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I. INTRODUCTION .

Satellite—borne soundlng of the topside 1onosphere began in
September 1962 with the launching of the Alouette I satellite. Two.years
later the fixed frequency topside sounder, Explorer XX was- launched, followed‘
in late 1965 by Alouette II ‘and in early 1969 by ISIS~I. | |
| In the second section of this paper . there 1s a brief descriptlon
of . the, sounders; in section three there is a description of the various plasma
phenomena that have been detected‘in the sounder data, with indications of

their relevance to ionospheric studies, A few‘yery preliminary‘results~from

the ISIS~I satellite are also given. The fourth section reviews the present -

knowledge of mid- and high latitude upper ionosphere obtained by topside

sounders and other related experiments.

II. SOUNDER PARAMETERS

A detailed description of the sounders is given by Franklin and

Macleanl. However, some of the less obvious.characteristics'that are of
importance to the measurements of plasma phenomena are described belowf .

~ Alouette I and II contain sweep frequency sounders,lcovering‘the
frequency rangeffrom 0.5 to 11.5 MHz and 0.15 to 14.5 MHz respectively with'
cycle-times'of 18 and 30'seconds per ionogram} The ISIS~-I satellite contains 3
three sounder experiments, a sweep frequency sounder, covering the range from
0.10 to 20 MHz with a 26 second cycle time, a fixed frequency‘sounderuthat

can operate continuously for 3.5 seconds, 31 seconds; or 16 minutes on any

one of six fixed frequencies, and a "mixed mode ekperiment,fin which the

sounder transmitter operates continuously on a fixed frequency of 0 833 Mc/s
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- 20 Mz, The three satellites .have orbital velocities of about 7 km per second,

so_ the ionogram, sampling distance is about 130 km and 200 lm for Alouette I,
and T, and 180 kn for.ISIS-I. They are in high,inclination orbits, 80° for
the Alougttes and 86.4° fox ISIS-IAllth’-‘eesatellitesarestﬂlinoveration
Aloustte I and T nov, ¥ecord about 1,3 and 4 hours per day, vhile ISTS-T operates
forhabogtp}QTQOQts“get.daygfilﬁlsﬁi oontains an onboard.tape recordet‘that&ig
capable of storing just over 1 hour of data.f There are currently about ‘;.1‘

2 5 X 106 Alouette I, Alouette II, and ISIS-I top31de sounder records available
on magnetic tape; . the, propessing of Alouette II and ISIS-I data into film o

;;;;;;

ionograms is usually accompllshed within about 6 months.¢“qp\‘,}~,*w

‘As,_indicated above, each .of the satellites }S oa@nhlc Qf ,;ki

[
N

... detailed measurements of the topside ionosphere, along an aPP?r'??Ei‘ﬂ@te}Yan??th -

LR

Bouth_line, from 80°N to 80°S, These "pole to pole" passes are cbtained in

about 1 hour of elapsed time, although the 10ca1 mean time along.the_sub-satellite-

i krack varies by 12. hours, about 5 hours between the inclination latitude and

60° latitude and 1 hour between 60° and the equator.

The soﬁnder pulses are all 100 usec in durétion,'and all have rise
and decay times of a few nanoseconds, Thus the frequency spectrum of each
pulse closely approximates the Fourier spectrum of a square pulse, The first
sideband nulls are at *10 kHz, and the amplitude of the 50th sideband (5 MHz
away from the center frequency of the pulse for an idealized rectangnlat pulse)

is only 30 to 40 db less than that of the center frequency.



TIT. RESONANCES AND CUT-OFFS

It is useful ‘to examine briefly the way in which the plasma resonances

and cut~offs observed in'thie sounder data’can be used td'measure parameters

of interest to iohospheiic physits. The frequencies of the resonance spikes

Cﬁﬁfield information on’fﬁ;‘thé plasma frequency and oﬁ‘fH,'tﬁe électron gyto

VT“ffé&uéhéyJétﬁtﬁé sa£éf1i£é Bfuﬁérioﬁé;héfmoﬁiéé'an&'Coﬁbiﬁﬁtioné'6f'théééb“gf

frequencies. The cut-off frequenciées for the ‘various modes ‘of propagation '’

(i.e.;yfﬁéﬁléﬁééflffeqﬁéncyiaf which thé“moaéﬁcénfpfﬁpéééée’éf“fﬁé satellite)

“are also determined by £ ‘and £, (Fig. 1). Thus, thére are a variety of whys’

of measuring combinations of the electroti ﬁhmﬁéfﬂdéﬁéifywﬁf(ftaﬁ}fg)déﬁdffhéﬁ

electron gyrofrequency. In practice, the electron ‘gyrofrequency is known

-,

accurately,afor'thé

“régioﬁfﬁeloﬁ‘é”feébtﬁduééﬁ& kildﬁété%éﬁéifiiuaé; from

éﬁﬁéfi&élTﬁgiﬁBﬁiﬁfmédeighbf the earth's fiéid;aaﬁéltﬁé bafibﬁS”plagmé'ﬁﬁeﬁéhena

v E o

“'ﬁﬁﬁﬁe}'deﬁéiti}

“Table T 1ists the cut-offs and resonance’ spikes>? *

observed,

cdﬁlbé'ﬁéeﬂxfd”iﬁpfévé:the”spéfiél resolution of the ﬁéasuféménté of electron

that are commonly

o
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Several less common resonances are observed that are also determined

Shastiy Lol de VNN -
o

T T X et eemee o rmene o

7 by various combinations of fg and £, as shown in Fig. 2 and Table I,




TABLE II

Typeu.f_._,_3:w;3~¢Frequency"v J. Plasma.relations . ... .. ... ...l .
Plasma freguency o 2

harmonic ZfN ’
Barnstein waga:», - y; EE ',* : 464 fNZ

éresonances pr(n = 233,4% an an + 2, 3;;- (5
F}oating spike fFL fFL =5- = fN”_ng (6)

s T n £ . = a resonance frequency| f
Mixing® £ . I

; ? TR n+ 1) f ix = @ different resonance

. - frequency

Diffuse’ ¢ e 23 x5 ms

prius D D 2 2.2 2

é As well there are a number of resonance phenomena that reveal _
additional information about the plasma (Figs. 3+6) as shown:in:Table" III.«Vf';

N R R

TABLE III

-

of N<140 el/cm3

Type | “Frequency’| Plasma rélaticng - 7w ul
Remote.resonancelo’llflz’13 £ £ = /2 £ at level where f_ = 2f
: : c N c c H
Ionospheric resonance echoesla’;s fN
Proton gyroresonancel6’l7’18 for -
Resonance beats19 Af fN2 = (ZfH + Af)Af for conditions ]
(7




[ ) .
AT - T IR e ) Ll
. - = The rémote. résonance -provides ‘a useful way .of ‘determining acdcurately:

if'-and simply, w1thout performing an N(h) reduction, the ‘electron’density at a.

-

7height ‘other than the satellite. The»remote resonance frequency is-equal to: .
the X-wave reflection frequency, fx, 'at the real height in the ioriosphere::.
where fx = ZfH [f = V2 f }"using equation (2)1, "+ This: frequency can be read
diieqxlyfﬁrbmgtbeﬁi9n¢g¥ams and is called, for. convenlence £, (Fig. 3). Since
the height variation of . 2f 1s knoWn from magnetic field models, the height s

at which,-.’;ff = fc is reallily determined. = “ -\ ..o oo

‘txv‘Th?séixect‘in9¥m§§iQHJPF9¥$§eﬁ=bY;F?Sm?f°¥°?‘8?‘9”%5%9%?99)%§,9¢§7af
of, particular interest in the region beloy 3000 km, since the protom gyro-
frequency is known.as accurately as’ the magnetic field, ;?ﬁi§ﬁ59?°??ﬂﬁ9-??¢s$éa
hovever, indicate by ite presence that signiffcant amounts of H' are present, .
¢ o - The Résonance: beats, are Pdssi51Ysz€}W??P,imRQIFa“FJ°FgPh%:”?§9PﬁR%%;
phenomena. that: have go, far, been observed, because’ they provide an .énti}‘%ily o
‘tnew experimental technique for maklng measurementS,in a tenuous plasma. For S

t“e‘ﬁléﬁeﬂteﬂIlﬁptbitsuﬁnfCéﬂéuhﬁnqssfxa;andch?.%s;?}v@y?ae?qys;P;%? Mz but
at hishﬁletitudeSfand:a%titpdessz§iﬁ;ﬂ?FQRQ%GS%thaHFQeiﬁfﬂﬂﬁﬁﬁﬁ Zess, than . .
280 electron/ce), -the. low frequency limit for ‘the Alouette II sounder.l From fl
“equations. (2) and . (4), as £ approaches zero, fx8 - :approaches - fT which approach
fH' ‘Since the: frequency resolution under these circumétances iSJusually mo . .
better than, the bandwidth of:the transmitter pulse (f51§:kﬁ?lf:F§?~??9ﬂ“9?9*e?
at which £x5, £,-and £ '

However,. for ele@tfonmdensifiesgleﬁs»Fh§n~?b99t~449q3189trqn,°m7315fm~fﬁfﬁﬁ%S%

less than 10 kHz, .and the transmitter pulse will energize both resomances . .-

aceur are too, closely spaced for séparate identification,

simultaneously. The difference frequency, Af, may then be observed as a beat




or modulation pattern (Fig. 6) on the closelytspacedxffaand fH resonanceslg.

Since fﬂ can-bewdeterminedﬂfrom.theQZfH@spike (~ 2% accuracy)uofgfrom a.spherical

hammonic field analysis, fN can be calcqlated from a knowledge of Af, according

tb equation (7). & 0 e ;»_ T N, T

N = 1806 mEy L (8)

where m =’ auiber’ of c§éieéydf'modﬁ1étibﬁiper 200 ki range; N = electron ‘ntmber*

density in électrons/en® ‘and all fféquencies are in ffiz,” © @ o U
Electron densities as low as SFaﬁ&ras°high'é§“140'éléétfons7cm3~“' e

have beén medsured from Eﬁé“AioﬁéttéwIi“ioﬁbéfaﬁs‘&éiﬁgifﬁis'mefhodf; The

upper limit is set by EhéiEelémeff§'baﬁ3w1dth'énd the electfor gyrofrequency, -

20, the lower '’

and should be about 145 eiééffoﬁé/ﬁm3ifor:thé"Aldﬁétte”iI orbit
11@1&*1é“seé'b§ fH"énaffhé“auraiion oflthé'fi aﬁd'fﬁﬂresbnanée spikesy, and -
should be of the order of 1 eléétfﬁﬁ/ém31f6f7the”Aléuétté31I”orbit}1’HOWQVer,
for m less than 1 cycle pet 1000 kn (N *'5 &lecttons/cm) identification of = -
the modulation pattern on Alouette Ii ionograms would probably become difficult,
" Because this méihod“o%:ﬁeééurément‘deﬁéﬁaéyupon thé response of a -
volﬁﬁéﬂof'thélﬁiaémé'éibﬁﬁd"tﬁe'éPECéb§aft,"rafhéf"ﬁhaﬁ“on'theVCblléctioﬁr”:
elééé%bns}ﬁifjis the bﬁi&”kﬁowﬁ method at the present time of measuring '~
éégﬁiéféiféiéé eleétfbﬁ/ﬁﬁﬁﬁéftdénéitiéé‘(ﬁaéfﬁﬁfbbeé'encOunter'difficulfiesﬂ“*
below a few hundred eléctrons/cni’) ‘and the méthod has been ised to provide
éﬁxiﬁ;fiiéﬁttéélibféfién ét'laﬁiﬂeﬁsifféé'bf'the:cylinﬂficél*elethoétatib’“"j
\:ﬁf6gé:6hhﬁiou§tfé'1121Iénd"Bf“the;idnimbsé”sPéthdmeter~bﬂ the sister satellite,
Explorer m&rzz.;?" Tt Is expected that ‘it will be ised extensively to proviﬁe“-"' y

similar calibrations of othér probe experiments in the ‘futire.

R PR SR A PIEL B SR L <y e,




@ | Oiic'of 'the djor discoveries fion the Aloustts it datellite was
obtairied by this method of Hessurenent. ‘Tt 'is that’eléctron densities over

an éxtended aréa of ‘the Folar reglon often Fall o ess’than 30" elactrdns/aid

&

at altitudes as low as”2000"kn, and are’occasithally as low as 8 o 15 elactfons/cn’

19, Somd "ot the results of stultes of the low density régions,

below 3666*&&
obtained by this method of measurement, are summarized in-section IV ofltﬁisﬁws

paper,

TII.2 The Mixéd Mode Experiment on ISIS=E: 7 .7

e

Figites ba and 6b are exanples of reesids takeh' in the mised hsde
of sounding fiom TSTELE: “In’ this mode," thfqunyf meundpule

transmittey remains Fixed atrbié§3”Mﬁéifiz on Figs. 6a ‘and “6b) “thréughott™

the ﬁsiméi fézaﬁ§32§ gwééﬁ“%ﬁ*éhe‘réééibér. The results from ‘this experiment
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transmitter frequency. In this case £ is close to the second’ harmOnic Bf'**z
fig5 other records in this pass show that ‘simiiar results are obtained even
when f is not near any of the plasma resonances or cutmoffs; except ‘that

the gyrofrequency harmonic spikes are enhanced when one of the f harmonics‘tfé

corresponds to the transmitter frequency_rr~‘~“ e

e v

Figure 6b was recorded in conditions ‘OF spread F when strong ducting

is likely; even the Z~,v0", ané X

the sounder was in thefmixed mode
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The stimulation of resonances and reflection traces at frequencies . ‘

well removed from the transmitter frequencyaislthoughtZB”gq'be due to sjideband

energy in the Fourier spectrum of the rectangular transmitter pulse. As was . »

U . pointed out in section I, the amplitude of the 50th sideband of an idealized

rectangular pulse would only be 30 to 40 db less than that at the:centre;

frequency.

P ETIRe

IV. RESULTS
The ionized region above the main peak of the F layer .can be studied . .
from nany points of view, and because of the conplexity of the region, no
single sinple theory is 1ikely to be adequate for an understanding of the
reglon. Hovever, because of the increasing inluence of fleld and plasna flow
otfects with incressing helght, it is useful to revies the knovledge of the

region in terms of the major types of structures that are observed, and to

try to relate these observations to the main constricting forces present in
the magneteéphex;eﬁ,, |

,A;tﬁppgh by no mg§n§_ah§gfpxiég, one of the striking regg@ts)f;gm'
the topside sounders is the extent of the control that the earth's magnetic
f1e1d exerts over the distribution and movement of fonization. Since details
of the obéerv;tions bf most of the irregpla:rsprugtuxeg{pbsgrvég,1p.gh§”t§§§§dg
igqgépherg“hgyefbggp ;anhgjlitergpu;effqr}sggeh;;mg,ypnxylghg pping;pal results

from, the studies will be reviewed in the following. .

L

Fer v gt

IV.1." Oceurrence of iff&éﬁlariiiéguiﬁAthe'Topéide5i3ﬁ6épﬁéte‘

~ "'Irregularities are obsérved in two distinct areds of the topsidé

' . R ST AN S A A BT coen
ionosphere, a polar zone and an equatorial zone, and both occurrence and

L R

propagation characteristics are somewhat different in the two regions (Figs, 7 and 8),




e

| fioon’ 1ocal ‘time, ‘The reglon moves from north: to south before midnight andiuf .
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"-‘Althonghfthié”pépervisrmeinly*donUernedwwith\thevPolaraionOSPhere,

scattering in the eqdatorial?ionOSPhere“is‘ofvinterestibecanse*oﬁ-thé“inéightfﬁ

4t gives 6n processes in the ‘polar regions, - - . o UL n Lo oo chotan

“Weak spread T is usually observed on' fonograms. recorded ‘at: geomagnetic
\ a ‘
latitudes greater than about 50° to 60%‘during’the day time, and about 45% . - -
during the night. During the day the trapsition from iohograms -exhibiting: :-

spread F to no ‘spread F is often ‘abrupt-dnd occurs over “a.few degtees' of

latitudes

LS Eme Ly

. During magnetically "quiet conditions, the region of strong spread: . ::

‘echoes at 1000 km is confined: to geomagnetic latitudeés north of:75°N-at. about "

gouth’ to north after ‘midnight. "It reaches d minimum latitude ‘of ‘about-75°N: 1§

around midnight, ‘The latitudinal variitions:of ‘thé 'strong spread echoes are. i
sififlar to those of sporadic E, Visual aurora; radio-blackouts and horisontal::
deviﬁtiéﬁé of the'earth's mégnetié“field%§;5‘7¥ Dl i f"?ﬁf”éiii SEREE

“ In the polar zome, it“isfdiffiodlt*tofcdmpareabottoméideEandztopsidéi
data’because auroral’ absorption afd polar blackout oftenwobSCnrefspreed4F SRR

observgtions'made'from~the’groundgzg.”At”otherﬁiatitudeSEtheﬁmaJorufeatures +

of the “tro occurtdnce patterns’ agree28 “Phe"major differenees are’ secondary

maxiﬁﬁﬁeﬁove‘thé&Firegion*ﬁeak dﬁfing*thé“day“iﬁ*thé”éﬁuhtorihléregion?end”i*%?

genérally Higher ‘dccutrence aboVe”tﬁejF-reéionzpeak'thanﬁbelow.gi;n_;u i
Iv.2,. Spread F and Ductlng in the Equatorial Topside Ionosphere

2 KRR IR S E S R O N

Spread F is particularly interesting 1n the equatorial region,
(L CRRTES

because of the insight it gives us into the mechanism of diffusion of irregularities

of ionization along the magnetic field lines, and the striking proPagation \

effects which. are observed.




-LgLOCkwood and;PetrieZSKidentified_echoes scattered from irregular ities
aligned,along the equatorial magnetic field, forming a shell of ionizatiom . ..
extending many km in the E~W direction.. Alouette I at: 1000 km altitude (Fig. 8)
-usualiyapassed over: this-region, but -Alouette II and ISIS-I, having perigeea
several hundred km lower, occagionally pass through this shell ofﬁirregular-.,‘
ionization.,~Fig.,9;shows such an example from ISIS-I,

A.,In.Fig;v9Aathe IS18-I.satelllite .was just -outside of the sheet,
resulting in reflections from the sheet which exhibit a sharp upper boundary . -
that is-located-just a few km from zero range over.a frequency range. of several
MHz, - - On:the ionogram-of Fig.:93,_recorded,60'secondsgand~400 km-later, the . ...
satellite,was inside-the sheet,. -Only.a scatter signal is-obseryed,fromuprOPagatien
in the vertical direction . (e.g:, 5 to 9.MHz at about 500 km range); most of, .,
the energy is guided along the field, within.the. sheet,.to the reflegtion:,ta,,
1e§e1yin§the nearx(é)ﬁandzin;the far (L) hemisphere,. The remarkable € .shaped
trace is due23 to the one "hop" of propagation:to the far hemisphere (L) for.
the.upper'partnpﬁmthe~e;9two.h0ps;to>theéhear and 6ne‘to.the far hemisphere
(25 + h}iforvtheqbottom:part ofothege;‘yThe center bar of the e is due to an. ..

S 4+ L hop, and is horizontal because . .the S ahd L traces happen to be nearly .
mirrgraimagea;t,That.is, as the frequency‘increases, the increase in path . .
1ength~is}baianeedrby;a decrease-in-.retardation, This,reeord‘is by no means ..

a unique example of:such. a coineldence; it has,been obsexvgd on seYe:al othervﬁ;
ionograms, No clear examples have yet been obtained of the satelllte emerging i
below the sheet, so it is llkely that the sheet is much thicker than the 50 km f

- :.4_., A

originally postulated by Petrie and Lockwood.

‘3 . A
- , . LU




‘Propapation along Fieldaligned” lonizatisn’ iFfegularities?® (ducting),
between the sdtellite and reflection’ points in ‘the 'fear ‘and far hemispheres,’
1s &' comnbn’ feature of mid and low latitudé topside sounder fonograms. On

occasion 10 consecutive hops betieen hemispheres have been recorded,” The' ™

distance'travelled By“thé"wavéé ofi ‘this ‘occasion was equivalent”to onée ‘arotnd”

the earth. "
Several studies have been made of the occurrence of field—aligned
propagation, and thegsize of the structures that guide the Wave329 33,¢:§eyeta1

B

‘of these authors have used ray-tracing techniques to demonstrate the mechanism
_of radio wave propagation back and forth along Irregularities of lonization

aligned along‘the magnetic field.i One condition for a ray. o, become trapped

..... B

by a field-aligned sheet of ionization is that the ray must be very nearly
S
tangent;to;thelsneet, As rhe frequency is increased this condition is satisfied
R ‘ A
at lower heights in the ionosphere.

Tre

in the ecuatorial region.,.Pitteway and Cohen34.suggested a combination of

vertical and ducted propagation as an explanation of. "frequency spreading
iy G !

observed on equatorial bottomside sounder ionograms, and Muldrewz? ShOWed

.that this "combination mode" was a common, form of SPread F on topside sounder ‘
o getir ‘
equatorial ionograms. Calvert~and_Qohen3’_ptopqsed»thatdgrange_SDteeding&}an,

equatorial bottomside'sounder ionograms was, due tofaspect sepsi;iveybackscatter

from ionization irregularities elongated along the field Dysonsg showed

RN !.:':

a close correlation between scattering and ducting, with ducting more common

at low latitudes ‘and scattering more common at. high latitudes.; Loftus et 3130

N \cxr SR

found that scattering occurred only«1n,Fhe,Pres9n9¢w°fn§“¢F%98;iﬂ,Fh%,19w,m, »

and mid latitude regioms.
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Figuxe,9B“is‘paxticularly,intergstipg;s;ncg‘;t shows about four

extra-ordinary wave traces yhich are evidence of propagation along ducts in .
. Tetie. : P St e : ME IR . R . . Do g nres T ; R "'!
which the average ionization was significantly difﬁerent;wthe,mgip;tpacewis

the strongest signal occurring at'thgilqwesphfrquegg;es, thergfope,indigayiggﬂ

in.this case that the ducts contained an excess of ionization over the ambient.

1v.3. Spread F_and Scattering in the Polar Topside Ionosphere

ff:hhSo@%ﬁhéﬁ”éﬁéiggdﬁgfghenbﬁeﬁé have been observed in'the Arctic
idhéébﬁerétﬁlﬂéwévef;'éiﬁéé“thehiiﬁéé"6f fhétﬁégﬁetic field étretch’mﬁ;h‘”'ﬁ%:q
farther into space than in the equatorial regions) and at high latitudes are
swept'gﬁﬁciﬁfo'fhewféiiﬁbf‘fﬁe ﬁaéﬁetbsﬁheté, éonjﬁgafé‘dﬁéfing;ié not 6ﬁ§ervé&.
Petfié36'haésbﬁséf¢ed'épféa&ﬁeéhoéékfrbm'déﬁseauziﬁé Alouette 1Jioﬂoéféﬁé which
first decrease td”éegéuraﬁge;”aﬁd'fﬁen'éxféﬁd égaih;Pindicétiﬁé'théf”thew"
éételiiﬁeihés;péégéﬁ'fhfbugﬁ)awﬁéérivéttiéélhsheetjéf irreguldr ionization
at 1000 km height..
' ix‘."Fiédrée7'éh6#s éﬁkéééﬁpié”ﬁflfefleéﬁidns ff0ﬁ”§ﬁdh a sheet, In this
case‘£ﬁeiéhéét“Wéé‘ﬁaéﬁéfiéifielé¥a1§gned'and'aboht 100 - 200 km thick

1arge'féfééattef'SiéﬁaISHZ MHz:Bf?ﬁbre°ébdﬁéxka;"ihzthé”iaﬁbgfam of Fig, 754

PESs

backscattered signals of this type appear between 200 '~ 300 ku apparent range’
éﬁd:aﬁaﬁt”2:5'io#4:5‘MHz'bn'thé'frequeﬁcy scale, A RSN R
‘ ‘“r%éaiﬁéff?and'Sﬁﬁﬁid24'ﬁfapdééd’Bgékgéaftef.fréﬁ long, ‘thin field
aligneduirrég;léfiiies'ésnfﬁéjaomiﬁéﬁt?ﬁééﬁéﬁiéms*fo¥ producing spread F.
Cgivé}f:andTWéfﬂdéK27Aéﬁgéestﬂtﬁéﬁrfﬁéwdiéépﬁeéfaﬁééﬂbf'aiféCteﬁ’ébhaes at’
nig%=1atieu&és‘m§y be dye to their being maskeéd by scatter echoes. However,

i

there is an alternate explandtion for spread T that does not require sithed ™

field-aligned irregularities or ducting37’38.' e BT R

Cad
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IV.&.fwPrec%pitation“Boundariesﬁat*High”Latitudes~*”

‘The ambient density distributions:are also governed. in a major:way:

by “the .presence of the field,: not:only to the’extéent of forcing diffusive o -
equilibrium, if and when:it exists, to occur along:the field rather:than in: .

-a'verticalrdirectibﬁ?*butsalSO'bécause'the{field#lines*tﬁét*are”blosed*toﬂthef~

opposite hemisphere provide'a major restriction to' the free¢. flow and ‘distribution
of ionizatién that"is not present WHerebthe'fieldvlines-afé*Open“intd:the?év e

large volume of the magnetospheric’ tail39 40. .The -boundary. between- these i: =t

‘two- regions, .those of ! open and of ‘closed magnetic field lines;, ‘is the boundary:

of major:significance in“the:high:ionosphere, and is probably oftgreater??u L

importance in“the’ 1léw ionosphere than has'thus far been recognized,:: :

IV.4.1.  Particles 'of Eneigy > 35 keV *

McDiarmid and Burrows41 defined several boundaries found in the
energetic particle data from the Alouette II satellite. They found that
for Kp < 2” between December 1965 and July 1966, the "background" boundary

for 35 kev particles, which they regarded as. the limit of  the.closed field !

lines, varied between about 70° geomagnetic ‘at 2100 LMT at’77%-at 0800 hours,

whereas ‘the' "smooth" :boundary,; which they interpreted-asithe:limit: of*stably—*i
trapped electrons, waried between' about 67% at midnight and 70°:at: 1100 LMT.:

g

The 1ow latitude boundary of: theiregion: of ‘maximum frequency’ range for Spread&F

‘I a

echoes, observed by Petriezz6 from Alouette I~ ionograms, is in good agreement . :
with thev”baekground“ boundaty' of 35 kevﬁparticlee.

Hartz and Brice42 combined a wide variety of'upperiatmesphere.;- e
phenomenathat they considered: to-be:linked:in some:way to:thée influx of |-’
auroral particles, into’an idealized:répresentation of two main:zones of &

TS AR I TSI P A SRR R BT L SN PSR
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auroral particle precipitationfinfthe:norghgrn he@isphgre{(@@gjg;pzi;;?pey,;'g;

considered. the outer zonme to be associated with a particle influx that was

wr

steadyiand;widespread,;and which they described as a;“drizzie"; and -the - inner::
zone: to be associated with intense and spatially limited events which .they : . .
called,»after?O'griené;;"sglash".gaThe'Splash boundary :should occuri-very: . .

..clpse . to-the boundary between the open and closed field-lines, It should: ./ .-

be noted”that:the;McDiarmid“and;Burrows4l;and Petrieg6

.data are includedé1n~ ;-
the data.used»bjﬁHartZuanderice. iﬂ*Fig;-10¢twoucurves,are_added to .the - .-
originaleartz;and,Brine,diagrams;;the most’ recent-determination. by McDiarmid: -
and Wilsonaa-frqm the :Alouette IT particle: data,:of the boundary:of the closed.
field region, and a line estimate of the Hartz andJBrice_splash‘bounaary;,

These curves will be used for comparison-1ater»1n,the;paperi(Fig.711),71,_.:

- fiey:
[ L I

IV.&_Z; Low Energy Electrons: (E-.< 1 keV) L o
' 5Thé precipitation of: low eﬁergy,electrons (E < 1 'keV)-is; 0f ...

particular: importance in-the,topsidegionosphereabecgpse;suchgpargicles;have~ﬂ?u
theirwmaximum;ionizationceffects1above‘aboutu150.img(apgve,aboutxZSO_km for; .-
'500,eV;electron845)u .Very few measurements exist 6f,near.thermalupa;tiqle‘Jﬁhy
fluxes. . :However; a few general .comments can be @adé?gn»their-behaviour SR
from the measurements that dpqexisi?gégéby extrapolation from measurements of...
more energetic;partiples4§.

(a) ,In:the tail. of. the.magnetosphere. low energy electfonsgare=found;qug,ﬁg

near: the neutral. sheet. and-are.distributed. across the tail from dawn :- . ...

to dusk, corresponding to an extension of the sheet. They are much




e
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moré~numérous*on3the dawn: than.on the;duskfside,ywith%maximnmxpopulationw.ai

,»HE OAOO:andu1900%magnetic~localstime.:q,e'€;:a;w“ R T R E S I VAN B RN SRR
(b)  :The spectrun:of low: energy electrons. softens with increasing

. geocentric distance,. and thet less: energetic the particle, the: h1gherf’¢§{yq¢
the~geomagnet1c latitude at.whichxit iswprecipitatedax ol e ﬁj;ﬂwdjﬂptl A
(c)- iThe  high-latitude boundary of: trapped electrons of: energy ;ﬁi¥vﬁ’i
280 eV.< E <« 2 7 keV:is at 74° to 76° geomagnetic on. the evening:side:;
and;739uto-749;atumidnightxz¢0utsiderthis,boundary>thereyare?pccasipnal;ﬁnw
intermittent: “‘slands " of. such:electronsy .« inﬁn%';y T N E NI I E L

1 The. boundary given~in (c)-is well outside:the region ofistably=:-..; .y

trapped‘i 35.keV’ 'electrgns‘s.giveif by IviéD_iarmid: and: W iis,onf"ﬁ-, s.,but;u.is:.%apprnximatelyz ,

:coincident: with their limit:ofuthe -closed:.field lines:.(see.Fig. :10):.1:

Maehlum47 observed electrons<nf?50ueV3to;l:keVnin;the;pplargregionsy;
betweenu7l9fandn843‘geomagnetic:latitude;nﬁHeqfoundrthatgthesegeleptrons |
showed' a' strong: GMI:.control,: with maximﬁmglatitune;occurringgaﬁ'IQQDﬁtQQZQDOgGMT |
iand minimumwratitndevat OSOOEtbciQOO'GMT;~¢Hexsuggestsﬁthatqthe:variatiqn;gfmg
lowienergyffluxamight:bewduewto-ﬂwnbblingﬂ'ofuthengeomagnetiq~akisjwithgw,dﬁﬁf

respect. to-the solar wind direction, sinceathe-maximum;latitudegeeeursgwhenwwwf

"the angle between..the geomagnetic axis-:and-the sun-earth line.is.a minimum, -.

RREEO SO SR S I

IV.5. Plasmapause and Troughs |
The presence of a plasmapause, i e.; a sharp drOp in electron number
. £ l L .« ex‘r' B i o ,_41;3_

density at a radial distance of 2 to 6 earth radilﬁabove the equator1a1 region,"

- .;.1--1‘ HO St ""\'--

was established by Carpenter48 from Whistler measurements, and by Gringauz

LS I A AN S R £ AE
from particle measurements. Reber and Ellis50 from cosmic ray, and Warren51

)

[ T U T SR Lo e -
B ..»\:.»;;!.,\;.;s:., St N QAR




from topside -sounding data- reported significant depletions in the electron -

density at the peak of the F-layer near.50°:geomagneticrlatitude;:_Muldrew2§

showed that-"troughs"éinlthevelectron»density;at:the”peak-ofrthenF~1ayer,v’

are a persistent feature of the nighttime and mid-' and high*latitude%ionosphere.

The troughs are alignedﬁin'the;magnetio east-west direction, and-are usually

a few degrees wide:in rorth~south direction. ;The&electronhdensity~in”the"

main (the‘mosthoutherly, or mid~latitude) trough is typically one~fourth .

that-of”the?Background?density. " The average' location of the main trough *

during November 1962 to March 1963 is:shown in Fig.: 1152. The trough-ds: - -

generally masked by day time: productlon, ‘during magnetic storms it -shifts

toward the equator by aboutJ29-ﬁerzUniter25 2335 54 Sharp et. alssand'S'h'arp'56

reported abrupt changes.in ion concentration measurements, made .on low dltitude

satellites, that are probably related to the troughs. - =

' f“Muldrew2§%suggeStéd“thatrthe.main“troughlwas‘an extension along. ...’

»“magnetic-field"1ine53'of”the'whistler*"knee".‘fSubsequent work-haSufurther;:uv

confirmed a ‘close correlation: between the. two54 57 ‘but. there are important:

differences, - First, the decrease of N at the: plasmapause As primarily in.the

vertical diréction, ‘whereas the”troughs'are~ohserved-ianﬁaﬁ5F21which~occursui

at praotioally'conStant”heights'abovef(and'closehtoaﬁthe,earthr=*Second; i

the electron density beyond the plasmapause does not appear to 1ncrease

“i‘”l."! v Jid

'signlficantly, whereas north of the main trough the density at the peak of

SR z al

the F-layer increases, often to values as great as those south of the trough,

L

and - other troughs are observed at higher latitudes. Third the troughs are

primarily nighttime phenomena, and are generally masked during the day,

whereas the plasmapause can be observed at a11 times of day. Fourth the
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troughs occur 1n the height range of maximum produqtion of ionization,‘whereasg_
producag;eiseyhere{‘andwhayerbeenhdltfnsedcpr otherwise tranSperted.oyer:tﬂ:EW:
largf;d?SP?“S?5t¢;?i§§H’-@lﬁhQPgP:FhE‘méﬁﬁeF?F-ﬁfshﬁli,a%ﬂ“%Whééthbﬁaplﬁsﬂai«z
pauSe and the trough are located agrees well dur1ng‘the night during mornlngfug
and aftermoon the nain trough sppears to nove to higher feshells than the
plasmapause (Fig. 11). | | CEERELL L Ut L anmn e

In Fig. 11, the’ plasmapause is from Carpenter 5, observations for e

July %9,.93? 25

s the trough from Muldrew 8 northern hemisphere winter 1962-63 data™",
.;80d the two limits °£”9Peﬁr£33¥dn%ine%;§?9 an estieﬁt%foPWNFhﬁamSP%aeh”QQg;1;“1
preeipitatiogtdata;presentedgby;Hartsvand_hriceaz, and the theoretieal limit
given by Nishida®®,

,fﬁesausé;Pﬁ tb%edéffe#ent;PsriPdéref‘QbSE%vatien‘Ehen2¥a§mepéu$9\,nf;n,
and trough s!gtservét}ﬂ",fl%.??@. mot strictly .:éqmver%btlﬁ’.but. they are the most
°9P3131;%Ff—‘f§at3 available, and probably represent the gross features of the
diurnal variations'inhposition of the two phenomena. As Fig. 11 shows,\theh }
\trough is 1ocated approximately along the boundary of the region of open e e
field 1ines (i r€uy the neutral points) when it is first observed in the early _:
af?%?&O?ﬂ;vaFvavest%qqeﬁorwezé,F? a posteton about 10° from that bowndary
between 1500 and 2000 LMT The return of the trough in the 1ate morning to .
the limit of the Open field lines cannot be followed because of its obscuration_
and the:time itﬁbecones;obsegred,maronndJQYOQQbMi.w Between 1900 and 0500 ;;waw
LMT the plasmapause and‘the;trongh positions‘arerinxgoodﬁagreement,,bnt E??;quﬁ
two appear to have inverse'dinrnal nariations of‘position; the plasmapause

moves poleward around 1700 IMT and equatorward about 0500 LMT.
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IV.6.  Electron Demsity Distiibution Over the Polir Region During Quiet Periods

In generai spatial and temporéi'éafiétidﬁs’bfféﬁé‘aistfibutiéﬁ of
electron densitj above the'peak of tﬁe'Féiajerlare m&%ﬂ”mafe reéuiar in the
lafitude region'beiow the méih'irbugﬁ'éhan inbtﬁe'ﬁiéﬁer:iatitude region;‘for;:z
both quict and disturbed conditions®® (Fig. 12). Nevertheless, several studies
of the distribntionvinbthe high latitude regions have“sncceededjin 1ébi££iﬁg

some persistent structures,

1v.6.1. N(h) Distributions Below 1000 Km =
| " "Nighida®? prodﬁaed'"éiéfagéa electron“densityfcontodfs n d éédﬁagnetic
latitude'QE"iocal time piot foridﬁiet ihtervaia bf'éﬁe‘zﬁéﬁmﬁ (ﬁérthefﬁ“héﬁasphére)
1962;63;”as shown{in"Fiét i3.' For:tﬁisistudythe'ﬁsed'a “mésh“'é°'1n'iaﬁgiéﬁdé ’
and 2 hrs in local time. The general features of the main trduéﬁ-and'the7“d‘;<
decreased complexity ét/fﬁé highe; ﬁéigﬁts'cah be'seen+froﬁ tﬁis“fignre.
Unfortunately, some of the détail is 1ost inlthese‘fiénres'bécause;tﬁe'ﬁth)'3'
data used (the DRIE N(h) data péblications) tend to éﬁbiq some ‘of the important
but complek'structures in/the°fopside?ionosphere; While'emphasiéfné.otner' U
phenomena:U”in:parﬁichlar, iﬁe?daia‘piobéﬁly”févbﬁr“bfofilééfin'wﬁicﬁftﬁé déﬁsfé§
at tﬁe’sateilite‘is:snbstential; and negieét:soﬁe data:in wﬁicﬁ’éhé*eiéééfoﬁ?
densitiés are verp small...NeVertheless, the diaérams‘pronide“a nseful"pictnfe‘
of the:poiar:qﬁiet‘ionBSphere; Figure 14 &tiows the variability of ‘the data,’%h
defined by Nishida as ‘the standard dev1at10n divided by the average, for each !
mesh point, expressed as a percentage.' It is of interest that ‘the greatest |

varlabllity occurred at 1000 km, and with the exception of the’ 0800 LT graph,

occurred in the reglon of the splash boundary (Fig. 11)
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. oo Nishidad?03% explained the plé'smaanS‘e'fan&: j:lleff*tiroughi’regi'on's-'iii-r‘; ISR
terms of“anf"outWard”flow”’mbdel’iﬁ?Whichfpihsma“iéfrémbved@by“theﬁcbmbihéﬁfn i
action of magnetospheri¢: convection' and plasua’escape from-the: tall Ofithe i
magnétoéphere; 'InihiSﬁmodel;fibnization‘wili'beiremoﬁed Byiup%éfdiflqﬁfalongﬁ?
fieldﬁlines-thatfare‘opén into- the magnetospheric tail (iielgfwithithﬁe*mfhffﬁ
ctoss~hatched’ region of Fige 11)i' However; all £ield: Lines. poletrard’of the '
plasmapause becone bpen’ (1ie.; aré convected’ through the' cross-hatéhed: region'

of Fig: 11)"at soiie time during the night; and in:theiprocéss can dump:’i =0

jonization in’ proportion’ toithe tiie they spend in thie-Yopen'™ region, it wil
£7e0p s Chantand Colin®t have! recently prepared:a massive §tudy and review "
of the:global morpholodgy 6f?the’di§ﬁfibutibﬁ?of“eléétébnbaéﬁsity above
the peak:of the F-layer (primarily for ’low*dndf-‘inid‘—“latif:ﬁdés);vbaéedﬂ:‘dﬁf N‘(’h)‘-"'sf"f
data froﬁ‘the”Alouette11'éndJIItsatéllite.:@it:isinotﬁpbssiblefheréitowpfesent3
the results of ‘that works theuréadérﬁié?referredfto-iffaﬁdﬁtbdrEféfehcéVSOEf@Wﬂ
for aVéfage“andfde%ailédfcdﬁtOuré?réspectiveI&%of élecfrbn:deﬁéityﬁin%thév B
_ polat'regibﬁs;*ﬁMuéhﬂofitﬁeifemainQEf bf3this“sec§ion ié}iof%bburSe;fEISo;f? sk

reviewed ‘ir ‘the Chan -and Colin paperi .« i~ -7

'1V.632," Electron Density.at 1000 km = =i o7 ‘ L dmen s

+1 Thomas® et a1°>

‘studied: latitudinal electron density‘maxima (as::
oppéééd"tgféhe~frbughs‘ﬁf Muldrew) ‘above  the main txough. “Theyﬁfbundréjdehsity .
maximum inmediately. beyond the!troughito be'a pérsistent. featuré of'the’  i:. i
ionosphere below 1000 km, with maximumwtb*trough:dénSity!ratiOSHOfﬁzsﬁtbiyﬁamui
common?bccurrbncéf"fAlthdﬁgﬁithe'diuthaltvariation=of:this¥ma3ima~Waé not

estabiisﬁed,iat»éEbut=15@0'LMTLit*bccurtédlat'ab0u£3773Vgeomagﬁetib¥lafitude;b

the Iocatidn of- the boundary of the: open: field~lines.: -Thomds et-al ‘related s
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this maxima. to: that found at the peak of the F-layer by thcﬁnéa,from ground-
basedtionosonde,détau; Duncan; showed- that polar enhancements of foF2 were .. :
largely. GMT controlled,. with maximum ionization occurring at 1800 GMT in
the north and_0600 GMT in the south, the time at which the, angle between the .
_ geomagnetic}axis and.the sun-earth line isAé minimum, - He.suggested that. the .-
enhanpements'were»dﬁe.t9=particle‘precipitation; Thomas et al?zqsuggested that.
the-maximum; they observed was.due to-upwyard diffusion-of ionization from the. .-
precipitation production region, ,Maehlum47 found a similar GMT control of:-
IOW‘énergy,electrohs:(SO-lODO ev).-and noted .the possibility of a relation .. -
between the ionospheric maxima:and:the peak .of low. energyi particle precipitation,
| .8ato and;Colin4§;showed;that”at~1000,km”high latitude ionization -
maxima?(Fig.¢15) generally,0ccurred;more frequently: and had greatér amplitude
duringgthe'daynthan-during,ﬁhegnight, eSpeciallyvinvwinter,candathégqthe:.
amplitudE'ofpthe,maxima_wés greater in summer-than.in winterj‘;Théﬁ shqwed:t"*

: 7
that the maxima' did not: occur uniformly over the-high latitude region, but. . :

in threezzones~(Fig;-16)5 with the maxima in.a particular zone related; but. -
indépendent of thoge in the other zones. In rzoneg I and II1, the maxima.. ..
occur most frequently during periods of high*geqmagqeti;»gctiv%py‘J In zone 1
the maxima occur: most often at dawn: and dusk, in, zone II most,frequently in
daytime regardless of geomagnetic-activity or: season, and in zone III mainly
at night,. The boundaries. of-the three zones. vary,. depending upoun:iagnetic.
local time, season and magneticactivity. .- .-
;f;\ZoneaII;corresponds~approx1maﬁely:to the auroral. oval, i,e., to ...
the:iregion of splash precipitation given by.Hartz and Brice .(Fig, 11),  The ...

maxima*ptevibusly:fOundlby.IhomaS;pet:alé?'ocCurpwithin:zoneill.;‘Sato_andf R
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Coliniconcluded‘that the electron density maxima weteedueftoleW‘energy

eleétronSV(E‘<”l’keV)precipitated“from electron'islands“outside*the*tfapﬁéd
f”région'into¥zone‘1;-frbm an unstable trapped region“closeftoﬁthe7trapping'U
-hoUndarf?into‘zone 11, and from stable trapped regions:into zonme TIL. o

TIVL6.3. N(h)-Distributidns Below 3000 km' @ -

The foregoing studies were, in general, fof“altitudes below 1000: km;

~Ne1ms“andeockwoddgfshowéd’that at’heightsﬁnear'ZOOO@km;”N(h).prdfiles taken

‘WKWhiIefapproaching (and?c10serto)%theflowflatitude«edgEVofﬁthevtrongh?showedf

a ‘sucCessive decrease of scale height near: 2000 km,whereas the ‘distribution
hneanﬁ500“km?remaineduapproximatelyuthéisameTfrom~rec0rd to:record.(Fig;¢i7);

‘They ‘also-showed that ‘at’ heights above' 2400 :km,: theelectron demsity was -

£ less than'300-to“500-electronslﬁmSoner~awlarge area ‘of - the' polar reglon "

(Fig. 18)'. ":The southe¥n boundary of this lon@density”region7Was~foundwtotm
agree in general:with- the loCation«othhe“mainstfoughgwiTheyﬁinterpretedﬁthe-
decrease in scalé-height and the presence of the extensive low demsity region
at high-heights as:eqninalént to.a shift of the region.of predominancefofwb
the:0" /H mixture (1.e., the level at.vhich theH' concentration became:r:;
comﬁarablefwith'the.Ofihonoentration) to ‘great heights in’ the vicinity ofithe
trough‘and:atilatitudes“greater~than*the trough. .<:

*'IV@G;ﬁ;f:Electron Density at~the\Height‘of‘the“Alouette“II*Satellite
(500 to 3000 km)

ORI

The low density limit of the Nelms—Lockwood work was set by the sweep

limit of the Alouette II sounder Hagglg, using the resonance beat method :

outlined 1n Section III, showed that electron densities in the low dens1ty

n«a;!f'. TS

region were very often less than 30 electrons/cm3 and frequently were as low




% in the polar regions”’

e

‘during winter than during -summer; during‘the;summer the low densities were

:observed only nearthe region of the main trough and only near midnight. -

'shown. The proJection of the boundary down the field to the 300 km level

from an assumed height of 2800 km is plotted on Fig. 1l
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as 8 to 15 el,e’ctrons/cm?'. - The interpretation that the very low electron : - .

-

Ldensities.are_due_to‘an_upward-shift of.thevﬁf distribution is supported by

the ‘data of Hoffman?g,_who found. that on several occasions when Hagg observed
very lowgelectron'densities, the- predominant ion, even near BOOOukm,:was~O+.
In addition, Hoffman has observed upward,streamingtofrﬁi;ions‘at certain times
22,64, T

L’;Hagg;found that densities:. less than 30 electrons/cm3'were,observed
in-the northern hemisphere throughout the region above 60° geomagnetic latitude
at-night.and_65°_geomagnetic’during,the day, Timleck and-NelmsZQ;usedpthe,
Hégg:method to study the occurrence of densities:less,thanuloo electrong/¢m3
between -December 1965 :and February 1968 in both northern and southern hemispheres.

They -found that: below-3000 km altitude the low:.densities:were much more prevalent

‘Figure 19 is a-scatter diagram from the Timleck-Nelms study,
showing the:.occurrence of densities ‘less than lOOvcmfsyas a function of

geomagnetic latitude and local,mean time for all of the Northern.hemisphere

‘data collected between,December‘l965 anngecember¢l967 (note: - it includes

the data from the Hagg study)...About 4,57 of the data-are for Kp >-ha

The dgshed ‘line in. Fig. 19 is a crude estimate of the low latitude ‘boundary

of Lhe low density region for relatively quiet conditlons (1 e., about 4,5%

T

of the data p01nts are outside the dashed line) Although only an estimate,

the real boundary is not likely to be signiflcantly displaced from the one: ~
i

l_,.'.”v-‘
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A . « s - The separation of: alt»itude',-:LMT' and latitude effects. in the: low.:
density.data. is difficult because of . the high«inclination:elipticalforﬁit;;v
of ‘Alouette II. -However, Timleck and Nelms isolated a diurnal-and;éunspot#r
cycle dependence of the minmimum height ét;Which electrandensity;ofalOO;cmT3
occurred, as shﬁwn in:Fig.\20.&:B¢caﬁée>bf;the‘orbit and thegfaCt;thét-tﬁe;3
low Qensities OCCur.above:aboutm60?:geomagﬁetic»fétitude, the satellite was:
notsin.agpositionzthestablish‘the.iow‘heightflimitiaf timeé-other»thanuthose

shown inm Fige: 20u: oo e e e g T e e sl s

R IR The:densities;less:thén»lOOicm:§'occuruatnlowerjheightStduringgg@y

the night: than during the'day,mandythgrexis;a‘gene:aldtendencystoward:higher
heights during most recent years. The GXCeptidngwmidnightgtO‘OAOO'LMT;ﬁiSwA

thought20 to be due to a seasonal effect overriding the diurnal effect; the

el s Yy
’ . NN AN % 3

196566 aata For -t
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ﬁééé:héﬁééiweéé'éoiiéggéa?&ﬁ¥iﬁgxbé&éﬁﬁer Ghéf;és;éhei
“;{L267~68\dataawereyqollected_during-February;r'Two;of,thezperiodsiwheh no. low
electron densities.were observed. over:the @olanu;egipn;vevén<though¢tﬁey-were
¢p§begexpectedLfrbmaimmgdiately-precedinglanﬂ;followingydata;:Wefe:fquﬁdato;
vcoincide:with proton- evénts: observed by the IMP;FfsateLlité;‘
. .. Banks; and Holzer653interpreted fhe Hagglquresgltsb ahd;mimléckiand-
Ne]gnsgq‘ interpreted their regults. .in terms of . the: removal: of: light ioms: by .
upward flow in regions vhere the field lines are swepf back intolthe;tgilggf
the magnetosphere.ﬂ-BanksgandiHolzér;showed'that‘esseptiallysallebf theAthermal
Htaénd Héf-ionSTCteated in;the-polargionosphere:can“be»QCCelerated;awa& from.
thg‘earthyinto1the}tailef'the magnetosphere, but that;thewupward velocity::
of thegof-ions;'hgcause,of their greater .mass, will:be small for heights below

. 8 .few thousand kilometers, -Timleck and=Nelms.showed:thatythg_eiqctrgg denéities
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observed in their regions: of very low electton density were. approximately .
what would be expected if the 1igh; ions were removed, - leaving behind a ' <%
relatively unaltered Ol-‘T distribuEiOn. They~é;p1ained the diurnal variation.
bf fhe.cut—off'height'for N‘_g_lOO/cm3 as due to daytime production (of d+)
réising the height at whicﬁfN = 100/cm3.occurs. The summertime absence: of-
dbservatiéns of‘NAij100/Cm3vbelow:3000 km, except for a few ‘occurrences .-
“immediately above the main.trough, they attributed to increased,production'
during the time when much of the polar region is continually illuminated; .
They?pbinted out -that-the cut—-off Héight?would be -expected-to rise during
‘times- of disturbance or particle precipitation,.either due to increased.

preduction or increased temperature,: ' . . B e T S

IV,7.u Electron Density bistributions Over the Polar Region During Disturbed
©Periods. Lo T T T

Although- this paper concentrates.on the high latitude topside- io’nosphere,.

it ds useful to iﬁtroduce'the‘subject=of the disturbed ionosphere with. a brief

discussion of- th‘e"’bg‘eneral* global behaviour, The relevant literature. on:this

complex "sub'je.ct is extensive,-so the following brief discussion:is guaranteed

‘to be ihcompléte;“the reédér:is referred: for. more detail to referénces 45, 59,

and 66-68 from which the present authors have drawn much of the  following

summary. BT T S S L A x . o e,
+.In *genei‘-al, -ionospheric-storms can:'be. considered to be:due to- ..

'éﬁhanced influx. of eﬁergetic.pérticles (from thermal to MEV) from‘thelsolar'

wind near the-earth, and may be ‘due to direct effects of the particles such: -

+-:as’” (fonization or-heatin- of the upper’atmosphere,  of to indir?éé @Egedts5~

*iglich d87digtortion of the geomagnetic fleld (the gedmagnetic sfoi‘-m) ;' ‘establish-

RS

ment of ring currents that cause ionization drifts, etc. .
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i =u. At the sudden commencementof a magnetic storm, .the front (day-~side)
of the mggnetbspheregis compressed69,;and this increases both, the electron .
density and the magnetic field in the topside ilonosphere, This initial phase
of the storm may last.up to 10 hours. At the beginning.of the main phase

of the magnetic storm ;he\magpeficﬁfield‘is inflatedAbx;ene:ggtiquarticiggzo

. that .appear. to he injected into trapped orbits .near the plasmapause at late;

afternoon and evening longitudes... . The  decay of . this enhanced :particle.belt.
may take several.days. .

.+ .« The donospheric stprmfeffqus;are,Qbse:ved@égtqhangeg_(incrgasgs.n

or decreases); of .electron number density -in various height.and latitude regions,

changes in electron and ilon temperature, neutral and in compositioq;5recqmbination

rates, and transport velocities. -All of these may.vary independently in,

different.height;: latitwde,.seasonal -and diurnal.regimes,.and may -also have

;different.storm time.behavioux,...In spite of this.great complexity, .it appears

that  some uséful'general,pattern&ﬁare nqubeginning-toAemerge?g.WHERJ,
. At mid latitudes the beginning of the  ionospheric storm on the.. .

day ‘side of the earth is associated with the beginning of .the main phaseof.
the,magnetic;s;orm7lizg,;rather ;han~with,thq_suddenaqommencem@nbﬂ, However,
on the night-side the full.ionospheric storm does: not occur:until-the following

day73; Gledhill et al74 found that ionospheric storms.invariably.occurred.. .

.when:the flux:level. of:precipitated electrons:(E ?uéobkgvy;;measured in

‘Alouette: T, rosezabevefln4~x;10€ elecgronSIcm%/&ec,fand_that-tbeustorm.lasﬁﬁd
sl .

wastime-proportional to the-time this:eritical;flux was exceeded. :°.v-

.- -:The major.disturbances during. an:ionospheric .storm axe in the electron

density in the D and T region, and in:the ion and electron.temperatures :near
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 the peak of the F layer. At high latitudes the electron density 4n the D

region is enhanced while at mid latitudes the total conteﬁf75’76

and the
‘density at‘the peak of the F layer usually are first enhanced over ‘about = -
24 hours (positive phdse) and then depressed over a period of a few days
-:fnégative~phése);T“HoWever, the decrease In density at thé peak ‘precedes the
decrease in total content by several hOurs7Q, and occasiorally;largé systematic
storm~time varlations in ‘topside total ¢ontent ocecur thak are = .-
not accompanied by significant or regular changes in the ‘péak’dénsity or in'"
theibottOMéfde"ébﬁtént75;’:At 10wer”1atitﬁdes,‘the‘paéitive’phase*increases
“'”aﬁd‘ihé-ﬁegatiﬁe'phaSe“decfééééé‘ﬁﬂtil’dnlY'the‘positive‘phaée’remains at the

3 'equa'tdr—"z;v- : |

IV.7.1," Plasma Températitres Dutring Storms

‘Incoherent scattér measurements at mid-latitudes have been used to
‘show that during the day the disturbed and quiet day electron temperatyres ‘in

78’293’Whereas%

‘the F reglon ‘below ‘@bout 400 km appear to be about the Same
above 400 kn' the electron temperature ls slightly higher on disturbed days.
During the night, the disturbed time electron temperature ‘1s 300° to 600°K
gréétér,‘and the ‘ion temperature-is slightly greaterAéﬁaﬁ)in quiet ‘times, -
'The lon temperature below 400 km- is -greater, and ‘above 400 km iSSSlightly g
less on ‘distutbed than on quiet days.' ' ) f o
»‘Willmoreao,‘using Ariel T data, found that betwéen oaoo'aﬁd*lzodlkm
“altitudé'electfoﬁ?ﬂensity enhéﬁceménts;'and electron -temperaturé decrédsés of

about 180°K, weré.associated with 'geéomagnetic storms, both at ‘night -and "during

"7 the''day., He-atttibuted the temperaturé changes to”increased collisional

cooling due t& the increased electron density.

-
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~0ndoh®’ ;. from Alouette-I:data; found that during mild storms ‘the’

electron density increased above 500 km height and ‘decredsed below: at all «:

:local (times,.: He: concluded that the ‘increase was due ‘to expansion of the

neutral atmosphere, which would 1ift.the whole ionosphere, causing higher ::

1

densities at;high-heightss ; .The decrease:below. 500 km herattributed to® i

increased&chemical%ibsses.\:Like“Willmore;zherexpectedfthe'enhancédﬁeiecttbn:

‘density: above: 500 km to cause~decréased~témperature‘through additional: ook

collisional cooling.: Decreased electronfdensity~in.thig‘fégionfduringiseVéré

storms..should  then allow the. temperature to increase. ' Reddy:etthlgz found. -

" a -similar result.at 640 km, by relating ‘bottomside'sounding data to probe data

from Tiros: 7, -ard -also found that: measured decreases in' electronitemperature
were associated with:the increases in density-:at’ 640 kmiHﬁThey5aléd3interpfeted
the storm~time: enhancements: as: due. to ‘thermal expansiow ‘o the nélitral ‘gas’

1ifting. the whole ionosphere.:

o IV1732.va(h)ADistributioﬁs‘DUring.Storms o

,pyﬁf,ﬁNishida59~investigatedfstructureswin*the polar.-disturbed ‘ionosphere,

- using Alouette “I.N(h):data. ' He-constructed :"deviation" contolrs; ‘similat to

his variability plots. of Fig. 14, usiﬁgAthe.differeﬁCe betWeénﬁthé3Storm*énd
average. quiet .day- data, expressed -as a percentage of the quiet day'data, i
An:examiple:ids.given in Fig. 21, for' the magnetic ‘storm of 23 Sépt. 1963, fot:

Kp = 97, Reglons of storm-time density reduction are shaded. Bélow’66°ﬁ}h3u

fgebmagnetic’atEnCOn,ﬂénd below 82°N geomagnetiic ‘at midnight: the’ storm time

q&ithSPheré@isuenhancedlabOVewand?dépleted-beldWﬁASO:km.-.A*generalfétorﬁuQ?F

time deépletion at:rall:heights- over: the'poldar regioh is:evidént; - Nishida showed

that storm-time changes enhanced the high latitude peaks;.‘oftenito as much:as
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five times their: average value, and caused them. to move sevéral:d‘egrees south. .

-

He also -found -that the plasma was depleted at the pole and-in‘thé trough.
Nishida explained his. results “in terms of the number of field ‘lines
convected through the "open" tail region of the magnetosphere, and:.of heating
of the magnetospheric plasma by -the hot: storm-timéﬁSOlar,wind:(i.em,'thé'area
and velocity -of plasma.exit).- He pointed out that the plasma. temperature .

increases toward theﬂmagnetoPauseg

with dincreasing Kp84?85,=and‘more~field—lines are transported-into the. 'tail -

', the temperature of the ‘solar wind inctreases

region86 during storm than .during quiet. times. - All of these would-tend to

- increase the escapeeof;plasma,fromgthe,polar regions: through the magnetospheric
tail, leading to the observed reduction .of electron density over the polar -

‘; region. He also invoked lifting of the plasma. due.to heating ‘to explain 'the:

increased density  above and:decreased density below 500. km at mid~latitudesy:

Sat066 constructed contours of the Nishida&type“for.ZO'disturbed

passes of Alouette I for the low and mid-latitude regions.. ' An'example is shown
in Fig.. 22 -for a. typical disturbed nighttime,pass.z:Regionslof storm time density
reduction are shaded. ' During the night, the topside ionosphere at geomagnetic
latitudes«beldw 40° in thé north and 50° in the south was -all enhanceds. -
Since, the main ‘trough in the northern: hemosphere moves equatorward about 29';%;
per: unit Kp during increased magnetiCractivitysz, the reductions. at 45°N and
55°S are probably due to the trough.

-..Sato's results were similar to those of-Ohdoh67.for the mid latitude
region, . (The.reader is referred to the:paper for.Sato's low latitude results,)

~He found that gach pass differed somewhat  from the others but tentatively

concluded that:at mid;latitudes
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-(1). the density was. ofiten enhanced 4n .the upper reglon (near 1000: km)
s but decreased near the'peak:ofAtheJlayer.‘ Less often the reverse
o was true,. - ol
.{2). The.percentage variatibn'wésf1argerfinpthealowerxEhen}inﬂthe¥:fanyuﬁ;
upper1b0psideﬁionosphefei;y;;;hxi~= |
¢(3),:$he density was most .often enhanced betWeen-SQﬁxand¢409qan&w§¥ethf§g
Areduced“betweee 40°:anat50°:geomagneticxlatiEudexz.TheienhaﬁcementSs'
“.occurred oven.Wider&ranges,pfglatitudesvand;heightxin;1oea1psuﬁmer;f
and equinox. than in winter. .i..i-»: |
. -He concluded that drift,motion'and~ambipolan¢diffueion:coul&,notﬁ,
-~alone .explain his mid—latitude storm-time observations, and - suggested that
1ifting ;of -the ionosphere due to thermal expansion might ‘be, involved.,
it oo Sate, and Chanﬁshextended thexstudy”of-:storm-t:«imevdeviatidriaconﬁpufe'i
'of»Sat066 to. cover 24 Alouette I passes over the north- polar region.n Theyu
found that above 60° 1nvar1ant -Latitude. the : deviations from quiet day* showed
unga;strongydependencegon.magnebicxigmalstime.asﬁweliuasvon latitgde,and~height,
Figure .23 summarizes‘the}resultquf;gheim-study‘~;Seerﬁetiﬁemenhenpemehts
occur in two well defined regions above 80°N near'dawﬁ and duekvataiow ﬁeights,
«:with the rest of the:region above 60°N, except for a Smalleregionfnear noon
»::ane609N, a region of ‘electron density reductdon.. _ip:iccvcios 5ﬁ5§1v;g
At higher-heights the'regions of enhancement all.e;pand,“unfi;gete
.lQQngmcthewenhanced:region:covere;a;lange,portioniof»the-dayétime‘region
below 70° latitude and of the nighttime .xegion above 80° latitude. .~ o =
*ﬁg»-J.;'g«TheuNishidaﬁ results -(reduction.over a.large region.near.the geomagnetic

.pole). -are :explained by .Sato and:Chan-as:due to:the.fact that Nishida'!s.data
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was ‘onlyiin the noon-midnight:local time-plane (both authors used the same ._

Alouetite T datas 's0 it is. expected that their results will agree wherever they

overlap). Sato and Chan also relate their results to the measurements of

62,46

abnormally 1afge electron peaksfat“lqoo km . The distribution of peaks
in winter for 1ow'and high magnetic activitygﬁ-are shown in -Fig. 24. vOn
quiet dayé:the"peaRS'éfe‘confineditomZOne'II'(F131 16) -on 'the ‘day sdide, whereas'
ohiﬂistﬁrbedvdéys; they spread .over: the whole region above 70°, although still
concentfated dn’the~dayMSide.‘.Alfhough*thewevidenceﬂfbrVaimoVémentfof the
peaks to lower latitudes is not overwhelming), Satowand-Chan’noteﬁthé tendency,
and-‘relate it to similar :storm time behaviour ‘of the auroral -oval, which is
thought to ‘be:due to Ehe*ldwaring‘of.the precipitation latitudes of low energy
electronSvCE“éfl keV):during ‘storms. ' They explain the preserce during: storms B
‘of ﬁ'eaks in the region above 80°N'as due to preéipit;éf'ioﬁ' of low energy electrons .
fromﬂﬁhe neutral’sheet intbithevpolér;rEgiOn."Thﬁsiﬁhey interpret~fhé'storm~ C
time behaviour 'of ‘the topside -polar ionosphere as ‘due to

“(a) ‘lowering of the~parti§1e~preéipitationwlatitude*of.IOW'energyfeléctrons.

(b)“enhéntément’of“the'precipi;ating.electron”flux“intensity at hdgh

‘Tatitudes, 7t

. ..:The ‘effect of (a) is to produce a reductionfregibn?(from'the‘abSEnce

of particle precipitation), while‘ﬁhe?effect-of‘(b) is ‘to produce an enhancement
region near the'pole.

¢ Tt-'will be noted that Figs., 237and 24 are in'a sense contradictory;

since the peaks move to lower latitudes :during storms, -as shown in Fig, :24, -

“¢hete ‘should be an enhanceément region ‘between 70° -and 759552?15007t0-1800 LMT
and near 65%at 2000 to 2300°LMT. " However,: this émcﬁnt-bf:&étaillis“probably

not to be/exPected to survive the averaging processes used in producing Fig. 23,
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87 89 68 “have . studied. .the occurrence of large electron

Al Seneral ‘authors |
deneity:de@reaeeseatetberpeaklpiothe@F%glaye¥ainQWhiCb»§be Ele1?Y6?ﬁb¢9€@6ve
visiblemfrom theétopside:(theV"GU condition).@zAn}example_ofman Alouette I .
pass ~during:a severe: storm,,during which- the G. condition was, observed87 68 s
§hownuinogig.32§. Herzberg and Nelms did not; find a systematic pattern. to
the. occurrence gfpcwconéitgon'pefqre:andsduxing the sudden commencement. ...
associated with the proton flare storm of 7 July:;Q@GE(Fig.ng),;ﬁyprtong?gg
'conpluged\;hatntbe;verticalﬁdriftsaélopg could not. explain the Gmcondition

data;: and suggested that an,increase;of.the. loss rate by a.factor of 16 over

the quiet,day. values.yas;required to fit the G condition data, ,The loss.rate

1o €anbe, increased. by: increasing the N, ox.0,.density. or by increasing the rate

coefficient for reactionsxof.thesermoleculesuwith.0+-,Norton;suggests\that‘,

the, regults, but n.fayc.urs;..,sratbee;en eehenqe.d seaet;ien??. ‘between ;*ﬁib??.t;’mne%_.lv

4+ o .
excited N,-.and. 0., Laboratory measurements. of, the reaction rate)  indicate that

. at. electron.temperatures.of . 3000° to.4000°K. the enhancement. should be sufficient

to explain the: G condition;observations data. .

R DY S PR AU e R

¢ +4 v, During, the proton event of 7 July 1966, Herzberg and Nelms™® also

".observed a series of vertical bands across the normal ionospheric. reflection
s tTaces: on, Alovette 1T, donograms, which they called a I-condition, and interpreted

.ce-as. due.to narrow. (v, 2.km). vertical regions of electron density depletion,.or

"mini—troughs" This interpretation was supported by'the plasma probe on

Alouette II, which measured small scale electron den31ty depleti tE-’e".t""“:'the";

T BT E B

time the Z—condition was observed.; Tne Z-condition occurred at L values of

R e
i 3

” about ll (about 77°’éeomagnet1c) before the sudden commencement, and abOut'

&




”5'(about'65° geomagnetic) aftefward‘(Fig;”Zij.iiFor“the°very limited data
ayailable, it was found £o’ occur in coinciderice with sudden’ changes i the "
intensity”of energetic:pattioles'ofienergy;gréater’thanVBS“keV; and - only- in"
“oonjunction-withtprotOn”events; The note added in' proof -to their paper, in-
which they reported a Z-coﬁdition“forxnhiohﬁnh“hroton-flare was repoirted:was
later foimd to be préﬁatufeé “The‘essociated“prOton;flare”was later réported
from‘satellite observationé.:} PR DT L e i““T““WJV

| ’Noftonzand'Maroviohgz’6btained’Aloﬁette@Ifand“II?toPSide sounder *
data in‘cOincidencé Withivisualjobéervations”Of’red arésg3'(enhanbeﬂﬂ630075”
‘airglow) over theé central USA (L values of * 3).' The peak émission rate for
“tred arcs oceurs at heights of 350 to 450 ki, . ThE&ﬂﬁsdally~ektend7a*few*hundred
km in’ altitude but'a few'thoﬁeand"ﬁm”ih’magnetichlongitude; Red arcs move
from high to mid lat1tudes during magnetic’ stormngL: Nofton'and5MarOViChf :
found that a major depre551on in topside electron density occurred over the’
reglon of thevarc, and from=sca1e'height measurementsg'infetred that the’
?ﬁlasma:teﬁperature and the ion mass within and ‘above the atc wereconsiderably
greater than equatorward of it. 'They concluded’that the electron density -
feduotion was the maifi (mid latitude) tfough.’”Recent;expianations of 6300 &
‘airglow invoke collieionai excitation of atomic ‘oXygen Byfenéfgetio?elebtfonsgs,
:whioh‘iﬁpiieé”enéréetib5eleotfonsfmay olay'anfim50rtant‘fole?in“the*produotion
'of‘the:ﬁain'tfough,hat least during storm conditions wher red arcs are observed,

BT P S I o Glsgrertivei e

V._ DISCUSSION o B
Much of the data from observations of the high 1at1tude high altitude
ionosphere can be characterized in terms of events and boundaries that are, part

4




- 35 =

of the magnetospheric-environment of ‘thé earth. ' The enhancéments of ‘electfon
density in the upper iOnbsﬁHeregrwhile7appafént1y7ﬁighlyfirregﬁléf”iﬁ*individual
behé?i&ﬁr;ngcu:;iﬁ”zpnés that are rélatively well:behaved, and that appear
to-bé'relétgdito'regidnsfofuparticlé‘ﬁrecipitation;=“Observed3rEduCtibhs'651
“agléctron density, on’thetother hand; aﬁpeaf'to'bé related to regions-of open
fieldﬁlineé'in~the‘magnetésphere; fhe two regions, of course, ovérlap, so: the

. ovérall ‘pictutre’tends ‘to be complicated. - -~ - . e T

i Axford’and“Hinésgz“propdsed a'model in which Vviscious drag fromi

the solarwind-caused large scale convection of the~pléémaqin'the‘méghetOSﬁheric
cavity beyond LTshéils’bf about -4 Ré, and-uséd the résulting convection pattierns
- to ‘explain a high latitudé aurcfal: pheiiomena, Their model has been extended

by.;*-amdngsot}iefs,?:Nish':[dasg’s9

and Bficegﬁ;!Whofuée?it7to explain+a number *"
éf'idnésphéfic‘phéﬁoﬁéna.*%?“”* cHE e Chete DRt d e
‘*~Both‘Ni§hida“énd*Bfice=considér¥the¥plasmapausé toibeftheQBéundaty
of “the plasma that co-rotites with' the earth, and:the plasma beyond the '~ ::-
plasmapause to be convected through the magnetosphere at some time during the
diurnal rotation, "HOwéVgr; a basic ‘difference between the Nishida and the
"Brice models is that the former explained the decreased density:in‘the région
beybﬁdéfhe‘plaSﬁéanSe‘asfdue tdfthevcénveétién-dfvplasma‘ofStErrestrial-Qrigin
“out'into”thé essentially ‘open tail of the magnetbsﬁhére;*whereas“the latterf
VéonSidefed:thé3plaémépéuéé as ‘an équipotgntiél boundary between the“plasma‘ 
of*ter;gstrialforigin»(inside)“and;plaéma~thatThasFmigrated (OrfbeenEconvected)
in from the solar wind. *It:now*appeakéﬂthat-the'tho models are not necessatrily
incbmpgggble;?ﬁhé1inwarﬁfflow?modél*iéTSUpportedﬂbyfobservations*bflenergetic

(above’a féw eV):particle ‘data”and, as shown by Brice, agrees.with the’observations
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.of the ambient plasma, whereas the outward flow model appears to find its
- major support. from the observations.of the near—~thermal plasma. -
- In the Nishida model, ionization will be removed along. field lines

that are open (i.e., within the cross~hatched region of Fig.411), but; .all
of the. field lines polarward‘of(the,plasmapguseubgcome open_(ige;,,passAthrough
,;the,crqss-hatched;region of. Fig. ll),somé time during, the day,-and.in.the .
process can dump lonization in proportion to the time they spend in the-open
region, .On the day:silde.of the earth the boundary»of_thglregiqn of open

field lines is also the-lgcus of the neutral points, and along this boundary
~,particles can-.directly penetrate the magnetosphere from interplanetary space.
Field lines within'the cross-hatched. region are;swept back in'the nigh;side
tail,wgnd.arg,a%so open anduaccessible to particles from .the interplanetary .
medium. lOn the night side of the earth, the bounda;y;oﬁgthe,region}of;open.
field,lines,is~the locugﬁoffthe¢neutral,sheet,‘and,corresponds}tQ:the region

in which energetic particles. from .the magnetospheric. tail can obtain digpect
- access.. -
From either model,. it-appears.that there are two important boundaries
.in the.magnetosphere; the plasmapause (below which the.field lines are simply

connected to the conjugate hemisphere) and the boundary, of the open}fiéld__

lines,.above (in latitude) which the field lines are open.into the magnetospheric

téilﬂ.i(other boundaries. are, of course, observed atxothex,latitudes),«rIt,iS
~-instructive here to.consider further the relation of;certain high latitude:;
“ignospheric data to.the plaémapause,aqd the region of open field lines..
"o e 1 The  hedlght distribution of electron density.in the high. ionosphere

is.goveyned primarily by electron production.(which oceurs predominantly, at:




.+, -hemigphere.. . Thus -a general equilibrium is built.up-along the .field, and:an:.

. themid-latitude and high~latitude regioms. - ... . . o0 gl

low heights) and-loss,  -temperature, ionic mass (gfavitatiqnal forces), and
.- the eﬂrth{s magnetiéﬁfield.. In regions where the field lines-are simply
connected to‘the.conjpgate,hemisphere,;the field ‘acts.as a container.to the;
. ilonization; light ions that have sufficient energy will not readily. escape,:.

but will simply travel along.the field and may even reach.the opposite-.

increase in production ior temperature simply places more ionization -at. .- ..
high heights:in ;the "container'; .forcing the .different -ion distributions to.
adjust themselves so. that .a mew. pressure balanéeniS'ébtainqd.w‘Ln theppqlan;
regions the.field:lines are swept back 'into the;tail“ofﬁthe_magnetospheye;dj
.and -the-light .ions ‘can.expand into a;wery;large,(essentially~open):vglqma..,

Thus a given temperatyre of the ion gas .will have. a very. different effect in

; B§Q3149, in a .comprehensive .study of diffusive equilibrium
agplied-to.the_topsideuionqsphere:shgwsythat:difﬁus;veqequilibrium;;which,is
ﬁ~a\gqnsequence~of-anaxweliian:velocity.distribu;ionnof pqrtichesfand therefore
. is.dependent on collisioné, may‘break:downﬁatT;atitudes beyqnqgghe*;rggg; ;;‘»
(beyond. the. plasmapause) . In:thege regions, where the local electron.density
can be very:low, .a:'"collisionless' or -ion-exosphere distribution is, required,
t,as<der1ved4by»Eviaﬁer,‘et;algsa Figure:27 compares the diffusive .equilibrium
and:the:collisionless models;. and -illustrates -the.very rapid decrease. of.density
with altitude that would be:expected,inithggcqllisiqnless‘region. Experimental
data.from knaeawhisglers¥are fqund;£0scornesponqutoﬁ§he-Rnﬁgdénsigy distribution

) outqide%the;plasmapausqlgggciae.,'approximapgﬁthg collisionless distribution,
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. - Banks and Holzer®® have shown ‘that essentially all of the H' and .

He' ions créated in the polar- ionosphere can be acceleraﬁéd'away from :ithe earth )
into the tail ‘of the magnetosphere, but because of its greater mass, the -
upward velocity of 0+ will be small for heights below a few ‘thousand-kilometers,
The process of removal of the light ions over the polar region (the "polar
wind™ of Axfoidgs) is, of course,’ a dynamic'one, and during periods of lonization
production may well be ObSCuréd.-“AlSO3 particle precipitation .and direct
cquplingfoffenergy int6 ‘the polar region will often complicate the picture.
The?modeis of Nishidafand Bariks “and Holzer and of Bauer are essentially two
different views of ‘thé way in which the absence of ‘a closed magretic field
container results iti:a markedly different flow and distributiOn'of~ion12ation.

.. The picture presented by the "outward flow" models is, of course

~

oversimplified, just as a picture that relies entirely upon partidle precipitation

to explain.the structures observed in polar ionosphere is p;obably oversimplified, .
A combination of the two, however, may provide a reasonably accurate model;~
‘We know that thereé  is particle precipitation, that these particles will produce
ionization, and that low energy particles will ionize in the upper ionosphere,
Also, we know that there are extensive areas of very low electron densities
at ‘a few thousand km above the polar regions, that there are .troughs that . -
‘exterd to the peak-of the F-layer, that-very few light ions are found; even at
~3000 km height in these very low density regions, and that outward flow of
- :light ions has been observed’in the ‘polatr regions..

‘The*maiﬂ troughi-appears..to-‘be.at: the locus -of 'the lowest latitude:
-region along which-ionizationfcan’be:readily.remové&;fnom:the peak: of the:-

F layer. If this removal is by upward acceleration of ionization, as suggested :
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by Nishida and by -Banks' and: Holzer, production of\ionizationﬁduring the.day
is probably: faster than the remoValzproceSs;kwhichvexplains-why theftEOUghm<
does not -appear as. a well~defined-structure'duringfthe‘dayt‘ In“theﬁafternoon,
aSsproduction:deCreaSes,fthe~tr0ughxat-the*peak ofsthe~layerﬁappears;gfir9t
along those fieldﬁlinesithat~arevbpen=into:theftaiiiofttheimagnetosphere;au
and»lateriat-lowerulatitudes;fdoWn'toﬂtheulimit:of~theJCOnVective‘regionw.&r
(1sev, thelimit “of  the' plasmapause). during most of: the might.: As:suggested
by Nishida, if no dinward particle precipitation were present duringﬁthehnight
the whole of the region from the: plasmapause boundary to :the:'pole might be -
“one large "trough'; with perhaps-a greater:depletion:.of lonization over the
region of open field'linesfthan'betweenothatnregionxandathe*plaSmapauseaf~f
‘boundary, mhebpeaksfoffionization'atulatitudesiabove the: main:troughi may. .
therefore be due to ionizationﬂproducedwbprarticlegprecipitation;ieitherQ?

from trapped orbits (the"drizzle" precipitation of Hartz and Brice) or from

particles that have entered the reglon along the open tail from the 1nter-“

REPEES A ! =;‘.:, RN R T N
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planetaxy medium. Also, one might exPect that as one moved upward away from
the main region of ionospheric production, that the daytime production WOuld

Ty oL : ”,‘t.

have 1ess apparent effect, and the trough would be observable throughout the

R
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day. Since energetic particle prec1p1tation causes ionlzation predominantly

at 1ow heights,at sufficiently great heights, the large trough over the

i R

whole of the convectiVe region might be expected to be revealed, This is,

i ST TE I

of course, what is observed as is shown by the Alouette high latitude low density

region (Fig. 13) and, even more strikingly, by the observations of electron

density less than- 100 cm"3 over much of the polar xegion above about 2000 km

19,20

altitude (rig, 19).




. Thus: the. model that we. appear to require over.the:polar regions is

one in which there is simultaneously:a.continual upward;flow of near thermal

.. lons- (primarily H+.and“He+)'and'electrons along: the field, to be convected.

or dumped directly out. the tail .of the magnetosphere, .and. a.(probably more..
sporadie):inwardwflow of low energy: energetic. particles. from. the solar

wind: into’ the tail of the magnetosphere (or through the neutral points). and

dotm--along the field -into:the- ionosphere. :As well, there will,. of .course .

“'be the flow of energetic particles into. trapped orbits and precipitation-from

these trapped "belts" into the: lower -ionosphere.:.

It ‘appears that:the crucial measurements to be made: at the present
time are high'altitude‘measurementstofftherflow,of;low energy -(thermal ‘to.
a feWikeV)“particles,-in%bbthxtheaupWard‘andfdownward directiong, along with

the distribution ‘of .temperature, of.the ambient plasma,. .
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FIGURE CAPTIONS

Fig.

Fig.

Fig .

Fig. .

Fig. -

Fig. ¢

Fig,
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Fig.

Fig.
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6b:

-An: Alouette II-ionogramiillustrating the: floating spike'(élf=,f

An Alouette II ilonogram ‘illustrating the proton gyro-resonance
:Qidentifiedﬂby Ondthg;,,,gqu;

_A@ Alouette. IT ionogram illustrating resonance begtg on the

Alouvette II ionogram illustrating the Z, O, and X-rwave cut-offs,
the. Z-wave infinity, 0 and X wave penetration. frequencies and
various resonance spikes,.including an apparent resonance spike

labelled.fT:—,fN;',(From,Hggg, Heweng .and Nelmsz) D
. f .

N it fH) ’

theffD and the £ spikes, (From,Hagg,_HewenS;apd,Nelms%),u,;x

Q

‘An'Alouette;II‘ionogram;shqwingvthengT,and=the-remote_respngncguv

(From Hagg, Hewens and Nelmsz)

;An Alouette;iI-ionogramgshowing:iongspheric.resonance<echoes:at,.‘
'1.98 MHz at apparent -ranges .less -than 1200 km -and greater than

- 4000 km, . (From Muldrew .and Hagglé)

combined fT and fH resonances, (After ﬂagg}g)

© An ISIS-I ionogram taken in the mixed mode of sounding. The

sounder transmitter was maintained at a fixed frequency>of‘0.833 Mz
(fTX)while the receiver was swept through the normal sweep range,
As:for Fig. 6a, except that the sounder was switched to the

normal sounding mode at 3.0 MHz,

Alouette I ionogram with a spread trace between 200 and 300 km

apparent range and 2.5 and 3.5 MHz»resulting from echoes scattered

from a high-latitude field-aligned irregularity, (After Petrie36) :
Alouette I ionogram with a spread tracé betweén 2.5 -and 3,5 MHz

resulting from echoes scattered from a low-latitude field-aligned

irregularity, (After Lockwood and Petriezs)
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Fig. 9a:

Fig. 9b:

Fig. 10: ©

Fig. 11:"

Fig. 123

gl 133

'Sf‘the°éIdseﬁ“f{éid'fégidﬁ:5éigiVén*byGMcbiafmiafahﬂ Wilson'",

<Aﬁ“ISiS-i‘ibnogrém rédéfﬁedﬂwhén'tﬁé’éaﬁeiiife"Wééﬁjﬁﬁf outside
" a Yegion ‘of equatorial field-aligned irregulatities, =
" An iSIéJI“iohpéféﬁsfédordedzWEehvthe'éateilité‘ﬁés:Wifﬁin a region

' of eﬁuatOriﬁl fiéld—aiigned irréguiarffiés.

An idéalizéd representation of the two main zénés of auroral particle

" precipitation (ﬁbfthefﬁ'hémiébhere);'-Averagé“inféﬁéif§iof influx

is indicated épﬁrBXiméﬁelyﬁby”fhe‘deﬁéity‘ofithéﬁé&ﬁbbié.- Coordinates

" are peomagnetic latitude and geomagnetic time, "Splash" precipitation
'is represented by triangles, "drizzle" precipitation b§'défsf?
" (From 'Hatrtz aﬁd:Brfce42):'A&dedﬁﬁﬁrfﬁéJHEEEEQﬁriéé diagram are a

“1i1é estimate of ‘the "sﬁiaéh"zbbﬁﬁdafy'(ébiid)“éﬁﬁ“théﬂbOundaryl

44

" from particle measurements (dashed). = -
* A'local ‘time vs. geomagnetic latitude plot of the location of the

“ hain trough ‘(Muldrew), ‘the equatorward limit of the Fegion of eléctron

density less ‘than 100 el/en’ (Timleck and Nelms), the plasmapausé

(Carpenter), and expérimental and theoretical determinations of

" ¢ife: 1imit of ‘the reglon of’dpén“fiéld‘linesl(ﬁéDiarmi&*hnq Wilson,
“and Nishida). ' All cufves are projected to a height of 300 km,
' The contours of Cbnstant'piééma”fféquéncy~(efeétfbn density) as

. & function df‘héight>and‘gédgféﬁhiéilétiﬁhdéffbfifﬁbhpﬁssés in

I .

" which Alouette IT was near apogee over theé north polar region.
(eion Neths and Lodkwood®y
- THé distribution of ‘the ‘averhge density in autuiin at 950, 600,

R T T OO T Y S T P ,
“‘and 350 km ‘levels, 'The average is obtained from the Alouette I

s
1IN

'1ﬁfbfiiéglféééfaéd_iﬁ”éééﬁagﬁétiééll&lﬁﬁfeﬁ“iﬁférv§i§*1ﬁiautumn 1962

and 1963, (from Nishidasg)




Fig. 14:A

MeridianalAdistributipn of the vardiability in 0800, 1200, 1800,

and 2400 meridians from Alouette I data, Variability is derived

by dividing, in each mesh point, standard deviation by average,

Fig. 15:

and is expressed in the unit of per cent. ,(f:om NishidaSQ)
,E;egtrbn,density variation with two large enhancement peaks for ..

seven successive Alouette I passes. Numbers at the top and bottom

represent geographic latitudes and numbers under the reference

Fig, 1@&,@;

4
levels, indicate invariant latitudes. (frqm_Sato_and/quin*6)

Sphemgtigdrepregentatipnvof’three zones, Zone I, EI,‘gpd I1T, where

peaks of elecpron,density'éﬁhancements.appear on disturbed days

. in winter (a) and summerhﬂb),1JThis zoning is only qualitative.

_1Dqtteq shqdingférgas show highly speculative zones, owing to rare

Fig, 17:

Fig. 18:

occurrence of the enhancement in those zones. (from Sato and CdlinAG)

The N(h) profiles calculated from Alouette II ionpgrams_recogded -
. mnear the 75°W meridian and 00 LMT.(from Nelms and Lockwoodg)

A polar plot of electron density at the height of the Alouette 11

. satellite. The heavy and light lines indicate densities of greater

. and less than 500 elegtrons/_cm3 respectively. for 18 passes taken

.betyeen 1-15 December 1965. The planetary magnetic index Kp was

_ less than 4 for the data shown. The 1ocation_of,the main trough .

found by Muldrew on 24 October 1962 (Kp = 4) at a comparable local

~ time, is shown as a dashed line. (frpm'Nelms:athLoqkwpodg)

Fig, 19:

Occurrence of electron densities < 100 cmf?,_observed on Alouette II

ionograms, plotted against geomagnetic latitude (northern hemisphere)

”‘“aqd'local_timg for, Dec 66 to Feb 67 and Dec 67 to Feb 68. The

,b?okgn”;;nglinQicgtes:thgrappgoximate boundary for undisturbed

conditions. (from Timleck)




: Fig. 20: - w:Low'&ltitudevcutéoffhof.ocCurreﬁce£offeleétron densities < 100 cmrg;
~. R for '~the-northern. hemosphere winter from Alouette II.data. The

circled points indicate the lowest heighﬁfétfwhi¢hflow?densi;ies

were observed.,~Data‘are not available to establish the low~altitude
‘cut~off at times other than those shown here. (from Timleck & Nelmsza)

Fig., 21: ~ Alouette I distribution of the relative deviation S 'S = (n - N)/N

+of the electron concentration from the average value for 0035-0053,

-‘SéptemberrZB,vl963,-Kp =.0w, where n'and N are the distufbed and
éuiet dayfdistribﬁtions=respectivély.5 Thé region wheie the
-.‘dénsity is-less than the average quiet interval 'valie is shown .
.+ i~ by hatching. ‘(ffém\Nishida5?)
Fig, 22 Alouette I profiles of electron density vafiatioﬁs*in’the topside
. . ionosphere during geomagnetic disturbances in the nighttime,

A . h 'Shade'd parts represent reduction of the electron density and non~
shaded parts indicate enhancement or no variétioh; Solid lines
show isopleths'of the enhancement:or reduction rates iﬁ‘percentagé.
(from Sato66) | -

Fig, 23 » Alouette I étorm~time electron concentration variations at (a) 1000'km,

| (b) 600 km and (c) 300 km agaiﬁst invariént latitude and magnetic
‘time in polar coordinate. Shaded areas represent electron concentration
reduction and ﬁhite‘areés, enhancement. ' (from Sato and Chanas)

Fig. 24 bistribution of electron‘concentration enhancement peaks against

invariant 1atitude and magnetic local time in the poléf region
at a height of 1000 km (from Alouette I)'én (a) quiet énd'

(b) disturbed days in winter. (after Sato and Cdlin46)~




Fig. 25

Fig.:‘26 Yy

Fig L ,27*

A cross section of the topside ionosphere from 180° to.37°W -

longitude. during the occurrence of a G condition in the ionosphere,
(from-Warrenéa)-,
Geographical distribution after the solar proton flare of July.7,

1966, of (a) the G condition, (b) the I condition. (from

‘Herzberg_and,Nelmsas'usingvAlouetté I and II data): - -
. Plagma density”distributions,élong~a,magnetic_field line, whose

. apex in the equatorial plane is-at 'L = SRe, are shown for a diffusive

. equilibrium, and a_collisionleSS;or,ionQexosphere model, as well

as fongT%zand,Rfa/power law models. The power law. distributions

are often employed for empiricallmodels of the whistler medium,

- (from Bauer?o)

-

e




APPARENT RANGE (km)

fos
1
fr-fun fzS fu fy fzI fr xS 2fy

O ":‘:““‘ i 3]: ‘3& Fm"r.. ~".i e . O ’5" 1 ,L‘ 11 < =
i I ; Ef 4 i . T k .‘i. ':;;: —-‘ b x E5%: ’ -
g i . Z’ T R 5 N | [ e ,
1000 - . . U . - D -« Rl vy pi S
: . P ‘ - ’ . ;; ¢
¥ S
A i AR P
p - » ¢] - - ’:
p . gl‘ ‘, .-I i
2000- 2 AR - 3
) s 1_ ;: . :
| ? 1. G gl
: MK . 0
3000- ~ RS 8 - o
. k] & -k s it
| | PR E NI
% : ; | : R
| . - A . ai AR
4000~ B IEDEE - o e o e v o e o R B NEREh
: _ S At S e e b | I S i i1
i 3 SRR ke B ekt waill MR R : b 1, =ik
S S e o F T TR TG
| b el P 3 ! § 0 D € p "‘ix b s

0z 0.5 09 125 1516 20| 35 45556575 85 95| 115125135
_ | 25 70 - 105

FREQUENCY (MHz)

29 JULY 1967 2212/08 GMT (29.5°S, 160.5°E )
SATELLITE HEIGHT 1154 km

FIG !




|000—

2000—- -

3000—- -

4000— -

APPARENT RANGE (km)

0.2

fr_
7 =In-fh faz| fa3
fH D 2fy InTTl |3fH

112

0.5 0.8 .25 1.5 20 35 55 758595115
| FREQUENCY (MHz)
22 APRIL 1967 1448/2] GMT (4.3°N, 887° W)
SATELLITE HEIGHT ISI7 km

Fig =



m)

APPARENT RANGE (k

fzS fn fn  fr fxS 2fH 2fr

| —

4000}

02

ol ' l ( gt i J l

0.5 03 .25 1516 - 20 35455565 -
FREQUENCY (MHz)
2 JULY 1966 0751/08 GMT (79.5° N, 56.7° E)
SATELLITE HEIGHT 2995 km

Fie i




APPARENT RANGE (km)

fu

I000— -

2000— ki
‘,
il
ik el o
3000 ikt
i
i
4000—

1.25

i
i

1%y

‘o

il R

t

phE ‘j!

i
JeodfH 1M,
“:’In‘”;," ;

,
;l

S5 e

29 APRIL, 1966. 0013/58 GMT (87°W,76°N)

i HCe

%

i i
kel MUK ON

Gn, o
i

Bty

M : T ‘ b il
NOSPHERIC1: gly. . |8 f 8%
RESONANCE! #1752, |3t I el

ECHOES [T/
Hit i
! ooy m

| 20 25
FREQUENCY (MHz)

SATELLITE HEIGHT 677 km

i

i :

i

N, ‘o
N I

ey M

R

A en o

[

add

ey i

A

X
(3
>

SF

(5
re

R IR

'.;

z .
18T e
o, b

it
R | B
i
pi>
»

7

Fug &



APPARENT RANGE (km)

0.2 05 0.9 125 15 16
FREQUENCY (MHz)

30 DECEMBER 1965 2217/24 GMT (68.2°W, 17.95)
SATELLITE HEIGHT 1224 km



w

APPARENT RANGE (Km)

2000 ——;"";'!‘i';‘ |

3000

| u il ol
ill"'} !

; ml renel
' a UI

- o

T o e

> X

[ s

-

e
—

-

FREQUENCY (MHz)

19 DEC. 1965 1409/46 GMT (76°N, 66°W)
SATELLITE HEIGHT 2760 Km



APPARENT RANGE (km)

0.5 1.O 1.5 2.0 30 40
FREQUENCY (MHz) -

3 FEB. 1969 1504/44 GMT (26°E, 68°S)
SATELLITE HEIGHT 29350 km

Fie é'a“



APPARENT RANGE (km)

MIXED MODE
frx

20 30 40 50 ©0
FREQUENCY (MHz)

2 MARCH 1969 1339/19 GMT (59°N, 74°W)
SATELLITE HEIGHT 963 km

Fia




- . u‘ —— ' u
v mmmm m‘w .ll

EECE D GEeE 200 W
SN _Umw s=dll
%m I

sl

CLOUD

BACKSCATTER
FROM |ON|ZAT|ON

Il

25 35 45 55

FREQUENCY (MHz) )

a“;ﬂmmm mmmm-
| e _AREREN
|-, - =CSENSRABNE
L asaGaENaNARe
SEEmmmm——————

1.5

iRAEmmmmmm————

OOOOOO
N < O o O N ¢

(W) IONVY INIHVAAY

“ .

| OCT. 1962, 15:43 GMT (63°W, 64°N)
SATELLITE HEIGHT 1029 Km



I

P
16 20

I
2

I
8
DEG. NORTH

L

I
20 16

1 | ]

@] O e

(@] o O

@ 0o} <
(W) HLYVI 3JA0GYV L1HOIAH

1000

k- %EEQEEQSHHIEE

b gl e -—.-—-—.u

R e e O
Cima “--'--n!

_4ARANY .
el I e

(9]
¢

—asiNRERURRENE

el
ﬁ== el Sl it e e Mma dk «

ailllplpppppppp

(@] (@
OO (@] (@]
N oo« LD ooocu-;_r

(W) JONVYH LNIYVddV

DEG. SOUTH

FREQUENCY (MHz)
I8 OCT. 1962 00:35 GMT { 63.9°W,20.7°N)

GEOMAGNETIC LATITUDE

CSATELLITE HEIGHT I0lS Km

i




APPARENT RANGE (km)

3000

g . ~ PP T TN M ~- 57 =N MHSRELY"S N AP AP RTGYCT A ‘ i e ST

. - x . . : ¢
ta .
bl !
o !
4] H
i H
: 3
; ;
| :

t
]
-t
2
.
i
'
1
|

o . e
S S
. - "

-
O 10.0

30 40 50 60 70 80 9.
FREQUENCY (MHz)

18 FEB. 1968 1936/38 GMT (26°N, I7°E)
SATELLITE HEIGHT 733 km

dF\C’. qcx




APPARENT RANGE (km)

1000
2000
3000

4000

3y N xS
L

15 20 30 40 50 60 70 80 90
FREQUENCY (MHz)

I8 FEB. 1968 [937/37 GMT (26°N, I13°E)
SATELLITE HEIGHT 771 km

10.0




-

LOCAL TIME

Fig

10



LIMIT OF N REGION
(TIMLECK & NELMS)
I8

PLASMA PAUSE
(CARPENTER)

MAIN TROUGH
(MULDREW)

00
LOCAL TIME

12

s0¢ GEOMAGNETIC LATITUDE
400 09
OPEN FIELD LINES

— (McDIARMID & WILSON)

‘ \\\\\v //,’ ;

OPEN FIELD LINES
03 (NISHIDA)

| FIG 11




HEIGHT (Km)

80°N
124°W

HEIGHT (Km)

N e 4 [].3 / / T~
0.4 /"////— e
0.2 0.6 Mc/s “‘\\__\

S R ! —_— L.

[ ‘1 - 1 . ' I F— T ' I L : []
70°N 60°N, 50°N 40°N 30°N 20°N  10°N 10°S 20°S  30°S  40°S - 50°S 60°S
49.5°W
MAGNETIC
EQUATOR
19 DECEMBER 1965 (2259 HRS. GMT.) Kp=4-
3000, - - s - - e ~ - ;3000
e i
|
2000 : 2000
1000 ; 1000
Ui, PR SN S 0

50°N 40°N 30°N

70°N  60°N 20°0  10°N

. MAGNETIC
GEOGRAPHIC LATITUDE EQUATOR

4 JANUARY 1966 (2138 HRS. GMT.) Kp=3



UNIT 350km ' UNIT

95(1km
0 107 els/er?® i 10" els/cm’

UNIT
10"els/em’

Fig 13




(100kmj

HEIGHT

VARIABILITY

08 Y/

i
60 70 60 50 |

1V \//70/ AL

1|

e |—n B ]
S

i | / [T\

O

50 60 70 80 N.P
CORRECTED ‘GEOMAGNETIC LATITUDE



GEQGRAPHIC LATITUDE, 0eg

S50

80

75 70

80

70 75 80, ,

NOVEMBER 5, 1962

PASS NUMBER

508

509

1
o wn o] ['s}

{
[« J"s]

I
o

1
')

¢-OIx cWwd Jd3d NOILVHLNIONOD NOMLO3I1I

15 -

10 -

')

80
INVARIANT LATITUDE, deg

70

70

80 82.7

¥y

Fig




. a-
C Y
. '

NOVEMBER - JANUARY MAY ~ JULY
Kp<2 Kp<2

Fig (G




HEIGHT - Km

e 30°N
40°No *
: o
2000 SZONAA
— o
o
A o
] °
A [ ]
—— o
A °
1000 A ° o
A (o]
- Ago'.
8,
- (]
® .o
_ ® %,
O | L I I ) I I L I LR 1
0.05 0.l 0.5 1.0

PLASMA FREQUENCY - Mc/s
27 FEB. 1966

5.0

g6 vy



. 100° 80°

40°

 BO°N-.2100 Km
0845 LMT

140°

160°~

180°—

-160°—

~140°/]

4 N |
~100° -80°
| TO 15 DECEMBER 1965

Fie a



bT 21

A0NLILYT JILINOVINOZO SA FNIL V00T

00

»3,
A




]
- ‘
K9

——LOW ALTITUDE CUTOFF
O LOWEST ALTITUDE N < 100 ¢m-3

1967 -68

LOCAL MEAN TIME

08— 1I966-67

06—

04— 1965-66

I967-68
02—

00 I I I T I l | 1
1000 1400 1800 2200 2600 3000
ALTITUDE (km)

T

j:‘I{] Q\G




o \/2/ \\\4\/ |

@

——
\

==
/’"ﬂ"’/j
Q'\’\
\\

~ ALTITUDE (100km)

“ .2—/0?)% I%// } /7/; //;2 ///y)s//// // // ///

ISSL ALy
P A A

50 70 80 NP 80 70 €0
1200 MERIDIAN 0000 MERIDIAN |




SEPTEMBER I6, 1963 PASS No. 4803

- 0200 0130 Ol00 0030
1000 : - ‘

(00

o

O
|

ALTITUDE, km
o)
O
O
|

~

— 100 .

\ \

400 F\\))\
\\ B’ }'

20 | LNV | | | >
0 ~-70° -60° -50° -40° -30° -20° -10° . ©¢° 10° 20° 30° 40° 00

SOUTH GEOGRAPHIC LATITUDE NORTH

IR 1 ] ] ] | ] 1 L 1 ] 1 ]
-60° -50° -40° -30° -20° -I0° 0° I0°  20° 30° 40° 50° 60°
GEOMAGNETIC LATITUDE h

Fie Qi g




HEIGHT = IO00km

/
//// // /

WY
¥

4
oy )

)

S
////

‘ 300k
' / z/// //
o
/

y
_
_

.

_

7

7
//////////

) i
|

tq 23




NOVEMBER 1963
—JANUARY 1964
Kp<e2

NOVEMBER 1963
—JANUARY 1964
Kp >3

60

INVL, deg-

(b)



o
|

TOPSIDE SOUNDING DATA FROM ALOUETTE 1
{0036 to 0052 GMT) 23 SEPTEMBER 1963 Kp:9

0.6 MHz

80° 700
. ' Y ]_ X - '
60CN 180OW 70°N 170°W 80.5°N 109°W J0°N 48°W 60°N 37°W
! . | ) ] I L
BERING SEA BERING STRAIT SVERDRUP ISLAND  CHRISTIANSHAAB GREENLAND  NEAR TIP of GREENLAND < . -~
NOON LOCAL TIME 1330 LOCAL TIME 1800 LOCAL TIME 2200 LOCAL TIME- . 2230 LOCAL TIME -

o

CONTOURS OF CONSTANT'PLASMA FREQUENCY ELECTRON DENSITY:

AGROSS THE ARCTIC FROM SIBERIA TO GREENLAND DURING [HE SEPTEMBER 1963 MAGNETIC STORM T |

Fie. 25




2. CONDITION ' G CONDITION

100 80 | 100 80

® BEFORE SC
x AFTER SC

£16 b



& 3 .

\-DIFFUSIVE
EQUILIBRIUM
MODEL
079 =5 /—R'3 MODEL
-4
R~ MODEL
N
No H = 3140 km
T.
et . 3200°K
024 2
COLLISIONLESS
MODEL
i | ] R |
3 2 3 4 5
[N | T R | T [
O 5 10 15 20 25 30 35

GEOCENTRIC DISTANCE (km x 103)

FIG ‘17



LKC

QC 881.2 .16 N455

The polar ionosphere results from the
Alouette/ISIS topside sounders

DATE DUE

DATE DE RETOUR

CARR MCLEAN 35.2%

INDUSTRY CANADA/INDUSTRIE CA

T




