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CHAPTLDR I

THTRODUCTION '~

) , « -“-..a
Structure of the Marmoetosphoere
s " | . .

It is now recpgﬁized that, .in addition, to
Qldétromagnétic ;éd@ationf‘tho Shn coniinually“&ﬂits a
.;treaﬁ'df gnergetic electrons ant pfotoﬁs “nown as the_
solar wind:’ It distances of 1 a.u. from the §uﬁ,lkypical
soia% Wind volocitiesTare 7 330-500 km/sec while numbor . o
dcﬁsgﬁies are of thotérder df H_SflO/cm3, U;dér normal
circémsLéncoétic_vglocity.of.the’§o%ér y%nd e%é;éds'° o
Lpth\the VcloQitj of souhd and t&e Alfven voloéity in the
Lo ‘ : - - ‘ , . ©
intcrplanctgrytmcdidm. The solar wind carrics with it
éhe coronal magnetic ficld»of thg sun thch isvterﬁ;d'
the interpianéta:y‘magneticfficld (Imf).‘ Typical valueé
of the I!I . at the orbit of thé earth ‘are ‘. 5-10 nT; with
approximately éO%QOC,Ehié field lying in the eéliptic
plane.~ - | , . i

The carth acts &s -an obstacle ;5 thé solar wind/;
fioﬁy and tho chafacﬁér bf»ihc-flbw in t%é‘vicinityiof the .
obstaclé £an be undéfstood in terms of hydrodynamic and
nagnetohydrodynamic thddry,(Sprcitér and” Alksne, 1969) . !

Althoughh the maln mugnctic Tield of the earth is nearly

dipolar, the interaction of the solar wind with the earth's



-{2

v . .

magnetic flield results in a distortion of the ficeld con-

figuration where the fiecld in front of the carth is

compressed wnile behind the ecarth it is distended to

s . " . . N . N —
great distances forming a distended-tail (Ficure 1.1).

BN X v .
.Sipce the solar wind velocity is both supersonic

by “ X
and supcr-2ilfvénic, a standing magnctohydroo

tarnic shock
wave erists upstreas from the boundayy between the

H

interior of the cartﬁ's magrsetic ficld cavity and the

solar wind plasma (Aﬁfbrd,_l962: Kelloyg, - 1962) . Ihé .

.
.

effcct of this D shoek wave 1s to slow_down (and therefore
.: N . . . ' ) . 9
thermalize) the” solar wind plasma so that it can flow

around the obstacle which the earth's mavnetic field

conffguration represents. The siiccred plasma whilch flows

~around the hmagnetic field ¢avity is called the magnetosheath .,
ey . L
e o ,

'S : = - . . y
A sharp boundary, termed the magnetonause separates the
)

.

.Jmagnetosheath, plasma from the region dominated by the

earth’'s main field which is kno¥n as the maonctosphere. At

the magnetopause boundgyky, the pressure of the earth's

.

magnetic field balan

s the dynamic préssure of the shocked
solar wind plast.a in the magnetosheatn. The geomacnetic
field has. an intensity of “ 50 nT just inside the magneto-

4 \

pausce, with a sharp drop at the boundary to typical
o L
. °

maghetosheath. values of v 10 nT.
The magnetid fiecla

«

of the earth under thé sweeping.

actionh of the golar wind forms a magnetic tail in the anti-



T'T danbrg

- R . \
. R /

, : 3 . p dden R DIED]
R R CE 1T 133Ys pad ,
e NN ewse|q }: -1senp / .\&o:m%am

g e [N . ;
. S . /

D - oesnedolsubeyy U - —

: uoouws ,.wo 1QiQ .
& « N . .
N = ‘ .
. o
‘
SN ’
ot ’ o

1 .
402~ .,7/ AP ) \

/lms__m

G\ €E——

\ow .

S ——

puim Jejog

.

[}



solar direction., Thus behind the earth the magnetovausc

beconmaes a cylindrical surface. The radius o

Y .
tail is approximately 22 RE and remains the same for at
. e Y .
. ' e r

3

least 100 R,. As scen from Figure 1.1, it is the magnetic .

|9

‘field of the polar cap which has been sert back bybthe_solar

‘wind. fThe incoming field li%hes in the northern half ard

the, outgoing frold-linCS‘inﬁtho southern-half of the

magnetic tail are separated by a thin layer where the
TR ; L

intensity of the magnetic field drops essentially to zexo..
. N - ~ N

This neutral layer has a tiuickness of about 1000 kwm and

is called the neutral sheet ~(liess, -1969) ., ° '
tie ecarth's magnetosphere

Ead

The magnetic tail of
“has been detected with certainty by satcllites orbiting
the moon so that it definitely extends at least half a

..

million kilometers in the anti-solar direction (less et al.,

1967a). liaripcr 4 (Van ‘Z21len, 1965) Mas found no evidcence
\ . e ST . :

2
-

of the tail at 3,300 RE’ Wheréaikobservétions with Pioneer 7.

near 1000 32 were rather'ambiguoﬁs (iless et al., 1967b)..
On both sides ofAUu:neutrégjsheet, satellites

chave found high fluxes (10° ,-10% el cm 25!

electr&&s with_energies typically of the order of a few KeV.

This. region, in which %the neutral shecet is ermbedded, 1is.

called.thciplasma sheet and has_a thickness of &bout 10 R

(Bamevét al:, 1967}. The.plasma sheet starts beyoh&’thg

3

£ the magnctic

) of low energy

o

BY



termfnation of the belts of traopped radiatiqgn (i.e. beyond

the last field lines tha* maintailn their neayly dipole shape

- ' . " ) . .
as the carth rotates) and has been observad te extend out
; ; v 4
. 1 L. . . N _
to at least 100 F,, beyond which no, opservationrs have been
. o N
made, , o ‘(

. . : - { ‘
Close to the earth (3-5 RE) the particles in the
. _ ) . .

magnetosplicreé are trapped in the earth's magnetic field.

This region:of stably trapped particles is called the
>Stably trappred

particles is Xnown as the plasmapause. Just outside the

@

plasmasphere and the boundary of these

P

plasmasphere is a region consisting of yguasj-trapped

p@rticles. The particles in this region are stably.
trapped on the day side Of the earth. Howevar as tae
sarticles in this regicn drifec around to the night side
P . . gl nig

E)

of the earth, the earth's magnefidc field becomes

°-
sufficiently distorted to sometimes dllow these particles
to escape down field lines imto the earth's ionosphere,
or out into the magnetotail.
1.2 Magnetospheric Storms, B 4
. ld

When the sun is active the solar wind interacts

.with the earth's magnetic field and causes an enhanced

level of magnetospheric disturbance. When the disturbance

. ) : . . - . .
is 1ntense enougn, it may be .called a magnetospieric storm.

.8 . ) ot v

4
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substorn Dntey Bubstorins Involving di fooreat nk’ N o

v

the clectromagnet e spaoctrun, There oo the auroral

S L SO N v o yen ] s e v . N R BN ISR TN 1 (S oy s et -2
SUstor, tae polar magnoetic substorm, i LONOGLhoerie

\ . 3 - \ ‘
Lt g . S S o N P . e - R N T
substorm, thd -7 b L, Ao proton 2arora substorrm,

the UL endlns ion sulbstorm, and “he microsalsation suabstorm.,

Throughout s

intorosced in

',
the curoral and

T ) . - 4
of . e
K H .l m e = 4 [N Ny s Ty ) vy e 1
: During a <uict rericd (namely, the nericed betuoen
ey .

T S U —~ = oL . .
twO sucgessive substorms) culst . arcs i1i¢ along an
oval belt :nhown o5 the auroral owval, tgation is
saowns in Pidure 1.2 in walchh the average cation of the

oval  1s indicated. - Thd aurcral oval discussed ahove is

» . . .
obscrved during averace (wmodorately yulet) conditions.

v

N N ol s .
In veriods ol extrame

ulet the nighy-time scctor of the
"_auro:alv oval. moves up to ;:comégnetic latitudes of -
“while during great storms this sector has boeen ov‘se'r\'ec:
at latitudos beleow 50°.

Figure 1.3 shows the growth and daocay of a

. The first

brightening of cne

of the gulet dres 1lying in the add-night secter of the oval
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r marticulardy the

<

arc¢ clogely related., Thus

polar magretic substorm is

auroral substorm. The devélobmnont

JEhe polar maynotic substorm can be brolien down into at

;

lenst two basle pha 3. The expansive nhasce features the
” . N N

sudden onset o

2
[ Loy N e — Ty
phrase reaturaes the gradual

system over the following one to two lours.
3

Dur:ing guict tines fhore culift two steady state
‘ » ,

current systens on the night»side of tic ecarth in the

.
1ows In tig-castward directibn on the evening

side of.the aurorzl oval while thwe other currcnt called the

.. o o :
wesbtward electroict flowvs in the westwafd a:
N - o ) -
. o g
morn:ng side ol thie aurora val. The configura

<
cx Shase subztorr, he west-
i3
WHIrG.ml TCtyojon thhe evening sector.
- - ¥ 7 SR Y
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and polar substorms. llany of these observations are

. ! . 15
o
4s shown in FPigure 1.6,°the westward clectrojet expands
into the region north of thoe pre-existing castward.
lcv_L > jet. (Vne. leading edge of the vwestward electroj
. : o . a
is associated with tho westward travelling surge.) It 4
the region into whick "the westivard elociroict cxpands
-~ ) - - o ’ .
wilerae the w“tc“‘c negacive bays are chserved. ,
o - -

The magnetic gerturbations rQQHTL*rc from the
expanded westward electrojet have been successfully
rmodelled (h;)u etn, 1972). by the type of thrce-dimensio
o B N

eyuivalent current system szhown in Pigure 1.7. In this
systcm the current

Py

lews dowyn along the magnetic field

lines to the ionosobcre-westward tnrouch the ionosphere

o =3

thae field lines and closces in the equatorial

ot

nal

!fC

plarie. This current system is known as Bivieland. curre

loop since it was Birbeland (1998, 1913 w.xo first "prop

osed -

sucn a current system to exolain the maanetic nerturbat

- i

asgoclated with the polar magnetic substorm.

1.5 “Theory of a Substorm e -

ions

I : During the last few vears a corisiderablé number

of magnectospheric and uround observations have become

available, 0oZfering the rpossibility.-of a,better’under~

’ N ) , ' v , o 9 .
$taQQ;ng oL Lac Lasic processes invelved Jin magﬂetosoxc

ric.

Gtill

Vatncr con;_s;ﬂg and somztlires appéér.;o cenilict with one

E3
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-anotﬁér, ‘Howewv®r a rougn picture of the physics of

manetospheric substorns has begun to omdérge.

Although Birreland -(1913) proposcd that auroral
Pag

activity was yenerated by streams of particles from tihe

o)

sun, 1t was Chapmen. and rerrarces (1931) who first realized
hat direct entry of tie scolar plasma inte the. nighttice

S

auroral zone was'impossible. They correctly described

.s

the -interaction ofithe sblar wind with the,ﬁigggiof-the

. - S - - ° .
magnetosphere, however- they overlooked the presence of

the interplanetary gleétric field and the fact that the

solar wind was continGous. ‘The original pictuﬁgfofu
: c C B R ,
Chapman and Ferraro suggested that the interplanetary

space was virtually a vacuum except for times when solar

flares caused streams.of particles to be ejected from- the

.sun.._ .This misconception was corrected by Bisrmann (1957)

- °
-

whé inferred fromghis‘étudy‘éf cométataiis thaf_the éuﬁ”t
waS»cdntinually‘éﬁitting pérticlés,uin wnich case the
magnetospheré would be under continual dynamicrprésSure‘
gfom the solﬁr»wiﬁd. Thus the»préblem.gecomés the
definitiog of the mgans'by whichAenergy impiﬁging on the
frontsigde of tﬁe‘magnetbséhgre‘gets gransferred to the

night side where it may drive magnetic substorms. -



19

1.5.1 The reconnaction model
. -‘___.——-———————'—‘—"__‘______'.——————_____———

.

The lnthDldﬂCtaLV magn ctic field scems to play
a mdjor_rolq”in tne initietion of substorms end auroraﬂ
actiyity. Many substorms ¢ccur less than one‘uouf eéter
the time of the tulnlnq of the lntelplanetaly field vector

N

compon ent noxmal to tme ecllpulc ulane tlom northwald to
Southﬁard. " hlS correlatlon be txeen the Lntelplanetarl-
flela and suostorm act1v1ty has led to the development of
a reconnectlon model as. Llrst suggested b} Dungey (1953,
1961) for substorms. The magnetospaere may be regaroed as

an obotacle in the path of the suoersonlc solar ‘wind.
When the aolar wind- .plasma paéses through tie bow shock

the magnetlc fleld carrled by the pla:ma is Strenqthened

while its dlrectlon is ;haﬁged .only tnlough a moderate

Qww

. angle. In: Flgure 1.8 the tleld Den*uu tﬁe—ehnfh is taken

to have a generallv sbuthward dlrectlon when the IMF is.

di%ected qoutnward in the 1nterplanetary medium. -Inrtn;s
case the 1nterplanetary field mOVLS up to: the oay51de

bouhdar} of the magnetospneL and merges or connects with

the fleld llnes of the magnetosghere as snown in Figure 1.9.

T1e newly recon“ected fleld lines are ‘then dragged back

_ln the. antl solar dlleCthn by the,solar w1nd as sho&n

-

ln Figure 1. 8 The vital consequence of . the connecthn

. of the IMF  to the main fle a of the eirth is rhe existence

Ve

s
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of Iioh"i Lines wiricoh intervsect the carth through the. polar
Caps and voel go 1‘.‘1&,;}1t,. out into interplanctary SPACO Wiere
they must-be connectod td tne interplanctary field. /dhis
behaviour immodiqtuly ioads tb the formation of the

. . ” o
geomagnetlc. tall.  The part.or a rc c_o:uu'(:t_u_ai ,,l- 1Ne which
is outside the bow sh(.ﬁg;}; 5 t:i,lllmovcsl'\\'i th the solar wind,
bdc§&5@ éntsidontho saock ftae presonce of the cargh 13 not
-fc]t;— Conscthntly-éhe mdgnetié field is stretchoed butwecn ’
a 'point on ‘L_T'}lé polar cab and a paint Qn- the shock, \\‘hichA @

may be hundreds of carth radii cownstroan. Then the ficld o

in thg tail is increased because all the masnotic lines

ot force tend to line uw with the

o< tho solar

~
|9
-
g
[
)i
-
(s
~
v
—
o1

wind bulk flow as shown in Figure 1.8..

: . B

. . o 7. .

- The tall's plasma sheet maps dowd into the
. Nl . ’

. i i » .‘\ . . .
auroral oval as shown in Figure 1,10 (Franx et al., 1971):

Since reconnection on the dayside magnetosphore taxes B
“ — o (2
away a fro do dipole field line to form a tail fieclda

o .
pvenetrating cacn polar cap, dayside raconnection increases |
. the tai1l’ flux. It may therefore be expected that -

reconnection in- the tail across the neutral sheet reduces

the tail flux as snhown in Figure 1.8. Petschek (1964)

has shown that as reconnection takes place in the tail

~ .
. o

energy associataed with the magnetic field is converted into
Kinetic energy of the plasma within the tail. It was

&
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turther sugeosted by Atkinson (1906) that whi e connector o

i

i

of the carth's maunctic ficld to the anterplanctary magnetic

Y

ficld on the davside magnetopause was o relat tvely contid nuo

process, reconnection across the neutral sheet on the

nivht side ceccurred in svordic bursts, oach burst

L

constituting a substorm.  ‘Then the nagnetotail plasma
energized during each burst of roconnection woeuld
repreosent the "high encergy particles obscrved in tho

auroral oval durinag a substdrm.

Thus the gross plcture Zfor a substorm is one in

~

.

which short lived chanves in tho-magnetotail
res ulting - from field 1ine reconnaction, wroduce Léx*.ov.rq:czt,ic
particles that travel to thq C\l‘tl.l alonys ‘_Ii‘:xos of force
wiich y'enctrato_thc nmidnight pa%t of the oval. The
pa.rticlos precivitate ‘in.t_;b/ the i1onosohore, \\".‘IGI,‘O they

produce increasoed Hall and poderson conductivities. The

magnetospheric changes also involve electric fields that,

)

mapvped along the magnetic lines of force, helun to drive
the substorm westward clectrojet in the region of the

lonosphere waoere tho conductivity is increased.
- ' |

1.6 Motions of the Magnetospheric Plasrma |
\

In the magnetotail within the plasm:l sheet there

exists an electric field a major component of which is

directed from dawn to dusk. Piddington (1960, 1962) and

\
S



Axtora and rnes (1961 pronoscd that U io clect 1 e tield

. b 4 .
wanothe resalt cor 0 tricetion o viscous-liie intoract jon

boetween the solar wind and thoe margnoetonyie e, Tt o

magnetotat ! electrie Ciela produc
: N

COnvect 1o ovemnen oy

he maronctosrherie plasma o i cegfatorial o olane as
e

‘shown in Figure L, 11 (). Howewvor, the pattoeria ol conveo-

or ot

tioar of '] asma within the maganetosphore s not as i ]

as shown in Floeure 1,.110(4) ao .o conseauence 0 the cartihy'a

- . . . . / B .
rotation, LS rotatlon causes the near carth geomadnoetico

field and 1ts plasma to be co-rotated with the carth,
When this rotational notion of she plasma is Sadded to the

convective motion shoeown in Fi cure 1.11(a) the resultinag

. 1
4 -

motion in the eguatorial Faane ol nagnotosoheroe is as

shown in Figure 1.11(b).

'hé plasma in the region boetwoen the plasmapausce

. -

and the inner edae of the nlasma shecet,

n addition to .o

[SR

gxpericncing convective notiony undergoes drift motions

which arise from the gradients in the particle densi

-+

o
&)
ol
"
ol

macgnetic field. I'ne drift motions of the clectrons and

~protons produce a cunrent called the rine current, This

ring current is contered in the egquatorial plane at 4 to

6 RE and forms a-ring around the earth. Durirg a substorm

o

the Ting current intensifies asymrmetrically (Cahill, 1966 .

The result of this intensificaticn is seen as a necgative






perturbation in

the horizent.:1

. o
carth's macnetic

B Y

oval after

cval. - The

iOhosphcr;c porticn of the currert svstem' shown

1.13 wbul7

Pressure gradie

flowing

situation is_showr

t
o
o

Tiegd at low
nEs 1
tail current

-

weSs twar

R

ARt
e

‘to

©

raentificd as £h
,

(li} ~componc

z &13 ttudes on

[ S =
I t’iQ tai'’l

Loz

i, € S s'u
(1972) that, dGuring a substeorn, there is a
in the cross-tail electrfc field which loa
. . ‘ v
onsect of an intense gartlyrard Totiorn
the magnetotail, It is implied that tho i
plasnaleads to a suddén disrupting of tho
current causing it o Flow 4 d line
. midrnicht part of the auroral oval from “hne
‘and back to the magnetot=zil from the even:
B N i

, 1964
he westwa

travelling surge n

27

nt of the

“the earth,

d

toﬁﬁhe"—

o

tea by

suddan incre

cnse motion of,

Ccross—tail

1n

1

igure

supstorm westward electrojet.

th

nmorphology o©
, 1968: Akasofu

rd travelling

as been

cI the westward expandi ng
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- region.in which intense ncgative bayvs are ob3erved, this
Cimplics that the wedbward expansion of .the substorm

westward clectroijet and the

A

ssociated region of intense
negative. il bavs is also continucus in naturc.

-G ) P 3 ') *- studloes 1sin d mas d

several recent studies using ground pase
magnetograms (Wiens and Rostoker, 1973; Sergeev, 1973;
“Vorobiev and Rezhenowv, 1973: Claucr and lcPherron, 1974

. © ) g . - . ° \ . ’ o -

Kisabeth and Rostoxer, 1974; Wiens and Rostoker, 1975)
and satollite'obSQrvationS in the geomagnetic tail’

ﬁonqs et al.., 1973).have -

«

~e

(Rostokdr-and Camidge, 1971
suggbsted'that the ébove_ﬁicﬁuré,of thé polarémagnéﬁic
substormjié not’ an.cxact de.criptfhn of typical.éubstbrﬁ
ai Sturohrces. VThese authors found ‘that thers was a P
ten&encd for the substorm dlsuurbed reqlons.to expand

nortnwaro and westy tirrough a.series of dlscréte-stepsi

in this thesis, ualng an anaIVSlS of ground ba:ed
magnetograns , detalleu evidence will ‘be ore;ented for the

step~wise nature of the hCatha rd prop

1]

o

gation of tne substorm

elecﬁrojet}

>

In recent years the ewlsténce oF a pre- ehpan51ve
<,

prhase, fermed the grqmpa pnase, nas been,suggested; A

=

variety of vossibilitfies for the ground based signature

"of the growth phase have een put forth by several



Q

o ) .
. A o ©

) “ . ' ) L o ‘v .
researchers. (Belvakova et al., 1968; McPherron, 1970;

o

o]

: i . ' ° . .
Kokubun, 1931; Lljime and Nagata, 1972).. The obscrvations

possibilitics stem all seem to have at
N . . < . g .

o

from.which these
. ’ N B N [PPSR
least one feature ‘in common, namely that the .ground-bascd
. . B . B ) " o . . .
observations wiriech. have been identified as indicative of: -
growth nave been so identigied principally becausc.of an

expansive bhésc signéture;which shortly followed the
repértéd"observap;phs. Thus , the ideas 9ut forth so far
'h%ve thbﬁinhereﬁt assumptign.that the growth.phaée.is a
'un%que’entiﬁybaﬁd that no'othermsubsﬁbrmfphiéé goéé on

at the same time as the growth .zhasee This assumption

- - < . B
will be discussed in-more detail based on the ‘results
presented in this ‘thesis. . o

o

Throughout- this thesis we .shall use the depression
. s . c : . : R P
M v : P . : : © . ] : - AN
of the Il component of the magnetic field at low- latitudes

I

as the signadture which we attribute to growth, in keeping

with the suggestions of McPherron (1972, 1974) and . Iijima

D

and Nagata (1972). 'Therefore, when we refer to, growth in

the text of this. thesis, we shall be referring to this

particular magnetic signature. We wish to point out at

this time that our use of the term growth-does not imply
that the paysics of the process is understood. = The

depression in the I component may, very well stem from an.

enhancement of the partial ring current (Fulkushima and - =

=z
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N )

Kamidc< 1973) or from the developmeht of upwerd field

0

éligned currgnt: flow.to the east of the point of

obscrvation. However, 1t has been pointed out by
Kisabeth and Rostoker' (1974) and by Rostoker (1974)
that the siunaturc of the depression in the mid-latitude

°H cornponent may occur with no significant substorm
activity in progress, so that we feel that we mdy use
the term growth to be synonvmous with that signature.

.



CHAPTER ITXT

. : i . ) / A
"DATA PROCESSING AND ANALYSIS
i

2.1 Data Sourcoes .

. . . ° , o

To study the wostward propagation of the polayx

magncotic substorm the nagnetic observations from 36
observatories sh)Hread over ‘the western hemisphere wore
[ : ) -

used. Tairle 2.1 yives a list of.- the observatories used

in this study, along with thelr geomagnetic (centered.
dipole) coordinates. Figure 2.1 is a map indicating the
N ) . .- " _'.-~év ) .o . .
positions of 28 of these obsérvatories. Some of tne niore

~

southerly. “stations used in this study we*fc not shown here,
. = . . . - / . :

“Hine of the thirty-six stations (the, ones
- - '

.markedﬁwith a star in Table,Z,l) were opagrated in north-

western Canada by the University of Alberta. These nine

' ’ - , e N
observatories formed a close spaced meridian chain

arrayed along the deomagnetic neNLdian v 300° E. Each

of the nine stations operat by the University of Alberta

9]
)
{2

.

recorded three components (1:1,D,2) of the magnetic.field

variation in digital form or magnetic tapc. The sample

rate for the digital system was one data point for each®

component every two seconds, . and timing.was accurate to

within + 0.1 seconds. The dynamic range of the system

- : . 3.
was + 1000y witih'a sensitivity of + 1v. The response was

ke ) -

33



TABLI 2.1

Lecation and Cogdie Names of Magnotometor

Stations Uscd in this Study

i Geomagnetic Coordinates

. : Code .
Observatory ' Name - Ldtitude(°N) ~ Longitude(°L)
Baker Lalke BAKE 7307 . - . 315.2
Barrow ‘ " BARR 68.5 : 241.1
Boulder BOUL ‘ 48:9 - 316.5 .
*Cambrideo Bay ° CAMB 76.8 296.6 .
Castle Rock ' CASL 13.4 298.6
Collayge S COLL 64.6 256.5
*Contwoyta® \ . CONT 72.6 295.8
Dallas DALL . ) 4209 —327.8
Fredericksburg . FRIID 49,05 . 349.9
*Fortyx Chipewvan ' TTCH 60.3 302.1
Fort cChurcnill: m_OﬁUR ' S 68.7 322.8
*Fort Heilurray M B 64,2 303.5
*Fort Reliance RELT 70.3 300.1
-*Fort Smith SHMIT . 67.3 360.0
Gocdhavn - ~GODH C79.8 32.5
- Great Whale River  WHAL 66.5 347.4-
Guam ] GUAM 3.9 212.8
Honolulu =~ - HONL, ©.21.0 266.4
~Huancayo HUAN - 0.6 '353.8
*Leduc ' LEDU - © 60.6 ’ 302.9
Leirvogur o LEIR o 70.2 _ . 71.0
Lerwick ) LERW : 62.5 - e 88.5
“*Meanook . MENK . 61.9 . 300.8
Mould Bay - . MOUL , 79.0 256.3
Narssarssaug NARS . . 71.0 g 37.0
Newport | NEWP 55,0 ' 300.1
«Ottawa 7 o OTTA . 57.0 .. 351.5
Pamatail ) PAMA ~15.3 S ] 282,98
Paramaribo - PARA 16.9 ¢ ©- 14,3
*Resolute Bay "RESO 83.0 289 .4
"San Juan JUAN . 29.6 S 371
. Sitka : -+ SITK . 59.6.° _ ¢  275.4
St. John's - JOHN =4 ‘ 21,2
Thule © THUL : (//§§T9 ' 358.0
Tucson - TUCS Y 40.4 o °312.2
Victeria ) ) VICT 54.1 . 293.0
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s

flat in the trequency range 0 to 0.3 Hz, with the high

fol

)

Tregquengy end of the spectrum being, sct by the charactor-

istics ol the Allasing filters.  Contwoyvto Lake was

‘manually "tined and tais introduced an orror of about + 30

|

o

seconds Iinto ltsgtiming.
The magnetic records of tho romaining 27

stations wore recorded on a paper chart oxcept for
: . AUy k

©

Castle Rock., Copies of the naunetoyrams for these
tle ; - J

stations in-microrfilm format wore obtained from the

World Data Conter A for Solar—Terre§trial Physics, The

maghotoarams on microfilnm wore photographicallyaenlargud

and

then digitized. " This process introduced an error of
.l minute Into the timing of data from thoese stations.,
Castle Rock was the only station not ocperated by the

University of Alberta for which the data were dlgitally .

N . S : . ‘ )
-recorded, The magnetic records for Castle Rock wero

P 7 P . . o
suppliced in digitals form on magnetic tape with a sample

rate of one data point for each component cvery 2.5

minutoes.

In the study of spatiar and temporal development

Of thc.substorm westward clectrojet thrce different mothoas

)

of presentation of the data from the magnetic observatories

Wes e s A



‘are especially useful for showing the

o

2.2.1 Component magnetoagram format

o

In, this m:\i‘thod' the 1, D, or & components of the
magnetic data from a sclection ol the 36 obsoervatorios
for a specified ';»‘L.,‘riod oF t‘imo are plotted with cither
the northernmost or casternrost station at the ton of
‘ach plot.  This method of (-;«Qlt.ﬂl' Proesontation was oused
ﬁdiﬂj)’nto‘\lllﬂh"MltCIpr%IltUDI of the rclaticw1ln:U{ccn

statlions to the. spocitic ovent olng studied

2.2.2 Threoe-dimensional diadrams

a
A more quantitative method of presenting tae

data from - the University of Alberta's line of stations

was accomplishoed py ¢goenorating a perspoective view ‘of thoe

-~

H-component’ as a three-dimensional surfiace. This was

rre

accorplisihied with the use of a >erspective plotting

s

subroutine written by 1. Jesperson (lowa State tniversity)

and nmodified dov R. J. Beebo (Stanford Universi ty) .

Although thore is a loss of information as compared with

that availableN from conmnponent -H‘kQ\jIIQtOle‘aZ‘JS'/ such 3-D plots

0 ©

=)

patial and temporal.
1

S
developrents of the substorm westward e

C

2.2.3 Polar »lots

cctrojet.,

TO displayv the magnetic data “rom stations

distributod both in latitude and longitude the vectors

A
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representing the total horizontal component of thoe poertur-

bation field for cach stat U)f\_hm‘r%) plotted in centered

dipole coordinates on polar plots.  This method of data
presentation was used b_uck_m:w it makes use o £ both the
H-and Docomponents to determine thoe position of the
substorm wostward clectrojet.  Althoughh the distribution
of availablqg 5t5tioﬁs 1s rathof'spn&éo in many areas the
naturce of a polir plot allows one to obtain valuable
infoyﬁntion jbout the position of.tﬁe substorm wostward
cicctyojot, This 1s discussod in more dotail in the -

section balow.

2.3 study of wWestward Jumifing of Substorm hloctroiet.
Activity on Dav 357, 1971L . . 4 .
T \
. PFigure 2.2 shows tna magnetocrams tor the interval

. ¥
0300-0700 UT "on Day 357, 1971, from *he oridian chain of
stations which was operated 1n north-woscers Janada by the!

University of alborta. The beonawvicihr of

it—components -

in this figure is typical of tho rat

v

develobnuont observed along

Lire. That 1s, the
onset of a negative H bay is obsorvéa Tirst at'stat;ons
near the bottom of the chain (in ;his case at ~ 0436 UT at
FTCH _ax'ld SA.‘v';l'l‘) wilith the onsat of ar' negative l'i bay 'L.>eu_ing>

seon about ten minutes lateor at CONT and another twelve

minutes later at CAMB.  The sharpness of cach of the



.
w ' . . .
! - ' o
\L . M Y.
ey, e .- - o SN
. v .
. - - . A ’ : < .
‘ ' , : ~ . o
L S _ ) \ *
| R ST

ol . .= .. \‘ \ N k X L '
¢ - - e L ' * '
. - P . -
. T > K '
! VY . )
[t e W - 0 \ - : o !
. . .
, \
» - = . . v
. oo ‘e
. 0 ’ ‘ !
- . - -~ .
, [
. . \
; . - - .

‘ e e i et b SN P . Y
: ‘ : : . ‘ oo
Lt ved v




L T A T B A F R o R R SOOI O S S R PR T SO | SIS S B

.
Obrseny voedd \!\'1\1',' Proctvscrcgy Gt R R B T N T O LI S
clectre jot wirion SEop by i e o Ly Loy
o
COMt o Farnred o Mo e ve b becg tan s ot e VO s
O
neoet ottt AT Lo vetetn L O I S S G I S R B VAR SR SRR T (I tooo

N ol I Ll N - B . o ~ - vy . . H ! c T N
dimensional DI Ture oL tae du\n,‘lop.m;.;t Ot tihre 1l Comconent
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Figure 2.4 shows tﬁg i, D, and Z componcnts for

the interval 0200-0800 UT on Day 357, for other nigh-
latitude stations to gﬁe cast and west of the meridian
chaln of stations. "From Ficures 2.2 ongd 2.4 1t can be

seoen that thorce wal oa sulstorm onsct near WHAL at 0430 U,

None of the statiocrs to tne ecast of WAL or - 5
il
mé?idlan ciain snowed any sharp onset of necative il bavs
/. @ \
'for the period shown here. Thus subsiorm activity "for ,
7 . : /.
5- Day 357 was eonfined between an area which extended from.--~-~
T

- e
™ . el
# ———— st
— FEST W N el
N - = .o - (. - : . W TN
Figyure 2.5 show the ODservations ¥ theé il

<, ¢ -
The staticns are arrangcecd 1n an east-west manner in this
< + ¢l -
figure so thar the nost easterly station (zespmagnetically
’ o , o
speaxing) is. slotted at tha tqe of the figure:’
t
- Tne masnetic signature at mid-latitudes of a
Birkelana current lcop such as that shown in Figure 1.13
. . ©
1S due O tng intecrated effects of a rng. or tail .current
- . . R B . - L . ..';’:“ . . . . . .
perturicaions ana the Ilelu—zlignex currents connecting
. o : N

ith the auroral clectrojet in the lonosvhere (Bannevier

ne mid-latitude ragretic, -

et al,, 1370). Tigure 2.6 snows Ehae s

- + - < N —
Signracaire oo sach
B
N ke 2y v~y 7 -
M Yrron (Lo T4 .
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enhanc: omal

the D-component. - From Figure 2.6 it can be seen that the
H—Cdmpdqont undergoes a positive change at mid-latitudes

situated within the wedge defined by thoe field-aliuaned
) o . . '
currents while mid-latitude IC'LOHJ to the east-and wost
o , ‘
Of this wedge experience a negat;we chance in the il-
comronent. Thus in torms of bquiv;lqnt irkoland currents,
2 :

I -

a pousitive changao in the mid-latitude ii-component can bo

l]tLlprUL&k«AJS due to short’

circuiting of the ring or
. « ’ ! v E
cross-tail current down field lincs. to the auroral zone

(Kaniide and Fukushima, 1972; aAkasofu, 1972; McPherron

ct al., 1973). Thus a POsitive enhancermint of the mid--

latitude tl-componont can be as SOCLJLQu with the onset or

j)
o~
~
U
1,

a waestward électroﬁet in the auroral oval.
Thus the changes in the ii=component obscrv d.at mid-

- ©

degquate station coverage'exists

Y]

Py

latitudes can be used if
to dofine the longitudinal ektqnt of the'substo:m west-'
ward clcccrojet.‘ ' '
Inspeoction - of Figure 2;5>$th§ thét ét 0430 UT
(event a) a mid~latitﬁdc onsct of.a ‘Md 18 observed ate
: - , o

JUAN, HUAN, FRED and DALL while the 4 component at BOUL

and TUGE remain relatively level. NEWP, CASL, VICT, PANA

and HONL all show an onsect or e

component s slope at +*his time

th~o. sbhout six minutes later at 0436 UT (event B) all



statiens tr

bay in the

v

17,

Gl BOUL westward show the onset of a positive

Hocomponent.  JUAN, FRED and DALL which are to

r
r
|

the cast of BOUL shéw an intledtion in their pesitive

slope at this time.

" mid-

o

Thus the nmid- and low-latitude stations shown in

Figure 2.5 indicate that. thore wore two di sturbances

;. one

at 030 U

macnetowgram

\

nots due to
woestwards,

cossive

Suc
Stationsg as

and lo

DALL wiile

BOUL o 1ION
¢
S 3 N
Y o
2 . B

. B
T

shown in Pic

3

positivoe

Caill o

B3

and another at 0436 UT. - The mid-latitude
' o _ v ‘
s also show' 'that these two'disturbances were

male disturbance which was Jjust propagatin

one b
1L this were so_,__éno would expect to seoo
onsots »o"f a vpos'iti-‘\'c' I bay L)é‘tv.'co.n'ad‘jncwnt

the disturbance oro g ;c S50d wos twadr ds. fowever,

“thils most definitely is not what was obsaorved. . Associated
. s . - - o . N o _
with-event A& was the dgsdt of a +iH at one whole group of

©

w-latitude stations stretching from JUAN to

for event B a second Jgroup, of stations from -
. b .
L showed a sinul taneous ‘onset of a +AH. 0 o .
o AN ol NS N RO o s o Ol [
- Tl .

y' 0436 UT all 't‘:m-mi‘d- and low-latitude stations

gure 2.5 have exyvorienced an inltial onset gf a
Lay. Thus onscts of events subsequent to event

o

etermined by observatien of tne corresponding

v
i



. I Y :

mid-1atitude 0

Ositive b bay onsot, The remaining two

cvents (O and D) oshown in Frgure 205 woere not deterniinoed

from the mud-=latictuede magnetlic obagrvations butl woro

v
+

ascertained [rom onsots of intonse negative I bays obsorved
at hghi-latitude stations, These hioh-latitude obsorvations

c

} Lo cseen from Flgure 2.5 that

‘L'II.\_‘,.L‘le.:i'\‘\i.*u':‘sk‘ki‘ bolow, oottt can
thase. Tuast two O\'Ql‘lt:; (»U \ln}i D) corresrond to intonsidi-
cati Ons o An some o £ othe (11[;\3&}' oMiating 'llllid-—] atiltude
positive H bavs.

l‘i,g;urb 2.7 :_5}““""’5 A corposite of all the higih—

latitude stations which exproricnced onsots of intense
noegative obays duvring the peordicd 0400 to 07¢Q UT on

Day- 357. " Aas can ov sodn, prow Figure 2.7, WAL experioncod

an. onsct of a negative H bay at 0430 UT. 7The time of the
onsct of the bay . at WHAL corrosponds exactly to the onsot

’ ‘ o
of vvent A obsorved in the nmid-latitude magnetograms., . A

sccondronsel of a magnetic expansion phase 1s scen about

sLx minutes later at CHUR, SMIT and FTCH. The onsot of the

expansion phaso at SMIT and PFUCH is taken from the time of
tho sudden positive 15 component excursion just prior to the

o

onsct of a negative H bay. "Such a positiVve enhancement -can
] . . ‘ o
occur when the onscet of a westward electrojot involves an
, .
auroral loo» or surge just to the north of the station in

question (Kisaboth and RostoXor, 1973). he aquroral loop

N
A hae
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Or osurdge dnttbal by machks the onset ot the sabt o cloctio-
Jot, Thus, in this case, the onset of a0 subatorm cloectro-
Jet probably Toccurved slightly north of 5% ana P pat
i conjunction with the onset ot the ovent oohoorvea {;t
, i
Lhie mid-latitude sootions, |
Thus , - the hit afh«l,m. Ptude recording s, when t~‘~'“']” i
conguhetion with o tao mi,d—L\\tAj tude ::1\.!_:11L~tw«;)knt:::, show that an
ovent (A oodvurred utli 0-1 30 L"I‘>;1:\d tlmit, andther ovent’ (Ek)
e . '

T

cccurred atoabouat 0436 U Bvent A featured the onset jofoan
intonse weltward cloectrodet in the WAl region while odent
Boinvolved the onset of asccond intoense wostward olectio-

R

Joet i the CHUR-ICH rogion.,

The scecond cvent observed at CHUR, PTCH andg i

)

cannot be Justian extension of the first event.  7That-ds

1L the wostward clectrojot initially aprpears in the Wil
, : N

region, 1t is then not possible to interpvret the scocond

event (B)oas sdmply the result of the clectrojet lochtoed in
the WHAL regioneither expanding or noving continuously up

S~

the durdral oval wiih swch stations -as CHUR, FUCH and SMLT
<

showing Intensifications o onsots as iho oloctrojot

oexpands over thoem. o Indéed it may bo tempting whon looking

at CHUR, which shows at 0430 U1 (coincident with the WHAL
onset)a gentle sloping neagative il bay, to say that CHUR 1s

1

secing the ofifect of the westward cloct rojot moving towards



LU andd that

CHUR cxperiences anointensive nobative Hobhay

when this clectrojet cxpanded into the CHUP progion., The

C
Chiioel objoed

onsetls o atoo

Lo rula out

clectrogod

nioncie b oo e

!

Lot tiude

ovent A to.

Telectro et

¥

shown in b

W obvaerve

(ovont DY w

fication of

Looking at

Figure 2.5

tion to the abhoveo fntoerpretation s that the

HUR, B2 e BTCH wore colncident which o
the possib il ity that Uhe sonsoet s woere due bty A

Crhelt was cont tnuous ly esodainding woesbwordis

the slopiag nogat tee by al CHUR LS cona oo rod

yothe srgnature of the development o the distont
I thoe WHAL soctor . Thus, the hilsha-latitude

Are in aureenient with o the mid= and bow-

a

wWinet Lo obervations In o suagesting thial b rom

1

cvenbl Bothe westeorn ond-o! the subslorm westbward

cxpandod to the novthwest in a step-like fashion.
>

wrther studys o the hivih-latlitude magnctogra

ure 207 reveals T othat oat 0445 U7 a third onsot

doat BAKD and CORNT (oyent C) and thon at 0458 &Ny

a tourth Intense onset of o substorm westward clectroiot:

as obsorved at CAMA with a simultancous intensi-—
the cloectrodet located in the CONT-DAKEH - rogion,
the mid- and lowslatitude stations shown in

It is scon thaat the onsot of the BAKD=-COWT

evont (event O) coincided with oloar intensifications at

CAGL and U

an intonsif

o

Wit whille the O

Boevant (event D) ocolncided with

Ttcatd

,4
:
¢
=
o
]
2]
.



x\tlvwx cvent Do pthier onsre s wer e Obiep v
woest o ob AN Ther o o the neaatibve Hoboay ot CAMB o
D05 LY (g e D7) correnpor o to the peatt pf the posibiw
ay ot dhd, ‘\'lL"l‘, PRI G HONT Yoo, 1 L probable

thot attoer crenl Do threre was

ol Lihe suosiorn cloctro ot oy

clectro jors dovelopow to the
] t

!

Howoever atteor ovent D, onsoetbs

Ot Ly bayT s

o
b o

north

furthier woenbwara doeve Topmen

taat 2o, o new woestaward

.

andowe stooo AT

ANl tntoensitications ol

woere observea Slin the region wnoere elegtrojots

had prreviows iy L‘t\,‘l,-;‘t‘c\i. Poriogloe tntensiticat tons ot :_-\v:;i tive
o owoere \1’1 GO <’§‘-*k‘1‘\’x‘\1 inoall tlie mid- and low-latitude ’ -
stations afcor ovent over these dntonsidteations

never 1fnxtk“§1k\i thve o o Lho L{i;:L.LlI‘l,);lI\L'L‘ roeaciied

during ovent i, shortly atter 0030w bx“h;mid— and low-

S

latitude staitons show a cos
seen In Pigures 205 and 207,

From Figurve

RN SR O
the naaxinum of the novgative o
co'mpuncnt dt’_‘t.':mt: station was
going from positive to noegatil

was very close to the nortin-s
wostward eloctrojet.,

resulting rromoa

the conteor of the cloctrojet
likely ©hoe <o DT tae mani
sorved at WAL ol 330 n'!t ropr

sSince t

subhstorm westward clectrojdt occur

ation ot

B
actf{vity as can bo
<
Y

can be seen that at the tia‘.u‘_out’ B
bay at WVHAL for ovent A t.'n»g,‘ o
in the midst of a. transition

vo. Pifis indicates tnabt Wilal
t

outih center of tace substorm
N0 masimum nagnoetle porturbation

o

Sowihiere

1s diroctly overihcad, it 1s most

/

mum noedative porturbation ob

esaonts

CHe maxinum magnotic
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5 and Che rakn

Lo

Incroanes oo one moves ol Ghe cont .
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OLsSCTVOD ratis L not unreasonab le

and .
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BLrioland current l1dop as o nodel For the subst Ogm
Lo peTant g e W
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L : . TN

Ar ol ian eloctroijet ot

Lo study thoe wostward Lothat.eloctYajet . {(The contral
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meyidian

ST an eloctroiot DE¥ELTined as that line which biscot,

- - A <
the cloctro ol into fwo an eastern half and a westorn
halv), 17, Yor ox 1o, westwvard olectrojot is
oxpamding continuously we Aards, thehh the corre sponding
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particular ovent and polar plots were drawn of the
resulting herizontal magnetic perturbation véctors Just
after the onseot and a fow minutes lator near -the maximum
! . a N . . -
- y | 48] . : N . = ] ) 3 -
of cach ovint., fhe contral weridian was determined for
eaciy ot these two times from the mid-latitude stations and

is Indicated. by tne . dotted line in cach of the polar plots.,
The orror oI cach of these contral woridians is approximately
+ 3 dearaeds. For the subsoguent cvents, 3, C and D

(Floupres 2,10-2.12), the positions of the central meridians

i

associated with the maxima o¥ the nrovious events are

indicated by the resvective arrows on the outside perinater

of the polar plot. It is evidont from these figures.that
during vcach of the evants tho . movarent of the central

moridian was wsnall, averaging about three dagrees (which

1s ¢ the order of the errvor-involved) whiile the movement

\ @

or tace central meridian from ovent to event was large,
. , .
avaeraging twonty degroees. ’

“If the wostward electrojet expanded gﬁ%tinuously

wostwards during cach of the ovents, then one would oxpoct

to sco & shiifit of the central nmeridian beotween the onscot

and the maxinun of the aveont which was conparable to the

rTo1n the cantral meridian Srom ovent to avent. since




l-. Thus for Doy 357 the western and OU the substornm

westward clectrojot was observed to oxpand to tho nortlhiwest

through a sogquaomrce o discrete jumps with c&ch Jump involvine

an onsct of the subotorn clectrajot Binul tancously aver a

broad rogiony Yor Duy 357 the first onsnet N the wodqgquonce
occurred near midnight Ln the WHAL rogion while the last

wostwarda jump occurred inothe CAMB. rogion at abouts 0500 LT,
The Juwnplng off avtivity westwards coasod at this time;’

howovoer, Yor thoe next 1 hours the high-latitude estations

(RESO, COG . BAXRL). in the rogions of provious clectroijot
Antensicications showed contianued activity., Figure 2.13

tllustvaros dchomatrically ostinates of thoe positions or
vacit or the steps involved with thoe oxpansion otf the

woestorn end ot the sabstorm clectrojot. Wo o wilsh o to

SOIDRAS LI BHore that the notwork 0! olscrvatorics usod

in this study doos not pormit us to accurately Jdotermine

the castorn oxtromity o the cloectrodot. ' Therefore, tihis

sschematic diagram s only meant to illustrate gqualitatively
the poleward and wostward motion of the wdstorn end O the .

" 3

substorm disturbed region. cWnat happens in the morning

saector at the times of these wos tward-expansions in  tho

ovening sectov cannot be detormined from the data suite

.

-

used in this study.
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o4 Study ob Westward Jumping of Sabetorm Dleet o jod

Activids on Do 3209, 1a7]

On Novemboer 25, 1971 (Day 329) anothor
whiat ey bhoon tormod a0 ol o e g (that 1 sty
swhich oxipandss vto the northwest through 4 sortes or G ocret o

Jumpes) occurved between 0415 and 0H00 CFL 0 The magnoet Lo

varliat tons o in thoe i component for mid-= and low-Lat i ad..

stat tons are _shown in Flgure 2,14, The data trom the

N

statlons It Proare 20104 are agaln arrangoed 11 an c.eit to
wesbomanner soo thal the most eastor ly sbatiton b osiluat od

at’ the top o the fiaure, ,
Fidure 2014 shows a sorles-of six onsota (Lalcicd

A throuair 1) whieh have been idoentitiod Lotween Qdbs and
- -3

0500 U, Thes Dirst of thesoe onsots (ovent .A) occurs at

Od o U, At this time PARA, JUAN and HUAN all,.show the
onsct Ot a peositive d slope (which-is the previously

discussed mid-latitude signature for the' onset. ot o substo

"

wostward oloectrojet) o Also at the timoe of the onset o

cvent A, DALL (whidch-1s just to the wost ot HUAN) ontors an

©

.-

Indecisive state showing noedther a marked onsct oo o =i non
tho contlinuation of the growing negative . The remainio

statirons to the west o pALL Gll show oither an onset o
continuation oL a -MH trend, indicating the continued

dovelopment or growth of unward ficold alignoed current to cho
! - h RUERS ) )

cast or these stations.,

L
>
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6O

Toen minutes bater,” ot 042% UYL, o0 mibd=1atituade

|

onset  {event ) obsortvoed ot DAkl wind Toe TUCs (which io

st to Lhe woest ot DALLY now erters an Lhdects bve state,
Acclear enhance# it i the growtin ot necat ive H oceurs ol

thiis time tor tae stat tons Jocatod to the west ol -rue:s.,

)

The next oncet (ovent O) o obsoerved at 0d 3 e

at TS el oA w e Choe Stations. to the woest of cast,

showinag continued gt o noecative . AL 0446 U a4 marke.

posttive dntloction tsoobsorved in o thoe Hocomponent of Cast

w
(evont D) wnt e PAMA and HOND show an indecisive boehaviour
Gt thas tide, 7 Dvents Aqthroughl © show thiat when an initial
Onset oot e occurs dn A given sector that it is oseon at

mid-t ot rtade stat toms Lo thie cast of that soctor as an

intensitlication 'or tarloction in the alroady posil v

trondiag B Thus the indlection at CASH suguests thad,

corrresrondinag tooeovent D, 0 narrow sector between CASL and
PAlinoxportontcgd an inttial onset of by, contlrmation

that an ensct did Indeod occur at.the time corvesponding
to the dinslectton at O will be obtained Trom tho high—

latitude magnet e obosers tons  (which will be Jdiscuusced

later e thiis soction) . Furthoer inittial onsets orf o +0H

aves clbuerved at OdSd UE at PAMA (event F) and at 0459 ur

At HOW and GUAM (overt 1),



PR iy

The mid=latrtude obhocFvarion: indieat e UHLE o

o Al

. . . o, B .
Seriten o s o substorr onset s tookh place I\\“t‘.\'g.\‘lrl Od15 and-

. %, o WL
et e o ‘?;l\‘_ltv b at togn
g .
Srevionshy recordsd onsot

0500 e, The fact that ooaer ot

\\'lli\'l] Wt t.oy thl‘ Wit [ [
verve gl Uhie e baortn b ity o

YOG WU o g won bwoirdds 1

Phe wositward oNpanston ot substormaeclect ro et wass

continucus in charactor, then one woul d oot to o soe an

observable Tag i the onset time

~

Sltationg, Howovoer Cor sone o L he

Hotween any two ad joeon?

(but widely sepavatod)

cvents, anitial onsets wWoere observed sl Laneows Ty, at

Wore than one gstat Ton, SOrcover, when oo omid- o1r low-

Latttade station oxe

vy

tenved 1ts initial onset or o 40 n

simultancons posirive ind lections were also Seen 1n o the

Hocom onent o {hos Lot to the oast \\"nio(;x o

Drovious byoo

tenced an o rnntial o oncaet, T othe mid-

Tatitude station eHpertencing Itsoirot s al oonsot wans Just
one pedint odn the path oof

o

A continuouslyowes tward eNcanding

rodviion el vubstorm act Evity thore would be no reason tor

inilection i the It COMPON L
to- the cast.  Thus, the jump-

nid-latlitude onsots talten together

wWilith the Ol

,.
[
~
-~

-
~
.
-

-'7”1: 1ot ions to the ocast SU(VIR'?‘O:S ta that

N

acation of substorn aclivity was not 1

A
it the region exporicencing substorrn



Lact vty «~:»;}~‘\Qx«iml WOSEW ol U Ot 0 e e O s e L

L 0

Pung oo o teges,

ooy e 200 ihione s tire B ot XN component ot e
Baghv= T oty tadie stadl vog whioh colperrrencod e oot o
subeit oo, \‘;\':‘t\\\u@ clectro et i g i Intotreal 040 Lo
gouao e e Doy 0 The timw:;vu: ;n‘vunn'nxn- O T

oncets determined trom fhe o mrds and tow-lat 1 nde Shat very

Are dndicated on b e o h f); the respect ive dashied Tinen,
Pt o con hoe seen tinat, oo renpond g to thie Ui et ongot

(Cvont A) whrioh o was obcerved at PARSY,  JUAN S andd 1Ay, o
onset oig n(‘\{‘lt‘i Voo Howent observed ab WHAL LD Furthoymon o,

1t can be scon tron Viaure Jolo o, whiioh o shhows Lhe O

component e WHAL S that the ontel oL =0 H o at WHAL coin-
Cldes witn’ the onset ot a0 b at that statiton. The -
vnp b bes that WHAL was in the vogion of :.1:1 Intoensitlod
\\'L‘E‘.t\-{\u\i ;\Iu;”\nywt_ \\"lxi‘lc tive v Inalcates tagt Lhe conten
ob thro oloct rojet Wt Lo thie south Tof WHAL. CHUR N saows
e maried tl‘un:i SUothids tine wixilo the i component at NoARs
shows o contuned bhut lnl:‘»l\\,tll/‘:' nv«mt:i\\t trend. Yhits

COrroanendiag to the ovent o obnorved in o the mid-lot it ude

St rers g vt oy west iy cloctrodot onset occutrred to

cuent (event B) corresronding foo the
&
£
it ral onsett ot DALL,  colne des with the onset of =01 gt
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SUPTUOITU S e et Por el e 329 0 One et U tor Do ot o b

thot e Strenciha o the last o two current u

doevelor, o ween e the depth o the meaat ive Bobava ot
. \
N " ' : !
MOUL et COD, e o tder by roduced on Cotioartcon Lo
Lhe prevaous o v cot g T N T R T S TR
R S O W [GaS ol U L el Ly toret oot e [
VLS o I SN, 1
Ancther extterlo ol G owestward Stosping subhatorn
' B N e N~ I [N, B “ I ()A/‘ N . 12 . N
cloectro ol O Y O NOoy [N IR TR RO , l \{ SR 328) , l‘x'(\\ (SRR
O30 sand "D a0 v LT o 2 LY shows o sannling ot the
b N . ’ " 3 a #
Sobsevvat tons tor tRoe Deviod Q2330 to Qoo LU, The two
v ) 1 -y - - " ~
GO e O Fhatiors oo haoh and Tower latitudes)” are Cach
arrancod iy e drovionaly desoribhod castewest omoanner.
OOl fU st e mi O~ e T ow- Lotitude stations in
Poouwve 2019 0t Sy e o Lot at 0 de U, HUAN, PR,
DALL oo U ab b rlroencedt anoonsct o0 (ovent )
whivle Peoatbo o USRS Dot OAS L and HONL shiow g cont Ltnuoed
growth gt U 1T ':.‘.\\‘\".\, Whitohy ot ) ocatod tn Uhe

Dlhecre, shiows no mavheed troends at Lhis time,

Thivs e mid= and Low=latiiude stations indicate that a

subhatoerm onsel ovcursed e this fime in the soctor °

Stretebhinag tron HUND Lo T LOsS wind To growth of pogative

ae iloh-latdituds observa-

| Oy e s IR 5
COont b Wbt i LWestt o o TS L
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oy e ot WHAL-CHEUR ey

1

CAS L cont inue:s bo shiew growth o unt o 0ga

‘

v . PN . 1 RN -~ o . .
S b o D o L Weus oitnet o b T T L N
' Coroahion e aresw bl i et i Lot

Covenage betvoen GBI and a2, whitoh t et oo \
Lovrn we st el oot ro el asaoviated et . '

e o, Moreover e tato ol oo o
MR 1 H s N . . N N N N LK RS v FEN .y
SR, snnetoatyng it tae cloctro et wn 2

0 soctat ton with o ovent B owas o ve bt

Wil aweuld rarther hinder obtorts to oo st g
Ty autoral oot ;;t.xtiwn‘. The e s S
LUt tong vin Sthe ;‘L‘.I‘X\-‘Ilt. ::\:':i'icxxt at ':mt:'.':
nre 20190, ihocon junct fon i tf'.x ovent o, i
Gedmlati b ude oneet Pated Wittt ovent U
result ol s subnstotwe s tward olect to bl ornet o
Loat ton whit ol occurred ence aaain S IS S
At Od5B8 UT o tnttial onvet ot -\1 Poomowant oo

(event Ur oalong wibta strong intoems ol cat @
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Prroecuiaeiy e st a e bt b b oaiae bt G s, oot o
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[ T O S S AN L Pl v vt v I Uit O by o b
thiir St ol choecty o ! CRLCWIL e b thie o U o ey
NERE! ont e i Groonaet o g Hoah COoNT
9 ‘
S I S AT TSR o ot thie bt ant et et [
Pl cleci ro ol whit b e it o LN N A S B N AR TN
thoror e Povver by thie oot o v,
“

Soonset {eovent )

CONT cslie e o ton in both b and o

The intoena Ll el ton acrain tndtcat tve Lot an

cloectro ot oncot whieh oo occurred outo o e roegion ol
the statton, Howeovor tho i:\‘tmn‘-ixi(‘ﬁ.t Lo ix'x CRe G Compe -
nemt e el i i g st el Taraer oA o suaagests that this
vcl,oqtrw]\'\( Lrocloner to O thian the borovions clectrojet
asnoeioated wlri vt O

Fanuebhy ot 007 o Lot a0 ond o GNDOT Lo ey

Aot loection o e it it T o o thod already oxi st ne

T I S B N PR G TR B subncient rng the onset ot a mid-

Pativtude posto ive i bay ol staticong Sltuated Turthor to the
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ChaPfin Iit

. DISCUSST 0l Ak COUCLUS TONS-

Locussdon of bvidonce for the Westward

»

Junpd oy of Substorn Act ivity

SRR 4 |

On tihe basis of the three polar magncetic substorms
analysced in this thesis, it has been conoluded. that tihec
pPropagation of the substorm westward eloctrojet throuyn

. e - T ) /-
the cvening scector tares place as a scrics of discrote
B ™ . v AY

1 ¢

. ol N ' ’ )
‘northwest jumps or-steps. The mid- and low-lati'tude
! . + -

obscrvations wiich lad to the above conclusion are s

(1) Mid-latitude onsets of positive I bavs occurred in

sucqgession with the scctors to the cast crpericdncing

onscts pefore thoe gectors to the west., (2) For several
o X ) " . i . ‘ ) .

‘of the events, adjacent but widely separated stations

¢ .
showcd'simultancops onsets, (3) Coinciding'with'an
initial oﬁset in anyvgivcp seétof positive inflections or
infoﬁsifications in i were obsCchd af mid~latitudé
stations positioncd to Fhe cast of that sector, (4) Mid-

latitude stations to the west of the seétor experiencing

its initial onsct sinultancously expericenced an intensd-

°

fication in the growth of negative H. This last obsérvation

implics that an . irpulsive increase in the field aligned
; . : - .

curront at the westorn edge of the scector experiencing the

B

!



r . : 84’

expansive: phase, which is in agrpement with the synchronous

o

satcllite obsérvations presented by Leznidll and Winkler
(1970) . Jhese authors concluded that therd is a fault line
west of which substorms are accornpanied by geomagnetic
» ' ) ’ . - .
inflation and cast of wnich tlicy arc accompanied by a
<7 M . N . .
collapse., ' : : o o
*® ' : ) a . .

. . - ) , _
High-latitude magnetic obscrvations also gave a |

strong indication of the impulsive nature of the westward

~ . P

: .Y, ’ - ° p v
propagation oi substorm activity. (L) Tnc onscts of hign-

Iatitude intensce negative bays were obscrved to .occur. in

succession with regiorns to the sduthcast experiencing

onscts bgfore thd regions to 4the northwest.: (2) In
— . . . . i . €
association with cach high;latitudeoonset,yinflééfions
; ' o A :
were obscerved in the magnetic components atiboth stations
. < . '
to the northwest which had not as yet exnericenced an
. ' L . - _ L
onsct and at the stations situated to tlie southeast which
“had alrecady .undervonc initial onscéts of intense negative

.

bays. “This observation, as in the mid- and low-latitude
casc, strongly suggests that the westward motion of bay
activity 1is not continuous, for if the onset at any given

station is simply the rosult of a continuously westward
- - S 12

erxpanding rcegion of substorn activity which finally expands

over the station in guestion, then there would be no reason

2sponding impulsive intensifications or inflections

for coirré
- ,
; i

y . . »

-~
i

i



A

NG, :.7 o - . . s ! .
to occur at stations situated out51de of the imnmediate - ~

region expericncing its 1n1t1aﬁ"xﬂ(t (3) Onscts of
o . .

intensce negative bays were also observed to occurd R

simultancously at widely separated stations.  FPirst once

bnset'thén S Ome iimc’la;ur a SQCOnd gr?up pfvstAEions,
Situatéd to the nortgwcst‘éfléhc.firsﬁ gf@uy,'a@uid
experience simultancously an“initial onsct, i hgain, as
in the mid- and 1oh—ldtitude caso,'tncse obscrvi&ions

r . - - . <@
Sﬁrong]y suggcest that thc raeglionn of intense ﬁegatiyé Lays
is not expandjng’éontjnuqugl/ we tﬂérgg @inﬁo‘if this
région was Q”andlnﬂ Contlnuou 1y one woﬁld qxpcct to

see some time lag bctwéen the onset of a‘ncgaﬁéye bayffOr‘
adjaccnt‘bﬁt widdly éﬁparaéed ségtions. (4) The time of

- N . ” N .
occurrence of ‘each h#gh'latitude anset was found to

‘closely coincide,to the time of occurrcnce of the

corrcauond ng mid- latltuuc onue+ . This observatlon

" further Dtrmngtncng the ldﬂa tndt tnc obscrvcd westward
jumping of mid—latitude OhS@tS‘Cdn be taken as év1denc t
‘oi the wegthrd jumping. o f subutorm act1v1ty in thc hlgn
latltuuc ruolon | 3

Thus the picture evolved freom the analysis of
these suogtorms is one¢ in which a sudden onset of substorm

activity oocurs in a localized longitudinal and latitudinal



o
i

LBO

Tl

sector so that while energy is Leing dl:%lpdtcd rdpl(lj

in thcvqxpamsivo phasc §ector,vit 1s being stored in

adjacent Sccﬁors to the west and thus making conditions

| . . . o0
o @

ripe in thos

onsct which in turn feeds or scts up sectors still

| L -

wes Lward scctors for an expansive phds

&

further

to the west. $So, in ghis picturce, scctors in thc'rin or
’ } - 9

‘. [ . o ¥

cross—tail currcnt‘qollhpsc in suCCGSflon with cacn'ocptor

COlldpuL 9(rturu1ng a lOCdll?“d ‘regian on thc rarth acros

wnJcn intense initial onsgto_of ncgatlvg li bays occur

&

JJmu]tanoou<lj. The whole picture as viewed -from the

ground appearS;as a scquance (wirlcn we have termed

s JﬁtO}ﬂlsequcnco) of westward electrojets. These
electrojets~develop in ‘succession at intervals of
_ Qo . , . , .

approxinately 5-15 minutes,'in such'a way that the

expericencing substorn wooLerd cle ctrOJet act1V1Ly

v

to the morthwest through a series of dlscrote stowa or

jumps .. S i

—

a.

region

expands

.

3.2 Physical Significance of Jumdlng of Cub Lorm Activity

’

The:quéstion[ariscs régarding the phyéicéi

"nghificance of "the QL&leu& dCVClOOant of the substorm .

« %

qutward‘electrojct.- Trie answer may lié in.the self-’

,inductﬁnce of ‘the substorm current system wnlcn governs

thc rate of chanop o f. Currvnt in the substorm electrojet

7

RS ~



(1976) have shown thaty the quict timc elcctfojet has a . -

s
“u

. time constant t = /R pf about 50 minutes, where L-is the

. " -

sclf-inductance of "thelcircuit and R the ohmic rgsistance!

Thus 1f the change in.gurrent which occurs: during .a

- ‘,..

- °

substorm was simply an intensification and expansion of ‘e

‘ , S . . : ‘ : | e
the quict clvctrojet then changes in the substorm current
_system would take placg with a time constant of theorder

) - . s o « . [ .
of 50 minutes., This certainly, is not what is observed,
as capn readily be seen from, the.cvaents presented in “this

‘ ’ i3 . o o . a - . . . o
thesis, the substorm current system fluctuations arec of
tens of minutes,

il

the order of a few minutes not séveral

' .
-

‘role

This suggests that self-inductance may he playing a

L
M o

AN limiting the scale size of the substorm current system,

a o

i . " The prdcess which leads to th¢ development of, -
‘ ; . N B -
rent systems -

.

a succession of several small-substorm cur
‘rather than one largce one Ccu}dubo that of a.plasma

:ins%abiliﬁy in the tail which:triggcrs a sudden release of

energy. Thé energy rél¢ased is dissipatqd'in part. in ‘the  #

form of joule heating in the ionospherc through the develop-
’ . N - N ) . -

ment of’g direct current Ybiph flows through the resistive'

N

ionosphere. This ionospheric current would, of course, be’

linked to the maghetoéphere by field-aligned currents

. €2
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Since cnerygy in the taill is stored primarily in the magnetic

< : ) .
ficld,'disﬁuption_of the tail current - through a plasma
- ‘ ) . ” .

instability would demand an_immodiateArelcasg of magnoetic

enérqy. Tho dissipation of Dn(rq/ by the substorm curront
circuit mu't theoen lse wﬂry rapid to bm consistent with
-~ . . R

the rate of cnerigy rcluasu in the tail.. Thus a sudden
relx:asc:()f‘Cqu:rgﬁf\irl the tail 2vould ténd te favour a

\ ] B . - * ‘

limited scale size £OY the -substorm current circuit which -

“develops, since thc circult must have a rclatively smal l

self-induckance in ordcr to pc?mlt ranld change of current
. ‘ : _ ) .
in the Clchlt - N

Y

. If tine instability which triggers the release
of. n”glcy in the' tail propdgates westwards and triggers

further encrgy rolcq es, as onc mignt expcct if the
perturbation stems ffom a drlft wave inst ablllty, tien

a ‘ ) » ' » . L3

further substorm,current circuits-of limited size must be
-V ) . . .’ l ’ \ ‘

set up te:dissipate this Cnorgy. Txo time beLwemn subotorm

.intensificati@ns wouldfthus reflcct thh tlme rcqulrod for

the” longltudlnalascctor adjaccnt to a sub:torm disturbed
reglon'po hecome unstable. Thc_net'rcsult would pbe that i
: o — . .
the substorm,vcgthrd olechoget would appear to propagate
)

N
o

wcotwardm in a oth ll}c fashlon .
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3.3 Inmplications of Jumping of Oubstorm Act Lvitsyy onoa

»

?”‘;acrowth Pliaso : .

e e e e ‘

(4\
'\
bt
A

praied ¢ Mhe final point whicn we wish to discuss has to
o W . ‘

v

A
HDRREAN - .
AR . - . el | .
ﬁ ith the relation of the. growth piiage to Lie exXpanisl ve
phasoe., Provious worners (Bolyeliova ot al., 19068;
’ . -"v.‘ ~ i -~ 4 [ v
McPhorron, 1970; 11jima and Jagata, LO72) nave doscribeoed

suchl characteristhcs as a ddorease in the 1 component at

- .

mid-latitudrs or a slioht decrcase wn tnoe H o component at

kd . .

high-latitudcs before an inteage: oncet as signatures of a

growth phasc. The mid-latiguw! obhseorvations presoented in

this thesis clear*ly indicate  that when a idslatitude onsaot

of +{H occurs in one scctor tnen there 1s a concurrent

.enhancement in the growth of - /H at mid-latitude stations
to the west of that sector. 'his confirms the conclusians

of many earlicr workers (c¢.g. Furxusihima, 1953; Zkasodi

Hchg,‘.‘l9'68) who usi“ng statistical and individualsTvent

studies, established tud behaviour of low-latitudce bays
as a function of tocals time. The hign-latitude observations

\ S

..also show that a gradudl decrease in the H component before
the sudden onsct of .a negative bay can be associated-with

negative bay onscts which occur in the region td the south-

e
i

east of the station in questian.

. - .
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Vinen the abowe teatnaren woere attribuated to growti

the dmplication alse soeens to have boeon anade that o growth

phase cxinted which was a phononepon whitohe woas indepnde !

. " N4 .
Of iy other hane oFf the substorm i Laats 1 procecded all

B
LT Lo obhier ploaces of the subsltorm. However as the oboor-

valions vroescntod hore suggest, chbhancenent in g,lu» Growiih

of negative W tol-lavitudoes may o dirccetly asnociatod

2 ~
with the onoet™ s (/x Crpansiyo
gradiral doeorcase inonoat nigh-latitudes can probably .o

Sthe cast walle®tho

e

atiributced to the station scceing an corxpansive paoase curront

syoternd which ig.1n a reglion'located to “he soutneast of

the station.,
&

Ve would lira to cenphasize that we are not

invoking the above considoerations to argue against the
idea of a growth phase; we merely wish to point out that

the fact that a particular magncetic siconature took place

in "a.sccter before that sector cxpericnced its onsct docs

not r.oox

ssarily mark that signature as a characteristic of

purc growbth sincc cach scctor is. affected Dy what 15 going

cn in the.adjacent scectors. Crowtih may 1lndeed be going on
in scctors to- the west of the region expdriencing 1its
: <

expansive pnase which would thus suggest that growth 13 not

neccssarily an. indevendent

phase. The elusive drgwta phase

whicnh 13 definced as an independent part of the substorm which

> -
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