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f?’/f'.;fi;ii;ﬁff*} Data from a iine of magne ometers stretching aiong S

“i°ta corrected geomagnetic meridian ~‘3“2 E through western'h-
ijCanada are used to study the relation hip between the convec- L
.lption westward eiectrodet and Pc 5 mic 0puisations in. the |
"‘morning sector. It was fOund that the:dominant spectrai i“"';‘"
”beands in Pc 5 range occur within the sa'e latitudinal range_f;'

B \?\iﬁﬂkloccupied by the e]ectrojet.. The intensi Yy contours and, the
- Aigfff°f?character of the polarizatilhiparametersilearly show that the
” :puisationai activity foi]ows the westward eiectrOJet : |
11{»Evidence of spatial osciliations of the bo ders’ of the eiec-l
7ftrojet at dominant Pc 5 frequenCies 1s\pres nted: 'Ihe
iaresponse of the Pc 5 micropuisations to rapi' reconfigurations.
’7,bf the: eiectrojet and the impuisive nature of\the Pc 5 wave
”:trains suggest that these micropuisations represent a tran-'_
| sient response to changes in the three dimensiqmai magneto-l‘
' sphere tonosphere current system associated with iarge scale’
convection Within the magnetosphere The displacement

fcurrent in the F-region and induction in the earth are

.iasuggested to have impq‘pant effect in the determination . ?
e ' of the poiarization of Pc 5 micropuisations | f, R -
" 'f. ‘in’ addition, an anaiysis FWd interpretation-of efﬁlf%;::ffh
- ) rpdata for a few rare 'Pc 4"giant micropulsations in the c“:!&i' N
7ﬁg#kh';'lnmorning sectpr recorded during 1971 and 1974 (when three of e
"'«',f;,g*(tigi iv 'a.-‘f:: R .f;"”va;'73xiv*
.¢«13‘ | " \:1



; the stattons were distributed a]ong the same latitude

‘“11ne) 1nd1cate that these pulsations are high]y 1oca112ed

““iboth in 1atitud1nai>endmipngitudinal’extent and occur'

“ 'during periods of extreme]y low activity 1n the magneto-
ESphere 'The"Pc 4 ectivity appears 4o be- 1nf1uenced by

' the 1nit1ation of substorm activity, however, the region of

_‘¢pulsatidn disturbance 1s found to 11e outside of the e]ec-_b‘
t-trojet regions It 1s suggested that the ‘Pc 4' giant

:/pulsations may be due to fie]d 11ne resonances.

g




kel

Acxnomnamm o

I am grateful to Dr G‘fhostokerlfmy”thesis

¥

.supervisor, for his,guidance and discussions throughout

the course of this research I aiso wish to thank
Dr. J C. Samson, D 0 L Kisabeth ahd Mr R G. wiens
for allowing me to use and mod{fy some. of their computer

programmes b g wouid 1ike to thank Professor R. Bostrdm

'of the Royal Institute of Technoiogy,,Stockho]m, for

discussions on the interpretation of the poiarization
eiiipse and the generatiOn mechanism of Pc 5 - Thanks arei
aiso due to Dr..J. V. Oison and’ Dr B,fv, Paranjape for
disCussions on some of the existing theoreticai concepts on

micropuisations and Dr D D waiiis for a]lowing me to-

use his computer programme to determine baseiine vaiues

for the magnetometer data '~‘Q i/a*

The Department of Energy, Mines and Resources

(Earth Physics Branch) aided the proaect by suppiying two ;

'y; of the fluxgate magnetometers and by granting perm1551on fqrd'jf.H-

the 1nstaiiation of recording systems at the Meanook and
Resoiute Magnetic Qbservatories Thanks are aiso due to

Ehvironment Canada (Atmospheric Environment Serv1ce),;

Pacific Western Airiines and Transport Canada for permi551onv.m,_

to set up observatories at many of their instaiiations in

western Canadﬁf_ The standard magnetograms utilized in this fV'“f"




O R R
study were supplied by the Department of Energy, Mines and
B Rsﬂources (Earth*Physics Branch) and World Data Center A
~?f_’t C}f.fi Boulder, Co]orado The interp]anetary magnet1c f1e1d data
o " used - in. this study were supp]ied by the Nationa] Space '
:Sc1ence Data Center,:NASA Goddard Space F11ght Center,

] lGreenbe]t Mary]and »"_ ' I S f '- w

for doing an exce]]ent job on the diagrams and Mrs Lw Cech
‘for her exce]lent work ‘in the arrangement and typing of \\

'gthis thesis | ~f_7ffh_jv1 ‘ f";;'__ L “nh‘ ';~ o

. "

‘ Throughout th1s proaect I have rece1ved financial
- ‘;;assistance in the form of 2 postgraduate scho]arsh1p from'
IR f hj”the Nationa] Researqh Counci] of Canada and in the form of
o 'a graduate teaching a551stantsh1p from the Un1versity of
3 ‘»"_vf.:A'lbel‘ta ‘Q\ ; ' »

'°-vi1fge}£;;f:-;»:a'ﬁf Sl

I wish to express my appreciat1on to Mrs E. T001ey o



. CHAPTER

~

CHAPTER

| CHAPTER',

I

A

11

" CHAPTER III

IV

c‘] )
. 3

1.4,

/
i

2.1
?42
2.3
2.4
2.5

Pc 5 ACTIVITY IN THE. MORNING SECTOR 8

-ﬁ'4E]

42

4.3

TABLE OF CONTENTS ~ . " 7--

'INTRODUCTION B

Def1n1t1on and Classification - 1
of Micropu1sat1ons ‘ N

The MagnetOSphere" e

The Morpho]ogy of Pc 5 and: 'Pc 4' .}6 '

Purpose of this Thesis - ' . 32.

Poloidal and Toroidal Osci11ations 39

EXISTING THEORETICAL CONCEPTS 3,

e .

.Hydromagnetic Waves B ’ :“‘*, ':°ﬂ331'

Excitat1on Mechanhsms 'ﬂ ,§>_A:47:" |

Wave Coup11ng E”“ . :ﬂi;  in.~.;i55ﬁ u

J

Ihe Relationship.of Pc'5 Activity 81 . ~.
4n the Morning Séctor to the =~ ' .~ ... .
’,Auroral westward E]ectrOJet e

Evidence for the Spatia] Dsc11]a- 13593ﬁa~

1ons of the E]ectrojet t,]

SR P I

,EXPERIMENTAL DETAIL ANb DATAGPROCESSING 73 fi.

Generation Mechanism of Pc 5 ‘;]44;;1f1
. M?cropulsations - R



. CHAPTER YV

'_ 5. 2 Generation Meﬁhanism-for 1’pc 4'.jfﬁ

CHAPTER VI

-SECTGR _ %f

x..mq:_

5.1 Observations -Q;f&is

SUMMARY OF RESULTS AND. CONCLUSIONS
6.1 Pc. 5 Micropulsations o <
6'2 "Pc 4! MicropulsattonS»;,‘

6. 3 cOnc1us10ns ) T

 REFERENCES -~ - -

" APPENDIX A

" APPENDIX ‘B

" APPENDIX C.

INSTRUMENTATION "f“fI ~;'

FDETERMINATION 0F POLARIZATION PARAME-
* + TERS AND PHASES FROM 3- DIMENSIONAL o
: VECTOR TIME SERIES T o

INFERENCE OF ELECTRIC CURRENTS FROM

fGROUND MAGNETIC DATA ‘ g

.

R



. i TR LIST\OF T*Aéu-:s

TABLE - B .>‘ng o f~h73;- '-f | nv f H7}77§A6Ef7 ”“wa“”

SRR B morgeulsation Classifications . o 3

“*f:'f‘ﬂ 2 Co¢ag§imes and locatidns of the magnetometer'51§4f‘fﬁ-f,<?°
T cstationssin operat1on during- late 1971 and R
~=gear1y 1972 o ,.I\_W_ O

‘Code. names and 1ocat10ns ‘of- the magneto-”7f f~76ﬁ' 
" metér stations in operation durfng the - -~ oo
mgsummer of 1974. _ _ _

‘»Magnitudes of. the peak powers “for different llda*ﬂg,-f
spectral components for the intervals of T
ﬁntérest Sr L S

oy .\, .

>[5f§ﬁﬂlnterp1anetary magnetic Yieldivaques anﬂbﬂl 5130 f_"
.- Kp .indices for the events se} ted forn S
’K;f*onalysis R i .

B ;FList of vaIues of the circuit elements of‘,w 154 - -
'Athe equiva]ent circuét . ﬁv{ . e B
A _Eigengeriods and eigenfrequencies of the - 0199 0 e s
© . first harmonic toroidal and polotdal and - ..~ "= o0 o
.. . the second harmonic toroidal osciflations . - A
«  for different number densities in the e
- Aequatorial p?ane SRR N AN R

.
B t.- .
o
. - Lo
- -
) ‘ * e
. . . . B
: e < ket -
e PEPEN ° -
Pl <
e . R :
e : .
" ) P ol —
% -
o . ¢ s o
- v
Ve

D dd



o pewmes T e T PRGE

(5 § o e el

. -ﬂmhfeg~dfmeﬂsthal-h&PresentﬁtioniQf'thé.j - R
"f‘r;chﬁfdguratiqnjof:thq m&?hé;bsﬂhgr&;[@f;érw-,-4-- R

~ujJHpﬂkki]a,,19733;ﬁ&1he'dfhgram_haﬁjbbqn, LT
Lrimodified by Rostoker [1976]) to show the. . .. "ot
~ /plasma mantle panticle distribution. .~ - S

.2 1.Schematic‘diaévam:oﬁ;thewmaghetQSphere S B R
R rk.projected.on‘the_noonamtdpightgmeridiah L T e
Lo ) *.up]ane~111nstrating1thégsirkelan¢~cnrrentu ey
SR A aiflpwﬁdnathe~evenin9‘segxor;[qftErrkatQKQrgi,@»_g’~g‘ RS
D 'g_ﬁ*_Jjnd.Boster,V197ﬁi;1 The diagram has been - .- . -
b2 modified to show “the Tqcations of the. - .
“¢ai;{v'aurora1 oval. ;/,5,1“'g¢;g;1ﬁ;.:w R

.- - ".4 - Electric field_COnfiguhation'iﬁ'thaémaghe=.gj]T3*='n o
- oo totail projected.on;thelcrpss%secptdﬁatfﬁﬁ"<"a“~ T T
T w¢¢*,area_pffthe‘ta11 [after Rostoker and " T RUEE
S v Bostrém; - 1936]1. - D e el
5 DirQQtipn;bfwionosphe¥ic4currentSQ&Ha1] LT s
'u_curréntilH anik Pedersen cutreﬂﬁ~lb)g§hd;7;.vf.,Q(“”” v

.. . Birkeland current flow and the ‘orientation- - . - :
- .of the ionospheri¢ electric field in the. - .~ . O
fpo1Ar#10nqsphere*[aftar;Rostoker;angaj 1g_*?; N
- Bostrbmy 1976]. The diagram has.been. ' N R
_ :'-modjfigd;to;shOthheyftdwgof'currents;in'. SR
. DRIV the"daySidefgnd;the$ﬁét:downward field=- - .
S {,g1aligneﬁ’currents'1hfthe«morningstCtohfand_ R S
L AN TR vthéﬁnet“upwaYd"fier-aligned‘éurrgﬂtsminﬁ'gi;} CL
(AT A n-'n;_ﬁ:,?“ﬁthe;pre-midnighx'quadrant;. I DT

T =jﬂf;,k§§;vf,An;exgmpIe;Of-Bcts”mjcrppuIthiﬁns;n;dordedi[;}7ﬂ.;N;Q o
S S ._‘ atyfu§Estation'ofrEortTReTjﬁntéﬁ(7G;3fNﬁ'“:;u R
oLl dgeomignetic) . The disturbance is recorded. . . R
R 'ﬂngtﬁégloca1;magneticlcoordimate,systame S
S (HyDy Z). Mo points towards the local . .o oo
;77 “magnetic-north, D east and I dowhAward.. . . oot
m«;ginLQth\time;is;approxfmatelylUT;igss-$Eyen;;i{jj-:;{JK;;‘x:ﬁ*




FXGURE

xf o POIar p]ote of the: auroral ovul (betweén - ’IBg‘uﬁ [RRRE
y o dotted 1ines), the intenst. ~maxima oinpmm-5=e¢;;;;gewu~m S

" Rn examplE of"Pc 4‘{giant P'ﬂs'at
_ recorded at station’ of ?ort McMufraY
oo (682N geomagnetic) »‘«

'w””{nmagnetjc medium [after FerrarO'and

- Plumpton, 1968]. A e

'f 12:'2f .
.7 .- :the maghetosphere showing. the senses of~ = ' o

R P O P LI
UYL ey R T R |
g ’ o : e ‘

‘Pec. B%s" (betwaen solid Tines), and the ;;n_--

|- plasmapayse (dashed Mines) in corrected. o
;ljfgeomagnetic coordimates [after Semson. . '_ e e
”;;]9723 | A ) *0“; 'v;rw- SRR I:‘“A.u e TTT%;ﬂ ; ‘

A?"‘

L The! diurnal and latitudinal var1otions of - tR3T L 1 :
-the sense of. polarization~fﬂr Pc 5 pulsas -;_;; ST e
- ctions of ~ 5 mHz . in the- horiepnta] p1ene SN '

"Eafter Samson’et al., 1971] o w_,-g,ﬂ;ﬂ,y"

g}Averoge,sense of:, polarizat%on 1n-¢he ,lxgr:"e 24
v ‘horizontal pIane o micro?ulsatkons tn

. the spectral ‘rar

- shaded® ‘regions ma ked C have predominantly.
‘*'ctdtkwise .polarization. and those- marned CC-~

00 'mHz. _The - L

‘have predomfnant1y counter: clockwise ’~ﬁ.

.n.gpolarization .The unshaded regions: haVe
somo” predominant sense of po1ar1zatfon [after
:CZRankin and Kurtz, 1970] : o

4on$ f"*Z§j~‘_

“fo~Po]ar plots of the velocity vectors for ‘“f~fﬁsz;31&;W:“£:
" "the three waves which.can be.excited L F T S
“ahighly conducting compressibie- nydnp-ﬁ T ‘

PRI

.Schematic diagram of equa.orial plane of ‘;1‘34955:'

- polarization. induced by a KelvinnHBWMhﬁlt?

;,'{Schematic répresentatiOn ;
4 of ‘amptitude and:polarization as '3 func-TT“
oo 'tian-of L :for- unstable: syrface waves on’
T, the.ma ne opause ¢

ﬁa;f1e1d £ a

?f;;1nstab111t¥ at the magnetopause [after
L ':Orr, 1973] , i

\

Projéction of the particle tTaJectory . 522;52?

“.showing the diffusions of protons due’” .Lf,ﬂ el

i towaves with a magnetic. field component RN ST

S id the diréction . of the principal nopmal - -ZQHV_,Q
. to the- dipoIe field lines [efter Dungey, ;;;b-; ‘

1955] SRR SN

.herveriation “'iﬁilfn

oupled 'to."a resonant "n‘ o
T Cheh»and Hasegawa. ]97¢aJ e_;}yp,r"'

af

x11 Lo R A S
R _ _.‘ Co - 2
.. . - oo N NI M . ~



"FIGURE _ T Q,' S e _.PAGE“

15 . 'Lat1tu¢e dependence of magnet1c variations = 65
- 'during four time periods when sinusoidal. ' '
osci]1at1ons were observed at the lowest
G o . latitude. All three stations are ]ocated
. S at the same magnetic ]ong1tude [after
: o ' Lanzerotti et alt, ]973] -

-

16 . The local t1me d1stribdt1on of the detached AT
: -p]asma reg1ons [after Chappe]], 1974] S

17 Locat1ons of the magnetometer stations din. 74
' corrected geomagnet1c coord1nates The '
"data. recorded by stations ﬂndtcated by
' ‘squares were used in this thesis. Data .
- from the: stations indicated by solid: c1rc]es
c were used ‘to determine . the region over: wh1cﬁ
SR the micropu]sat1on d1sturbapce extended.
- Only standard magnetograms were available- . A
from: the” stat1ons ind1cated by so]1d cir- S
. cles. - ST

‘18- LMagnetograms from the Un1vers1ty of A]berta 83 .
.. 'magnetometer stations for the event ‘. 'vfru
occurring on Day 235, 1971... The time sca]e
' - . - .2 . is.marked in hours’ Of Un1versa] Time. The
S ~ -+ station code names and. coord1nates are "
‘ ' -"'v-11sted in Tab]e 2. N

: 19 - 20 hiHz bandpass f1]tered mvcropu]sat1on oga
Ly : data for the Day 235,.1971- event. The IR
- - {orlg1na1 data are shOWn in F1gure 18

SN 200 1420 mHz bandpass filtered m1cropulsat1on*;fic85{w37
: g, jjdata for the Day 235 1971 event. : T
. f121ja5[Magnetogram for the Day 16 1972 event. :f'ﬁ 86
‘a"22;”‘11 20 ‘mizZ bandpass f11tered m1cropulsat1on : 87
jfﬁ,g;data for .the Day 16, 1912 event. =~ .. .
' 23:foMagnetograms for the’ Day 17, 1972 %vent‘ fﬂig 88
24 . 1-20 mHz bandpass f11tered m1cropulsataon“b”"89

: data for the Day 17, 1972 event

xiii



25

oz
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26

Latitude prof1les show1ng the magnet1c,

. perturbation pattern along the Alberta

meridian line. - The data are presented
in geomagnetic dipole coordinates with:
X positive northwards, Y-positive %,
eastwards and Z pos1t1ve -downwards.

The arrowheads at the bottom of each

frame delineate the borders of the

convection westward electrojet. The
Universal Time at which the profile is.

“taken 1s given at the top of the frame.

Plots of contours of equa] re]at1ve o
intensity of m1cropulsat1ons in the
1.3-2.5 mHZ spectral band (upper panel).

‘t';:The location of the electrojet (indicated
- by solid lines)" is superposed on the
.41ntens1ty maximum indicated by the dark

~band (lower: pane]) for the Day 16, 1972

'j‘event -Thé locations of our stations' ,
S are: indicated by the stars.on the )
”-,ord1nate ax1s o

‘Same as . F1gure 26 except for the Day 235
21971 event L , :

S .
BN

‘ f;Séne as’ F1gure 26 except for the Day 17‘,
ji;1972 event : _

T.Power spectra of the three magnetic com-
- ponents-(H,D,Z) - .at.the University of =
- Alberta magnetometer stations. ' The -top.

':”jpanel 'shows the. ‘power. spectra at our -~ .
© 'most northern station, with the lowest -
. panel ‘showing the spectra at-our most
“southern stat1on The spectra were.
. calculated ip the’ 1nterva1 qndicated- at

~the top of the. F1gure . The ‘records were
filtered w1th ‘a-'1-20-mHz bandpass fi]ter-

" The’ stations that were within the con-
‘1f1nes of- the westward e]ectrOJet during .

‘the - t1me 1nterva1 are” 1nd1cated_

by the ‘term WJ.. These power spectra

~are fér, the Day 17, 1972 (1100 1200 uT)'
‘f event,;nb A -
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31

33

1972 (1700-1800 UT) eve

Same‘as Figure 29 except for the Day 17,
- 1972 (1200 1300 UT) event N o

Same as Figure 29 excep% for the Day 16
t." .

/

Same as Figure 29 ‘except for the Day 17

‘1972_(1700 1800 UT) event

7Latitude profi]es of ‘the powers in three
. components in d1fferent spectral bands.

.~ The borders of the westward electrojet

- are indicated by the dashed lines.  This
latitude profile is for the Day 16 1972, .

- (1500- 1600 UT) event.

34

35

. Same as Figure 33 except for the Day ]7 '

1972 (1500 1600 UT) event

_Same as Figure 33 except for - the Day 17
- 1972 (1700 1800 UT) event -

T‘:Poiarization ellipses in the H- D plane.
~“The centres of the ellipses are at the.
Jatitudes of the stations which are

- indicated by the stars on the ordinate

~ axis. The sizes.of the ellipses-are not
Ascaled to the average ‘intensities .and all">

 ‘the major axes have the same. length.
- 'Ellipses that are shaded depict clockwise

- (CW)-polarization while the ellipses that~~

38

are not shaded depict counter-clockwise :
(CC) polarization. The location of the
convection westward e]ectrOJet 1ndicated

- by solid lines is superposed in the

background. ' The plot is for ‘the -Day 16,

11972 event.

S-me as Figure 36 except that the polari—
zation ellipses are in the H-Z p]ane for

. the Day 16, 1972 event.

‘Same as’ Figure 36 except that the po]ari-
- zation ellipses_are in the D Z plane for

v the Day 16,/1972 event.
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1971 event

Same as- Figure 36 except for the Day 235 .
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" CHAPTER 1
VINTnooucrxou1

1.1 Definition and Ciassification of Micropulsationsi
) | _“* The ‘earth’ s magnetic field is not constant but
fluctuates with time with periods ranging from smaii frac-
'tions of a second to more than 30 mi]]ions of years Nhiie
the. longer period changes are of- interna] origin, variations].'
e.with periods less than a few days are of externa] origin
_ ”fThat part of the geomagnetic spectrum which covers a fre'ﬂm
ijquency range of 1.7 to 5000 mHz With the corresponding period

"“f:range of 0 2 seconds to 10 minutes is generaliy referred to as

'»jtgeomagnetic micropuisationsyp Their amplitudes can vary from o

}i'a fraction of a gamma to hundreds of gammas (1 gamma =

1 nT = ]0 -5 gauss) This thesis deals with micropuisations
'in the 1 to 16 mHz frequency range. . L |

" The . history of micropu]sations stretches back over
Lmoreﬁthan a century In 1861, Stewart. while studying a
great magnetic storm recorded at Kew Observatory,_noted "The‘
. exertion'“f’the disturbing fOrce was of- a throbbing or pulsa-jt
Ttory character The interval of time between two of these o
fminute puisations may be said to have varied from ha]f a-
'minute. or the sma]iest observabie portion of time,,up to

‘four or five minutes [Stewart. 1861] Since then, a great ‘

*-andiversity of papers has appeared in the literature deaiing



; V‘“with the topic of micropulsations The largest increase inl':

o _the Output of papers came about in the late l950's after the

VI G Y. More recent advances in the study of pulsations
| have stemmed from the improvement of instrumentation, viz o
the development~of induction magnetometers, establishment of;“d
.magnetic tape recording systems, etc. | T | ‘
- Studies of the characteristics of micropulsations "”-
have led to the separation of this activity into various. _'
:groups and many authors have devised their own classifica-‘
tion systems In order to avoid confusion and ‘to standardize
:the nomenclature used. a classification system was approved f‘
at the thirteenth Geheral Assembly of the GG in Berkeley, u.‘-:\\\
'California [Jacobs et al l964].:‘ In this classificati&n o
system..micropulsations ‘were divided into two main gr0upings }af
those of regular and continuous appearance called Pc, and -
those with an. irregular form called Pi The Pc group was
'vfurther divided into five subgroups and the Pi group into |
| Atwo subgroups The classifiCation is shown in Table l -lt",i_
‘-ashould be emphasized that the properties of different classes:
"may overlap and that there may be different source mechanisms
_producing pulsations within the same class Until a better
) classification system is devised based on the correlative and
g;genetic properties of micropulsations. the above classifica-t.v“
'5ﬂwtion based on morphological properties will continue to be '5'3J

kuseful This thesis is concerned with the regular and con-f7f§;

51tinuoudf ulsations in the spectral range l - 16 mHz in the | ”¢

: L
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B Table 1 Micropul s."a_tf1 on 'C11.'a'5,_e,"1‘ f1 cati 6,ns;‘

i

-7 | ‘Frequency.
.Pc '

. (mHz)

Perfod
“(sec)

Py

| i)

| Fréquency |

-

| pe2

| e

.ﬂirpéi4 

-~ 100-200

(3

| 22,2100 |

5.6J7¢22;?f 

5 | 17607

200-5000 . |

0.2-5

Csa0 |

- 10-45

-

| 2si1000 |




th-from the Sun insp-interplanetary space originated as long aswr
xif3{300 years ago with the wbrk of Halley Near the beginning of |
”'f"f'_‘this century,_Stbrmer 19067 and Birketand [l908. 1913] intro- f
‘i’fduced the concept that charged particles of solar origin |
., :might be resuonsible for the: production of geomagnetic stor si
.:fnand auroras.» Chapman and Ferraro [193l] described the~s
“:h;thirties Their mod l suggested that discrete clouds of S

;':plasma were emitted from the sun during solar flares . Gutded

%“;g(tails of ionized material which scatter sunlight) always:
“i5}point away from the sun regardless of the positihn of the
| 'lcomet on its trajectory. Biermann [lQSl] developed a more

_'realistic picture which featured continual flow of’plasma away

The 1deaithat a- stream of'particles'flows outw,rd3 S

plasma from the/hydromagnetic point of view in the early o

"gfgdby the observation that the type I tails emitted by comets f~f€{{i:
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\.

from the.sun (Which is now known as the so]arfwind) After

‘ ﬂniermann 3 contribut1on, Chapman [1959] ln the 1ate f1ft1es,

a
developed a model for the'solar atmosphere in stat1c

equ111br1um and pred1cted that a f1n1te pressur must be

exerted inward on the solar atmosphere at great distances

3

| 'Parker [1960] po1nted out this error of finite pressure at

1nf1n1ty in Chapman s. theory "In a ser1es of papers be§%ﬂ!1ng
in 1957 on the 1nvest1gat1on of the expans1on of the so]ar
- corona into 1nterp1anetary space, Parker deve]oped a general
theory of( steady, rad1a1 and spher1ca11y symmetr1c f]ow of -
p]asma from the 5un [See Parker, 1963]
| " The 1nvest1gation of 1nterp1anetary space by art1-‘
f1c1a{ sate111tes and space probes has conf1rmed the mode] of -
the so]ar wind as deve10ped by Parker It is now estab11shed
that the solar w1nd is a comp]etely 1on1zed med1um composed
pr1mar11y of hydrogen (protons and e1ectrons) w1th about 5%

of 1on1zed He stream1ng cont1nua11y from the sun The solar‘

wwnd carr1es w1th 1t the corona] magnet1c f1e1d from the sun

o wh1ch is termed the 1nterplanetary magnet1c f1e1d (IMF)

N

Approxlmately 80% of the IMF is conf1ned to the ec11pt1c p]anev

with a. sma]] component perpendacu]ar to the ec11pt1c p]ane

Thls norma] component of the IMF - seems ‘to p]ay a maJor ro]e

v1n the 1n1t1at1on of . magnetOSpher1c storm and Substorm act1vi-:

i ty'[Dungey, 1953 1961 Fa1rf1e1d and Cap11] 1966; Rostoker

and Fa]thammer3<1967]' Substorm act1v1ty tends*to ‘be . enhanced

less than an hour after the normal component of the IMF has



e A
. N ot . . ! 1

'ﬂturned southward (1 e » pointing be]ow the- ec]1ptic p]ane)

ii [Arnoldy, 1971; ~Rostoker et al., 1972; “Meng et al., 1973].

' _ Typ1¢a1 va]ues for the solar wind parameters at the.
orbit of the earth are bu]k velocity ~ 300-500 km/sec, num-
‘~ber den51ty v 5 10/cm_, IMF ~ 5-10y (the f1e1d strength
1ncreases w1th h1gh sOlar act1vity), teMperature v 5x104 °K

(It can vary between 104 °K and IOGA

°K _ The temperature tends
to be higher when the sun is active. ), A]fvén veloc1ty
v 50 100 km/sec. and veloc1;y of sound 1n the so]ar wind
~ 100 zoo km/sec. | | " |
‘ Since the solar w1nd is both superson1c and super-
-Alfvén1c, a standing magnetohydrodyn@mac shock wave is set up
'Vapprox1mate1y 14 R "in front of the:earth. -Downstream from :
h'the.standing;shock,“the'bu1k fiow becomes/subsonicj(the,Mach ye
number;beihoﬁm'O”Z)’and'the solar.wind'plasma is thermaiieed. ﬁ
~This- region of shocked p]asma 1s ca]]ed the magnetosheath
The pos1tion at wh1ch the dynamtc pressure of the shocked
:1solar w1nd p]asma 1s ba1anced by the outward pressure of

earth s magnetic field marks the boundary of the magnetosphere,

h"vfca11ed the magnetopause (wh1ch is about 100 km th1ck)

the day51de, the magnetospherrc magnetlc f1e1d l1nes are more ;
fﬁor 1ess d1po}ar and have a magn1tude of ~ SOY Just 1ns1de the
"magnetopause However, under the sweeplng act1on of the so]ar

'~¥w1nd, the magnet1c f1e1d ]1nes are greatly d1stended ‘on ‘the

",:n1ght sfde form1ng a magnetota11 whlch reaches beyond the

'%7'forb1t of the moon at m 60 RE.‘ The center of the ta11 1s



dominated by a region'ofwenergetic plasma’(number'density

v 0. 1-30/cm3) known as the'plaSma sheet. The plasma sheet
“thickness 1ncreases from\about 5 RE near the center of the
taiT to about 10 RE near the f]anks Its width is about 20

~

R The center of the plasma sheet marks a reg1on of . magne-

£
tic f1er reversal known as the neutral sheet (which is about
600 km th1ck) On e1ther side of the p]asma sheet are re-
g1ons of low plasma dens1ty (< 0. Ollcm ) and enhanced magnetlc
f1e1d-terméd the tai] ]obes Typical magnet1c field strengths
in the near earth p]asma sheet are v TOY while the tai] Tobe
at s1m11ar distances from ‘the ealnh has f1e1d strength of

o The magnetosphere is popuTated by co]d' p]asma,

'hot' plasma and energetlc eTectrons and protons.~'The cold'

_or therma] pfzsma refers to particles w1th energ1es 1n the

"range of a few eV to a few tens of eV. They form,
: 'dense p]asma surrounding the earth cal]ed ‘the p“ ’re. ji
Th1s vo]ume of co]d plasma ‘has a toroidal shape w1th Cross

| section resemb]ing the dipo]e field The pTasmasphere has a
'df1e]d aligned boundary caTled the p]asmapause The p]asma- ”

'pause separates the region of h1gh thermal pTasma dens1ty, the.

3

-p]asmasphere (~- 100 e]ectrons/cm 1n the equator1a1 p]ane)-

from a reg1on of low plasma dens1ty, the plasma trough
3 r.

T e

(v 1 electron/cm 1n the-equatoria] plane) The mean equator~

:'ial rad1us of the pTasmapause 1s typ1ca11y about 4 RE, but may

L
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vary from about 7 RE durlng extreme qu1et periods to 2 3 RE ,m'

during disturbed. tlmes Outside the plasmapause. the thermal

plasma density decreases approxlmately as R 4 Inside the

plasmapause, the density distribution along field lines is

more or less 1n agreement with a diffus1ve equ1libr1um model
/ .
4

which gives a much less rapid decrease than the R™ model

¥

' The 'hot"plasma refers to partlcles whose energies T

range from several tens of ev to several tens of keV. This,

plasma population, though less dense than'the thermal plasma,5[1

carries the largest share of the part1cle energy dens1ty Thefl

energet1c particles are part1cles W1th energieéithat range

from a few hundred keV ;o a few MeV (for electrons) and a few :

l‘.hundred MeV (for protons) They are the least numerous group

of part1cles and const1tute the so called trapped Van Allenf'

A.radiation belts ‘ ‘ ‘ .
| It is now well “known that energy from the solar wind

"-penetrates to the inter1or of the magnetosphere and 1s trans-;

'-ferred from one place to another Wlthln the magnetosphere o

--';,through the convectfve mot1on of the flux tubes (and the1r‘a

frozen in plasma) [V Exa]] as well as the grad1ent dr1ft

L
[VG — B x VB] and curvature dr1ft
eB . . . : :

']'MKS units are used f is the electric field'andvg.the
magnetic field ' '

H1'~g% mti is the K E. of the particle assoc1ated with the

gyration around f1eld lines. e is $he charge of: the particle..‘

| B is a un1t vector parallel to §



”‘[V = (“5%)§ x (B V)B] of the energetic particles. o

. Recent studies by Rosenbauer et al [1975] suggest
rthat solar wind plasma gains entry to the magnetosphere

through the polar cleft and becomes part of the plasma mantlelu
: streaming downtail away from the earth. It is thought that |

plasma'_

‘,the plasma mantle particles eventually populate th;
r'p]sheet 6nd acquire a drift velocity and field align d stream-

< -

ing velocity toward the earth [Rostoker, l976] ‘
J‘ ’ Insofar as’ the motion of the plasma sheei particles:~
.l_close to the earth is concerned, curvature and grafient drift

become significant causing electrons ‘to drift east:ard and .

A,_protons westward The drifting particles have a co ponent of

";their population which precipitates into the upper
“‘both exciting and ionizing the constituent atmospheyic partiei

";cles.‘ It is now understood that the plasma sheet of the

nffmagnetotail maps 1nto a region of enhanced auroral uminosityff'

‘iyand el&ctrical conductivity called the auroral ovall [Frank
l97l Lassen, l974] (Figure 2) An artist s &oncedtion of
;the auroral oval is shown in Figure 3 4" R
_l y | : Rostoker and Bostrom [l976] have suggested that the'
"Velectric field dr1v1ng the ionospheric current originates g

lin the magnetosphere as ‘shown in Figure 4 Since the plasma
in the magnetotail is collisionless, one may conSider the

conductivity along the magnetic field lines to be nearly ;

"=z mv" R

tmosphere
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B
~A_infinite, in which case the magnetic field 1ines may- be .
'i_cOnsidered as equipotentials Thus any e]ectric field norma]
to the magnetic fieid in the magnetosphere wiil map along o
:“”magnetic 1ines of force into the ionosphere ' The magneto-
ﬁg:spheric electric field when' mapped into the ionosphere is

: shown in Figure 5. As mentioned eariier,sthe aurbra] oval is’

":1a region of enhanced conductiv1ty due to energetic partic\e

}‘fprecibitation Thus, the existence ef electric fields in a

;region of h19h conduct1v1ty resu]ts in electric current flow.
‘: In Figure 5, it can be seen that the Hai] currents

(o
(current f]ow whose direction is perpendicular to both the

ae1ectric field and magnetic field) are driven 1n the auroral
v_oval such that ‘the flow is eastward 1n the evening sector (the
”L_eastward eiectroaet) and westward in the morning sector (the
Jwestward e]ectroaet) Based on the e]ectric field data of
'aneppner-[1972],and‘Mozer and Lucht [1974], it Js con51dered‘
’ ithat'the'aboue-mentioned e]ectrojets'are Hall'Currents”fiowing
11n the E- region of- the 1onosphere (n 100 km. above the surface
-L‘of the earth) In addition to the Ha]] currents, direct
'(Pedersen) currents f]ow 1n the direction of the N S electric .
fieid The conduct1v1ty discontinuities at the edges of the‘~
'aurorai ova1 cause the 1onospher1c current to diverge and flow'
along the magnetic lines of force These field a]igned : |

;ccurrents (the Birkeland currents) flow into and out of the

. tai] region and coupie the magnetosphere to the ionosphere



@
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orbiting satei]ites [Zmuda and Armstrong, 1974] and are

5'combination of spatiaT and temporal dscillationS”

ticurrent systems described above

Lo e e '”EIS(

-’They have been observed using magnetometers aboard polar

thought to be driven by MHD g‘neration processes 1n the
magnetot il [Rostoker and’Bostrdm, 1976] The f]ow patt rn
of these currents is already shown in Figure 2. FinaYTy§ we
note that there tends to be‘net downward current flow in the
morning sector and net upward flow in the evening sector

'[Yasuhara et al . 1975] “As we shaTT demonstrate Tater in .

-‘this thesis. Pc 5 micropulsations in. the morning sector which

'ejhave peak ampTitudes in the aurora] ovaT are generated by a ]d;

of the

‘.

Bl

. 1 3 The Morpho]ogy of Pc 5 and Pc 4.5“ U

' (a) Pc' 5’ f"sz*f"f = R .
o This c]ass of puisations with the Tongest PeriOd

-fhas amp]itudes of a few gammas to severa] hundred gammas TheT;

.ffoscillations are rather regu]ar with a wave train consisting

o\

yof»a series of damped type variations Tasting about an hour or

Fmore. An example of Pc 5 recorded at high Tatitudes is shown

in’ Figure 6 The duration and amp]itude of the wave trains in

4the morning hours are generally Jonger. and greater respective]y'

athan those in the afternoon ~ The osciTTations are most sinu-

AsoidaT in the morning and early afternoon [Jacobs and wright,

"1965] The Z component (the vertical component) of such

pulsations can reach appreciable amp]itude in the auroral

Cy.
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qi’the horiz’ntai components {Samson, i972}s A given Pc }
- even {has the same frequency at a11 latitudes [Ellis. 1960 i
f:ObervY and Raspopov, 1968, Samson and Rostoker. 1@72] /h%re

;'fftare aniy a few exceptipnailcases 1n which the H-component

'*i*}and Samson, 197215?

?var1es with latitureftsiebert. 1954 Voelker, 1968; Rostoker
'iOscillations similar in ampi Bude and

’lffﬁfperiod‘often appear,simultaneously at conjugate stations

".;aj¥}£[uggata et a1 1963 ﬂacobs and Hright 1965]

\""

3§It is now weTi established that the occurrence

chtf?frequencies and ampiitudes of Pc 5 maximize in the auroral

o ,f.};dn

“65°7- 70° geomagnetic iatitude) [Jacobs and Sinno,

- .,'

'”VTﬂﬁ]geo Kato and Saito,\1962 01', 1963 Kokubun and Nagata.-v

ff:EJQGS Obertz and Raspopov, 1968 Hirasawa, 19705 Gupta, 1973

“ﬁ¢J974] Samson [1972] found that “the intensity maximum of '

'°=?;§occur,v

.»;Pc 5 foliows the statistical aurorai oval as 111u trated in ‘~';

;jsupta [1973]aparried out a, statistical study of the

nce frequencies Bf Pc 5. using seven Canadian stations

-L"f?34covering a. latitudinal range (83 1° N - 54, 3° N) and *“]°“gi°e<‘
"Z'f¥tudinalirange (287 7°E-— 347 2 E) He found that the dfuqﬂal

J7variation in occurrence frequencies of Pc 5. shows a peak 1“,n:'.

:1'the morning and,a peak in the evening hours for aii stationsa

B}

ﬁvahe evening peak ds more dominant in the polar zone., In the 5

HT_ auroral zone, the’ mornimg peak is more dominant in agreement

-

- ‘:'a
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wfth theyresults of Saito [1964] and-Hirasawa‘[1970] whoer'
oticed that the occurrence frequency peak 1n the morning 15v
rqghayply defined and centered near 0400 1000 LMT Gupta a]so

'noted a m?dnight peak in the aurora] zone. - In the sub auroral
zone, the evening peak is more pronounced Saito [1964] notedlib
that Pc 5 are observed w1th equa] probab111ty over most of |
the. day 1n m1d 1at1tudes ‘The bas1c d1urna1 var1at10n pat~;
tern of the occurrence frequency of- Pc 5 1Saunchanged for ,f
different seasons and different levels of magnet1c act1vity
[Gupta, 1973] ’ While s1mu1taneous occurrences of Pc 5 rare}y
were noted at the seven Canadian stat1ons (about 2% of the '
events), Gupta found s1mu1taneous occurrence in the aurora]
‘zone stat1ons cover1ng an . area of 10° 1at1tude and 20° iQt;;_

ﬁi_.. f | 1ong1tude in more than half of the events he stud1ed Obertzt7'7

A ,ﬁ and Raspopov [1968] obﬁgrved that the character1st1c Iong1-::

' tud1na1 extent of Pc 5 1s 60° - The fol]ow1ng resu]ts of
Gupta [1973] should be noted ing pass1ng 27 day recurrence-.'lﬁ
tendency Hs ! weak, cbrre]at1on between occurrence and Kp is
good upkto Kp —’5° and zKp = 37; corre]at1on between _ ' \
occurrence and da11y and month]y mean re]at1ve sunspot numbers

/ﬁ\LJ/\ , is poor, there is greater occurrence of Pc 5 1n summer than

in w1nter

————

: The d1urna1 variat1on 1n amp11tude ‘of. Pc 5 shows a'
h peak in the ear]y morn1ng and another 1n the even1ng [Jacobs
;[ and Sinno, 1960; ~Kato and Sato,,1962 Kokubun and Nagata,;;

1965] w1th the mornlng peak dom]nat1ng the evenxng one. .

./,



'-qupta [1974] not1ced that, An the auroral zane, the d1urna1
"”amp11tude max1m1zes 1n the mornlng and thTS peak tends to

lmove northward reaching the poTar stat1on of Reso]ute Bay

::varound hoon.- Saito [1964] also observed a s1ngle maximum in

.the diurnal var1at1on of amp]itude at the h1gh Tat1tude

. stations of Fort Church111 and Point Barrow ' Only occas1on-

\ ':fally did Gupta f1nd a maximum of amplwtude dur1ng prenoon

S of 6- .

ﬂ'and post'n°°" hours for the seven Canad1an stat1ons He also
‘lreported a midnight peak for all the aurora] zone stations and
vznthat the. d1urna1 variat1on pattern of Pc 5 amplitude showed
,QnoacTear relat1onsh1p with seasons or w1th magnetic act1v1ty
| The amp11tudes of Pc 5 do not show 27 day recurrence tendency

' oabut seem to have a 11near reTatlonsh1p w1th Kp up to a Teve]

The po]ar1zat10n of Pc 5 in the hor1zonta1 plane
exh1b1ts both lat1tud1na1 and diurnal: var1at10ns - Kaneda et

al. [1964] and Obertz and Raspopoyv- [1968] showed that Pc 5
"exh1b1t pronounced Tat1tud1na1 change in the sense of po]ar1-T°
".zat1on They reported that Pc 5 at Barrow (68 6 ) had cw

' poTarizat1on (clockwlse polar1zat1on Took1ng aTong the d1rec-
Hi'tion of the magnet1c f1e1d) and P¢ 5 at. College (64 7°) and.
S1tka (60 ) had cc (counter c]ockwise) poTar1zat1on when the -
center of act1v1ty was. between College and Barrow An
apprec1abTe 1at1tud1na] phase shift in the H component

~',:aCCGmpan1ed the polarization reversa] | Samson et al. (19711 "



x | | '.2.2‘
also found that Pc 5 observed at'stations south of Fort smith_
(67 3°)- had a sense of polarization oppOSite to that at ' |
Cambridge Bay (76 8°). In addition, Samson et al. [197l]
;noted that the line of intensity maximum of Pc 5 coincided
with the demarcation line separating the regions of opposite
polarization | | | |
. ‘ Earlier, before. the discovery of the demarcation
line, studies of‘the diurnal variation of Pc 5 polarization
in the northern auroral zone region by Nagata et al. [l963],a»
Kato and Utsumi [1964] and Kokubdn and Nagata [1965] indicated]ri
that the sense of polarization in the horizontal plane was '
predominantly cc in the morning and ¢w in the evening Samson
.et al. [l97l] also observed the}above polarization patterns
eguatorward of the dema?cation line A summary of both the
latitudinal and diurnal variations of the H-D polarization of )

Pc 5 is shown in Figure 8.

\

‘The polarization characteristics of a broad band of

“micropulsationshave been 1nvestigated statiftically by Rankin - -

" and Kurbz [l970] They have analysed the magnetic data-

-precorded gt 14 stations distributed in central and southwest
‘Alberta from 49° 51 N geographic to 54° 26 N and ll2° l7 W
\/ ]
geographic to ll7° 50 N The average senses of polarization
in the horizontal plane of micropulsations in the spectral -
—range 3.3 - 100 mHz are shown in Figure 9 ThlS spectral
'range covers the higher ?requency bands of Pc 5, and the-'

: complete Pc 4 and Pc,3 bands It.can be seen from Figure 9

Y

5
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TI that the dlurnal polarizat1on pattern of high latitude Pc 4

ft'a"d Pc 5 pulsatlons are s1mllar, wh1le the sense of polariza-.‘

oo

"f}tion of Pc 3 s~(22 2 - 1oo mHz correspondlng a period range - i

’iof lO 45 seconds) 15 opposlte to that of Pc 4, 5 s with cw

'

‘polarizatlon in the morning and cc polarization 1n the after?

'tvetion in the evening are valid not only for the statist1cal

.tjrfcase but also for simultaneous observat1ons on both morning
i'faand evening sides of. the earth [Tro1tskaya, l967] Tht;;j&

, “,characteristic in polarizat1on has led Nagata et al flésjj
tlmand Kokubun and Nagata [1965] to suggest that Pc 5 pulsations

“aare due to . transverse hydromagnet1c anes on magnetic field

0

"lines near the magnetopause exclted by a hydromagnetic inter- o
'action of the solar wind and the geomagnetic f1eld Atkinson ’fj

jand Hatanabe [l966] subsequently suggested that the transverse

‘ 'hydromagnetic waves are a result of a surface wave mot1on at

‘~f4the magnetopause and the surface wave is generated thrOugh

"7'-va the development of Kelv1n Helmholtz 1nstab1l1ty as f1rst ~;.v-

o‘suggested by Dungey [1954] Based on th1s dlStlnCt d1urnal

‘varlation pat?ern of polar1zat1on 1n H- D plane, Samson et al

[l97l] also tended to favour the idea that Pc. 5 pulsat1ons are :

.’v‘generated through the development of Kelvin Helmholtz 1n- '

"o.;stabtl1ties at the magnetopause A more - deta1led d1scussion

?”on the theory of m1cropulsat1ons w1ll be g1ven 1n the next

'*‘chapter

The cc polarlzat10n in the morn1ng and cw polariza-"'
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h The d1urna1 variation of the sense of poTar1zation N

'1s reversed in the southern auroraT zone compared to the

‘\,northern auroral zone [Nagata et a] 1963]- Th1s 1s to be

expected since the senses of poTarization are’ conserved along‘ﬁ

_ 'fie1d 11nes [Nagata et al., 1963; Jacobs and Nright. 1955]
'q5giln m1d Tatitudes the d1urna1 polar1zat10n character1stics A
:.are more compllcated w1th four sectors alternating frpm CW. _‘

*fto cc [Saito, 1964].

Nith regard to. the polar1zat10n e111pses in the

:',H D. p]ane,-Samson [1972] observed that thé morn1ng sector
htrhas con51stent1y e111pt1ca1 cc po]arizat1on and ‘that ‘the
2 ni{'afternoon sector has a mfxture ‘of. senses of poTar1zation and
'rd;a predom1nance of almost Tinear poTar1zat1on in H. The
;{ellipses at the h1gh ]at1tude stations (58 4° - 76. 8 ) are

.predom1nant1y polar1zed in. the H direct1on

" There have been on]y a fewﬁstud1es on the poTariza-

| tion character1st1cs 1n the vertical planes for a- few events
;[Paulson et al., 1965 N1Tson, 1966 Annextad and W1Tson,
i1968]* Samson [1972} carrxed Out ‘a statist1ca1 study on the
"polarizat1on character1st1cs 1n the H Z and D YA p]anes. Most
.of the stat1ons show cw po]ar1zat1on 1n the H-Z plane over the"

“entire~day The eT]1pses are predomtnant]y polar1zed in the

H'direction From the ana]ysﬁs of the po]arizat1on character-

ist1cs in. the H Z p]ane, Samson conc]uded that the perturba-

"['tion magnetic f1e1d of Pc 5 1s defin1te1y not po]ar1zed trans-

'-ntverse to the ma1n.geomagnet1c f1e1d The senses of po]ar1za-

° .
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"ntion in the D-Z p]ane at Cambridge Bay (76 8° ) and Fort Smith
"31_(67 3 ) are cc in the. morning and siightiy cw in the after- :

noon and evening with the reverse/being true at the southern

stations.. " The maJor axes at most stations seem to favour the
fD’direction;in the~intervai_(5 - Q LT) in the;D-Z piane. _At,

:other.times,'the pOlarizations are mOre confused.

-
, ‘This . the51s is concerned w1th the Pc 5 puisations
ok

i the morning sector which “have cieaner wave forms and

.cJearer polarization characteristics than puisations

..~oCCUrring'at other times_of day. The Pc 5 pulsat}ons Wh1Ch\
'vloccur during'the.main;phase of.geomagnetic storms and are

’ ’confined.to the afternoon sector [Barﬁﬂfﬁd et al., 1972;
.3iLanzerotti et'a] 1975} and the midnight Pc-5 noted by

Gupta [1973 1974] wi]l not be dealt with in th1S the51s

"smce these pulsations, though in the Pc § range, are ’

'probabiy due to different origins.

(b)\'Pc 4' :

Pc 4 is: described as a regu]ar and continuous

pu]sation w1th period between 45 and ]50 sec. This ex1st1ng

c]assification faiis to describe ‘the.. un;que features of the

| kind of puisations reported by Ro]f [1931], Harang []932
.1936, 1939, 1940-1944], Sucksdorff [1939],,Ve1dkamp [1960]

and Annexstad and wiTson [T968]\' They'referred'to that

particu]ar pu]sation w1th1n a narrow band dn. the Pc 4 range

‘as giant pu]sations or. Pg s. However’ these are not giant

: pu]sations 1n the 11tera1 sense because their maximum ampli- )

g L e ) R :. _/:
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‘tudes only reach 30 gammas_or %o whlch is comparatively much
rless .than those of Pc 5 wh1ch reach hundreds of gammas Ne
: wi11 ‘refer to this unique pulsation as ‘Pc 4' to be dist1n- o
guished from other Pc 4 such as those assoc1ated w1th the
Jplasmapause stud1ed by Lanzerott1 et al. [1974] -
A typ1ca] examp]e of 'Pc 4! recorded at our sta-

tions is shown 1n F1gure 10. It can be seen that the waye'

| form is h1gh1y sinusoidal and well hodulated' The average

'*Txkhaya Bay (71. 1

| period of '"Pc 4' is 87 sec and 1ts durat1on var1es between 10
mlnutes and severa] hours [Sucksdorff 1939],_ |
The . occurrence of 'Pc 4' 1s_rare. Rolf [1931]

.reported 28 occurrences from almost 9.yearShof datafrom‘the
“auroral zone station of Abisko. Sucksdorff‘[1939]'observedV_““,
‘150 events over 25 years (1914- 1938) of data at Sodankyld |
4y1th an average of 6 ﬁ% 4' events per year. Korobkova et aT,n'
[1959] found not\one s1ng]e case in the 20 years of data at

/

apd none were observed at the Sov1et

"3. polar stations. during™l. G Y. "Rolf. [1931] Harang [1932

11940-1944] and Sucksdorff [1939] noted that 'Pc 4' occurs
most frequent]y durmng ear]y morn1ng hours (2-7 LT), around
equ1noxes and in years of m1n1mum so]ar act1v1ty fh "Pc 4'
\pulsatlons a]so ‘tend to recur’ for successﬁve days at 1ntervalsvcﬁ
 of about 24 hours [Sucksdorff 1939]. ; o 7y B
The 'Pc 4' pu]sat1ons are extreme]y loca11zed in

latitude. This feature is well‘111ustrated,by.an.event_on;._'
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. e . o 30“
July l7, l958 studied by Veldkamp [l960] u51ng a large numher |
”of stations in Europe The latitudinal distribution of ampli-
ﬂ tude of that particular event maximized at v §7°N geomagnetic

and the amplitude dropped to the noise level about 5° north’

.'and 5° south of the latitude of maximum intensity The

'pulsations occurred ina strip confined within 50° to 60°
. :(The overall spatial distribution of the pulsations wasiﬁi
a_,confined ‘to a small area about 1000 km by lOOO km ). The_
yatimes of beginning and ending of the pulsations were differ—
ent for different stations and almost simultaneous occurrence
was restricted to adJacent stations which were less than 500
:f.km apart . Most stations registered cc polarization in the '
'thorizontal plane Veldkamp contended that the observed period
-of 105 sec fltS well w1th eigen OSCillations of period n 100
sec predicted by Obayashi and Jacobs [1958] for field lines
- emanating from 57°'geomagnet1c latitude.g

_ ‘ Annextad and wilson [1968] analysed 20 Pc 4' events_

recorded at College and its conjugate. Macquarie Island duringd
~years of minimum solar act1v1ty None of the 20 events was .
“:seen at polar and mid. latitude stations 75% of the events at»ci
'College were polarized 1n cc sense,bn horizontal plane while_”'
67% of the events at Macquarie Island were polarized in CW -

sense. Therefore,econtinuity of the sense of polarization ‘was-

preserved along the magnetic field lines.- '70% of . the el]ipsesht

‘fg”in the horizontal plane had their major axis aligned within‘*

.“" "
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‘+ 45° of E Hn This means that "Pc 4' has a larger D-component

:than the H~component The polarlzation e111pses in the H- D

p]ane for the - two stations were mirror images of each other

'across an E-W Iine Annextad and Hilson contended that the

Cipe 4r i3 a. result of the n=2 (f1rst even mode) mode of .

transverse hydromagnetic wave propagating a]ong field lines

\.

to conjugate points e
It should be noted that Harang [1939] noticed

simu]taneous occurrence of pu]satwons on magnetic records and .

\

in the scattering reg1on of radio waves at heights of 650 800

km. He used a powerful transm1tter at a frequency greater

. \;

than the penetration frequency f F2 (1 e, the minimum freﬂ

‘ﬁquency at whwch the 0 wave can penetraté the F Iayer) and

'obta1ned pulsating echoes above the F layer = These pu]sating

echoes - c01ncided both in duration and period W1th Pc 4':'

"tpulsations RIS N ; --<'h' | j_.

We were fortunate to observe a few occurrences of v

&dthese rare 'Pc 4' pu]sat1ng in our data and they are docu-

'mented in this thesis & o f_‘ I i§f

A more complete rev1ew on micropulsations can be

- found 1n the fo]]ow1ng reviews Uacobs and Nestphal [1964].
,Hu]tqvist [1966], Tro1tskaya [1957] Campbel'l [1967], Satto |

[1969] Jacobs [1970] and Orr [1973]

wl
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P 4 Purpose of Th‘Thesis o [ PR S
‘~ﬁ5f “A-total .o nine magnetic stations were in operati

in’ 1971 and early 1972 in Nestern Canada, arranged approxi-"i"*

mate]y along a corrected geomagnetic merfdian, and providing fﬁ7«

I B o O

’;_i'very ‘good spatial: coverage for high 1atitude micrOpuisation g

Fo et

‘ 5*“]‘fevents. In particular, the close" spacing of stations in the A

..,aurora1 zone provides re]iab]e information on the motion of
- Lo v_\'

% the convection auronai e]ectrojet., ' | , ‘
'  It is the object of this thesis ‘to present the S
"Jre]ationsh1p between the Png micropu]sations and the CO"VGC'rl f
~fi‘tion westward e]ectrojet and to demonstrate that the genera-* |
'_tion mechanism for Pc 5 is due to the osci]]ation of the _ffiiﬁtf

~ithree dimensiona] current system associated W1t ﬁthe c<§vec- f?

-
Aftion westward electroaet

In addition, an analysis and interpretat on’ of the:f'

o rare_'Pc 4' micropulsations recorded during 1971 and 1974

.‘(when three of the stétions were distributed a1ong the same”a'
‘.{ff1atitude irne) W111 be p%esented, and we sha]] show that |
':t.. these events may we]i represent the pure resonance effects_‘f"n
| -h"ﬁiCh have. Qﬂﬁ“ Proposed by several authors as a source fon};tf

A“1ong period micropulsation activity

¥
‘~



o cWmpTER fI ¢

Y §[stETING TH%BRETICAL'CONCEPTS L 'g”',

] Most of the attempts to expL}in pu]sapions in the e

c ‘earth S magnetic field are b&&ed on .the concept'of hydro.ﬁ
| T!~m“9"et1c "aves thch were proposed by Alfvén in} 1942 [A]fvén,,;::

1942] Th1s chapter begins with a br1ef review of the modes

1“f of propagation of hydromagnetic waves in a perfectly CO"dUC‘

't1ng f1u1d permeated by a uniform magnetic field ' This is‘

then fo]lowed by a. discussion of the modes of hydromagnetic

osc111at1ons of the medium 1n the presence of a mon uniform ;

' n»mechan1sms are discussed next, and the theortes of the '

’

: eWaves 1s presented 1n this sect10n Much more

-,7jregard the p]asma ‘as-a perfectly conductlng flu1d In addj~\t*‘

.Lmagnetic field such as a dipo]e field - The excttation -

3 .

mcoupling of energy from an externa1 source to a: Joca] f1e1d

11ne are rev1ewed fhe chapter is conc]uded by:comments on

!

_~the existing theoretica} concepts as related to exper1menta1

observattons f;}f g;”f__ {",aj'f'”“=§f'_;j e

2.1 Hydromagnetic Waves fiff,;ffeggi; ] ,'.Mgpf

A qualitatlve review of the subJect of hydromagnet1c.'
. .
%omprehensﬂhe -

- ,

treatments can be found 1n any standard text on p]asma physics

-{e g s Alfvén and Falthammar, 1963]

The crudest approx(\at1on to p]asma behav1our 1s to

33
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v‘. M B ‘ . . . . .
tion to the hydrodynamic properties, the.fluid‘possesses

| ‘fequally important e]ectromagnetic properties. . In order that

strong interaction between e]ectromagnetic and hydrodynam1c

phenomena exist, the 1nequa11ty

P o . o
v . . L >> L e ‘
, S o 0 s

must be satisf1ed, where L 1s the 11near d1men51on of the_h

_"\

conduct1ng med1um of density p, permeab111ty u and'

conduct1v1ty o in the presence of a magnet1c f1e1d B.

' [Lundqu1st, 1952] Under norma] laboratory cond1t1ons this

criterion is‘not,satlsf1ed, but the situation s very'a'

ditferent»fn'the'magnetosphere wheretthehlinear dimenston ‘,"
is qu1te 1arge " | ' ’,.‘ - R ) 0
1 Let us cons1der a n0nv1!cous and compress1b1e‘
f]u1d of 1nf1n1te conductiv1ty permeated by a unlform
magnet1c f1e1d § Let us assume that § 15 curl free ‘
(1 e. -V.xlﬁd 0), the magn1tudes of the perturbed quant1t1es

are sma]] compared w1th those 1n the unperturbed state and

the d1sp]acement current 1s neglrg1b1e compared to the . _"“

conduct1on current Then, comb1n1ng Maxwel] s, equat1ons‘

o and the bas1c equat1ons of hydrodynam1cs, one can deduce that»3r”

three d1st1nctly d1fferent waves can be exc1ted vn the hydro-“

o

o magnet1c med1um They are. the Alfvén waves (also known as :

the shear A]fvén waves or an1sotrop1c Alfvén uave when

propagat1ng a]ong f1e1d 11nes), the slow magneto SUnic uawv;,




(or slow magneto acoustic wave) and the fast magneto son1c

’wave (also known as fast magneto acoust1c waves and, ‘when

Y

prOpagating across field lines, mod1f1ed A]fvén wave,

compressional Alfvén wave or 1sotrop1c A]fvén wave) The

"wave frequency must be low conpared to. the ion . cyclotron
‘frequency otherwlse the ions will not partake fu]ly in thev

© Wave mot1on If the ang]e between the propagat1on direction

and the f1e1d § s 8, then the phase veloc1ty of the A]fvén_

‘wave is. equa] to VA cos 8 and the phase veloc1t1es of the

magneto son1c waves are given by the two- rea] and - non~_ .o

!'Anegat1ve roots of the quadratlc equat1on for the phase‘

»

veloc1t1es V2 '

&

‘o' . B Do ¢

~wh1ch yJelds

'2'_12' 4 2 2 1/2
.env = 2 A +. v ) + (v 4 vS - 4vS Vo cos 8).

. o ": .,"‘v - Bo e . , o ‘. : -.
wherelvAjf ?f_ijV? is the A]fvén ve]oc1ty, VS, Jggifs ‘he N

-.Pop".‘
ve]oc1ty of.an ord1nary sound ane; p is.the plasma-presshre
and o 'is the mass dens1ty R | a'-i - f': A
\\\ The phase ve]oc1ty VA cos e of the A1fvén wave ls

equ1va1ent to mot1on of the phase fronts 1n the d1rect1on §

, "w1th speed VA "~ The. A]fvén wave 1s thus a transverse wave.

'fThe s1ow magneto son1c wave propagates w1th a speed whlch is ,“

'S

o hsmal]er than the lesser of Vs and VA The fast magneto -sonic

e

e L
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wave propagates with a speed which exceeds the greater of VS

and V The two magneto sonic waves are neither lOngitudinal

A°
-nor transverse except when propagating a]ong field lines or
'Yperpendicuiar to the fie]d lines o ' |

| ' These waves are most conveniently discussed by

means of polar plots of the velocity vectors of the three.;
waves as shown in Figure 11 : The vector OV drawn from the
ortgin 0 to a p01nt V oon any one curve represents the ve]ocity
B of a wave and also the direction of the wave norma] Let'us
consider the special cases of propagation a]ong field ]ines
L and across fie]d lines - -

B :t.is found that a’pure Alfvén wave with speed VAJ‘

and a pure sound wave (ion amoustic waye) with speed VS

d propagate in the direction f the magnetic field (1 e., B ¥ O)Ai.

ewave“asufollows. Because o/ the 1nﬂ1nite conduct1v1 y assump-~5a

" tion, one'can picture. the Wagnetic lines of force materia-f

\

1ized' 1nto elastic stringﬁ to which the conducting f1u1d
‘particles have been‘ glued' ) Thus,.the magnetic lines of

force possess inertia (proVided by the 1ons) and a: ten51on B

2 : . L
B s
EQ. when the fluid of den51ty P is disturbed from. rest the

71$nes of. force wil] perform transverse osc1l1ations (i e.,

)the direction of particle motion is perpendicuTar to the ‘
direction of propagation paralle] to the undisturbed magnetic
’fIE]d § 4 the magnetic perturbation b is perpendicular to § ).'

5 e
‘.4.4&.
. e W i
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tension

- ’The phasg velo;ity of*the wave is eqUal to en51ty |
(1.&.,,vkﬁé-?——27T77) in analogy to thﬂ,definitions of ‘the ve]ocity :

- (ugp A

o ‘ | '

'lof the transverse wave propagating along a stretched string

" The transverse nature of this mode imp]ies field line -

'.guidance of energy The Avaén waves cause no density
perturbation of the medium and: wou]d have been exc1ted had

&
*the medium ﬁeen 1nc0mpre551b1e This concept of transverse

3

ﬁosc111ations of magnetic lines of force was used by Obayashif
o ;:,and Uacobs [1958] to compute the plasma denSIty distribution

t 3of the outer atmOSphere ;making use of the observed period

JUIIRE

:.of micropulsations The stretched string ana]ogy enabled
';lthem to postu]ate that the characteristic period of 05c11]a-
:?ting lines of force 1s given by T ZHIVA ’ the integration \
being over the length of the magnetic line of force. ' \
| T- The sound wave that a]so propagates para]le] to §"
:ti-invoives no e]ectromagnetic effects (in contrastmto the -
‘_:iAlfvén wave thCh 1s a purely hydromagnetic phenomenon) and
-;:;ZTS a- longitudinal wave (i e., partic]e motion 1s paralie] to
‘3-hthe direction of propagation which is paralle] to § ) ThTS
mode can be thought of as a souhd wave traveliing in a pipe,

':'fﬂi;the rigidity of the pipe corresponding to the stiffness of the

IO

; ._ vi'magﬂet'lc f‘ e]d 3 ‘ v ’
“;J " There is only one mode that propagates perpendicular

to: the “field Tines (1 e., 8 = 90 ). Thls is ‘the fast magne-

uto sonic wave moving across. the field w1th a speed given by

ik

Rl A 10 A T I T T SIS e IR R N e SO T
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72
+VA

s and causing compressions‘and rarefactions'in the -

v

lines of force without chang1ng their direction. .This,wave

is essentially a longitudinal sound wave (1 e., direction of.h"
particle motion 1s paral]e] to the direction -of propagation
_ which 1s perpendicuiar to § B is paral]e] to ﬁ ) mod1f1ed

by the presence of the magnet1c f1e1d

272 Polo1dal and Toroidal Osc111at1onsﬁ

\d‘ ‘ Let us cons1der a hydromagnet1c medium of 1nf1n1te_
conduct1v1ty permeated by a nonuni form magnet1c f1e1d §
such as a d1pole field. It 1s aosumed that the medium is .

incompressxb]e so that the acoust1c mode waves in the plasma

| ~density. are suppressed. 'Consider a thin,she]] surround1ng

: :»the'surface oflrevo[ution of a line of force.. - Then;vupon
u:heingfperturbed, the thin shell may experience_tuo‘modes of
oscillations of. the medium;hname]y poioidal osciilationscandﬁ
toro1da1 osc111at1ons Polo1da1 oscillat1ons can be )

v1sua11zed as’ compress1ons and expans1ons of the magnet1c_
,she]ls The tor01da1 osc111at1ons can be p1ctured as |
az1mutha1 twist1ngs of the magnetic shells. Because of'the'
nonunifOrmlty of the magnetic f1e1d § ,-extra terms invo]v1ngh
the spat1a1 der1vat1ves of 3 are introduced 1nto the .:
governing equat1ons“ As a resuIt, the po]o1da1 and toro1da1 E
modes are coupled together.' - fp _”.', : A; R

| Dungey []954] was the f1rst to attempt to exp]a1n'

fo_micropulsations in terms of p0101da] and toro1da1 osc111a-s

o BRI C S



e equathn of hydrodynamics can be written 1n the form

U T R

5ftions}0fithe earth's magnetic field. Using Maxwell's
:hfequations and the fundamental eqdation of hydrodynamics,-he.i
: was able to deriv:/two coupled partial differential equations

‘»describing poloid 1 and toroidal osc1llations Since Dungey s

“‘;work has had tremendous tmpact on the field of mlcropulsa- E

. tions;‘it is. worthwhile to see how the coupled partial
differential equations are derived ' :
Neglecting all external forces of non electromag-

‘~net1c origin such aﬂ thOSe due to viscosity, gravity and

"rlpressure gradients and assuming the plasma veloc1ty v to be .

'7\-small so that inertial terms can be neglect.d, the ba51c L

ri;where o is the mass denSity of the plasma and 3 IR is the
:.mechanical force exerted by the magnetlc field § on-a volume _
'5element carrying the current density 3 The displacement |

’current 1s€%egligible compared to the conduction current

| °"f - Con51dering 5 as’ the sum of a constant dipole field,;:fir*

§° and a small disturbance 3 (|§ | > IEI)- assuming ﬁ to-

be curl free (i e. . V X §°

| Y.x.ﬁ u 3, equation (l) becomes;-»

"'ai

I &

8

' :}fMKS:unitsjare‘used,}rt""

e

0) and using Maxwell s equation75fij-*»

Hobwn i R

[ e



, 4]
"\ Taking the vector. product of the time derivative

' of equation (2) with 5 anp making use of Ohm's Law

_'f = -V 'x 3 for a medium of infinite conductivity, equation

(2) becomes o R .
s 2{ e
1| 3 x § x (V x ¢ x f) o (3)
§o
. Then, uSIng the definition for Alfvén ve]0c1ty VA = Z;_;7T77
equation (3) becomes ‘ ' Lo
- __g = vA X vA x (V x ¥ x E) (4)

at

'~Analogous wave equations for v and b may be 51m11arly
fderived ‘ | |
g The above equation is the linearized hydromagnetic

-wave equation for an infinitely conducting fluid without

p1asma pressure gradients. It is the first stepping stone f

'.for many authors who haVe attempted to deve]op a theory for j

E micropu]sations [eg Hestphal and Jacobs, 1962; Orr and

-

- iMathew, 1971. among others] ‘}”ﬁi,;p',;f,,igf};.kj is‘"‘

Expressing equation (3) in spherical po]ar coordi-l

”‘-nates (r, 6 ¢) and using § (B . Be’ 0), Dungey [1954]
_fobtained the following two equations relating the a21mutha1

component of the electric field of the disturbance E¢ to the"'

,hiazimuthal component of the f]uid particle veloc1ty v¢ \

é
)
|

&




L symmetry (i e.,.a¢ o which 1mp11es that the phenomenon is

o oa% Usined 12
SRt Seo Shiioen SN S TS D 10 v sin 8 E,
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YL (r sin efz | 0 44" T Sin @
. Mo . B; 3 | | ,' Ak,
“m[r—ﬁ"“ear““”ﬁ O

7 Equat1on (5) is the equat1on for po]o1da1 osci]]a-
tions (E ) which is coupled to toroida] oscillat1ons (V ) by
the term on the right hand side of equat1on (5) - Equat1on (6)'

~:"1s the equation for toroidal osc111at1ons wh1ch is again

Akt GRS SNR e  itetil -

;.coupled to- poloidal oscillat1ons.by the term on the right
Azﬁhand side of equation (6) _é '
h . The above equattons are too comp]icated to be of
fmuch use and they st111 have not been solved ana]ytica]ly

‘Dungey [1954] decoupled the two modes by assuming axial t

Iongitude 1ndependent and the d1§turbance may be consvdered .
B tQ:EFC“r in phase over the whole earth) o - |
As a result of th1s decoup]ing procedure, the

equation for po]oidal oscillat1ons becomes:
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nea 1 3., ~ .
2 99 singae NSsineE =0  (7)
o , e | _

“and thatjqf.tqroidal oscf]]ations‘becomes

{uo'p 3_2 - 1 2~I(§ V)(r sin e) (B V)]} F~;$H—§-_“Ot‘

(r sin e)

_/

- (é)

It can be shown from Ohm's Law and Faraday s Law

at

and_the axial symmetry con51deration that the po]oida]

-.oscillations governed by equation (7) involve the fo]]owing

set of quantities

[0 0 E ]§ tb be 03; [v Vg 01

.'and the toroida] osc11]at1ons 1nvo]ves the remainlng set

[E,. Eé o];»[o_ 0 b ]; [of 0, ]

From the above sets of relatlonships, it can be .

seen that the plasma motion and the perturbat1on magnet1c f»t
v‘jf1e1d lie 1n the meridian plane for the po]oida] mode f?he
:‘Poynt1ng vector po1nts across the f1eld 11nes and the hydroeg?ev”
'magnetic energy spreads to fil] the volpme._ As a result,v
‘the who]e cavity resonates and the period of osci]]ations e

far - the poloida] mode wi]l not be ]atitude dependent. -

For the toroidal mode, the motion of plasma is 1n

. the azimuthal direction and the perturbation magnetic f1e]d

A



e
is polarized in the east west direction . The Poynting vector

is directed along the field lines and the hydromagnetic

energy is guided along them. Since equation (8) involves //

LI A I TSNP N SE RS .

‘operator (if 'goidal mode may be. understood in.‘

e In/‘p‘rtnc e:‘_theiigenperiods of the fundamental

and higher modes of.hjdromagnetic oscillations may be ‘computed
from equations (7) and (8) The first attempt to explain

Pc's (under the old classification) in terms of poloidal

'foscillations was made by Kato and Akasofu [l955] who- did not o
,take into conSideration the dipole character of the earth s ﬁ .yl'_'f

'Amagnetic field This approach was further developed by Kato:

‘and. Hatanabe [1957] and Natanabe [l959] " These early anaT'- S
:ses attempted to force the poloidal equation into a simply R
eseparable and soluble form through convenient assumptions
mfconcerning the plasma density and’ field dependence }Thelhl
qeigenperiods of oscillatiOns depend upon the spherical shell
-7Tbounded by. the earth s surface and the outer boundary of the .
”‘outer atmosphere . A fundamental period of oscillation of .rl
'about 180 seconds was estimated The pol01dal mode was also_.'
. discussed later by other researchers such as Jacobs and : Hﬁvp o
Nestphal [1964] and Carovillano et al. [19661. The. fundamen-; R
| .ftal period of poloidal osﬂgplations is equal to four times ,. o
the travel time for % hydrbiagnetic uave from the ionosphere

~
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7{,‘to the boundary such as. the magnetopause in the equatorial
:':plane [Dungey and’ Southwood. 1970]

" The fundamental period of the toroidal osci]]ation

*ililq‘p computed by Dun901-[1954] making use of equation (8)

'Using a constant piasme~dens ty distribution (p = 10 kg/cm ),
| and assuming perfect reflection at the earth 's’ surface, he )

obtained the foilowing relation for the fundamenta] periods

. 0,6"_-, ;
° cos8 A
P where A is the geomagnetic iatitude T for 65° is 11

minutes ‘ Hestphal and Jacobs [1962] derived 51mi1ar equations
'for sma]] amplitude hydromagnetic osci]la&ions 1n pyjindriCal_“
] coordinates. Since the equations in this system are somewhat
‘fsimpier than 1n the_Spherical coordinate system, they were f
abie to compute the eigenperiods oﬁ toroidal oscil]ations for y
’ compressed dipole fie]ds using a variable density distribu- |
"tion If p varies as R -6 -Where R s’ the radial distance from _;”ﬂif
.'the center of the earth V -is constant and the eigenperiod '
of toroida] osci]]ation is equal to twice the travel time fori:

a hydromagmetic wave moving along a fie]d iine between conjuf

‘;“gate points (@s in the stretched string modei of Obayashi

ﬁIVHjeidetermining the fundeme

”"..and Jacobs [1958]) For other forms of p}asma density distyi-_,rtim

PR,
_(_ St

‘-bution, the va]idity oféégis 'time of fiight' method in
¥ period is reduced [Radoski, 1966]

4,9

~



e the aSYmmetric guided P°‘°idal mode for dipole field lines

"‘i'[ configuratio%%‘a hydromagnetic wedge modgl) have beenxcon-'

S | R a6
If the disturbance has a longitudinal dependence,_:7

it can be represented in the form e1 ¢ where m is an integer
m = 0 corresponds to the symmetric modes described by the Jf :
decoupiedjeqaations (7) and (8) presented earlier ' Large m

@:;f_cgurse, to the asymmetric modes which

would correSpond
- are essocia~ed with disturbances highly lodalized and varytng “*r

rapidly in longitude Dungey [1954] and Radoski [l967] have

discussed theﬁpsymmetric poloidal mode Since the perturba-:'
tion magnetid’field is transversely polarized radially in f‘ e
the meridian plamsofor this mode and its energy guided along
field lines, it is referred to as the‘puided poJoidal mode

The equations governing the guided poloidal mode and. the f"

toroidal mode are very similar Radoski [1972] has considered 3?’11.3
the asymmetric toroidal mode and found that the periods of | e '
symmetric and asymmetric modes have a similar spatial depen- fy

dence and are almost 1inearly related Orr and Mathew [197l] f g

have computed the eigenperiods for the symmetric toroidal and'ji :

They found that the first harmonic period for the guided l'gf'f',h%
poloidal mode is approximately 20% longer than that for the R
toroidal mode and that higher harmonics have almost identical i _ij'.
periods for the%g modes.“ffafﬁ?fo;eJ;t_f.}. ’> f_' o
_ The effects of weak coupling hetween the symmetric;f‘"
nodcs through ‘the inclusion of the Hall current in. the |

geheralized Ohm s Law ‘and the use of a simplified field

L e
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ys1dered by McC]ay [1970] He found that the toroida1 mode ;

- resonance is spat1a11y locaiized but the poloida1 mode is

‘.u also evident outside the resonance region.. Because of
e _

'coup11ng, a large portion oﬁ the cavity shou]d osc111ate"

i

."‘with the same frequency The poloida1 mode exhibits c]ose
}spaced eigenfrequencies The sense of polarization of theef:f‘
.ihperturbations changes across the region of the toroida] y
'f;resonance. Latere he studied the normal modeSuof oscil]a-'
tions in a 1oaded concentric cy]inder model [McClay, 1973],ﬁ7"‘ S
»lIn this: mode], the medium osci]lates in its entirety withcut |
| regard to’ 10ca1 conditions and. the eigenfrequencies dependw ;e ".:ﬂi
L :on the arbitrary cavity size. Radoski [1974] has studied the.c ]

.

“asymptotic temporal behaviour of the asymmetric coupled modesrff?fr~

in a’ cylindrical model ' He found that as the system evolves‘T'—,lli
toward i€ steady state, the energy is preferentially trans

) -ferred to the toroidal mode with the poloidal mode ‘ecaying
.":away | L ” - : ‘ | o
R ) Q‘ ‘ ’: SE
Cor 223 Excitation Mechan1sms .,5,.}~ | IR o
fﬁgﬁ”;? 75‘ In the previous‘section, we discussgdtthe norma]

| modes of oscillations in-a’ hydromagnetlc med1um permeated by‘f .

.a. non uniform magnetic fie]d when~§Q§ system is perturbed 'fhf,;;a

"[No mention was made of the sources of energy 1n'olved in the

i

‘“perturbation of the’system A disCUss1on s th?refore pre—;'j5:7f'-n'
f-:y}jsented here on the'exc1tation mechani§ms ofvl :

'micropulsations.




. o : : - ' o . '

| The most popular: exc1tat1on mechanlsm 1s undoubted-
1y the so- ca]]ed Kelvin- He]mhoitz 1nstab111ty,'8upposed1§ |
generated at the magnetQpause due to interaction of/the solar-,
Wind w1th the magnetOSphere The Ke1v1n-Helmholtz 1nstab1lity‘
ar1ses B,“%he d1g¢ortion of the 1nterface between two fluids

- in relat1ve mot1on The f1rst reference to.the 1nstab111ty

iwas made by He]mholtz [1868] w1th reference to hydrodynam1c -
processes He]m"1tz S d1scuss1on was largely qualltathe

| The problem was treated ana]ytltally by Lord Kelvin 1n 1ater o
years [Ke1v1n, 1910] A 31mp1e hydrgﬁynam1c example of the

L Jnstab111ty is. the phenomenon of-'wind over waten!_ Nhen the,lﬂffh
wind speed exceeds a cr1t1ca1 11m1t (660 cm/sec according to fﬁf

o Lord Ke1v1n), the 1nstab111ty w111 man1fest 1tse1f as suﬁface;“

S\&i"; | waves. Dungey [1954] was the f1rst to suggest that the ffow f';
B ‘\4 of the so]ar plasma a]ong the bouhdary of the magnetosphere
wou]d generate waves 1n the same way that wind generqtes
‘waves on water The evrdence from ground observat1ons of

N m1cropu]satwons wh1ch suggest the ke1v1n He]mho]bz instab1-.‘-

l

" \\ o .
s f%%ﬁ “5?3 /Aty as a source 15 the d1urna1 var1at1on pattern for po]ar1-

Vlaf zqtion in the horizontal plane (cc in thg*mornlng and cw 1n -

the even1ng) If surface waves are ggnerated at the magneto-'

i pause through the development of the Kelvin-He]mho]tz 1nsta~
b1T1ty as the solar wrnd flows around the magnetosphere (to ;fg5"
u:#-iggas the west on the morn1ng s1de and to the east on the evenlng

B 'f,:.';? szde as shown in F1gure }2), then the plasma u11] have an: *;;t'f
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‘approximate}y ell'lpt1ca1 motion, the rotation being m@@*

Y b

J opposite sense alang the dawn and dusk mer1d1an.. Si
magnetic fie]d lines are 'frozen lnto the plasma, thé’f1e
;flines near the surface offthe magnetosphere will rotate.
with the plasma part1c1es, thus generat1ng el]1pt1ca11y
- polarized hydromagnet1c waves whlch then propagate to the
earth along the magnet1c fie]d 11nes [Atk1n$on and Hatanabe, )
1966]. The waves (looking along the d1rection of the ?ield) hd
will be po]é@!zed in the -€c direction on the dawn. s1de g%d ‘—\:fif'
'cw on the even1ng 51de This seems to exp1a1n the groynd :9; 9_«
observations of. d1urna1 var1ation of po]arlzat1on in the - |
“ horizontal p}ane, and the sate]]ite observations made by ?'\ ’
Dungey and Southwood [1970], althougd there . 1s some contro-' |
versy on the stab111ty of the magn;%ipause due to Ke]v1n-."
'He1mh01tzttype [Sen, 1965 Dessler and FEﬁer.v196% FeJer,
;1964 Southwood 1968] ' “'zf',ff-shh’ o _‘ ‘
- Sw1ft [1967] has suggested that e]ectrostat1c
osc111atlons may be respon51b]e for long per1od nicropulsa—f
tions The e]ectrostat1c f1e1d couples to magnet1c var1ations~'

* -

o hy inducwng currents in the conducting 1onosphere The oscil-'_’
L E

lation esseutial]y ?ccurs in a field- a]1gned co]umn of

enhanced (or deplet@d) 1on1zat1on stretching between conJugate

: | .
hemispheces.' The energy comes from the free,energy assoc1ated

a{p:withsgradients in 'article dens1ty

..
®




'”-f}particles) pa551ng through some part of!the magnetospher1c ;h

':f”;f_plasma. The excited wave has a frequency proponx1ona1 to the 3f5'h

5]

The interaction that occurs between hydromagnetic‘

”3uwaves and energetic protons bounc1ng between*hemispheres may

lead to ‘wave amp]ification [Dungey, ]963 “Southwood et a]

’ Quasitransverse modes»of

'f51969 Dungey and Southwood, 1970]
large azimutha] wave number m may b exc1ted by taklng energy “7}‘-
.from energetic ;articles through the bounce resonqqce\‘;kf, ﬁ« R

ra"."’ L T

1nstab1lity The change in energy W which resu tsggn uave

-&Jv

growth is proportional to a change in the L shell. Siﬁ%ﬂeter
and is lndependent of the energy or p tch,angle o* the'gkﬁﬁ&w,
‘clel The energy exchange is a conseq ence . of diffusron |
processes in (H L) space. The most effect1ve d1ffusron g
.jmechanism for ‘the part1c]es 1n L 1s the ti ing of fleld
~11nes in the mer1dian p]ane caused by the égﬁtonent of the xou7'”
'.wave f1e]d which Js a]ong the pr1nc1pal norma] of the geo- |
magnet1c field (e 9 the fie]d ‘of ‘the guided p0101da1 wave).

VThe ﬁean ve]ocity vector of the partlcle is alsoft1]ted _ If<:!ji]?'”

‘the perturbation magnet1c f1e]d reverses s1gn when the part1-
| cle bounces, the part1cle 2192ags across L as shown in’ Flgure” ‘?!ﬂff
_: ‘m"_”' Kimu@a and Hatsumoto [1968] suggested that Pc 5
rfapu}sat1ons are a result of -the d%c1TTat1ons of the f1e1d '. :
',:llnes due to a hydromagnetic 1nstabil1ty whicE‘1s exc1ted by

"an electron or ion beam (such as’ prec1p1tat1ng aurora]

Q.







'f:*fuave depends largely on. the S1gn of the excess charge ,;An7}7

'“n',which 1s polarized in the cc directton """ looking 1n the d1rect1on

"'?upex15t1ng cold plasma@ and the effect of f1n1te cyclotron,,ah"ﬂ

! : v -i’ ‘ ‘ .. M ‘ a ': . ' " ‘ l N -. ! .j ': ' ' 4‘. "-" >'. % » - j' . .
v- LS MU O . L . > ; . . N R } e “ '.. . DR L . (. ‘ . -y
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";'excess charge density. wh1le the polarizatiOn of the exc1ted
electron rich beam causes instab1lity in the Alfvén mode -

.Jof the magnetic fleld while a proton rich beam causes insta—
v'vbifity in the modified Alfvén mode which is polarized in- the
icw directlon Howevec, there 1s~% threshold beam veloc1ty ’
,below whlch the instabil1ty can be suppressed Klmura and |
Matsumoto claimed that the d1urnal var1at1on in the sense of
polarizatwon in the hor1zontal plane (1 e., cc in the morning'
-sand cwW in the even1ng) can be 1nterpreted in terms of these-
-instabil1ties, although a mechani&% in wh1ch different s1gns

of excess charge w1ll arise in thg'mornlng and evenInggkas -.'

"'0

'not d1scussed in: detail by the authors._~ "“‘ & ,j3,15

"}

»

_ . BY exte#dwng the theory of the mtrror 1nstabil1ty.'."
[Chandrasekhar et al l958] to cons1der grad1ents in both
-? the magnet1c f1eld B’ and’the hot plasma density n, a co-

h?_rad1us, Hasegawa [1969] haSgsuggested that the part1cle and-"’
fleld phenomena seen by Explorer 26 at L 5 on Apr1l 18,,
1965 geomagnetic steym 1n the afternoon sector [Brown et al
:1968] after ‘the. f1rsf large proton enhancements ‘can be
aeaplained by the occuf?ence of a marror 1nstab1llty in the

magnetosphere.: He has called th1s 1nstab1l1ty the drlft

~m1rror instab1l1ty because of the coupllng W1th the drlft E
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waves produced by VB and Vn. For the onset of the insta-’

bllity, 1t 1s necessary for the proton fluxes to have

- strongiy anisotropic pitch angle distributions and an-

o

.

3

enhanced energy density Hhen the perpendicular plasma

pressure exceeds a. critical value, the plasma tries to expel

'the magnetic field by 1ts diamagnetic effect.: ‘As - a conse~ -

3

quence, the plasma compensates for the decrease in the magne4 :

| tic field pressure and the para]]e] cdhponent of the ]ocai_

'magnEtic field 1s deg;@aSed Ihe 1nstab1]ity has been ca]led ‘

s

“the mirror instability becauSe a ipss cone distribution '
1nherent]y creates such an anisotropic pressure S1nce the

mode cau51 the mirror 1nstability is non oscillatory, the__;

' osc111ations are produced by coupling w1th the drift wave

created by the ion drift perpendicular to the magnetic field.

Thus, the drift mirror: instabiiity deve]oped by Hasegawa
exp]alns the sudden inflection “in the increase (decrease) of
the proton f]uxes (magnetic fie]d 1nten51ty) and the subse-~

quent out of phase osc1l]at10ns of the fieldihnd f'luxes m

L

the Pc 5 frequency range as observed by Eprorer 26.4< A 'H"fﬁf R

C]adis [1971] has used a simplified model based on

# two dimensional solution of Maxwel] s equations, to demon-.‘“”

strate the p0551b1e occurrence of 'a resonance phenomenon in

the magnetosphere He has suggested that this resonance was

,.jh_ ‘responsible for certain corre]ated pulsatipns of the magnetic ';;ﬁ:Ef



tosphere (such as the .one observed by Explorer 26 mentioned

w the last paragraph) The resonance is excxted b-y the ve .

_-dr1ft of energetrc trapped parttcles that have an 1nhomogen-

-wr

;reous distributfoh 1n the direction of the drift motion. The

field lines oscillate as standing waves in the meridionaT

t_p]aqe and form a wave ‘pattern 1n the: azimuth direction that

§ velocity of the partic]es Partic]es with: drift ve]ocxties

' near the veToc1ty of this traveTIing wave become bunched in

-~ -"'

Tower drift veloc1ties, and part1c1es that dr1ft in the

Jmoves w1th a phase ve]oc1ty equa] to the mean azimuthal drift}‘

'";mopposite direction, a]ternately Tose and gain energy as they i'

”’drift 'over the wave Consequent]y, these parﬁigles drift‘

per1od1ca11y across L shells, tending to fo]]ow

e t1ng field 11nes Thus, the event observed by Explorer 26 R

R ment1oned in the last paragraph “can be explained w1th1n the |

 ship of the Proton flux and the magnetic fie]d results from ¥

2. 4 Have Couphngw,;

‘;1n1t1ated by the westward drift of the sharp proton front

"The bunchlng of the 1ow-energy protons accounts for the

the diamagnetic effect of the buhched protons,ﬂgﬂt’ffﬁj-~'*"

I

"y E : .
In sectjon 2 2, we have d1scussed one group of

f-dcontext of Cf§d1s theory The fie]d line osc111at1ons were f;*f

-
.

'the potential wel]s of the wave. - Part1c1es w1th higher or‘e“' -

he osc1]la-_}fuf»1 3

‘}nosc111at1ons of the Toca] f1eld The out of phase re}ation- ;jfj“‘

nwf;theortes of pulsat1ons wh1ch deals’with the resonance processi{;ef s
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theories of pu]sations which concerns the extitation mechanism.‘

A natura] step to take is therefore to- combine the active and

‘p_passive aspects of the theories and treat the prdblem of
N coupling between the active and passive modes Coupling

 between these modes has been studied in detail by Chen and a

Hasegawa [1974a, b], Hasegawa and Chen [1974], and Southwood
[1974a bl. .".', ,“ | - '

_ Before we start discussing the coupling, some
comments about the f@rminology of p0101da1 and toroida] o
modes are in order Experimental evidence 1ndicates that the )
assumption of ax15ymmetry which 1s used 1n many theoretical

treatments is 1ncorrect For example, the assumption of .

‘ax1symme€?y is incapable of explaining the diurnal variation'

of po]arization in the horizontal plane, the e]lipticai polar-

o b
tfization dﬁd the spatially localized nature of the pulsations

':Therefore, rather than assuming axisymmetry, the condition of ,f

| ‘flk | 5> [k“ l wou]d be’ much more reasonable where KL and h,'

o if the termS*toroida] and p0101da1 uere not used

'tion between the terms p0101da1 and tor01da1 becomes meaning-_

- are, the wave numbers in. the directions perpendicular and
‘”parallei to the magnetic field. For th1S condition, as

"p01nted out by Lanzerotti and Fukunishi [1974],‘the distinc-

' “,.1ess because of the coupling of the compresstonal and shear ff=

iAlfvén modes. It wou]d therefﬁre be better for discussiqgg

‘9'

?The eQuation of motion«of a- f]u]d element 1sf“w<

Vo
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where p is the mass density. V the perturbed fluid ve]oc1ty,‘
.3 the current dens1ty, E the magnetic flux density and P the‘
p]asma pressure Assuming small perturbations,_using y.‘
Maxwell s equations v X:§ = u 3 and substituting the. dis-"

}placement vector E (defined by —E V) for V, equat1on (9)

_becomes
Q N

e »
N -
+
.

*

©
QL
o

|
r,’-a_ '

- o’i(v' " B‘)-x‘ E'o”* "‘-“V " §o’ x b -tvp,:.v (10)‘ S

| where 3 is the perturbation magnet1c flux denSIty, § the.

-

i u"Perturbed magnet1c flux density and p the perturbat1on - _[-'ﬂ:

- p]asma pressure,**"; | . - o
Using b f V X (E % § ) and after some a]gebraic

N manipulattons, equat1on (10) becomes

]*fﬂ'zﬂﬂg’

"1:

=)
©
QJIQJ

awﬁ%% qu[P+

'iwhere

‘hbt mvﬁ-(ﬁwrwvm+§w2n

& ' Equatlon (11) 1nd1cates arapup1ing between a shear A?fvén

‘f-wave (the rxght hand 51de 1s equal to zero) and a surface wave
di;fwhose dispersion relat1on is given by V (p w E E) --0 }tﬁéi';
' ’ e coupllng is decided by the vector E which B

consequence of the non uq&ﬁorm magnetic f1e1d

‘Hasegawa [1974a] then solved theﬁgoupled equation ini
;ordinates uhtle Hasegawa and Chen [1974] solved the :




) A\ 'li‘o ’-5 - (§ -V) E - ll (p .,.

-"the field llne (i e., KL > k“), equation (lZ) further‘QJ

: results

| | | : L .
problem in Cartesian coordinates using straight magnetic

.field lines and obtained the essential feature of the

In the simplified model of Hasegawa and Chen [1974]..

eQuation (ll) becomes

) - m v)(V E)

at

‘:jva_c-v_,.-, :

‘Eter relating the. perturbations P and E,;,,’,”

~ the adiabatic equat1on of state for a compressible flu1d and o
d,:.the continuity eQuation, using b= = V X (E § ), taking the
.»wLaplacogtime and Fourier space transformatioﬁ% of the di;—,;-”
e_vplacement vector E and issumﬁpg a jeld line resonancej"»if
.}'.,relativelx\localfz%d innthe east west dirdttion such that
- ther azimuthal Wavelengthais much smaller than the length of B

G-

| ¢’y dg
' dlne SRR IR .

L

"Here the nonuniformity is taken in the y direction whach '
' il'ﬁfcorresponds to the radial direction directed toward the earth'

:i the magnetie field is assumed to be parallel to the z-

w

'delk\idirection and & = uop(y) B (y)-.
Loy S . '“ AT
‘ Equation (l3) de§51‘be§*§urface waves' (v 5 =0) -

away from thg resonant field line. Aroq"d'thgufe§°"ﬁnt.figjd_W."

':% ' . ’\J. "Wy A\ o . L T T
S - N S
S P P »
. ¥ RN :
v . - . v
ot v O #’»
< ’




ﬁ?( nature of the shear Alfvén wave The expressions for the'

e
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llne, where e *> 0 the seclnd term in equation (13) dominates:
over the third term and a'strong couplihg betneen the surface
wave and the resonant shear Alfvén wave’ occurs._m{' ‘
| ' - o Introducing a. small positive imaginary part of w.
ine such that e»%’§; + ieil to take into account the"n.'id‘/
ionoSpheric dissipation physica]ly and to remove~¥he singu~

larity mathematically, [see1a1so Southwoed, 1974a] and
|

':” expanding the equat(on around €. (y ) O,aequation-(l3);. g

becomes idrv .t,. AR ‘
S m*__?l + - 3—1 0 (14)
S Ay .v-y Ty By SEREERE
where y ——~7§Y (Southwood [1974a] has obtained a sim1lar

«equation for the perturbation eleptric ?1eld)

The general solut%on of equatlon (14) can be

S e expressed in terms of the modified Bessel function of the o

'.second k1nd.- The corresponding eigenmode is shown to be

hf continuous unleSs a. monochromatic frequenCy source is

qssumed An expression for gv,can be obtained near the

resonant point by u51ng the incompre551bie and transverse

horizonta1 compenents of the perturbation magnetic field 3

(which is’ related tof” by Bsvx (E 3 )) can thus be e

derived and detailed”predictioéﬁ can be made concernlng the

, .

: sense of polarizatio@'and the or1ehtat10n angle of the maior ees

axis of the polarization e]lipse uith reSpect to the point}ofl,f

resonance and azimuthal direction of uave RropagatiOn.."
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x decreasing towari_

. sectqr.:mt;ﬂ_ﬂsiff}"fn;?ﬂ'“ rf:ﬁ:‘r:ft‘ - "1_h, ﬂ : ;,,

\gy a

For negative azimuthalfwave-number (kJ_< 0) Whlch fd

' corresponds to azimuthal propagation of the wave towards west

frum noon in the morning'sector, the major axis lies in the .

Ksecond quadrant of the HVD‘plane if the Alfven speed is S

1 the" adFth at the resonant. tHeld Tine. This:\,

tilt is predicted to switch across;yoon as the azimuthal :y

propagation is towards the east from noon in the afternoon

The theories of Chen and Hasegawa [1974a] and

Southwood [l974a] predict a reversal of sense of polarization

3- in the HLD gjahe across the p051tion of resonant field line

@nd across noon as observed by Samsoh et~al [1971] (see

Chen and Hasegawa [19743] sumﬁarized the wave

”f*}rfamplitude, the ellipticity and sense “of- polarization as a

A__»;ifgalso derived by Southwood [l974a] The diagraen
'."‘:hfthe essense of the theory of Chen and Hasegawa*{1974a] and

fﬂﬂ;function of radial position in the equatorial pldne in a v:fl

'ﬂiletschematic diagram shown in Figure l4._ A sxmilar sketch was~

ﬁllustrates o

"‘5iSouthwood [1974aj Surface waves (generated at the m""°t°' |

' vvifgfpause presumably by the Kel"" "elmh°]tz in;i@bj}qty)
'*Flevanesc1ng touardt the earth are couP‘ed t° the shear A‘fvén*iJ

A

. '7hﬂuave representlﬂg the osc1llation of the resonang field ]1"ef53

' 'a"where the wave amplitude peaks sharply and across uhic%bthe G

"'u[sense of polarization:reverses. Hasegawa aid Chen [lQﬂQ]
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'«have used‘the guitar str1ng" anaTogy to emphasize the i
o monochromatic character of the surface wave Packing one

'str1ng of an infinite number of coup1ed si?’ngs uith ar

L]

gradual c%ange 1n 1engths produces a wide and sound whtch:

orresponds to al] the resonant frequencies of the stringsl-

v

'The sound decays as, the 1nverse power of time due to phase7
;m1x1ng among osc11]at1ons of d1fferent strings Hence, to

:;,exc1te 2 loca1 f1e1d Iine” an. excitor with a mqnochromatlc:qg

: :Zrequency wﬂ1ch corresﬂbnds to the ’esonnnt Frequency of the

g., A e

articular f1eld 11he is needﬁd

e T e A.x:u's'
;e.such as;yh;

% L“‘mﬂfﬂle", a nonhamnqmc broa& band s',
g" "”‘a':,

1mpulse can. excite sha;ply localxied ghear Alfvén waves at

%harp d1scﬁht\nu1t;"'

dens1ty) ‘This aspect y

n the plasma paraMetens (Such as number

6':

the thebry for pulsatrons has been
"cons1dered by Chen &%d Hasegawa [JQflb] and Hasegawa and Chen.
[1974] An 1n1t1a1 va]ue appnoach was g;plied : They added a -

'source term S Mhich corresponds to the 1n1t1a1 condltlons on _

the r1ght hand s1de of equat1‘n (13) which now becomes

r y

s "Z"d, g T 4-‘ Y st

Chen and Hasegaua [1974b] noted that,'as Uberor
w”5[19721 had already pointed out\ equat1on (15) has an: exact

",analogy hith the wave equatlon descrlbing an electrostat1c

"toiéillatioﬁﬁjn a nonuniforn coId p]asma. whlch has been };

R i‘studied extensively by Barstqn [1964] and Sedl&fek [1971& b]

. 4 . .
. R o ! -
4 U - .-
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S ™ L .
0 Using.t aiog.v, Cﬁen and Hasegana [‘r974bJ proposed the
}ii{fﬁexéttejfff}f a continuous frequency spectrum (non co]]ectxve

LT P

“ .modeLand a discrete frequency spectrum (go’llectiVe mode),

‘1 ‘ The ‘nan- collective ugode*corresponds to” oscﬂ}a-;

tions with position de’pgpdent frequencies and dampihg

proportio%l_/to ‘the inverse po"_,_ﬂ_‘“?%f“time - If the driving

103
AL

. N %
g so’urce #as ar continuqus spectrum\,w" ,u&ttngmith T

'sfrequency which va‘ries contmuously‘vr‘lga ?4% e wi]T be *
] S
excited at a]] ;atﬂitudes H‘Q:e, to excr,te IocaHzed uaves

e vnth a partmu}ar 1at1tude dépgndent fre(ﬁ’ZenoyV a dnvmg

sburce composed of monoch%oma“hc cyoave,s is ne&@ed a§ men-,'

zeF ",; ‘,,

: ,;‘,' responds to the eigenmode
S

7Y ¥

_}rp gradients in the plasma

&

.P’

t.;oned earher for the steady

.1, .

»aaf a- surface*wé‘ve excited ‘
A

.W distribution by an impulse whvch has a frefﬁency spectrum

»r‘-that contams the elgen,frequency The exc1ted wave damps ‘.'
fexponential]y The damping rate becomes smalJer as- the '
",f-plasma dlscontinmty becomes sharper. As 1s expEcted from

_a surface wav‘e, the coHective mode has a ‘peak in: amp]itut

,»at ‘the densny gu;adient and decays away exponefh"ﬁ'i\ally ‘ As the .
< }

'profﬂe becomes smoother any smoother, the \mode 1s damped

) a cont1nuous

-.more and more unti] onea is left eventuaﬂy'f,’

,‘~\\

"In athe magnetospher }is simp]y a. d1 ffused damped mode

: — Lo .
.~..o..'». .

q

_'T.spectrum.. In tﬁe absence of% dascontmuity, the ehgenmode

_:correspondin& to the .hon~co‘llecti ve: oscﬂ]ation and a mono-'
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. .__”“f‘“-’““}chromatic osd“liation i& excited only by a monochromatic
e 3 'source. SREERE N R ,' : .
| ' Cgen anﬁHasegawa [1974b] have used the above |
theoretical agproaclr?o eitfalfn the observations of -
ip]asmapause-ag‘s‘pciated mic' uisa 'i9ns observed by
jj%.anzerotti et ai [4973]". ) :
: ?Em Hatigns %Served
".“'?—,“',:_}xcitatqun o»f weakly damped sur-f’ace eige‘umode.s, wh?ch exg
‘J",‘ Tiat; tht shai‘p densit_y. gr‘a%eh of the pias'mapause‘u At L 4., 0
’ ,_"‘_.,,. o oaan?y frbm the plasmépause, only mms gn'rrespond&ng to the;’ .

cont'muous Speﬁt,l’um were exc1€ed and &h“sequently, damped

L

3%3 to spatialfghase niixing Finally, 11: shou] be no._
. g g

) that dambed Alfvém waves attributed to surface eigenmodes“

[

N -v“

oy

¥ 2 - \b’ have aLso been observed in 1“"4 w-%ory theta pinch expenments o
- 'f‘ EGrossnﬁ and Tai‘aronis, 19733 R "_%-,J e

el 2, 5 Summary e J L e V @

s , B L G S e "o R N

N In this section, we shall eva]uate the theories v

» _ .presented earher i‘\ the light of rei‘e;vant observat:ona] _

v data\ o BT A _f ’. T"'ff“ " E .’.'”':
o ,:_ e 5' Since ‘the t'ime vary qé non uniform mag\netosphere is ;

o _._""_'_"-clearly not symmetr:c, the uncoupled syametric poloida‘l and
| / toroida)/‘ﬁodes are not gdod' approxiuations to actual condi---
e y_tibns As mentioned in the previous secxion, exPe"imenta] L

evidence exists which demonstrates that the assunption of

axisymmetry which is\used in many theoret.;cal tr‘eatments is .
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d:incorrect The symmetric”nodes are unable‘to‘expiain'the
;.d'ﬂlocal tine dependence of the observed pulsations, 10caliza-
tion jn 1atitude*an0 1on3itude of the puisations,,the o
'diu?ﬁal variation in the’ sense Qf bolarization, the e]iip--*
ltijiﬁ polarization, the phase differences between stations, .
etc.i As for the . asymmetrio%ﬁodes, in order to maintain a. ?’ﬁ¥-

e

li mathematica]]y tract%bie form models chosen for the study

D .

:fhmay not be particularly realistic ' |
Although the grl‘ﬁd obsenvations of the sense of "

~ef polarization in tafihdrizontal p]ane in the -orning Sector
s R P , : %
';-ifytand afteodoon sector Te.q. Samson et al.. 1 ™

\flsateli1te oﬁservations of the locaf‘tine dependence for

,*”Jf‘ _'polarization near the magnetopause [Dungey and Southvood
.ve,jt;f?ffj970] and the semiannual variation of geouagnetic activ1ty
' e "[Bolier and Stolov, ]970] éébm to favour the Kelvin-Helmholtz

1f,nstabiiity. there is observational eVidence against this R

-.,a-fA,'ifgﬁechanism as a source for micropulsations..sreen [1976], u51ng
o w T ‘-'0

) fr
o L' three;stations at geoﬂignetic 1atitude m'54° in the §ritish
R “d»f f%les, found that the ]arge maJority of the~Pc 3 and Pc 4

pulsation events have the western stations leading in phase

f. 'T nhich f?r a propagating disturbance Vf
o & (’ : ‘,_-' J,x‘\‘,v \q% 140)M
inp]ies etstwerd phase motton from the dawn side tonards

dusk Such a direction of wave motion is contrary to Z.,flj' tf‘
"T, that of a surface wave generated by Keivin Helmhoitz» :5[j:'q, .
A instabi]ity in the morning sector %? e., westward ﬁ}; Ei}" ;f
'"‘{f?fff propagation fron noon touards dawn)l Lanq.rott) ét al =

' I,’
d . .




. 5j "lh

[1872] observed th“ three quarters‘of the events de cted at

Hf conjugate points near. L =4 during the winter so]stice were

‘“uwas observed around local noon The;e observf,

'."~ O]

'ithe idea that the pulsations are dua to surface waves at the +

. . T '-_m '.
Aboundary as R requt of Keivin Heimh ltz instability must be

fcc polarized ‘and . that no significant switch~in pobarization ﬁ

ions qpaued

1‘against Kelvin Helmhoitz 1nstabiPity as a source although it’”
1;has been p01nted out by Cbegband Hasegawa [1974a] fhat the ;Jy;

?a\. o;-

‘ g
;tilt of the‘nasor axi; of the eilipse'rather than the sense
'of rotation is a more efitioal parameter in finding the

fdirection Of pzimuthai wave propagatbon ht ]ow latitude

Helmholtz instabiljty as a caﬂ!!'*Br the dominant peak in

: occurrenc&“frequﬁhcy 1n the morning at a iatitude of 70 g
'observed by 01’ [1963] e has used the findings of Frank -

[1971] McDiarmid et al. [1972], and Alekseev and Shabansky

“'f0[1972] regarding the latitudes of the ]ast ciosed field lines ﬂ
. “to suggest.that the pulsations reported by 01' were generated

'within the magnetosphere and nox near the boundary so that

b

J'

;[;regﬁrded as dubious _ Qfgf;'; **;;jﬂj:-@-eu a”'f ,ﬂ;;;;
A 5 Suift [1967] e_X"‘:;a" "ea \the‘ Pe 5 by an eiectrostatic
-”‘i;gdrtft #ave instability.5 How ver, Hasegawa [197]] has pOinted »

o out that the eiectroatatic dr ft instabi]ity 1s rather ~

'.L 4 /

Y




_ R A A SR TR fg'i,;ff.;’- f1jd e . f%' égt "
, '?nif,; ;' "fractional!iﬁxture of co1d electrons I add1tion. the o
*i.v.';:* 731 theor; of Sqﬁft aer:i:tandf ts deve]oped purely for electro-
stat1c perturbati%ns & Hédcey:aﬁcoqpbﬁng scheme to the o
g electromagnetic mdﬂe must be norked ougﬂ;o allow the theery
'ujﬁf _f. tp be qvalua&ed using the‘oﬂservations ﬁ‘smo‘ ‘“fiafuijfr
o "f:f}idh Grgen [1976] fOundlthat the Tongitudlna] phase ‘:

’,1var1at10n of Pc 73 and P¢ 4.pnlsatf0ns cdhsdsts‘a?nost
- qégtiTGTY of. Igw%m“(azdmuthal have number) ﬂbdes.*:‘
v suggesg %’ﬁat the béohce resonance mechamsn‘t; Southwood_ et@al

: E i
. 1969] is not 4. wuable s%uroe BT , ,
S ']- - ’_.fiA]tﬂouyh.the theory based on the non~neutral plasma

S e
SN B \i) S

d1stribution [Kimura and:ﬂatsumoto,iﬁﬁrﬁ's "eXplain the ce
(1n the horizonta1 plane)\polarlzat1on;~gﬁ!” “mor&?ng and cu
: ' mwwm : SR

T ey po]arization in the afterndon, itiis not apparenﬁﬁnhy differ-.
’7§@§"‘ftn_', ent signs of excess. charge should arlse in ‘the morning\az?

L o T L e ST R AR

. b L ‘ evening SN ? ;', ) | \ S 7» ‘

, The 10cal drlft minror 1nstabi]1ty [Hasegaua, T969]
;1 may explain the stor!bﬁdme Pc 5 observed by satel]ites near

the quator1al p]ane 1n the afternoon sector where the storm--

 f;f- f‘me partia1 rlng current 1s enhanced and the plasma pressure,

at the equator in the magnetosphere 1s suff1c1ent1y hjgh to

AR St excite some of the htgh 3 plasma instab111t1es.; On the other
o 7uf;fi” hand CIadis [1971] has offered another plausible lnterpreta-u
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'.‘f."*-separated in the north The ‘10 northern most stat‘lons are

7~4exp1ain the observations of Samson et al. [1971] Figure}fg;5

"'d8 which shows the di

.-,‘; T

The steaay state fie]d e resonance model of iii”“

'f”_chen and Hasegaua []974a] and Southwood [}974a] seems to

B2 N U

nal. and latitudinai variation of the -h‘

”*i‘ihorizonta] sense o¥7$%1arization was compiled by Samson et

‘iai.t[l971] using data from stations which were wide]y "ﬁ"l"'

i '-i

Amﬁ

\‘Cuf;separated by appr%éfmately 10° of latitude.‘ This large ﬂ&y

. uhich treats the continuous]y varying Aifvén speed across

'f~ﬁseparationfbety’

tAin determfning th o

g tWO northern mos't stations'iSﬂcrucial

\l %

)i

}:rcation line and Tine of intensity jf;

'1»maximum. Clear]y, morehstations are needed to fill in the S

X e e :‘.,

-hgap in order to heTp distinguish among the many competing

'hgeneration mechanisms for Pc 5 pulsations. Fina]ﬁy, it

should be noted that Southwood [1975] has discussed the -

_~manner in which the field liqgk;esonance mode] may break ‘
- down.u He has ﬂdinted OWt the ggmitations of the linear theory

5’5 -

Iines- . S . - . 1\”1
- o " ‘ ' 3 L2 3
'}

i The generation of surface waves at a Hensity gra-_

ﬁidient by an impu]se [Chen and Hasegawa, 1974bJ exp]ains the".’y

| “,;}ueakly damped osci]lations obser"ed at L = 3 2 by Lanzerotti

"et al [1973} and the damped type ulsations assooiatedvuith

éfsudden commencements and sudden imp‘lses, i. e., Pc 4 and

27 e .
gk[Saito and Hatsushita.‘1967 Therlal plasma density vf‘




Jﬂthe intensity Qf the horizontal component

s bﬁ*

Y
‘o

time distribution of regions of‘uetached p}asma is shown in )

"‘,Figure 16 It can’ be seep that the afternoon sector has a

K b‘; "".

H_;ularge concentration of regions of detached plasma._ ﬁas?pell
5[1974] pointed out that the smaﬂer peak in the dJStribution
”iFOf regions of detached p]asma between 0800 and 1100 LT is notf
igﬁthought to be physical]y significant but probably represents
:;ah overlap in samp]in in this Ioca] time sector._ Therefore.;:
;Viith cleaner pulsations observed in the morning sector ar: »
”fprobah]y not related to the sdrface eigegmode theory of Chen :

f'jﬁand Hasegawa [1974b] which requires a dlﬁ51ty gradient

Hilsonf[1966] hasf"ed a. rotating ]ine current as

| a model for the.current systems driven in the ionosvhere by

V

u,*hydromagnetic waves.' However, it has been pointed out by ,/.

‘fSamson [1971] that this mode! gpes not explain the variation"

in- the sense of pb]arization in the H 13 p]ane w1tn latitude ,7?

"iand the large yA component at the latitude of the maximum in.‘

.

~; Final]y, 1t shou1d be noted that Hughes [1974] has f“

.,studied the screening effect of the ionosphere dhd atmbspherevf

“on long" period micropulsations. Assuming the 1onosphére to

"be horizonta]]y uniform, the flat earth to be perfectly

conductingkand neglecting the inhomogeneities in the magneto-jv

sphere which cause coupling between the fast and the trans-l-ﬁ*f

verse mode Hughes has obtained expre551oqs re]ating the _v.j,:f
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df:fsbhere to that observed on the ground He has found that

i'erfWhen observed on earth, the rotation being@caused by tﬂe

i ﬂto obta1n those 1n the magnetosphere._n

s jaand fc 5 range are far from belng comp]%fe aln‘th1s thesis,“?ﬂf

R new theory based on;

'“f‘;foval 4s proposed It w111 also be noh

- hydromagnetic wave in the magnetosphere_w111 have

due to transverse waves must be seeﬁ'hb

<5ffb1e to conclude that the theories for Pﬂﬁsat’fh

"fthe three dlmenSIOnaqlcurrent system ;

vany disturbance seen on the ground due to a localized

fno vertica] d:

-'Current assoctated w1th it Conseqnently, the magneti€j¥qeld

.. 3'.

*aﬁbd through 90°

H D plane observed at the graund;mu;_;{

From the above considerat1onss It IS not unreasona~. X

,e‘tempora] and Spat1al variatlons of

v~,> c.".

_ed out,that‘the ;]fof

| steady state £1e1d Tlne resonance model mlght be operatlve RN ¢
'fffor some. special and rare events -‘\"ff;W,ﬁ‘]";f"f' 1,Y'Q. |
- B T e S

S SR




’-'.'-."'.i',"'f'-i:1969 The Iine Nas in qu'
;early ;972 wlth‘ mne c]os‘.ely spaced stat‘iongﬁ.spaﬂniﬁ,ﬂ f-he

S E l:r:,"f‘?”'OPeratwns in the spring °f 7972":' I" the s,uuuner °f 1974,

. "'~"'-f'~-._'-four stahons uere set up; in, tﬁe region of the aurora'f ova}

. ‘.}7

wnAPren m |

'-§,perat4-on n la"teuwn and

vlatn:ude range from A 60 6° (geomagnetic) to 83 1°N; \The ﬁ\.,‘.,.‘_

'I

",,'coordinates and co,;!e names of the nine stations are givep ﬁn

fl‘-:g

"Table 2. The mer‘idian ’line of magne;onete& discontinued

s ‘.iqx M‘

N ‘v'three of the stattons were along a cpmndn geomagnenc lqti-. ?7,
~tude lme. The coordihates and gode nlameb of’the four '

o \statwns m operatmn dunng the summgr of ‘1974 are glven m

e

- '.Ta\b’]eo 3.. The locatlons of the stations are shovm ln Figure |

b .
: . N . .
: .
-







o . ‘ ' l;‘ 4~'..‘ ’L“ _.,\ l! l 9@ : ;* 75 P
S Table 2 Code. Namevs and. Locations of the nagnetome;er
| yﬁi_j,'” Stations 1n Operqtfon Buring Late 1971 and~Ear1¥ }9?2

Sl

L station . cose

K ff“ﬂﬁﬂf,Resalute ‘Bay o jnzso
T "Cambridge Bay '\ ”L CAMB '’
.ga Contwoyto Lake} CONT
}a'“ﬂih :,‘ FQrt Rel1anc?1»*;;;IRELI
SRR :‘VF ‘rt “Smi th l

CTSMITT Sgblow
i if‘ort Chipewyan ';ﬁ;jFTCH;KFf?f'f fiv J
Fort Mcﬂurray L TMEMY et

Heanook L UMENK,
'Ledhc

oMy T Centerqd Uipoie | f
.;S‘ta'}tion.-,.- - r.pde "‘»J-°~N S
\; N

caes'owte Bay v~RESO 33 é 2‘83'4 e 83.2
'Cambrtdge Bay CAQ@ 76 é,‘“iggﬁ F ’
Cofitwoyto: Lake CCONT ﬁzz 65 29538

.

i Fort ] Renance _RELT "V.f{'m 3 7 300/1.».-"

"\:Fort Smith 7f- CSMIT, " 67.3" ' 300. 05;$3:j_7
. Fort. Chlpeﬂyan ‘chn @,gqlgwf 302 T”}

e ‘ ;*Fort Hcﬁurray ﬁcnuL ’e54 2 3@3 5
LE L meamookl T MENK T 61.9 . 300:8
o leduc T Lspu;'j{ %‘5 3bz.9
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| v S N A
\. was oriented in 1oca1 magnet1c (H,D, Z) coord1nates _'The
detectOr head at Resolute Bay was or1ented in the geograph1c
ltn(x YoZ) coord1nates system . Data were ‘recorded dlg1ta11y on
'“7 track magnet1c tape at a rate of ~ 1 samp]e/componentlz sec.
The t1m1ng was accurate to within + 0.1 seconds. The dynamic'
range of the system was * 1000y w1th a sens1t1v1ty of + ly
The records were, t1med by recordlng NWVB d1rect1y on tapei
every 7 hr 38 min.. A more comp]ete descr1ptﬂor o+—the
‘1nstrumentat1on is g1ven\Jn Append1x A. A
|  The data on-the 7- track 'field tapes' were unbacked
Onto 9-track ‘'master tapes for each. stat1on Nhere'the data .
b]ocks cou]d not be t]med accurate]y by the computer due to
the occurrence of bad data b1ock§ between successive wwv3?
‘b]ocks, the data weré timed by corre]at1ng the m1cropulsations
'(1n the D-component) occurr1ng in thas-t1me 1nterva1 with g
those: recorded at adjacent stations. Much of the data recor-
ded at Contwoyto ‘Lake was t1med manua]]y in~this mannerfw1th
an accuracy of ~ + 1 m1nute Th1s part1cu]ar process of - o '
t1m1ng proved to be a long and ted1ous tmsk and phase infor-
'mat1on at the stat1on of Contwoyto Lake 1s,,of .course;, less ”\\
reliablie. _
After the data_from al]‘stations‘were.tfansferred
‘o 9-ﬁrack master tapes , a series of 'event-tapes' were A

‘created with each tape conta1n1ng a ser1es of- f1les - In each

file all available data from the 11ne of stat1ons for a

0
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'spec1f1ed period of t1me (event) were wr1tten u51ng the same

. format as- was used for the master tapes .This allowed the

study of a spec1f1c event by on]y ut111z1ng .one f11e from an
event tape _rather than nlne 'master tapes '

'1_7 . The' data in the. event tape were‘then ready to be .
..
processed The character1st1cs of the macropu]sat1ons con-

's1dered in this thesis Were determ1ned by us1ng the cross-

' spectra]~matr1x forma11sm. The bas1c concept of th1s approach

was 0ut11ned by Born and Wolf [1959] ~and - app]ied‘by Fowler

'T‘et al. []967]. Rankin and Kurtz [1970}, Samson et al. [1971],

and'Fukunishl-et al. [1975] among others In our ana]ys1s,

the data were detrended With . a 1= 20 mHz zero- phase shift .

'Butterworth digital bandpass filter [A]pas]an, ]968] A

a

B N
.data w1ndow of Tength 60 m1nutes was ut111zed and cos1ne

Ltapers at e1ther end of the data w1ndow were used to

eliminate any rema1n1ng traces’ of the tranSIent response of

’the AFilter and to 1mprove the shape of the smoothed spectra]

- jw1ndow The autopower and crosspower spectra] est1mates were

w

ca]cu]ated us1ng the Fast Four1er Transform aTgor1thm

_[Gent]eman and %ande, 1966] To empToy the algorithm, zeroes'

were* added so that the number of data po1nts coqu be -
factored 1nto integral products of. 2. Raw and smoothed power

spectra ‘were plotted to determ1ne the spectral peaks using

»the autopower spectral estlmates From the cross-spectral

'matr1ces Jy (

m

r ) (where J : 1s_the;smoothed cross spectraT




est1mate at a frequency of component 1 and component J ‘at
fthe Same stat1on), the po]arlzat1on ratios, the e111pt1c1t1es‘f
‘and po]ar1zat1on ang]es 1n the H-D, H- Z and D YA planes Were

*

' determinedu _From the- station to statfon cnoss spectra]
;o .Q }.~matrices J‘ ( o rg) (where J1j is the. smoothed cross spectnal
‘est1mate for a frequency of component 1 at statlon r and
'component J at stat10n r ), coherenc1es and phases were e
fdeterm1ned A more deta11ed d1scuss1on of%the determwnat1on ?d:
nof po]ar1zat1on and phase from a three d1mens1ona1 vector e
t1me series is g1ven in Appendrx B |
S1nce this thesis’ deals w1th the re1atlonsh1p
hetween the m1cropulsat1on act1v1ty din the morn1ng sector
+ and the. convect1on westward electroaet 1nformat1on on the -
| positions of the e]ectrOJet was necessary ' To estab11sh the"’
K 1at1tud1na} boundar1es of the convect1on electroaet the
'fmagnet1c data were p;t in. a 1at1tude prof11e format ; Thtsivi
presentat1on techn1que ‘was used prev1ous]y by Wa]ker [1964];
Bonnev1er et al. [1970] and K1sabeth and Rostoker [1971] A
.;at1tude prof11e shows the magnet1c perturbat1ons in three
'components p]otted aga1nst 1at1tude at a g1ven 1nstant of '. :)/
time. A qu1et time basellne was chosen to determine the, | o
perturbation. The base line for each stat1on was determ1ned.
B - from'the smoothed daily means'of the'magnetic variations p ”
_which had exc]uded large magnet1c perturbat1ons ‘Thehiati—_

tude prof1]es are then lnterpreted using techn1ques deve]oped

N

/
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""

by Kisabeth [1972] to obta1n 1nformat1bn about the locat1ons
of the electrOJet boundaries ‘A mOre deta11ed dwscuss1on of X

'iihwk"f the 1nferrence of ‘the d1str1bution of e]ectric curreﬁts-in:-

the 1onosphere and magnetosphere from ground magnet1c Jata .

PR
K3

1s given in Append1x . .f '1Ff'.‘$%ff
: | F1nal]y, we note that the data were ana]ysed in the
ulocal magnetxc coord1nate system (H Z) for the polar1za-fA
.}.if t1on character1st1cs of m1cropulsations and that the data-
ya-ug';were transformed to the centered d1pole system (X 1 Z)
o :before be1ng portrayed in the form of 1at1tude prof1]es
Frequency bands wh1ch had d1st1nct spectra] peaks and
-fh1gh po}ar1zat1on rat1os at most of the stat1ons were
'"se]ected for ana]ys1s The 1ntens1ty 15 the. tota] power
ﬂof the coherent s1gna1 (1. | the sum of at] three compo—~
‘d-jnents H D and Z) .I’ I is the ]argest of the 1ntensrt1es
- o at a]] the stat1ons 1n a glven 1nterva1 then the relatlve
*.1ntens1ty/at a stat1on i s def1ned by I /I f Intens1ty
hcontours can then be p]otted as a funct1on oflanvar1ant
1at1tude and Unlversa] T1me Un1versa1 T1me 1s used through-_.at
lout.the text f An approx1mate conversion to ]ocal geomagnet1c
"_t1me at Our stat1ons can be made by subtractlng 8% hours from‘.*e
the glven Un1versa1 T1me wh11e 1oca1 t1me 1s approx1mate1y
Un1versa1 T1me 1ess 7 hours The date of an event 1s HT:
‘fexpressed in tecms of number of days after the beg1nn1ng of

'1.the year (January ] 15 Day 1)

.::i‘f'y;ﬁ?




" CHAPTER IV

Pc 5 ACTiViTY IN THEfMORNING’SEctORa:

o _“ In this chapter.jwe f1rst present observations that
%_the m1cropulsat10n act1v1ty in the Pc 5 range in-. the morn1ng -

fsector 1s c]ose]y re]ated to the COnvect1on westward e]ec-_
'dtroget The ev1dence that the e1ectr03et 1tse1f exh1b1t5<
"'spat1a1 osci]]at1ons are dea]t w1th next From the observa— o
“t1ona1 characterlst1cs of Pc 5 m1cropu1sat10n act1v1ty ‘as .

re]ated to the westward e]ectrOJet, a. node] regard1ng the~

generat10n mechan1sm of the Pc 5 act1v1ty is. then pnesented
- . _ R o
4.1 The Re]at1onsh1p of Pc 5 Act1v1ty 1n the Morn1ng
Sector to the Aurora] westward E1ectr03et '
‘ ~This sect1on 1nc1udes and extends the work of
'tam and Rostoker [1975] reported ear11er The resu]ts Of

J'ana]ys1ng three days 'act1v1t1es w111 be. presented to

~.Jl1ustrate the re]attonsh1p 0f the Pc 5 act1v1ty in the a

!

: morn1ng sector to the auroral westward electrOJet

J

The events se]ected for ana]ys1s are Ko osen

:':from three separate days They are Day ?53 197] and Days 16

'v&aand 17 1972 ‘ A]] ‘the: events occurreda1n the morn1ng sector
fspann1ng the loca] t1me reg1me from pre- dawn to 1oca1 L ﬁé&«
7:magnet1c noon The magnetograms both unf11terec andrfiltegedJ?

'i(w1th a- ] 20 mHz d1gita1 f11ter) for the events lare shownﬁjn %

I
1
|
|

81 -

‘o
g .



A

. R . N . . 8 2 .
- Figures 18, }9, 20 (Day 235, 1971), 21,22

Day 16, 1972),

v23‘and-24 (Day 17, ']972)‘“'A magnetogram'isvan amplitude-

time p]ot of the magnetic perturbat1ons in . he H:(theb ’
component p01nt1ng towards the 1ocal magnet1c north) D
';(the component pointing eastward),and Z (the component

po1nt1ng downward) coordina es recorded at o*r stat1ons,_

e1ng RESO (see Tah]e 2 for the
-be1ng LEDU. - =~

the northern—most statvon

name of the station) and the mos t southern on

'”The perturbat1ons are p]otted as-a function ofl universal
‘t1me»(Toca1 t1me for our stat1ons is approxamjkely equai to
un1§ersa1 t1me 1ess seven hours), It‘is appareht from the
'magnetograms that the amp]itudes of the osc111at1 ns are
rather 1arge (up - to‘b 100y - peak to peak for Days 16 and 17 ).
The pulsations seem to occux in bursts and over different
.1atitddina1 ranges at d1fferent Jntervals of time. ' For
.examp]e, in’ F1gure 24, one can see_a northward shift of:
_factjyity as a fonct1on of time. This“trend will later be
shown_topbe:retated to the locations.oflthe convection
westward electroget |
The 1ocat1ons of the convect1on westward e]ettroaet
:plotted as a funct1on of 1nvar1ant ‘latitudes and un1versa1
time w111 be used as a. frame of reference for the presentat1on
of the\pulsat1on data Both the-po]eward border and the
equatorward border of the e]ectrOJet were 1nferred from a
ser1es of success1ve 1at1tude prof11es of the magnet1c
1aperturbat1ons (see Ap7%nd1x»c forimoreideta11 regardlng the

5
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1nterpretat1ons of the latitude prof11es)

Some examples of the latitude prof1]es from
which the borders of the electrojet were inferred are shown
in Figure 25. The bor%ers of the electrojet are indicated
by arrowheads in Figure 25'and were inferred by assuming
that there is a gaussian d1str1but1on current density across
the electrojet. For each prof11e the horizontal components
(H,D) were rotated to prov1de orthoéona] horizontal compo-
nents (X,Y) in the centered dipole system " For our stations
dipole latitude is essentially the same as invariant latitude
(invariant latitude was chosen because the project was
initiated with a view of comparing_grodnd pulsations data
with sate111te data). |

F1gure 25A shows that. the éonvecthon westward
electrojet was 1ocated near our southern stations’ around

1517 UT. About an hour 1ater'at'1631fUT this westward

electrojet was located over our northern stations as shown

"in. Figure 258. Figure 25C and-D illustrate the rapid

oleward motion of the eouatorward border of the westward
e]ectrOJet w1th1n a short time. 1t cah be seen that the
equatorward border of the westward e1ectr03et shifted
northward substant1a1iy (about 4°) in a few m1nutes It.ie
interest1ng to note that an eastward electrojet (Figure 25D)
appeared in the 1at1tudes where the lower portion of the
westward e]ectrOJet was (F1gure 25C) . Finally 1t shou]d be‘

noted from these latitude profiles that the Y profiles which
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exhibit a mere or less sfep—like function (ngure 25B shpws
the step clearly) are indicative of the net donnwardpfield?
- aligned current flowing into the ]at1tud1na1 reg1me
occupied by the westward e]ectrOJet. The t11t1ng of the
electrojet with respect to our 11ne of stations probab]y
)Hprevents profiles "in F1gure 25A,C and D from showing a clear
~step-like funct1on in Y. |
To see how the Pc 5 act1v1€y is related to the
. .1ocation pf the westward eiectrOJet, 1ntens1ty contours of
a se]eeted frequency -band nere p]ottedbagainst the back-

" ground of the e]ectrOJet as a funct1on of 1ﬁvar1ant 1at1tude
and un1versa1 time as shown in the next few f1gures Each
figure cons1sts of two port1ons The upper portwon is the

® 1ntens1ty contours of the m1cropulsat1on act1v1ty plotted as
a funct1on of 1at1tude and un1versa1 t1me - The stars on
the ordinate 1nd1cate the 1ocat10ns of our stat1dhs in
1nvar1ant latitude. | Only the first and ]ast letter of the
code name of our stations are p]otted For examp]e, RO
represents RESO (Resolute Bay).  The 1ower port1on of the
f1gure cons1sts of the po]eward borders and equatorward
borders represented,by solid lines of the electroqet (wh1ch .
were inferredAfrom a“series' 1atitudg.profiies'about 10 |

) minu'tes apart) and -the in‘teg.ty maximum of‘ the puilsati.on
act1v1ty represented by the shaded area.

F1gure 26 shows the 1nten51ty cohtours of the /

pulsatianal act1v1ty in the lower frequency band (] 3 - 2. 5

»
I



INVARIANT LATITUDE

INVARIANT LATITUDE

Y3

DAY16 1872

1.3- 2.5 mhz ! ’ " INTENSITY CONTOURS

" RO}

1 12 13 14 15 1B 17 18 19
- | UNIVERSAL TIME o

'-\ S

Figure 26



W

o

94

AnHz) of the Pe 5 spectrun:for Day 16, ]972 The meander1ng
of both the electrojet and the 1ntens1ty max1mum w1th t1me’

can c]ear]y be seen. The next two d1agrams, F1gures 27 |

and .28, illustrate that the Pc 5 activity in the h1gher

»frequency bands of 2.0 - 3.0 mHz and 3.3 - 5.1 mHz for

~Day>235, 1971 and Day 17, 1971 respectively again 'follows'

the electrojet very well. The proximities:of the-eontbur
lines in the upper portion of the above figures' and the -
locations of the intensity maximum with respect to thé

e]ectrojet shown'in the lower portion of the figures for:

~different spectra bands in the Pc 5 range for‘three

different events C]early'i11ustrate that the regidn of Pc' 5.

%§c11]at10ns is conf1ned to the reglon of the aurora]
L

electroaet

To demonstrate further that the microbd]sation

' cactivity is 1nt1mate1y re]ated to the. westward electrojet,

‘Wwe present.in the next few f1gures the power spectrab
correspond1ng to d1fferent 10cat1ons of the westward
'electrOJet. The powers in H D and Z cover1ng a frequency
range of 1 to 16 mHz were p]otted fgr all our;§tat1ons,
RESO being Quramost.northern‘station and LEDU our most

southern station. The power spectra are character1zed by

Six degrees of freedom ' The spectrum is truncated at -
~.

. O Q Y /mHz power TevEl- hecause of poss1b1e quant1z1ng errors

“at lower power levels. F1gdre 29 §hpws the power spectra

for the interval 1100 - 1200,UT for Day 17, 1972. During

N .,
e



INVARIANT LATITUDE .

INVARIANT LATITUOE

B

80 —

-4

CB

© 2.0- 3.0 mHz

£ gg

. 3
ﬁ /
a.":\ . .
‘ A d ,\ : o
DAY235- 197 \ ; o
SR " INTENSITY CONTOURS °

i . - , ' o
RO 'THE ELECTRQ&T AND THE INTENSITY MAXIMUM
T o _ ‘
80 — (:
CByL
-
| CTi.
70 21
ST
FH
N
MK ‘ ,
640‘ LU . @ l.‘ |‘ 6. - - l' - 1- 1
12 13 14 15 16 17 18 19
) ' :UNIVERSRL,TIHE ' ' '
Figure ZZ“ :



INVARIANT LATITUDE

INVARIANT LATITUDE

. Roj,

3.3- 5.1 mHz

DAY17 1972 °

INTENSITY CONTOURS

3

96

14 15 16 17 18

UNIVERSAL TIME

. |
Figure 28




.
e

12/ wits

B

)

100824

100.0

1003:4

reedid
.lusj

. -
S ieedid
~

e

1eedid.

10082

109.0

;u33

DAY 17
H

1972 {1100-1200) °

0

P

RESO .

.
CAMB

CONT

IREL

.'//
f
S .

4

SMIT
FTCH

MCMU

/ =
,/;X\’\\ux’*"\‘\ v
7 .

18I0
- FREQ IN mHz

o

L RU TERE TR LN N

» 'FREG IN mr

| Figure 29

R S T O S

LR RANELIL
FREQ IN mtz

MENK

LEDU



o)
this interval, the westward electrojet was located near
our southern stations. The ions that were wiihin the.
electrojet most of the time_ ere %ndiééted in .the figure.
It can be seen ‘that iﬁ;ide the electrojet and near the
equatorward border the power level was much enhanced,

- | \
particularly in the H component. The presence of high

frequéncy peaks in the “Pc 4 bandp:;\?gf §tations‘%nside the
e]ecfrojet was evident. The stations poleward of the
electrojet have very low power and show no high frequenCy
peaks at:a117 However, as the electrojet shifted poleward,
the enﬁancéd power levels and the high frequenc} peaks ‘also
shifted northward as shown in Figures 50, 31 and 32. The
contrast can cleariy be seen in the power'specﬁra for CQNT
“for the four different time intervals.
To dehonstrate further that the' pulsational
activity peaks in the same 1atitudina1 range occupied by'f?Z :
‘westward eleetrojet and te show'that all the spectralv
.Hcomponents ie the Pc 5 band peak in the same Tatitudinal
range, we present in the neﬁk three figures the latitude
prof11es of the powers of d1fferent frequenc1es for fnreg
t1me 1nterva]s corresponding to three different ]ocatlons of
: tﬁ§~westward electrojet. The magn1tudes of the powers are
not shown in the diégrams because we are only interested in.
.-where the.powers of a pafticu]ar frequegty band peak. Be-

sides, the powers almcst drop to noise levels outside the

[



12/ mia

DRY 17
H

1972\1200- 1300)
D

e et o e e

L

B

RESO

|camB

/

“lconT

\
™
"

|RELI

SMIT

FTCH

MCMU-

,f\/\ .

Af'\.,./‘\.

LRI
FREQ N “mHs

FREQ. IN mte

’Figure 30 "

lllllil PER RN RIOICIITITITE R S A N I l.ll 11213141810

FREQ IN ‘wz

MENK

LEDOU



“10ve0.0
10090
10.0
1.0
roned:)
10000
100.0
T
1eedid
1008.8
. 1080
1.8

1.0
100ed:d
T et
100.8

T 1.0
100ad:d

1008.0

12/ wit

VI

uu‘l‘

10.0
uﬁl:‘
BT
i
tooed:d
1000.8
1009

-
100084
1ee0.0
C1ee.0

‘DAY 16 1872 (1700-1800)

RESO

T

;gff s

|caMB

¥

/

CONT

|RELT

SMIT

FTCH

MC MU

MENK

F IR T

‘—.bF\wamA

-

-

a8yl

LEDU

LIRS SR IMUNNASIReL TS AT e MINInNANIN LY (s eTermunnane

FRED. IN mitz

© FREQ IN mMz

~ Figure 31

FREG INmnz



Vo
10000.0
.
1000.0

1000 §

. 1!.'\". L

v
1.0

l;.‘:‘ :
1000.0 i
.0 § .

10.8

. 0 g

DAY 11
T H

1972 (1700-1800)

RESO

F 7

aa

1000824
1990.0
‘100.0

. |d:‘ .
10088
- 1008 !

12/ wite

wilill

o 1oeed:d

: un::"

1.0

CAMB -

RELI

wld

1
t.0

ASMIT

1000.8°

‘16.0

FTCH

weedid &

4 1000.0

‘100.9
10.0.
1.8

uo_‘ﬁ‘ -

10.0 |
T 1

/

- |MENK

‘ 100.¢ 1

Mo

V\m

\

. od N N ’ R B
. /o T OIRSEN TR PININIANNE1 T TN T BINHEINN luun ML -om mn/mc v
T OFREQTIN mig ’

FREQ: IN miz

o

{

FREQ IN miz

Figure 32

'MCMU”

- L4Ej[iLJii  3'j3€:; ;ii.:.f
-  ')> | RN .



g

sfﬁband of the m1cropu15at1on spectrum

)

confines of the electrojet as is evident in the intensity

"contour plots (see for examp1e Figure 28). Nonetheless,

“ the magn1tudes of the peak powers were comp1]ed in Table 4

which gives an idea of the relat1ve 1ntens1ty of act1v1ty

in the different frequencdes\and a compar1son of the

d

"'magn1tude of powers 1n d1fferent components,.‘

\

It can be seen in F1gure 33 that when ‘the westyard
electrOJet was ]ocated at 1ow 1at1tudes (the dashed lines
indicate the borders of the westward efectrojet), all the.
spectral components (1.7 mHz, 5.0 mHz and 7.1 mHz) peak
within the conf1nes of the electrojet. As the elect(oget
shlfted to higher 1at1tudes as shown in F1gures 34 ﬁnd 35

the peaks of powers in. d1fferent frequency bands a]so

_sh1fted Aga1n note “the contrast 1n power 1eve1 at CONT
" (:ne third dot from the r1ght) for these ‘three - t1me inter-

. va]s ' These observat1ons that the low frequency end of the

'hfat high 1at1tudes_(w 73 ). and that d1fferent Spectra1
‘fécomponents a11 peak 1n the same ]at1tud1na1 range occup1ed
'., ;by the westward e]ectrOJet c]early suggests that the current

:_%system assoc1ated w1th the convect1on aurora] e]ectrOJet
;;dom1nates other sourCes (such as the resonant osc111at1ons

h;of f1e1d 11nes) in- 1ts contribut1on to the 1ow frequency

Q

6o

- Pc.5 spectrum maX1m1zes at 1ow ]at1tudes (m 64° >) as well as

é

~
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DAY 16, I972 (1500-1600)
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107
Thevc1ose relat%dnShip between-the.Pc'S activity
and'the‘convection'westward‘e1ectrbjet‘ean further:be‘ .
substantiated by the resu]ts of the po]ar1zat1on ana]ys1s
which now fo]]Ows The shapes and - t11ts of the polar12at1on

—_—

e111pses as well as the sense of po]ar1zat1on (see Append1x

- ~

B for more deta1ls regardIng the determ1nat1on of the

polar1zat1on parameters from a three d1mens1ona1 vectonﬂtim
serles) were projected on to the three orthogona] p1anes
The plane is viewed from a direction in which the '
‘coordinates form a left handed system‘(e.g;, downward on
the.horizontal H-D nlane)“' The polariiatibn e]]ﬁpses in the
H-D, H-Z and D- Z planes for ‘the three different spectral .
bands chosen from the three events we presented were
'positidned as avfunction of latitude and univerSa] time'nith
the convection westward electrojet superimbbsed‘bn theAback--
‘grouhd as in Figures 3@,'37, 38 (Day 16, 1972°in‘the 1.352.5;
mHz band’t 39, 40, 41 (Day 235, 1971 in the 2.0-3.0 mHe band),
.42; 43 and 44 (Day 17 1872 in the 3.3-5.1 MHz.band). .The
e111pses that are shaded 1nd1cate po]ar1zat1on in the clock-
“wise d1rect1on (CW) in the p]ane wh1le those that are nqt
*.shaded are po]arized in the counter-clockwise (CC) direction.

‘ ‘An examination of the polerizatjon'e11ipses in the
"H~Dep1ane (Figures 36, 39;-and 42)‘wou1d indicate that:the
behav1our of the e1]1pses fo]]ows the electrojet. Thene

appears to be a tendency for the e1]1pses to be t11ted in the
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second quadrant of the H-D p]ané inside and‘in the viainityj
of the westward e{ectrojet, indicating that the phase differ-

) .
ence>betw¢en H and D at a'particular location in or close to

the electrojet is greafér thu; 90°. Away from the eléctrojét
jh the sduth, the'é]lipses have a tendency. to be tilted in the
first'Quadrant of the H-D plane indicat%ng that the phase
jdiffe&ence between H aﬁd D is less than 90°. The ellipses
{::waré’more inclined towards H than towards D implying that
tﬁe pertUrbationS'in H are generally greater than those in D
for the PC.S micropulsations. The sense of po]afizatioq for
the stafions in the south is generally CC (jndfcat{ng that
H lags D in phase) while the sense of polarization for ‘the
statiohs in the north is predominantly CW (indicéting that H
]éads D in phase). Tﬁis pattern agrees with the po]afiza on
‘ana1yses by previous workers (see Figure 8{. However, with
the locations of the convection Westwérd electrojet as a
frame of reference: our ahalysés,indicate'that the demarcation
line (the line across which the sense of polarizafion rever-
ses) follows the-e]ectfojet, shifting%noffhward with the
e1ecfrdj6f7(Figures 39 and_42)‘or;‘meandering' with. the
e1eé%}ojet,(Figure @ﬁj. Note that in Figufe'36, for the UT
interval 1500-1606, the po]qfization e]]ipsés‘at'the southern
stations Havelcw sense of po]akizatioH‘While the sense of

- po]arizatibn;dt the northern stations is CC. This paftftular

o

pattern appéars to be opposite to the statistically determined
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“p01arization.pattern shown in Figure 8 for this particular

Tocalstime. However, th1s\happens at a t1me, when the

westward e1ectr03et has reached its furthest 30uthward<;

position. Based on previous'results, one would.antic1pat€

"the senses of po]ar12at1on to switch to CC equatorward of

LEDU so that the switch in sense of polarization in the H-D

plane would occur at the equatorward border of the electrdjet.
In the H-Z plane (F1gures 37 40, 43), the sense

of polarization of the elllpses seems to be opposite to

that in the H-D plane with predominantly CW po]ar1zat1on in

, the south and CC po]ar1zat1on in the north. Again,'the

demarcatxon I1ne appears to followthe e]ectroaetl The

ellipses inside and in the v1c1n1ty of the electrojet are

mostly tilted in the second quadrant 1nd1cat1ng that the

‘phase difference between H and 7 at a st@tibn is-greater

than 90° while the ellipses far away from the e]ectrojet are

tilted predominant]y 1nvthe first quadrant indicating that

the phase difference between H and Z is less than 90°. The

e11ipses ere inclined more towards H than towardst imp]ying

that the H perturbetions are greater than the 2 berturbations.

H lags Z in phase for the.CC pb]arization e]]ipsesvand leads

Z in’ phase for the CHW polar1zat1on ellipses.

3 The polar1zat1on in the ‘D-Z plane (Figures 38, 41,

and 44) appears to be a little more comp11cated " Nevertheless,

some fnfovmatron-can be extracted from it. For examp]e,
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)

Shere appear to'be two reversals in the.sense of polari)n1
t1on,'0ne associated with the poleward border of tne electro-
jet and tne other associated w1th theféquatorward border
Going along our line of stattons, one, entounters W ellipses
(D ]eads Z in phase), then, CC e11ipses“(D lags Z in phase)

¢nd cw ellipses again. In ééﬁega], the ellipses seem to- be

<

inclined at an angle of 45° tow rds the axes indicatfng that

the magnitud perturbation in D are approximately equal

to those in\Z. It seens tnat the tilts of ellipses inside
the e]ectrOJ t are oppos1te to those outs1de of the electro-.
jet (Figure 44 il1lustrates th1s statement best). The tilt
in the first quadrant 1mp]1es that tpe phase difference '

between D and Z at a part1cu1ar stat1on ts less than 90°

while the tilt 1n the second quadrant implies that the pnase
d1fference betweew the two components is.- greater than 90°.

\le summarize tne deneral senses of po]ar1zat1on

t

schematically using‘the resu]ts'of'Day 17, 1972 in the
following three d1agrams
F1gure 45 shows the sense. of po]ar1zat1on in the

o
&

"H-D plane. The po1nt that this dlagram 1s 1ntende

-1]1ustrate 1s that the demarcat1on 1ine follows the e]ectro—
jet. .

F1gure 46 shows ‘the sense of po]ar1zat1on in the
: X
H- Z plane and 1nd1chtes that the sense of po]ar1zat1on in

tne H Z plane seems to be opposite to tnat in the\H D plane.
‘F

#
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Figure 47 shows the sense of poTar1zatlon in the

‘D-Z plane. Except for the time lntervaTs when the wnole
electrojet undergoes rap1d var1at10ns in its posrt1on (for
vexamp]e ‘the time interval of 1500-1700 on Day 16, 1972 shown
in F1gure 38) there are two reversals in the sense of |
poTar1zat10n, one assoc1ated w1tn the poTeward border of the
eTectrojet, the other with the equatorward.border.

B The senses of polarization discussed-abdvefcan be
understood in'termsvof the reTative‘phase‘changes across the ;
-stations. Typ1caT examples of the phase changes are shown |
in the next tvo - d1agrams The top three paneTs in F1gures
48 and 49 show that the powers in three components peak within
.the conf1nes of the/e+ectr03et as ment1oned earlier. The '
bottom three panels show the re]atlve phase cnanges across
the. stat1ons in three components ‘The pnase dlfference
vbetween any two components at a‘g1ven statlon is not snown,'

-as 1nformat1on on tnls is- 1mp11c1t in the shapes, t1Tts and
'Vsense of poTar]zat1on of the poTar1zat1on eTT1pses snown
ear]rer. The magn1tude of the phase at a g1ven stat1on is not
1mportant because of its- CjC]TC nature. . It i's the prof11e of 8
the phase that jS-Of interest. t can be seen from F1gures

48 and 49 that‘there'js one rapi phase change of about 180°

in H across the region of maxtmu power; there is very little
phase change in D; there are twoirapid phase changes in,Z.

s

TYhus, the reversal in the_sense f poTarization in the_H—Ds

)
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plane can be agﬂrlbuted to the change in phase of H and tne
two reversa]s in the D-Z plane can read1]y be understood as
due to phase changes in Z. The sense of polar1zat1on in thés.
H-Z plane can be understood using information regarding the
phase differente between H and Z at the stations in COhjunce
tion w1th the relative phase cnanges across the stations.

"We have shown earlier in tiis sect1on from the
1ntens1ty contour plots that the intensity maximum fo]]ows
‘the e]ectroaet. The results of the po]ar1zat1bn analysis.
also indicate.that the demarcation line follows the e]ectro-
jet. It would therefore behof interest to See how.the iine
of peak intensity is related to the demarcation 1ine partich—
larly in the, horizontal plane. The results of superimpoéing
the line of peak intensity and the demarcation line in H-D
plane on the background e]ectroget for tne tnree events are
sihown in F1gures 50, 51 and 52. It is apparent from these
plots that, wh1]e both lines fo]]ow each other, they do not
coincide with each otner, ‘which 1mp]1es that ]1near po]ar1za-
tion does not occur in the region of peak intensity. We feel
that our stations were §uffic1ent1y close enough to render the
above statehent valid.’ ‘ | |

. Ne conc]ude th1s sect10n by showing how pu]sat10ns
respond to electrojet mot1on. We have comp11ed in Table 5
the hourly averages of 1nterp1anetary magnetic field parame-

ters and the Kp.va]ues.' It can be seen from Table 5 and’ the
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\v
\-
\
N

{130

Hourly averages of in%erplanetary magnetic field
parameters (o is the angTe bethen-the field vector
and the solar ecliptic plane in ‘degree and BZ is the

ndrth—south component of the field in y) and Kp values

. \.';'
Day 235, 1971 .
Ut | 12 13 7 | s |16 [ 17 E
‘ 40 | -52 46 | 38 27 | -2 | 21
B, |-2.3 | -ee [ ,c2a | 3| 22} -1 1.5
Kp .| 2+ R 2+
© pay 16, 1972 A -
uT_ |1 2] 13 | e 15 | e 17 | 18
| ) R '916$  w6 |eas | o7 ol -5 2
§2g> '2;5 136 2.8 1.3 6.8 | -9.2 | -i.2| 3.8
Kp S 5e 4- | -
Dayi]i, 19727 I ‘ ; |
ot || a2 s e 15 16 ¥,
0 -;5,  R "515_ ' ' ¢32.‘ -73 -41 )
B, -o;5~;"70;1 2 ‘“-2.2 ' 5.1 -2.9 6.0/
_Kp v 2+ | 3+ |
e "
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.
plots containing the pusiti(nw,<)1nthv vlvutrojﬁl‘thdt the
electrojet &ovod in response to the changes iﬁ tﬁe inter-
planetary magnetic field reflecting the changing 1ével of.
magnetospheric convoctibn. The Kp values indicate that
t~ magnetic éonditions*for‘our events were moderate.

Figure 53 shows that the pulsational activity in
the 2-3 milz band jumped from low signal levels to peak
intensity when the electrojet was 1in a transiéntistate
moving from low ltatitudes to‘higher latitudes. A second 7
,maximum, though not as intense as the first one, occurs affér
the electrojet reafhed its northern positions. The inter-
plaﬁetary data indicates that there were changes 1in the
interplanetary magnetic field in the time interval fof Ahe

i

second maximum (viz., the normal component of the IMF turned
soythward in the interval 16-17 UT). Thus, although the spa-
tial condﬁtion of the electrojet was stable, the changé in
level of magnetospheric convection due to changes in the
inté%p]anetary magnetic field might produce changes in.the

intensity of the current system associatgd with the electro-
jet resu]tjng in the burst of activity. | |
Figures 54 and 55 again showlthe enhancement of
signal strength in the low frequency band and higher
frequency band of the Pc 5 spectrum associated with changes
in electrojet configuration. The higher frequency band
‘appears to respond earlier to motions of the electrojet than

the ]ower>frequéncy band.
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Figures 56 and 57 illustrate that both the Tow

frequency band and high frequency band of the act1v1ty on
Day 17, 1972 Jumped to 20% of their peak intensities as the
eduatorward border moved northward rapidly. The signal
Jevel then remained relatively unchanged over the next three
hours until the time when there was anotherkrapid'motion of
the.equatorward border northward. The pulsational activity:
reaches its peak poWer at that time. i |
4.2 FEvidence for the Spatial Oscillations of the E]éctrojet
In the previous section we have presented the
chara;teristics of pulsations with the electrojet super-
‘imposed on the background. .The locations of the glectrqjet“
boundaries were inferred from a series of succeSsive'latitude
: : >
profi]es at about 10 minute jnterva]s. " The résulprof plotting
he locations of the borders as a funct{on of time would
therefore only indicate the trend of the'eléctrojet giving
ondy a macroscopié pictﬁre of the locations of the-eléctro<
Het. fWe_now present in this section the locations ﬁf the
electrojet which were inferred fﬁbﬁ'a series of successive
1ati£ude profilés only 23 seconds apart. Thus, the result |
of plottiﬁg the bordérs of the-eiectrojet as a function of-.\'
time wou]d prov1de a m1croscop1c picture of %?e spatial \
behaviour of the electrojet. It will be shown in tne

f0110w1ng d1agrams that the borders of the e]ectroget behaved

in an osc111atory fashion and that the osc111at1ons of tire
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borders seem to occur 1in unison with the micropulsations.

| The magnetogram shown in Figure 23 for Day 17,

1972 event shows that in the interval of 1300 ando1400 urt,
the pulsations qt high latitude notably at CONT are of lTower
frequency than the pu1sat1ons at lower latitudes. Thie is
:'due to the fact that the poleward border of the e]ectrOJet
osc111ates more slowly than the equatorward border of the
electrojet as illustrated in Figure 58. In Figure 58, we
have plotted.the poleward border and the equatorward border
(inferred from latitude profiles 23 seconds aparf) as a
functlon of Universal Time. We have also superpo;ed the
pulsations in the Z compgnent recorded at CONT (wh1ch is
close to the poleward border) and at FTCH (which is near

the equatorward border). It can be seen that therevis a
remarkab1e resemblance between the oorder oscillations and.
magnetic oscillations. As mentioned earlier, the timing for
CONT might be off by as much as 1 minute. However, this error
on the very 1ong per1od wave trains shown in the diagram wou]d

produce effects which are hardly visible to the eye.

FiQure 59 shows the correspondence between the
motion of tne equatorward borde: and‘the pulsations recorded
at MQMU and MENK. just slightly south of that border. Note
. the hibher frequency osci]]ationé recorded‘at v 1220 UT-seem
to correspond to the higher frequency oscillation of the
equatorward border of the e]ectrOJet |

‘F1gure 60 illustrates that both the poleward and
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equatorward borders osci]]ato in a similar manner for the
interya] 1700-1800 UT in contrast-to .the interval 1300-1400
UT. As a resu]t,.the station close to the po]ewafd border
‘(i.e., CONT) and the station close to tne equatorward border
(i.e., RELI) oscillate with the‘sane frequency-in’contrast
to the oscillations recofded at CONT and FTCH between 1300
and 1460 UT which are quite different. |

" The border of the electrojet which is detormined
from the AZ extremum from the latitude orofi1e seems to
osc1‘1ate in phase with the magnetic pulsations in the Z
component and s]1ght1y out of phase with the hor1zontaT
components pant1cu1ar1y with the D component. This 1is
“illustratéd in Figure 61 where the magnetic pufsations in
3 éomponéntsvreoorded at SMIT are'presented together with
the variations in the position of the equatorward bordér of -
the electrojet. |

A plot of the magnitude of the negative AX extre-

mum (denotéd by HMAX) of the latitude profife as a function
~of Universal Time'is shown at the bottom of Figure 61. It
indicates that fhe three dimensional current syStéﬁApfoduging
the H perturbation a]so fluctuates in its intensity. Thus {t
- would appear thatlthe Pc 5 micropulsations contain contribu-
tions from both the sbatia] oscillations of the Wéstword
:e]ectrOJet and’ tempora] osc111at1ons in the 1nt@ns1ty of the
e]ectroJet In the fol]ow1ng sect1on we sha]] explore the

" implications of th1s suggestion.
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: . : .
4.3 - Generation Mechanism of Pc 5 Micropulsations

OQur study of the ldtitudinal variatﬁgns of the
spectral compohents of the Pc 5 micropulsations indicates
that all spectral components peak ét the same TatitudinaIQH
range.and that the low frequency component maflmlzes both
at 1ow”1at1tude and high 1at1tude (see Figures 33, .34 and
35). It is evident that these observatfons do not readily
support the field line resonancé model which predicts‘a
Jatitudinal dependence of the sbectra1 components. Further-
~more, it has also been shown that the demarcation 11ne in
‘the hor1zonta1 p1ane does not coincide w1th the 11ne of
intensity maximum as pred1cted by the field line resonance °
model (see Figures 14, 50, 51 and’52).  pés1des, there has
been no conclusive experimentaT pfoof for the existéncé of
Kelvin Helth?fz instability which has. long been regarded
as é sourée'fdr the ekcifatfoh of fie]d'1ine resonanfe We
are. therefore compelled to consider other alternat1ves for
| the genérat1on of Pc 5 m1cr0pulsat1ons a]though it must be

emphas1zed that the field line resonance model m1ght be

operat7ve Vn some spec1f1c occasions as w1]1 be showh in. the

. PR
‘next chapter

In the previous ééc%ioﬁs, we have presentezbthe
puisation dat§ againgt-she"bgckérOUPd of fhe convéction
 westward;eTeqtrojet. It is'obviqus-that the'intepsity
: ﬁaximﬁm'and,the po]q?ization follow the e]ectroj?i (see for

1
t

tw
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example, Fiqures 26 and 47) and that the sidna] strengtﬂ

of the.pu]sations:is markedly enhanced in conjunctton with
sudden changes in the position of the equatorward .border of
the electrojet {see for exampdeﬁtFiqure 57). We have further
demonstrated that during ind after the sudden shifts in ‘

position, the equatorward border of the.electrojet os§i11ates

spatially at a frequency which is a dominant component of . -
" ‘
the Pc¢ 5 spectrum (see for example ., Figure 59). These facts,

coup]ed with the observat1on that there s always a 1arge
perturbat*%? in Z, p01nt to the convection westward electro-
jet and 1ts associated three d1men51ona1 current system as a
possible $oufee_for P"S pulsations. |

To obtain a rough picture ~f trno physics of the
carrent system.we may regard it as an eleciric circuit with
lumped imbedances as shown in Figure 62. a‘ostrdm“{l9724 has

used a simi]arvequivabent circuit for the substorm current
s. tem and found that- the circuit rings in the Pi 2 frequency
o ’ ’ : &b »

L\\ range "in response to variations in current flow through the s

" honospherel The ringing mentioned aboye represents LC-:
oscillations of" the equ1va1ent circuit, and we shall follow:

Bostrom's techn1que by attempt1ng to construct an equ1va1ent

] c1rcu1t whose ringing will const1tute Pc 5 m1cropulsat1ons

5 Holzer and Re1d [1975] and ‘Reid and Holzer [1975] ﬁave aiso
3 ’.,"‘:i o
?‘4u§fd a s1m11ar c1rcu1t ana]ogy to study the response of the

caup]ed magnetosphere—1onosphere system to cﬁ&nges in days1de

T
,,wﬁﬁfle]d 11ne reconnect1on rate.’ The constru€t1on of our equ1va~

" lent c1rcu1t )s based on the following reasoning.
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In Figure b we have shown the (_mlfiqun\ti()n o f
the auroral electrojets and field aligned currents associa-
ted with convective processes in the magnetosphere. From
this figure it would appear that the westward electrojet
stretches from near noon to midinight. The huge scale size »‘,u
ot this system makes it . ,ible that Pc 5 m1cropu]sat1bﬁst
could be exp1a1ned by LC-oscillations of -any e]ectr1cal *x%#p
c1rcu1t associated with the volume of space occup1ed by the |

4

three dimens1ona1 current system. For examp]e, Rostoker and

~
Bostrom [1975] calculated values of L = 35 H and € = 9 <108 ¥

o

for a smaller circuit assoc1ated with the eastward e]ectro-
jet in the evening sector and found the frequency of LC-
oscillations to be ~ 0.1 mHz which would be well outside

the Pc 5 frequeﬂhy range. However, Hughes and Rostoker i
[1976] have po1nted out that the ionospheric conduct1v1ty ,.
d1scont1nu1ty at the dawn mer1d1an must be associated with |
the divergerce of westward current in the ionOsphere into
fiel” a]1gned current flowing up the f1qid lines into the
magnttosphere Thus there is, conf1ned to the pre- noon
quadrant, a fthree d1mens1ona1 current system 1nvoTv1ng
downward field- a]:gned current near noon d1?§rg1hg into
westward 1onospher1c Hatll currentvw1th subsequent diver-
gence into upward field aligned current flow. at the dewn
meridian. It is osc1]1at1ons of this current system which

we shal] use to attempt to explain the or1g1n of Pc 5

m1cropu]sat1ons.'
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Consider the dawn and dusk meridian and the con-
vecting plasma drifting‘thrOUgh it.\ Rostoker and ‘Bostrom
[1976] have proposed a mechanism byﬁwhich the Birkeiand
CUrrents,are driven through the extraction of kinetic energy
from the magnetotail plasma by braking the motion of the |
plasma as it drifts towards the f]anks of the magdetosphere.
Mozer and Lucht [1974] have found that the equatorward
direeted electric field decreases in magnitude as one hoves
from pre-dawn to post noon (see Figure'53) Hence, as the
plasma moves from a tail like to a d1po1e like magnetic field
configuration as.showniﬁn Figure 64, it is slowed down as

indicated by the decrease in the equatorward directed -

AN 1
Oy
o4

electric f1e1d One may .then consider that the energy %

AR

extracted from the drifting p]asma may prov1de nhe elecgr1-ﬂfﬂjﬁu"

cal energy to drive current systems in the pre-noon quadrant.
Hence, the vo]tage source in F1gure 62 is associated with
the extract1on of energy from the convect1ng p]&ﬁpa Con—
\§ider a région of space:bounded by field lines pofifyard apd‘
‘equatorward of the aurgral oval and confined within three
time zones. Then, the current carrylng vo]ume can be
represented by a rectandd]ar box of length £ (length of field
lines in the generator region) ~ 15 RE’ width W fazimuthal
- extent of 3 time ‘zones ‘in the equator1a1 plane) @ 15 RE and
th{ckneés b (the separation between the field lines from the-
po]eward borders and equatorward borders-of'the'eurora1 oval
mapped to the equator1a1 p]ane) " 5‘£E' Thed the magnetie

7

energy associated with the current flow in the vo]ume gives
S0 N o
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rise to the inductance‘LM in Fignre 62 and the kinetic enerqy

associated with the convecting plasma within the -volume is

represented by the capacitance CM. The dissipative Pedersen
' D

currents f]owing in the iononsphere are equivalent to the
dissipative current f1owing through the ionospheric resistance
RI' The high number densities of O+ in the  F layer and €ﬁe' |
changing electric fie]dvdue to the transient response of the
circuit gives rise to the d1sp1acement current through the.
capacitor CI. Thus the equivalent LCR c1rcu:t is based on -
the . geometry of the current f1ow »

Us1ng the express1ons deve]oped by Rostoker and
hﬁpstrﬁm.[1976] we can determine thg, va]ues for L, C and R

and compute the resonant frequency of the circuit. to‘appraise

the v1ab111ty of LCR c1rcu1t in represent1ng the magneto—

<,

'spher1c c1rcu1t The 1n&hétance LM can be eva]uated by
est1mat1ng the magnet1c energy assoc1ated w1th a current
un1f0rm1y d1str1buted in the vo]ume of 1ength 2 %v15 RE’
‘Wwith W~ 15 Ré'and thrckness b v 5 REf By equat1ng this to
"the>energyistorede1nvan inductance carrying the same tota]

»

» current, viz.,
a u bZI2

o
e BYL
1] 2, dt = 12 W B

—

* wWe f1nd that L 'S 7 H‘r

M
The capac1tance represents the k1net1€“energy of

the convect1ng p]asma : Assum1ng a.un1form p]asma ve10c1ty

>

v 1.7 x10° n/sec <g-=_g where E v 0.33 mv/m and B ~ 20y

in the equatorra] p]ane) in the same vo1ume as -used in the
" A . : 4’ . . . .

8
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case of the inductance and, cquating the kinetic energy in

the region to the energy stored in a capacitor, viz.,

m"v - ooy’ S Loy v

“find-thaf CM N3 f%3 F where we have used p v 8 x 10-2]

4

kg'/m3 (for n + 5 cm-3) and V v 107 volts.

Q For an F-region of thickness 100 km centered

N

on v 300 km altitude, the ionosphere can (neglecting end
< effects) be represented by -a pafa]lel plate capacitor with

capacitance
i

d ‘ €A

o being .the mass density of the ions, n the number density,

yom, the molecular wéight'of o times . amu dnd B the ambient

5 E/m for n v 3.6 100 w7
‘59"

For A 500 km x 3 time zones and d ~-100 km, CI U

hagnetic"fie1d‘ Hence, € ~ 3 x 10

F.
Assum1ng an 10nospher1c rc"1st1v1ty of
nv5 x 104 om averaged over -the region of the 1onosphere

from ~v TiO km te 160 km, the 1onospher1c res1stpnce below

the F-region is estimated to be

d

I i 0.3 W
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From these values, it can be seen that the cir-
cuit shown in Figure 62 can further be simplified to a
circuit shown in Figure 65. The‘valuésﬂfor the circuit
parameters are summarized in Tab]eké\\

As mentioned earlier, the{energy source is the

kinetic energy of the plasma drifting through the dawn

sectbr. The kinetic energy flux of drifting plasma through

a surface in the dawn meridian of area of length ¢ v 15 RE'

and width b +v 5 RE perpendicular to the flow is

. EV2~ :
Pmech = 2 )rvio

The electric power dissipated in the auroral electric

region is . : ' . "

l

. Pe]ec = 1V f IEId

For £, ~ 20 /m [Mozer and Lucht, 1974] and d ~ 500 km and

[~ o108 A, §e obtained

p ~ 108 W

elec

yields V > 20 km/sec.

The requ1remeﬁt of Pmech > Pe]ec

Such velocities are consistent with the velocity in the
equatorial plane near L ~ }0. Near L -~10,B ~ 20y ,

-~ 17 km/sec. Thus, the kinetic

ofm

E ~ 0.33 mv/m and vV =

eneryy available in the plasma drifting past the dawn

‘meridian is adequate to supply the enerdy requirements



TABLE 6

Equivalent Circuit Parameters for

5

Inductance of generator region

Capacitance of generator

Capacitance of F-region

Resistance of lonosphere

A
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-

fodel Current System

e

Ly 7 H
Cy 3 < 10°F
) 9 F
R 0.3 -

¥



i
v

associated with the idébspheric kP

O .
rojet system. The

/

equivalent circuit of Fiégré‘65 is therefore valid.

The mode]l currenk system presented in Figure 65
is effectively a steady state systeh. The results of our
ana}ysis of Pc 5 pulsations suggest that these micropulsa-
tions are excited in conjunction with changes in the sdze and
intensity oflthe electrojet system. We £Perefore Qiéh'to
study what occurs if we perturb the current in equivalent
circuit shown in Figure 62. A éudden'change_of’g in the
circuit will cause a sudden change in the current flow. This

will set up an oscillation in the circuit whose frequency

js‘ghat for the LM CM portion of the circuit, viz.
-.\
1

w = (L-M CM)Z

%

“For the equi‘%lent circuit parameters shown in Table
frequency is in the Pc 5 frequency range, viz., for Ly = 7 H

and Cp ~ 3 107 F we obtain
. F 01 mHz

_ y
which is at .the 1dﬁa\per10d end of the Pc 5 spectrum.
(Higher frequencies may be exc{ted'by exciting oscillations
over a lesser latitude range or-within a narrower electro-

jet.)

The oscillations we have been discussing above,

generated through a Sudden‘change in the driving force, will
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Figure 65




* o B sy

“be 1mposed an “the 1onospher1c portion of the circuit which .g}*f

consists of a res1stance (RI) and capac1tance CI) in g4
parallel with one another. JOf course;‘the current through

Cf wii] lead the current through RI by90° which provides the

" out-of-phase component of the perturbat10n magnetic. f1e1d

-~ necessary. to create‘a.po1ar1zat1on ellipse for thr pu]sat}on‘

in the horizonta]-p]ane; Were it not for the F rgion

'displacement7current an oscillating curr: - system could

on]y 1ead to 11near polar1zat1on for the pu]satlon
The- model we have d1scussed above presents Pc 5
as .an impu]s1v€rwave tra1n, which belies the term "continuous"
' . ) : . .

given to this class of_pulsation. HoRever, as we have

pointed out earlier,'the.PC'S's we have observed'appear to

”be a. ser1es of 1mpu151ve wave trains wh1ch often blend

tbgether to. g1ve the 1mpress1on that they are continuous

in nature The prec1se behav1our of the pulsations is

contro]]ed pr1mar11y by CM and RI Clear]y, the more energy

: there fs,1n the generator region, the 1arger w111 be ‘the

effect1ve capac1tance of the equ1va1ent 91rcu1t and thus

the ]ower w11] be the lowest frequency in the Pc 5 spectrum

:-In add1t1on the RC t1me constant of the c1rcu1t will deter—

mine whether or not the Pc 5 pulsations appear as a quaSJ—

COntinuousfchain‘of_osci]]atfons or as a series of separated
damped wave trains. Again it.is c]ear that the more energy

there is in the generator reg1on (t.e., the more energy there
. r - )



Sy : " :
is stored in the magnetosphere) the longer will be the
RC- t1me constant for the c1rcu1t This eftect is reflected N
by the fact that wh11e one might expect CM to increase witn xt
increased energy storaqe in the magnetosphere, the conduc-
t1v1ty is controlied pr1mar1]y by solar UV -in the morning
sector so that RI.wi1]fbe re]atively unchanged unless~ | £
‘eTectron precipitattOn becomes extraordinarily high. The
overall effect of the changes in L, « and R with changing
ieVels‘of enerqgy storage in the nagnetosphere is that for
lower energy Jevels the Tow' frequency component of the'Pc'5
_spectrum will be higher and the oscillations will appear as
1mpu1s1ve damped wavetrains while for higher enengy 1evels
.the 1 ﬂ'frequency component of the Pc 5 spectrdm.w111 befn
lower .and. the wave traings will tend to merge w1th one |
another.

From the above cons1derat1ons, we would like to

14

present the fo]10w1ng mode]‘for the Pc Sopulsat1ons

‘ A change in IM# 1nterp1anetary magnet1c f1e1d) U
: &>
and/or so]ar w1nd ve10c1ty produces changes in the convect1ve

" velocity of the dr1ft1ng plasma inside the agnetoéphere

As a;result, éhe energy ava11able ‘to dr\Vc the current 4 D
systeh is changed - The adJustment in thé s:ze of the

e]ectrOJet leads to spat1a] osc111at1ons and the change tn‘
current 1ntens1ty leads to 1ntens1ty var1at1ons The spat1a1.@

and tempora1 osc111at10ns of the e]ectrOJet comb1ne to

-
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R
Yo

L

ﬁ@enerate the magnetic pulsations observed on the ground

(see Figure 61).

The dctua1:Currents responsible for the generation

‘of Pc b mitropulsations form a three-dimensional system

with currents flowing downward into the e]ectrojet in the
pre-ngon quadrant, westward through the'ionosphere as part
of the westward elYectrojet (Hall current), and back into the
magnetosphere at dawn (because of the cohgéztivity‘discon~
tinuity near dawn due to enhanced photo—ionizatid%sin the
day time)."The entire system-ts enclosed by the Birkeland

current sheet pairs closed in the ionosphere through Sou%h—

ward;f]owing Pedersen current {see Figure 5). Because of

the relatively short longitudinal extent of ~~rtion of

the westhrd efectrojet assocaated with the lsations’,
\\ F . -

ghofnd based ﬁagnetometers shbu]d be.able towoetect=pertur5

bations from both components of the three d1mens1on&

\ »

system. ‘The contr1but1on from both components of the 7ﬁh¥ent
- LN ’ k4
system is well 11]ustrated by a ser1es “of 1dt1tude prof11es

\\\, . S \’

shown in Figure 66. F1gure'€ﬁ\cons1sts of six 1at1tude

. grof11es each about 2 m1§ytes apart The borders of the_v

A8

convection westward electrOJet a e 1nd1cated by arrowheads
at'the,bottom~of each frame. It can be seen in Figure 66
that AY steps of the 1atitude pro i1es on the ]eft‘column
(i.e‘,-profilesJA; C and D) were \ocated at Jower latitudes
than the AY steps of the 1atitude refiles on :]g right

colufn (i.e., profiles B. D and F). The aY profiles of

urrent

2
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& Wa's set equal to the t%ta] Pedersen current f]ow fF&r ﬁ&f\
demonstration RUrposes. i‘ : i ﬁ%_ o
&'w\a' wﬁhow in ?1gure 67 thﬁﬁtude prof11e taken
.along 3 mer1d1an 4° to the west of the centra] mer1d1an -~
(which bisects the e1ectrojet). The arrow heaﬁs.@n tme S
T

e

 of

" Jatitude prof11es‘8 D and F 1nd1tate the net downward

2 . 161

-,
4

field- a11gned current f]ow across the electrojet while the

. \‘l

AY prof11es of 1at1tude profiles A C and & shows the net

’downward f1eld u]1gned=current flow and %he 'end effect’

oﬁzthe westward e]ectroaet portion of wh1ch is diverted up

the field lines near dJWn Note alsa in Figure 66 the

L

periodic spat1a1 movemen.t of the equatorward border of tN& o

: e]ettrojet. In order toPgain a better insight to the.

" changes produced by such{a éurrenffﬁystEm, we ‘employed the

Y

-techn1ques of K1sabeth [1972] to c@ps truct a model three-

d1mensi,,ona1 current system ut111@igr"" H“&e Hall current

3rcu1t and the*d1rgct current circuft rn’olv1ng the Birkeland

currgnt shee&& *In tﬁp model a* current systemww1th 46\8*, P

1at1t%p¥§a1 extent and 16% of 1on§§tud1na1 extent Was J;@
ut111zed where the Hall and Pedersen cuthnts were d15éf]_
buted‘ umform]y wwth&h the ionospheric e]ectmmet region. A.

\\X

current of 105 A wasdemp1oyed and the tota] Ha11 current £1ow

F1gure mark the borders of the e]ectrOJet Note that the

AY prof1]e does not have a pos1t1ve step go1ng from south

v
.

'to north as is ev1dent in the observed 1at1tude profiles
' | 7 | .

A
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'because net downward f1e1d aligned current flow was not

accounted for in the theoretical profile.

The electrojet borders were allowed to oscillate
'

spatially with an amplitude of 1 of latitude and the current
¢ was permitted to oscillate in strength with an amplitude
equal to 3. of the total current f]owc Figure 68 shons
.the differential profile for one quarier cycle of the
oSti]l&tfon. The similarfty of this profile with the
observﬁp differential profiles shonh_inyFigore 69~1s striking.
o The data used to cpnstruct fhi/profi1es in Figure 69 were
ﬁé' 4-100 mHz bandpasd filtered towehow the magnetic pertur-
bationé of micropulsations at ~ 5 mHz. The' two profiles

—l‘w"

are about one quarter of a c%&ﬂe apart. The polarity
S g e By, w -

f%%wﬁgattern can be seen to quaLe to the re]at1ve phase changes
.‘\",('-‘

qf "each component ac‘oss ougﬁ]1né of stat1ons ag shown ‘ -

earT1er in F1qures 48 and 49 Vh1¢h nnd'cate that the D

component norma11y does not experience a pronounced change

'

-in phase across the e]ectrOJet while the H-component ex-

' * 4 :
periences a 180° phase change across the electrojet and the
o 5
v L-compdnent suffers'proannced phase changes at the bordens
W’.’;é‘ - '

_of the e]ectrOJet An additional phase changd in the H-

Acomponent‘1s seen at.v 74° in ﬁigure 68... This is not a
) . .‘% , . 4 . ' . _ R
statistic&]-feature‘of the data but is seen on some

occasions (viz. the "early hours of Day‘16, ]922 shown in

Figure 36). Of courses~our choice of Ha]] current and
LA . . o ’ .
: AR e T e e B L ] - . G.

. . . e ‘Y L4 !"-' g L L IR A 5 b R . K C .
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"

T qudersen current intensities:}s~somewhat arbitrary (although
¢ ¢ :

t
the chosen values are qu1te reasonab]e) Variations in the

current densities d!upled w1th changes in the positaons of‘M
the points_of'obsegvation with respect to the current system
will cause different relative phase pattarns to appear.
However,l1t can be seen that our mode\‘Brov1des a plausible
exp]anat1on of the relative phase changes of the components

of the disturbance across_the electrojet.

The above considerations explain the observed

-»
T

re1at1ve phase changes across our line of stations. However,
if there is no phase deference between the components at‘

a g1ven location, one would only observe linear polarization
with the "11nes” tilted in the f1*st quadrant (components in

phase) or the secon ﬂﬁ&drant (components 180° out of phase)w

e

Y

‘However the e111psei. “ﬁ‘ up and switch in. the sense of

polarization across the stat1ons, 1mp1yyng that there

_ estt\)phase‘d1fferences between cbmponents at a given

location. We.shall seek to exp1a1n these effects as fb\]ows,
| “First, 1et ‘s cons1der the po]ar1zat1on 1n'the

H-D p]ane ' The contr1but1on to D comes from the direct
"ohmic" current and a d1sp1acemeg; current flow1ng 1n and'to.
“some eXtent abovevthe F—reg1on The dlsplacement current
prov1desuﬁhg,out of-phase compone;t to D, which results‘in
the total D perturbat1on being out of phase w1th H The

displacement current.ar1ses from a separation of the pos1t1ve

™
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« and negative charges by a changing electric field. It is
defined as

3 E)b_ dE [)LD—E

D Tt o3t 20t

where D is the disp]aceﬁeﬁt,'ﬁ the electric field, ¢ the
dielectric constant, p the mass dé&figy of the plasma

( .
(= Nmi where N is the number densﬁty dnd m, = mean molecular

AN

weight X amu) andiB the magnetic field. Using nominal

values. near the peak of the F-layer (i.e,, 1ean molecular ,2
weight of 17, N 2 X 106 cm_3, B ~ 55,000y, and a conduc-f

1%
tivity of 2 x 10 -S Sm"]) and considering a period of 200

sec (f &?mHz); we find that the d1sp1acement current

. J Y
about 1/10 of the ohmic cufrent:

S . 9B
D| . ‘St _we
Dl . |8t - ®E g 0.7
j OE . 0. AL

Thus, the disp1acement current has a smai] by t significant

contr1but1on to the D perturbat1€k

B Sin.e current going through a capacitance 1eads
\ J

the current go1ng throughfa res1stor in a parallel. RC
circuit by 90°, one can express the perturbat1on’in D

_observed on the ‘grourid as

.

- ‘ i
D = D, cos wt 4+ D&_cos (wt + 5) (16)

where D includes the contributions to the madnetic pertur-

4
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bation due to the ohmig component of the 10n09pher1t current

f]ow and the f\g]d aT1gned currents Cdﬂd is in phase with H)
1

P is the contribution to the ma @§t1c perturbation due

o the displacement current. Equativn (16) can be expressed

Nz
RS

as

¢

D = D cos (mt + 1)
O .

) 2 2 * g
where DO = D&2 + DD
0 = t -1 EQ
= tan 5

0 is then the phase difference between the D compunent and
the H component. It can be seen from F1gures 68 and 69 that
the H and D components vary in the same sense south of the

AX cross—oven.‘ Thus D 1eads H south of the AX cross-over
‘ g

producing counter-clockwise (CC) p. ﬁdzation in the H-D
. !‘ p -
plane. North of the AX’
] S R .
3

A

;} over,,»wand D vary in the

opposite sense. Hence, i%ase dlfference due to thev

displacement current causes H to lead D in phase, proddcwng
L 4
the observed clockwise (CW) polarization (see Figure 45).
The earth has a finite conductivity that causes

the induced fields to be phase-shifted with respect to the

'induq?ng or source field. The phasQ shtﬁﬁ&ng of the inter-

)

nal fie]d/contrtbation resuTts in complex tota1_(i.¢.,

inducing plus induced) field components at thebsurface.

. - : . ,
Nopper and Hermance [1974] have shown that the induction

effect of the e%fth ‘causes phase changes in H and Z with .
H Teading Z. Aga1n from F1gures 68 and 69 one can see_that

<

, . :



ot

O}

R )
) lnw
as one‘moves from south'to notth, AZ #nd AX vary | in the
E#’#é(’e .e., W leads / resuiting on ew polarization
in thi Y-Z plane), and then 1in the opnosiie sense in a . -

rather limited #®atitudinal range (i.e.., Z leads H resulting

in CC polarization), and then in the same sense again (CW

polarization) and finally in‘the opbosite sense again (CC

po]arization). This agrees well with the.observed senses
polarization in the lehpléne (see Figures 37, 40 and 43)

although over some intervals the CC regiwme 1in ihe middle of

the CW regions was not observed possibly because its limitea

extent made it difficult to detect using our Stations. | -

At a given station, D leads ’due yo'the effect of
the displacement current and H leads 7 Guéxto ‘the effect of

induction. It therefore fo]]ows that D 1eads Z. Again

* Ty
"

uth to!%orth
'4‘ -

( vl

1ead5 A re5u1t1ng in CW po]ar1zat1on in the D- Z p]ane) and

#tferring to Figures 68~a&ﬁﬁ69 ~mov1ng f

(. [

one can see that ~Z and: AY vary in the. samﬁ

then in tWe oppos1te sense (i.e., Z leads D resulting in €C |

po]arization) and finally in the same sense;aga%éﬁ@i.e., CW

po]arﬁzation)f This agrees with the obsirvedﬁéenses of

.. S

O e

polarization-(see F1%ure 47).

The above cons1deratdons ex in the observed sense
» e

. of po1ar1zat1on in three orthogona] planes. The orientation

of the major ax15 of the e111pse is due to the re1at1ve

magnitudes of the,components and tb the §1ze of the phase



e

difference between the tomponents. A more ‘etailed study

PSEEN

/

on the po]ariiation characteristics would undoubtedly B

I _ - ‘
~yield additional information on the subject of induction.

.



CHAPTER V

.

'pc 4' ACTIVITY IN THE MORNING SECTOR

5.1 Observations |

As nentﬁoneo_éar15er in the first Chopter} the
occorrence of 'Pc 4'giant‘pu1sotion5'is rare. We have only
noted four events from almost five years of data recorded
at our statiops.. They occurred on -Day 347, 1971, Day 253,
254 and 255, 1974. The.gents all occurred in the morning

- . - . v . .
o“.n sector @%‘ : ' : . .

Wn,

L)
*E ’%

" The magnetograms both uhf11tered and fJ]tered

g; w1th a 1-20 mHz d1g1tw1 %@ndpass f1\ter) for,;heﬂgxgnié/
;@b ar&v shown in Flgures 70, 71 (Day’ 347., 1971) 42;‘” 73 (Day
253, . 1974)' 74 : 5 (Day 254 L974) 76 and 77 ¢Day 255, 1974).

R T
- It can be seen from F1gures 70 and 71 that -tie

4--u1sat1ons for Day 347 1971 are highly 1oca]1zed in
1étitu—de %mmzmg at MClﬂb and MENK and then‘ h1gh1y
s1nuso1da1 wave forms are %are]y detectab]e &t the northern
stat1ons ]1ke CAMB and CONT The evont of Day 347, 1971
1asted for about ha]f am hour and'oppears as a sing]e.'beat‘

or amp11tude modulated s1gna1.' S
: T A .

\].
.The events recorded-in. ]974 recur for Smccess1ve
L . ' . . v )

days at intervals of:dbout”24 hours, such a perlod1c1ty has

P been observed in the past by Sucksdorff [1939]. The

S A B
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‘trains wh1ch were 1n1t1ated at 0805 UT 4%e substorm

: -
funfiltered magnetograms for these events 1od1cate that the :
' magnetosphere was in a qu1et state. The substorms that

'occurred around midn1ght were of sma]] magnitude which

4

"hardly exceeded 150y The f1ltered magnetograms show that

the" ‘wave tra1ns appear in 'beats’ and that MCMU appeared

d to reg1ster the 'Pc 4' wave train before ‘the other stations.

¢
The 'beat' feature of the pu]sation was- most pronounced 1n

the D-component at MCMU for the Day 254 1974 event- The

: “ \ L ‘180,‘-

"Pc 4' pu1sat1on was obvious on]y a? MCMU for the Day ‘255,

- ;1974 event Th1s event ?!ems to occﬂr in two separate

bursts, the f1rst one be@?nnﬁng at 0800 ut lasting for

',about haif an an hour and the second one beg1nn1ng at 1000 UT
.1ast1nd for about an h0ur It s 1nterest1ng to note, from

4
'Figure/76 ‘that the wnset of substorm act1v:ty as seen Lk

the midn1ght sector at the stat1on of Inuv1k (7] 5 N geo-_

it~

magnet1c) co1nches W1th the term1nat1on of the.'Pc 4' wave

Iy

o activ1ty per%1Sted unt11 4y 1000 uT at wh1ch time the 'Pc 4'

‘activity reappeared. Ihe Pi 2 act1v1ty‘ at low 1at1tude

stations were also evidept dur1ng'the 1nterva] Th1s

that it suggests that cond1t1ons of low act1v1ty mUSt pre-'
vail 1n order that the ‘source mechan1sm for 'Pc 4' g1ant

pu]satlons cqn fvnct1on. It_shou]d_be pOTnted out that

‘Rostoker and Filthammer [1967] noted that Pc 5 events® tended

y

g
L

X
‘behav1our of the micropulsations is extreme]y‘1nterest1ng 1n.



“to 0ccur in the decay phase of magnet1c storm act1v1ty and

that any Pc 5 act1v1ty in progress seemed to be, terminated

,‘at the onset of a magnet1c storm. Thus, there is an

‘apparént tendency for both Pc 5 and 'Pc 4' g1ant pu]sat1ons o Viv
to be assoc1ated w1th decaying or 1ow 1eve1 act1vity in the
magnetosphere, whlle the source mechan1sms ppear to be less
effect1ve during. per1ods of 1ncreas1ng magﬁztospher1c '

’ C . . . R
A . ) . o
. R ‘ .

To study the frequency content of the 'Pc 4','raw"
’ . ) N ’ < ' ’ . J .. N ' w
power spectra were computed and are:presented in the next

agt1v1ty

few diagrams. ‘ : ' . ;
E . .-\-a ) B N

| Figure 78 shows the raw power spectra for Day 347,
1971 in the. interval of 1745 &nd 1845 UT. Theﬂerratic' .
appearance of the spectrum is due to the fact that e ”-.i
spectra were unsmoothed (see F1gure BZ 1n Appehd1§7§3;6r the.
appearance of the peaks resulting from smaoth1ng) The
frequency_of ch 4' is’ revea]ed by the spectra to be 1n the - T
10-12 mHz band;_ The peaks in the.]P—IZ-mHz_band seem to’
shift from high frequency to 1ow frédUency'going from south
-to‘north; The double peak structure is ev1dent at SMIT
_'FTdh' MCMU and MENK The doub]e peak Feature m1ght be: due
to statistical fluctuat1ons of the est1mates (see again
'F1gure 82 ¥n Append1x B for the var1at1ons of the conf1dence

-

1nterva1 and the- bandw1dth) and’ m1ght not be real. " However,

if it is real, then the fbeating" appearance of the 'Pc 4"
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P R R Tt A
pulsat1ons on the magnetogram% can read11y be expla:ned as ‘
due to the add1t1on of two wayes w1th nearly the same ,
frequency ' The northern gtat1ons such as CONT show}large
power§ 1n the 1ow frequency band of the spectrum and some’
high frequency peaks across the Pc 4 band This 15 ‘~,j“ * o
assoc1ated w1th the convectwon westward electroaet noted
“at the northern stat1ons of CAMB and CONT for this time
finterva1 as’ shown 1n F1gure 79 The ‘Pc-4' peak in-the -~ -
vspectra wh1ch is ev1dent at the southern stat1ons well |
! ;eway from the e]ectrojet is ev1dently not related to the ;
r ”cmnvect1on westward electroaet which has been shown in the"
»preV1ous chapter to be the source of Pc 5 pu]sat1o ‘ .
ST ct>va1

pectra for Day 253,11974 in the int

between 13_d and 1430 shown in F1gure 80 1ndicates that
the"Pc 4" pulsat1ons have frequency in the 1175-13.5 mHz
'band . The double peak features are ‘evident at all the
stat1ons except MCMU . wh1ch shows mu1t1p1e peak:« stvucture
The most dom1nant peak 'is. centered at 12 12 5 mHz.

F1gure 81 _shows the spectra for Day 254, 1974}in -
‘the 1nterva] between 0945 UT ‘and 1045 UT 'The 'Pc 4" cq
o peaks are c1ustered in the 11 12.5. mHz band  The. double

A

' peak feature is ev1dent at mos't stat1ons, the 11 5 mHz peak L

_be1ng the most dom1nant one The most remarkab]e feature Ji
“of these spectra is the comp]ete absenceaof powers in“any. ‘? .

) P
other frequency except the 'Pc 4 frequency 1n tne'ﬂ compo-

3
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) ) .
nent at URAN and MCMU. This implies that the signal s
virtually noise-free reflecting the quiet state of the

]

magnetosphere and that the signal is highly monochromatic.
u K - . . .

The spectfa for Day 255, 1974 in the interval
between 1000 UT'and‘ﬁiOO UT are shown in Figure 82. THE
'Pc 4' peak centered‘at ~v 11.7 mHz is only pronouﬁced at
MCMU. The double pe&k feature is evident in thé D-cémponent

\.,' . ! ’
at MCMU. Note also the complete absence bf powers 1in any

other frequency except the"Pc 4' band-in Duat MCMU. J
To study the characteristics of the 'Pc 4
Pulsations, po]arizations’and phases were determined using
the smoothed spegtralkesfjmate§. The powers in three
coﬁponents, the relative phases across the sta}ions and ‘the
po]arization'e1lipses were plotted a% a function of

invariant latitude or dipole longitude for the 'Pc 4' spéctra]

component tpr each event. The results are\shown in the next

P

~ few diagrams. - . ,

- Figure 83 is the latitudg profile for the pulsation

‘charactéristics at 11.2 mﬁz for Day 347,h1 1 in ‘the inter-
val between 1745 and 1845. The latitude profile of the
power fndicates‘théf the event is highly localized in
latitude. The H power profi]é suggdests that the peak power
probably lies between MCMU and MENK. The power drops off

rapidly to noise level in about 4° away from the peak; The -

§e1ative phasé pPot'shows that there is rapid phase éhange
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bethen MCMU and MENK in H and between FTCH and’ SMIT 1n D.
The phases at higher latitude stations were not plotted
because of their low powers The polar1zat1on ellipses
projected in the H-D p]ane 1nducate that there is a switch
in the sense of polarization between MCMU and MENK from l
CW sense of polarization to CC sense of polar1zat10n dn
go1ng from SMIT to LEDU, the e111pses in H-D p]ane are‘ |
t11ted towards the f1rst quadrant except at MCMU where
it is t11ted ‘towards the second quadrant and nnc11ned
towards the .D direction indicating the 1arge power in D. )
In going from SMIT to LEDU, the e111pses in the ﬁ\; plane
jare allgned prédom1nantly in the H d1rect1on with the
Aexcept1on of MCMU where the e111pse is t11ted towards Z.
The sense of po]ar1zat1on switches from CW to CC
between MCMU and MENK. The sense of po]ar1zat1on in the
H-Z plane for the stat1ons where the effect of 'Pc_4'
pu1sat1ons is felt is the ‘same as the sense of polar1zatron
“jn the H-D plane. This behav1our is contrast to that of
Pc 5 discussed in tife last chapter. For the Ec 5 pu]sat1ons
whose or1g1n ligs in the e]ectrOJet the sense of po]ar1za-"
t1on in the H Z plane is oppos1te to ‘the sense of po]arlza-;x
t1on in the H D plane ’

 Figures 84, 85'and-86 show~1ongitude profi]es.ofv
the character1st1cs of the %c 4'giant pu]sat1ons recorded

omﬂDay‘253 254 and 255 197§ The data from MCMU are
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. 1nc{?d€3\on these profiles to allow comparlsons to be nade

although it must be remembered that MCMU is N3 equ torward

of.the other three stations and~1s near]yvdue south of URAN.
~On Day 253 we see. the- power at 12. 5 mHz over the

.Gn1versa1 T1me interval 1330-1430. The power is largest

at MCMU, but tends to vary llttle in 1ong1tude over the

" 15°'span of the coyerage. The change in sense of po]ar1za-

tion in the H-D and H-Z'pTanes between MCMU and URAN is

consistent with the source region being,tentered between

these two stations. It is’interestingmto note that the

senses of, po]ar1zat1on in the\H D HWZ .and ﬁ-Z planes do not

change across the 1ong1tud1na] span of ‘the array However,

\

Athere are outstand1ng phase reversals between URAN and SMIT

. \\

and between SMIT and HAYR in all three components We

"shall discuss'the s1gn1f1cance of these phase changes later

in this chapter. . f _ _;

On-Day 254 using the power at 11.7 mHZ'over t

| interval 0945-1045 UT we see behaiour of the micropuls tjon
charécteristics much the seme"as 6' Day 253, although th
_power levels-are'g]ightlyulower. gain the'peak'power fs.
at MCMU and there_dre"phase changes in the H-D anthez;plane
between MCMU and URAN. Aside‘from a tendency for iineér |
.po]ari;ation in theJD-Z plane at SMIT, the poiqrizations
3yare unchanged overbthe ]ongitode;span ot the array. Again

the outstanding changes in're]attve phase in all three compo-



~ >

nents betwgen URAN‘and SMIT are present but'between‘SMIT
and HAYR there 1s little relative phase change.

On Day 255, using the power at- 11.7 mHz over the
interval 1000-1100 UT;‘we again'see behaviour of’ the
'micropu1sation‘characteristiCS idehtica] to those for
Days 254 and 255. For this day the signal is highly
1oca11zed in 1at1tude, with MCMU being c]osest to the’
center of the source region. However, the power 1eve1s are
cqnsiderabTy reduced from those on the previous two days.
The relative phase changes tnglongitude>precise1y paraliel
those for Day 253.

‘ ‘For purposes of COmparison w1th previous workers
-we draw attent1on to the deta11ed stud1es of Pc 4 g1ant
pu]sat1ons wh1ch have been carr1ed out by Eleman [1966]
us1ng data from eleven high 1at1tude stations 1n Scand1nav1a.
He c1a1med that these pu]sat1ons were d1st1ngu1shed by the:
fact that the vert1ca1 component of the perturbat1on 1s
almost as 1arge as the horlzontal component near the center
of the disturbed reg1on ' In agreeme@! with Eleman we find
“that the vert1ca1 component may have magn1tudes comparable |
to that of H near the source region although,the ‘power in

| the 6-component.u§oally exceeds that_fn the H—cbmponentl
A]tho:Eh he found for most of the eventé theththe~pulsétions
‘were polarized in the CC sénoe in _the hortiontal p]ane,_

»

on some occasions he observed the polarization in the



o ' NP
wo, ’ B ' .

_ horizontal plane to be polar1zed CW at the northern

AT

‘stations and CC at ‘the southern stat1ons - The 1at1tud1na1
prof11e of the power and e]11pses of the event we stud1ed'
,suggests that the stations north of tng/power peak had CW. .
e1l1pses wh11e stat1ons to the south had CC e111pses “in the’
'hor1zonta1 p]ane He also. contended that the reg1on of b

.d1sturbance tended to rema1n f1xed geograph1ca11y dur1ng

the ]1fet1me of the 'Pc 4 pu]sat1on event He was unable,

however, to 'settle on any theoret1ca1 exp]anat1on of the

_f,Source of 'Pca4"pu]sat1ons

“jjﬂ’ Generat1on Mechan1sm for 'Pc'4'-‘ IS

o Ve]dkamp [1960], after study1ng a 'Pc 4' event

- which had maximum amp11tude at v 57°N geomagnet1eéi contendeda
that the observed per1od of 105 sec fits we]] w1th eigen-
osc111at1ons of per1od v 100 sec predlcted by Obayash1 and. -

- Jacobs [1958] for f1e1d ]1nes penetratlng 57° geomagnetxc

1at1tude Annextad and Wilson [1968]‘ﬁafter study1ng"Pc 4'

\
\

events pecorded at’ Col]ege and ‘its conJugate, Macquar1e
'Is1and,.suggested that the 'Pc %' is a result of the first
even mode of transverse hydromagnetie wave_propagattng along
f1e1d Tines to conJugate points. y
| It wou]d be 'of 1nterest to est1mate the e1gemper1od
of the toro1da] and po]o1da] osc11]at1ons for field 11nes
emanating from L= 5 4 wh1ch is the L value for MCMU where the

-amplitude of 'Pc 4* was maxlmized. We est1mate the eigen-

period using the results of Orr and Matthew [1971].
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Startlng w1th the wave equatlon (4) for hydro—

4

_magnetlc waves in a cold co]11s1on]ess magnet1zeﬂuplasma

der1ved ear11er in Chapter I1. and assum1ng that the magneto-

»

, _spher1c p]asma is xompo§ed ot;protons and e]ectrons w1th

r.oom
a number dens1ty d1str1bution n = o(ro) D where n and N,
are the proton number den§Jt1es at r and r0 respect1ve1yu

¢ /
(rb being the equator1azageocentr1c d1stance), Orr and

Matthew derrved an equation forf ax1symmetr1c-toro1da]
»osc111at10ns and another equat1on for asymmetv1c gu1ded
po1o1da] osc111at1ons Both equat1ons were 1ntegrated
'numer1ca11y tor dwfferent p]asma d1str1but1on defined by
m= 2, 3 and 4 and us1ng the boundary cond1t1on that the

. e]ectr1c f1e1d 15 zero at the earth S surface ) The per1od

B

for any partjcular f1e1d lthe w1th max1mum equator1a1

geocentr1c-d1stance "o = Ltjs_gjven by.
| S 3T uomons
ot 4047 o proP 042 _ ;
4 C . E .. N E . . . ’ ‘
6 @

"

where Rp = 6.37 x 10° m

BE = 3.12 x 10-5 weberé/mzy(eQUatorifItaurface yaluef
° ; of earth s magnetﬁc f1e1d) . ’ ‘
My = 4n x 10 7 H/m TR i
mp = 1.673 x 10727 kg
= mzn B the e1genva1ue for ax1symmetr1c toro1dal ;

o=
o
1

V?\
osc111at1ons or asymmetrlc po]o1da1 osc111at1ons
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Using equat1on (17) for L=5.4 and the number
dens1t1es of p]asma in the plasma trough and inside the’
: p]asmapause in the equator1a1 plane (see Chappe]] 1971)
we obtawn the fo]]owing e1genperlods comp11ed in Table 7.
x The e1genper10d T is 1n seconds and the frequency
f 1s 1n mHz It can be seen. from the Table 7-that the f]PSt

f_harmon1c asymmetr1c gu1ded po]o1da1 osc11 tions for number.

3- -3 -3

Ldens1t1es of 5 cm. 7, 6 cm and 10 cm have frequencies

,rang1ng from 8 9 mHz tp 13 6 mHz depeno1ng on the number

dens1ty and the power 1aw of dens1ty d1str1but10n The

!

: pobserved frequenc1es~of our 'Pc 4' events lie in that-range;

- The f1rst}harmonic ax1symmetr1c toroidal osc111’t1ons for
fc tor01dav

'n§ ='10~cm -3 and the sec0nd harmon1c ax1symmetr
'osci11ations for no = 100 cm -3 also;have.frequenc1es;very

o~

close to the obserVed frequenc1es Equation'(4) is a very
s1mp]1f1ed representatlon ‘of the much more comp]1cated
“cond1t1ons in the mggnetosphere As mengnoned earller in-
’Chapter-II toro1dal and po]oidal osc111atlons are generally
.coupled together The)shear mode is decoup]ed for resonanceu:

cond1t1on The above calculation. 1s to obta1n a rough est1mate

of the: range ‘of f_equenc1es w1th1n which the exper1menta1

observation shoul ie. The resu]ts are th(t the
l'computed resonant fr quenc1es seem to agree w1th the
b‘observed frequenc1es, thus g1v1ng some support tb the
contentioﬁ/ihat field 11ne resonance mxght be the ‘cause of

'&c 4' pu]sathons as’ it is def1n1te]y not re]ated to the]

v P
i ) . : \
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aurordl“westward‘electrojet whichvis the primary source for
Pc 5 pulsations. Furthermore, the reversal of sense.of
polarization in 1atitu;es ac;oss the intensity peak is
prédicted)by the field line resonance mode] of Chen and
Hasegawa [1974a7 and Southwood [1974]. The monochromatic
character of the 'Pc 4' events as demonstrated by the power
@ectra (seé for ekamp]e, fhe‘powér spectra in D for MCMU
~and URAN in Figure 81) suggests'that the“dfiving force 1is
composed of nearly' monochromatic waves. This possibility
was éolved_by Chen and Hasegawa [1974a] ‘and Hasegawa and
Cheﬁ [1974] as a steady~staté case. The solution exhibits
%grface wave away from the resonant field line and shear |
Al1fvén waves near the resonant field line. The 'Pc 4 events
presentgd here therefore sprong]y suggest the excitation of
shear Alfvén waves by a??onochromatic source. The tilt of
'Athe ellipses’ in the horigbnta] p1ane does not agree with
that prediéted by Chen and Hasegawg [1974] and Lanzerdtti
et ai. [1974] who showéd that the majo; axis direction does
not'sWitch’across the resdndnt regidn and lies in the‘Qnd
¢ snt. Our observations indicate thét thete is some
cwitcn n o the tilt df the el]ipses’acfoséfthe résonant region.
might be due to the E?@sib]e effects of the tonosphere
on the rotation of the e]]#pse orientations [Hughes, 1974].

Finai]y, we would like to discuss several charac-

teristics of this type of'pulsations which_are'unique. An

bt}
¥
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examination of the stand@Yd magnetograms and an estimation
of the wave number m us?né the relative phase change 1n‘
1ohgitude (m v 36) indica%é that the phenomenon is highly
localized in longitude. ' 'Pc 4' pulsations might be a y
manifestation of the @Niet state of the magnetosphere as
exemp]ified by the event of Day 255, 1974 wgere the onset pf
substorm stops 'Pc~4; which reappears when the substorm
activity terminates. I |

The daily recurrence tendency of the 1974 events
suggests that the pulsations might be related to some _
‘ structure within the magnetosphere (such as the plasmapause)
which is maintained over a significant period of time. However,
the plasmapause extends over all hours in local time, and |
hence one might ask why the oscillation region is SO con-}
fined spatially. This leads oné’to look for some significant
magnétospheric parametef which may suffer some transjtion
in~the'1oca1;magnetfc time regime occupied by the pu]sétions.
It is interesting to note that the electric ﬁie]dvobserva--
tions of'Mdzerxand Lucht>[1974] (see Figure 63) indicate a
transition f-or westward electric field to eastwafd e1ectri¢
. fie]d.ih the early morning hours and near noon. Such a
‘transition would be associated with magﬁetic flux tubes
drifting equatorward in the region of westward electric field

and;poleward in the region of eastward electric field. - Thus

field lines. mapping to the plasmapause may suffer ngar flows
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at the region of electric field transition, -and this ma}

well prove to be a region which can be perturbed should ithe

character of the convective flow be subjected to any change.

AN
’
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SUMMARY OF RESULTS AND CONCLUSIONS

. j!
In th1s thes1s wG;have studied in deta11 the

character1st1cs of Pc 5 m1cropu1sat1on act1v1ty in‘the
morn1ng sector and we have documented severa] cases of the

hare 'Pc 4' ‘giant pu]sat1ons. The following summar1zes the

major findings of this thesis.

6.1 Pc 5 Micropulsations

| One s1gn1f1cant f1nd1ng of this thes1s is that
the}e'is no c]ear latitudinal dependence of the pr1nc1pa1
spectra] -components of the Pc 5 pulsations. The observation
that a]l the spectra] components peak within the same )
latitudinal range occup1ed by the convect1on westward
electrojet rules out the poss1b1l1ty that Pc & pu]sat1ons‘

are generated by the resonant osc111 t1ons of f1e1d lines

for a reasonably norma] “density d1str*but1on of thermal p]asma
in the magnetosphere This f1nd1ng and the resu]ts of the
analysis of the 1ntens1ty contours and polar1zat1on parameters
of the maJor spectral bands using the convection e]ectroaet as
a frame of refergence po1nt‘strong1y to the three d1mens1ona1
current systems as a pr1mary source for the Pc 5 m1cropu1sa-

_ t1ons In fact we have shown that the spatial osc111at1ons of
the borders of the e]ectrOJet occur at frequenc1es wh1ch are

c]ear]y 1dent1f1ab]e in the Pc 5 m1cropu15at1ons

-

203
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We haVe emphasized that'Pc 5 wave trains.appear to

be composed of a series of impulsive wave trains which merge

together to-present a picture of continuous activity. The
response of the Pc 5 m1cropulsat10ns to. rapid changes in the
conf1gurat1on of the e]ectrOJet lends we1ght to the,conten—
tion that Pc 5 pu]sat1ons shou]dxbe thought‘of s a series.of
impulsive wave trains, each wave tra1n belng assoc1ated with

a rapid change in magnetospher1c parameters In part1cu1ar,

the rapid. po]ewardamot1on of the equatorward border of the:
‘e1ectrojet are associated with marked enhancement ot\power

in the Pc 5 spectrum _The Pc 5~oscii1ation therefore‘

”appear to repre?ent the transient response df the three
~dimensional magnetosphere ionosphere curr system assoc1ate¢“
w1th[]arge scale convect1on w1th1n the magnetosphere Theb

fact that the reconf1gurat1on of the electrojet appears to

occur in response to changes in the north south’ component of

the 1nterp1anetary magnetic field 1ends we1ght to our

suggest1on that sudden” changes in the level of convect1on

in the- magnetosphére are respons1b1e for the 1n1t1at1on of
ringing of,the current system (as proposed by Bostrom [1972]
among others)

| Based on our observat1ona1 resu]ts, we have

presé%ted an equ1va1ent c1rcu1t represent1ng the magneto-
sphere-ionosphere current system.' We have postulated that

the current system is driven through the extractjon of

’
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kinetic energy from the p]asma convectlng sunward past the

flanks of the magnetosphere, in. manner discussed by Rostoker’

<

'and Bostrom [1976J A sudden change 1n the convect1ve .

flow results in a sudden change of ‘the convect1on e]ectr1c

. f1e1d (which also dr1ves the westward electroget) resu1t1ng

o '

y)
1n a perturbation of ‘the electr1c c1rcu1t~ The perturbat1on

'ﬁWi]T cause,ringing at Ehe frequency of,the LC osci]]ations

of the equivalent circuit. " We have demonstrated that these K

‘osc111at1ons would be in the Pc 5 frequency range for a
-c1rcu1t 1nvolv1ng downward current flow near ‘noon 11nked by
the westward electrojet to upward f]ow?at the dawn mer1d1an
Finally we have shown how a comb1nat1on of spatial
and tempora] variations of the e]gctrOJet can. g1ve a
v_plau51b1e exp]anatwon of the relative *phase change across
our stations. Furthermore, by 1ntroduc1ng the d1sp1acement
current in the F-region and induction in the earth,'we can
' exp1a1n'the observed senses ofupo1ar1zat1on in the three _

-

orthogonal blanes.

6.2 'Pc 4' Micropulsatipns
In contrast to the Pc 5 micropulsations, We have

jfound evidence that the 'Pc 4' giant pulsations are not

i‘re]ated to the westward electrOJet a]though they appear to .

be influenced by the 1n1t1at1on,of substorm_act1v1ty. The
latitude profi]e of the power in the principal spectral

~ component reveals that this type of pulsation js higplx\‘i

E] o o

’
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]ocelized in latitude and‘the large azimutha] waue number
deduced from the phase difference 1n longitude indicates

" ~that the activity is also highly localized in ]ong1tude
This feature m1éht be related.to the tran51t1on of. the
az1muthal electric f1e1d.( The observed frequency of 'Pc 4'
pu]sations compares favourabTy-with'the eigenfrequenCy.of
the field Tines penetrating the reg10n of maximum amp]1tude
for the asymmetr1c poloidal osc111at1ons The h1gh1y
monochromat1c nature of the event and the reversa] in the

' sense of polar1zat1on across the reg1on of peak 1ntens1ty

give support to the popular f1e1dv]1ne resonance model by

Chen ‘and Hasegawa [1974] and Southwood [19741.

LI

6.3 Conclusions ".“{ | e
There are undoubfed]y different source mechanisns

for diffenent c]assesvof ultra 1oﬁ frequency micrdpuisétions;
~There m1ght ‘even be competing sources w1th1n the same c]ass
From the detailed ana]ys1s of the Pc 5 m1cr0pulsat1on events,

. we eontenq that the three dimensional current system asso-
ciaeed-with»magnetOSpheric tonvection'dnminates othere sources
in its contribution to the low frequency band of the micro-
pu1sation speetrum; HoWever; we wou]d expect that.away from
the influence of the e]eCtrbjet:during quiet cOnditions the

v‘field lines might be exeited to resonate at(theirhnatura]
frequenc1es under certa1n conditions. The rare 'Pc 4"giant

pu]sat1ons may we]] be due to. field l1ne resonances Finally,

4
?
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Ht shou]d be p01nted out that long period micropulsations,
.in add1t1on to. being a mon1tor of the solar- terrestrlal
1nteract1on, might prov1de a useful tool for the study of

“1nduct1on in the earth

v

b

e
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'tape at 7.5 hours‘dntervals;

‘ APPENDIX A
CNe

| j" © INSTRUMENTATION

The equipment used to measure and record the

fluctuations of the earth's magnetic field is basically a-

.three component fluxgate magnetometer, whose output (in the

fdrmtof‘DC voltage 1eve?s)‘is recorded on magnetic tape .

using an analog-to-digital recording_system. The recordiqg

of data in digital form enables maximum efficiency for data

handling through the abi]ity to directly prbcess the data

using a computer. The basic components of the recording'

system are shown in Figure Al. Each system includes a
three- component fluxgate magnetometer, ana]og-to-dfgital

_converter, - dlg1ta1 tape recorder, NNVB t1me code receiver

and tbe necessary externa] power supplies and regu]ators
Data were - recorded on seven- track magnetic tapes at a rate

of ].56 samples/second (correspond1ng to a samp]e 1n€frva1

Cof 1.92 second/combdnent). The recoyds were timed by

recording a WWVB time code signal for 2 minutés directly on
A1l magnetometers, except the one at Leduc (where
a Sharpe MF0-3 was used) were three—component fluxgate

magnetometers of the type des1gned by Dr. P;'H. Serson of

_the Geomagnet1c Division of the.Department of”Ehergy, Mines

' Ky
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Y
and Resources and manufactured by E.D.A. Electronics Ltd.

The theory beh1nd~the f]uxgate system has been'discussed by
Serson [1957] and the design spec1f1cat1ons and results of

’

tests performed on the magnetometer under normal field cond1-
tions have been presented in-detail by TrIQg et al. [1970]‘
The Sharpe MFO-3 magnetometer has s1m11ar spec1f1cat1ons
except for better 1ong term stability (+ 17/24 hrs at con-
stant temperature), a sma]]er temperature coeff1c1ent
(+ 0.5vy/°C) and a broader frequency response (D C. to 55 Hz,
~3db). . . o

The sens1ng head of the magnetometer was mounted on
an a1um1num po]e set 1n concrete at the bottom of a p]ast1c
container. The head nas'located where it was not likely to
be disturbed by;mouing magnetic objects. The container was
buried in the ground to. reduce diurnal temperature varia-
tions, the top being ~ 6 to—lo inches below the surface. The
outputs from the X, Y.and Z amplifiers are Tinear over the
.dynamic range (+ 10V) as shown in Figure- AZ. The phase and
gain curves .are essent1a11y flat from DC to.0.1 Hz as shonn
.in‘Figure‘A3. The sens1t1v1ty, reso]utlon ‘and dynam1c range
of the magnetometer,are 1 va]t/]OOY, + v, and i 1OQOY
(from baseline) respectively.

The major prob]em w1th the f1uxgate magnetometer 1s

its sens1t1v1ty to temperature variation. The value of the

temperature coeff1c1ent g1ven by the manufacturer of the

v
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negnetometer is 1ess‘then~1y/5C.' However, the stabi]ity and
drift tests comp1eteu by. Trigg et al. [1970] showed that the
fluctuations of the Y baseline (up tdy20y) were much larger
thén~expectedsend couid not be explained by temperature |
drifts. - Also a temperature coefftcjent of 10y/°C was
necessa?y to‘exp1egn'the‘variation of the Z-component
baseline. - » |
“ . The ané]og—to-digita1.gbstem'15-based on the Redcor
.720.AFD converter; with muftinlexer bypass line for WNVB,
WWVB- to data reley, and 2 verieble stenping rate system

coupled to a crystal" osc1]1ator as shown in F1gure A4. The

, ‘mu1t1p1exer is effect1ve1y three switches, one for each of

the three component channels, contro]]ed by the sequencer.
The sequencer c &ro]s the samp11ng order (HDZHDZ )
1n1t1at1on\of samp11ng of the multiplexer: and the convers1on
of input vo]tage in the ana]og to- d1g1ta1 converter Before»
the signa] from.the mu]t1p1exer is fedlto’the analog-to<
digite]‘converter‘it'is'buffered uThe input of the buffer
can be coup]ed tq the output of the mu]t1p1exer or the output
of the WWVB receiver. This se]ect1on is contro]ied by a 400

Hz crysta1 osc111ator (y1,. a maximum devxat1on from nom1na1

_ frequency of + 0. 005 per cent) and the associated d1v1der'

- circuit. The stepp1ng rate was changed from ] 56/sec (sample

1ntervel_of.1.92 sec/component) to 50.0/sec wh11e the WWVB
_time signal was being recorded. The relay switches from

data to WWVB time signal on every‘®eighth block.
o | .
v&ﬂ
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~The 12-bit A-D converter (the lean significant
bit was used.as a flag to identify errors in the sampling
order) output was fprmattea into 2 byte samples (each byte:
being 6 bits long) and récorded on a 7-track Peripheral
Equipment incremental write tape deck. Each block contained
6144 samples and represented 65 min 32.2 sec of magnetic
~data or 122.8 sec of WWVB time signal. Since the dynamic
range was * 1000y and there were 11 digital bits, the
quantizing interval (amplitude sample interval) is 0.976y
(2Q00y/2]]) which is approximately the same as thesresolution
of the magﬁetometer (+ 1y).

Thp component outputs from the magnetometer were
passed through two stage low-pass fi]terszto remove fréqﬁéncy
'components above the,Nyduist fréquency‘(0.26 Hz) to avoid"
aliasing. *QS filters also served asxbuffers to isolétevthe
multip]exernfr the magﬁetometer by']imiting the voltage
input to less thén + 12 volts.

Because of the critical Séquence of events that
nust take p]a;é to properly arm the unit for recording, An_
~automatic restart unit was used to turn the systed back on
after a power failure. The auto reétart has built-in logic

to initiate control pulses to the logic board and tape \\

transport in proper sequence to ensure the unit starts up \\

1

‘properly. The WWVB time signal was also. recorded immediately

following the power -failure to increase the timiﬁg ré]iabjﬁity.
A ‘ . _ /
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APPENDIX B
DETE.%:ATION OF POLARIZATION PARAMETERS AND

>
Huft

PHA% ®FROM 3-DIMENSIONAL VECTOR TIME SERIES

'

3

~

—

. " Previous methods for estimating the characteristics
of micropulsations SQCh as mean-periods, mean-émplitudes and
polarization hodograms directly from the raw data (i.e.,
amplitude-time recordings of the perturbations) are often
cumbersome and restrictive and the results are sometimes
misleading [e.g. Pope, 1964; Egeland, 1965]. Recently,
researchers in the field of micropulsations have ;adopted thé
cro#s-spectrai formalism to deterﬁine the polarization
‘charabteristics of micropulsations. The approach is based
on the quasi-monochromatic wave theory of physical opticslas
outlined in Borh‘and Wolf [1959]. This techpihue has been
applied by Fowler et al. [1967], Rankin and Kurfz [1970],
Samson et al. [19717] and Fukunishi et al. [1975]'among others.
From anh-®nalysis presented by Born and Wolf [1959],
the polarization parameters for a quasi-monochromatic wave
field at a given field point can be obtained in terms of the

_eljements of the following 3-dimensional covariance matrix

<

ety

”9



<Bx(t)Bx(t)> Bx(‘t)B‘y(t)> <Bx(t)BZ(t)>
J = B (t)B (t)> < (t)By(t)> <8 (t)B,(t)>

{

‘where the B's are the orthogona] magnet1c field components,
the brackets indicate a time average and the astenlsks denote
the complex conjugate. In general, the time-averaged

~elements can be expressed as

* 1 t+tl.<_,t+At v *
<BZ%3§ - i _ B, (£)B(t)dt

for each J. i element This integral is evaluated, in prac-
twce, by us1ng the relationships among the covar1ance
. functions and the associated cross-spectral funct1ons. This

@

is expressed as

‘= L’ ' * '

, 0;5(1) = ¢ é B.(t + 1) Bj(t)dt
. i2nfr
= ooy (Fle ™y

. | R
where‘¢ij is the covarian;e function, T is the time lag, and
Lf is the effective bandwidth of the signal. When i = j,‘-
¢ij is the auto power spectral density. Nhen i $#°7, ¢ij is
the cross power spectral density.' When 1 = 0, we have
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<B.B.w = ¢;,(0) = J by (f)df = J. .

Hence, the po]arizétion parameters can be formulated‘in terms
of the auto bower and cross power spectraf estimates.

"The property thét‘the real symmefric part of the
cross spectra] matrix is diagonal in the principal axis
system is‘uti]ized to determine the apparent plane ,of
“polarization. The real part of the cross spectral matrix

is diagonalized as follows:

Jj; 0 o0

-]_ .
R[Re JIR™ = [0 35, O
0 0 J!

where R is ;he rotation matrix and we the\chosen Ji]>J22>Jé3f

The * asform of the total mairix is then
o Jir o T g3
"]_. (S T ] A
RIR = -y, 22 123
-idyy -idag Iam

I1f the eigenvector associated with the minimum eigenvé#ue
(i.e., J§3)‘is used.as the wave normal direction and the
full matrix is rotated so that one of the new orfhogonal

axes éorresponds to the wave normq] direction assuming that

the nan-plane po]afized vector series is random, the a

)
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-

-cross spectral matrix of the plane polarized signal is

given by ' 3
(997 - d33) 152 0

-1Ji2 ( éz J§3) 0 (Al)
0 0 _ 0

‘ L d
Hence, the degree of polarization can be expressed as the

ratio of the apparént plane polarized signal intensity to

the total signal intensity as follows: v

J33) + (95, - J33)
It I t 33

(93,

R1 =

where we have used the fact that the traée.of the matrix is
equal to the intensity, |

Af this point, the 2-dimensional ahé]ysis of
Fowler et al. [1967] and Rankin and Kurtz [1970] can be
applied to the matrix»representing thevplane polarized
signa]; iﬁe plane poiarized-signa] is composed of a vectar g
moving randomly in the_p]ane in whi¢h>the signal is polarized \

and another vector whose two orthogonal components are !
{

completely correlated. Hence, the matrix (A1) can be >
expanded in the form . - . %
(377-933) 5 =] P P t YO
iy (3527933 |-1Py2 P22 0
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i where P is the matrix df.the completely correlated vector
series with det[P] - 0 and U is the matrix of the random
p]ahe po]ari;ed component. So]viﬁg for U (the eigen a]he.

or charactenisthc root of the matrix J),.we get
| 1 ' ] ' 1 ' 1 2 y | [ ]/2
Uu = g[J]]+J22 24 3] + [(J +J22 2J33) - 4.det[J\]]

The root wifh the positfve.sign is rejected since it.gives
negative values for the auto-powers of the polarized
signal Py and Ppy. |
Hence, the matrix of the comp]ete]y correlated
vector ser1es can be expressed in terms of the original®
plane polarized matrlx J' and the ratio of the comp]ete]y

coherent signal intensity to the plane polarized signal

i

intensity given by the expression : -

(v 1‘J§3 o) - (J5p-9337Y)

i
(337-033) + (95p7333)

. R2 =

can be determ1ned U

‘ To 1nterpret the matr1x P in terms of the quant1ta-'
tive polarization parameters, cons1der the fo110w1ng
mathematica]-111ustration |

P11 Pys y

"
©
o

[y x] 11 22

-iP Pa



Expanding the above equation gives
2 2 Re P 2
X+ 12 yy + L =1 (A2)

P
11 P]] P22 . 22.

Equation A2»is the equation of an -ellipse in the coordinate
system (x, y). The ellipse can then be prdjected on to the

3 orthogonal planes and the ellipticities, polarization

I
]

anglesband sense of polarization on each b]ane can be
detefmined. . |
"~ Thus far we have‘discussed the crosg-spectral
matrices Jij at-a given sfatidn for"the determination of
the po]ariiation paraméters. Station-to-station cross-

| r , f) (whére Ji' is the cross-

J
_spectra1 estimate at frequehcy f of component i at station

.. (r

spectral estimates J1J m®> 'n

ro and component j at statipn rn) can be calculated. These'
estimates can then be used to determiné.the coherency and:
phgses betweeh p#irs of stations according‘to the fo]iowing
expressions. Thé cpherency estimator is'giVen by [see

Jenkins and Watts, 1968]

Ps | 2. /2
K..(r_,r_ ,f) = Lii(rm’r"’f) i Qij(rm’rn,f)j]
igtimiar Jij(rm,rm,f‘)‘ Jij(rn,rn,f)
where Jij ;'Lij + 13 Qij.}s the statiqn-to-statjon Cross- :

spectral estimate. The coherency Kij is a measure of the
correlatiba of component i at stationgrm‘with'component J at

station L The phase estimator is given by



"Qij(rm’rnaf)

F j(rm,rn,f) =" arc tan

o

The phase est1mat0r F is a measure of the phése difference

i
between cbmponent i at station r and component j at station

ro |
The raw auto-power and cross-power spectral estir
mates é?e'ca]cu]ated'by means of the Fast.FouriEr Transform

_ algorithm [Gentleman and Sande, 1966] and aré subsequently
smdothed‘fof the determinatioﬁ of the polarization parameters
.and'phase eétimators. ‘The necessary conditioning of the raw
data, such as remoVa] of the mean, detrending by passing
through_a digital bandpass‘fiiter, cosiné-tapering the initial
and fiha1‘10% of the data and addition of zeroes, fis first
carried out before applying the Fast Fourier Transform

Let X "be the time series cons1st1ng of the or1g1na1

. N
time series Xﬁ'and added zeroes: to give N points. The

discrete Fourier transform of the time series XN is

Nz

1 ‘ o s
xg(3)e ETIMNng1 2,

g0

where n is a samp]e at point nAf (Af = N%? and At is. the

sample interval). The perlodogram 1s g1\'1 by -

N2 2
Hn) = o= [A(n)]



o0

The periodogram cag/hﬁfgﬁb%thed by taking a simple moving

average

n >~ x

P(naf) = % I(nAf - pAf) o

P=-k

Such smoothing yields a resultant spectral window which has
roughly a rectangular shapé. . The shape of such a tpeétral
window correspond1ng to s1mp1e mov1ng average smooth1ng of
the periodogram for k=7 and m/N = 0. 9 15 shown in Figure B].
The variance of the spectra] estimate P depends on the
bandwidth of the spéctra] window. An examﬁ]e of the varia-
tion of the variance wfth bandwidth is.shown in'Figure B2.
It can be seen that Qn; trades variance with resolutiontandt
vice versa. The spectra] estimates used for the cdmputation
of po]arization.paraheters and phase estimators were smoothed
usihg a wide épectra] window with 14 -degrees of freedom.

The raw cross-power spectra]iestimates of_twd time
series X(t) and Y(t) are given by

W2

_m___

1

A(n) B (n)

where A(n) and B(n) are the disctete Fourier transform of .
X(t)Aand Y(t) respectivéiy. To obtain thetsmoqthéd crots-
power spectra] éstimétes} the real and imagiﬁary parts of

the spectrum are averaged separately The spectral windoQ

in each case ‘is 1dent1ca] to that for the auto-power case.

a ~
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APPENDIX C

INFERENCE. OF ELECTRIC CURRENT FROM GROUND MAGNETIC DATA

~

' Ground?baéed'magnetometers measure the integrated
effec£ of all magnetospherfc and ionospheric current systems.
A usefu] technique to 1nfer the flow of currents from
ground magnetic data is to portray the magnetlc perturba-
»t1ons in the form of a latitude profile. In the latitude
prof11e, the magn1tudes of three components (H, D, 7) are

—p]otted as a fuﬁct1on of the latitude of the observ1ng
stations at a g1ven 1nstant of time assuming all the stations
lie on a common magnetic meridian. Then, by comparing the
observed latitude pf&fi]e to theoretiéa]]y calcu]atéd 
latitude profiles based on cerfain model current systéms,
one can hohmention the strength of the current syséem, thev
borders of ‘the current, etc. This téghniqne'has been used
by Walker [1964], Bonnevier et al. [1970] and Kisabeth and
Rostdker [T§71]' Since our 11ne of stations was pos1t10ned
approximately a]ong a common geomagnetlc mer1d1an, d1splay1ng
the magnetic data in the form of 1at1tude profile rendered
the comparisons between observed profiles and theoretical-
profiles particularly mean1ngfu]

Kisabeth [1972, 1975] has used 3- d1men51pna]

equivaTéht current systems to model the polar e]ectrOJet.

239



He fqryﬂ]ated Biot-Savart's law in spherical coordinates for'
an-.nbitrary current loop external to the earth's surface.
The\résu]t of his computations is an expression for a cdmpo—
nentfef the magnetic perturbation (at a point in the surfage'"
of the earth due to a current loop) in the form ot anlintegral'
of évsimple thTrd order matrix which may be'eva1uated
numerically forhan arbitrary three-dimensionnT current systemb
in the magnetosphere. | V
| A few samples of theoretical latitude profiles
coMputed by Kisabeth [1972j are presented here to i]]ustrate
how different prof11es Took .for d1fferent current systems
Cons1der an 1onospher1c current system 20° long and
5° wide ﬁ]ow1ngywestward‘w1th f1e1d-a]1gned Birkeland currents
flowing ‘down the field lipes to the eastern edge and f]owihg
up the field lines at thevwestern edge of the'fonospheric
westward e]ectrOjet Figure C1 shows the ]atltude prof1]e
which would be observed on a meridian 6° west of the center
of the current system. The shaded rectang]e 1n,FJsure C1 '. ¢
;represents an ionospheric current of one million amperes- '
-d1str1buted un1f0rm]y across the electrOJet It can be seen |
that the borders of the e]ectroaet are de11neated by the |
extrema in AZ. The centra] port1on of the electrojet is
character%;ed.by AZ = 0 and the AH;maxlmumL The D profile
represents the difference-between,two 1argevcontrﬁbutipns
. from Birke]éndeUrrents at. the edges oftthe,eTettrojet. The
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positive H bay regime and the D- component perturbation
pattvrn would be absent had the perturbat1on been qenerated
by a purely westward ionospheric electrOJet.

Figure C2 shows latitude prof1L25 associated w1th
current systems having various latitudinad current d1str1-
butions. Figure C2A shows a 1at1tude profile which would be
observed on a meridian 5° east of the center of the iono- N
spher1c e]ectro;et having the same w1dth and length as the
current for Figure C1. The current dens1ty has a normals
distribution acro;s the e]ectro%et It can be seen that
each border of the electrojet lies approx1mate1y m1dway

‘between the extrgztm in AZ and AH = 0. Since this prof11e
\represents observations east of‘!he center of the electrojet,
the D profile has‘sjgns opposite to that of t'~» D n.ofile in

Figure Cl_which represents observation west o¢ the center of

the electrojet. Figure (2B shows a profile 1C° eas%“of the : ".
center of an ‘unospher1c westwafd electrojet of length 40° -
and width 1. with Birkeland currents at the eastern and
western‘edges, The current distribution is enhanced at the

‘northern border. The asymmetrie;:in'the ]atituddna] current
Idistribution can be observed from the latitude profiles. The
effect of the enhanced northern border 1s exh1b1ted clearly
_1n the H.- and Z profiles. F1gure C2C shows the magnet1c effect

asﬁbt}a@ed w1th coex15t1ng eastward and westward e]ectrOJetsa

&
—“m

ol
each-h@vthghh1fferent centra] mer1d1ans Note the enhanced
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-7 regime between the two clectrojets due to the same sense
of the 7 components of the two electrojets in that region.

The eastward electrojet produces a positive H profile opposite
to that produced by a westward electrojet. Figure C2D shows

a profile due to a double westward electrojet, each having

the same parameters as those for th» sysiom-in Figure C2A.

Note the pargral cance11ation6ff the nponent in the
region between the two electrojets.

If a profile is obtained for a simple three-

dimensional E-W current system far“to the east or west of

. A

P

the line of stations., the component profiles are cons1derab1y
broadened and the separation of the peaks in AZ will be

greater than the width of the actual current system.

Having shown the theoretica] latitude profiles due

to F-W ionospheiic currentézwith Birkeland currents at the N

edstqrn and western edges, we now present two theoretical
profi]és computed by Kisabeth t1972] for a N-S three-
dimengionad current.system “In this modelnsystem the

B1rhe1and curre ts flow from the magnetosphere to Ere

northern edge of the southward directed 1onospher1c sheet
current and out*at the §outhern edge ‘back to the magnetOsphe?e A
The N-S current is 4° long and 4° wide. F1gure C3 shows a
latitude profile 25"east of the central mer1d1an and F1gure €4

shows a latitude prof11e 2° west .of the centra] meridian. It

can be seen that the yA and H prof11es are reversed for both

cases wh11e the D prof11es remain the same.
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lh&i ; There is distﬁﬂ%t simi]arity between the model
1at1tude profiles of the three-dimensional E-W current
systems and observed 1atitude profiles in the,m$rn1ng sector
in the H and Z component. Although the exact locations of
the'borders of the‘eTectrojet cannot be determined because
of lack of know]edge of the exact .latitudinal current
d1str1but1on, ‘we can, neverthe]ess, use the Z component
extrema toiue]imit the latitudinal range over which signifi~'
cant electrojet current flows. If we define the electrojet
borders hy the extrema;in.AZ (fqr uniform latitudinal current
density distribution) or one degree poleward?équatorwarq of
extreme'in AL (fur normal current gensﬁty distributien acroscb
the electrojet), wencan estimate the equatorwfrd border of

the e1ectr0Jet to within + 1° and the poleward border to"

wWithin + ].5° (the 1arger probable error. for the poleward

border estimate stemming from the sparser station coverage

at-higher latitudes).

The model three-dimensional E-W cur@nt systems

used in computing'the theoretfca] profi]es déﬁtrihed in’
th1s Appendix restr1ct the B1rke]and current to flow at each .-

{
end of the 1onospher1c e]ecteret' In fact Birkeland current

LN

flow is probably d1str1buted along the ent1re length of the
.. westward (or eastward) electrojet (see Figure 5). Therefore,
the observed D component profile does not correspond to thexk:

computed D'profile; The observed D profile also provides:
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:

information rég&rding the degree of tilt of the current <
system with reSpect to the line of observing stations. In
most caseé; the observed D-cbmponent profiie shGWS a positive °
step-1ike function across the electrojet in the morning

seéfor [Hughes and Rostoker, ]976]L This is an indication

of the presence of net downward‘field—aligned currents noted

by Yasuhar» et al. [1975] using polar orbiter data from the

TRIAD satellite.







