT. lowever, we note
that the major intensiflcatlons of the electrojet after NB24
UT occurred at latitudes above 68Y and we thus infer that

any electron injections associliated with these events took
plaece outslde (poleward) of the ATS~5 orbit, Nonetheless,
AT8-5 was on fleld lines which penetrate the electrojet, and
therefore must be on field lines on which electrons are bheing
dumped., The nmuldirectlional energy Flux of electrons at ATS
in this period was of the order of 50 ergs/cmz—sec

(assuming disotropy). This 1is enough flux to maintaln an IBC
class Il aurora for 25 minutes before depleting the flux tube.
Therefore, even without fresh dinjections of particles there
was enough flux at ATS to maintain sufficlent conductivity

for the electrojet for a considerable period. This lack of



-0 -

dramatic actlvity In the ATS parﬁiclu detectors when the
satellite 48 infoervred to be on field Llines penctrating the
electrojet ecquatorward of the poleward border is typleal of
the events we have studled,

To summarize, we note that during the first event, at
about 0730 UT, a narrow westward electrojet was centered at
v 6794 at the statlon iine and there was evidence that ATS-5
was near the castern end of the vepglon of the disturbance,
There were no changes dn the particles or the magnetie field
observed at ATS-5 at the time of the substorm onset (v 0730 UT);
however, there was a slgnificant increase in the energetic
electron fluxes at about 0736 UT in conjunctlon with an
intensiflcation of the northern border of the electrojet.

In splte of the fact that ATS may have been slightly to the
east of the main seetor of activity, this event was inter-

pretable in terms of the distdrhance inlitiating inside the

ATS orbit and preopapating outwurd.

The second event of this day which we covered in detail
vccurred at about 0819 UT, This event was rather widespread
in longltude and both the stntidn Iine and ATS-5 weve cleatrly
in the sector of the main disturbance. There was no classic

growth period preceding the event, but we did observe a




signlflecant deercase in the energetle eleetrons at the
satcellite beploning about four minuwtes prlor to the onset

of the substorm, Theve were gseveral clectrojot dntensiflea-
tlons observed at the gtatdon line In the period between 0819
and 0839 UT. The energetic electron fluxes increased slg-
nificantly in the period between 081Y and 0823 UT while the
field became meore dipole~like, There were several rvapild
fluctuations in all of the particle fluxes during this time,
but there was not a clear one-to-one correlatlon between

these fluctuatlions and time vardiations of the clectrojet
observed at the statlon line, It was, however, just durilng
this perdiod that the electrojet incensified In the latitude
range correspondlng to the ATS-5 field line, The later
intensifications of the electrojet occurred at higher latitudes,
Thus, again we can Iinterpret thils event as being dnitiated

near or slightly inside the A?S-S orbit and propagating outward
enveloping the satellite in the period between 0820 and 0823

UT as it progressed outward.

(111) Day 183, 1970 (July 2)

This was a moderately active day which included tweo
very large substorms near 0630 UT and L1045 UI, We shall
concentrate on the 0630 UT event, which had been described

in some detall in Kisabeth and Rdéstokew (1971), The station
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1ine magnaetoprams are shown In Fipure 7, and selected
magnetograms from the Horth American sector are shown in
Figure 9. The ATS=-35 data are shown in Flgure 9 , The first
indieation of activity was tite beginning of n slow rotation
of the nagnetde flold at ATS Into a more tatl-like configuration
starting at about 0400 UT, At 0444 UT a substorm onset
occurred In the Greant Whale sector {(the best estimate of the
time 1s obtained from the low-latltude magnetograms). Churchill
was necar the western end of the substoim electrojet. A
typlcal evening sector substorm signature was seen at ATH,
viz,, a gradual increase of the (A,B) proton flux at ~ 0446
UT and an approximately simultaneous rotation of B to a more
tall-like conflguration. At 0504 UT there was an 55C noted
at all low-latdtude nightside stations; it wus also seen at
Explorer 35 between the earth and the sun at v 0450 UT and
involved ;n increase in BTOT {rom v 8y to % 12y. At this
time (within the ilimits of our measurements) tlie plasma
sheet was pushed in past the satellite, as indicated in the
(A,B,C) electrons. Note the typical energy dispersion that

- has been interpreted as the signature of the soft inner

edge of the plasma sheet (Shelley et al,, 1971), The
satellite remained in this enhanced plasma regién uhtil the

start of the main event,
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AL the magnetometor ehadn {chooging the basellne at
A545 UT) no aectlivity was noticeable untdl » 0623 UT, at which
time p wenk westwand clectrojet was observed to prow centered
at 709N, This electrojer persisted untdl ~ 0632 UT when
the substorm broeke out strongly 4dn the ropgion of the merildian
line (Figure 10a). The electrojet dntensificd sharply at
w0639 UT (Figure 1O0b); this was an intensificaclion of the
existdng electrojet and not a northern border eflfect, Agaln
at & 0041 UT the electrojet experlenced a very large dntensi-
fiecatlon, alwost doubling from ~v 200y to ~ 390y in 58 scconds
(see Flgure 10e¢ and d). At this time the station line twaly
gntered the substorm sector (+AH at Newport and a large -+AD
over MENK dmplied passape of a leoop or surge dndleating the
western edge of the electrojet and passed over the statlon
line)}., The electrojet continued to intensify steadily until
v 0648 UT, at which time the Qorthern porder of the electrojet "
Intensified (see Figure 9 from Kisabeth and Rostoker (1971)
far the pertinent latitude profiles) and the 4+-AD perturbation
Indicated the deavelopment of é surge over SMIT. The electro-
jet novthern bovder remained weakly active for the perilod
0650-0726 UT with peak magnitude staylng betwean 600-700v.
After 0726 UT the electrojet decayed rnpidlyi

At ATS there were signlficant variations in the
particle fluxes throughout the perlod discussed, but there

was not a slwple one-to-one correspondence between the everts



observed on the ground and the principal partiele flux changes.
The satellite magnetie fleld and encrpetle proton [luxes showed
typleal midnipht scetor substorm signatures, namely a slow
decrease In flux and a rotation of the Fleld toward a more
tail-like configuration beginning between 0530 and 0600 UT

(see Flgure 9) followed by the beginnlng of the recovery of

the proton fluxes and the magnetic fleld between 0634 and 0636
UT. In the period preceeding the substorm onset (prior to

06032 UT) there were slow variations in the electron fluxes,

but there were ne dramatic varlations at the time of onset

of the expansion phase apart from an apparent Increcase in
turbulence, The turbulence inerensed durding the period of
growth of the electrojet noted between the latiltudes

and . The sttuation changed markedly at ~ 0636 UT (v 4
winutes after the enset of the expansion phase) at which time
there was n sudden fnerease In, proton E£luxes. This time 1s
slgnificant in that there was ne onset of pronounced growth

of the ring current as inferved frowm the low- and middle-
latitude obgervatories in western Norvth America (see Flgure 8).
After the sharp increase in proton "lux at v 0636 UT, there
were quasi-periodic modulatiouns of both the proton and elec-

tron fluxes., As discussed previously, these large fast

reverslble flux changes are interpreted as adilabatle motlons

of existinp particle populatlions with relatively large spatial



pradients, pervhape as o vasult ot dellt waves,

There wng o coutinued slow and frregular growth din
the fgh encrepy electron Flux?s and the strenpth of the
anroeral eleectrojer until aboub Q700 U, Tt wauw at thls timoe
that the poleward bovder of the electrejet was Cinally
confirmed as being north of - °N (sce Figures 10¢ and £).
There wins o c¢lear expanslon phasce signatore in Hz at 0713:42
UL, at which time the clectrojet dntensffied sharply at 67°N
and clear expaunglon phase signatures were noted at Viectoria
and Newport, There were no signifilcant echanges 4in the
particle L£lux levels asgoeclated with thilis event. The substorm
did not bepln to decay at the statlon line unedil about 0726 UL,
The particle fluxes changed only slowly and the clectron
gpectrum rvemained hard until aboue 0840 UYL. Again we sce
a situation where the ecleetron fluxes at the cquator arve
suffieiently intense (50~100 erga/cmzusec, assuming fsotropy)
to malntain the preelipitation nececessary to sustaln the lono-
spheric conductivity at a high level without themselves showing
any substantial depletion,

To summarize this event, the equatorial magnetic field
and proton fluxes measured at ATS dilsplayed a typleuwi pre-
midnight substorm signature beginning approximately one hour

prior to the substorm onset as determined from ground nbserva=-
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tlons, There was not a clear signature in the particle

fluxes in cofneldencee with the substorm onset; however,
there wad goad agreement between the rvapid vecovery of the
proton fluxes and B? inerease at ATS and the onset of ring

current grov *h observed at low latitudes about Four minutes

i after the substorm onsct was noted at the merlddian line.

On the basls af the electron fluxes, the ATS satelllte had

enteved the plasma sheet about 90 minutes prior to the

*ybstorm. During the period of electrojet nctivity the
. electron spectrum continued to harden and there were quasl-

periodie flux modulatlons in the higher encrpy electrons

and protons, There was not a simple one-to-one correspondence

between the Flux modulations dand electrojet acelvity. This
‘ event differs from the previous ones in that the poleward
border stayed in tlie vicinity of 67-687N for a lavpge
portion of the event (0632-0700 UT) before Lt moved further
poleward., Tt is signlfilcant that during the perioed 0632-0700
UT the energetic alectron Eluxes inereased in assoclation
with electrojet intensifilcation,in the fashion observed in
the previous cases where the poleward border of the electro-
} ' jet was inferred to map Into the ATS field line, Tt 1s also
important to note that, afrev the poleward border moved narth
of ~ GBDN, the energetic electron fluxes ntnbiliied in the

fashlon noted for the previous events.




Conciusiong

We have shown that there exists a clese welatlonship
Between the Fluctuatlens In the intenslty of the auroral elec-
trajet and ehanpes In the fluxes of cnerpgetic partlecles at
synehronous erbit, however this relatienshlp depends strongly
on the posltion eof the foot of i satellite Cleld line with
regpect to the substorm iutwﬁ@‘}iaa auroral electrojet., We have
shown that major injectlong ;: Lot onecemepts of energetic par-
ticle fluxes occurring in conjunction with substoxm onset or
intensgifications of the poleward border are only s@en when the
satellite fg on Edcld lines whicﬁ penetrate the roleward
border of the substorm disturbed reglon. When hhe satellite
is in a meridian plane that cuﬁé the aureral al;c?rgjcgi_
(whieh was the case for all the events prescnted in this
paper) delays between the appearance of energetie particle
enhancements and the substorm onset are related to the radial
displacement of the satellite with respect to the reglion in
the equatordial plane into which the subﬁtorm disturbed region
of the lonosphere is mapped, In particular, we note that forx
Day 244 the substorm was initiated earthward of the ALS
orbit, and at the time of the onset no partlicle enhancements
waere observed at tlie gatellite even though the electrojet

had dintenslfied in the longltudinal sector 4n which the

v
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gatellire lay, Only when the electrojet expanded poleward

in an fwpulsive Jump (see paper I} did the partiele fluxes
enhanee aharply and, ag lor the onset, the intensifled
eleetrejet lay fn the lonpgleudinal sector of the satelldte,
The laeck of disperslon among the encrgeétle cleetron channels
also indleated thae rhe pavtleles were injected elose to the
satellice merdddian plane, On the bands of these observatlons,
topether with gorvoborating evidence from the other eventy
studled tn this paper, we conclude that ouly when the foot

of the satellite fleld Line pueneteates the veplton ol the
poleward border of bthe dlenospherie clectrojet, are impulsive
pavticle dnjections obsevved at the satellite at the same

time ay the fintensiflecation of the poleward berder 1s observed
near the eavth, This observation eppllies only to cases wheve
the satellivte merldisn plane cuts the substorm dutenslliied por-
tton of the elecorajet. Tt is clear thaot sddden enhancemonts
of particle fluxes wmay be obscrved at synehvoenous ovbit cven
Lf the satelldite is displaced 1ong1tudinully from the substorm
disturbed region, and that such enhancements will be deluyed
with respect to the assoelated vlectrojet intensification

by some tlme velated to the drift veloeity of the energetic
particles, lowever, for sueh cases thare will be ddspoerslion
noted among the cenergy channals (8ee DeTForest and Mellwaldn,

1971) and these may ecaslly be ldentified by that silgnnture,



We alse note that, when the satelllte sees Ilupulsive
enhancemeutls of enerpgetic partlele fluxes, theve are
generally severval vigses and falls o particle fluxes before
peak fluxes ave reached, The short time scale of thig
charvacteristle structure on the leadling edge of the rise in
pavticle £flux suggests that these ave adiabatic clianges
associated with osclllations din the Qoaition of the edpe
of the plasma sheet or other replons of strong radial gradients.
The intensity of these rapld wvariatlons in flux suggests that
there Ls consifderable turbulence in the plasma sheet at least
at the times of substorms.

Finally, we have shown for all the cvents treataed
in this paper that when the peleward bovder of the substorm
intensified auroral electrojer has expanded poleward so that
it lies north of the nominal position of the foot of the
ATS [dleld line, foew dmpulsive Purticle effects are noted
even though the ATS fdeld line then dropg inte the heart of
the auroral electrojet. As we have pointed out in the text,
under these counditlons the pavticle fluxes, while relatively
stable, are considerably enhanced relatlve rvo the pre-
substorm levels., The lack of impulsive particle effects
at this time, degpite the many impulsive intensifications

of the auroval electrojet which may take place after the
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poleward bovder of the electrojet has passed to the north

el the foot of the satellite field line, inddlcakbes that

any further partiele injections occur radianlly outside the
ATS orbit and therefore cannot be observed by that satellite,
We have further shown that the fluxes are sufficiently large
after the dnjection has oecurred on the drift shell

occupied by the satelldite, to support a precipitating flux
capable of malntaining the auroral electrojet,.

On the basis of the observations noted above, we fegcl
that we may conclude the followinp facts about the substorm
process., Filrstly, we conclude that the observations are
consistent with a wmodel in which the substorm onset represents
the initiatdon of a disturbance on field lines connecting to
the lonosphere in the teglon of Fhe initial electrojet
intensification, This disturbance, which produces a heating
and precipitation of energetip particles, moves outward in
impulsive steps during the expansive phase of the substorm,
which is seen in the lonosphere as thegelectrojet torthern
border intensifying dimpulsively and moving poleward., Prior
to the substorm omset, there may.be a decrease in energetic
particle fluxes similar to the thinning observed by the VELA
satellites deep in the tail (Hones et al., 19 ) and undew

unusual circumstances (such as on Day 244) ATS may even enter
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the lobe of the tall at which polnt the energetie clectron
. fluxes drop to extremely low values, The sharp increascs
in pavtiele fluxes moy then be compared to the plasma sheat
I thitekenings obsevrved by the VELA satellites, This agpect
of the behaviour aof the particle fluxes at ATS will be
! dlscussed dn paper IIT of this seriles (Mones and Rostoker, 1974),
Finally we wish to vodnt out that, the [fact that
dmpulsive lnereases din partiele Ffluxes (showling no dispersion)

? occur only when the foot of the satellite ficld line pene-

trates the region of the northern border of the substorm
? excited elecktrojet, allows one to map magnetle field lines

from synehroneous orbit to the fonosphere. It is, of course,

clear that thls mapplng techunique ean only be used at one
time during the substorm namely when the satellite 18 on a

fleld line which penctrates the poleward border of the

electrojet, However, when carefully used, the technique

: descyibed above may be extremely useful in the process of

mapping field lines from the ionospheye to the outer

maghetosphetre,

=L
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Coordinates,

Code Names,

APPERDIX

in North American Sector

and Sensitivities of Magnetometers

Site

Alert
Churchill
Great Whale
College
Leirvogur
Huancayo
Fredricksburg
Bopulder
Newport
Victoria

Honolulu

Code Corrected Geomzgnetic
Name Latitude{oN) Longitude(oE)
ALER B6.5 122.¢
CHUR 70.0 326.0
WHAL 68.2 353.8
COLL 64£.9 260.3
LEIR 66.3 2.0
HUAN - 0.6 353.8
FRED 51.8 352.2
.BOUL 49 .3 315.7
NWPT 55.3 299.5
VICT 53.9 292.6
HOLU 21.1 2&£5.3

Seasitivity (T ¥v)

H(X)

137
84
138
78

138
24
24

45

25

D{Y)

139
B6
138
37

138

1486

78

138

30
35
64

&1




FPIGUEE 1
FIGURE 2

FIGURE 3

FIGURE &
FIGURE 5
FIGURE &6
FIGURE 7

FIGURE 8

FIGURE 9

FIGURE 10

FIGURE CAFIIONS

ATS-5 data on Day 2ih, 1970.

Statlen line magnetogruame on Day 195, 1970.

Mugnebograms from sbandard observatories in the North
American sector, Day 165, 1970,

APE-5 data on Day 195, 1970.

Latitudinal profiles on Dey 199, 1970.

Latitudinal profiles on Lay 193, 1G70C.

Station line megnetograms on Day 183, 1970.

Magnetograns from standard observatories in the North
Americen se«bor, Day 183, 1970,

ATS~5 date on Day 183, 1970.

Latitudinal profiles on Day 183, 1970.
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